ORGANOVETALLI C COMPOUNDS Background of the Invention The present invention
rel ates generally to the field of organonetallic conpounds. In particular,
the present invention relates to the certain organonetallic conmpounds
suitable for use in vapor deposition processes. Metal filns may be
deposited on surfaces, such as non-conductive surfaces, by a variety of
nmeans such as chem cal vapor deposition ("CVD'"), physical vapor deposition
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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 HBTSs.

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.



For exanple, it is known in the art that grading the concentration of
germaniumin the silicon- germani um 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 conpared
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phase to a deposition chanber contalning the subs
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 2 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 bé
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,



e ~~TT RdI ._. (NRIR2)c MX/ Hb mwherein Mis Si or Ge; R and R2 are
I ndependently chosen fromH, al kyl, alkenyl, alkynyl and aryl; each R3 is
i ndependently chosen from (Cl-Cl12)al kyl, al kenyl, al kynyl and aryl,
provided that R3 is not cyclopentadi enyl; each R4 is independently chosen
from (C3-Cl2)al kyl; 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 ~ gH4; wherein the suns of a + b and a + d
are each < 3; provided that when MgE°Si hﬁ;SUﬁ]Of b+ cis <3; b)
deconposi ng the one or nore oRganaqnbtel't éenpounds in the deposition
chanber; and c) depositing the nifﬂ filmon the substrate. Also, the
present invention provides a degkge f feeding a fluid stream saturated
with an organonetallic conpoun ui t allee for depgpsiting a metal film
containing silicon, germanium and conbinations thereof to a chem cal vapor
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provi ded t hat Alsoe thepresentiinyegonprayigdes pdevice 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
R
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wherein M is Si or Ge; R' and R? are independently chosen from H, alkyl, alkenyl, alkynyl and
aryl; each R? is independently chosen from (Ci-Cy)alkyl, alkenyl, alkynyl and aryl, provided
that R? is not cyclopentadienyl; each R*is independently chosen from {Cs-Cjz)alkyl; Xis
halogen; a=0-3; b=0-3; c=0-3; d=0-3; e=0-4; anda+b+c+d+e=4; whereinR’ #
R* wherein the sums of 2+ b and a + d are each <3; provided that when M = Si the sum of b +
¢ is < 3; the inlet opening being in fluid communication with the chamber and the chamber being

in fluid communication with the outlet opening,



cis <3; the inlet opening being in fluid comuni cation with the chanber
and the chanber being in fluid communication with the outlet opening. 3
Anot her enbodi rent of the present invention is an apparatus for vapor
deposition of netal filnms including one or nore devices for feeding a
fluid streamincluding one or nore organonetallic conpounds descri bed
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provided that R® is branched or ¢yclic (C3-Cs)alkyl when ¢’ +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 ¢) 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 ¢)

depositing the germanium-containing film on the substrate.

Detailed Description of the Invention



depositing the germaniumcontaining filmon the substrate. Detailed
Description of the Invention 4 As used throughout this specification, the
fol |l ow ng abbreviations shall have the follow ng neanings, unless the
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All numerical ranges are inclusive and comblnable 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 It

4
R’

7c
M
x/ N 5
wherein M is Si or Ge; R' and R® are independently chosen from H, alkyl, alkenyl, alkynyl and
aryl; each R® is independently chosen from (C1-Cya)alkyl, alkenyl, alkynyl and aryl, provided
that R? is not cyclopentadienyl; each R* is independently chosen from (Cs-Cro)alkyl; X is
halogen; a=0-3; b=0-3; ¢=0-3; d=0-3; e=0-4; anda+b+c+d+e=4; whereinR?
R* wherein the sums of a + b and a + d are each < 3; provided that when M = Si the sum of b +
cis < 3. In one embodiment, M = Ge. In another embodiment, ¢ > 0. In a further embodiment,
c>0and b> 0. Typically, d=0-2. Particularly suitable organometallic compounds where M =
Si are those wherein a=0-2, b=0-2, ¢ = 1-2, and d = 0-2, and more particularly where at least
two of a, b and d are not 0.



cis <3. In one enbodiment, M= Ge. In another enbodinent, ¢ > 0. In a
further enbodinent, ¢ > 0 and b > 0. Typically, d = 0-2. Particularly

sui t abl e organonetal i c conpounds where M= Si are those wherein a = 0-2,
b =0-2, ¢ =1-2, and d = 0-2, and nore particularly where at |east two of
a, b and d are not 0. 5 Particularly suitable organonetallic conpounds are
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Parti cul arl #swtabl 83 are_ those erein d = 1-3 an =1- 2.
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compounds are those wherein d’ = 1-3 and b’ = 1-2. Typically, R are mdependently
chosen from methyl, ethyl and propyl. In another embodiment, f” = 1-2. Stiil further, b” = 1-2.
Particularly suitable compounds of formula IIB are those wherein f” =12 and b”=1-2. R*isa
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 B-hydride
elimination. Thus, preferred bulky groups contain a hydrogen bonded to the carbon in the beta

position to the germanium.

Typical dialkylamino (NR'R?) groups include, but are not limited to, dimethylamino,
diethylamino, di-iso-propylamino, ethylmethylamino, iso-propylamino, and tert-butylamino. X
may be F, Cl, Bror 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 R', R?, R? and R’.
Suitable alkyl groups include, without limitation, (C,-C,z)alkyl, typically (C;-C¢)alkyl and more
typically (Ci-Cs)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,



hal ogens may be the same or different. A wde variety of alkyl, alkenyl and
al kynyl groups may be used for R, R2, R3 and R5. Suitable al kyl groups
include, without limtation, (d-Cl2)alkyl, typically (Cd-C6)al kyl and nore
typically (d-C4)al kyl. Exenplary al kyl groups include nethyl, ethyl,

n- propyl, iso-propyl, n- butyl, iso-butyl, sec-butyl, tert-butyl, pentyl,
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(diethylamino) germane, cyclopentadienyl (dimethylamino) germane, cyclopentadienyl



germane, cycl opentyl (dinethylam no) germane, cycl opentyl (diethylam no)
germane, nethyl (dinethylam no) germane, nethyl (di nmethylam no) gernmani um
di chl oride, nethyl (dinethylam no) germani um di brom de, methyl

bi s(di-iso-propyl am no) gernmani um chl ori de, bis(diethylam no) gernane,

di chl oro (diethylam no) gernmane, ethyl (diethylamno) germane, dichloro
(ethyl) bii(c&mhmbd_aﬂﬁm)gemmagpéﬂdam@uwémﬁMngéﬁm@ej}qkq)%ﬁme@yl, di chloro
(tert- bu%}g&% (di et hyl am no) . ger mane, cycl opent adi enyl (di net hyl am no)

ger mane, ftByaming) EgpyRe. §i-Somronyt hip(dimethplpmine) genane, djblaspent adi enyl

di et hyl & I h: ' | | ang E mane,
f:li - so}/p?g’g@%?s( di %fﬁgn@%@ﬁ@%wn fOPngéﬁggsﬁ'%@%l anm no)
ger nane, biﬁéfi/iﬁwlamiwb gérniagg bpmap(dimethyld {dimethyamino) dermiane-his(dimethylamino)
bi s(di et m ramane. promo (di methyl i et.hyl am na). ger mane,
bi sE di ne%ﬁ‘ix“?”é‘?ﬁqﬁ%(fg‘%g@ “HB%W?“S#EH@E%%’#&MW@%HB%; 8\/2’}“?@
tris(di médimettgtaniiog) ggandmeBuore '(dii'ziﬁyl?) (difnSthyRid) 2Binkkee, HeRsyTedlethylhii) O
(divinyl) (dinmethylam no). germane, benzyl (diethylam no) ~germane, dibenzyl
(di et hyl &ﬁé‘%lf %E%ﬁ%glr{é{eﬂmm%@&swi difign-propriy(Himathdgmige) seamene, bangyl) |
(di et hy | @&meRBantfE) PeRRane20 Miktdrét ihgeder eof . Exenpl ary organoger mani um
conpounds of mtg'orrml allBinclude, wthout limtation, tert- butyl

di chi . ¢ : Y
G § a0 pr opa Ppepireh it ool SR DI RydRh P IR g,
(ethyl) dubfdi @ﬂombgttrmbml ﬁ-te@ﬁbu{hﬁtghw@e, igfepgv_mb(phlbmogmph%:diﬁmmrwl) N
er nane, il - | erman I L. Or net I T
Gor mane, GierbRT ePRRY, o RO, AERARE el R3 G efrlibo 5 Girafihsts”
3_60- plent \germAneps dﬂlﬂfob)’((d;e_ﬂ’lﬁlmeﬁimwdiniwpl rop?N(@iIﬂﬂﬁﬂpiZérméﬁ@HFm(O}o g@aumsat G )mso-
I CyCl Opro er nane, I - 0- 0 ermane,. Cycl oOpro ne
(di Zm olro gl’ébr%%&ﬁ@%“” Bﬁ%%ﬂﬁfﬁ%ﬁﬁaﬁ%@%mﬁﬁwwgm%ﬁ} $FE¥}§96’ E%P%lﬁént yl
(di chi or c(}qeﬂﬁgt(hwm}mg@éﬂﬁﬁa@,,cy%ﬁﬂogﬁqmeﬁiyu(géhﬁéaiep&i IRV BEmany, i-fent vl
(ethyl) (dibrono) germane, diet (tert-butyl) (fluoro) germane, and
mi xt ur es PIPRHM éﬁmancmﬁ"éclaweméi@é%% i(¢iskiors) germnetdiirping (meitph (fleddutide

parti cul ' r e 0 fi C L.niNg
1 con, SeatarlibicRicf Qoalshd @D Sisa Bl itk o) dee B
conpounddetid) (dibroproy e, ldietlay] artibaty) (@op) garetine aad midyek datdoy, t he
organonetal | i c conmpounds of the present invention are prepared starting
froma conpolie abdvetdescrived nxganordidllivbanpoullds sre patticolary suitagRrfomieasn and Y
is a reactive grou ug, as a .hal ogen, an acetate or,.,a (G -C4)al koxy, with
hal ogens pﬁ%ﬁ“ﬁ@%&@@yﬁ@?@“ﬁ@m&gé C%ﬂé@?f“@@‘ﬁ%ﬁ%gﬁ@aﬁﬁogs any group
attached to t metal that is_di slgl aced or exchanggd I n.a subsequent
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descr i bedrypidally, the organometallic compounds of the present invention are prepared starting from a

compound of the formula MY, where M is silicon or germanium and Y is a reactive group such
as a halogen, an acetate or a (C;-Cg)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



respect to germani um precursors for purposes of illustration, however, such
preparation is equally applicable to silicon, as well as other Goup IV
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and dicyclohexyl ether. Such solvents are typically deoxygenated prior to use as described

above. This reaction is illustrated in Equation 2.
(NMe;);GeCl, + AllyIMgBr > (NMe;):Ge(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.
(NMey),GeCl; + i-Prli 2  (WNMe;),Ge(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



descri bed above for the dialkylamno Iithiumreaction. Equation 3
illustrates the reaction of bis(dinethylam no)-germani umdichloride with

i so-propyl lithium (NWe2)2GCl2 + i-PrLi 4 (NMe2)2CGe(i-Pr)d + Lid (3) In
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are well within the ability of those skil he art. Equation 5
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R7' are |mamﬁmﬂemdcmoﬁeéﬁﬁt1&dnétn Blufeehmd6) al kyl , di (C - ,

C6) al kyl am no-substituted (Cl-C6) aI kyl, and phenyl and wherein R and R nay

be taken together along @écmgﬁmgi-}rlqgg}b@o; whcgh they are attached to
forma 5-7 nmenbered heterocyclic ring. Such heterocyclic ring may be

aromati c or nGgichaaRRIkyatio fdablidhd hdibh Yik§Lithdug dosipbhsrAffeafSly | NCl ude,

but are not limted to, trimethylamne, "triethylamne, tri-n- propyl am ne,
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di et hyl ag. {gng)q t aNes
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N- et hyi pyNRR Rd; wisreiiRn,- Ipramml pye indépeddently séledtsdfrpmQy-Cppikyh Idl(dt-ne N-
Cg)alkylamino-substituted (C;-Cs)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, dimethylaminocyclohexane,
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
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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.
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It will be appreciated by those skilled in the art that the order of the
above reactions nmay be perforned in any order. Typically, any step of
reducing a netal -halide conpound to forma netal-hydrogen conmpound will be
performed | ast, although other orders of reaction may be advantageous. 11
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control |l éd by uqur:‘g appropriate flow controlilers t a known in the art.
| N anot heé Vs dornaa reactonat the ewlarithe meaationi The additionmf oeagekds inca rowltitstepuous

process f I .1 on [ metal.lic cq unds of . &xoup. .V,

I ncl udi ngaﬁ{y%atéggtme sb%%ﬁﬁ%g':l ?\Q/'gﬁ]?tﬁ’geogggfsgﬂ%emﬁ]\}n%taél 5 %%88%% ﬁﬁ(yl ating
agent i ndepewdreagehis ntay te costadled by uziap appreprivitaflove domtiollprsakid herkibwa th the
tenperature sufficient to allow the alkylation to proceed and the product
to vaportze. The organonetallic product is then collected at the outlet

preferably located at the top, of the reactor while the byproduct in
non- vapori zed ?%q%éer'e E’P@Wﬁwggmﬁesﬁﬁs}?@@?’bﬁlﬁ PRRVIgsS R castinuqus @rqcgss dor the

zone. Thergfibdtion Yo UgarRRt Al SfinfRn8Edf MBlp PV IANRKARE Hk |sfeEs SRIROHRYE I Bupe
controlled by continuous transfers of the reagents to the reaction zone,
t heir deliMa¢! qompeund angalkylating agent independguilyl thpreashpr zangisidintpised Het ween t he

vapor of oYY | o (U r t Vi

downwar d,ﬁrgtﬁié t a%?ﬁgﬁ%gu@%@ agg\gﬁ{?kg%ﬂﬁ{ggf)é&?@ea@gﬁe RRe CF g)gct i on
zone, andvapbmze dihe organometalia pragiicttihtheh yplicotbd ot themafiet pfafarnbly hecated sethetopt he
reaction 0di_nment ' vi des

e. Ln a.further .the present invention gl so pr
a contin u(ﬁ@e rﬁ?%%re@gfe;{é? gﬁ%‘ﬁgﬁ‘f‘éﬁ o 3?‘?%8‘1 Btf‘g’d? N E (] ?Sa"f’*fsﬁecé)?w &ﬁﬁf&@g"éf
G oup |V, thé reabtithi Zoge.t Tk chnttimsoud bpateddnte deldgr argeh@bifalliycoriual nbglbede and
reduci ng a%ent1 d ndependently to a reaction zone naintained at predeterm ned
. cohtrolled 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
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tenperature sufficient to allow the reduction to proceed and the product to
evaporate. The organonetallic product is then collected at the outl et
preferably | ocated at the top of the reactor while the byproduct in
non-vapori zed state is renoved as waste fromthe base of the reaction

zone. The continuous operation to deliver organonetallic conpound may be

cont r ol | equiliyrin estabdiolddi betiesen the RP6H &ffie bdidd ol R2aBWhi dn@ thelRuideact i on
zone, their Sel ivery rates, the vapor-li gui d 12 ggU| | i bri um establ i shed

bet ween CHEFOGUR, BIOVINE dpBWaRd, thG dakerrbiAatspt pdnchatdhe top opilei of the reppiemduct
novi ng dowmaidkhe Hﬂ@oﬁ@}flﬁ\?ﬁf{)&'ﬂfe%o@ﬁctw}gtlg@{oﬁtﬁﬁ%%a&%&%%e&cﬁg g&ﬁ%l et of the

reaction zone, and the rate of noval yproduct was romthe

base of the r aaGhifihet Offre pRAANRREALS 12k ule Segs%é}t%?%{ﬂ?}ry%@ﬁ%&&gﬁ%d% gﬁtelhﬁz

Q .
the present organonetal FI C corrpoung(s are su
i npur i t i esbstantiallyaeexifmetalliclinguiticnsnch aszide mrdefhemimbiny afd eefernblyAteeof zaad

al um num ticular h resent organoger mani um conpoynds. ar

subst ant iag']ll Flgll%ﬁuéﬁécféﬁ’ WF%%%‘%F&W&%MEE U GHPe, %?@#’é%tfﬂ%%fefe% of
such i npuiricf aleminuiByand siliesh, 3Nt padfdribly Fe€of dukh inspuriRa By thiditadtiafly GeemiPKnds
contain | ess tgha 0.5 m of such inpurities, and preferably |ess than

0. 25 ppm™M9ant e W@E‘g@cﬁoﬁ’@mlfmﬂﬁ@%ﬁ@éﬁf sush dmpwrities oy ipecferablp dasnthen hav e

"5~ i NS Dl Vin andin-entboltiticnl, i dseor AR MR Golok el s iG- BhGSEN

conpounds have a purity of "6-nines", 1. rtain o
conpoundd-€a# Rurity BF 289.P99% Mereitypigally, derpresentpenwounds havela pypitpof Genisef’er

al ternati;ye 0 éfﬁ:ﬂ{. LLLcan_and.qger qani u recursors for, vapor
phase del'\é'og ?%?%gr?/'?%e préé@g%gte Cglrhgguﬁ@ﬁe egml%?ygﬁﬁgagﬁggmj?rgpeﬁgﬁeiaggl arly
sui t abl e providemr akerpatvesithan cenvientional dilicvapad getepatin prosurstes fop dspos phde as
LPE, MBE,, CB ; ALD and CVD, and particularly MOCVD and netal organi c vapor
phase epidte%?(e\ﬁ O(H“ MOVPE"). More particularly, the present organonetallic

conpounds are.suitable for yse as precursors, in the vapor phase deposition
of silicon géiﬁaWFW@a%?%ﬁa'ﬁc Fombrundagre pakiehgly siiebldaruse a5 pregyors in
manuf act wilevapér depsietionandtEods@8o HIPE, MITH) CBE, IATPHEC D, &id" ichf&ﬂyand

opt oel ectroni c devices, and particularly in'the mnmanufacture o

het er oj undPLSR Fdsprtalpreanis Yapaspbase cpiy(EMOVEE). More, pafisulesly; hepresent
combi nat i RS oHBRIR YbmPbends WRY scﬁﬁlxlgé( fHGROR &M BY i HleSa c&xp;! e'd"eg%stl b gjesired
organonetal l'ic precurSor conpound, 1.e. source conpouﬁ ,Tn arderrvery
devi ce, stlign-gsrzangyn (“Sifée”) fias/i Sugh Ablmoart hsdfuldo thratinthctude of deposict | on

chanber. L d ari et f. cylinders be. used, dependi ng. upon the
parti cul adév%spg%ﬁ\ﬂtals 3%’%?}5%?15‘%%’ 36}88@@%%%8&%;3888&583“2 nd is a
solid, theamfdctuncleftRtetddjandtivg Bipold tbhsktorfat ent No. 6, 444, 038 (Rangar aj an

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



et al.) and U. S. Patent No. 6,607,785 (Timons et al.), as well as other
desi gns, may be used. For liquid precursor conpounds, the cylinders
disclosed in U S. Patent Nos. 4,506,815 (Melas et al) and 5, 755, 885

(M koshiba et al) nmay be used, as well as other liquid precursor cylinders.
The source conmpound is maintained in the cylinder as a liquid or solid.

Sol i d source denpdingtlsthepeeserityipieatidd providpos A for fo 4 NEd sRédnPsatirdted
transportab{on to the deposition, c argbglr. 13 Accordingly, the_present
for de

i nvent i on*? Wfa%@mgtaﬂwowomﬁsw f %P#t#@siadn@ﬂrfé@ﬁpgﬁmlwn’ with an
or ganonetgarhidurf QR brABingkdns MR & 14 cIBROS lv%g%o? agp'z.sm%h Hrstdh pa&&gtaweggeﬂg
to a c vapor

silicon, ~germanium and conbinations there em ca

deposi t i dBVingsa elengaied edinddcahshapedpartiombayingandnnes senfige badng g tiossisectie, a

shaped p ' i | f rf havi.n Cross-section,. to

cl osure gﬁ’#’ %@%HQ%HHH%% '%Jca){rlﬁglc(f%%ﬂerpg&%%nr’t ,63?,1?0]?15, cp O%ﬁ%vérﬁgra@ lB%F PHBire

havi ng arfor th éttrodpetioniog a chroier gdsand ai swlbticpendiy, Ok chngaed ¢y8indGas slaped an

out | et operljthrﬂl_lgi it he ﬁl o€$at ed. cylindrical shaped_  portion having a chanber
cont ai ni rRYTEINE SIS FSRAMRH Gopf SPF CEOE RS SAEStalic coppRymds of fagmlal (NR1R2) a
M(l) wherein Mis Si or Ge; R and R2 are_independently chosen fromH,

al kyl, alkenyl, alkynyl and aryR}, eac®NRBBI s | ndependent |y chosen from

(d-c12)al kyl, al kenyl, alkynyl and\awvyl, provided that R3 is not

cycl opent adi enyl ; each R4 is indepengdgntly chosen from (C3-Cl2)alkyl; X is
hal ogen; a= 0-3; b= 0-3; c= 0-3; d:/b- . a= 0-4; and at+ b+ c+ d+ e 4;
wherein R3 96 R4; wherein the suf& of aHg b a a + d are each < 3;

provi ded that when M= Si the sumof b + c is 3; the inlet opening being

in fluid GrerEHng & Wit bgi [ '
conmmuni cati on \;!B\Inifsflltoﬁge’\gﬁt Igne‘{ﬁﬁaggﬁ?n : H?%%%%ﬁl@%ﬁ?%i%%%&é%ﬁﬁﬂt he

present | #Wvlese¢oll’ ip insigpendenthyrehaspdrom (G-Co)alighetkeny) alkyypard aglppovidedn of

netal fil i3 Ol epdev] or f.eedi fl.ui team

cat ar at ed gyt A A0S ARRRYL TEER R I Bade B R Rl PBlO T KT he
sour ce combagenda iF9-3;ypE0; | o= 03anispORt ed- 0-9; hika € dpOsH HHE= ghatibein B~
passi ng carrie as through the cylinder. Suyitaple carrier gasses

i ncl ude ?111;{1’?" Wti’ﬁgﬁ?sbﬂh@ﬁgg?ﬂja'ﬁﬁﬂ%‘?a@gf%ﬁ pEpvadad that whep Yo i thespm of ity er
gas is i ndikeljoReliniopimitd Weisd i fREPcMmidiatidR WithhS GIRBENEd (R GamBESSEeS up
t hrough the source conpound to the headspace above 1t, entraining or

carrying Reangoin fluigk comppunientipe &ith shrpentistioneninghe carrier gas. The entrai ned or

carried vapor then passes into the
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
thercof. In general, the carrier 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
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deposition chanber. The deposition chanber is typically a heated vessel
within which is disposed at | east one, and possibly many, substrates. The
deposition chanber has an outlet, which is typically connected to a vacuum
punp in order to draw by-products out of the chanmber and to provide a 14
reduced pressure where that is appropriate. MOCVD can be conducted at

at mospherggucad If)reé'sﬁfé"bﬁﬁage LSt Wr@pna?é"g\d bdnl RRITAARIERGS aﬁrﬁﬁﬂlﬁﬁ@&a' ned at a
tenperature sufficiently high econposition of t source
conpound redpged pregsorsi {Tihe demmmn@hmnlmnenanmd ata fempenatupddfficentiydighte t he

exact te [ dto effici .deposi tion.
O o 1R hidofipB8LEE e RLARME TH8 dbfodied thifidt iyl i B8R L
reduced 200t fodl 2601 thicadxact to':rﬁpemmtsalieaedibahg Qﬁtlrﬁilzﬁi/ﬁt[ﬂdlldﬁfﬂﬁérﬁtd @Bitiol lf

ot her ene as radi o frequency ("RF") rgy genera by an RF
sour ce. éﬁn%aﬂfyeﬂ@aﬁgmr%gn fllf?ica%s&t?g °hﬁlaheraﬁ el < rezs‘meépé@s Pirate
devi ce MBOHHAGiMIR aﬂ@kﬁva@&lteﬁbérhﬁfmori@@ih'ei a{&@rsﬁeﬁlm Hey P hi de,

and the like. Such substrates may contain one or nore additional {ayers of
mat er i al $nergydteeacrated by apnBF soliept ed to, dielectric layers and conductive

| ayers such as netals. Such substrates are particularly useful in the

manuf act ur e ofSuiihde subsimates foridsposition, mﬂmwa@@flehpmadwe@mfacmm ngbesi ti on

is conti ) Q aV|n the desired
oy oport | aufitel i dPutaRf ARnAradsFial I RIRIHES iy Sh IR A Gl R dREBL
angst r onmemde adchuﬁfaalayéne o matzfials ssnoh ey, Bmsnot limsted/ 2, diclebitio (Hyeﬂ;Smd tomduetivens or
nor e V\hegPyed_g fgtlon st.0 ed Thus, i nve |onﬁErOV| des a

met hod f P RGls, Sheh ?ﬁamﬂfﬂﬁl ﬁl?ms%w ptute o€ PIGEHINE t he

st eps of cﬁ;),lcgpgmme@a@d@&cmre organonetal | i c source conpounds of
formula I in the gaseous phase to a deposition chanber containing the

substrate; b) BpeanRPE 'cBﬁtmuE@ﬁ)r%‘ﬁmgras aRred & F8MRER i Hafing B¢ deGirddompouUNds
in the deposition chambe nd c) depositing  the netal-containing filmthe

subst r at elroRfFsse Typically, ﬂ@tfslmtb@hmﬁ'ﬁ mlh@e from severad huersed angstramanto seygealiensi um
d conmbi Baki, | ae HA and

TTE may oo teh e WG bR AR AR PR T RO Bt T L Eher

provides a ”Etlfh%g‘ tﬂé;ﬁr{:@{%@rﬁ{oﬁ k&@de@'a & %%P&‘%DSSIHE A&%tal- @1 it ”gl AL

step of deposi M contarn ng I'con nati ons
t her eof swhsteate mbladmgdm stepd @fiad eomjnag met @ rhore Iotginmgethlﬂle s&ireepﬁ)anoma)of

OO e 08 (2SRRI Son SR £ (S OROUNAS 8L LT HL Blpolilyt
the one or more organometallic source compounds in the deposition chamber; and ¢) depositing

the metal-containing film the substrate, wherein the metal-containing film includes silicon,

germanium and combinations thereof. The organogermanium compounds of formulae A 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 ¢) depositing a film containing silicon, germanium and combinations thereof on
the substrate. In an alternate embodiment, organogermanium compounds of formulae ITA and

IIB may be used in such method.
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substrate; b) deconposing the one or nore organonetal lic source conpounds
I n the deposition chanber; and c) depositing a filmcontaining silicon,
germani um and conbi nati ons thereof on the substrate. In an alternate
enbodi ment, organoger mani um conpounds of formulae I1A and BB nmay be used
I n such method. 15 The present invention is particularly suitable for the

dep03| tion of Thi bﬂe%ﬂm@@;ﬁfoﬂ'xé"ﬂndﬂﬁbuﬁﬂﬂ éﬁﬁabl@ﬁfr%ﬁeﬂ&@it?&ﬁf@iﬂabﬁlgoﬂtmhﬁg and
Ge films. SiGe filns are being enp(%p(ﬁor two technol ogies. One
P

vvel | - est Athns.eReepnirap-eentaipve ifdms peshSiGs léiemmwbpmgue@wbsed\mrma thin
(40 to 8Q, _ r The
subst rate 1§%1 %S &dée‘g%)ﬂs;éstt#gﬁgegﬁ at]é#]ag’p@‘ia%gn OIPJ! (?Itr%dgn e suﬁﬁequent Si
col | ect orﬂnhl(mmoiwm) RiGhfilin is tised ek theddse &fid mgoﬁeqmﬁ@r}mtt The dubstEMOBr the
CII‘CUItI‘y rmstlyfln he er _appl i Dis he area
of strai epesttjaniof %?’hgmﬁ ghq-@%éﬂ ‘%glgqt%? eﬁﬁ"r g{"E ﬁ’laﬁg@/ cronet er
Si Ge | ayeflicoh KRS w%@?@cmsaen@hl@r!yfino%tl%r ifaRAed\efiRlotheDhppHRaRYbr Sl@etd‘\ﬂ)%r ow h
of the SiGe filma thin ZOn% mis grown. This silicon filmadopts

t he crystibg arpaehsiraimed siliconeor sride Hete avdgpsiiden ¢f@tbwk B4e p arieremetes BiGedayer .
St d t
| Teon, b LA AOKE SO yERE" Sl SlREL i Bebpl BN SELIRD. ORI

silicon. ment,  a ne evi ce
cont ai ni rfgmas grosmpTlas sidicén ﬁMadogsrﬂmrymhlhtagtmﬁhe wndietlying SiGa laybrtﬂgtraﬁm st eps

ol emeht pr%i’cy%‘*mn&ﬁﬁﬁfﬁ e ”Cé?astﬁr%lea 24 e e BBt om 00

E)OSSOOOnCt he I&%E%({%eéte@%f@mﬁ%r © Q gﬁ‘lg?ﬁ%gﬁ flﬁ\gcegpggég&?gg%gr?)}%égsn@qopl con

and ger negirdaRieh GSefsSOiiRstrdted) by e Begd ot 29rdvﬁtﬁn§ﬂ§iﬁ;kﬁaﬁé Ricludingah@tthcd 1B@r
terrperature of step |) and contjnuing the silicon precursor flowwth t

ger mani urfif 3w V<dement d&h%ﬂ@géwuémt%@dewqmmeﬁwomdo%@59 690" e

abrupt i nt &fif Refg ad rxéslme;t@ﬁé% anngfeé"ﬁorﬁ%%brsét&nﬁésﬁgﬂé& b?MDCVD
terrperature of step 1), and formng ap layer of strained siTicon

t her eby iusgeRy nfthebovendsiiribeg smf:omm@cgermmma mdecsqswd\fbmammme@ebsme
foL 1 OW NG,y X ATRS S Bl G RARERD ok Bo IR LIS A6 AU | 2R

the presen I AVeERt r’'e no 1150 e 'scopest
i nvent i orprecursan ﬂo@z&p@letelﬁhtcheﬁaﬁpuloaier @sbtin abnap(r iherfaed, dnd va mairtsiihg

at nospher i.cal Ly under an at re ni.trogen. . Exanpl e |
Di net hyl atﬁ?ﬁ'%yg F ALAYORTNG ferPRTalHS ggs“f%%‘i@,{’ﬂg %%Pﬂg%gﬁﬁq?é%%ﬁf %%ccor di ng
to the efe@by Ribroving 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 atimosphere of dry

nitrogen.

Example 1

Dimethylamino germanium trichloride is expected to be synthesized according to the

equation:
LiNMe; + GeCly = (NMe;)GeCl; + LiCl

To a stirred solution of germanium tetrachloride (50 g, 0.233 moles) in pentane (100 L)
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
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Li NMe2 + GeCl4 4 (NMe2)CGeCl3 + LiCl To a stirred solution of germani um
tetrachloride (50 g, 0.233 noles) in pentane (100 nL) maintained at 0 C

i s added dropwi se a solution of lithiumdinethylam de in diethyl ether
(11.898 g, 0.233 noles, 50 nL) via pressure equalized addition funnel. The
addition lasts for 16 approximately 30 m nutes. Wien the addition is

conpl et egpprbiifhateBS3 titbs MitecH iR ddditdh MRS, 11! O hg Wik kL R allSRE to
tenperature after which a suspension is expected to be obtained. Wen the
suspensi sewheweineto ropm éereparaivngafterivhiplbe puspensiogisexpeeted toderabtaiaedusi ng a

si phon technique. The precipitate of lithiumchloride byproduct is washed
wi th fresh peMihsnhesmspensien saildeshibn gepearatant mpthenkigur isisepasitphusing meiphon

ni trogen, at ns re. _and. are..subseguent | onbi ned . Wit he not her, | i quor.
The. pent AALREM, o FheGr RS i RURRER AL ket P Sbenolin rntp AR e

di sti | | atwashingsyardrephiafed vid@phopantieraitr@a Stniaspkde, Gnd IRSulsspentle dombinete

pr oduct ob&F'ned naf be _further &yrified by vacuumdistillation and is
expect ed i ¢ wpthenhignerp g peptage/sihgr sokyents areobrmesioyrd Yin atmspherig@ressge of

met al | i ¢ gispRbtidntyaRaRtne FaaiirGnaR o/ QP IC - THRIRAG &udﬁgfo&%f)&%ih'écﬁmw be
e IS used I nstead of

Exanmple 1 is repéated except that silicon tetrachl or
ger mani ufther purefinddni eeuum distilation pad iseapectedse aishd ighipariti dialindlasgngi | i con
trichlorigd ' 2 allic inpurities of <
5 ppm 1 E%%ﬁ%?%ﬂéﬁﬁﬁﬁéfég%@ﬁ%@%&ﬁ ﬁggﬁﬁ%ﬁg egggvef%ected to be

synt hesi zed according to the equation: EtMBr + GeCl4 - Et GeCl3 + MyBrCl
To a stirred solution of germaniumtetrachloride (50 g, 0.233 noles) in

di et hyl ether (100 i) naintained at 20 C1 i,s added dropw se a sol ution of
et hyl magnesi um brom de in di et hyl eFﬁ%ﬁﬁéé.233 noles, 78 nL of 3.0 M via

pressure equald zed addition funnel. This addition |lasts, . f.or. appr.oxi mately
25t ee. - vizh DasBR b B T opepie Burot ot Moon Tiobigri in BRI A

al | owedcI geﬁn%ﬁm/?trmbgdd aiv\lycllriﬁénpeéh tedIRarépaty ﬁal&i;laﬂxﬁxTME@h ﬁ:acmarﬁia.e mRéoN is
expected to. be obtained, en the suspension settles, the supernatant

not her Iﬂﬁﬂ%wtF§H§QBQF%P@@¢9§PH§MQC§P§HHWS°f§éWﬁWﬁue. The expect ed

preci pitate of magnesi um halide byproduct is washed with fresh

di et hyl et her and the washings are separated via siphon under nitrogen

at nosphere, and are subsequently conbined with the nother |iquor. The
ether solvent is then renoved via
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at nospheric pressure distillation to | eave the expected crude product. The
reaction mxture 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 germaniumtrichloride free of netallic
I mpurities and organi c solvents. Exanple 4 The procedure of Exanple 3 is
repeated except that silicon tetrachgpmiglesis used instead of germani um
tetrachloride and is expected to provide ethyl silicon trichloride. Exanple

5 Et hyl ger magj | =116 d : 4 di.ng to
t he equation:Eﬂl?iF%%rﬁl&ﬁHG%%{é?g&}deE? C%@ﬁ%%‘ﬁg%ﬁg%%ﬁhéﬁtp?g g‘o ution of

germani umtetrachl ori de (%'%B Q. é’é@hm;l %?%e(::l%]._}?w@p (100 L) nmaintained
a so ethyl'Tithrum

at 0 C, is added dropw se fution of I n benzene/ cycl ohexane

(90:10) (0. 257H0lsfi3ed HAfhcklos Blrnfinfiad frridforPle F5°4 038 W AEG AL QB0

funnel. This addition asts®tor approxi mately m nut e
addi t i onnily mmmipined &,0° Chis addsidropwige asoltitioreofiethylradgnesime biemigé mdigthylar m t o

roomtenpera af.te [ uspension is. e cted. .the. 18
Coopens: Siebit B atoies hattid Eud Siprorsin emaliegl Bitiios huwgh, Chisardiem s

si phon t getupbpstimatdii@s nfXREC WHerhE 6ddiiidrPis Godpletelthé tegnliiAg h@ulRYPAIRMeat 1S
washed with fresh cycl ohexane and the washings are separated via siphon
under ni ¢ SGWH SarmSe serm tempgragra plerwitch & sHsReGiIeR At sxpectedietiembiringdt h t he

mot her |iquor. The solvent m xture is then renoved via atnospheric pressure
di stillation tWhendhsmsparsion setes; the supanepsans meghse liquor isscpaated PHAS Adivhar e i s

then heat fle.oPhd (?([pg«ged gHﬁiite[gg?Prﬂa ie};iuﬁ%ﬁ%ﬁ %ﬁdﬁéﬂ? Ghaffla GrithdesR " 0duct

may be further puri ract i onal atron and I's expected to
yi el d hi ghetindethenand theywashisegnarm separated Whbiphdmmder mroge atreosphérecandiargpuri ti es

and or ganj | yent s.. Exanpl.e 6 The. procedure of anple 5 is repeated

xcept r AufssBiats Sbpiob SIS porlliigBbe e e Slvem F BepdrriarLi

t7 etr ﬁclhl mmﬁl@hambrésmmugm tb geapé thei eﬁﬁew&d}%‘lﬁde%irddugﬁ ﬂI‘Herré&Hﬁ@fdi}d&e iExanpl e
Et hy rmane .i s_exp ed.to be synthesized accordipng.to the equation:

Et GeC13 Hon Bt oS EO0T ysigg %ﬂl@%hﬂmﬂm%wa B¢ Gberpiricea e

SUSpensi GFacRbnabdieERdtioh AHY I RPecRUD Yiel Bhibh Bihrity ety Yor@bnium 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 frichloride.

Example 5

Ethyl germanium trichloride is expected to be synthesized according to the equation:
LiEt + GeCly = EtGeCl; + 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
(50:10) (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
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NaBH4, 0.5 noles) in n-butyl ether is added dropw se Et GcC 3 obtai ned from
Exanple 5 (50 g, 0.240 noles) dissolved in n -butyl ether (100 nmL) via
pressure equalized dropping funnel under nitrogen. An expected exothermc
reaction occurs yielding a gray suspension. Crude product is distilled pot
to pot under vacuum along with sonme n-butyl ether solvent. The expected

final  prsegesdion stilef@Re dupeinatafitndth&Mqlod béflarddd\Ring\dl siphboh dehhigitd| The
distillation. Exanple 8 Bis(dinmethylam no) wg;r mane 1 s expected to be
synt hesi £8RFcisd pEciniiaty of dithivme halidedyyproduct is wpahiey with Gesh ayclahexang and hrve2) 2GeH2

+ Li Al H2 : g - | I duci
agent (0. Eonp e SQRREPG s e S RADRER S e R H6R3Eli 1 "
dr opwi se combizgd 2ih Gie 1Bother IRRAA Thelselypntdnixtmd iselbni remdedrvidatingiphetitipressuien
< axcpo ARG dro HR ek A aretie e et o e LA 0T Blict
i's distilgd esinpai ofl BathOThe ehipdered VinGsprdtiadt AR boifhrthes Sipidd-vaa ity fracBbRA T

solvent. The expected final product may be isolated fromn-butyl ether via

fracti onastiflpteqn and s exprctediosneld bigh PyRE stind cemanamprickerdpfree of mefallie peat ed
except t habuiie G ¥aiqe) silicon dichloride is used instead of

bi s(di met hyl am no) dgernmani um di chl oride and is expected to provide
bi s(di met hyl am no) si |l ane. Exanple 10 Di nmet hyl am no et hyl gernmani um
dichloride is expected to be synthesized according to the equation:

(NMe2) GeC13 + EtMgBr - (NMe2) Ge(Et) CEl. 1Br To a | ow tenperature
stirred solution of (Nwe2)Gd 3 (50 g—a’Bm%g . 2241 noles) in diethyl ether (100

m.) is added ] [\?QE i i : I . 2 Vi r. r
equal i zed dr g%gp}r%g(ﬁjﬁ%%e ur#éée]sr gr{ I EEGP éoégee%].';f"rl}gx{rllmt(esx o‘%ﬁet%c@g%l%%%tﬁls ‘J'l[(%‘nlgl&galél o
expect ed gemeduiim ¢etacliosgensliivexpedibito peaydde éthd silicon eidghiopidact is distill ed
fromthe mxture under full vacuumto yield product mxed wth diethyl

et her. The expected final product is obtained via fractional distillation
at atnospheric pressure after renoval of bulk diethyl ether solvent. The
expected product may then further p®BxaipRd by one nore fractional
distillation. Exanple 11

Ethyl germane is expected to be synthesized according to the equation:
EtGeCl; + LiAlHs; - EtGeH; + LiAIHCl;

To a room temperature stirred suspension of excess reducing agent (either LiAlH, or
NaBH,, 0.5 moles) in n-butyl ether is added dropwise EtGeCl; 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:

(NMGz)zGGClz + L].A].H4 - (NMez)zGeHz + LiAleClg

To a room temperature stirred suspension of excess reducing agent (0.5 moles, either

LiAlH,4 or NaBH,) in n-butyl ether is added dropwise (NMe;),GeCl ; (0.2241 moles) dissolved in
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The procedure of Exanple 10 is repeated except that dinethylam no silicon
trichloride is wused and is expected to provide dinethylamno ethyl silicon
di chl oride. Exanple 12 Di nethyl am no ethyl germane is expected to be

synt hesi zed according to the equation: 20 (NWe2)Ge(Et)Cl2 + LiAIH4 -

(NMe2) Ge(Et)H2 + Li AIH2C12 To a roomtenperature stirred suspension of
EXCEeSS T QChfyl @ﬁhe@ﬂ@ﬁlfess(u?e ulied Sroppig ahnel hhddk tfroBén. B@t%he‘nﬁlcr}eg&ﬁéﬂ {s ether
i s added drdpw se ) GeCl12 from Exanple 107 (50 g, 23 nol es)

di ssol vegxpeated yldllhng/t gl‘aﬁ*t“ﬂ@tﬁ sydpangiore s"'éureap@@psia:mdp@uochump ﬁlShged‘ pattepotunder

ni trogen t C ensi on.
The expegf‘déA\Q%cr ;ﬁ&{ %?ﬁ:{ ?%s&'b‘gﬂl étﬁe ]{ag‘ﬁ] gg g)glt%l:t?%ﬂ%%i r&fu erXacuum al ong
with sonﬁgot&t&&&qﬁn&mheeth&o&iy&a&tionmmgﬂbaﬁﬁct ed final product nay be

i solated fromn-butyl ether via fractional distillation. Exanple 13 The
conpounds in the follow ng Table are expected to be prepared according to

one or nore of the previous Exanples. The abbreviations, "Et", "M" and
"i-Pr" refer to "ethyl", "methyl" apgampi§9- propyl", respectively. The

abbreviation "Ph" refers to a phenyl group. Gernmanium Precursors

NMe2) GeH3 2
ECHZ )c1+ o) g gge 90(3%5&&) @zﬁﬁe ea{e@b&egﬁ@%)(&‘ﬂéal %%@s@m&%

CH) Ge( N\VBYsed irsterg ofpiy 2 gmﬂrgu@@l@w&w&}s expeed PPyl
(Ph- CH2) %ﬁ&ﬁlcﬂlylammo)sﬁane.

Example 10

Dimethylamino ethyl germanium dichloride is expected to be synthesized according to

the equation:
(NMe)GeCl; + EtMgBr - (NMe;)Ge(Et)Cl; + MgCiBr

To a low temperature stirred solution of (NMe;)GeCl; (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:
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(Ph-CH2) 3GeH (Me3C) GeH3 (Me3C) 2GeH2 (Me3C) 3GeH (Me3C) (Nme2) GeH2
(Me2N) (i -Pr)GeH2 Silicon Precursors (NEt2)(Me)SiH2 (N -Pr2)2SiCl2
(i-Pr)3siCl (CH2=CHCH2)SIiH3 (CH2 CH CH2)2SiH2 (CH2=CH CH2)3SiH

(CH2-CH) S H3  (CH2=CH) 2(Me3C) SiH (CH2=CH)3Si H (CH2 CH) Si (NVB2)3 (CH2
2Si (NVe2) 2 (CH2--- G- 1P3Si (" Me2) (Ph-CH2)Si H3 (Ph CH2) 2( Me) Si H

Ph- CH2) 3( NVB2) Si 2 i G ATER3C) (NMVe2) Si H2
i(-Pr S Hé (21 (l\/?a)l(l\/ESC) %ﬁ?f%%?%@éﬁ IdaMe% %%I%&Ggﬁ 10 (TVE2) S

To a room temperature stirred suspension of excess reducing agent (0.5 moles, either
LiAlH, or NaBH,) in n-butyl ether is added dropwise (NMe,)(Et)GeCl, 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”, ©

“methyl” and “iso-propyl”, respectively. The abbreviation “Ph” refers to a phenyl group.

¢” and “i-Pr” refer to “ethyl”,

Germanium Precursors Silicon Precursors
(NMe,)GeH; (NEt)(Me)SiH,
(NMe;);GeH, (Ni-Pr,),SiCl,
(NMe;):GeHl (i-PD)sSiCl
(CH,=CH-CH,)GeH, (CH,=CH-CH,)SiH,
{CH,=CH-CH,),GeH, (CH;=CH-CH;),SiH;
(CH,=CH-CH,;);GeH (CH,=CH-CH,},SiH
(CH=CH)GeH, (CH,=CH)SiH,
(CH,=CH),GeH, (CH,;=CH);(Me;C)SiH
(CH;=CH);GeH (CH,=CH),SiH
(CH;=CH)Ge(NMe,); (CH~CH)Si(NMey)s
(CH,=CH),Ge(NMe;), (CH,=CH),Si(NMe;),
(CHz=CH);Ge(NMe) (CH;~CH),8i(NMe;)
(Ph-CH,)GeH, (Ph-CH,)SiH,
(Ph-CH;),GeH, (Ph-CH,),(Me)SiH
(Ph-CH,);GeH (Ph-CHa)s(NMe,)Si
(Me;C)GeH, (Me;C)SiH;
(Me;C),GeH, (Me;C),SiH,
(Me;C);GeH (Me;C)sSiCl
{Me;C)(Nme,)GeH, (Me;C)(INMe,)SiH;
(Me;N)(i-Pr)GeH, i-PrSiH,
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(Me) (NMe2) GeH2  (NMe2) (Et) GeH2 (NMe2)2(Et) GeCl  (Me3C)(Nme2)GeCl2 i-P]
2(NMe2) GeCl (Et)(Me3C) Si H2 (Me2N) 2Si Me2  ( Me2N- C2H4) 2Si H2

(Me2N- C3H6) (NMe2) Si H2  ( Me2N- C3H6) (Nwe2) (Et) SiH (Me2N- C3H6) (NMe2) (Et) Si C1
(Me3C) (NMve2)SiCl2 (i-Pr)2(Nve2)Si C1 Exanple 14 Tert - buyl met hyl ger mane was
synt hesi zed according to the follow ng equation. CH3GeCl3 + (CH3)3CwCl ->
(CH3) 3CGe(CH3) C12 + %/gcnz (CH3)3CGe(CH3) 2 + Li AlHA - (CH3) 3CCe(CH3) H2 +-
Li Al H2C12 To a stir B8 on of et hﬁ%@f’ﬁﬁﬁmm trichloride (52 g, 0.24
ol ) in ethyldigl ynePr,GaQ0 nl) naint ai nediea,sivie] ow 40 C was added dropwi se
a solution of terthby Té ium chlorigeNdybgly! diglyme (0.275 nmol, 250
m) via pressure equa i zed addition funne ﬂ‘ addition lasted for 180

m nutes. \Wen the ad@YgHas conpl et edMePHeHd@EISEN ni xture was added

to a sti {red ][n xt ur(elmf)(Et)G&tal um hydride Mg}kﬁmmegggsmdl gljyrr;a Eigo )rrL)
using a transfer dgﬁ’ﬁ{) IFEG%C dropwi se nma - M/g &P oduc g) was

obt ai ned by vacuum atlon at 32 confirmed by NVR to be
the desired ger mmne®™espasddeited wi t h sdMpEPMeddE spectrum contai ned a
quadrupl et at 3.82 @piNMeseqgl et at 1. O@ppMNeaBidia triplet at 0.14 ppm,
corresponding to GeH2, (CH3)3C and CH3, respectively). Exanple 15

Tri met hyl propyl ger mane was synt hesi zed according to the foll ow ng equati on.
(CH3)3GeCd + C3H7MyCl -) (CH3) 3Ge( C3ki: Cl2 To a stirred solution of
trimethyl germaniumchloride (120 g, 0.78 nol) in butyldiglyme (200 m)

mai nt ai ned at TeglmvinthyizaamARSeInBlERRYas&rding @) Mt kowdis Auitiapy| magnesi um

CH3GeCl; + (CH3):CMgCl = (CH:3)yCGe(CH3)CL, + MgCly
(CH3);CGe(CH:)Cl, + LiAlH, > (CHs):CGe(CHs)H, + LIAIH,ClL

To a stirred solution of methylgermanium frichloride (52 g, 0.24 mol) in ethyldiglyme
(100 mL) maintained at below 40° C was added dropwise a solution of tert-butylmagnesium
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 GeHz, (CH3)3C and CHs, respectively).

Example 15
Trimethylpropylgermane was synthesized according to the following equation.
(CH3)3GCCI + C3H7MgCl 2> (CH3)3GG(C3H7) + MgClz

To a stirred solution of trimethylgermanium chloride (120 g, 0.78 mol} in butyldiglyme
(206G 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
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chloride in diethylether (0.780 nol, 390 nL) via pressure equalized
addition funnel. The addition lasted for 120 m nutes. Wen the addition
was conpleted, the reaction m xture was 22 heated to gentle reflux for two
hours. The crude product was obtai ned by vacuumdistillation and was
confirmed by NVR to be the desired germane. The crude product was further

puri fi ed heatedtol defitlé feflax f@Mab hers! The EhidOprodidd wgs obthiGedibyvalQubiistibxampl e 16

Tri met hyl |3 r opy. gergane vvas synt hesi zed according to the follow n
equat i on. (‘P e desiredperias (thpgrydeprogyc wasyriber purifipd g

sol uti onvp.insea%ﬁ&%azﬁrs%{ﬁﬁon'(ﬁo Cg%ddéiw*/%ﬁe (750 mL, 1.05 noles) was added
at room tenperat ure neat (130g, 848 nol es) in a controlled manner

via 16 gauge stainless steel cannul a. The addition took 3 hours during
which time the tenperature rose to ca. 50 C. After the addition was

conpleted and the m xture was allo | to room tenperature, crude
product was isolated by full vacuu%@?% with heating of the pot

at ?r?gSL'e?. cal f?ﬁﬂ&%&hfﬁ“ﬁfﬁrﬁ%%”e B EETAE o e ”:’e Bt ol umn 1o
Yi = 779 1H

b lsch{“?L% cont a ﬁ%fﬁstth”%sﬁz%“ﬁﬁg ?;Wa@ﬁ%gm &' 5. 54 lpp?m and a

Beanple 17 D ROADPBEP Ry hee] gub il EmeTE o PEBRARb: ai ng 1o

the fol | addabat r@aueetmpmmréﬁbﬁmam (130g, OMN4C D2} nﬁﬂdﬁhmlmém[er G“hgeH3) 2 }
C3H6] Ge( CH3) 3+ Cl2 To a stirred. solution of exce

di met hy| & ¥ Sl FEpiamibn pdsditiontoply 3 hows #Wlaﬁwaﬁ tegemperaBicesse was
added at th@RIBOEMPETRHLRAdNBA WalBRiktbd bRPNG mlﬁm%ﬁqhs\%éd foboofto G 1 O | ed

manner. The addition took 1 hour during which tinme the tenperature rose to
ca. 44 (empgraigre, pryde prodnetivea Im@éedchyr@llera@unmmienwhmﬁtmg@f tepohgadusdlyt o

{emper at i & Sreiy 4fT8ak e HeGrifEped QB Aot QUE BB IR

in control}$ ﬁdraaamnmcketmcbarmhm fogyald a ot fraation glsﬁﬁmgbetwmemm}ev" Ol95g,

(100" i) PGP ORE e ppaft ElreR eleER e vish Aarviblel o G B

organi ¢ |saygétat W6 PpiicoRespedhg CH;, CH and GeCH; rcspectlvely.

Example 17

Dimethylaminopropyltrimethylgermane was synthesized according to the following

equation.
(CH3)3GeCl + [{N(CHs)2}CsHe]MgCl > [{N(CHs)2}CsHe] Ge(CHs)s+ MgCl

To a stirred solution of excess dimethylaminopropylmagnesium chloride in
tetrahydrofuran (0.38 moles) was added at room temperature neat Me;GeCl (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 fo 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
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nmol ecul ar sieves (5A) over 16 hours. The solvents (tetrahydrofuran and

di ethyl ether) were renoved by atnospheric pressure distillation, while the
crude product (45 g) was obtained by vacuumdistillation. '"H nnr spectrum
confirmed the product to be the desired

di al kyl am nopropyl tri net hyl germani um Exanple 18 Tertiary-butyl gernmani um
tri chl or intigecos sisyRI(hREdEE U6 BOL QT The@Ivefitsi(fR@alBALtFidan Bad dit@yivBiet) weréeCl4 -
tBuGeCl3 + MgCl2 To a cool stirred solutjion of germaniumtetrachl oride (95
g, 0.443TFRPYEE Pyaimasphsric pressye drtiliationgwhily thegrude arodaet (43 glves obfgiredbyded

dr OpW S€ vl MiIAReRT H niikipebniRGBRR I he A Sdciofk dig di 91 yme (0. 422
nol es, 410 nL of 1.03 M via pressure equalized a gltl on funnel. A slight
excess ofdiajieiaminopropylsinethigesmaeforanas mai nt ai ned. This addition lasted for
120 mnutes. When the addition was conplete, the resulting m xture was
allowed to slowy warmto roomtenperature after which a suspension of
magnesi um chl ori de was observed. The product, t-butyl gernmanium
trichloride was isolated by vacuum di &ampletiBon from t he nagnesi um chl ori de
and butyl diglynme. The vacuumwas slowy lowered to full vacuum and the

t enper at ur e wdsrtiarypbgichetaarfitin @ichdoridetvais Byittheized aedordiigmitd equitich: cr ude
product was found to be contam nated with trace butyl diglynme as verified

by FTNVR. The crude produeBuMgs! FUGEORT >ptBudeCpd+yigal,second  vacuum
distillation. Exanple 19 Tertiary-butyl germaniumtrichloride was

synt hesi zed adeaerddoldiried sélioreefRith &hum tétBuNBEe (95 @644 mbleb)BHGeEl3 + MyCl2
To a cool .stirred sol ution of germani umtetrachl ori .dewgloo g@ 0. 443 nol es)
in | neardiglymeg (1500 asigtamsd et (G, wasrddedidienyise 2 iution b Ebuybmaensrispni se a
sol ution dforide MBI dIRGRE T4 meIRY, UMb AR, 56165 WY Didlprebifie e%ﬁaﬁzéﬁﬁamahes , 233
m. of 2.0 M via pressSure equalized addition fu_nn«_gl. A slight excess of
ger mani urfimeelr Achgekerss olgermaninmna¢trachloridves meidiairiedn Thisstidition bsted g 120
m nut es. t it j ' r owed
ool ou yhagies, et sl W32 ocibBle o sl RSB W el P
chl ori de mars tabpeatunechiterNkicly a euhpedision’ef ntaghesiyh cljeridewassbsenved: MTherpreduct, and
di et hyl ether. were.re d.,fromthe reaction. mxture b vacuum .
di st 11 att i) et ichionde gy isplatert byacnpuaisWliipn Somtibe BRgssEhlsride
di sti || atdndbutyd diglydhd VEielvASuuRt WEY slowiyl1eWerbd® R FBMRAIn £1d (RS REfperalié RadPr oduct
was obtai ned by the purification of
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 + GeCly > tBuGeCl; + MgCI2

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,
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crude product by vacuum sublimation (40 g, Yield = 37 %9. Exanple 20 A
group of Si,,Gel, epitaxial structures are expected to be grown by MOCVD on
(001) sapphire substrates. MOCVD i s performed using

bi s(di et hyl am no) si |l ane and bi s(di net hyl am no) - ger mane as precursors, and
H2 and/or N2 as the carrier gases. For this group of layers, al to 2 prn

thick Si @uRGegermahidiatichisridd, éﬁédlétlﬁ?leéiﬁe‘%‘livei-&eﬁl%v&f ﬂéﬁﬁ tlfé”:e&"eh%h kmﬁﬁf& by
substrate. ~Subsequent | 'ayers of conposi tion Geo. 2, SI0 7Ge0°s, and

Si 0. 6Gen vacupedigilstion. e Bhe tgsublentgnasonial yas then@ulvw:dfg atm@ph@@silstﬂbmrr @te of

t he ger rrgéya:wp n 350
C and 45 ' &?‘%%ﬁ%%& EP %ﬁ oawf%hérﬁ%@%tgragb%@ggga{e%ﬁﬁ‘% i con
pr ecur sorride produst lyontuum eubliniatibn {(40ez, Yesldre37W6). pr ecur sor fl ow corrpl et ely
switched off, in order to obtain abrupt interfaces. Silicon deposition is
thus carried out using the graded SiGe as the underlying |ayer, and
epitaxial strained silicon |layer is expected to be deposited as the cap
layer. 25 Germanium Precursors D tEtdmpii2y! germane Mono-tert-butyl
germane Tri-tert-butyl germane Mono(di nethylam no) germane

Bi s(di met hyl a @eﬁ;f SESIBE e?%iai GteioNREd WL BXpbRd 18 @ﬁﬁﬁ by MOV DEInt (061t Y
germane Tert-Bu di net hyl am no) germane [ so- Propyl
bi s(di netSP'RﬂhéB?ﬁF‘?%'}‘@ Fﬂéleddlﬂ%gl iydimetiydanype)sijancasd t - but yl ger mane

Nbno- i SO*’?—%‘.%‘LF@?%’“@@%%H ng bRCaR a0 o Bkl Fok Bl 2Bl V!

ger mane | con cursors
of layers, a 1 to 2 pm thick Sij, 9GCQ_1 layer is first expected to be grown on a silicon substrate.

Subsequent layers of composition SigsGeo 2, Sio.7Gegs, and SigsGep 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 Si;.«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.
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D-tert-butyl silane Mno-tent-butyl silane Tri-tert butyl silane

Mono( di met hyl arni no) silane Bis(dinethylamno) silane Tris(dinethylam no)
silane Mbno(di et hyl anuno) siilane Di-tert-butyl silane

Bi s(di ethyl am no)silane Mono-tert-butyl silane Mno-tert-butyl silane
Dichlorosilane Disilane Tetrachlorosilane D nmethyl dichlorosilane 26
Clains 1. A nethod of depositing a netal-containing filmon a substrate

conprising the stgps of: ae) ) more _of the organonetallic.
conpounds of for rY rapium Precurs licon Precyrsars.: o : -0 hanber
cont ai ni ng t he substr-atydgenmRnd e R~d,,, | Ditet;byR#ne X / Hb (1) wherein M

is Si or Ge; Rl apg@hRsu: dhgdependent Iy ghgserdftmt. al kyl, al kenyl,
al kynyl and aryl; each EFﬁgi s 1 ndependent ij choseljél' Parng'm (C-C12)al kyl,

al kenyl , al kynyl . TEEPUASP™aR6, ovi ded  t hatTHRePu&1HBIe cycl opent adi enyl : each
Wi s i ndependent | Momktishylafminoypein@®- C, 2) al Kydnp(didtethglamibikigen; a = 0-3; b =
0-3; ¢ = 0-3; d =gQurrethBarmindsdmar@Nd @ + b g Sk Wnerein W36 R-;
wherein the sums of_(ae+95tl)m%°(r?1 "2+ d are ea%sl_%&_ge ; progs\llf?dged that when M Si
the sumof b + cTiskdinetylamize) sgmpesnnosi ng t HWeldgs@yiyriagslee or ganonetal i c
conpounds in the HNepasibindpenehanber; and MjnodRphghtind)glahdie netal filmon

the substrate. ey Butyl(dimethylamino) germane Di-tert-butyl silane

Iso-Propyl bis(dimethylamino)germane Bis(diethylamino)silane

Di-tert-butyl germane Mono-tert-butyl silane

Methy! tert-butyl germane Mono-tert-butyl silane

Mono-iso-butyl germane Dichlorosilane

Trichloro iso-butyl germane Disilane

Trichloro tert-butyl germane Tefrachlorosilane

Trichloro ethyl germane Dimethyl dichlorosilane
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2. The nethod of claiml1l wherein M= Ge. 3. The nmethod of claim2 wherein d
= 1-2 and e = 1-3. 4. The nethod of any one of the preceding clainms wherein
R~ is branched or cyclic (C3- Cl2)alkyl. 5. A device for feeding a fluid
stream saturated with an organonetal | ic compound suitable for depositing a
metal filmcontaining silicon, germanium and conbinations thereof to a
chem cal Qramer deposition systemincluding a vessel having an el ongated
cylindrical shaped portion having an inner surface having a cross-section,

a top cl asur e Apaethd®6f @pPekidnd Dbtk ASHE Slm Bﬁhrsﬁ&&atetchﬁlpﬁﬁﬂg fHQRYE 6F: a)
portion having an inlet opening for the rntroduction of a carrier gas and

an out | eCOR{FEBNGS of meref eras@emeialliarompenndssif rewlalon rigaseonsphiangion
chanber ggl?g R BIMBY co m&@qg@é@gg{tg conpound of formula | 27 R4 e R3d-~
' 1 |

i (12), wher el n and R2 are independently chosen
fromH, alkyl, alkenyl, alkynyl and_aryl; each R3 is independently chosen
from (Cl-C, 2) aI kyl , al kenyl al kynyB eand alr)ll provided that R3 is not

cycl opent adi enyI each R4 |s [ gl osen from (C3-Cl2)alkyl; X is
halogen 0-3; b= eQﬁMid e =0-4, and a + b + ¢c +d +

e = 4, mhereln R3 OR4; mhereln t SGN§ of a +banda+ dare each < 3;
provi ded that when M= Si the sumof bHyc is < ?( the inlet opening being
in fluid communication with the chanber and the phanber being in fluid

of ot al ieRi i 8 bG8 AR SR8 Hdbng ity Mo BRI A b SR Yo hOR of
formul a B eachR’Bs maepbnammmnmm R G2y, tenglealkyryl ¥ai arpl provided

that R’ is not cyclopentadienyl; each R* is independently chosen from {C;-Cyz)alkyl; X is

halogen; a=0-3; b=0-3; ¢=03; d=0-2; e=0-4; anda+b+c+d+e=4; whereinR®> #

R*; wherein the sums of a + b and a + d are each <3; provided that when M = Si the sum of b +

¢ 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 € = 1-3.

4. The method of any one of the preceding claims wherein R* is branched or cyclic (Cs-
Ciz)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 fop 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



O A wherein R and R2 are independently chosen from al kyl, al kenyl,

al kynyl or aryl; each R3 is independently chosen from (Cl-C12)al kyl,

al kenyl, al kynyl and aryl; each R4 is independently chosen from branched
and cyclic (C3-C5)al kyl; each R5 is independently chosen from

(C1-C12) al kyl, al kenyl, allcynyl and aryl; Xi s halogen; a' =0-3; b =

0-2; ¢ =1-3;, d =0-3; a" + Db +R +d = 4; a7= 0-2; b" 02 e" =
1-2; f " =0-2; a" + b" + e" f " (m(l P- in at least two of a", b" and
f " 96 0: provided when }-{ /f R 2, and R4 = (CH3)C that RS FE
CH3; and provi ded that R3 S bra or cyclic (C3- C5)al kyl when c' + d'

= 4. 8. The conmpound of claim?7 erei R3 is branched or cyclic
(C3-C5)alkyl. 9. The conpound of claim®% or 8 wBrein e" = 1-2; f" = 1-2;
and b" =1-2. = 10. ' The conpound of claim?7, 8 or 9 wherein d' = 1-3 and b’
= 1-2. 1whewinMister 65 Rlapd |%r¢wg€pandqetlyaqhosren frﬁméhaléwisalbsﬂrdmﬂ@gﬁwl,m ng

the stepgagiRr® 1§a)xde98i?!¥rﬁ1§(/'cﬂ&en &Mg@@%%ﬂéﬁ}ﬂ&ﬁ%ﬂﬁwﬂﬁm& o B0 1b516tn a

|
gaseous phase to a e OS| tron c Cont al nin bstra
deconposi®HgereAad lﬁ?ybﬁﬁh%tlﬁmﬁ@@%mmﬁmﬁ (@st'%z)eﬂ@qdoéﬁ ig hfé?g%hﬂxrr%é?b =8 ¢)
deposi ti ng-d-ged aoak =fold; @R +bRe SPPELUABereid B #R* wherein the sums of a+band a +

d are each < 3; provided that when M = Si the sum of b + ¢ 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 ITA or IIB:

R}y (NR'R?), R%. R
Gé | Ge/
/ \
X Hy A X Hy (uB)

wherein R' and R? are independently chosen from alkyl, alkenyl, alkynyl or aryl; eachR®is
independently chosen from (C,-Cy,)alkyl, alkenyl, alkynyl and aryl; each R* is independently chosen
from branched and cyclic (C»-Cs)alkyl; each R’ is independently chosen from {C,-C;p)alkyl, alkenyl,
alkynyl and aryl; X is halogen; 2’ =0-3; b’ =0-2; ¢’ =1-3; d’=03;a’ +b’ + ¢’ +d’ =4; 2" =0-2; b" =
0-2;¢”=1-2;£7 =0-2; a” +b” + " + £” = 4; wherein at least two of a”, b” and £ #0; provided when
a”=1,¢"=1,f"=2,and R* = (CH,)C that R’  CHj; and provided that R® is branched or cyclic (Cs-
Cslalkyl when¢’ +d° =4,

8. The compound of claim 7 wherein R? is branched or cyclic (Cs-Cs)alkyl.

9. The compound of claim 7 or 8 wherein ” = 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.
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