ORGANOVETALLI C COMPOUNDS Field of the Invention (0 O O1] This
invention relates to organonetallic conpounds represented by the
formula LM NRI R2) Xx(NR311)y(NI12)z wherein Mis a netal or netalloid,
each of RI, 112 and 113 is the sanme or different and.is independently
a hydrocarbon group or a heteroatomcontaining group, a is a val ue
fromO to 3, x is a value fromO to 3, yis a value fromO to 4, z is
a value from0O to 4, and a +x+y+ z is equal to the oxidation state of
M provided that at |east one of y and z is a value of at least 1, a
process for producing the organonetal lic conpounds, and a nethod for
producing a filmor coating fromorganonetal |ic precursor conpounds.
Background of the Invention [0 O 02] Chem cal vapor deposition nethods
are enployed to formfilns m&tmkg&m such as wafers
or other surfaces during t ng of
sem conductors. In chem cal vapor deposition, a chem cal vapor
deposition prec r Sl al so _known as a chem cal vapor deposition
chem cal conpgﬁﬁtfji%-@%posed thermally, chemcally,
phot ocheni cal [§oat] by This iseatiotlateatd eaanornstailiy snmpopidsmefredented@yi ng a
desired conpo
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variety of applli cat anons | 1.c conmpl exes have been

eval uat ed as produsing zaﬁhrp?ré‘@a!plzg(ﬁfgn PW?%@"‘PBPWEWW&%‘PWW&% thin
films. A need exists in the industry for devel opi ng new conpounds and
for exploring_their go}%n}l al _.as chem cal vapor deposition precursors
for fllmdep of the Invention

[0002]1 Chemical vapor deposition methods are employed to form films of
material on substrates such as wafers or other surfaces during the manufacture or
processing of semiconductors. In chemical vapor deposition, a chemical vapor
deposition precursor, also known as a chemical vapor deposition chemical
compound, is decomposed thermally, chemically, photochemically or by plasma
activation, to form a thin film having a desired composition. For instance, a vapor
phase chemical vapor deposition precursor can be contacted with a substrate that
is heated to a temperature higher than the decomposition temperature of the
precursor, to form a metal or metal oxide film on the substrate. Preferably,
chemical vapor deposition precursors are volatile, heat decomposable and capable
of producing uniform films under chemical vapor deposition conditions. ‘

[0003] The semiconductor industry is currently considering the use of thin
films of various metals for a variety of applications. Many organometallic
complexes have been evaluated as potehﬁal precursors for the formation of these
thin films. A need exists in the industry for developing new compounds and for
exploring their potential as chemical vapor deposition precursors for film

depositions.



[0 O O43For the chem cal vapor deposition of silicon-containing filns
(e.g., Si02), conpounds such as silane, chlorinated silanes, and

al koxy silanes (e.g., TEOCS) are well known. However, as next
generation oxide materials with higher dielectric constants, so
called "high-k' materials (e.g., 11102), are integrated, and
concurrently new precursors are devel oped for these materials (e.qg.,
haf ni um am des), other silicon precursors wll require devel opnent
for the deposition of ternary systens and beyond (e.g., hafnium
silicates). 10 O O 53For silicon am de conmpounds with cyclic am de

| i gands, an exanple reported in the literature is
tetralds(pyrrolidinyl)silane (a solid at roomtenperature, np = 300).
Inorg. Nucl. Chem Letters 1969 5 733 discl ose . .
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thin films utilizing the compositions.

[00071 A need exists in the industry for an improved silicon dioxide atomic
layer deposition precursors. Although many silicon precursors are readily
available (e.g., silane, tetrachlorosilane, tetracthoxysilane,
tetrakis(dimethylamino)silane), none of these silicon precursors have the desired
optimal properties of an atomic layer deposition precursor for certain applications.
One of these applications is for a nanolaminate structures in tandem with other
materials, for example a high-k material such as HfO,. For this application, a
balance of reactivity and thermal stability must be achieved to grow self-limiting
Si0; with an adequate growth rate. Compounds such as silane may be too
unstable, tetrachlorosilane may yield halogen impurities, and tetraethoxysilane
and tetrakis(dimethylamino)silane may be too unreactive within the temperature
parameters of the application. The problem is therefore to generate a suitable

atomic layer deposition precursor for such an application.



[ 00 O08] Further, in devel oping nethods for formng thin filnms by
chem cal vapor deposition or atom c |ayer deposition nethods, a need
continues to exist for precursors that preferably are liquid at room
tenperature, have adequate vapor pressure, have appropriate thernmal
stability (i.e., for chem cal vapor deposition wll deconpose on the
heat ed substrate but not during delivery, and for atom c | ayer
deposition will not deconpose thermally but will react when exposed
to co-reactant), can formuniformfilns, and will | eave behind very
little, if any, undesired inpurities (e.g., halides, carbon, etc.).
Therefore, a need continues to exist for devél opi ng new conpounds and
for exploring their potential as chem cal vapor or atom c | ayer
deposition precursors for film.depositi th r be
desi rabl e i n [09&84r t Fughes @\Aeaﬂoa%fnéﬂ’a?%%f f‘f’f?é’i‘g %%&sesg gﬁeg%@al or
preferably ale or% ctshﬁmabetoﬁn@iagéranpasiﬁmmahods&annmea fexist for

I nvention (00 tio Rake. Llic
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het er oat om CQQHC%E)I mfgfnauﬁforﬂ filss,fend atill deafre behiml veay Btﬂe:xl i%>a val ue
from0 to 3, ééﬂ e lﬁ%s ;J% dés, ca%bonz e{c? gh¥e fo&@a%&é&’ﬂoﬁuﬁ&sﬂo and

a+ X+ zis |on aatl1
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this inventi f)va &ﬁclr%%ﬁc la?e%&s:ﬁ(ﬁl egmmmt alrh depositions Uherguld
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t he sanme or FoCar b group o

het er oat om cqﬂéiafabiymgl,gfmapbovmharect@riﬁ@c%ane or different and is a
hydr ocar bon group or a heteroatontontaining group, R3 is the sanme or
different and is a hydrocarbon group or a heteroatom contai ning
group, a is aSummamofthsdnyenfign 3" x s g value from0O to 3, y is a
value fromO tgods) 2 s fveatdagelhted M it 16 ofgananelaliiz egmpousds pr ovi ded

that at leas tmgrggen(t)ed IX! tﬁep H::n%ullail ﬁi(ﬁﬁl Iyﬁ (lq{{;;l%t (I\h?z?sv{rhe;em M is a metal or
metalloid, Ry is the same or different and is a hydrocarbon group or a heteroatom-

containing group, R is the same or different and is a hydrocarbon group or a

heteroatom-containing group, Rj is the same or different and is a hydrocarbon
group or a heteroatom-containing group, a is a value from 0 to 3, x is a value from
0 to 3, y is a value from 0 to 4, z is a value from O to 4, and a +x +y -+ z is equal
to the oxidation state of M, provided that at least one of ¥ 313& zis a value of at
le:aslt 1.

[0010] More particularly, this invention relates in part to organometallic
compounds represented by the formula H,Si(NR1Rz):(NR3ED),(NH;); wherein R,
is the same or different and is a hydrocarbon group or a heteroatom-containing
group, Rz is the same or different and is a hydrocarbon group or 2 heteroatom-
containing group, R; is the same or different and is a hydrocarbon group or a
heteroatom-containing group, a is a value from 0 to 3, X is a value from 0 to 3, ¥ is
a value from O to 4, zis a value from O to 4, anda+x +y+z= 4, provided that at

least one of y and z is a value of at least 1.



[0 0 3.3.]This invention also relates in part to organonetallic
conpounds represented by the formula :MNR ilt."'2)g wherein Mis a
metal or netalloid, Ri is the sane or different and is a hydrocarbon
group or a heteroathmcontaining group, R2 is the sanme or different
and is a hydrocarbon group or a heteroatontontaining group; when g is
a value of 2 or greater, RI or R2 of one (NR 11t'2) group can be
conbined with R1 or R2 of another (N22 1R 2) group to forma
substituted or unsubstituted, saturated or unsaturated cyclic group;
g is a value equal to or less than the oxidation state of M and :
represents 2 electrons. .10012] More particularly, this invention al so
relates in part to organonetallic compounds represented by the
formula :Si(NR 1R 2)2 wherein Ri is the sane Orn(;jétzII . e ent ?ﬁéj is a
hydr ocar bon di08d3lor HisiByeEiga fsArdEnt LmrtACBrETs, e sane
or different r@aelgehﬁday medomods DOQNRIIRY)R wdrerein Mds emm! omefeuwm Riing
group; R i or #ine Of
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al kal i ne eart huzﬁ%t %rless arftile %Eﬂl&n@ﬁt@@fﬂlhaﬂ&etr@msﬁﬁlﬂﬁaleﬂkﬁﬁ conpound,
in the presen@ vent and under reactiopn conditions suf]f‘_ihM ent

to produce a- tqqls'ftl re‘%ﬂ'@f‘ﬁﬂ?ﬁ‘cﬁ*aﬂhﬁ%‘ REREPY %lf‘hﬁpaé SEREEL SRR i)
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second pot sdf “*B&Land’ sour ce conpound and

optionally seaadlealnﬂ@r@émﬁdﬁmbyqfﬁ%?m’rgaﬁ PGPSR COHRIEE AT P Y ent
to produce ay gpﬁq d&‘%ﬁ&tNHOER’Qj gfb&}f&naﬁrispﬁﬂbﬁlbmgmhm’dordt’gmeal lic
conpound, and(g;i ara in su%lt%u ggg%gggﬁglt% éFTt&rQ{EH%PH&aﬁﬁzﬁ% said

second reacti %)t% S81°d Jor ganone I'c conpound is
represent ed WchhgoﬁmrmtmpmmmM%NRSFDy(Nl 12)z in which Mis a

metal or et akdn?i Rinik ﬁwtslptﬁmsfarrﬂfer%ht@é i(nfp?a{-tQ@ﬁ probéhs Fst tide prydictiear bon
group or a heteroatontontainin roup or d| ffer ent

and is a hydrefeasgaronealis “B‘i"‘P é‘PﬁﬁpBélP% ff’&?‘ﬂ“&l“ﬁfﬁ% B?to TORY i s
the same or didntBsiggtonpaind ith ahyinl ostdhom an gﬂcdumeb}-ﬂtaﬂammg
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amine compound, (iii) reacting in said second pot said base matenal with said

metal source compound and optionally said amine compound under reaction
conditions sufficient to produce a second reaction mixture comprising said
organometallic compound, and (iv) separating said organometallic compound
from said second reaction mixture; wherein said organometallic compound is
represented by the formula H.M®R1R2),(NR;H),(NH>), in which M is a metal or
metalloid, R, is the same or different and is a hydrocarbon group or a heteroatom-
containing group, Rz is the same or different and is a hydrocarbon group or a

heteroatom-containing group, R is the same or different and is a hydrocarbon



90% or greater. [00143More particularly, this invention further
relates in part to a process for the production of an organonetallic
conpound conprising (i) reacting in a first pot a nitrogen-containing
conpound with an alkali nmetal, or an al kali rmetal-containing
conmpound, or an alkaline earth nmetal, or an al kaline earth

met al - cont ai ni ng conmpound, in the presence of a solvent and under
reaction conditions sufficient to produce a first reaction m xture
conprising a base material, (ii) adding said base material to a
second pot containing a netal source conpound and optionally an am ne
conpound, (iii) reacting in said second pot said base material wth
said netal source conpound and optionally said am ne conpound under
reaction conditions sufficient to produce a 8 ond%é) ct.i o‘r)ahggéa re
conpri si ng samlp@rgéﬁferﬁéto&?“F‘P@mE’B&%’l}}Hﬁgméﬁa“f’%?f" S’al’ééﬁng sal
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same or diff edisigrenbard iF 3 bydrRSATP FLEPIRH 3?&{?6‘5‘ Gpoguanmg group; 2
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90% or greater. [0016 3More particularly, this invention yet farther
relates in part to a process for the production of an organonetallic
conpound conprising (i) reacting in a first pot a nitrogen-containing
conpound with an alkali nmetal, or an al kali rmetal-containing
conmpound, or an alkaline earth nmetal, or an al kaline earth

met al - cont ai ni ng conmpound, in the presence of a solvent and under
reaction conditions sufficient to produce a first reaction m xture
conprising a base material, (ii) adding said base material to a
second pot containing a netal source conpound and optionally an am ne
conpound, (iii) reacting in said second pot said base material wth
said netal source conpound and optionally said am ne conpound under
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hydr ocar bon a heteroat omcontajn

di ff erent andR|29 aﬂf’r% B ey BOYP ii‘l“(?ﬁﬁ"‘ag AWE‘P g‘r'o"é%oﬁ'?%g%‘ﬁﬁl &ﬁlsﬁ’me
ar FUP fa is a%ﬂ‘ﬁﬂ feofnk Q&lﬂ@uﬁ;&:&r uMsubstitated, a;hmmta‘drmm&mrateapy@c iERup;
value fromO ,

zis.ayv to 4 s
equal to the %ﬁlad?{“ie(?ﬂ“aéf%? e %ﬁtﬁ%?’gﬁuﬁegmfehft ;&Enﬁrﬂl ;%&e%i?lgé% y
and z is a Vaélbiﬂroﬁi "Rtie drgeamnelallmtctwmpebrydm desulting fropethe Pragess @oHES ng
or powder. Ty Ivé:n Xanl%{&) f &gptﬁlsh] rB:f]y $,dr E&Q@PQHE%H préferably
erm cal,

precur sor Suha phot ochem cal or
pl asma- act i an(Bﬂ or greater.

[00161 More particularly, this invention yet further relates in parttoa

process for the production of an organometallic compound comprising (i) reacting
in a first pot a nitrogen-containing compound with an alkali metal, or an alkali
metal-containing compound, or an alkaline earth metal, or an alkaline earth metal-
containing compound, in the presence of a solvent and under reaction conditions
sufficient to produce a first reaction mixture comprising a base material, (ii)
adding said base material to a second pot containing a metal source compound
and optionally an amine compound, (iii) reacting in said second pot said base
material with said metal source compound and optionally said amine compound

under reaction conditions sufficient to produce a second reaction mixture



(0018] More particularly, this invention also relates in part to a
met hod for producing a film coating or powler by deconposing an
organonetal | i ¢ precursor conpound represented by the fornul a

Il aSi (NRI R2) x( NR311MNH2) z wherein Rl is the sane or different and is
a hydrocarbon group or a heteroatomcontaining group, R2 is the sane
or different and is a hydrocarbon group or a heteroatontont ai ni ng
group, R3 is the sane or different and is a hydrocarbon group or a
het er oat om containing group, a is a value fromO to 3, x is a val ue
fromO to 3, yis avalue fromO to 4, zis a value fromO to 4, and
a+x+ y+z= 4, provided that at |east one of y and z is a val ue of at

| east 1, thereby producing the film coating or powder. Typically,

t he deconposipep@indai steaicirpIiRtaiponnd drivetives G¥) whivptingraid wcei¥er mal |
chem cal, photochem cal .or .pl asna- i ik SuffiBiRNt | Oon
further rel afg&iPth™ rFt?roedgcnr?gtoﬁ8%%;°§¥&%§ggﬁie?gﬁ film coating or
powder by degeminosa fidrdaeactipyenixswiscomprisingfait ereanpm e i, HPReIne: an
represented by, sfeé'ﬁaglfg]&r S0 GgarMiRItd dompdiith fedie 64l thiddl sbation nettade; or
metalloid, RYM 15 the sanme or_di fferegt and i s:3 Q%q?,?mgbon group or
a het er oat omthsFrimsa prgeeiRilic pemaPorBd FSIEPTEEREC Y it erent and is a
hydr ocar bon gsipuR’ Br,)Awhetie Ropis trroene af diffargnepnsiipa hyiesirepnissoup 73 e
of 2 or greate ] : ORE, i ARsdri® &)digéehtana & erearvon ned
with R1 or E?e%r%ag’%ﬁgétﬂﬁr%ﬁ%%ﬁ 1%922;%ﬁ roup ?{o for MharSKHR %‘iowgaecheor
unsubst i t ut edroupRr@rhgteEerteIR-CoRRIRIG “gd YN ﬁpg@‘g 2?‘ a val ue
equal to or |QRabidedanthiire ooRidatbaier §HBLB 2 frokp toaform a splesifuiadiit s 2
el ectrons, tNerGo RLOINSLAN of DadilddlcyeRalbag i ; RpwEaHs 2 dyicesl | v,

t he deconposiM§ 8t sard or ganonetal |1 c precursor conmpoppd .is. thermal,
chenical, phcflechgamcmgtallisrcoppaatdyigld r9sy %&" %ﬁ@@f‘%? gg’bsa’??ﬁn%gfarl Y,
this inventi ogyht b statedipefeiably[¥a04 ortgpeater metimyae preferalindfeiong a
film coating or powder by deconposing an organonetal lic precursor
conpound repr%%"ﬁ ted by the formula :Si (NR 1R 2)2 wherein. R Lﬁi s the
same or dif f efeot7JandThis imvehtjaivdearBisningag ip a giethpd for producing a film,

Eeéer oat o Co&taﬁiaé‘éﬂ}%wgiﬁp&ﬂdecgngogi@ dohRgsmanetalic ptédufser embpoand! | fi a
ydrocar bon group or._a hetero t.ai nj X j- B et or ONE
(NR IR 2) gr owpresenteddy %%WH%?W‘%%W@ ngﬁ%“tl ef "(NE iR 2)
group to for nnamReidsk it tHeasdme or diffstebtanidtisa ByfiroaashonZEavPPr g heteroatom-

unsaturated cycli kAo sath € BY BESRESN i) BRkscandn piduploehy
produci ng thegﬂkﬁnﬁlng%%g%lﬁzggofsa .

sai d organo rreh%#fpﬁt@mpﬂ‘toé@é}?i%ﬁmﬁg Or?ﬁmﬁefhﬁ Sﬁ-%dp‘%r%ztjnrelr%'?t ,a%((lizl ﬁea %@g&@%ﬁ "o of
phot ocheni cal g@6p b ERdtEroftotni-asatabing grdep, 834 ks iom Pandi i ayaee figft her
relates in paBtto ‘.;o,?[ 195@9!“9%&% 40'4(,:;: RSaHeSFm 0 to 4, and a +x +y +z is equal

to the oxidatioﬁ state of M, provided that at least one of y and z is a value of at

least 1, thereby producing the film, coating or powder. Typically, the

decomposing of said organometallic precursor compound is thermal, chemical,

photochemical or plasma-activated.

[0018] More particularly, this invention also relates in part to a method for
producing a film, coating or powder by decomposing an organometallic precursor
compound represented by the formula H,SiNR1R;)«(NR; H)y(INH2), wherein R is
the same or different and is a hydrocarbon group or a heteroatom-containing
group, R, is the same or different and is a hydrocarbon group or a heteroatom-

containing group, Ry is the same or different and is a hydrocarbon group ora

- 7 -



conpound m xtures conprising (i) a first organonetallic precursor
conmpound represented by the fornmula 110M NRI R2) RAR311) Y( NH2N wherein
Mis a netal or netalloid, Rl is the sanme or different and is a

hydr ocarbon group or a heteroatom containing group, R2 is the sane
or different and is a hydrocarbon group or a heteroatom containing
group, R3 is the sane or different and is a hydrocarbon group or a
het eroat om containing group, ais a value fromO to 3, x is a val ue
fromO to 3, yis avalue fromO to 4, z is a value fromO to 4, and
a+tx+y+z is equal to the oxidation state of M provided that at |east
one of y and z is a value of at least 1, and (ii) one or nore

di fferent organonetal lic precursor conmpounds (e.g., a

haf ni um cont gj i t s Br Iy m 08 ¥308 RYaNE 8kd Bi30g is
organonetalI?%E%&g%ﬂfgg%ﬁbQﬁp%ﬁﬁ%%énkggggiNbre particularly, %g?s

i nvention yeta ‘fqﬁ;ﬁm Optpfcg iaa vilye %E‘F“to od: erhSTet HE I"i4cpr;5’F%'Eﬁ bt
conmpound M Xtjfse SnE S P uridS i vAlhg ofaat feastal thatehn pordntiag thediljy @ating or

conmpound represent by .t fornmul a i oand
wherein Rl is‘"’tf‘F‘?gr'g'g\?égagP”qg? P, 8%5[111%%%1'{18% %lgﬁ%/%%ocgr %oﬁ’ggro por a
het er oat ontorit giennalgclgricah, phochemical heplaapractivatgif f erent and is a

hydrocar bon ggegis or gm%{v%ﬁmtﬂm&%ﬁtééfﬁipaﬁt&miéﬂwd%’:ﬂr&iumgasane or
different and_ Is a hydrocarbon group or a heter om cont ai ni nd .

f g or
group, a is ailphrERINEOERPBAY BY §ecopipesing gL PeRngIeiiIGPIEEITPr COmpIng
val ue from O fefredontetl Byshafonalld eM{INRNRQ)qtwhedsin Whig aanetal pr metalloid, R°y

provi ded that is e s-,l ?n%?oie- rd%%?en?ind%s Qﬁgq[xé‘rfa}"rl%nagré{@ 8 Rler@torh-E&sidinthg and

(ii) one or nore or gano I'1tc precursor conpounds (e.g.,

a haf ni um corgraimiRigis ﬂeeaﬁmmgnf@rfﬁt AdriF A GYGPeAAN SRR HEEHEI N ng

or ganonet al | i gonp@6kEHep; vIRARds A diue $II0GFrdrsR 1, ov Bhtdfone IR'GREE| at es
in part to organonetallic. S0 0 } g ising (i)

a first orga ﬂ’é‘f%ﬂ?eccoﬂ{r%&%g%gdéﬁ b%%%%%?%ﬁﬁ%@%tﬁ%%@%{f? ormul a
' MNR | R 2) q swhetitated oppmsybstityied; saturated gpynsppusites cyrlia goupiiaisa ¥alie or

di fferent and.qus1@ R¥ds AERTHRQRISHHMIOBS M, Al :QEodeARRCR ras) tHagpby

LE
group, R2 is the sanme _or different and is dyocar bon p or a
het er oat ont orR&fHinghg ﬁgﬁ[ﬁ"amp&wfl? g”%‘&?‘?}’e g%)éfd’eﬁméprosﬁ]ﬁgg%agé], R 1 or

R 2 of one (Nipasotheplicipreonsor bempuowmt) isthermat, tcher®ichl, photgrhomissl ainot her
(NR IR 2) groyp.to. fiQraya substituted or unsubstituted, saturated or
unsaturated cyclic group; g.is a value equal to or | ess than hde

or

oxi dati on stal@02#1 M Mgsgpariealysbusiaventinp Birtheryglates ap,par fp;aym
mor e di f f er enfor pf@aciag R filth) do6tingy @ puwdanycleopaunthg ag erggnometalliaf ni um

contai ning, tantal um cont a0l 08,0k by RSB BERABLNAben R*, is the

- PrecuUrsor commy
organonet al | i & P o
same or different and is a hydrocarbon group or a heteroatom-containing group,

R’; is the same or different and is a hydrocarbon group or a heteroatom-
containing group; R’ or R*; of one (NR”*;1R’2) group can be combined with R’} or
R’, of another (NR*|R’2) group to form a substituted or unsubstituted, saturated or
unsaturated cyclic group; and : represents 2 electrons, thereby producing the film,
coating or powder. Typically, the decomposing of said organometallic precursor
compound is thermal, chemical, photochemical or plasma-activated.

[00211 This invention yet further relates in part to organometallic precursor
compound mixtures comprising (i) a first organometallic precursor compound
represented by the formula HiM(NR 1 R2)x(NR3 H),(NHy), wherein M is a metal or
metalloid, R, is the same or different and is a hydrocarbon group or a heteroatom-



precursor conpound). [ O O 24]More particularly, this invention also
relates in part to organonetal lic precursor conpound m xtures
conprising (i) a first organonetallic precursor conpound represented
by the formula :SI(NRill."2)2 wherein R1 is the same or different
and is a hydrocarbon group or a heteroatomcontaining group, R2 is
the sane or different and is a hydrocarbon group or a

het eroat om containing group; Rt or R2 of one (NRIR 2) group can be
conbined with Ri or R2 of another (NR 1R 2) group to forma
substituted or unsubstituted, saturated or unsaturated cyclic group;
and : represents 2 electrons, and (ii) one or nore different
organonetal lic precursor corrpounds (e.g. a haf ni um cont ai ni ng,

tantal um cont ai ni ng or ybdenum co ‘fﬁ rlgrgno tallic pr ecursor
conpound). [ SOnELTY FRPR Iﬁzﬁﬁl@ﬁts?rﬂ"n"r BB % fext
generation' dﬁ%&t&xh@ﬂﬁtainmgcérwp? B3 &rthedaniuas d[ffse'ﬂt pdis afydoombor .
These precursors ca hav adv es Qv ors,
especi al |y wHERPRITA 1% rﬂ'cf’gtﬁ%% ?{s ‘tmleq%gl?(? té(%%yrga%ﬁgk%ﬁl
materials (e.mto,3, ha:fmva]m ﬁbmr@ttaﬂmnsawdluwﬁoyﬂli@rﬂm’}qgfféﬁxT'TéH‘r ARt | on
of silicates, sil Aﬁ%oﬂé%ﬂ'&fﬁ\h de@qgattabﬁagt bi€of y Tzﬂﬂ%qsavalue of at

silicon-contarning naterials n be used a varr ety of g oses
such as di el deast iscﬂsld (bh@rrer%rrpre diffgreat @8%@83@?‘“ lﬁFﬁilrﬁ"ﬁc‘?fﬁW € 3 how
i nproved pr omhﬁscoﬁtahﬁﬁwum@bbmﬁmg oflafiybaemimbeqithingy, | ess

di ffusion, |lower |ea | ess char trapping, and the like) than
the non-sili C‘Hﬁa‘{?mﬁaili‘%?’ﬁ"g‘“ﬂrlc?fﬁ‘p°“["g§026] The invention has several

advant ages. FpsozaanpMere pardcuarlys ddsiesentibn yétduitirey exiateson paxtéo usef ul in
generating or %aw ega 1‘} o &%ﬁﬂgﬁdﬁﬁﬁfm“ﬁp“‘%@ﬁ“ ﬁ}gﬁ&% Sri¥metallic

structures an ysi cal”™ proper enerated from

or ganonet al | |wewmsmnolmdéemp%§me§bt§§}$ Ty %H@ﬁéfb{% mﬁﬁ}%@ﬁ@ﬁt

i ncubat i on ti QReremid it 8 shihé BRVIEGRAYINE @k Kydestaiths gy 2RO et @hioine
conpound precursors exhihit, good sno %hness 40&(2%4 ﬁ)ls |r111ven%| on
relates in pafefaRipggropp Keishesape ofifreptangdya Ahg gene o

heteroatom-containing group, Rs is the same or different and is a hydrocarbon

()

group or a heteroatom-containing group, a is a value from 0 to 3, x is a value from
0 to 3, y is a value from 0 to 4, z is a value from O to 4, and a2+ x +y+z=4,
provided that at least one of y and z Is 2 value of at least 1, and (ii) one or more
different organometallic precursor compounds (e.g., 2 hafnium-containing,
tantalum-containing or molybdenum-containing organometailic precursor
c¢ompound).

{00231 This invention also relates in part to organometallic precursor
compound mixtures comprising (i) a first organometallic precursor compound
represented by the formula M(NR’;R’2), wherein M is a metal or metalloid, R’
is the same or different and is a hydrocarbon group or a heteroatom-containing
group, R*; is the same or different and is a hydrocarbon group or a heteroatom-
containing group; when g is a valLre of 2 or greater, R’; or R’z of one (NR":1R’2)
group can be combined with R’; or R’; of another (NR*1R*;) group to form a
substituted or unsubstituted, saturated or unsaturated cyclic group; q is a value
equal to or less than the oxidation state of M, and : represents 2 electrons, and (ii)

one or more different organometallic precursor compounds (e.g., 2 hafnium-



atom c | ayer deposition precursors for next generation devices,
specifically organonetallic precursors that are liquid at room
tenperature, Le., 20C. [0028] The organonetal | ic precursor conpounds
of this invention can provide desired properties of an atom c | ayer
deposition precursor for applications involving nanol am nate
structures in tandemw th other materials, for exanple, a high-k

mat eri al such as 11102. For this application, a balance of reactivity
and thermal stability nmust be achieved to grow self-limting Si02

wi th an adequate growth rate. Conmpounds such as silane may be too
unstable, tetrachlorosilane may yield hal ogen inpurities, and
tetraet hoxysilane and tetral ci s(di nethylam no)sil ane nay be too
unreactive within the tenperature paraneters of the a caﬁjon. The
organonetalIN@nﬁﬂ%@QF%%ﬂ“@ﬁﬁﬂ@ﬁﬁﬁguEPBWHP§mTWV§ﬂPW§ﬁ“@% WEANE it abl e
atom c | ayer fJepesktd ﬁﬁbdy@gcursors for such an application. Detailed

De t f the | t Thi

oynthesi s andlQRRETor "M RO AR L VBRI ARS Resf iap it B Eoiic
| east one - NHgeduisor biRBpbundirsixurdswhmprsiiRB(i) sfiwt rgaomstaibiopregirstip or a
het er oal ot Cant Al A CLONEA SUAD ISR f Sz FEL Ao same o

t-butyl)). ion gand can i ncrease t he
reactivity ardiﬂ‘menmdn%abﬁdqumﬁwf aé‘?@’fﬂ“?%‘?‘ﬁ?‘“‘f‘ﬁé‘%’i’%?é% e

precursor duegto &G&fe&)&ﬁsﬁ@&% 1 irde Ao\l metmtsm Raindd g@iag: or
alternate reaction and/ or_ _deconpositi Ond'}éﬂ% Wﬁzv %,pro?cur SQr can
yield i rrprove%ilﬁéRfZ(ﬂfr?&ﬁ@R?IBﬂ)Sf%Q“@etﬁ 15 6"11& Re fiCon based
films (e.g., @Y Ebipfd@an akatstind s bhiubstiteted, saiorated oFivasaturated

organonetal i c _precursor, co h GaRht el d a
desired mix of°t! Pﬁ%’i"ﬁﬁ’landré f}%%#{;ﬂ%}eg%% lé\?%t(y]ajﬁd%\%m%tl ity for the

desi red appl i egtncomtalli Pl@ﬁursqrrcammwg (eag2 BATRiBMRON{EERg, fantghyp-
exanpl e, a hygraxwl o Li 9aRtdidint SHeeHmY kot pregasssompaddf30] As
i ndi cat ed above t ’ll s 1nvention rel ates .t el anonet a |rll e osq%ﬁynds
represent ed by09@d f oTHATIEYeRERR T tﬁZ‘}WﬂR@?—l} qleﬂ-gf)“ aipfe OsP s a
metal or net ainlvéllvﬂlg a&a@éabﬂ‘éd Eilmoxﬂﬁ'ecmmbrsRH'hB& prénarwmnbavq:hdwmwﬁt
and is independe drocar hon LR Ganbakni ng
group, a is a°‘(?5ﬂl?é’¥l?elr5ﬂ¥ PR regéegirég %u&%gﬁrpa ?éé%a val ue from
0 to 3, prefemakipendration’3pateridls(ea. ,\bafml@l ft«'ﬂ@ﬂ\ne apd mplybdenrdy 951G 0 or
I, zis aval H)%ﬂfitﬁ%f%ﬂk:gteé;sﬂ%ﬁtﬁﬁﬁ@hé/s, Anddhe Bke. AMse silicon-containing
materials can be used for a variety of purposes such as dielectrics, barriers, and
electrodes, and in many cases show improved properties (thermal stability, desired

morphology, less diffusion, lower leakage, less charge trapping, and the like) than

the non-silicon containing films.

[00261 The invention has several advantages. For example, the processes of
the invention are useful in generating organometallic compounds that have varied
chemical structures and physical properties. Films generated from the
organometallic compound precursors can be deposited with a short incubation
time, and the films deposited from the organometallic cdmpound Precursers
exhibit good smoothness.

{00271 This invention relates in particular to chemical vapor deposition and
atomic layer deposition precursors for next generation devices, specifically

organometallic precursors that are liquid at room temperature, ie., 20°C.
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a+tx+y+z is equal to the oxidation state of M provided that at |east
one of y and z is a value of at least 1. For purposes of this
invention, with respect to organonetal lie conpounds (but not
precursors) of the above forrmula, when Mis Si, ais a value of 0, x
is avalue of 3, yis avalue of 0, z is a value of 1, then one of R
and Ry is other than nethyl. Al so, for purposes of this invention,

Wi th respect to organonetallic conpounds and precursors of the above
formula, when Mis Si, ais a value of 2, x is a value of 0, y is a
value of 2, z is a value of 0, then 123 is other than tert-butyl.
C00311Typically, R, R2 and R3 are the sane or different and are

i ndependent |y hydrogen, al kyl; a substituted or unsubstituted,
saturated or unsat.urated, q¥ r bon, aronatlﬁ h1§rocar on

cycl oal i phat i €038 oc Spbiganazreiaiiie PreoRer SPBRSARFE OF T ARERAPRE R i ¢
heterocycl e, pholidé désired gdpertics yf @i reinioYayeod=pniition pretirsor, foxmplpyetuhmr

t hi oet her, ester act am ne, I
m xt ures t her’é’&?wmﬁf’anq?@"igﬁt&n}rkwmmﬁﬁ’ arde gp‘fllrtl%‘%ﬂéd!}s ﬁ%h% f%'ll &a
unsubst i t ut edhigh-kimatatabshchas EifOat Eordbie application; xbalericg of Fﬁacfa\fﬁm@d

groups, for effxmll Etnblg@ rﬁﬁsqlbg){éhze@a% g:%'})ﬁ!f-amﬂefﬁgf Qb'z q'h@%lmadequate
thiazolidinyl, piperi yrr ol pyridinyl,” pyrimd

pyrr oli nyI pgrpyﬂmaw Copmoa syph as‘tﬁlalﬁ)rp% be tp?ﬁl >;qbtrachl::vros;lane
i mi dazol i di NomMY y:eldrﬂaﬁ%é@imﬂirﬂﬁ& hh@[ﬁﬁheth@@mmbhﬂgl i soqui nol i nyl ,

carbazolyl, triazo i, ndol and n or of RI

R2 and 'lsis FH%%Q%E“B’PW?%&? ﬁﬁ’ ?gm?af‘f'gé end ﬁ%‘%lynﬁ'y%r ogen,

al kyl, or m xpataesters béthe applichipe.cHhd grganMnﬁsll@@kmtsedwmmm& of tl'ﬂﬁ, Zr,
H, V, Nb, Ta Bobaith A8 SEF LR o8 ement  or
an Actinide sienr%i’s?n ebrf%\{yh“t“éhf(%%f%er o I ndi cat etrzl abovea this

i nvention rel appdigation. part to organonetal | i c conpounds represented by,
the formula : MNR 112!2)q wherein Mis a netal or netalloid, Ri is

t he same or dlfferent and |sf a Xdrocar bon group or a

het er oat om co il he sane or different and is a
hydr ocar bon gr[oolg)gpr mh;bmveaﬁmtmmlemhmymﬂﬁgsg[dmpofwﬁneqngmﬂs a val ue
of 2 or great

uth R or resmspods falfec g e e Bng il U AVRAR R RRRINES |

unsubsti t ut ed;s adaiwcarbenigionp ons beteroatomcFopiipineceroy wap as ap 3lkyl4e-gal ue
equal to or | ﬁ:%éyf Pﬁﬁ}?f)ﬁerr&&w@&ic%h SitRss %p%fi}@anaradn inckRpygSent s 2
a

el ectrons Typic he_oxi dati on state_of a val ue of 9 %; +
2. For pur po‘éeé%t“’(‘)W apd{prdecrrasmipe Girrmalisihilipg "C‘Ph‘fod’ pd?“@‘éﬁ%flﬂéet 819 ¢

conmpounds (bubreEBihEe &TtB@NIH msm) véfichi dag atdvo e afianare kactiohed/dl i s Si, Rl
is tert-butyl PWSPIPB?“%{‘ %ag}vﬁa § ﬁ%lgléeléﬁra cbﬁ gleL I&Jgﬁ Ie:‘,gbtgf{ag&pi%r CannOt

be bound toge n- car Creating a cyclic
system SiO; deposition or other silicon based films (e.g., sﬂlcon nitride, hafnium silicate,

etc.). The organometallic precursor compounds of this invention can yield a
desired mix of thermal stability, reactivity and volatility for the desired
application. Other stinctures may alse be useful, for example, a hydroxyl ligand
in tandem with amide ligands.

[0030] As indicated above, this invention relates to organometallic
compounds represenied by the formula H,M(NR;Rz)x(NR3H),(NH;), wherein M
is a metal or metalloid, each of R|, R; and Rj is the same or different and is
independently a hydrocarbon group or a heteroatom-containing group, a is a value
from O to 3, preferably 0 or 1, x is a value from 0 to 3, preferably 2 or 3, yisa
value from 0 to 4, preferably 0 or 1, z is a value from 0 to 4, preferably 1 or 2, and
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[ 00 33 |Typically, Rl and R 2 are the sane or different and are
i ndependent|y hydrogen, alkyl; a substituted or unsubstituted,
saturated or unsaturated, hydrocarbon, aromatic hydrocarbon,

cycl oal i phatic hydrocarbon, aromatic heterocycle, cycloaliphatic
het erocycl e, al kyl halide, silylated hydrocarbon, ether, polyether,
t hi oether, ester, lactone, am de, am ne, polyamne, nitrile; or

m xtures thereof. R 1 and R 2 can also include substituted or
unsubstituted, saturated or unsaturated, cyclic am do or am no
groups, for exanple, aziridinyl, azetidinyl, pyrrolidinyl,

t hi azolidinyl, piperidinyl, pyrrolyl, pyridinyl, pyrimdinyl,

pyrrolinyl, pyrazolyl, thiazolyl, oxazolyl, imdazolyl,
i mi dazol i di nonyl ML, i kot bSRANERAFNY | |
car bazol yl, t*r'lyazo‘f yﬁlgeaqﬁglgbﬂem%%hgﬁ%tﬁyﬁ %r efer aba , each and

12'2 is the mﬂﬁl@ﬂ‘@ﬂﬂ’%ﬂ*&#ﬁt larfier purppsca O BrRiBHItO P H SRR °a| kyl ,

or m xtures té}%{xﬁﬁfetalﬂ{ co%lfouﬂis (th%oﬂﬁre&ﬁﬁorﬁ)l\&%me abbBrprmilauphendd idhe
conbi ned with

anot he 7). Hr
substit ut ed 0$1’%|’r?§u‘ﬁ'§‘le°%8t3éﬁ é‘fﬁf% %‘aa"a“ﬁrﬁgt-zﬁ?gt"a@ %P{C’I%é%me ou
f 0 0 343 | n &f Rrapl®; isethetiodieteit Alsohfor pirppeasiof Bis mliﬂnaf’éé”lﬂ‘b

organonet al | Iﬁ%ﬁ% Q)'II §m5t§ﬁi'&%§ﬁﬂ&ﬁm‘% Qﬂ/dﬁrgﬁlr;dﬁ &‘-ﬂ)@above formula, when
HaSi (NRI R2) " ( wherein e, sarme

or different %ﬂﬁs}’élf ﬁ&@b"e‘i’f&’eﬁt‘ﬁ %/‘"’i ﬁrf{/}(ﬁ’rﬁéseﬁfféw o%lf:?a"r"“i“e oFBind
het eroat OMm CORY} BioktieR hagtedtiityla i S a value fromO0 to 3, preferably 0

or 1, xis a fr 3; o erht Al 42 vVal ue from
0 to 4, pref e)’l&k)#ﬁ %?} galﬁrokl’m%& ?‘rﬂ%%e)rlsgﬁ %d&-r ¢ ably 1 or

refe
2, and a +x +y141§§P“'Z!dB“|§‘V6’W‘6§?P' gk aéTbSP%%@t°r8ﬁ§‘b8?mg7¢§‘ﬁ?f'a§eqr%' a val ue
of at I|east lunskfatédl) hpdis@sbonf arbinhtic hydveattiooygyclvrlifhatiebyseetartion,

O GanorTet al || ¢ CORDRUIIS LW MR REHIR0RS g il AbRYA for mul 2,

when a is a varte %lllsavaue_of , 2 IS a
val ue of 1, thudrocsrhenggther polyrtheryihipethes eRisr: TAFEQRS AREGG, Amingy nolyaming,
pur poses of tgife; Id}\ﬁﬁﬂﬁ;{-e@ Bherdbift R, Re SPERE c:ixmlanganmbaiuhtbctmcorrpounds

and precursor s of %ernrlgé ?‘aitecymvgf?lc%trh? %a‘(xﬂn %'I% for X Is a

val ue of 0, Yy 'fsgb va ue o%d |S ot her
than t ert - but siampld, 8888inYh azetidinpe Pytidingl. thigzolidiybiieAdmyl RyzolyL

invention r ell\%t,%;nﬁ VR HSRATB Al p Wm@omakmmhﬁmamyn he

formula :Si( 2Whe or. .di )d is a
hydr ocar bon g}%‘ﬂ?}"}} %&%ﬁ%ﬁﬁlﬁuﬁﬁ@fﬂygr oﬂlumlﬁyg caergézto € sane
or different ahadolys nalo]yyahmmﬂoﬁ’rqubb orch of RetFeﬁoéBoﬁﬁWﬂF ng
group;, R or ,%e?enpsndq eluﬁdéﬁy%»dagay BGR0r Q&tﬁ&@m%iéeﬂ WptdayINE Of
R 2 of anot her (lglflz\:ﬁﬁlgp roug{g}tﬁ& ém(%y@rqb%g*] {i?iq} (]Tamhamde
unsubst i t ut edis s€ o)

represents 2 edresbnemnstorﬁmmpmd@mselgrhemh| s invention, wth respect

to organonet a'[ﬁ;ﬁzfomgmmg% BOYe, aﬁmu&msaxate;mtpmt@bove
formul a, when I's tert-butyl

R2 groups c an%ﬂ“‘t%etﬂbﬁfﬂinﬁ%ﬁﬁ rﬁ@FsWd? Y i %’B'H“lf,‘ a]}d@g%e% 6% V'T%w’rei')o fd
creating a cygldetslysnemnilold, BO3ISThelshus br differeet ad gambardegcarbion group or

conpounds  of E.tl Hétéro'a&\ﬁ%n'ta@rﬂné Et%hb‘,%: isftﬁ same or different and is a hydrocarbon
group or a heteroatom-containing group; when g is a value of 2 or greater, R’y or
R’, of one (INR*;R?2) group can be combined with R’ or R’ of another (NR"R*2)
group to form a substituted or unsubstituted, saturated or unsaturated cyclic

thé

group; q is a value equal to or less than the oxidation state of M, and : represents 2

electrons. Typically, the oxidation state of M is a value of g orq + 2. For
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exanple, iris(dinethylam no)silylamne, tris(pyrrolyl)silylam ne,
tris(2- nmethylpyrrolidinyl)silylamne, tris(imdazolyl)silylamne,
tris(l- nethyl piperazinyl)silylamne, tris(pyrazolyl)silylam ne,
tetraki s(et hyl am no)silane, tris(dinmethylam no)(ethylam no)silane,

N, N -di -tertbutyl et hene-1, 2-di am nosi |l yl ene,

N, N -di -tert-butyl et hyl ene-1, 2-di am nosi | yl ene,

N, N - di i sopropyl et hene- 1, 2-di ar ni nosi | yl ene,

bi s(di-tert-butylam no)silylene, bis(di-tert-anylamno)silylene, and
the like. 10037]1llustrative organonetal lic conpounds of this

I nvention can be represented by the formul ae: 0038] The
organonetal I'ic precursor conpounds of this invention may be

honol eptic, i.e., all..R.radical s, ar e

tetral cis(et Wfpé’ﬁ?snfgj)tgﬂs fne‘l'ﬁ%m(')lrwﬁ]ﬁee 36:} Iea’p rg%}{sﬁ}eﬁg_ % guné_i? (bnl%glce_)t of the
R radi cal s ampeectiisofdofthe aboverforymd whei df issSidR i tert-butyl, R2 is CH, x 15 2

el s(ethyl eyl bl he, sbY b AIb AR e REen MY dfbohRaibed! d
above, this invention also'relates to a process for the production of
an or ganor netdehbledondersehingd e¥pPFetng (i) reacting in a first pot a

ni trogen- Contﬂidﬁﬂg C’PfB?&h‘llS‘,d{%ﬁchR@@m&hk@dxﬁe omfiftrent@bd a@ al kal i
fof an al kal i ne

met al - cont ai ni ng conpound, or _al kaline eart t al

earth netal - dBIRPERREHY ¥ u‘ﬂ%’a’?’ﬁl W&tegPé?ésr‘fE%qutF&zﬁatgge\?gﬁt and
under react i Ginsdstoratidl halicatiohf rahaisthytimcmbonuyeloaliphatishydrasatdbpiton

m xture conpri si a bas - al . | ' gaterial to
a second pot aé%ﬂ%‘%l lhﬁterfacygle@{cg)ﬁh@gﬂ? g%tgrg g%%%ﬁf%ﬁ‘*%g?ﬁ?nm ly. an
ami ne conpourydracaibion, etessaiolyisthes, thisafhed, ester.dacionse fmiss; Hnipn PeYARITEY | al

with said metghsQhhifuid FRAMER 236k RYlchR BRb kitlRB ksbsafiicd®r compound
under reaction conditions sufficient to produce a second rgeaction

mi xture conprunsebiinged. steratsd AoRASEtTASde ol PTG PP epar at i ng
aﬁi d or ganQgPéxainbieQaﬁﬂdﬁfiﬂyiﬁéﬁ&iﬁﬂmﬁxgﬂiﬂi@ﬁmaﬂ)ﬁﬂ&angipgﬂdinjrlxp)mrt@g], |

ereln sal organonet.al.l.l conmpoyn | S, Lepre te : rnul a
HaM NRAR2) x ( iﬂ??”‘#'ﬂ’ﬁwgﬁ“% pEhiarolyt ozold) ihilach

imidazolidinonyl, imidazolidinethionyl, quinolinyl, isoquinolinyl, carbazolyl,

triazolyl, indolyl and purinyl. Preferably, each of R’y and R’; is the same or
different and is independently hydrogen, alkyl, or mixtures thereof, or R’j or R’z
of one (NR’|R’2) group can be combined with R’} or R’2 of another (NR"1R"2)
group to form a substituted or unsubstituted, saturated or unsaturated cyclic group.
100341 Ina preferred embodiment, this invention relates to organometallic
compounds represented by the formula H,Si(NR1R2)x(INR3H)y(NH>).. wherein
each of Ry, Ry and R; is the same or different and is independently a hydrocarbon
group or a heteroatom-confaining group, a is a value from O to 3, preferably 0 or
1, x is a value from 0 to 3, preferably 2 or 3, y is a value from 0 to 4, preferably 0
or 1, z is a value from O to 4, preferably 1 or 2, and a + x +y +z= 4, provided
that at least one of y and z is a value of at least 1. For purposes of this invention,
with respect to organometailic compounds (but not precursors) of the above
formula, when 2 is a value of 0, x is 2 value of 3, y is a value of 0, z is a value of
1, then one of R; and Ry is other than methyl. Also, for purposes of this
invention, with tespect to organometallic compounds and precursors of the above
formula, when a is a value of 2, x is a value of 0, y is a value of 2, z Is a value of

0, then Rj is other than tert-butyl.
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netal | oid, each of RI, R2 and R3 is the sane or different and is

i ndependently a hydrocarbon group or a heteroatomcontaining group, a
is avalue fromO to 3, preferably O or 1, x is a value fromO to 3,
preferably 2 or 3, y is a value fromO to 4, preferably 0 or 1, z is
a value fromO to 4, preferably 1 or 2, and a +x +y+z is equal to the
oxidation state of M provided that at |least one of y and z is a

val ue of at least 1. The organonetallic conpound yield resulting from
the process of this invention can be 60% or greater, preferably 75%
or greater, and nore preferably 90% or greater. 100403As al so

i ndi cated above, this invention relates in part to a process for the
production of an organonetallic corrpound conprising (i) reacting in a
first pot a nitrogen-containi C,ONM0 tal, or an
al kal i net al 188RF4i nilAg YRS 6%‘? gﬁ’g &W“" fn%‘énug’gié@h{e?r{é?al or an
al kal i ne ear bfgaﬂahahﬂxe@aﬁmoumﬂslgppmmm}rﬂhe quheSﬁNBsBr@eW’éﬁmaR’

sol vent and Unget, LA} ARR iy AREaDdh Eidsb 8P4 nidroRbAduARng | T St

reaction nixture conprising a_base 3 i) gtsragatgm ase
material to areeckhds HesamoeRUAeERgnd isAdaroe 8?§’é°“88ﬁf) tRd>3na
optional |y ageminig LauppRund R’{ bfidnp (NRARE) pyup narsks amdbieddthddy osai d

base material_,W B lshifra®eiod
am ne conpouh?d ?ﬁ?&gﬁle?éggﬁ’ﬁngo%nal o%g%gﬂ@%fi%?grﬁst%%do prg rge a
second react vesmturated gyadicapmps fus _ﬁ@rawn'@ﬂg%ﬁ?gﬁﬁ oF PEPRBHEP

derivative, (H)hasWidGtipas 1§ &g%ﬁﬂﬂﬁdcdrﬁ;&ﬁhﬂﬁlbumd(bmbﬁsﬁr@ qfehahjct ion

or dehal ogenati on_ under .congdi.tj
reaction ?nxtaﬁ?‘é’ %B??g?’l‘%}i‘eﬁ lé%*f" ufyga %‘gﬁ sEVARiES &eﬁ&'ei%

olund
separating saraipsrganbpebaini F%C@emmb%‘@ﬁ%‘é‘%blng?‘%“?@&%f‘l on
m xture; whery ,ﬂ, égge,q; organonetal lic conpound is represented by the

f | N M L
Sg:mm.lof. d:v]E f epo&:ﬁe]an(} %ﬁaglwr%?téﬁboixé%fmcompoundsr%ls in%lquonl%cludesf Lhe

het er oat om caertmplej mg(dgmihupamfﬂvBllvlsmWetf@r@EﬁOb!DS‘&l‘#”l”éﬁé’ﬁ%(z'and is a
hydr ocar bon %&Mﬁﬂhlﬁuﬂ%&gﬁmﬂ]@%gﬂﬁhﬁdwmgyﬂﬁmpmswnen g is a value

of 2 or greater Flyﬁ @] group can be conbi ned

with R 1 or myhypiremanrlsilylergse. Tﬁ‘é}azﬁ G ¥6 form a substituted or

unsubsti t ut ectetreﬂc@d(aﬂiﬁﬁmﬁmmlanmm(d;mahnldmmp@ﬂeﬂwlﬂg‘umlﬂla“ﬂ N.N*-di-ixft ue

equal to or ﬁetﬁé@l itﬁﬁrr%ﬁsﬁﬁueoﬂﬁ’t&h@n@ﬁ Mm)md ,2-3BRIREE/MS, 2
a

el ectrons. The ganore ul %lqn1the
process of tH&’ 1dﬁ9‘§ﬁﬁ?ﬂyéﬁ§1‘e(§‘5ﬁ zo@a'ﬁf?%‘&‘/rle%rlé‘ bfeﬂ ?’8’33 P 5% or
greater, and mg(aﬁepr@{mbb);ﬂ;ﬂ&%ﬁﬂdtgehmer 0 0 41]In a preferred
erbodi ent, P11V SR LORE Sl iRedifl ?mﬂlsaaﬁ@énﬁ@in&mn&a@wctl on of
an organoneta 1°C’ “"conpoun rising reacting in a first pot a
ni t r ogen- contwPisemtpd Y HOFEYAFt h an al kali netal, or an al kal i

met al - cont ai ni ng conpound, or an al kaline earth netal, or an al kal i ne
earth netal - contai ning conpound, in the presence of a solvent and
under reaction conditions sufficient to produce a first reaction

m xture conprising a base material, (ii) adding said base material to
a second pot Containing a netal source conpound and optionally an

am ne conpound, (iii) reacting in said second pot said base materi al
with said netal source conpound and optionally said am ne conpound
under reaction conditions sufficient to produce a second reaction

m xt ure: conprising said organonetal lic conpound, and (iv) separating
sai d organonetal Iic conpound from said second reaction m xture;
wherein said organonetallic conpound is represented by the formula
H2Si (NRI R2) 4NR311) y(NH2) z wherei n each of each of RI, R2 and R3 is
the sane or different and is independently a hydrocarbon group or a
het er oat om containing group, a is a value fromO to 3, preferably O
or 1, x is a value from-0 to 3, preferably 2 or 3, y is a value from
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under reaction conditions sufficient to produce a second reaction

m xture conprising an organonetal | ic conmpound derivative, (iv)

subj ecting said second reaction mxture to reduction or

dehal ogenati on under conditions sufficient produce a third reaction
m xture conprising said organonetal |ic conmpound, and (v) separating
sai d organonetal lic conpound fromsaid third reaction m xture,;
wherein said organonetallic conpound is represented by the formula
:SI(NR IR 2)2 wherein Rt is the sane or different and is a

hydr ocarbon group or a heteroatomcontaining group, R 2 is the sane
or different and is a hydrocarbon group or a heteroatom containing
group; R1 or W2 of one (NR 1R 2) group can be conbined with R I or
R 2 of another (NR 1R 2) group to forma substituted or
unsubstituted, saturated or unsaturated cyglic group; and :
represents 2 electrons. The organonetal |lic|conpound yield resulting
fromthe process of this invention can b 0% or greater, preferably
75% or greater, andNEpre preferably 9BRfor greater. [004§ﬁNh t he
processes descrlbedlhereln t he netal ﬁource conmpound, e. g| Si C14,
HSi C13, H2Si CRR, 15)(,d|y€thyl ami ho) chBdsgsi | ane, and\t he-¥i-ke,

starting materi® y méveelected fiNomja WNd# varlety ‘

known in the gf ewhp ntion her€i pMidst Prefers PBQLSC
fromSi, Ti, Zr, ., V> Nb, Ta, Cr, , W A, &, Ge Lant hani de
series elenent or an Actinide serie$ element. Illustrative netal

source conpounds include, for exanple, SiCl4, HSIi Cl 3, H2S
HSi Cl 3, tris(dinethylanino)chlor si | ane, i
illustrative netal
HSi Br 3, Si J4, and-t :

mat eri al can typicallylpe anybéonp und or pure

central netal ato [ 0044] I n /an enbbdi nent, the

can be represented by thetornula (H",MX). whefein Mis
H, V. Nb, Ta, G, M, W A, G, Ce, a Lanthanifle series
an Actinide series elenent, Xis halide, mis fromO to a value |ess
than the oxidation state of M nis froml to a value equal to the
oxi dati on st ateoxf1 M Tixnstganemeitadliapreairsoe cogprinds of thisdnvugriietaniobe st at e

of M Prefer r? c['f&tti@l eSQHrfgﬁadﬁam%g&rﬁéyﬁl:ﬁ@@ tetrh RE(c @b silane or
tetrachl orosi [ ane, tetrabronDS|Ian % un1t§%rac | ori

bi s(di met hy| abHFPERtF b FedE R 8F the B adicalaah drh ?ﬁﬁe(?%f?ﬁ‘%r e,
bi s(di et hyl amsnfig(sthiiareehiylamino)(ters-butylamino)silane.

(NN -di-terth g&@/&ﬁt hﬁ.&lﬁ.dicaéd%aae B2 bR E RS i‘ellzfl‘éﬁo & process for the
(N, N -di-tert-butyl ethylene-1,2- di am no dlcthr

(N, N -diisopr Wﬁ?‘!"&?ﬁ ghan %gﬁlomeg}ﬂlﬁmog mqng reactmg in a first pota
bi s(di -tert - bhitrygemrionajringdtingronsd vithen alali metal, or an alkali metal-containing

bi s(di-tert- ag%hep%mw%} o GRLQ5th 316y, dk On Qkéhﬁlem% £RREEMUiRLEon of

the netal sourc ound starting nater] al
compound in the presence of a solvent and under reaction conditions sufficient to

produce a first reaction mixture comprising a base material, (ii) adding said base
material to a second pot containing a metal source compound and optionally an
amine compound, (iii) reacting in said second pot said base material with said
metal source compound and optionally said amine compound under reaction
conditions sufficient to produce a second reaction mixture comprising said
organometallic compound, and (iv) separating said organometallic compound
from said second reaction mixture; wherein said organometallic compound is
represented by the formula H,M(NRR2)(NR3H),(NHz). in which M is a metal or
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can vary over a wide range, and need only be that m ni num anount
necessary to react with the base material and optionally the am ne
conpound and to provide the given netal concentration desired to be
enpl oyed and which will fum sh the basis for at |east the anmount of
~metal necessary for the organonetallic conpounds of this invention.
I n general, depending on the size of the reaction m xture, netal
source conpound starting material concentrations in the range of from
about 1 mllinole or |less to about 10,000 mllinoles or greater,
shoul d be sufficient for nost processes. 10 046]1n the processes
descri bed herein, the am ne conpounds may be selected froma w de
variety of conpounds known in the art. Illustrative am ne conpounds
i nclude, for exanple, dinethylamne, di-t-anylamne, ammonia,

tertbutyl am ng.. ol ehdifor'd, kﬁz arElrI@gf@ HeQ6mas ﬁﬁ‘e&%ﬂ@ﬂd@eﬁﬂéﬂlﬂg
materi al s ca e re resent ed g e forpul a N11. 412w§ |tzn each

of 114, R5 arydesgd P%g‘PH’é"%%l’t‘r‘ﬁ "8?""81 FREER T8 R 282 T eg(é'ﬁ en
hydr ogen, al kgtbferaalyfﬂ,ﬂist & st edueofto 030 Bgireferably @ orSay in avaber Hem 0 to

unsat ur at ed, yaca) BRP1, A% AR Gl 0k picRRiby £46h 0RlIaDNELLO- 7 is

hydr ocar bon, het'€rocycl e ed

hydr ocar bon, esp#lde thegsidptemngate of M» (Bfé{"ﬁéli aé%tt %aF'f °‘}eaﬁf \P/‘é'ﬁé z ighydRe of
am ne, pol yarﬂtﬂtﬁst lnlltfklol'@noﬁétamckbﬂipelmdtm esilting framahe procesoaPibisnds
can include cyclic ang chel L afPEBR S bPN

al so i ncl ude PRESPRT™S c{& ?’I% Qergéx% ?sﬁgn%glr;c?ﬁm chlori de, y

di net hyl ammrﬁq}ﬁrplm#%?ﬂ de, and the Ii ke. Preferably, each of 114, R5

and 116 is theoSedfe OAs Qb(j frnaicefetl ansvd, thss 1hﬂdﬂ&€i&ﬂﬁiﬁhyarh§bch’mg®9$ for

al kyl, or mxfures ther Pr ef m g#{tﬂ Haes f or
exanpl e, ammoiif B }é‘Et’r?i}IOam Fganqm q?}g i€ o rﬁmmgc%%p% Steéca?%m ne]rs

di -tert-anyl awntnerfrqmew:ormmmsP?mBWIV@ﬂWIﬂ@ﬁBPG?‘d?fémaH‘éh metal-

N, N - di i sopr ot@lilefenpburd, bk aihRElineQarth metal, or an alkaline earth metal-

N, N -di-tert-butyl.et henel% {halpmsemmkgg‘ﬁzg]'g% d%%tfoﬁtcbﬁd?u t he

am ne conpountPPEYEPE FRTORE CaN oAl Yo over & W de range. and need
only be that MMIWMHM@%@@ga?W%‘GP@&@?S'Wﬂ’?st"H@‘eﬁ'aké“start| ng

material and NRtRlsaRGHGRateRTRON Bsbond Pot@BREInRE a xﬁk%leaﬂbﬂgmﬁmuhme si ze

of the reaction m am n artin et e

concentrat i ond9 "f‘?“?‘??glyragtﬁﬁ‘@ ﬁpn??g‘ﬁfgﬂgmﬁmfg eJ%or%szT%gaése

about 10, 000 mitetialmithesidonetgrseutce compivod kod mlosdm Slalfi apipe *FQWP%‘%t

processes. %fﬂ%rue ct{oh%om@&%%ﬁﬁﬁaéi%%éﬁeda &%6&1 ﬂactfoh@mbﬁﬁee st ar t i ng
may be

mat eri al se ecte froma wde v r| e rg)#i sa15£'e9:v‘{'?d
the art. |11 uSqrRisinganBERaBYMPiA Fﬁa’é‘p‘é VW({V HIPT e YT E&PET t han

about 10, pr efed¢tivlnyixgreatraiuctisraor cb@bdusenalﬁbn wmder copdiionysufitoiegh| vy
greater than @QQ&% adiffea rw@uotamm@&&,;ﬂr@inglsmefggaaﬁamlu c&h{:\ﬂ?ﬁd dndNVE2,
a

l'ithiumam de n I.1 ke. Prefﬁrre star %mahter .8,
incl ude, for GRA&THAFAEDE F3iqd AREARAMGH! ‘é°°’PI?°t“ﬁ Pr\néf"ﬁﬁ" N0 (Ao To (8 ur’n
et hyl am de, | ivh&rkinnit obgatyinatilid @ompoyndiismepetentedrbty- tbﬁufoyrlﬂalm de, lithium
di -tert-anyl agﬁkﬁﬁa Robl %&@H\h'\% & lrieta® bt mBHofd, 8L PR Qmb o diifedit SR
op

lithiumN, N ro yl et henel, 2-di am de,_ or |i thi{umth
N,N-di-tert- ’f?l}tlvp’é‘f’?’f ?fbgrfulzober l;éﬁﬁra%tom-contammg group, R"2 15 the same or

different and is a hydrocarbon group or a heteroatom-containing group; when g is

a value of 2 or greater, R’; or R*; of one (NR’|R*;) group can be combined with
R?; or R’; of another (NR’ R *;) group to form a substituted or unsubstituted,
saturated or unsaturated cyclic group;_g is a value equal to or less than the

oxidation state of M, and ; represents 2 electrons. The organometallic compound
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[ 0049] The concentration of the base starting material can vary over a
wi de range, and need only be that m ni num anount necessary to react
with the am ne conpound starting material and netal source conpound.
In general, depending on the size of the first reaction m xture, base
starting material concentrations in the range of from about 1
mllimle or |ess to about 10,000 mllinoles or greater, should be
sufficient for nost processes. [0050]1n one enbodi nent, the base
starting material may be generated in situ, for exanple, lithiated

am des, ablated amines, lithiated diam des, lithiated diam nes, and
the Iike. CGenerating the base starting material in situ in the
reaction vessel imediately prior to reaction with the nmetal source
conmpound is beneficial froma purity standpoint by elimnating the
need to isolate and handle any reactive solids. It is also |ess
expensi ve. [ Owisigvyuiting fhem the nseacss of dhis inyertipnisaa ke 60%40F Bi5gtekmt eri al in
pl ace, addi tigefebly 18.HeERhtes ald ﬁlﬁregﬁsﬂaﬁuﬁ(bo%o@eat&ﬁl , can be

per f or med through |1quid or s Iig Qd |t'onﬂvgﬁiin SONe cases nope
conveni ently &89%tkol &bﬁ?f%&eﬁfw f ‘B}m’%hﬁlpy. RPEHRBEGR 2PLFE #?m%t al
sour ce conpoupddudioa offen sfgatienadlic cdmpoand nanprising (Heehcting they fimtpataer t
at mosphere sug as, M 4308 Pompdunk S GAGHA betdl br n BHEH nd AL nsiGHECE
t han the am ne c%npounds, ?or exanﬂ?e, Flthlateé agyges, am nes and
the like. Furesmeravsdr apaliplinaserh megab o an abaliva AIEE metak-copipieime and
easi er to traguhfund]inthedréserdeldta sbaes asl afider Rgctithi@hdidbnCsaifidient to
prepared fro mpl:[oQl?ce.'.raei:'ilr%t',C Jegcrtliog fmixai'c.:re comprising a base material, (ii) adding said base

material to a second pot contzining a metal source compound and optionally an

amine compound, (jif) reacting in said second pot said base material with said

metal source compound and optionally said amine compound under reaction

conditions sufficient to produce a second reaction mixture comprising said

organometallic compound, and (iv) separating said organometallic compound

from said second reaction mixture; wherein said organometallic ‘conipound is

represented by the formula H Si(NR 1 R2)(NR3H),(INHz), wherein each of each of

Ri, Rz and Rj is the same or different and is independently a hydrocarbon group

or a heteroatom-containing group, a is a value from 0 to 3, preferablyQor 1,xis a

value from 0 to 3, preferably 2 or 3, x is a value from O to 4, preferably O or 1, z is

a value from O to 4, preferably 1 or 2, and a + x + ¥ + z=4, provided that at least

one of y and z is a value of at least 1. The organometallic compound yield

resulting from the process of this invention can be 60% or greater, preferably 75%

or greater, and more preferably 90% or greater.

[0042]1  In another preferred embodiment, this invention relates in part to a
process for the production of an organometallic compound comprising (i) reacting
in a first pot a nitrogen-containing compound with an alkali metal, or an alkali
metal-containing compound, or an alkaline earth metal, or an alkaline earth metal-
containing compound, in the presence of a solvent and under reaction conditions
sufficient to produce a first reaction mixture comprising a base material, (i)
adding said base material to a second pot containing a metal source compound
and optionally an amine compound, (iii} reacting in said second pot said base

material with said metal source compound and optionally said amine compound
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ni t rogen-contai ni ng conpound and an al kali netal, or an al kali

met al - cont ai ni ng conmpound, or an alkaline earth nmetal, or an al kaline
earth netal -contai ning conpound. The base starting material can be
prepared by conventional processes known in the art. [0 0 53] The

sol vent enpl oyed in the processes of this invention my be any
saturated and unsaturated hydrocarbons, aromatic hydrocarbons,
aromati c heterocycles, alkyl halides, silylated hydrocarbons, ethers,
pol yet hers, thioethers, esters, thioesters, |actones, am des, am nes,
pol yam nes, nitriles, silicone oils, other aprotic solvents, or

m xtures of one or nore of the above; nore preferably, pentanes,

hept anes, octanes, nonanes, decanes, xylene, tetranethyl benzene,

di met hoxyet hanes, di gl ymad_ f u%ignat ed Ogl?l‘drocar b(}o(nsé. and_m xtures of
one or nore dJMApHEACHvBFanditions sWfctentp BFASe P SFORASBRACD TS s THF,
benzene, t ol uRARrisMBEnBrgehomesilio torapraind derivatize,qfv) sitgectibpvad setnyd
sui t abl e sol vent. whi.ch_dges, n I r v Lat.-er f e th the
i nt ended rea(,‘f’fcttglﬁnggﬁgﬁeemé%ufgélneﬁg%l%eﬁﬁog u?)l? Lrocr?keﬁ%ﬁﬁsnso%f%l i fferent
sol vents may predwrplthiykra¢ifongeisivrecymprinias s#d grganemetalbiy ganpovadAndy ed

is not criti C(Qg%ﬁ&)gﬁlﬁﬂggaz&lpiﬁgﬁmétﬁﬂ@m&ﬂn@ﬁgm%ﬂ%w}dctﬁﬁ rliRfite; aMOUNt

sufficient to ubr e reaction conponents in the reaction

m xture. |n gekeseinsaidorganomealic compapdywpreslied by ieiorPeh about 5
percent by wekgRiR:#0,)} ¥hakRu’, RmdRneen diftyentthdish hpirotabe pragedr 0N
the total weight of the reaction m’.xgbgre sta&i%%pegtan tieg' ac}rg.r,laﬁo

54] React i on COHAPAPBIRONALYNE F1QURy Rz da e samp gt difigiert abd 172 9P Re base
mat eri al , thegrowg & a Baervgtemeonipimingdroupn & optR’ oofdre(NRhE ) gfonp can be
compound,  SUCH, A5, JIHRCR Al RE, o BHARS TR B o AR Rl diBatiniTBord! 0

vary greatly and any suita € 'co Ination of such conditions may be
enpl oyed her einsubstinged, saturated er prspiyeted qyckic meypipad ¢ Frpresgyy 4 gectrons.
t enper at ur e of AR ¥arindidife AhnPosREALH EsaHing Foetht Hroces’df MY idvention

¥
preferably between out -80C to yt 150 and nost .pr.ef bly
bet ween aboutca\gg’eﬁp Ui er%g.emks'% ‘i’rygrfﬁ%%’ ?“gd’&?rfgﬁef%asﬁ g(?rg’ioéd out

under anbi engregieressure and the contact tinme may vary froma matter

of seconds or thgc €Shl fle o%gs\éés%w}%gc?%ergﬁ?ﬁ%ﬁ{etalB'\'J‘?cerc% baff 8 gcan be

added to the on"mxture or co 1ed I n any order. The stir time
enpl oyed can $ighgHSiGloH883u trisflimethylagtienlehloageilafe,ppd thedikessrag v from
about 1 to 75;,hQUEISnabikelE0E8 ABMAI e Dikt] 608BxHaeMts IbowRinlifle AMOUTEe

for all steps, In the enbodi m;;nt of thf ) (l_lfn?vergl n %c‘pﬁbs%c ried
out in a si ngMEeHioR herernps PrisrmeR]ssrierigd fgp ’eﬁa%ra d’f T om't He
first reacti oRio["WylAlS @a,[Bd, O Ladthanideaeti¢srelenmdnt br dnhisctimBleatris gleneat.
conpound and tignal | e 1 d eefen :

enbodi nent , tﬁ@lsﬁag{vglmés‘aéégg%e co %%I?Jér%gp c?@é%éé%“&éatsﬁéh’ﬁ S(r?glts’ Pflzgél%l i on
m xture at anHBih, tisdipwhwlanieo)eiorgsilage. taadherley Odheg Hgtrative ek

anbi ent  t enpef ALl SmpbORE FHRRRCH SBnpR) St Sibs,, iR, M1, Jesiuciddane or

dehal ogenat Mn_step, Such as tenperature, pressure and contact tine,
may al so var yli¥ I‘?etﬁﬁﬁur&ﬁﬁp'%f’? ﬁ?’é”:'%B{‘)?f)‘i"ﬁg‘faf'@ﬂ” yﬁﬁﬁlﬂr condi ti ons

may be enpl oyasinfimnébhpurd hetet emttiniognthe eomgent atetal etomay be t he refl ux

brofer ably bet SR o B fFerietislE Hd ARGt Rk LBbSna b Whecnica by
bet ween about th2@@ntude (:}BMXBG‘dlefemﬂrfﬁﬁlsﬁﬂzheHﬁé’aB@i%d?'»sMe’aWrﬁhd out

under anbi ent GRr&s SYGimamde ks QANER G at BB ABEr¥SEIMmént, O Ishalild, ker  Of
seconds or mnutes to a few hours or qreat er.._The reactants, can be

added to the isdEE P& iy lessdhay e Ao g PR 18 fgey | topHEME PRV ¢ | e
enpl oyed can {oang6xifitim stioefiM ind nita iab oalie 4121 foaht sxidagvestee abM; f rom
about 1 to 75_haqurs, d nore preferabl rQ t 16 _hours,

for all stepst™ W@I’i’ﬁ%ﬁ%‘gﬁ?c i l?ﬁ??c}sé’foﬁ\ef)érgrﬁl %xet\fﬁ%éﬁml ge’carried
out in a singtetralromosilane, Hafiswen tepehlpride, bis(dirotthdepmpulichiprésilonn. t he
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[ 005 6 ] The organonetal | ic conmpounds prepared fromthe reaction of
the base material, the metal source conmpound and optionally the am ne
conpound may be selected froma w de variety of conpounds. For

pur poses of this invention, organonetallic conpounds include
conpounds having a netal-nitrogen bond. Illustrative organonetallic
conpounds include, for exanple, netal am des, netal am nes and the

| i ke. [0057] The organonetal lic conpounds of this invention can al so
be prepared by a one pot process. The one pot process is particularly
wel |l -suited for large scale production since it can be conducted
usi ng the sane equi pnent, sone of the sane reagents and process
paraneters that can easily be adapted to manufacture a w de range of
product s. Th%igﬁigﬁgﬁﬁlirmgc@iw\;\lﬂﬁ%iﬁngrlri&(ﬁﬁﬂ@lﬁﬂ{im_ﬁlaﬁe,@,mcﬁﬁgﬁmt allic
conpounds using a process where all_ mani yl ations can be carried out
in a single \habdethenedatdigminadielyorosilang @‘ﬁg '@r‘@éﬁ&m‘iﬁt@ﬂ?‘}eé onpounds
does not requiiffinbyitnciodiRhd, 00 NPldiigdhrbRAGkdRRdi2diemEREN R osiRneNe POt
process is described in U S Patent Appl,cation ferjaﬁrgﬁ. .

10/ 678, 074, fui(@iferppiuping)dichipsesilagg, Pk rery, Hpaiehoneylang py
reference. [ Opda%]l FOrheogadnenisrpdflihecmeangots demprunp anaihghiyatéring
processes of this inventi.on uri.ficatio n_occur t

recrystal | i zdPPSHY SWEre™P é?ngg’aaé‘fiff e?‘ﬁ?'lgﬁg%&%xr{"rr'%@z? Sﬁgl(g)rﬁ%rg%g%a &n
resi due (e. g.reacheithtie)bassuiaictizlemd optirmalinthe apyint appprunst afide provide

t hrough subl Itﬂ@%ib%ﬁﬁﬂc&ké&ﬂak&@&ésﬂ@d tolt efhpRoySd Ad\0Rien SAd hlk@sh #8 t he

art will recognfze that nunerous changes na¥ be .
- basis for at least the amount of metal necessary for the organometallic compounds

of this invention. In general, depending on the size of the reaction mixture, metal
source compound starting material concentrations in the range of from about 1
millimole or less to about 10,000 millimoles or greater, should be sufficient for
most processes.

[0046] In the processes described herein, the amine compounds may be
selected from a wide variety of compounds known in the art. Illustrative amine
compounds include, for example, dimethylamine, di-+-amylamine, ammonia, fert-
butylamine, and the like. Preferred amine compound starting materials can be
represented by the formula NR4RsRs wherein each of R4, Rs and R is the same or
different and is independently hydrogen, alkyl; a substituted or unsubstituted,
saturated or unsaturated, hydrocarbon, arormatic hydrocarbon, cycloaliphatic
hydrocarbon, aromatic heterocycle, alkyl halide, silylated hydrocarbon, ether,
polyether, thioether, ester, lactone, amide, amine, polyamine, nitrile; or mixtures
thereof. The amine compounds can inclnde cyclic and chelating systems. The
amine compounds can also include the HCl salt of amines such as ammonium
chloride, dimethylammonium chloride, and the like. Preferably, each of R4, Rs
and Ry is the same or different and is independently hydrogen, alkyl, or mixtures
thereof. Preferred amine compounds include, for example, ammonia, ethylamine,
t-butylamine, di-fert-butylamine, di~fert-amylamine, N,N’-di-fert-butylethylene-
1,2-diamine, N,N’-diisopropylethene-1,2-diamine, or N,N’-di-zert-butylethene-~

1,2-diamine.
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made to the processes described in detail herein, w thout departing
In scope or spirit fromthe present invention as nore particularly
defined in the clains below [0 060] Exanpl es of techni ques that can
be enpl oyed to characterize the organonetallic conpounds forned by

t he synthetic nethods described above include, but are not limted
to, analytical gas chromat ography, nucl ear nagnetic resonance,
thernogravi netric analysis, inductively coupled plasnma nmass
spectronetry, differential scanning calorinmetry, vapor pressure and
viscosity neasurenents. [0 061] Rel ative vapor pressures, or relative
volatility, of organonetallic conmpound precursors described above can
be nmeasured by thernogravinetric analysis techni ques known in the

art. Equilibriumvapor, pressures also can be neasured, for. .exanple by
evacuating al FOYH%ks W‘g‘?ﬂnﬁe‘g?éﬂ’%ﬁ}éﬁg@ﬁﬁe compound SiEFinEMYEHa) Fan g%%yt he
conpounds ar eovefh ddbrasgk, ol dded oulydeahat arthtinihempnetsgesarydo naatwitle d
as known in the. art. .(Q . r t LG {C S
descri bed her BFR%%® g‘%“%e’?%%%%:agd ﬁegﬁgogl%étcglrnhé%dfgﬂ%%%?’u%g 8&#&{%&{

20C, and are thekize sfithe eadctiay mintup.aniipgeampoyid siarpogwetesiabericensationsgs .

For instance, ineﬂgé LaflbH & RO ANREE il dfe £QER W/ LPTESI EPimERH oD e
applied to a substrate and _then heated to a tenperature sufficient to

deconpose t hegpite shoykibe yufficiear formeashpioeesseset al or netal oxi de
coating on theos4®st I B e prR@Ysyd difcribell hekdinglthp bese itabifiip rhdteridl @nay be

substrate can be aintlng,. sprayin I ng..or by other
t echni ques knﬁﬁ?ﬁ?tq%yrf'&h‘éwﬁet‘g“?%’g’tf © p‘g"&ﬂsd]lﬂg’&@dﬂgﬁ@fteémfsh‘ag‘ﬁe L
with a hea’:( gimgu_dbw;ﬁae@w;:ia@l@grm&img‘;;?@m%%?wmbguher
et - an o0 ahd oyt bl?%zﬁé(redézﬁl bGR2Ls! e 628 niferRP PRy

I C g and

appl yi ng an or danone oun recursor, and heatin

deconposi ng | EBINHAEiNYe:, Hdium aridgs mcftb% liken \Paoferrgddpase Glaging yratarialse a s t
one ot her Poafnl:ﬁge,%tteg;aﬁ:Fﬁ, B®E: fhicd) HihiGhQRlylhHies ds&thethydmgiaeat i ng.
[ 0063] Li quid grganonetal [jc .co und precursors s c_h as qesc [ bed_
above al so calitbfe shrpmids, 'étﬁﬂ"qgg‘r’ﬁﬁfé’ Wg"r’i‘f‘g"” ﬂ%‘ﬂﬂg’t e By RPN zat i on
and sprayi ng HhamsN,N uiherabutyzinlias;1, Rdibmidezidhimmad N’ eliiseprepyléthaie- can
be enpl oyed afﬁ-d'i‘a%x\é} ol' chiJH'? N?Irl’t-di—tert—butylemene-l,Z—diamide.

[0049] The concentration of the base starting material can vary over a wide
range, and need only be that minimum amount necessary to react with the amine
compound starting material and metal source compound. In general, depending
on the size of the first reaction mixture, Ease starting material concentrations in
the range of from about 1 millimole or less to about 10,000 millimoles or greater,
shonld be sufficient for most processes.

[0050] In one embodiment, the base starting material may be generated in
situ, for example, lithiated amides, lithiated amines, lithiated diamides, lithiated
diamines, and the like. Generating the base starting material in situ in the reaction
vessel immediately prior to reaction with the metal source compound is beneficial
from a purity standpoint by eliminating the need to isolate and handle any reactive
solids. Itis also less expensive.

[0051] With the in situ generated base starting material in place, addition of
the metal source compound, e.g., SiCly, can be performed through liquid or solid
addition, or in some cases more conveniently as a solvent solution or slurry.

Although certain metal source compounds are moisture sensitive and are used
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10064] I n preferred enbodi nents of the invention, an organonetallic
conpound, such as descri bed above, is enployed in gas phase
deposition techniques for formng powders, filns or coatings. The
conpound can be enployed as a single source precursor or can be used
together with one or nore other precursors, for instance, wth vapor
generated by heating at |east one other organonetallic conpound or
netal conplex. Mre than one organonetal | i c conpound precursor, such
as descri bed above, al so can be enployed in a given process. [0065] As
i ndi cated above, this invention relates to organonetallic precursor

m xtures conprising (i) a first organonetal lic precursor conpound
represented by the forrnula HZM NRI R2) XCNR31-0), (N1-12)z wherein Mis
a metal or m?ﬁl L oRiithrt ﬂ)hgfe ik adRuégRd, 1&3, gbﬁerilk}eto%éiﬁﬁ:h(léwéh defRE ENt

and is |ndepen ently a rocar bon grou a het'er oat om Gontar ni ng

group, a is ahapethwnmpsﬁwmtr@saforw@ﬁa@rg %Fd@“Biicsi amipes anddhg G0 ¢ om
0 to 3, prefgn@bldnote, dang meYallsurde é@ﬂ]ﬂéﬁncfsl’a%'ﬂéﬂsér@néeasﬁﬁrﬁ ﬁin%h:lry 0 or
|, zis avalue fromQ to 4, prefera % d’;}+x:lr+r7%w
equal to the [WBEat i the bases B?“er“ﬁir%g EIBpr‘EIﬁ%%%‘t T BAOPSTE of y
and z is a vafj eﬁfcoﬂhmir@aﬂhpiaumam aﬁlauc)m afeal,ar anikeli diefdl-eoeaining
organonetal | i c precursor ha Al ng,

rn% s 8F anrﬂ;ﬂg@lglg r i 44 alkaling egrﬁl HOLES qﬁ H

t ant al um contQ T ng organonet a recur sor
compound) . | dn(pou] Aﬁwéahwtamnk matced calbbwyepatr?ﬂ by ¢QW@?WB‘WT?“€FS&§ es
to organomet gl | i.¢ :PEEGHN SOr conpound m Xt ures corrprl sing (i) a first
organorret alli'c precursor conpound represented fy t he fornmnul

' MNR IR 2)4 W#E38i n Theselvgnhgmplpyedin e PHopsre %F“"egﬁ‘t"rféalgléerﬁé‘yor
di f f erent an%atu?\at&l M%@&aﬁﬁamy%wmmrm&nh&trﬁﬂgﬁhmmsamnm ng
group, R2is the s 0 nt .an a ro ra
het er oat om c JIfESEPHPIY aaﬁ:yi)]ii% dfe\sfﬁgﬁ %dg qciocal\S;ba nffe3¥}6 g&g@&&rs ’ggltl?g@ oS
or R z of onecs(ehdRiHidRsR)s, hroues. emivlel amiuayipioixathingst itrikes, SleOIﬁ'Oﬂs,of
another (NR IR i)rog[: MPerdtS o F%E&éséé&é%kwﬁe%?ﬂ%aﬂd%%& plettiratdy,

saturated or unsatura ed cyclic group;, g iIs val ue equal to or |ess
than the oxi ceeniapes, berdanes.oFtangs. apRrenes, fessressBiems. ptramelbylhspzeneang (i)

one or more dyfLebeninatd a@gﬁé @lhbﬁrﬁtd&ﬁﬁﬂ%&&%nscﬂ{mﬂbtﬂdé‘s dfengor

haf ni um cont ai ni rr‘l)g t ant al um cont aj nj ng or g dﬁﬁl cont ?}-Blm n

or ganomet al | i B0 gi528eYe: araygtpaierably WB‘FSH“Q Br et er et edbyEtent |

thi s inventi ofjhdhkikAkRSfbie SgaRoftieabdieC Any suitable solvent which does not
unduly adversely interfere with the intended reaction can be employed. Mixtures

of one or more different solvents may be employed if desired. The amount of
solvent employed is not critical to the subject invention and need only be that
amount sufficient to solubilize the reaction components in the reaction mixture.
Tn general, the amount of solvent may range from about 5 percent by weight up to
about 99 percent by weight or more based on the total weight of the reaction
mixture starting materials.

[0054] Reaction conditions for the processes for the reaction of the base
material, the metal source compound, and optionally the amine compound, such
as temperature, pressure and contact time, may also vary greatly and any suitable
combination of such conditions may be employed herein. The reaction
temperature may be the xeflux temperature of any of the aforementioned solvents,
and more preferably between about -80°C to about 150°C, and most preferably

between about 20°C to about 80°C. Normally the reaction is carried out under
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precursor mxture conprising (i) a first organonetallic precursor
conmpound represented by the fornmula HaSi (NRI R2) 4NR310y(NH2) z wherein
each of RI, R2 and R3 is the sane or different and is independently a
hydr ocarbon group or a heteroatomcontaining group, a is a value from
Oto 3, preferably O or 1, x is a value fromO to 3, preferably 2 or
3, yis avalue fromO to 4, preferably O or 1, z is a value fromO
to 4, preferably 1 or 2, and a + x +y+ z= 4, provided that at |east
one of y and z is a value of at least 1, and (ii) one or nore

di fferent organonetallic precursor conpounds (e.g., a

haf ni um cont ai ni ng, tantal um containing or nol ybdenum cont ai ni ng
organonetal | ic precursor conpound). 10068]In another preferred

enbodi ment, this invention relates to organonetal lic precursor
conmpound i xt RRENGEASRTCEnA thecoptact e ey Gy HABATRRtEr P A8 Ohir sor
conpound repr gaRidsad a%ﬁvhbﬁ’sf)ﬂgreatéla Thgta{ahﬁlﬂs&@e?adabefo&hﬂre%ﬁonl s the
sanme or different and |]§ droc rb@1 S% au g 5

het er oat om coRESHi%h§oRY 15‘5?)1 FY orDT SIGHENE ﬁ@p@?e%fﬂrﬁ?%rffm%ﬁ(?ufs a
hydr ocar bon go b upalgnut A0hkows, pedfiaably fromubewtl g S grewpnd WorepreRrgblyf

one (NR 112. &}m%gm &3 1RECRTDI BEst g@ eﬁbéd, &f%mgimaﬁgma{wﬁ NR

R 2) group to forma substituted or ‘unsu tut e saturate
unsat ur at ed cipepirisd@nbims singlepgtche b@emasenzllépeme%ﬁtsd figmdhg §i5sy one or

nore differ enltea&ﬁﬁe}ﬂﬁﬂﬁ& Bhibil t6 r@&ﬁfgtmpﬂ,e GREP St colrfpolind and optionally

haf ni um cont a| n| tant al cont I ol ybdenum cont ai ni
organonet al | i & ‘g% ‘{f“g”g %Hr"&ﬁ?f“?%'nggs
conducted in idﬂedmmmﬁeeaaﬁomhmre gmnmhmmpemmenentﬂemﬂamm

enbodi ment of tt}gr %%ljegﬂemgéétq‘ deposition is conducted in the
presence of a%r?eas cactive carrier gas. Exanples of
non-reactive §8888] i n&eactionicreditiongderdhe reduggion onfiehalsgenation sigomuch as
helium as welo,@snft f}ﬁéss&aaﬁéc&nmﬁ il R aldoSARS grédedy inl BBy suitable

organonetal lic conpoun precursor under process conditions. In other
embodi ment s, $9PRIAAOHEE F‘L“i}'d’t‘?“i"gmt“d?f’d’d’é’t"éﬂ’]‘?}'ﬁdP?f@‘"prTE‘E ERELO at | east
one reactive gaiperabmaghbe u{eeemmeahpet&u@aﬁ‘aﬁy bMhé afobdineRfodRbIOyRS]

i nclude but are not |i h rogen, . ai

oxygen- enr i c h TPTe pr?frﬁn%h&%fé‘fff “?Zzl(ggkgt o&’oélgﬁ?!\%f@ rtpé?feffh&or

or gani ¢ vapor setwédinaboue2@Cdo atiduessC. A&nhmwme rqactidicls asitied bltenglsresence
of an oxi di 2! Bch: 8% re S 4S bpd e shAhct BYRTPA Sar by 4 NP cennrs o

oxygen-enrich P VaP Yo AR ok o 21 WgeeTgaRi ¢
conpound, f avmirsitestie a fov huirs orgreftera The teattaux Farebefdded to[theQre@etipn0 | As

i ndi cated abo ﬁaﬁmﬁe Rir émhﬂaé@ﬂn'aqyofakxs ome%hﬁ&ﬁé eﬁ:.plopédéanfr&g@ 3Rt dbggh for
producing a fi coat%ﬁ; i ncl udes the_step of

deconposi ng a%- 1F‘é§§’c‘“6 %EmlﬁﬁPm@bE‘&ﬁﬁﬁaﬁHmﬁﬁ’é@GF“é’é"rprﬁf{efi’@}yeby
produci ng t hﬁfr&}n'aﬁbntﬁﬂ@ﬂﬁﬂ@m@lfoﬂﬂ%ﬂfs, Iitthe Embbdienc g #16s inbafioh elhiun.
More particul ar thjs inventi el ates ji.n art to or
produci ng a f¥I F#‘eé('i’}i{’?‘ﬁgs* %’c‘f\c/%geeéas%Vaﬁg SSP?'?éat%d g%‘?qglé%grtet allic
precur sor comgectiva migprepinttectattingtvit ﬁm)mmal source compound and optionally

| LM R2) (N2 bl o b G st oo, oft miB Bl OLnpdifie . Of

R1, and R3 1St me or ferent and 1s I ndependentl y
hydrocar bon grdse tthe Ayl sagi L e ¢ Abiont IFEPETRBERHOT 84 a fmRETafE ue from
0 to 3, prefegaltbyhbh Shbidat t&nlbe%atareyaiyﬂealfyt 08 Stepl An Be cpried Qrtakihya2 or

3, | f | f 0
So b o o e gt ipaest, iterelRb R el sk g b KB BRRL ot o
state of M plowsélkd Th@.brgaﬂoﬂ%ljﬂ coml]munﬂslpyeparad from theaeavadlulif tf at
least 1, t her@mg@{e%qvgler}gﬂmsmu LdBhp oS L d Bkt R WE Shine THRbSAA ! Y-

t he deconposi ng
may be selected from a wide variety of compounds. For purposes of this

invention, organometallic compounds include compounds having a metal-nitrogen
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organonetal | i e precursor conpound is thermal, chem cal, photochem cal
or plasma-activated. [0071] As al so indicated above, this invention
relates in part to a nethod for producing a film coating or powder
by deconposi ng an organonetal | i ¢ precursor conpound represented by
the formula :MNR IR 2),/ wherein.Mis a netal or netalloid, Ri is
the sane or different and is a hydrocarbon group or a

het er oat om contai ning group, 12:2 is the sane or different and is a
hydr ocar bon group or a -heteroatomcontaining group; when g is a val ue
of 2 or greater, R1 or R 2 of one (NR 11 V2) group can be conbi ned
with Ri or R2 of another (NR 1It'2) group to forma substituted or
uusubstituted, saturated or unsaturated cyclic group; g is a value
equal to or |€<§ﬁi tlhﬁ’dﬂrahh@ox@ﬁoﬂf&dllq}fboﬁ{paﬁﬁis%clﬁﬂe frdxampleihe@s anfides?

el ectrons, there the film coating or powder. Typically,
t he deconp05| E%“Eﬁ ‘%¢§§ Konetal lic precursor conpound is thermal,

chem cal, photogseni cdhe orgapdragaitic aabponadsaf. this @Edidmcaa apyp & prepaed
embodi ment, %E ﬁ%&g}a&gg 15l 8ot bbolss TEL AT LA wBl. ALl ehiarge T 1 | M
er eco

coating or osi n n-organo precur sor conpound
repr esent ed b§caterwo¢tt9ﬂmﬁlacma RPW%@N%&WMFqUWtaWB@J@W of
121, R2 and 1ém?eﬂe ehmnagme@rpaghfefeasrtﬁﬂtcaaeﬂmys:ehaﬂmaae}aaﬁfamma
hydr ocar bon group oré%lqgeroiéon}conta ﬂ?%‘ 38 a vaIu from
0 to 3, pref 45§ &5 Bprogue © BIOtPaY B‘é’ %S @emsp? SYEPIBEY

3, y is a val cenfouads Gsitga procyss whenabh;an@ubnmls cazlbpsalaleéattueaﬁmalm 0
to 4, preferaplye: n(arwlgch @n@ tathmgfmamﬂm cgﬁgx.armeqoésh@t reaaué tﬁ@St one

of y and z is_a val ue | east her eb C|n%
coating or poitgletion qias @%?Ppgﬁlaff FRImRle: o‘l‘rﬁB%P??@r%es*‘s‘éF‘ B‘Pe&dﬁyrﬁst allic
precur sor conpamtdAppicitivarSerikl N hew67 g ar4, fipddcdacte 6] 2008, which is

pl asnma- acti vat e r preferred enbodinent, this
i nvention reIgfégmgé%%é%ﬁp%ﬂﬁgﬁgghod for produ0|gg?a f|In1 coatlng

or powder by d@@@%osfngorawwegﬁhﬂﬂmpmdw PrOBSERS Gh R
represent ed biﬁv&nﬁmagsrmaaﬁon éh@%ﬁrh%@@l%e&ﬂﬁmmﬁ todeprdfligbigame or

different and is a drocar.bo rou r ogt pncont ai pi ng, gr oup,
R 2 i 5 the salEough sHIFta@Rahiemcin e tre dPBRLPHaN HPOupEPiy e

het er oat om coabwmefhgblgfrthmpgh fblimatidnlandAistillatiore (NR I R 2) group can
pe combl ned WibPs8y | Shefaki é@ﬁ PO LR Gin LdBmiZRn 2 oufHeRR chadsAhdl 1

substituted OF unsubstl
made to the processes described in detail herein, without departing in scope or

spirit from the present invention as more particularly defined in the claims below.

{00601 Examples of techniques that can be employed to characterize the
organometallic compounds formed by the synthetic methods described above
include, but are not limited to, analytical gas chromatography, nuclear magnetic
resonance, thermogravimetric analysis, inductively coupled plasma mass
spectrometyy, differential scanning calorimetry, vapor pressure and viscosity
measurements. - '

[0061] Relative vapor pressures, or relative volatility, of organometallic
compound precursors described above can be measured by thermogravimetric
analysis techniques known in the art. Equilibrium vapor pressures also can be
measured, for example by evacuating all gases from a sealed vessel, after which
vapors of the compounds are introduced to the vessel and the pressure is measured

as known in the art.
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saturated or unsaturated cyclic group; and : represents 2 el ectrons,
t hereby producing the film coating or powder. Typically, the
deconposi ng of said organonetal lic precursor conpound is thermal,
chem cal, photochem cal or plasma-activated. (0074] Deposition nethods
descri bed herein can be conducted to forma film powder or coating
that includes a single netal or a film powder or coating that
I ncl udes a single netal oxide. Mxed filnms, powlers or coatings al so
can be deposited, for instance m xed netal oxide films. A m xed netal
oxi de fihn can be forned, for exanple, by enploying several
organonetal lic precursors, at |east one of which being selected from
the organonetal | i ¢ conpounds descri bed above. [0075] Gas phase film
deposi ti on capobezrondue bigandntetilliié toripdutl preyadsers déscebaisrdin are
t hi ckness, for_ex e of f :
nun. The prec 'reseé%gy g‘gus“(i: %&Bé’g%’%’%ﬁ%gxeiﬁ{f%’ {)Ogﬂaﬁgg’ltgavrelhyéﬁ&g%?og F%}S%?ngl
produci ng t hi f#-fiuinegrders ad coafipgsydoR pstanee: 2 lapd okgraewseliccaurediige of
from about 10preturks cabhbeidppliédtoly smbsthatd arei thén hidates to Averpetaans sffeient
| nstance, can,be, ﬁ&e%@é& L tlferQ:fPJ AR ofBRh B mElaPGLiECHEEng bl
ahnel ta es

particular as n-c [ el ect n logic, as capacitor

el ectrodes f ofesrwets SPPARE Piimid prReprsps tythesesfpiecanhs B papt®s: [ o0 7
6The nethod ab@aying diipidesst bl othepreelpdques §ndwy bribelart.i Heming wivebeei n - at
least two of fhe layels Hbd G dRaPOAS By BlectbiiRehtidadhe ¥R oe 8y Of

| ayered filminclude nmetal -insul ator-sem conducto%, gm ]
net al -i nsul at Bﬁhgwfaé}s,. as known in the art. A layered coating can be obtained by applying

an organometallic compound precursor, and heating and decomposing it, thereby
forming a first layer, followed by at least one other coating with the same or
different precursors, and heating.

[0063] Liguid organometallic compound precursors such as described above
also can be atomized and sprayed onto a substrate. Atomization and spraying
means, such as nozzles, nebulizers and others, that can be employed are known in
the art.

[0064] .In preferred embodiments of the invention, an organometallic
compound, such as described above, is employed in gas phase deposition
techniques for forming powders, films or coatings. The compound can be
employed as a single source prccurser or can be used together with one or more
other precursors, for instance, with vapor generated by heating at least one other
organometailic compound or metal complex. More than one organometallic
compound precursor, such as described above, also can be employed in a given
PIDCESS.

[0065] As indicated above, this invention relates to organcmetallic precursor
mixtures comprising (i) a first organometailic precnrsor compound represented by
the formula H,M(NR,R2)(NR3H),(NH2), wherein M is a metal or metalloid, each
of Ry, R; and R; is the same or different and is independently a hydrocarbon
group or a heteroatom-containing group, a is a value from 0 to 3, preferably 0 or
1, x is a value from 0 to 3, preferably 2 or 3, y is 2 value from 0 to 4, preferably 0

or 1, zis a value from O to 4, preferably ! or 2, and a +x + v + z is equal to the
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0077 ]In an enbodi nent, the invention is directed to a nethod that

I ncl udes the step of deconposing vapor of an organonetal lic conpound
precursor described above, thermally, chem cally, photochemcally or
by plasnma activation, thereby formng a filmon a substrate. For

I nstance, vapor generated by the conpound is contacted with a
substrate having a tenperature sufficient to cause the organonetallic
conpound to deconpose and forma filmon the substrate. (0 078] The
organonetal | i ¢ conpound precursors can be enployed in chem cal vapor
deposition or, nore specifically, in nmetal organic chem cal vapor
deposition processes known in the art. For instance, the
organonetal | i ¢ conpound precursors described above can be used in

at nospheric, as well as in | ow pressure, chem cal vapor deposition
processes. ThexigthGEARME M giovided tRipE RYednt of Naid 298k vanbefratdedst Lapor

depos' t1on, 2, [Eifof arqno\é@h%fe}lbsrﬁ b GRGIATORPAIHRE oS 2N ed.

as well as in co war m wa vapor ep03| |on a
t echni que in Wﬁ“&ﬁ‘ W’?&aéanéﬁb‘ﬁ'glc?%??’é“‘ﬁg@%lweﬂ@&f%mmﬁ 0079
3The or ganomes@hhdntetandgetiisbr poagaiuapr s descri bed above al so can be

used in plas n?oeésph%gaﬂémdf&%q asmnh%hve{ﬁﬂﬂ&exﬂ%%;gahgﬂeaﬁ@cesses

in which the éner froma asma or el ectrqomagneti c energ

respectively, P‘FS“‘EFS‘ eamwm&ewvasgom@m% Ght B5t °’§ﬁé‘b‘6‘i‘etﬂ’é‘bﬁ"§?"€?‘ﬁn
precur sor. TheommupdtEpesemaddly theforihalacMINBYR(2)4 whérein M &scametal or

el ectron- bean}n@aﬁ&atﬁqlsﬁtﬂ@@n&a&r AHRROE: 268 RSyt RBuBh gﬁ,ﬁﬁﬁ% in which,
respectively, I on beam,or eIe&b bean1| l(ﬂ(‘:l?lrec dr
substrate to Eﬂffﬁ?‘?meﬁqgﬁawgf%?upd b‘ﬁﬂﬁ"ﬁﬂ‘@ B S & % ?car on
deposi tion prsoupsor hetuagem-eastsnrmwommcalls aeadery of Fegp @rsiater-diia or
processes, i nrRWrehe ﬁ‘ﬁ&ﬁi’ﬂér&fﬁcah&)edbﬁqﬁﬁk@dn&:m’l$}Q{’§Uﬂﬁbﬂﬁi @GR ’2)
af fect_phot ol é} o rf%%%ta'su gtu?ed & N8 BOG T8 AL APl AERERh LPRic group;

precursor,

g is a value equal to or less than the oxidation state of M, and : represents 2
electrons, and {ii) one or more different organometallic precursor.compounds
(e.g., a hafhium-containing, tantalum-containing or molybdenum-containing
organometallic precursor compound).

[00671 In a preferred embodiment, this invention relates to organometallic
precursor mixture comprising (i) a ﬁrslt organometallic precursor compound
represented by the formula H.Si(NR,R2){INR3 ), (INHz). wherein each of Ry, Rz
and Rs is the same or different and is independently a hydrocarbon group or a
heteroatom-containing group, a is a value from 0 to 3, preferably Oor I, xisa
value from O to 3, preferably 2 or 3, y is a value from O to 4, preferably O or 1, z is
a value from O to 4, preferably 1 or 2, and a + x + y + z = 4, provided that at least
one of ¥ and z is a value of at least 1, and (ii) one or more different organometallic
precursor compounds (e.g., a hafninm-containing, tantalum-containing or
molybdenum-containing organometallic precursor compound).

[o068] In another preferred embodiment, this invention relates to
organometallic precursor compound mixtures comprising (i) a first organometallic
precursor compound represented by the formula :Si(INR’jR’2)2 wherein R’ is the
same or different and is a hydrocarbon group or a heteroatom-containing group,

R’; is the same or different and is a hydrocarbon group or a heteroatom-

- 25 -



[ O 080] The nethod of the invention can be conducted in various

chem cal vapor deposition reactors, such as, for instance, hot or
cold-wall reactors, plasma-assisted, beam assisted or |aser-assisted
reactors, as known in the art. [ 0 081] Exanpl es of substrates that
can be coated enploying the nmethod of the invention include solid
substrates such as netal substrates, e.g., Al, Ni, Ti, Co, Pt, Ta;
nmetal silicides, e.g., TiSi2, CoSi2, N Si2 semconductor materials,
e.g., Si, SiG, GAs, InP, dianond, GaN, SIC, insulators, e.g., SiO02,
Si3N4, RI @2, Ta205, Al 203, bariumstrontiumtitanate (BST); barrier
materials, e.g., TiN, TaN, or on substrates that include conbinations
of materials. In addition, filnms or coatings can be formed on gl ass,
ceram cs, plastics, thernoset polyneric materials, and on ot her
coatings or fé¢dnminiagyemosp; R’ nopi’e o€ pree@Re Ryodiremprag be tothbinelbpitls Risiaon i s
on a substratgs ugesbthd? cﬁﬁgm&g&h&%m aQLbRRAEESUnBDbsBihited) SRELONSC
conponents. | n other. enmpodi nent

> %1 a subgiﬁate IS g?Blo¥ed t o support
a | ow resi st i VIRYLEAENT BPRIEPOSTP PET* PESPHSTE YT Re™Besence of
an oxi di zer adiffareghorzanepeteiliqnrecuior pempnitigig.\p hafriymeprtainmg. il m |
0 0 8 2 ] The pRbhQdcsaihifi 6 holyBMnbABAMiR gt ardeposi t a
filmon a substrate.that has a snooth, flat surface. In an
enbodi nment AR Rod is conducted to deposit a filmon a substrate
used in waf er [P@HYF acPapasitigngan bypasduated indhe mptensaafiothice &2s A% net hod
can be conducédpdnentsl epesicmbadifriehtofal: paddien, fith dpbstionds esnditied in
| ncl ude Teal UjgaSUED o L EHENBA reddftbini: J Aranfpill R B Sive' N1

met hod of the Thvention al so can be Integrafed wth othe stegs i n
waf er rmanuf ace¥srs REUEs R S8 §igndutrageRy arEgpa RYY 28 R A STET SRS HPher s.
(0083 ] Chemi cdéd notapot wille he Srdanomethllic pempamdipeccdspogidexpiotass a desi r ed

conditions. In other embodiments, filin deposition is conducted in the presence of

at least one reactive gas. Some of the reactive gases that can be employed include
but are not limited to hydrazine, oxygen, hydrogen, air, oxygen-enriched air,
ozone (O3), nitrous oxide (N20), water vapor, organic vapors, ammonia and
others. As known in the art, the presence of an oxidizing gas, such as, for
example, air, oxygen, oxygen-enriched air, O3, N20 or a vapor of an oxidizing
organic compound, favors the formation of a metal oxide film.

[o0701 As indicated above, this invention also relates in part to a method for
producing a film, coating or powder. The method includes the step of
decomposing at least one organometallic cornpound precursor, thereby producing
the film, coating or powder, as further described below. More particularly, this
invention relates in part to a method for producing a {ilm, coating or powder by
decomposing an organometallic precursor compound represented by the formula
H MR R2)«(INR3H),(NH3), wherein M is a metal or metalloid, each of Ry, Rz
and R; is the same or different and is independently a hydrocarbon group ora
heteroatom-containing group, a is a value from 0 to 3, preferably Oorl,xisa
value from O to 3, preferably 2 or 3, ¥ is a value from O to 4, preferably Oor 1, z is
a value from O to 4, preferably 1 or 2, and a + x + v + z is equal to the oxidation
state of M, provided that at least one of ¥ and z is a value of at least 1, thexreby

producing the film, coating or powder. Typicaily, the decomposing of said
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t hi ckness. For exanple, filnms fornmed can be less than 1 micron thick,
preferably | ess than 500 nanoneter and nore preferably | ess than 200
nanoneters thick. Filns that are | ess than 50 nanoneter thick, for

i nstance, filns that have a thickness between about 1 and about 20
nanoneters, also can be produced. Ea 084 3Organonetal | i ¢ conmpound
precursors descri bed above al so can be enployed in the nmethod of the
I nvention to formfilns by atom c | ayer deposition (ALE)) or atomc
| ayer nucl eation (ALN) techniques, during which a substrate is
exposed to alternate pul ses of precursor, oxidizer and inert gas
streans. Sequential |ayer deposition techniques are described, for
exanple, in U S. Patent No. 6,287,965 and in U S. Patent No.

6, 342, 277. The_di f_bot h tdh b
reterence i n perpun pERySr e SR EIE A A RARIEI © ",

substrate is Ehpus—e@wated step-w se manner, to: a) an |nert gas b)
inert gas cariybhg; pr %%%is%%dﬂa@é&fbov&)chlé ﬁ@éﬂnoﬁ%é‘late@%aﬁ)to Q%ieﬂioa%p

al one or together with inert % eral, . eac stellcr)1 e as
short as the Eﬁ’&?‘ﬁ%ﬁﬁ‘%@?“&%‘?‘ﬁ’f"df@ g{;cqwqqswggegrﬁ}gy 5tﬁﬁin8§e°}“8ﬁ'g as
t he process I‘eaﬂpd’uadﬂ(;ﬁesgnteﬁbyﬂlea'bnmmm RDpwvhereiasyl .is Afwetatiorr at i on
of one cycle %%E.u S ;S BQIm& Sy dit 41 d%lgrb%ﬁ#&ﬁ] r@S mnutes.

The cycle is repea ed ‘over "a perio can range a few m nutes
to hours. Fil ketposiaucentainpe seve ¥ ew%ﬁ"l‘mé’f@f@ﬁ?‘?ﬁ 5 hydroeatken

g g., é m | Ll gﬁhpbriﬁmfoatbnﬂcdﬁ&l%fﬁ@oﬁ@tMﬁd gqiawlee bm&rgrem R8P can
e conducte tlca | ui SLilon
B Szeor}%ne g@ﬁ fll t } Eré)'.lp _F? c CfO g)\(vatm or IQ F‘an nﬂer&l}ﬂﬁ k i

nmet hods t hat sup are curren
art include ckrepp L‘aﬁonﬁlaﬁﬁbﬁh@émwl&ﬁ?m%p%mtﬁd desatfln‘atﬁdéychc group;

transport-ch em&ﬁ&alﬁmqmi tb bPTkss HMPBE kidhtidhkatd bmga@hesarsﬁhts 2
deposi tion; s e ti cale %natgne 003| ti orn 09198 1Chem cal
it d deposi  PEHRIREEsLESRieine B e ge RRE PR Jupal

produci ng hi gtieqemppsiyg 61 saiborganenictilicqeaurson eorgmnpdl Esdhergmat, ah@mwln d
filling of hi gltﬂ:itochemical or plasma-activated.

[0072] In a preferred embodiment, this invention relates to a method for
producing a film, coating or powder by decomposing an organometallic precursor
compound represented by the formula H,Si(NR | R2)x(INRaH}(INHz), wherein each
of R;, Rz and R; is the same or different and is independently a hydrocarbon
group or a heteroatom-contatning group, a is a value from 0 to 3, preferably 0 or
1, % is a value from O to 3, preferably 2 or 3, ¥ is a value from 0 to 4, preferably 0
or 1, zis a value from O to 4, preferably 1 or 2, and a +x + y + 2 =4, provided
that at least one of ¥ and z is a value of at least 1, thereby producing the film,
coating or powder. Typically, the decomposing of said organometallic precursor
compound is thermal, chemical, photochemical or plasma-activated.

[0073] In another preferred embodiment, this invention relates in parf fo a
method for producing a film, coating or powder by decomposing an
organometallic precursor compound represented by the formula :Si(NR’)R"2);
wherein R, is the same or different and is a hydraocarbon group or a heteroatom-
containing group, R’z is the same or different and is a hydrocarbon group or a
heteroatom-containing group; R’y or R’z of one (WR.’;R’2) group can be combined
with R’; or R’ of another (NR*,R’?) group to form a substituted or unsubstituted,
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aspect-ratio features. Chem cal fluid deposition is described, for

I nstance, in U S. Patent No. 5,789,027. The use of supercritical
fluids to formfilnms also is described in U S. Patent No. 6,541, 278
62. The disclosures of these two patents are incorporated herein by
reference in their entirety. 0 0881l n an enbodi nent of the invention,
a heated patterned substrate is exposed to one or nore organonetallic
conpound precursors, in the presence of a solvent, such as a near
critical or supercritical fluid, e.g., near critical or supercritical
CX2. In the case of CO2, the solvent fluid is provided at a pressure
above about 1000 psig and a tenperature of at |east about 30C. [00
89] The precursor is deconposed to forma netal filmon the substrate.
The reacti on sitsstedenarsatueedeyghio poupmmne  repteséntodreletteongrthaeysor. The
organi c materj , il |y
renoved away P’?S‘ﬁ‘%“?%@‘gg’ 3@ Gt %mbﬁ(w}dgﬁe ﬁglcggymﬂlé dotb ggcl])&c(g%%h

forned, for eszapsmeetailic H@ngoramrrmm liﬂﬁ@"’é»a%lemt‘@bgbf[@?hewaé%anpl e,

t he dep05|t|oplagﬁ@§§§§teas conducted in a reaction chanber that houses
one or nore substrate es a e heat |red
tenperature byoREY | ng)eﬁ‘f‘?ém?é’rﬂi?tﬁ%‘{s he“f%Fal ns‘foé’ﬁucqedtﬁy Tehns of
a furnace. Vafilu, pofvdérre coatgmtbmmalhdcsssmginp@tnidreﬁhnmvwﬂpwwe@dlg for

exanpl e, by agpl %Elﬂ s sYx?g(ié'meai QxﬁJ‘%&Q@ﬁM pow@rs bPWabkiftslatsBYan be
conpounds, the er .can be ot eno to cause Vv g)orlzatlon of the

conpound. As feresitedofor instneemixedmgtal g ?anssd"bg’t“F%‘?t”é el ppepdg dilm cpq be
deconposes anfbnfned H6r éxafipleaby eplaping beveral ch@addnhanalliéd\prechesas,iableast above,
an organonet al {W%gﬁﬁé}ggye@&&ﬁ&&f ERQE aganemcggﬁg 088 bed ove.

combi nati on w re conpone or exlyg}) ot her
organonet al | i ¢0p7&Lur Ses nhasreﬁémdewmpne?nlg‘af@eéumd tpderst fpblayas efe

[?0%] In a syaisena iidhesafor BRank8& G h rdde 981§ oMA Gbbit! 1iEn ByoveNEmAEL hod
(6] e

The precursors described herein are particularly useful for producing thin films,
e.g., films having a thickness in the range of from about 10 nm to about 100 nm.
Films of this invention, for instance, can be considered for fabricating metal
electrodes, in particular as n-channel metal electrodes in logic, as capacitor
electrodes for DRAM applications, and as dielectric materials.

[oo7s6] The method also is suited for preparing layered films, wherein at
least two of the layers differ in phase or compesition. Examples of layered film
include metal-insulator-semiconductor, and metal-insulator-metal.

[0077]} In an embodiment, the invention is directed to a method that includes
the step of decomposing vapor of an organometallic compound precursor
described above, thermally, chemically, photochemically or by plasma activation,
thereby forming a filmon a suﬁstrate. For instance, vapor generated by the
compound is contacted with a substrate having a temperature sufficient to cause
the organometallic compound to decompose and form a film on the subsirate.
[0078]  The organometallic compound precursors can be employed in
chemical vapor deposition or, more specifically, in metalorganic chemical vapor
deposition processes known in the arf. For instance, the organometallic
compound precursors described above can be used in atmospheric, as well as in

low pressure, chemical vapor deposition processes. The compounds can be
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invention, raw materials can be directed to a gas-blending nmanifold
to produce process gas that is supplied to a deposition reactor,
where filmgrowh is conducted. Raw materials include, but are not-
limted to, carrier gases, reactive gases, purge gases, precursor,
etch/cl ean gases, and others. Precise control of the process gas
conposition is acconplished using nmass-flow controllers, valves,
pressure transducers, and other neans, as known in the art. An
exhaust manifold can convey gas exiting the deposition reactor, as
wel | as a bypass stream to a vacuum punp. An abatenent system
downstream of the vacuum punp, can be used to renove any hazardous
materials fromthe exhaust gas. The deposition system can be equi pped
W th in-situ anabyesiis hswaleﬁnelﬂnmbmﬁ- fepoaition,simietbdd igacicintt yatize

whi ch perm t s ot PReRERRAL:) Rt PUOLIR o1l 3P wEATROR b ok SHormiPuiGARS: O
and data acqui'sition T vari ous "proces

par anet er s (edegosmolbﬁﬁ@halqu?’élw}p‘ﬁ}é%]uﬂ@S“P*W’Fh?‘égh@ﬁ@) (00921The

organonetal i ¢ Oumﬂe %&ﬁﬁ@c&ﬁ&ﬁﬁﬂ?ﬁ%@&@&&cﬁ%&ﬁv@ﬂm @yed to
producefllms SII’] or _a. filmthat includes

t (i cI ude
Single metal RASELIRE casdp ien) e gerorPoh PRIGESS LR o
m xed netal oté deerky fmmalﬂ‘nmta driclergomagnetic gdunetspectivelBXangide by
fe”p' oying SeV?Ju@L:F%&%QBEEﬁf \aaél){' &epeglﬁsyﬁéa{r&r Yhe @Amﬂoluh&sa@ SAvean be
ornmed, for exanple

no carrier ggor or, ot her sources
of oxygen. (OEmEpYad WWWWEE‘GW’Y?F@WF‘FFS@I@% VARSEGeRtsiieRn can be
charact eri zedp/ByeskRGH %ﬂ:ﬂg&sﬂ%@wuy iafl idr teamldr ;elef;mn Beaﬁntlaaﬁa,techy thé r ay
diffraction, Al ect.roscop hot 31,00
spect r oscopy, MG B FerE S b L SEint £ oo RE S RmER R BRI o
and ot her t echméugerss Lhkyeonrristad Cthh@wa YaPORéﬂSJP%lP?wrrPgFS@ﬁdntWﬁaﬁﬁ

stability of ﬁ@ﬁmfd&eeﬁd%&esaﬁ&a@eomymaynmamhmmemu n the
art. (00941Atonmic,.la hdem cal vapor deposition of

%‘ eQ03| ti,on aqjg

silicates and’20f 4PaEEoRBReERe LY i ¥ 8% %Nany next generati on

materi al s (e. §og8tiaf nThenmsihbd ofithe snvientiontiag be cemductsd int vamions ¢hemidal | con
nitride for eJm%SI &éﬁgﬁn&{ 1eR@bs! Slch as,?&qnéfﬁ{c%q{dtlnl doYd-@hIs Hl@tors, plasma-

organonetal | i c precursor conpounds o his | nventiopn, which can be
more react i verssFieSAMFSERET SUiReer: afﬁeﬁt%f’efﬁﬁg?rfs % SPAHImRGaT
silicatel/sili ¢coeles anBxsngled ansubaiaes giak tai htrcosted evaploging ehelrhgfhdd/of
beneficial.

the invention include solid substrates such as metal substrates, e.g., Al, Ni, Ti, Co,
Pt, Ta; metal silicides, e.g., TiSiz, CoSiz, NiSiz; semiconductor materials, e.g., Si,
SiGe, GaAs, InP, diamond, GaN, SiC; insulators, e.g., SiO2, SizNa4, HfO;, Taz0s,
Al;03, barium strontium titanate (BST); barrier materials, e.g., TilN, TaN; or on
substrates that include combinations of materials. In addition, films or coatings
can be formed on glass, ceramics, plastics, thermoset polymeric materials, and on
other coatings or film layers. In preferred embodiments, film deposition is on a
substrate used in the manufacture or processing of electronic components. In
other embodiments, a substrate is employed to support a low resistivity conductor
deposit that is stable in the presence of an oxidizer at high terperature or an '
optically transmitting film,

10082] The method of this invention can be conducted to deposita film on a
substrate that has a smooth, flat surface. In an embodiment, the method is

conducted to deposit a film on a substrate used in wafer manufacturing or
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[ 00931Various nodifications and variations of this invention will be
obvious to a worker skilled in the art and it is to be understood
that such nodifications and variations are to be included within the
purvi ew of this application and the spirit and scope of the clains.
Exanpl es Synthesis of Si(N(CH3)2)3(N112) [ O 0 9 63Under an inert

at nosphere (nitrogen), 2 nolar equivalents of LTh4112 were added to 1
nol ar equi val ent of Si (N(Cl113)2)3Cl in tetrahydrofuran solvent The
reaction was stirred at a tenperature of 25C for a period of 48
hours. Mnitoring of the reaction was done by gas chromat ography/ nmass
spectronmetry in which both Si (N(CH3)2)3a and Si (N(C113)2) 3(N112)
parent ions were observed. Once conversion was conplete, the solvent
was reaned and the product was isolated by distillation as a clear

col orl ess %&&ssxh%& ¥kiZhe fBMEd o) be condéetddSto daﬂ&)mf 18085 (br t,
4§

2117 50 Fe) saztez%ﬁb‘afwg*l e 51has 15 cpll s of vad. A O ©

Layer Deposi tRa8&™5E
Si ( N( C1- 13) 2)B{rititi2)re fhe outhod pfthe invention also can be integrated with other steps

in wafer manufacturing or processing, e.g., masking, etching and others.

foossal Chemical vapor deposition films can be deposited to a desired
thickness. For example, films formed can be less than 1 micron thick, preferably
less than 500 nanometer and more preferably less than 200 nanometers thick.
Films that are less than 50 nanometer thick, for instance, films that have a
thickness between about 1 and about 20 nanometers, also can be produced.

[0084] Organometallic compound precursors deseribed above also can be
employed in the method of the invention to form films by atomic layer deposition
(ALD) or atomic layer nucleation (ALN) techniques, during which a substrate is
exposed to altemate pulses of precursor, oxidizer and inert gas streams.
Sequential layer deposition techniques are described, for example, in U.S. Patent
No. 6,287,965 and in U.S. Patent No. 6,342,277. The disclosures of both patents
are incorporated herein by reference in their entirety.

[0085] For example, in one ALD cycle, a substrate is exposed, in step-wise
manner, to: a) an inert gas; b) inert gas carrying precursor vapor; ¢) inert gas; and
d) oxidizer, alone or together with inert gas. In general, each step can be as short
as the equipment will permit {e.g. milliseconds) and as long as the process
requires (e.g. several seconds or minutes). The duration of one cycle can be as
short as milliseconds and as long as minutes. The cycle is repeated over a period
that can range from a few minutes to hours. Film produced can be a few
nanometers thin or thicker, e.g., 1 millimeter (mmm).

[o086] The method of the invention also can be conducted using
supercritical fluids. Examples of film deposition methods that use supercritical
fluid that are currently known in the art include chemical fluid deposition;
supercritical fluid transport-chemical deposition; supercritical fluid chemical
deposition; and supercritical immersion deposition.

[0G87] Chemical fluid deposition processes, for example, are well suited for
producing high purity films and for covering complex surfaces and filling of high-
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(00 97 ] The utility of Si(N(CH3)2)3(NH2) was eval uated by conparing
performance to the known precursor Si (N(Cl113)2)4. An experinment using
atom c | ayer deposition of Si02 was undertaken, utilizing growh
rates as the basis for conparison. The conditions of the experinment
were as follows: silicon substrates, wafer tenperature at 330C,
pressure of 5 torr, precursor flow about 0.7 standard cubic
centineters per mnute (based on thernogravinetric anal ysis

vapori zation rates), 4 step cycles,

precursor/ purge/ co-reactant/purge, 10/20/10/20 seconds. Argon was
utilized as the carrier gas. The co-reactant was an Ar/02 plasma (10
Watts | oad). Thickness was neasured by vari able angl e spectroscopic
eIIipsonetry M ni mal thickness contributions related to growth of

Si 02 due to R AS{Pre LB CCHERBal TRER I position RAaubEA, fitifstares Lih 15S.
showed t hat N 13 er twce
shovd et TR R okt I AR U s
nanor net er s/ cdestzibed in UhhiPaisnt Non. 391 g2k Bide (TaF disglovspiRs dirds FEpREEht ed

by the formnul eﬁﬁwt&)%w&&éﬁhﬁﬂﬁlr\m&ﬂé& n Mis a netal or
metatlold, R4S ool S B2 @Rl 2nBuLLOSAL ABRAL AUD O

a heteroatom LN n| grou erent and is a
hydr ocar bon gexpagedde ope tranese oraeBomealie apmpwgid@rwﬁorsm thespreseacaefife or

di fferent andsdh%lna sMsQQﬁﬁMﬁcﬂr& Wb eRUritidallTRiid le G earcEiciodl ak Ni Ng
roup, a is a val-ue I’ o
g P Tu@egfnu%al a%%ra u%sb fo? ggsgt}ﬁ? ¥cﬂl¢e‘i’:‘? ﬂuilgqgrg\n{:lgd a?l #eés@r

value fromoO I's equal
to the oxi datal@nesb%éOQﬂPSMafﬁﬁdWWﬁﬁlﬁ“&?“P@a%?O@ne of y and z is
a value of at peasf lrhe mcuxs&zs deempsBaROmBihalrhitd flampeuwabatae| ai m

1 wherein a | earcv?%nflm Sge Otes org?mimgte%ﬁlvi%%ﬂ'i:ﬁzeguecarsglr ’ﬁ'fe o¥%/a'n:r¢b a

val ue of 0 or

equal to the oafedalis acriulyb%ﬂdéwélpe gpfvent ﬂmdasdeﬁﬁﬂiére@rcgaﬁw%wﬂte
compound of cli@kiard. NRRY Btifle fintsSalstican b fonfked, fbf gxaMplely usihgan Cr, Mo,
W A, &, G Lant ham de series elenment or an Actinide series

el errent and %’8 , R and R3 is the sane or different and is
i ndependent | y [Pg2I9 bgeifin angpRipple, e deppsitiop presgssds candusipbiviaEreEgn
saturated or Lsietitat lﬂiiisesh))ié bR OcRUbstrafs om fubsteyterapcinatedng the

cycl oal i phat | gﬁf }ZX‘? Ocar re b}élera% %hegn TR ocar C%o?ins&%%l Qfllnleﬂ{;%&'hc

het er ocycl e, bon yet her,
t hi oet her, esﬁemace4 é{epqméﬂwmaaemtawﬁempg'md;ﬁaﬁﬁﬁemdvﬁ fﬁf’r grample,
m xtures t her ﬁpﬂpplymg a vacuum to the chamber. For low boiling compounds, the chamber

can be hot enough to cause vaporization of the compound. As the vapor contacts
the heated substrate surface, it decomposes and forms a metal or metal oxide film.
As described above, an organometallic compound precursor can be used alone or
in combination with one or more components, such as, for example, other
organometallic precursors, inert carrier gases or reactive gases.

[oo91] In a system that can be used in producing films by the method of the
invention, raw materials can be directed to a gas-blending manifold to produce
process gas that is supplied to a deposition reactor, where film growth is
conducted. Raw materials include, but are not limited to, carmrier gases, reactive
'gases, purge gases, precursor, etch/clean gases, and others. Precise control of the
process gas composition is accomplished using mass-flow controllers, valves,

pressure transducers, and other means, as known in the art. An exhaust manifold
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4. The organonetal lic conpound of claim1l1 selected from
tris(dinmethylamno)silylamne, tris(pyrrolyl)silylamne, tris(2-

nmet hyl pyrrolidinyl)silylamne, tris(imdazolyesilylamne, tris(1l-

nmet hyl pi perazinyl)silylam ne, tris(pyrazolyl)silylam ne,

t et raki s(et hyl am no) si | ane, and

tris(di met hyl am no) (et hyl am no) si | ane. 5. The organonetallic
conpound of claim| represented by the formul a

HaSi (NRI R2), (NR3H) y(NH2), wherein 111 is the sanme or different and is
a hydrocarbon group or a heteroatomcontaining group, R2 is the sane
or different and is a hydrocarbon group or a heteroatom containing
group, R3 is the sane or different and is a hydrocarbon group or a
het er oat om containing group, a is a value fromO to 3, x is a val ue
fromO to 3, ¥aid &nﬁeﬁé@dsﬁz&ﬁn@@iﬂ &pb@ndhrezctdrsasavavdsue)yﬁsa @réhnt,@0 4, and
at+x+ y+z= 4, provided t n u at
fenst 1 Vet 18 sl B Sl oentul dFug sl Mg Bpetle
fornmul a : M NRussd temnwerléﬁﬁzamug m&feﬁélﬁ §’1°“HP" PrEPET R dfheF@anS?@nt he
same or diff eERfim ambel @u@pb&dﬁtﬂ@&ﬁbﬁﬁam@mwﬁf iftluding a residual gas

het er oat om co “ﬁﬁ@f WehiSll getfirs Refsukcineal'6 nﬁ@%ﬁ%ce% %Qs' GOLI%HSH&H afl @mlnsol

hydr ocar bon gro roat om cont ai ni
of 2 or greatard %‘SWW%*B‘PIWT“ER‘OZPEQ‘F‘HB'& R’Ea"rFsb%a”‘i‘?B‘i’Fﬁﬁs ﬁ%%}’ W t h
R 1 or R 2 of iaieidnae, grédureRiay rgé,ewp). t o form a substituted or

unsubstituted, o%@%ﬁr atygd o%m&ﬂééﬁfd%%? n(&)éi:éch&mg'ﬁ%éplbecgaﬂo%e a2l U
equal to or less than the "'oxidation s

Cre nts 2
el ectrons. employed tpiprodyicq SHBRHERLIPF I“E?acsd‘?ﬁ%ﬁ‘ﬁfﬁl ‘E)"fa f@f’%ﬁ’?ﬁp Wf’?éf‘el ng
is a val ue fr enel® natd] oxide. Mix@l filfiizalso cymbrodrpvsitelli for petapeumidediet] ai m

6 wherein M i gxigk filnld. . Subh fild are\ﬁrodﬁ@ad f&?exﬂple Mp,emWoyﬁlg,se%al Ce, a
Lant hani de series el e.“ nt or {:}’ﬁ?"t‘ ser each
an

ofand R 2 i s PrRaSemsiaiG pregpsos; i e Shah ] SO B e
al kyl ; a subsn arieteas: vapasersher seiresd of exiger-at ed or unsat ur at ed,

hydr ocar bon, Qbﬁﬁii Cmﬁﬁ&‘&@z&!ﬂb@lihe xaysﬁ.!adaaie'scpﬂaad h&elhséﬁuwafaﬁeﬁnzed
aromati c heteli)o YEL:E c oai &Qhﬁtf‘oirﬁx etero ﬁpal | de,

I
silylated hydr%ganﬂgues et ner ““t‘ﬁ‘ oé?)h lféacgé &1 =1 act one,
anmi de, anine, Slt?ﬁwﬁﬁﬂi’ﬂhé’“mmPE‘PWP’éc“‘l?re“fﬁ%’lme‘f?@Véé‘?mlc force

microscopy, scanning electron microscopy, and other techniques known in the art.

Resistivity and thermal stability of the films also can be measured, by methods
known in the art.

[0094] Atomic layer deposition and chemical vapor deposition of silicates
and silicides can be usefuzl for many next generation materials (e.g., hafinium
silicates for dielectrics, tantalum silicon nitride for electrode or barrier). The
versatility of the organometallic precursor compounds of this invention, which
can be more reactive silicon precursors and deposit both mixed silicate/silicides
and nanolaminate structures, would be highly beneficial.

[0095] Various modifications and variations of this invention will be
obvious to a worker skilled in the art and it is to be understood that such
modifications and variations are to be included within the purview of this

application and the spirit and scope of the claims.

Examples
Synthesis of SI(N{CHa}.)3(INH»)
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9. The organonetal lic conmpound of claim6 selected from

N, N -ditert-butyl et hene-1, 2-di am nosil yl ene,

N, N -di-tert-butyl ethyl ene-1,2- di am nosilyl ene,

N, N - di i sopropyl et hene-1, 2-di am nosi | yl ene,

bi s(di-tertbutyl am no)silylene, and bis(di-tert-anylam no)silylene.
10. The organonetal lic conpound of claim®6 represented by the formula
:SI(NR 112.'2)2 wherein R1 is the sane or different and is a

hydr ocarbon group or a heteroatomcontaining group, R 2 is the sane
or different and is a hydrocarbon group or a heteroatom containing
group; R1 or R2 of one (NR 1R 2) group can be conbined with R 1| or
R 2 of another (NR IR 2) group to forma substituted or

unsubstituted, saturated or unsaturated cyclic group; and :
represents 2 ed@ad)r ONnder an inert diihospherp(Gicess), 2onoleheupvaloitsodfilGNEDf  an

organometal | i g ggggggqg&ing,ﬁar%qﬁivme&t E@r@ﬁ;)g?cl(lh}euraﬁ%bhﬂ& dolveflt. T 1 1 St

pot a nltrogen gont ai ni ng_conp an_ a or an al kali
net al - cont ai nﬂwge%ﬁ’b%ﬁﬂm‘?flrat&ﬁe’éﬂ’%‘?ﬁg?‘fé&r’?’ﬁa H‘E‘T‘ﬁ‘l of 48houts. o) kal i ne
eart h net al - caBhitdrak agﬂeewmuﬁdqas Hmetﬁy@apﬂ&smmgrapﬁy/mamvmmd

under reactiof condi| “LEE'%(@H Séll aggg,(ﬁfgf% 333?"?% ﬁ’aréﬂt qoﬁ,ts WA kB,

ni xture conprising a sai d_base material to
a second pot QEFCARYHTEP Haﬁ%‘t%ﬂ’le@ E‘é"et‘,‘b?fﬁ‘b‘ﬁ "%Fnﬁncb PEHEFY R2San
ani ne Conpoungolated by Fistikabhiagg clear sm:ﬁssmﬁmdn{pms{ammesmmri al
wth said rretflgzﬁ ‘tF 1HC0 5 W u?q o@dﬂganl,g%ah%@mo@qggqmund
under reacti ofi ‘cohdi Ul ons “suf C|en to producé a second reaction

m xture conprii@-sai d organonetal lic conpound, and (iv) separating
sai d organonetal Iic conpound from said second reaction m xture.

12. A DT OCeSS,[ic N PSRl S1ti6] cchlbahS600(EREH] dsd conpound of
claim?7 corrprlsm ) actlr}g ina first pot a nitrogen-containing
conpound wi t SIENGT kGRS ™FF an al kal i netal - cont ai ni ng
conpound, or amowd ]k al Theeutdity phSIAHGH:))ONHarwaglekalbatedbeegrpprring

met al - cont ai gﬁ%ng%pmg knbﬂnbﬁeu@&m@ngﬁa)gﬁ Ar&ﬁbé{-ﬁﬁﬁm aﬂﬁig Maﬂﬁr
reaction condjtions sufflglgnt to duce.a firs ackigon, ture '

conpri sing a BEEEREUSPIo&PIO% Y9 SEH ng Sar'at fase m rra “er ﬂlﬁ
second pot ceompaiisingJha cﬁﬁimnsétf@?e@épméb’ﬁ@ aéﬁ‘ﬂl%‘tﬁ F‘B?FH'I ?1“95"%35’
ani ne ConNPOUNgafef feinpdratfuS&!zz0eC, hﬂes&ﬁb df§ﬁ:&9ﬁﬁcnﬂﬂ$rfﬁﬁi£bohﬁ&&sﬁﬁda&fl al

with said netal .source co tj onal | S ound
under reacti ofFPESTRTPFEHLe rrgmﬁ &’ase ogthe ro%u%re" %‘csaél?:gslav?peogz ion

m xture conpriaging skn cmlganwaﬂwf&e/@OﬁWB“f@@ﬂW1W@ seCoRAp-
subj ecting sajghos @60 QlliZeaas et il e bo-rdaCEbiIOliseR VO, plasma (10

Qe cgenat ! ORraHIED, GRRInELAS SULLLELALBE AE Sl b [ CaC | O

mi xture conpri$ or ganome i ¢ “conpound v)' separ at i ng
said or ganone?thﬁ°F@‘TE0%B‘HﬁHﬂ’F?1‘6‘ﬁ‘is§a?t&b‘EWF Efla}‘%ia‘(?tgi' R R{ Qe to Oz

plasma alone were taken into account. The results showed that _
Si(N(CH3)2):(IN¥2) produced an SiO; film at over twice the growth rate of
Si(N(CH3)2)4 (0.054 nanometers/cycle vs. 0.023 nanometers/cycle).
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13. A nethod for producing a film coating or powder by deconposing
an organonetal | ic precursor conpound of clainms 1 or 7, thereby
producing the film coating or powder. 14. The nethod of claim
13 wherein said organonetal lic precursor compound is vaporized and
the vapor is directed into a deposition reactor housing a substrate.

Claims

1. An organometallic comi;ound represented by the formula
H.M(NRR2)<(NR3H),(NH;), wherein M is a metal or metalloid, R is the same or
different and is a hydrocarbon group or a heteroatom-containing group, R; is the
same or different and is a hydrocarbon group or a heteroatom-containing group,
R3 is the same or different and is a hydrocarbon group or a heteroatom-containing
group, a is a value from 0 to 3, x is a value from 0 to 3, y is a value from O to 4, z
is a value from 0 to 4, and a + x + y -+ z is equal to the oxidation state of M,

provided that at least one of y and z is a value of at least 1.

2. The organometallic corripound of claim 1 wherein a is a value of 0
or 1, x is a value of 2 or 3, y is a value of 0 or 1, and z is value of 1 or 2, wherein a

+x + y + z is equal to the oxidation state of M.

3. The organometallic compound of claim 1 wherein M is Si, Ti, Zr,
Hf, V, Nb, Ta, Cr, Mo, W, Al, Ga, Ge, a Lanthanide series element or an Actinide
~ series element; and each of Ry, R; and R; is the same or different and is
independently hydrogen, alkyl; a substituted or unsubstituted, saturated or
unsaturated, hydrocarbon, aromatic hydrocarbon, cycloaliphatic hydrocarbon,
aromatic heterocycle, cycloaliphatic heterocycle, alky!l halide, silylated
hydrocarbon, ether, polyether, thioether, ester, lactone, amide, amine, polyamine,

nitrile; or mixtures thereof.

4. The organometallic compound of claim 1 selected from
tris(dimethylamino)silylamine, tris(pyrrolyl)silylamine, tris(2-
methylpyrrolidinyl)silylamine, tris(imidazolyl)silylamine, tris(1-
methylpiperazinyl)silylamine, tris{pyrazolyl)silylamine,

tetrakis(ethylamino)silane, and tris(dimethylamino)(ethylamino)silane.
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5. The organometallic compound of claim 1 represented by the
formula H,Si(NRRy)x(NR;H)y(NH,), wherein R} is the same or different and is a
hydrocarbon group or a heteroatom-containing group, R; is the same or different
and is a hydrocarbon group or a heteroatom-containing group, Rj is the same or
different and is a hydrocarbon group ora heteroatom-containing group, a is a
value from 0 to 3, x is a value from 0 t0 3, y is a value from 0 to 4, z is a value
from 0 to 4, and a + x + y + z = 4, provided that at least one of y and z is a value

of at least 1.

6. An organometallic compound represented by the formula
:M(NR’|R’2), wherein M is a metal or metalloid, R’y is the same or different and
is a hydrocarbon group or a heteroatom-containing group, R’; is the same or
different and is a hydrocarbon group or a heteroatom-containing group; when g is
a value of 2 or greater, R’; or R’; of one (NR*|R’,) group can be combined with
R’ or R’; of another (NR*|R;) group to form a substituted or unsubstituted,
saturated or unsaturated cyclic group; g is a value equal to or less than the

oxidation state of M, and : represents 2 electrons.

7. The organometallic compound of claim 6 wherein g is a value from

0to4.

3. The organometallic compound of claim 6 wherein M is Si, Ti, Zr,
Hf, V, Nb, Ta, Cr, Mo, W, Al, Ga, Ge, a Lanthanide series element or an Actinide
series element; and each of R’) and R’; is the same or different and is
independently hydrogen, alkyl; a substituted or unsubstituted, saturated or
unsaturated, hydrocarbon, aromatic hydrocarbon, cycloaliphatic hydrocarbon,
aromatic heterocycle, cycloaliphatic heterocycle, alkyl halide, silylated
hydrocarbon, ether, polyether, thioether, ester, lactone, amide, amine, polyamine,

nitrile; or mixtures thereof.

35



9. The organometallic compound of claim 6 selected from N,N’-di-
tert-butylethene- 1,2-diaminosilylene, N,N’-di-fert-butylethylene-1,2-
diaminosilylene, N,N’-diisopropylethene-1,2-diaminosilylene, bis(di-tert-

butylamino)silylene, and bis(di-ferr-amylamino)silylene.

10.  The organometallic compound of claim 6 represented by the
formula :Si(NR*|R’;); wherein R’ is the same or different and is a hydrocarbon
group or a heteroatom-containing group, R’; is the same or different and is a
hydrocarbon group or a heteroatom-containing group; R’| or R’» of one (NR”|R’,)
group can be combined with R’ or R’; of another (NR*|R*3) group to form a
substituted or unsubstituted, saturated or unsaturated cyclic group; and :

represents 2 electrons.

11. A process for the production of an organometallic compound of
claim 1 comprising (i) reacting in a first bot a nitrogen-containing compound with
an alkali metal, or an alkali metal-containing compound, or an alkaline earth
metal, or an alkaline earth metal-containing compound, in the presence of a
solvent and under reaction conditions sufficient to produce a first reaction mixture
comprising a base material, (ii) adding said base material to a second pot
containing a metal source compound and optionally an amine compound, (iii)
reacting in said second pot said base material with said metal source compound
and optionally said amine compound under reaction conditions sufficient to
produce a second reaction mixture comprising said organometallic compound, and

(iv) separating said organometallic compound from said second reaction mixture.

12. A process for the production of an organometallic compound of

. claim 7 comprising (i) reacting in a first pot a nitrogen-containing compound with
an alkali metal, or an alkali metal-containing compound, or an alkaline earth

. metal, or an alkaline earth metal-containing compound, in the presence of a
solvent and under reaction conditions sufficient to produce a first reaction mixture

" comprising a base material, (ii) adding said base material to a second pot
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containing a metal source compound and optionally an amine compound, (iii)
reacting in said second pot said base material with said metal source compound
and optionally said amine compound under reaction conditions sufficient to
produce a second reaction mixture comprising an organometallic compound
derivative, (iv) subjecting said second reaction mixture to reduction or
dehalogenation under conditions sufficient produce a third reaction mixture
comprising said organometallic compohnd, and (v) separating said organometallic

compound from said third reaction mixture.

13. A method for producing a film, coating or powder by decomposing
an organometallic precursor compound of claims 1 or 7, thereby producing the

film, coating or powder.
14.  The method of claim 13 wherein said organometallic precursor

compound is vaporized and the vapor is directed into a deposition reactor housing

a substrate.
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