
ORGANOMETALLIC COMPOUNDS Background of the Invention The present invention
relates generally to the field of organometallic compounds. In  particular,
the present invention relates to the certain organometallic compounds
suitable for use  in vapor deposition processes. Metal films may be
deposited on surfaces, such as non-conductive surfaces, by a variety  of
means such as chemical vapor deposition ("CVD"), physical vapor deposition
("PVD"), and  other epitaxial techniques such as liquid phase epitaxy
("LPE"), molecular beam epitaxy ("MBE"), chemical beam epitaxy ("CBE") and
atomic layer deposition ("ALD"). Chemical  vapor deposition processes, such
as metalorganic chemical vapor deposition ("MOCVD"),  deposit a metal layer
by decomposing organometallic precursor compounds at elevated
temperatures, i.e., above room temperature, either atmospheric pressure or
at reduced pressures.  A wide variety of metals may be deposited using such
CVD or MOCVD processes. For semiconductor and electronic device
applications, these organometallic precursor  compounds must be highly pure
and be substantially free of detectable levels of both metallic
impurities, such as silicon and zinc, as well as oxygenated impurities.
Oxygenated impurities are  typically present from the solvents used to
prepare such organometallic compounds, and are also  present from other
adventitious sources of moisture or oxygen. For certain applications where
high speed and frequency response of an electronic device  is desired,
silicon-only devices, e.g. silicon bipolar transistors, have not been
competitive. In a  heterojunction bipolar transistor ("HBT"), a thin
silicon-germanium layer is grown as the base of  a bipolar transistor on a
silicon wafer. The silicon-germanium HBT has significant advantages  in
speed, frequency response, and gain when compared to a conventional silicon
bipolar  transistor. The speed and frequency response of a
silicon-germanium HBT are comparable to  more expensive gallium-arsenide
HBTs. The higher gain, speeds, and frequency response of silicon-germanium
HBTs have been  achieved as a result of certain advantages of
silicon-germanium not available with pure silicon,  for example, narrower
band gap and reduced resistivity. Silicon-germanium may be epitaxially
grown on a silicon substrate using conventional silicon processing and
tools. This technique  allows one to engineer device properties such as the
energy band structure and carrier mobility. 1 



For example, it is known in the art that grading the concentration of
germanium in the silicon- germanium base builds into the HBT device an
electric field or potential gradient, which  accelerates the carriers
across the base, thereby increasing the speed of the HBT device  compared
to a silicon-only device. A common method for fabricating silicon and
silicon- germanium devices is by CVD. A reduced pressure chemical vapor
deposition technique  ("RPCVD") used to fabricate the HBT device allows for
a controlled grading of germanium  concentration across the base layer as
well as precise control over the doping profile. Germane (GeH4) is the
conventional precursor for germanium deposition while silane  (SiH4), and
dichlorosilane (SiH2Cl2) are conventional precursors for silicon
deposition. These  precursors are difficult to handle and have high vapor
pressures. For example, germane  decomposes violently at 280 C, which is
below the temperature used to grow germanium films.  Accordingly, processes
employing either germane or silane require extensive safety procedures  and
equipment. Germane typically requires film growth temperatures of
approximately 500 C  or higher for thermal CVD applications. Such
decomposition temperatures are not always  suitable, such as in mass
production applications where there is a need for lower temperatures,  e.g.
200 C. Other CVD applications require higher growth temperatures which
cause  conventional precursors to break up prematurely which, in turn,
leads to the formation of  particles and a reduction in metal film growth
rates. A further problem with conventional silicon  and germanium
precursors is that when a relatively stable silicon precursor and a
relatively  unstable germanium precursor are used to deposit a
silicon-germanium film, the differences in  precursor stability makes
control of the silicon-germanium composition difficult. There is a need
for precursors for silicon and germanium vapor phase deposition that are
safer to handle and  have decomposition temperatures tailored to specific
conditions. There is also a desire for  silicon and germanium precursors
that have matched stability characteristics. Summary of the Invention The
present inventors have surprisingly found that the above deficiencies can
be  remedied. The present invention provides a method of depositing a
metal-containing film on a  substrate including the steps of. a) conveying
one or more of the organometallic compounds of  formula I in a gaseous
phase to a deposition chamber containing the substrate, 2 R4 



e ~~TT Rid I ._. (NR1R2)c  M X'/ Hb m wherein M is Si or Ge; R' and R2 are
independently chosen from H, alkyl, alkenyl, alkynyl and  aryl; each R3 is
independently chosen from (C1-C12)alkyl, alkenyl, alkynyl and aryl,
provided  that R3 is not cyclopentadienyl; each R4 is independently chosen
from (C3-C12)alkyl; X is  halogen; a= 0-3; b= 0-3; c= 0-3; d= 0-3; e= 0-4;
and a+ b+ c+ d+ e= 4; wherein R3 ~  R4; wherein the sums of a + b and a + d
are each < 3; provided that when M = Si the sum of b +  c is < 3; b)
decomposing the one or more organometallic compounds in the deposition
chamber;  and c) depositing the metal film on the substrate. Also, the
present invention provides a device for feeding a fluid stream saturated
with an  organometallic compound suitable for depositing a metal film
containing silicon, germanium and  combinations thereof to a chemical vapor
deposition system including a vessel having an elongated cylindrical shaped
portion having an inner surface having a cross-section, a top closure
portion and a bottom closure portion, the top closure portion having an
inlet opening for the  introduction of a carrier gas and an outlet opening,
the elongated cylindrical shaped portion  having a chamber containing one
or more organometallic compounds of formula I R4  Rid` i ,"(NR'R2)l  M Xa/
Hb m wherein M is Si or Ge; R' and R2 are independently chosen from H,
alkyl, alkenyl, alkynyl and  aryl; each R3 is independently chosen from
(C1-Cl2)alkyl, alkenyl, alkynyl and aryl, provided  that R3 is not
cyclopentadienyl; each R4 is independently chosen from (C3-C12)alkyl; X is
halogen; a= 0-3; b= 0-3; c= 0-3; d= 0-3; a= 0-4; and a+ b+ c+ d+ e= 4;
wherein R3 ;-4  R4; wherein the sums of a + b and a + d are each < 3;
provided that when M = Si the sum of b +  



c is < 3; the inlet opening being in fluid communication with the chamber
and the chamber being  in fluid communication with the outlet opening. 3
Another embodiment of the present invention is an apparatus for vapor
deposition of  metal films including one or more devices for feeding a
fluid stream including one or more  organometallic compounds described
above. The present invention further provides an organogermanium compound
of formula IIA or IIB: R\ (R'R2)e R\ R4e~~  Ge/ X / H(IIA) X/Ge\ b (I IB}
wherein R1 and R2 are independently chosen from alkyl, alkenyl, alkynyl or
aryl; each R3 is  independently chosen from (C1-C12)alkyl, alkenyl, alkynyl
and aryl; each R4 is independently  chosen from branched and cyclic
(C3-C5)alkyl; each R5 is independently chosen from (Cl- C12)alkyl, alkenyl,
alkynyl and aryl; X is halogen; a' = 0-3; b' = 0-2; c' =1-3; d' = 0-3; a' +
b' +  c' + d' = 4; a" = 0-2; b" = 0-2; e" =1-2; f " = 0-2; a" + b" + e" + f
" = 4; wherein at least two of  a", b" and f " 0; provided when a7'= 1, e"
= 1, f " = 2, and R4 = (CH3)C that R5 OCH3i and  provided that R3 is
branched or cyclic (C3-C5)alkyl when c' + d' = 4. In further embodiment,
the present invention provides a method of depositing a
germanium-containing film on a substrate comprising the steps of. a)
conveying one or more of  the organogermanium compounds described above in
a gaseous phase to a deposition chamber  containing the substrate; b)
decomposing the one or more organogermanium compounds in the  deposition
chamber; and c) depositing the germanium-containing film on the substrate.
Further, the present invention provides a method of manufacturing an
electronic device  including the step of depositing a germanium-containing
film on a substrate wherein the film is  deposited by the steps of. a)
conveying one or more of the organogermanium compounds  described above in
a gaseous phase to a deposition chamber containing the substrate; b)
decomposing the one or more organogermanium compounds in the deposition
chamber; and c)  



depositing the germanium-containing film on the substrate. Detailed
Description of the Invention 4 As used throughout this specification, the
following abbreviations shall have the  following meanings, unless the
context clearly indicates otherwise:  C = degrees centigrade;  NMR =
nuclear magnetic resonance; mol = moles; b.p. = boiling point, g = gram; L
= liter; M =  molar; ca. = approximately; pm = micron = micrometer; cm =
centimeter; ppm = parts per  million; and mL = milliliter. "Halogen" refers
to fluorine, chlorine, bromine and iodine and "halo" refers to fluoro,
chloro, bromo and iodo. Likewise, "halogenated" refers to fluorinated,
chlorinated, brominated  and iodinated. "Alkyl" includes linear, branched
and cyclic alkyl. Likewise, "alkenyl" and  "alkynyl" include linear,
branched and cyclic alkenyl and alkynyl, respectively. The term  "SiGe"
refers to silicon-germanium. The articles "a" and "an" refer to the
singular and the  plural. As used herein, "CVD" is intended to include all
forms of chemical vapor deposition  such as MOCVD, MOVPE, OMVPE, OMCVD and
RPCVD. Unless otherwise noted, all amounts are percent by weight and all
ratios are molar ratios.  All numerical ranges are inclusive and combinable
in any order except where it is clear that such  numerical ranges are
constrained to add up to 100%. In one embodiment, the present invention
relates to organometallic compounds of  formula I: R4 11~~1177~~ 1  R3d_ I
/(NR'R)c  M X,/ Hb rn wherein M is Si or Ge; R1 and R2 are independently
chosen from H, alkyl, alkenyl, alkynyl and  aryl; each R3 is independently
chosen from (C1-C12)alkyl, alkenyl, alkynyl and aryl, provided  that R3 is
not cyclopentadienyl; each R4 is independently chosen from (C3-C12)alkyl; X
is  halogen; a= 0-3; b= 0-3; c= 0-3; d= 0-3; e= 0-4; and a+ b+ c+ d+ e= 4;
wherein R3 F~  R4; wherein the sums of a + b and a + d are each < 3;
provided that when M = Si the sum of b +  



c is < 3. In one embodiment, M = Ge. In another embodiment, c > 0. In a
further embodiment,  c > 0 and b > 0. Typically, d = 0-2. Particularly
suitable organometallic compounds where M =  Si are those wherein a = 0-2,
b = 0-2, c = 1-2, and d = 0-2, and more particularly where at least  two of
a, b and d are not 0. 5 Particularly suitable organometallic compounds are
the organogermanium compounds of  formulae IIA and IIB: R\ (NRR)Ct R\., Roe
G~ \ / \  Xa/ + Hb, (IIA) XWt Hb' (IIB) wherein Rt and R2 are independently
chosen from alkyl, alkenyl, alkynyl or aryl; each R3 is  independently
chosen from (Cl-C12)alkyl, alkenyl, alkynyl and aryl; each R4 is
independently  chosen from branched and cyclic (C3-C5)alkyl; each R5 is
independently chosen from (Cl- C12)alkyl, alkenyl, alkynyl and aryl; X is
halogen; a' = 0-3; b' = 0-2; c' = 1-3; d' = 0-3; a' + b' +  c' + d' = 4; a"
= 0-2; b" = 0-2; e" = 1-2; f " = 0-2; a" + b" + e" + f " = 4; wherein at
least two of  a", b" and f " 0 0; provided when a" = 1, e"= 1, f " = 2, and
R4 = (CH3)C that R5 0 CH3; and  provided that R3 is branched or cyclic
(C3-C5)alkyl when c' + d' = 4. In one embodiment, R3 is  branched or cyclic
(C.3-C5)alkyl. Suitable compounds of formula IIA are those wherein d' =
1-3.  Other suitable compounds of formula IA are those wherein b' = 1-2.
Particularly suitable  compounds are those wherein d' = 1-3 and b' =1-2.
Typically, Rt and R2 are independently  chosen from methyl, ethyl and
propyl. In another embodiment, f " = 1-2. Still further, b" = 1-2.
Particularly suitable compounds of formula IIB are those wherein f" = 1-2
and b" = 1-2. R4 is a  bulky group and is typically tert-butyl, iso-propyl,
iso-butyl, sec-butyl, neopentyl, and  cyclopentyl. The bulky groups
preferably are those capable of undergoing P-hydride  elimination. Thus,
preferred bulky groups contain a hydrogen bonded to the carbon in the beta
position to the germanium. Typical dialkylamino (NR1R2) groups include, but
are not limited to, dimethylamino,  diethylamino, di-iso-propylamino,
ethylmethylamino, iso-propylamino, and tert-butylamino. X  may be F, Cl, Br
or I. Typically, X is Cl or Br. When two or more halogens are present, such



halogens may be the same or different. A wide variety of alkyl, alkenyl and
alkynyl groups may be used for Rt, R2, R3 and R5.  Suitable alkyl groups
include, without limitation, (Cl-C12)alkyl, typically (Cl-C6)alkyl and more
typically (Cl-C4)alkyl. Exemplary alkyl groups include methyl, ethyl,
n-propyl, iso-propyl, n- butyl, iso-butyl, sec-butyl, tert-butyl, pentyl,
cyclopentyl, hexyl, and cyclohexyl. More typically, 6 suitable alkyl groups
include ethyl, iso-propyl, and tert-butyl. Suitable alkenyl groups include,
without limitation, (C2-C12)alkenyl, typically (C2-C6)alkenyl and more
typically (C2-C4)alkenyl.  Exemplary alkenyl groups include vinyl, allyl,
methallyl and crotyl. Typical alkynyl groups  include, without limitation,
(C2-C12)alkynyl, typically (C2-C6)alkynyl and more typically (C2-
C4)alkynyl. Suitable aryl groups are (C6-Clo)aryl, including, but not
limited to, phenyl, tolyl,  xylyl, benzyl and phenethyl. When two or more
alkyl, alkenyl or alkynyl groups are present,  such groups may be the same
or different. Any of the above alkyl, alkenyl, alkynyl or aryl groups of
R', R2, R3 and R5 may  optionally be substituted, such as with halogen. By
"substituted" it is meant that one or more  hydrogens on the alkyl,
alkenyl, alkynyl or aryl group is replaced with one or more halogens.
Organometallic compounds exemplary of formula I include, but are not
limited to,  dichloro bis(dimethylamino) silane, chloro tris(dimethylamino)
silane, dimethylamino silane,  bis(dimethylamino) silane, iso-propyl
(diethylamino) silane, tert-butyl silane, di-tert-butyl silane,  iso-propyl
silane, di-isopropyl silane, tert-butyl (methyl) silane, tert-butyl
(methyl) (dichloro)  silane, iso-propyl (dimethylaniino) silane, iso-propyl
bis(dimethylamino) silane, di-iso-propyl  (dimethylamino) silane,
tert-butyl (trichloro) silane, di-tert-butyl (dibromo) silane, cyclopropyl
silane, cyclopropyl (dimethyl) silane, cyclopentyl (dimethylamino) silane,
tert-butyl (triimethyl)  germane, iso-propyl (trimethyl) germane, dimethyl
germanium chloride, tert-butyl germane, iso- propyl germane, tert-butyl
(trichloro) germane, iso-propyl (tribromo) germane, n -butyl germane,
tri-iso-propyl germane, benzyl germane, benzyl (methyl) germane, iso-butyl
germane, iso-butyl  (trichloro) germane and mixtures thereof. Exemplary
organogermanium compounds of formula IIA include, without limitation, iso-
propyl (dimethylamino) germane, di-iso-propyl (dimethylamino) germane,
iso-propyl  bis(dimethylamino) germane, iso-propyl (dimethylamino)
germanium dichloride, tert-butyl  (dimethylamino) germane, di-tert-butyl
(dimethylamino) germane, tert-butyl bis(dimethylamino)  



germane, cyclopentyl (dimethylamino) germane, cyclopentyl (diethylamino)
germane, methyl  (dimethylamino) germane, methyl (dimethylamino) germanium
dichloride, methyl  (dimethylamino) germanium dibromide, methyl
bis(di-iso-propylamino) germanium chloride,  bis(diethylamino) germane,
dichloro (diethylamino) germane, ethyl (diethylamino) germane,  dichloro
(ethyl) (diethylamino) germane, tert-butyl (diethylamino) germane, dichloro
(tert-butyl)  (diethylamino) germane, cyclopentadienyl (dimethylamino)
germane, cyclopentadienyl bis(dimethylamino) germane, cyclopentadienyl
(diethylamino) germane, cyclopentadienyl  bis(diethylamino) germane,
di-iso-propyl bis(dimethylamino) germane, dichioro  bis(dimethylamino)
germane, methyl bis(di-iso-propylamino) germane, di-iso-propyl
bis(diethylamino) germane, bromo (dimethyl) (dimethylamino) germane,
bis(dimethylamino)  germane, tris(dirnethylamino)germane, vinyl
tris(dimethylamino) germane, divinyl  (dimethylamino) germane, fluoro
(divinyl) (dimethylamino) germane, benzyl (diethylamino)  germane, dibenzyl
(diethylamino) germane, di-iso-propyl (dimethylamino) germane, benzyl
(dimethylamino) germane, and mixtures thereof. Exemplary organogermanium
compounds of formula IIB include, without limitation, tert- butyl
(dichioro) germane, di-tert-butyl germane, iso-propyl (chloro) germane,
di-iso-propyl  (dichioro) germane, tert-butyl (methyl) germane, tert-butyl
(ethyl) germane, tert-butyl (dimethyl)  germane, iso-propyl (methyl)
germane, di-iso-propyl (dimethyl) germane, dichioro (methyl) (iso- propyl)
germane, neo-pentyl (methyl) germane, neo-pentyl (dimethyl) germane,
neo-pentyl  (methyl) (dichioro) germane, cyclopropyl (methyl) germane,
dicyclopropyl germane, di-iso- propyl germane, cyclopropyl (methyl)
(dichloro) germane, dibromo (methyl) (tert-butyl)  germane, cyclopentyl
(dichioro) (methyl) germane, cyclopentyl (dichioro) germane, cyclopentyl
(ethyl) (dibromo) germane, diethyl (tert-butyl) (fluoro) germane, and
mixtures thereof. The above-described organometallic compounds are
particularly suitable for use as  precursors for CVD of films containing
silicon, germanium and combinations thereof. The present organometallic
compounds may be prepared by a variety of procedures.  Typically, the
organometallic compounds of the present invention are prepared starting
from a  compound of the formula MY4 where M is silicon or germanium and Y
is a reactive group such  as a halogen, an acetate or a (Ci-C4)alkoxy, with
halogens being most typical. As used herein, a  reactive group is any group
attached to the metal that is displaced or exchanged in a subsequent
reaction. The preparation of the present organometallic compounds will be
described with  



respect to germanium precursors for purposes of illustration, however, such
preparation is  equally applicable to silicon, as well as other Group IV
elements. Dialkylamino-substituted organometallic compounds of the present
invention may be  prepared by the reaction of a dialkylamine in liquid or
gaseous forms with a metal compound  having one or more reactive groups and
more typically is prepared by the reaction of a 8 dialkylamino lithium
reagent with such metal having one or more reactive groups. Such  reactions
are typically performed in a hydrocarbon solvent, such as but not limited
to hexane,  heptane, octane, nonane, decane, dodecane, toluene, and xylene.
Preferably, such solvents are  deoxygenated prior to use. The solvents may
be deoxygenated by a variety of means, such as  purging with an inert gas,
degassing the solvent in vacuo, or a combination thereof. Suitable  inert
gases include argon, nitrogen and helium, and preferably argon or nitrogen.
For example,  germanium tetrachloride may be reacted with a sufficient
amount of dialkylamino lithium  reagent to provide a desired dialkylamino
germanium halide compound. This reaction is  illustrated in Equation 1. 2
LiNMe2 + GeC14 4 (NMe2)2GeC12 + 2 LiCI (1) Alkyl, alkenyl, alkynyl and aryl
substituted organometallic compounds maybe prepared  using Grignard or
organolithium reactions. Such reactions are well known to those skilled in
the  art. In a typical Grignard reaction, a compound having one or more
reactive groups is reacted  with a Grignard reagent, such as methyl
magnesium bromide or allyl magnesium bromide in an  ethereal solvent.
Typical ethereal solvents include, without limitation, diethyl ether,
di-isopropyl  ether, n-butyl ether, iso-pentyl ether, dihexyl ether,
diheptyl ether, tetrahydrofuran, dioxane,  monoglyme, diglyme, diethylene
glycol dibutyl ether, diethylene glycol monobutyl ether,  ethylene glycol
dibutyl ether, ethylene glycol monohexyl ether, ethylene glycol monobenzyl
ether, tetraethylene glycol dimethyl ether, triethylene glycol dimethyl
ether, butyl phenyl ether,  and dicyclohexyl ether. Such solvents are
typically deoxygenated prior to use as described  above. This reaction is
illustrated in Equation 2. (NMe2)2GeC12 + AUylMgBr - (NMe2)2Ge(Allyl)Cl +
MgBrCl (2)  In a typical organolithium reaction, a compound having one or
more reactive groups is reacted with an organolithium reagent, such as
methyl lithium, tert-butyl lithium, n-butyl lithium  and phenyl lithium in
a suitable hydrocarbon or ethereal solvent. Suitable solvents are those  



described above for the dialkylamino lithium reaction. Equation 3
illustrates the reaction of  bis(dimethylamino)-germanium dichloride with
iso-propyl lithium. (NMe2)2GeC12 + i-PrLi 4 (NMe2)2Ge(i-Pr)Cl + LiCl (3) In
another embodiment, a compound having two or more reactive groups may be
reacted  with two different lithium reagents in one pot. Such different
lithium reagents may be two 9 different organolithium reagents, two
different dialkylamino lithium reagents or a mixture of an  organolithium
reagent and a dialkylamino lithium reagent. In such reaction, the different
lithium  reagents may be added to the reaction simultaneously or in a
stepwise manner. Equation 4 illustrates this reaction sequence for the
reaction of germanium tetrachloride with tert-butyl  lithium and
dimethylamino lithium. t-BuLi + GeC14 + LiNMe2 - (NMe2)(tBu)GeC12 + 2 LiC1
(4) In a further embodiment, the alkyl-, alkenyl-, alkynyl- and
aryl-substituted germanes may  be prepared by a transalkylation reaction
using the appropriately substituted aluminum  compound. For example,
methyl-substituted germanes may be prepared by the reaction of an
appropriate amount of trimethylaluminum with an appropriate amount of
germanium  tetrachloride in the presence of a tertiary amine. Such amounts
are well within the ability of  those skilled in the art. Equation 5
illustrates this reaction sequence for the reaction of  germanium
tetrachloride with trimethylaluminum. GeC14 + AIMe3 -> Me3GeC1 + A1C13 (5)
Such transalkylation reactions using alkyl aluminum compounds are
preferably  performed in the presence of a tertiary amine. Any tertiary
amine may suitably be used.  Exemplary tertiary amines include, but are not
limited to, those having the general formula  NR R R , wherein R", R' and
R7' are independently selected from (CI-C6)alkyl, di(CI-
C6)alkylamino-substituted (CI-C6)alkyl, and phenyl and wherein R' and R may
be taken together  along with the nitrogen to which they are attached to
form a 5-7 membered heterocyclic ring.  Such heterocyclic ring may be
aromatic or non-aromatic. Particularly suitable tertiary amines  include,
but are not limited to, trimethylamine, triethylamine, tri-n-propylamine,
tri-n- butylamine, tri-iso-propylamine, tri-iso-butylamine,
dimethylarninocyclohexane,  diethylaminocyclohexane,
dimethylaminocyclopentane, diethylaminocyclopentane, N- methylpyrrolidine,
N-ethylpyrrolidine, N-n-propylpyrrolidine, N-iso-propylpyrrolidine, N- 



methylpiperidine, N-ethylpiperidine, N-n-propylpiperidine,
N-iso-propylpiperidine, N,N'- dimethylpiperazine, N,N'-diethylpiperazine,
N,N'-dipropylpiperazine, N,N,N',N'-tetramethyl- 1,2-diaminoethane,
pyridine, pyrazine, pyrimidine, and mixtures thereof Preferred amines
include trimethylamine, triethylamine, tri-n-propylamine,
triiso-propylamine, and tri-n- butylamine. More preferably, the tertiary
amine is triethylamine or tri-n-propylamine. It will be 10 appreciated by
those skilled in the art that more than one tertiary amine may be used in
the  present invention. Such tertiary amines are generally commercially
available from a variety of  sources. Such tertiary amines may be used as
is or, preferably further purified prior to use. Germanes containing one or
more Ge-H bonds can be prepared by the reduction of a  germanium halide. In
general, such reduction is performed in a dried organic solvent which has
been deoxygenated as described above. A wide variety of organic solvents
are suitable. A wide  variety of reducing agents may be used in the present
invention. Particularly useful reducing  agents include reactive metals;
hydrides such as sodium hydride and lithium hydride;  borohydride reducing
agents such as sodium borohydride and lithium borohydride; aluminum
hydride reducing agents such as lithium aluminum hydride and
NaAIH2(OCH2CH2OCH3)2;  borane reducing agents such as dimethylamine borane,
cyclohexylamine borane, morpholine  borane, and the like. In another
embodiment, such reduction step may be performed in the  presence of a
tertiary amine. In such reaction, the tertiary amine, organic solvent and
reducing  agent may be combined in any order prior to reacting with the
germanium halide. Suitable  temperatures for forming the germanes of the
present invention are from below ambient  temperature to 90 C. This
reduction reaction is illustrated in Equations 6 and 7. (NMe2)2Ge(Allyl)Cl
+ LiA1H4 - (NMe2)2Ge(Allyl)H (6)  (NMe2)(tBu)GeC12 + LiAlH4 -
(NMe2)(tBu)GeH2 (7) In each of the above described reactions, the mole
ratio of reagent to the metal compound  depends upon the number of reactive
groups in the metal compound that are to be exchanged.  Typically, the mole
ratio of any of the above reagents to the reactive group is from 1:1 to
1.3:1.  Accordingly, if two reactive groups in the metal compound are to be
exchanged, the mole ratio  of reagent to metal compound is from 2:1 to
2.6:1, which corresponds to a mole ratio of reagent  to reactive group of
1:1 to 1.3:1. Other amounts and ratios may be used depending upon the
specific reaction conditions employed. 



It will be appreciated by those skilled in the art that the order of the
above reactions may  be performed in any order. Typically, any step of
reducing a metal-halide compound to form a  metal-hydrogen compound will be
performed last, although other orders of reaction may be  advantageous. 11
Any of the above described methods of preparing the desired organometallic
precursor  compounds may be performed in a batch, semi-batch, continuous or
semi-continuous mode. For  example, the present invention provides a batch
as well as semi-continuous process for the  preparation of organometallic
compounds of Group IV, including the steps of delivering a Group  IV metal
compound and alkylating agent independently to a reaction zone maintained
at a  predetermined temperature sufficient to allow the alkylation to
proceed and the product is then  separated once the reaction is complete.
The organometallic product is collected at the outlet  preferably located
at the top of the reactor while the byproduct in non-vaporized state is
removed  as waste from the reactor at the end of the reaction. The addition
of reagents in a multi-step  alkylation may be either in a simultaneous or
sequential manner. The rate of addition of the  various reagents maybe
controlled by using appropriate flow controllers that are known in the art.
In another embodiment, the present invention also provides a continuous
process for the  preparation of organometallic compounds of Group IV,
including the steps of delivering a Group  IV metal compound and alkylating
agent independently to a reaction zone maintained at predetermined
temperature sufficient to allow the alkylation to proceed and the product
to  vaporize. The organometallic product is then collected at the outlet
preferably located at the top  of the reactor while the byproduct in
non-vaporized state is removed as waste from the base of  the reaction
zone. The continuous operation to deliver organometallic compound may be
controlled by continuous transfers of the reagents to the reaction zone,
their delivery rates, the  vapor-liquid equilibrium established between the
vapor of the product moving upward and the  liquid byproduct moving
downward, the take-off rate of the product at the outlet of the reaction
zone, and the rate of removal of the byproduct waste from the base of the
reaction zone. In a further embodiment, the present invention also provides
a continuous process for the  preparation of organometallic hydrides of
Group IV, including the steps of delivering a Group IV  metal halide and
reducing agent independently to a reaction zone maintained at predetermined



temperature sufficient to allow the reduction to proceed and the product to
evaporate. The  organometallic product is then collected at the outlet
preferably located at the top of the reactor  while the byproduct in
non-vaporized state is removed as waste from the base of the reaction
zone. The continuous operation to deliver organometallic compound may be
controlled by the  continuous transfers of the reagents to the reaction
zone, their delivery rates, the vapor-liquid 12 equilibrium established
between the vapor of the product moving upward and the liquid  byproduct
moving downward, the take-off rate of the product at the top outlet of the
reaction  zone, and the rate of removal of the byproduct waste from the
base of the reaction zone. An advantage of the present invention is that
the present organometallic compounds are  substantially free of metallic
impurities such as zinc and aluminum, and preferably free of zinc  and
aluminum. In particular, the present organogermanium compounds are
substantially free of  zinc, aluminum and silicon, and preferably free of
such impurities. By "substantially free" it is  meant that the compounds
contain less than 0.5 ppm of such impurities, and preferably less than
0.25 ppm. In another embodiment, the present organometallic compounds have
"5-nines" purity,  i.e. a purity of? 99.999%. More typically, the present
compounds have a purity of "6-nines", i.e. > 99.9999%. Certain of these
compounds are typically liquids at room temperature and  provide safer
alternatives than conventional silicon and germanium precursors for vapor
phase  deposition. The present organometallic compounds are particularly
suitable for use as precursors in  all vapor deposition methods such as
LPE, MBE, CBE, ALD and CVD, and particularly  MOCVD and metalorganic vapor
phase epitaxy ("MOVPE"). More particularly, the present  organometallic
compounds are suitable for use as precursors in the vapor phase deposition
of  silicon germanium ("SiGe") films. Such films are useful in the
manufacture of electronic  devices, such as integrated circuits, and
optoelectronic devices, and particularly in the  manufacture of
heterojunction bipolar transistors. Films of silicon, germanium, and
combinations thereof are typically deposited by first  placing the desired
organometallic precursor compound, i.e. source compound, in a delivery
device, such as a cylinder, having an outlet connected to a deposition
chamber. A wide variety  of cylinders may be used, depending upon the
particular deposition apparatus used. When the  precursor compound is a
solid, the cylinders disclosed in U.S. Patent No. 6,444,038 (Rangarajan  



et al.) and U.S. Patent No. 6,607,785 (Timmons et al.), as well as other
designs, may be used.  For liquid precursor compounds, the cylinders
disclosed in U.S. Patent Nos. 4,506,815 (Melas et  al) and 5,755,885
(Mikoshiba et al) may be used, as well as other liquid precursor cylinders.
The  source compound is maintained in the cylinder as a liquid or solid.
Solid source compounds are  typically vaporized or sublimed prior to
transportation to the deposition chamber. 13 Accordingly, the present
invention provides a device for feeding a fluid stream saturated  with an
organometallic compound suitable for depositing a metal film containing
silicon,  germanium, and combinations thereof to a chemical vapor
deposition system including a vessel  having an elongated cylindrical
shaped portion having an inner surface having a cross-section, a  top
closure portion and a bottom closure portion, the top closure portion
having an inlet opening  for the introduction of a carrier gas and an
outlet opening, the elongated cylindrical shaped  portion having a chamber
containing one or more organometallic compounds of formula I Rid ` (NR1R2)a
M (I) wherein M is Si or Ge; R' and R2 are independently chosen from H,
alkyl, alkenyl, alkynyl and  aryl; each R3 is independently chosen from
(Cl-C12)alkyl, alkenyl, alkynyl and aryl, provided  that R3 is not
cyclopentadienyl; each R4 is independently chosen from (C3-C12)alkyl; X is
halogen; a= 0-3; b= 0-3; c= 0-3; d= 0-2; a= 0-4; and a+ b+ c+ d+ e 4;
wherein R3 96  R4; wherein the sums of a + b and a + d are each < 3;
provided that when M = Si the sum of b + c is < 3; the inlet opening being
in fluid communication with the chamber and the chamber being in fluid
communication with the outlet opening. In a still further embodiment, the
present invention provides an apparatus for chemical  vapor deposition of
metal films including one or more devices for feeding a fluid stream
saturated with one or more organometallic compounds described above. The
source compound is typically transported to the deposition chamber by
passing a  carrier gas through the cylinder. Suitable carrier gasses
include nitrogen, hydrogen, and mixtures  thereof. In general, the carver
gas is introduced below the surface of the source compound, and  passes up
through the source compound to the headspace above it, entraining or
carrying vapor  of the source compound in the carrier gas. The entrained or
carried vapor then passes into the  



deposition chamber. The deposition chamber is typically a heated vessel
within which is disposed at least one,  and possibly many, substrates. The
deposition chamber has an outlet, which is typically  connected to a vacuum
pump in order to draw by-products out of the chamber and to provide a 14
reduced pressure where that is appropriate. MOCVD can be conducted at
atmospheric or  reduced pressure. The deposition chamber is maintained at a
temperature sufficiently high to  induce decomposition of the source
compound. The deposition chamber temperature is from  200 to 1200 C, the
exact temperature selected being optimized to provide efficient deposition.
Optionally, the temperature in the deposition chamber as a whole can be
reduced if the substrate  is maintained at an elevated temperature, or if
other energy such as radio frequency ("RF")  energy is generated by an RF
source. Suitable substrates for deposition, in the case of electronic
device manufacture, may be  silicon, gallium arsenide, indium phosphide,
and the like. Such substrates may contain one or  more additional layers of
materials, such as, but not limited to, dielectric layers and conductive
layers such as metals. Such substrates are particularly useful in the
manufacture of electronic  devices, such as integrated circuits. Deposition
is continued for as long as desired to produce a film having the desired
properties. Typically, the film thickness will be from several hundred
angstroms to several tens  of nanometers to several hundreds of microns or
more when deposition is stopped. Thus, the present invention provides a
method for depositing a metal-containing film a  substrate including the
steps of a) conveying one or more organometallic source compounds of
formula I in the gaseous phase to a deposition chamber containing the
substrate; b) decomposing  the one or more organometallic source compounds
in the deposition chamber; and c) depositing  the metal-containing film the
substrate, wherein the metal-containing film includes silicon,  germanium
and combinations thereof. The organogermanium compounds of formulae HA and
IIB may be suitably used in such method. The present invention further
provides a method for manufacturing an electronic device  including the
step of depositing a film containing silicon, germanium, and combinations
thereof  on an electronic device substrate including the steps of: a)
conveying one or more organometallic  source compounds of formula I in the
gaseous phase to a deposition chamber containing the  



substrate; b) decomposing the one or more organometallic source compounds
in the deposition  chamber; and c) depositing a film containing silicon,
germanium and combinations thereof on  the substrate. In an alternate
embodiment, organogermanium compounds of formulae IIA and  BB may be used
in such method. 15 The present invention is particularly suitable for the
deposition of silicon-containing  films, germanium-containing films and
SiGe films. SiGe films are being employed for two  technologies. One
well-established major application is Bipolar CMOS or BiCMOS where a  thin
(40 to 80nm) SiGe film is used as the base of a high frequency HBT. The
substrate for the  deposition of this SiGe base film and the subsequent Si
collector film is a highly structured  silicon wafer with the CMOS
circuitry mostly finished. The other application for SiGe CVD is  the area
of strained silicon or s-Si. Here a deposition of a thick 3 to 5 micrometer
SiGe layer  takes place on a plain silicon wafer. Subsequent to the growth
of the SiGe film a thin (20nm) Si  film is grown. This silicon film adopts
the crystal lattice of the underlying SiGe layer (strained  silicon).
Strained silicon shows much faster electrical responses than regular
silicon. In another embodiment, a method for fabricating a device
containing a group of silicon- germanium layers is illustrated by the steps
of: i) providing a substrate including a surface layer  of a group N
element, ii) maintaining the substrate at a temperature ranging from 400 C
to 600  C, iii) forming a layer of Sii_,,Ge,,, where x ranges from 0 to
0.50, on the substrate by MOCVD  using any of the above-described silicon
and germanium precursors; iv) maintaining the substrate  at about the
temperature of step i) and continuing the silicon precursor flow with the
germanium  precursor flow completely switched off, in order to obtain
abrupt interfaces, and v) maintaining  the substrate at about the
temperature of step i), and forming a cap layer of strained silicon,
thereby improving the mobility of electrons and speed of the device. The
following examples are expected to further illustrate various aspects of
the present  invention, but are not intended to limit the scope of the
invention in any aspect. All  manipulations are performed in an inert
atmosphere, typically under an atmosphere of dry  nitrogen. Example I
Dimethylamino germanium trichloride is expected to be synthesized according
to the  equation: 



LiNMe2 + GeC14 4 (NMe2)GeC13 + LiCI To a stirred solution of germanium
tetrachloride (50 g, 0.233 moles) in pentane (100 mL)  maintained at 0 C,
is added dropwise a solution of lithium dimethylamide in diethyl ether
(11.898 g, 0.233 moles, 50 mL) via pressure equalized addition funnel. The
addition lasts for 16 approximately 30 minutes. When the addition is
completed, the resulting mixture is allowed to  slowly warm to room
temperature after which a suspension is expected to be obtained. When the
suspension settles, the supernatant mother liquor is separated using a
siphon  technique. The precipitate of lithium chloride byproduct is washed
with fresh pentane and the  washings are separated via siphon under
nitrogen atmosphere, and are subsequently combined  with the mother liquor.
The pentane/ether solvents are then removed via atmospheric pressure
distillation by heating the reaction mass to 60 C. The expected crude
product obtained may be  further purified by vacuum distillation and is
expected to yield high purity dialkylamino germanium trichloride free of
metallic impurities and organic solvents. Example 2 The procedure of
Example 1 is repeated except that silicon tetrachloride is used instead of
germanium tetrachloride and is expected to prepare dialkylamino silicon
trichloride. The product is expected to have total metallic impurities of <
5 ppm. 17 Example 3 Ethyl germanium trichloride is expected to be
synthesized according to the equation:  EtMgBr + GeC14 - EtGeC13 + MgBrCI
To a stirred solution of germanium tetrachloride (50 g, 0.233 moles) in
diethylether (100  mL) maintained at 0 C, is added dropwise a solution of
ethylmagnesium bromide in diethyl  ether (0.233 moles, 78 mL of 3.0 M) via
pressure equalized addition funnel. This addition lasts  for approximately
45 minutes. When the addition is completed, the resulting mixture is
allowed  to slowly warm to room temperature after which a suspension is
expected to be obtained. When the suspension settles, the supernatant
mother liquor is separated using a siphon  technique. The expected
precipitate of magnesium halide byproduct is washed with fresh
diethylether and the washings are separated via siphon under nitrogen
atmosphere, and are  subsequently combined with the mother liquor. The
ether solvent is then removed via  



atmospheric pressure distillation to leave the expected crude product. The
reaction mixture is  then heated to 50 to 60 C using an oil bath. The crude
product may be further purified via  fractional distillation and is
expected to yield high purity ethyl germanium trichloride free of  metallic
impurities and organic solvents. Example 4 The procedure of Example 3 is
repeated except that silicon tetrachloride is used instead of  germanium
tetrachloride and is expected to provide ethyl silicon trichloride. Example
5 Ethyl germanium trichloride is expected to be synthesized according to
the equation:  LiEt + GeCC14 - EtGeC13 + LiCl To a cool stirred solution of
germanium tetrachloride (50 g, 0.233 moles) in benzene (100  mL) maintained
at 0 C, is added dropwise a solution of ethyllithium in benzene/cyclohexane
(90:10) (0.25 moles, 500 mL of 0.5 M) via pressure equalized addition
funnel. This addition  lasts for approximately 60 minutes. When the
addition is complete, the resulting mixture is  allowed to slowly warm to
room temperature after which a suspension is expected. When the 18
suspension settles, the supernatant mother liquor is separated using a
siphon technique. The  expected precipitate of lithium halide byproduct is
washed with fresh cyclohexane and the  washings are separated via siphon
under nitrogen atmosphere, and are then subsequently  combined with the
mother liquor. The solvent mixture is then removed via atmospheric pressure
distillation to leave the expected crude product. The reaction mixture is
then heated to 50 to 60  C using an oil bath. The expected crude product
may be further purified via its fractional  distillation and is expected to
yield high purity ethyl germanium trichloride free of metallic  impurities
and organic solvents. Example 6 The procedure of Example 5 is repeated
except that silicon tetrachloride is used instead of  germanium
tetrachloride and is expected to provide ethyl silicon trichloride. Example
7 Ethyl germane is expected to be synthesized according to the equation:
EtGeC13 + LiA1H4 4 EtGeH3 + LiAJHCl3 To a room temperature stirred
suspension of excess reducing agent (either LiAIH4 or  



NaBH4, 0.5 moles) in n-butyl ether is added dropwise EtGGeCl3 obtained from
Example 5 (50 g,  0.240 moles) dissolved in n -butyl ether (100 mL) via
pressure equalized dropping funnel under  nitrogen. An expected exothermic
reaction occurs yielding a gray suspension. Crude product is  distilled pot
to pot under vacuum along with some n-butyl ether solvent. The expected
final  product is then isolated from n-butyl ether via fractional
distillation. Example 8 Bis(dimethylamino) germane is expected to be
synthesized according to the equation:  (NMe2)2GeC12 + LiAIH4 - (NMe2)2GeH2
+ LiAIH2C12 To a room temperature stirred suspension of excess reducing
agent (0.5 moles, either  UAIH4 or NaBH4) in n-butyl ether is added
dropwise (NMe2)2GeCl 2 (0.2241 moles) dissolved in 19 n-butyl ether via
pressure equalized dropping funnel under nitrogen. An exothermic reaction
is  expected yielding a gray-white suspension. The expected crude product
is distilled pot to pot  under vacuum along with some n-butyl ether
solvent. The expected final product may be  isolated from n-butyl ether via
fractional distillation. Example 9 The procedure of Example 8 is repeated
except that bis(dimethylamino)silicon dichloride  is used instead of
bis(dimethylamino) germanium dichloride and is expected to provide
bis(dimethylamino)silane. Example 10 Dimethylamino ethyl germanium
dichloride is expected to be synthesized according to  the equation:
(NMe2)GeC13 + EtMgBr - (NMe2)Ge(Et)C12 + MgC1Br To a low temperature
stirred solution of (NMe2)GeCl3 (50 g, 0.2241 moles) in diethyl  ether (100
mL) is added dropwise EtMgBr in diethyl ether (0.23 moles) via pressure
equalized  dropping funnel under nitrogen. An exothermic reaction is
expected yielding a suspension. The  expected crude product is distilled
from the mixture under full vacuum to yield product mixed  with diethyl
ether. The expected final product is obtained via fractional distillation
at  atmospheric pressure after removal of bulk diethyl ether solvent. The
expected product may then  further purified by one more fractional
distillation. Example 11 



The procedure of Example 10 is repeated except that dimethylamino silicon
trichloride is  used and is expected to provide dimethylamino ethyl silicon
dichloride. Example 12 Dimethylamino ethyl germane is expected to be
synthesized according to the equation: 20 (NMe2)Ge(Et)CI2 + LiAlH4 -
(NMe2)Ge(Et)H2 + LiAIH2C12 To a room temperature stirred suspension of
excess reducing agent (0.5 moles, either  LiAIH4 or NaBH4) in n-butyl ether
is added dropwise (NMe2)(Et)GeC12 from Example 10 (50 g,  0.23 moles)
dissolved in n -butyl. ether via pressure equalized dropping funnel under
nitrogen.  An exothermic reaction is expected yielding a gray suspension.
The expected crude product is  then distilled pot to pot under vacuum along
with some n-butyl ether solvent. The expected final  product may be
isolated from n-butyl ether via fractional distillation. Example 13 The
compounds in the following Table are expected to be prepared according to
one or  more of the previous Examples. The abbreviations, "Et", "Me" and
"i-Pr" refer to "ethyl",  "methyl" and "iso-propyl", respectively. The
abbreviation "Ph" refers to a phenyl group. Germanium Precursors
(NMe2)GeH3  (NMe2)2GeH2  (NMe2)3GeH  (CH2 CH-CH2)GeH3  (CH2 CH-CH2)2GeH2
(CH2 CH-CH2)3GeH  (CH2 CH)GeH3 (CH2 CH)2GeH2  (CH, CH)3GeH  (CH2
CH)Ge(NMe2)3  (CH2 CH)2Ge(NMe2)2  (CH2 CH)3Ge(NMe2)  (Ph-CH2)GeH3
(Ph-CH2)2GeH2  



(Ph-CH2)3GeH  (Me3C)GeH3 (Me3C)2GeH2 (Me3C)3GeH  (Me3C)(Nme2)GeH2
(Me2N)(i-Pr)GeH2 Silicon Precursors  (NEt2)(Me)SiH2  (Ni-Pr2)2SiC12
(i-Pr)3SiC1  (CH2=CH-CH2)SiH3  (CH2 CH-CH2)2SiH2  (CH2=CH-CH2)3SiH
(CH2-CH)SiH3  (CH2=CH)2(Me3C)SiH  (CH2=CH)3SiH  (CH2 CH)Si(NMe2)3  (CH2
2Si(NMe2)2  (CH2---C-1P3Si(`Me2) (Ph-CH2)SiH3  (Ph CH2)2(Me)SiH
(Ph-CH2)3(NMe2)Si  (Me3C)SiH3 ((Me3C)2SiH2  (Me3C)3SiC1  (Me3C)(NMe2)SiH2
i-PrSiH3 21 (Me)(Me3C)GeH2  (i-Pr)2GeH2  (Me)2(Me3C)GeH  



(Me)(NMe2)GeH2  (NMe2)(Et)GeH2  (NMe2)2(Et)GeCI  (Me3C)(Nme2)GeC12  i-P]
2(NMe2)GeCI (Et)(Me3C)SiH2 (Me2N)2SiMe2  (Me2N-C2H4)2SiH2
(Me2N-C3H6)(NMe2)SiH2  (Me2N-C3H6)(NMe2)(Et)SiH  (Me2N-C3H6)(NMe2)(Et)SiC1
(Me3C)(NMe2)SiCI2  (i-Pr)2(NMe2)SiC1 Example 14 Tert-buylmethylgermane was
synthesized according to the following equation.  CH3GeC13 + (CH3)3CMgC1 ->
(CH3)3CGe(CH3)C12 + MgC12 (CH3)3CGe(CH3)Cl2 + LiAIH4 - (CH3)3CGe(CH3)H2 +
LiAIH2C12 To a stirred solution of methylgermanium trichloride (52 g, 0.24
mol) in ethyldiglyme  (100 mL) maintained at below 40 C was added dropwise
a solution of tertbutylmagnesium  chloride in butyl diglyme (0.275 mol, 250
mL) via pressure equalized addition funnel. The  addition lasted for 180
minutes. When the addition was completed, the reaction mixture was  added
to a stirred mixture of lithium hydride (12 g) in ethyldiglyme (200 mL)
using a transfer  line in a dropwise manner. The crude product (16 g) was
obtained by vacuum distillation at 32  mtorr and was confirmed by NMR to be
the desired germane contaminated with solvent (NMR  spectrum contained a
quadruplet at 3.82 ppm, a singlet at 1.00 ppm and a triplet at 0.14 ppm ,
corresponding to GeH2, (CH3)3C and CH3, respectively). Example 15
Trimethylpropylgermane was synthesized according to the following equation.
(CH3)3GeCl + C3H7MgC1 -) (CH3)3Ge(C3H7) + MgCI2 To a stirred solution of
trimethylgermanium chloride (120 g, 0.78 mol) in butyldiglyme  (200 mL)
maintained at below 40 C was added dropwise a solution of n-propylmagnesium



chloride in diethylether (0.780 mol, 390 mL) via pressure equalized
addition funnel. The  addition lasted for 120 minutes. When the addition
was completed, the reaction mixture was 22 heated to gentle reflux for two
hours. The crude product was obtained by vacuum distillation  and was
confirmed by NMR to be the desired germane. The crude product was further
purified  via its fractional distillation (80 g, Yield = 70 %). Example 16
Trimethylisopropylgermane was synthesized according to the following
equation.  (CH3)3GeCl + C3H7MgC1 -> (CH3)3Ge(C3H7) + MgC12 To a stirred
solution of excess'PrMgCl in butyl diglyme (750 mL, 1.05 moles) was  added
at room temperature neat Me3GeC1(130g, 0.848 moles) in a controlled manner
via 16  gauge stainless steel cannula. The addition took 3 hours during
which time the temperature rose  to ca. 50 C. After the addition was
completed and the mixture was allowed to cool to room  temperature, crude
product was isolated by full vacuum transfer with heating of the pot
gradually  to 85 C, into a dry ice cooled receiver. The crude product was
atmospherically distilled using a  1.5 ft vacuum jacketed packed column to
yield a main fraction distilling between 93-97C (105g,  Yield = 77%). 1H
nmr spectrum contained a doublet at 1.0 ppm, a multiplet at 0.94 ppm, and a
singlet at 0.06 ppm corresponding to CH3, CH and GeCH3 respectively.
Example 17 Dimethylaminopropyltrimethylgermane was synthesized according to
the following  equation. (CH3)3GeC1 + [ (N(CH3)2} C3H6]MgC1 4 [ (N(CH3)2 }
C3H6] Ge(CH3)3+ MgC12 To a stirred solution of excess
dimethylaminopropylmagnesium chloride in  tetrahydrofuran (0.38 moles) was
added at room temperature neat Me3GeCI (52 g, 0.34 moles) in  a controlled
manner. The addition took 1 hour during which time the temperature rose to
ca. 44  C. After the addition was completed and the mixture was heated to
75 C for 1 hour. The  reaction mixture was then allowed to cool to room
temperature, and de-ionized water (150 mL)  was added to the reaction mass
in controlled manner. The organic layer containing crude  product was
isolated by siphoning. The aqueous layer was extracted with diethylether
(100 mL),  and the extracted solution was combined with the product. The
organic layers were dried over 23 



molecular sieves (5A) over 16 hours. The solvents (tetrahydrofuran and
diethylether) were  removed by atmospheric pressure distillation, while the
crude product (45 g) was obtained by  vacuum distillation. 'H nmr spectrum
confirmed the product to be the desired
dialkylaminopropyltrimethylgermanium. Example 18 Tertiary-butyl germanium
trichloride was synthesized according to the equation:  tBuMgCl + GeC14 -
tBuGeCI3 + MgC12 To a cool stirred solution of germanium tetrachloride (95
g, 0.443 moles) in butyl  diglyme (150 mL) maintained at 0 C, was added
dropwise a solution of t-butyl magnesium  chloride in butyl diglyme (0.422
moles, 410 mL of 1.03 M) via pressure equalized addition  funnel. A slight
excess of germanium tetrachloride was maintained. This addition lasted for
120  minutes. When the addition was complete, the resulting mixture was
allowed to slowly warm to  room temperature after which a suspension of
magnesium chloride was observed. The product,  t-butyl germanium
trichloride was isolated by vacuum distillation from the magnesium chloride
and butyl diglyme. The vacuum was slowly lowered to full vacuum and the
temperature was  raised to 50 C to obtain the final product. The crude
product was found to be contaminated with  trace butyl diglyme as verified
by FTNMR. The crude product was further purified by a second  vacuum
distillation. Example 19 Tertiary-butyl germanium trichloride was
synthesized according to the equation:  tBuMgCl + GeC14 -) tBuGeC13 + MgC12
To a cool stirred solution of germanium tetrachloride (100 g, 0.443 moles)
in linear alkyl  benzene (200 mL) maintained at 0 C, was added dropwise a
solution of t-butyl magnesium  chloride in diethyl ether (0.466 moles, 233
mL of 2.0 M) via pressure equalized addition funnel.  A slight excess of
germanium tetrachloride was maintained. This addition lasted for 120
minutes. When the addition was complete, the resulting mixture was allowed
to slowly warm to  room temperature after which a suspension of magnesium
chloride was observed. The product, 24 t-butyl germanium trichloride, and
diethyl ether were removed from the reaction mixture by  vacuum
distillation. The resultant material was then subjected to atmospheric
distillation to  remove the ether. After the removal of ether, pure product
was obtained by the purification of  



crude product by vacuum sublimation (40 g, Yield = 37 %). Example 20 A
group of Si,,Gel, epitaxial structures are expected to be grown by MOCVD on
(001)  sapphire substrates. MOCVD is performed using
bis(dimethylamino)silane and  bis(dimethylamino)-germane as precursors, and
H2 and/or N2 as the carrier gases. For this group  of layers, a l to 2 prn
thick Si0,9Geo.l layer is first expected to be grown on a silicon
substrate.  Subsequent layers of composition Si 0 8Geo.2, Si0 7Ge0 s, and
Sio.6Gen.4 are expected to be grown by  increasing the mass flow rate of
the germanium precursor. The growth temperature is  maintained between 350
C and 450 C. After deposition of the Sil_,Ge, graded layers, the  silicon
precursor flow is continued with the germanium precursor flow completely
switched off,  in order to obtain abrupt interfaces. Silicon deposition is
thus carried out using the graded SiGe  as the underlying layer, and
epitaxial strained silicon layer is expected to be deposited as the cap
layer. 25 Germanium Precursors  Di tert-butyl germane  Mono-tert-butyl
germane  Tri-tert-butyl germane  Mono(dimethylamino) germane
Bis(dimethylamino) germane  Tris(dimethylamino) germane  Mono-tert-butyl
germane  Tert-Butyl(dimethylamino) germane  [so-Propyl
bis(dimethylaxnino)germane  Di-tert-butyl germane Methyl tert-butyl germane
Mono-iso-butyl germane  Trichloro iso-butyl germane  Trichloro tert-butyl
germane  Trichloro ethyl germane Silicon Precursors  



Di-tert-butyl silane  Mono-tent-butyl silane  Tri-tert butyl silane
Mono(dimethylarnino) silane  Bis(dimethylamino) silane  Tris(dimethylamino)
silane  Mono(dimethylanuno) siilane  Di-tert-butyl silane
Bis(diethylamino)silane  Mono-tert-butyl silane  Mono-tert-butyl silane
Dichlorosilane  Disilane Tetrachlorosilane  Dimethyl dichlorosilane 26
Claims 1. A method of depositing a metal-containing film on a substrate
comprising the steps of: a)  conveying one or more of the organometallic.
compounds of formula I in a gaseous phase to a  deposition chamber
containing the substrate, R 4 e R~d,,,_ I I ,,M'R2),  X'/ Hb (1) wherein M
is Si or Ge; R1 and R~ are independently chosen from H, alkyl, alkenyl,
alkynyl and  aryl; each R~ is independently chosen from (CI-C12)alkyl,
alkenyl, alkynyl. and aryl, provided  that R' is not cyclopentadienyl; each
W is independently chosen from (C3-C,2)alkyl; X is  halogen; a = 0-3; b =
0-3; c = 0-3; d = 0-2; e = 0-4; and a + b + c + d + e 4; wherein W 36  R~;
wherein the sums of a + b and a + d are each < 3; provided that when M Si
the sum of b +  c is < 3; b) decomposing the one or more organometallic
compounds in the deposition chamber;  and c) depositing the metal film on
the substrate. 



2. The method of claim 1 wherein M = Ge. 3. The method of claim 2 wherein d
= 1-2 and e = 1-3. 4. The method of any one of the preceding claims wherein
R~ is branched or cyclic (C3- C12)alkyl. 5. A device for feeding a fluid
stream saturated with an organometallic compound suitable  for depositing a
metal film containing silicon, germanium and combinations thereof to a
chemical vapor deposition system including a vessel having an elongated
cylindrical shaped  portion having an inner surface having a cross-section,
a top closure portion and a bottom closure  portion, the top closure
portion having an inlet opening for the introduction of a carrier gas and
an outlet opening, the elongated cylindrical shaped portion having a
chamber containing an  organometallic compound of formula I 27 R4 e R3d~
i(12),  M (1) wherein M is Si or Ge; R' and R2 are independently chosen
from H, alkyl, alkenyl, alkynyl and aryl;  each R3 is independently chosen
from (CI-C,2)alkyl, alkenyl, alkynyl and aryl, provided that R3 is not
cyclopentadienyl; each R4 is independently chosen from (C3-C12)alkyl; X is
halogen; a = 0-3; b = 0-3;  c = 0-3; d = 0-2; e = 0-4; and a + b + c + d +
e = 4; wherein R3 OR4; wherein the sums of a + b and a +  d are each < 3;
provided that when M = Si the sum of b + c is < 3; the inlet opening being
in fluid  communication with the chamber and the chamber being in fluid
communication with the outlet opening. 6. An apparatus for vapor deposition
of metal films comprising one or more devices of claim 5. 7. A compound of
formula 11A or JIB: R3d (NR'R2)o R f Roe, Xa/ Hb' Ge / H Xa, b"  



OIA) wherein R' and R2 are independently chosen from alkyl, alkenyl,
alkynyl or aryl; each R3 is  independently chosen from (C1-C12)alkyl,
alkenyl, alkynyl and aryl; each R4 is independently chosen  from branched
and cyclic (C3-C5)alkyl; each R5 is independently chosen from
(C1-C12)alkyl, alkenyl,  allcynyl and aryl; Xis halogen; a' = 0-3; b' =
0-2; c' = l-3; d' = 0-3; a' + b' + c' + d' = 4; a7= 0-2; b" _  0-2; e" =
1-2; f " = 0-2; a" + b" + e" + f " = 4; wherein at least two of a", b" and
f " 96 0; provided when  a" =1, e" = 1, f " = 2, and R4 = (CH3)C that R5 FE
CH3; and provided that R3 is branched or cyclic (C3- C5)alkyl when c' + d'
= 4. 8. The compound of claim 7 wherein R3 is branched or cyclic
(C3-C5)alkyl.  9. The compound of claim 7 or 8 wherein e" = 1-2; f" = 1-2;
and b" =1-2.  10. ' The compound of claim 7, 8 or 9 wherein d' = 1-3 and b'
= 1-2. 11. A method of depositing a metal film on a substrate comprising
the steps of. a) conveying  the organometallic compound of claim 7 in a
gaseous phase to a deposition chamber containing  the substrate; b)
decomposing the organometallic compound in the deposition chamber; and c)
depositing the metal film on the substrate. 28 


