GERVANI UM COMPOUNDS Background of the Invention The present invention
relates generally to the field of gernmanium conpounds. In particular, the
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For certain applications where high speed and frequency response of an electronic device
1s desired, silicon-only devices, e.g. silicon bipolar transistors, perform marginally and the
introduction of germanium is necessary to obtain the desired functionality. 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

gatlium-arsenide HBTs.

The higher gain, speeds, and frequency response of silicon-germanium HBTs have been
achieved as a result of certain advantages of siticon-germanium not available with pure silicon,

for example, narrower band gap and reduced resistivity. Silicon-germanium may be epitaxially
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U.S. Patent Application No. 2003/0111013 (Oosterlaken et al.) discloses an apparatus for
the deposition of silicon germanium layers. This application discloses certain source compounds
for the vapor deposition of germanium, such as mono-, di- tri- and tetra-chlorogermanes. Such
compounds may not be suitable for all germanium vapor deposition applications as their
decomposition temperatures may be too low. For example, monochlorogermane is known to

decompose at temperatures as low as 25° C.

There remains a need for germanium precursors that offer an optimized deposition of
germanium-containing films at various growth temperatures. Such growth temperatures

determine the properties of the germanium-containing film. A limitation in growth temperature



need for germanium precursors for CVD that are safer to handle. Sunma of
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wherein each R! and R? are independently chosen from H, alkyl, alkenyl, alkynyl and aryl; each
R?is independently chosen from alkyl, alkenyl, alkynyl and aryl; X is halogen; a’ = 0-4; b’ = 0-
4;¢c’=0-3;d’=04and a’ A = 4; provided thata’ + b’ <3whenX'=CLR= H, and
X = ClI; b) decomposing the two or more gennanium compounds in the deposition chamber; and

¢) depositing the film comprising germanium on the substrate.

Further, the present invention provides a method of manufacturing an electronic device
including the step of depositing a film containing germanium on a substrate wherein the film
including the steps of: a) conveying two or more germanium compounds in a gaseous phase to a
déposition chamber containing the substrate, wherein a first germanium compound is a
halogermanium compound of the formula X'4.aGeR,, wherein a = 0-3, each X' is independently a
halogen, and each R is independently chosen from H, alkyl, alkenyl, alkynyl, aryl, and NR’RY,
wherein each R® and R* are independently chosen from H, alkyl, alkenyl, alkynyl and aryl, and

wherein a second germanium compound has the formula



b wherein each R and R2 are independently chosen fromH, alkyl, alkenyl,
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wherein each R’ and R? are independently chosen from H, alkyl, alkenyl, alkynyl and aryl; each
R}is independently chosen from alkyl, alkenyl, alkynyl and aryl; X ishalogen; a’ =0-4; b =0-
4;¢’=0-3;d’=0-4and 2’ + b’ + ¢’ + & = 4; provided that 2’ + b’ < 3 when X! = CLLR=H, and
X =CL |

Stitl further, the present invention provides a vapor delivery device suitable for feeding a
fluid stream saturated with a germanium compound suitable for depositing a film containing -
germanium 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 two or more germanium compounds; the inlet opening being in fluid communication
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Descri pti Bﬂnﬁﬂmflﬁgthfa 4 on As used throughout this specification, the
foll owi ng abbreviations shall have the follow ng nmeanings, unless the
context clearly indicates otherwisgs C fNRégzr)@es centigrade; nol = noles;
g = gram ca. = approximtely; and p‘?n\g icron = mcroneter. "Hal ogen"
refers to fluorine, chlorine, brom ne & iodine and "halo" refers to
fluoro, chloro, bronb and iodo. Likew/sey "hal ogenated"” refers to
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germanium compounds, such as those described above.

Detailed Description of the Invention

As used throughout this specification, the following abbreviations shall have the
following meanings, unless the context clearly indicates otherwise: ® C = degrees centigrade; mol

=moles; g = gram; ca. = approximately; and pm = micron = micrometer.

“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. As used herein, “CVD” is intended to include all forms of
chemical vapor deposition such as MOCVD, MOVPE, OMVPE, OMCVD and RPCVD. The

articles “a” and “an” refer to the singular and the plural.



phase to a deposition chanber containing the substrate, wherein a first
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groups, i . i .conpound havi.ng. t or nore al kyl groups where
at | east P\%reb %Ege gé Ey@“g?’g’gg‘gf’%ﬁ a&iﬂ?efq‘g?’évﬁ?. Exenpl ary heterol eptic
al kyl germani um conpounds include those of ,the formila R52GeHy; wherein

each.R5 i s independently chosen fidn al KR Rabkenyl, alkynyl and aryl; z =

2-3; and y = 1-2. In another enbodi menx, /at | east two hal oger mani um
conpounds are used. As used herein, t t erm " hal oger mani um conpound”
refers to any germani um conpound havi ng ohe or nore hal ogens bonded
directly to the germanium The presefd hal dger mani um conpounds may 6 have a
wi de variety of other groups bonded to the gernmanium provided that at
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of the forfrufh bxdeconperiag thettee er mosagstimaning compderpis imithe deposithnshamberpandH,
al kyl, al Kf&%bsitiﬁé “Wﬁ’coﬁ'ﬁ%in@@%uﬁz@ tlﬁle s&%gatg.z It one embodiment, the second
germanium compound is an alkyl germane. Exemplary alkyl germanes include, without
limitation, those compounds having the above formula where a=c¢’=0,d’=2-3,and b’ =1-2. In
a further embodiment, the alkyl germanium compound is a heteroleptic alkyl germanium
compound. By “herteroleptic alkyl germanium compound” is meant a germanium compound
having mixed alkyl groups, i.e., a germanium compound having two or more alkyl groups where
at least two of the alkyl groups are different. Exemplary heteroleptic alkyl germanium

compounds include those of the formula RSZGeHy; wherein each R’ is independently chosen

from alkyl, alkenyl, alkynyl and aryl; z=2-3; and y = 1-2.

In another embodiment, at feast two halogermanium compounds are used. As used
herein, the term “halogermanium compound” refers to any germanium compound having one or

more halogens bonded directly to the germanium. The present halogérmanium compounds may
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i ndependently hal ogen; and a = 0-3. The tetrahal ogermanes have the formul a
GeX 4, wherein each X is independently a hal ogen. Wen two or nore
hal ogens are pr sent in t{}]ﬁ hal og ni um conpounds, .such hal ogens_may be
the same OFCdi%! %F%PF{YOA@ T@EOUPy P%C{Z‘? t‘bfh%rﬂwmuﬂal%%%d that@t lepstpag halggasups
may be uspdoh@d tBﬁheJﬁﬂ?l xﬁ@ IR S &) e sRAIRY
limtation, (d-C)2)alk ¥ mtyplca yr - es{ Pﬁ %th%?@ee%o%PgP#P
(Cl- C4) al lizﬁerenmmemﬁycommynd@pmpéarimwmanamm campounds, thayrhet ed t o,
methyl, ej vk r n-butyl, iso-butyl, sec-butyl,

{: %e%]) fslgr Wy %n thtl, r%sei?a{ %ﬁgnﬁﬁ] .
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Ce)alkynyl and more typically (C,-Cq)alkynyl. Su1table ary!l groups are (C¢-Cjg)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.

Typical amino (NR'R?) groups for R include, but are not limited to, dimethylémino,
diethylamino, di-iso-propylamino, ethylmethylamino, iso-propylamino, and tert-butylamino.

However, other suitable amino groups may be used.

Any of the above alkyl, alkenyl, alkynyl or aryl groups of R, R' and R? may optionally be
substituted with one or more amino (NR’R*) groups, wherein R® and R? are independently
‘chosen from H, alkyl, alkenyl, alkynyl and aryl. By “substituted” it is meant that one or more
hydrogens on the alkyl, alkenyl, alkynyl or ary! group is replaced with one or more NR>R*
groups. Exemplary alkyl substituted with NR*R? groups include, without limitation,
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dichloride; tri-n-butyl germanium bromide; tri-n-butyl germanium chloride; and benzyl
germanium trichloride.

Exemplary germanium compounds, suitable for use as the second germanium compound,
include without limitation: germane, alkyl germanes such as tetramethyl germane, tetraethyl

germane, tetra-n-propyl germane, methyl germane, dimethyl germane, trimethyl germane, ethyl
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halogermanium compounds, are present in a mole ratio of 25:75 to 75:25, and more typically

e

from 35:65 to 65:35. In one embodiment, at least two halogermanium compounds are present.
In another embodiment, at least one halogermanium'compound, particularly a |

tetrahalogermanium compound, and germane are used.

In general, the two or more germanium compounds used in the present invention are
selected such that the mixture of the germanium compounds provides a stable concentration of
germanium source in the vapor phase. This is achieved by using a combination of two or more
germanium compounds, wherein a first germanium compound is a halogermanium compound.
Any germanium compound may be used as the second germanium compound, however a
halogermanium compound is preferred. In one embodiment, the two or more germanium

compounds become very difficult to separate once mixed. The more difficult it is to separate the
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ate or a (C,-Cy)alkoxy, with halogens being most
typical. As used herein, a reactive group is any group attached to the germanium that is

displaced or exchanged in a subsequent reaction.

Dialkylamino-substituted halogermanium compounds may be prepared by the reaction of
a dialkylamine in liquid or gaseous forms with a germanium compound having one or more
reactive groups and more typically is prepared by the reaction of a dialkylamino lithium reagent
with such germanium compound 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
touse. 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
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using Grignard or organolithiumreactions. Such reactions are well known to
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in a stepw se nanr{éagc.ﬂgg dglé{&%}(;eﬁ“ﬁEﬂ?qqﬁgtzr ates this reaction sequence for

i ety arm ol TR £ AIBTMEBGe P blenieA TS ERbAIZBrEbL) GoCL2 () 2 LiCl

(4) 11 1In a font ricaﬁnbodi nt, the al kyl-, alkenyl-, alkynyl- and
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ger mani Umdialkylamino lithium reaction. Equation 3 illustrates the reaction of bis(diméthylamino)

germanium dichloride with iso-propyl lithium.
(NMe;,),GeCl, + i-PrLi > (NMe;),Ge(i-Pr)CI + LiCl 3

In another embodiment, a germanium 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 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 + GeCly + LiNMe; > (NMe,)(tBu)GeCl, + 2 LiCl )]
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i ndependenblynS8k g Bﬁlﬁ off'irﬁmetﬁjgglhca%ua! ﬁ%k’a di (rC-I-, Co) al kylﬁam no- suﬁst [ tult eg
(C1 -08) aPﬁyP, an@ phenyl and wWher et A ABPTRPTIAS Bt kgsimemiget her  al ong
Wi th the rtttachigade inothevpiesdnct bfyieatiagy ahindCREh dfoh AR RePwinEIPSL:RE

' ' [ “Hr%matic.
I ri.ng,. Such heterocyclic ring may be aromatic or “non
Eg te irgﬁ?/gr o%eglﬂﬂf?%’dlltge t&rquatigp Lifupteates this stagtien selquenca fe tixoteadtioniofed t o,

: . , ) . . el | am ne
t hyl aBiniei AN i - I amine, tri-n- buty ,
H: [rfsoypr opyl aun? Fldg?a??ﬁ:]-i so- giﬁ’{f %%u'ﬁfen?l%l met hyl am nocycl ohexane,

di et hyl am nocycl ohexanepggiyet m_pogychonent aps, .

df ethyl am nocyel opentane, 1 'ﬁ]ﬁ? ol Efﬁ?ﬁg %f%ty'hp?@ per | i nt

N-n- propyl pyrrghi Ik{TaliGireRét Ialurigi bIyN, N -

N- et hyl pi peridine, N-n-propyipr ‘;S?e_r}“gf(%%l_,m‘f@&}"arcapym I & mefseabhN, N

3 s prpsemsiog ot ctulimynota by hol 08 LAY BELRE,

NN NN ramet hyl -~ 1. 2-di ‘ . P €, | :

and m xt u%‘g&f ﬁ;@'r ttélg?éry ﬁ?‘@f%V‘F];HAé’H{ Hegot lilmﬁfr(i}@etht)&e!hd’enawﬂﬁc?fl‘ial_ fOf‘mula

ol Y] R R LA el LA LS D,

| i ne, Nbore prefera , . 2 .
Cri ¥ pr oplalageho Fybaiinsd e Conpr.cofl ahar iy whosia RS id Refay te e Qpbanh
. . S .

o e SBT3 Mot

tertiary am _ .

sources. Sudhhatnpesch yingrrfmyés m‘bﬁggﬁfﬁ?ﬁgﬁgﬁfgﬁuﬁﬁ%@@ AR A

urified [ to use. . ger mn | . . ) X _

ger nani umﬂﬁﬂ%‘a“gﬁ“ﬂlﬁ’wg“ Egg) Wﬁﬁéﬁ&%@s@Y@lWM@tpﬁomam%ggdﬁ 2k\r/]v|p¥mh ;n

e eous T -"““’"a“}i‘“Em’éwﬂwﬁﬁgi“@g??‘éﬁﬁ‘?ﬂﬁﬁ‘??%éﬂ?ﬁﬁ?%VE’051?%&& oduce

gaseous m,n I‘? .aci suc S C o 1 tivel Y,

hal oger maﬂ?g'.y aguigocyelphexans dime m@rgﬁlie(nﬁlf: dlgrﬁﬁa?eﬁc¥€%ﬁe§*§]?’w?n i be

germane (Rl R¥dRe, NeaGHEkolihl N n'propyipstrol me,rﬁ-lsd-propylpyrrolicyine, N-

resence

P 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, tri-iso-propylamine, and tri-n-

butylamine. More preferably, the tertiary amine is triethylamine or tri-n-propylamine. It will be

éppreciated 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.

Halogermanes containing one or more germanium-hydrogen bonds can be prepared by a

variety of methods known in the literature. For example, elemental germanium can be reacted
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of a catalyst such as AlICl3, to produce hal ogermanes. The particul ar

hal oger mane obtained will depend upon the stoichionetry of the starting
materials. In each of the above described reactions, the nole ratio of

r eagent to.&‘he er mani um conpound depends upon the nunber of reactive
groups i n YHe GETIEARG AsitpBish@s sasaeusdiydragen ciijerides ahpro@ed halbyahsatkd, Yseet he
nmol e rati Eqafticawy of the above reagents to the reactive group is from1l:1
to 1.3:1. Accordingly, if two reactive groups in the germani um conpound are

to be exchanged, the nolgpati f, reagent. .t er mani um conpound is from
2:1 to 2.6:1, which corrg}s?pondzg{@cgg)a n%l e Iflé?‘i(gl of reffent to reactive

group of Ry : i hgr, .ampunt s d . ratios may be used depending
upon the spglg}aglgegirég% r}eggegﬂ)r{aﬁ cgrcted ity tstrabalegepmpe, hpicallp inetbi ptesechcby

t hose ski bf edatalgstisheh BrAICLRLprbMiRe BAIIEE@fedt ions be.
performed 4 ',I'y3pi cally, ar;%é st e%s' 2?‘8?2‘%%%@368?“&&’%%%%‘% de

dkdL ?n?g or der . I )
conpound o™ 8PRR e glorchicimatenof fitrstgre waleridand wi | | be performed | ast,
al t hough ot her orderts of reaction may be advantageous. Any of the above
descri bed met hBYEehPT e abareidsepribhdredetiing dtie halcagti ofwebgbR MBS HrfRkium
conpounds coa¥oRa desdnfiof ' h...sem -batch, continuous or
sem - cont i nugcl’Js rmg}géél. _F%@%%%ﬁ%%%?%aﬁtévepﬁr%@éﬁ?t CRFERAT YR cpmpainddlat aretat ch
as wel | abe sxghangednilypicallys thermale ssiofofbny SRhOERRRB kAR 1 e %k@&%ﬁ%ﬂf um
corrpoundsfmh]nlc;lrodi gg t.he at er_ of delivering a germani um CcoNpo and
al kyl ati ng agent® I"hdepERAEMENy iftgo seactvegrpups in Sreegemmanmitmicnmgoatd e to be

pr edet er mexuhanged P aiodd 141i6 oBithifdnfi | | t | ky] ation to proceed
and the product js then slegar a%é’d{%{é‘gm‘t"ﬂé"rg%%’%%ﬁaﬁc’l’gi-@%%?ét@hldrhe
hal oger meffRTPYPIIS e olegatiop teagentitoaeactine goup be1:1 06 eBer. abthyr nRfatesld ralost Ne

top of thg r i reduct in non-vaporized state is renoved as
wast e f roma? ﬁg%e?gae@%}i gﬁr%a]{pgﬁﬁ@%ﬁcdg%’feaftf?é‘ PRALPPHIPIO¥E: addi tion of
reagents in a b bz - tion. e ejther in a sinmultaneous or
sequent i al rran]rr?e"\]rﬂfl bf':I' ﬁ t?cé%!éd%é\t %ﬁfoﬁkfl[%ﬁ"ﬁ?aﬁﬁtﬂ\ﬂﬁ?féﬁ§fﬁ%@em agtiops niag

cont r ol | ebe parfommedin ayprdepr Tapiealf ST Al € in the art.
13 An adv?D%%ggee of .t h_ﬁ}yﬁreseﬁl i rﬂ’/?rq,ti on irgﬂdtcﬁ{gtsd%e egl}tl%%girg&%gr]méw&gé Eﬁni um

conmpounds’ aré = SUBEYEAY TIPS comreund pillhe perfarmed tasty rithdugh othecbrdes of kdactignd
al um num mapte phahepafsy free of zinc and aluminum In particular, such
ger mani um conpounds are substantially free of zinc, alum numand silicon,

and pref er abl yAfy 68h05bd @Bk Leles . By "supstantially free" it is neant
that the conpoun):js contai n SICEEE&J émh%h&oqf r%)ﬁﬂ?% eglggﬁzdi FIqangEn prepgrsor

pr ef er abl §PPHRO¥Bds ManbopeBmepina barchaseatitatchedadicB b seb@nAGSE Mode. F or
ger mani Un:GRIROHRGSe 0% fvention i)r%%isd'é:s RELER well as ser?‘xi-continuous process for the
" preparation of halogermanium compounds, including the steps of delivering a germanium
compound and alkylating agent independently to a reaction zone maintained at a predetermined

temperature sufficient to allpw the alkylation to proceed and the product is then separated once

located
at the top of the reactor while the byproduct in non-vaporized state is removed as waste from the

the reaction is complete, The halogermanium product is collected at the outlet preferably
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 may

be controlled by using appropriate flow controllers that are known in the art.
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‘purity of > 99.999% More typically, the germani um conpounds have a purity
of "6-nines", i.e. 99.9999% The present two or nore germani um conpounds,
particularly two or nore hal ogermani um conpounds, are suitable for use as
precursors for Atnhag %ﬁgor £ hase deposition of gernmani um containi ng
epitaxial filns, Su STHY Rrpent ingentigpis, thaXths tawocr acee patiahiot] @ilpbunds are

sui t abl e fsobstansiallaSeddfRiAlE brRieCMRY, e rticularly, the germani um
conpounds are sui)taabl e foregg%drglsc pre(?%/rgfé]%?lgqa?lﬂmfrwgl’%%QF%%%@BWMtion

of silicofPGanminmm rnpasicalsr,)suet gammaniSoclompbind¥BrafuBsthf A1y ek Bfiiﬂﬁ g
a

manuf act UaRinffug LEE LY | C sug S. i nteegrat qd circuits,
opt oel ect r oni ¢ devi %ggﬂf grh %%Fat%?yc{ﬁea?gl}?g}] FPURECS L fsaestantietlpfree” it is meant

het er oj unéhdt 8¢ coinpoleis containdess tiRnD.5 S bARLE QI ERLI unds may he
solids, | lrpg | 43 .90 %as%ﬁ%. When t he lZ]Sigirlrrar_li u}rrlgﬁcorr%gﬂn 1ge%a}gée]y e&f}bﬂg?&zg

i qui ds ofFgadbaiothe sidadimept b JRBFHAsTITiY sompaigilehalel Suaiies” Pty G, a SUCh
as a bubbiperity oforooseevpiere M es, two or nmore lLiquids, two or
nore sol i g??, (r)?r a conbi nat itt%ﬁrzc o?’tllglpgw g%glrﬁndéoé?ﬂquﬂ&gl@?’ﬁﬁﬁ%ﬁiﬁ@oﬁﬁmﬁasemay
be conbi nEd I NPYNa si ngl e delivery device. Alternatively, nultiple
delivery devices my be used. For exanple, a first germanium conpound may

be added to a ﬂ‘?Bfﬁsedblwqmnmrdgmhmﬁiiﬁnébrﬂpo%ﬁ&soﬂ&igﬁmdéc{prﬁ&?pound may be
’ hose skilled

added to fa5 el ivery device, It wll be appreciate

in the ail t%‘g‘?’%‘?’h‘:@f’m{’%‘iﬂs’ #F pWtabledpr yssiay perewisere fortthevaper pinde dajosion ¥t

devi ce or ghrorhivdetdntdniig SExRE Sk BER 42 er,mani um ¢ompound.

It will be.f ﬁ%tfher appreci at ed_t hat mrgﬁﬁgh%Bﬁgmww aliy be

used. Wheh"d rUSHat BregasEs isCYer Adere partic dappulogermaniah o%ﬁagﬁﬁﬁd%uit%l‘é to
S1 .

be used widriise £}feQF ' i qui.d germani um conpoun such as
ger nmani u fetr a(r:bﬁ? orsiofjgé?ﬂ??%g%h%%eeéegg?’hﬂ“ ?’eﬁgfwf%%%&s%rge”r)rfmmu&uch

conpoundst@rsearasiefyljin theenannfatudedf eletynid @eiies. ash bbb Peir @R Alaqui d

ger mani UmyGoanels ln one e dinment, films includi ng germani"um are
typically I%I\tepo& pfelgteﬁxﬁgﬁ? f‘?@“ﬁ?“i@lm&rﬁ’%m@%@ﬂm efhatepojupetiondripoliatmgietorani um
precur sor con’pg#tggl%, . e. source conpounds, in a vapor 14 delivery device
having an out ‘et cormect et fynEewdnBay be snhidaHiguistsior gavses. dBhatathe gédhagfumy/ 2P0

del i very chenponrds a3@yolide, lmRE or 9226 MK 0 he ,particul ar deposition
thleq%prg(r:gr so’?ﬁkl mn%n{r}rl\l%fiﬁg 3@ ey deyigy such

appar at us_use n
devi ces a‘fssa?‘i"gé@%% expmple Hyoon maNpgases vd dr 038 lighfleNed @indie §iddl or)y and

6, 607, 785combikaeR of Blui : | L as other’ desjgns, may be used. For
i quid precurlsor co ué%hnd% S%@%ﬁ&%é‘,mr? ampRipiy way ?W@B@é‘ﬂtw singe détaesnt

Nos. 4, 508VEes Altaskteely, enultply daidrpdciits 885 be Mdioshi e .
as wel | aenfyblifd mhy BYLdhR S HES rr}\?glpors P bt bhot %fme’%f?mge anium

rst delivery device and a second germanium compound may be
added to a second delivery device. It will be appreciated by those skilled in the art that either the
first delivery device, the second delivery device or both delivery devices contain more than one
germanium compound. It will be further appreciated that more than two delivery devices may be
used. When one or more gaseous germanium compounds, such as germane, are to be used with
one or more solid or liquid germanium compounds, such as germanium tetrachloride, it is

preferred that the gaseous germanium compounds are not in the same delivery device as the solid
and liquid germanium compounds.

In one embodiment, films including germanium are typically deposited by first placiﬁg

the desired two or more halogermanium precursor compounds, i.e. source compounds, in a vapor
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del i‘very devi ces. The source conmpound m xture is maintained in the vapor

delivery device as a liquid or solid. Solid source conpounds are typically
vapori zed or sublimed prior to transportation to the deposition chanber.
In anotherngo i t,.a first hal ogermani um conpound nay be placed in a

e
first vapor ' deffFyes "H’é\ﬁnéé*ﬂatrmnaccgﬁdoladegﬁ;itrmrthﬂﬁbéipmf?i‘d@%rie?&‘ﬁf%a%%ra
el fvery

second haldefiedrirasiitey £RR be placed in a second vapor
devi ce. Each vapor deli verygﬁgweglg%igélpi)ﬁgﬁ ragisplsedepssitiomappamtsaned. When

deposi ti oﬁhealffﬁ‘a-}f%ﬁrtﬂsmpﬁamlhnimfuré Re sgRd,ROA s Lhen. caonveyed
fromits g 'Anve‘?afd)ﬁl i qué{)\é’% vice into %hwggggggégsl?ghégﬁgﬂgg?s'B&“ﬁ)ﬁ%&/i de
two ger m?_ni onpatnd 6977 7a (Tapaensshalgeas well asi dther desi@Rphes bated. Fhat
nmor e t han Iigud praqmeso Juni8 M [ t.ainin 'ni um conpounds nay be
used in or, g-ﬁ? t c{o g(r)i:;ldg;be l.lrmr exgﬁg’ntﬁgﬁ %‘g&géi%sﬁ@ﬁ?‘ﬁmqﬁ%%w@sﬁ 06184 5 (Hplas
phase. |n"a™f hé&s Hbbkombiba ct alheray he ueed, BOWE amﬁﬁﬂﬁig@‘rﬁﬂ%f’? g are
placed i ndali&kﬁ@é\@ceg'elrh%guyc&%}/nl ce. IInn l%‘ still further "embo ment, 5. first
ger mani um conpound, such as ger RN, Mpd plsfp@ntaingd irgtht vamt delivesy deledeiadar v
devi ce andiquidgeselit S@ﬁdmnbumnﬁ;mﬁp@;mggpp&m i\,%agrgg& ¥ sufyial oger nmani um

conpound gy .gernanj um. tetrachl ori de, gernani um tetrapty¥iide and
conbi nation@?ﬁ%f%ﬁ?%%?@‘%%‘é@bﬁfn a second vapor delivery device. Both

t he ger mani um f:o%g%und ﬁ(gjd t he hal gser mani um conpound are delivered to a
deposi tion chanb8r TChePRUIDEN o? firsh %er@mdhmogmpnﬁmiru@&qimgmaﬁmvwor
[ ase to

hal oger nadeliverycdsvieunda séddn@PEnRIRQALENL . MRy, react in the vapor p
forma single compound Serlr%agi um sou#oénepoup?lfsf’gﬁ?%%“dé"ablgalmaium

concent r atBRPUGH, T broplhaerhis @ seconrd vapok Helive idah ' ided.. .
Accor di ngkdhnedtitoRhESERL 4ol nv§nt i on aproovi éle?p&a)&rvbogbgﬁ&d"’ea?j?l\e&ee;ﬁ&ﬁe‘@?"éﬁlsftB?n
feeding a fluid stream  SaturstPearalst Kach ofdhagarinanmmaoppundisssiteabl e for

deposi t i ngpraeyedfrong tinteapentingdel BOFTRYIH Rtk ﬁle%gﬁ&%ﬁqn%ﬁ%mg apor deposition

systemin i.ng a vessel having an el ongate cyll TP Py d¥oportion
havi ng ang‘%“tr‘i‘g“lé‘gg’scﬁffﬂ’awgﬂ%#}er@w rbeses dt wakhe appreciatddOkut 6lopS EE np&céﬁopn 15
and a bot dadiveryldesideLcoRisdih t op closure portion having an Inl et

openi ng for the introductli%gemo %glc%gnrprol S Iy-bedised mpréarite provislsemdrathant he

el ongat ed @O ATRYHIR sPmEeRnde i tho veposiphisey g figtheP @Rt ment AL Rvi/(m)rnrg b two or

nore ger NedimbiinG .as.descri bed above; the inlet opening Beifg in
flui d communi cat f&gﬁ’%&?ﬁaﬁ%g%amwg‘&%'w%d%mer being in fluid

conmuni cat i on i, th tﬁgﬁ oui | et openi ng. | n another enbodi nent, the present
i nventi on rov%‘\ﬁaes“an gﬁ%ﬁ%ﬁrﬂgmf %Bm&ﬁ%rmawm spapponnd, such as germane, is placed in

a lirst vapor delivery device and a second germanium compound, particularly a halogermanium
compound such as germanium tetrachloride, germanium tetrabromide and combinations thereof;
are placed in a second vapor delivery device. Both the germanium compound and the ’
halogerfnanium compound are delivered to a deposition chamber in the vapor phase. Such
germanium compound and halogermanium compound, in one embodiment, may react in the

vapor ph i i
por phase to form a smgle compound germanium source. In this way, a stable concentration of

germanium source in the vapor phase is provided.

Accordingly, the present invention provides a vapor delivery device for feeding a fluid

stream i ium i
Saturated with a germani compound suitable for depositing a film containing
e . ) .. ]
geérimanium to a chemical vapor deposition system including a vessel having an elongated

cylindri i i i 1
ylindrical shaped portion having an inner surface having a cross-section, a top closure portion
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deposition of netal filnms including one or nore of the vapor delivery
devices for feeding a fluid streamsaturated with two or nore gernmani um
conpounds descri bed above. Such vapor delivery devices nay be used to
provi de tha%fjgebragani li,lm conpounds in the vapor phase to a single deposition
chanber or PR stashietpprig, the pasdlosuepE RS an § C unds. are
typically 5fra%§§ﬁ%§ eq(flndt Q tﬁﬁ derBOSi tion chanber _af/j %gts@%%ﬁ%‘%gor ‘@ﬁﬁ?ﬁog?ctﬁas
through the vapor “del | vePy  d&pFiiee. ts glongsied cxlindricalrshams pestidnab e chamber
ni trogen, qqytahlirmoormuieg@m{amugﬁc&%ﬁ fo.l ner,al , the carrier gas is
introduceq]ulla(gl ow the surface of the soﬁc%cagdg%gﬁ%cgﬁbﬁﬁg’,‘h%ﬁ&tﬂﬂﬁ%m@%ﬂwn
through t he"SEUPREMEBIBOIHTSE elambiseandshelslpader bioy fivid cERbALRIAG 10
carryi ng \eafletopesinghe source conpounds in the carrier gas. The entrained or
carried vapor then passes into the deposition chanber. The deposition
chanmber is typigaldiderd essel withi.n which is disposed at | east one,
and possi %:e y nan;r/m_ SU brsn!targgi%nggt YhFﬁéesa'étd’b‘éqnf‘?‘bﬂm&ﬁlamppmmsefor cheiical yapohi ch
i s typi calFResitmnmi evta dimoinaludBQWABLPRER Jfhdy: 0. draw by- products_out
of the Ch%ﬂpﬁh@@%&‘go .B]tr}ovi de a reduced pr essagglrede\t;\lﬁ'eergee}”ﬁ%t{fo&“ g a fluid
appropri ate. AN O AWifcEEBaninmgompewivs desribed aborel USRS, ﬁ?ﬁ%ﬁ:ﬂ(tﬁy
The deposideviess mdyeaRed tosprdRIMRBEhAl, & Lemperature sufficiently high'to
i nduce deﬁon(%po_si tjon of OtSpk{e soglrggg coﬂm}%ﬁwomﬁ%mdgﬁ)@PTP@ﬁe&ﬂaW¢
t enper at uf&PYSEIon chFMber@oto 4 PuligOsf deposithe dxdBdst enper at ure sel ected bei ng
optim zed to p,}gvi de efficient deposition. Optionally, the tenperature in
t he deposi ti on'ehipvRercompoundstacd @peally BRsp@RHGS Bl bstrate s
mai nt ai negyf/k, tlﬁbﬁ%ﬁhgg te erat%lre, Orﬁif ot her %‘;Sﬂﬁ)nscﬂamgeﬁ%géaa?%%
erfer g ?Psoragl

. : nergy su _
frequency THE 3 hePatifep pulighlramrio@asseeinchde hillgen, yBREEAL €S

f or deposprd wixturesitheteef. dasendhl. ik etePMsG ' nuf acture, may be
' %ellll ndi um%%ﬁgg ?%%?XQ%E%E%PB,&%%{W%@mF g@rcesuch

silicon, lium ar ide,
cubstrat egﬁ'hagogng% gpt? E&h?%? up\fhrguglf the spurce trenpoands§ ta tietiegdphed bSOt An§dinin

circuits. oddanpRposbdd Fhd & i for as .lon s desired to produce
filminclydin gerir?rani um ﬁ%&?ﬁ%ﬂ@ﬁ@s%@wﬁe 'p%}"??@?}“e‘i?ypﬂmadmport he

fil mthi cKITRESSH Ipte thedepositivs ehamtat. t ens of nanoneters to several hundreds

of m crons. Thﬁwpcrblease_nt i nvention further provides a nethod for

manuf act uri ng egtierochiambelely itypcally A Glateld RGsdl e eposj Ling a film
ﬁ} \?Hicﬂfs cﬁ%%ﬁ#gat heﬁgt

i ncl udi Ngay 1 n | ectrqni c, device substrate I nc Y¥eps
of . a) conv f%&%gbﬁu%%@ 3&’? Stiien ebamplsm hatsan outlat, gdishdsigpRiARSe Lo a

deposi t i otpnotrdertiera vaomindpithp th §A& 15 4RSS lgﬁfar%du&\@ gurt%ifameec‘:h;:in éc.'rtan ?or gr%\rr]iidg g}

conpound- i3 a4 .
uced 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

0
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")
encrgy is generated by an RF source.

Suitable substrates for de_:position, in the case of electronic device manufacture, may be

silicon, gallium arsenide, indium phosphide, sapphire, and the like. Such substrates are
particularly useful in the manufacture of integrated circuits.
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hal Oger mani um conpound of the fornula X14-aGeRa, Wherein a = 0-3, each X1
I-s i ndependently a halogen, and each R is independently chosen from H,

al kyl, al kenyl, alkynyl, aryl, and NRBR, 4 wherein each R and R are

i ndependent | y (ri?oseg fromH, alkyl, alkenyl, alkynyl and aryl, and wherein
a second ger manrtAfiEomMIcanithued $ortad gorfaQis AL el ANRIR 2 )Gl Ge Xa~ HW
wher ei n qu,lg;n@} @&girglnpzm%{e i nlldependeg(r?'[ I é%ﬁ&éﬁ%cﬁ)ﬂ‘nﬁg]p}, mg'uélyg BeTapRyy | |

al kynyl and ary}["; eac ¥ Diaieribrehiln thickhes svill be Gomadelathh el deenyl .
al kynyl arrgnemeters tXsdveraDBliB&R of fhiGoy 4 b = 0- 4, ¢ = 0-3; d = 0-4 and
a +b +c +d =4; provided that a + W< 3 when X1 = Cd, R=H and X
= d; b) deconitsiprgert heehién .ger manj um. conpounds in the deposition
chanber ; anq ‘(}:% deposi ting .tlﬁﬁeJ[h i r%}g%srﬁfpab?%rﬁ@ﬂhfﬂﬁpumamelt(ttmnmmtcéate.
The pr esedtMiR&tke iR of depsaiting e Filmrihotuding éﬁlﬁhﬂuﬁ%nage}? cﬂ-ﬁglo%i t.i on . of

ger mani umigdidiag M 88ps & LBy, Sush as SiGe filns. S TS CSHES Bstge

enpl oyed for two t echnor gi es.y@]%”%l"l‘qreémblummmgjh agfafdons piidsOf 4 S
Bi pol ar CHEEsBionBh@M3S cotieiningathé EﬂU@tr&té%ﬁe?eiﬁ??@t SiGe film is used as the
base of ahgjog%n{ahﬁgg‘ieﬂ%}/ EH(ET- The substrate for RS empaRd é¥a t hi s Si Ge
base filma e QHBL Ak theformyia asGeR f ivhereins: 205 ERhK'SEIYGIHESS
silicon Mabgemhﬁ&kdchﬂi%exﬁkﬁtg}ﬁhBE%lf S}]Iag finjshed. The ot {r]ler ehidently a
appl i cation for S#G@ CVD, i s the area of S rafifsealkemilcdkynot, aeyl, 4 NIORf e a
deposi t i oX "GFIkeae RCR“@Rt%reBld@mdemétﬂfoséH@nkﬁXﬁ&]éE@Eﬂ%ﬁ Eg;{acF 0 azgl-m ai n
sil'i con wWaiherein 24P eAinihQ thePR?r wh of the'Si Fom & ?1“‘{] nthd Si
filmis grown. This silicon Pmp 'éjg*lf‘ﬁlt@ff’ﬁ@ilérystal | attice of the
underlying Si Ge |ayer (strained silicon). Strained silicon shows much
faster electrical responses than redylar (NRI’RbLon. 17 I n anot her enbodi nent,
a nmethod for fabricating a device cont\qi}ii ng a group of silicon- germani um
| ayers is illustrated by the steps of. g providing a substrate including a
surface layer of a group IV elenent, 'i&m&i ntaining the substrate at a
tenperature ranging from4000 Cto C Hji) formng a |ayer of
Sii_,,Ge,\,v V\_/nerag}eﬁérangzes fromO to 0.50, on the substrate by MOCVD usiﬂg
two or noVeeTgn & bod/R* gle f¥ep&RenB LB ounds, .iv) maintaining the
subst r at eg3 i?ﬁnd@%&[ldt tk/h‘:%f)ter}pergtureld;sg‘fE ste%?ﬁgﬂr%ﬁtj&%ﬁﬂlrﬂﬁ‘wl andsaryl; cach
precursor flow Rt TR B?m{a‘l‘fédsalgém)rhaaik)ummﬂrmﬂyodﬁ}ﬁwép,l,;%bgloy4_%mdztoghed

off, in dheer 0% doblal imdapmitpl & MEYALERiadMa Y + b <3 when X = o1 R H, and
— - LR T 0, an

X=Cl; i
Cl; b) decomposing the two or more germanium compounds in the deposition

") chamber; and
¢) depositing the film comprising germanium on the substrate.

The present invention is particularly suitable for the deposition of germanium

' -containin
films, such as SiGe fi i

| lms. 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

15 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 CMQS

c1.rcu1try 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

fil i ing Si
1im adopts the crystal lattice of the underlying SiGe layer (strained silicon). Strained silicon
shows much faster electrical responses than regular silicon.
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i d formn

i ntaining the substrate at about the tenmperature OI hzt re;gbzl)it;anf ’
i | ayer of strained silicon, thereby inproving les are expected to
o caf ﬁg and speed of the device. The follow ng exanpeﬁtion but are not
_e: IeC {(r)ate further various aspects of the present Ig\é act AII
i ntended to | i Anenethe csopiment, cionshd 6P blORinkd BOYe BORSEine b prenpssilisnn-

: : i in € : : -
mani pu|h2'; 'eé%grfﬁarg{rir;ﬁ/ lﬂﬁf{i?"gg‘gﬁa_t&&g}% IS@PiofDii)rrEo\ﬁgﬁhgﬁkﬁlﬁt{r?ﬁﬁﬁ@ﬂi%%ﬁrﬁ&&a&%ﬁd?

S : : ;
?i. me)x:gect ef at@o@dvs@mﬁﬁﬂﬁ{)?ﬁflggﬁg%ﬁg% ﬁ%ﬁﬁ%? gtgagtpﬁtg lfi%fﬁ TRBging SAI0d€ 105009,
' Tq a stir

(NMVe2) Gedl 3 %‘# a 3

0. 233 nol es’)ﬁJlr THRE aagver QQ%QxGm,)whmkma@bmﬁdmalto%o%ﬁ{f? §@8’5 g{% 1%5\3@ Sﬁe)l 25,-

L : : ' i et hyl ether
30 L) Vi o Bt oaatr bRl comPhen i) piiikiag e e
via pressure . T ted, the resulti
appr o, PR e e o g, SOTpLE B LS TS50 1
P e b e
ensi on | ) . i i phon ec . :
: 3?)&‘ nat amaintm'nimgnhd Suﬁﬂfﬂgli“i é.tr%ibglg @g{/lg#g%&g?é ‘ig‘g*t‘%dilﬂg@ ?cwnmg ¥ ¢apJiyep Bflﬁfﬁél&dand
ipita of Jithium chloride by : sphere, and are
Cne_ sesht o S ravstvtmmbodemmsssan, gymentc . a0 o
subsequent |y -C@E}f ned. with the mother |iquor. ilePL 4Rl By heating the
are then renov ﬁlawﬁlgrﬁésmhbsmep%@?‘réﬂgglusgéggg% 1 Cgﬁrglluﬁg%)eﬁtﬁy the Prasgitt her
react | od gﬁé’&i&’gﬂ'ﬁqq‘dﬁq’s%‘l ‘P?“éﬁ)f gﬂﬁ'%taﬁ &he ssopsgfdhe imvlerttion i aiyohsbmhAP;Jre[st Y
i fi vac - - ic inpuri
(6ot P oot gl F L b 25,0
nics {s. 18 Bxample . i rmani um tetrachloride in
gtrjggd (di %gr%éﬁy_am no) ger mani um trE;(Chl |O<raI geTﬁgdp?gcedure of Exanple 2 is
an expected nolar ratio of 45:55. anp 5 inthe table are expected to
repeat ed except that the germni um 'Cl'ﬁgmrr%jl%r ratios reported are the
be used in the..nol a%atlos s_hovvn_. e ol g H’E@ﬁ;‘a&‘? comound.
expect ed nol e?jlgfeﬂw g Efrenaimum teiohiprideid exp&edap e St ccording to the
Sanpl e  equation:

LiNMe, + GeCls 3 (NMe)GeCly + LiCl

To a stirred solution of germanium tetrachioride (50 g,
maintained at 0°

(11.898 g,

0.233 moles) in pentane (100 mL)
C, 1s added dropwise a solution of lithiom dimethylamide in diethyl ether

0.233 moles, 50 mL) via pressure equalized addition fimnel. The addition lasts for
approximately 30 minutes. When the addition is completed, the resulting mixture js 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 byprodt_lct 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

expected to yield high purity (dimethylamino)
ties and organic solvents,

further purified by vacuum distillation and is

germanium trichloride free of metallic impuri

18



i B4
. i | ar Rati o AGeClCom ound
[ ound Second Ger mani um M | G ' ou
¥ ogcgar;ngng;n_ g:ogg t - Bu( Me) GeH270: 30 GeCl 4 DGeBr 4|Geﬁgg§9|\/§3(2£1 >
I\E/EGLelgral\/ls\'AfGeSO. 20 F4 (H2C=CH) GeMe340: 60 GeBr GA4t-Bu :

Et 2GeCl 270: 30 Gel 4 | Gel 4( NI\/E%)C;eGeCICZH-BéE( ﬁ/g) ?éémg/gg) %C:vﬁ/égeg%
- Bu( Me) GeH295: 5 LMe - 22:
KNESGEC:\E% E'ltjglGe)QO: 10 McGeCl 03(H2C=CH) GeMe335: 65

Example 2

M GeCl

i - PrGe Me365: 35

To a conventional vapor delivery device are added (dimethylamino) germanium

- trichloride and germanium tetrachloride in an expected molar ratio of 45:55,

Example 3

The procedure of Example 2 is repeated except that the germanium compounds in the

table are expected to be used in the molar ratios shown. The molar ratios reported are the

expected moles of halogermanium compound : second germanium compound.

Sample

19

Halogermanium Compound Second Germanium Molar Ratio
Compound

A GeCl, Me,Ge 95.5

B GeCl, t-Bu(Me)GeH, 70:30
C GeCl, i-PrGeMe, 25:75
D GeBr, Me,Ge 80:20
E GeBr, (H,C=CH)GeMe, 40:60
F GeBr, t-BuGeH, 5:95

G Gel, Et;GeCl, 70:30
H Gel, {NMe;)GeCl, 45:55
1 Gel, (NMe.)GeCl, 20:80
3 Me;GeCl t-Bu(Me)GeH, 95:5

K Me;GeCl -Bu(Me)GeH, 22:78
L Me;GeCl i-PrGe Me, 65:35
M MeGeCl, Et,Ge 90:10
N MeGeCl, {H,C=CH)GeMe, 35:65
0 MeGeCl, i-PrGeMe; 10:90
P +BuGeCl, (NMe;)GeCly 50:50
Q t-BuGeCl, Me(NMe,)GeCl, 38:62
R tBuGeCl, t-BuGeH; 25:75
S HGeCl, Me,(i-Pr)GeH 57:43
T GeCl, GeBr, 22:78
U GeBr, HGeCl,4 42:58
v Et;GeBr, t-Bu(NMe,)GeCl, 30:70



‘ GeC1350: 50 Q
i - 310: 90 t-BuGed 3(NMe2) | g T
Nbgegecrgwé( Elk/eegveeecnzss: 62 R St-BuGed 3 t-Bch]eg%%Zf H2Ge
Ne2(i - Pr) Cotb7: 43 GoCLA LCBB Gobr 422: 78 VALGe N2 58 e Corpar: 53 2
Neg(eleér r2%-Bu(Ni\/EZ) GeC1230: 70 19 W Me2GeHC G;(g/gEtz(NE)GeHw Cet24r: 83 2
\IE(}\/E( Et) GeH221: 79WZMe GeF3Me2CeR234; 66 AAME2

i-Pr(Me)GeH, 47:53

.G X MeGeHCl, Me(Et)GeH, 21:79
Y MeGeF, Me,GeEt, 34:66

z Me,GeF, Et;(Me)GeH 15:85

AA -BuGeCl, i-BuGeH; 50:50

BB n-PrGeCl, n-PrGeH; 42:58

In the above table, the following abbreviations are used: Me = methyl, Et = ethyl, i-Pr =
iso-propyl n-Pr — n-propyl, i-Bu — iso-buty! and t-By = tert-butyl.

chamber containing the sapphire substrate. The deposition chamber js maintained at a
temperature sufficient to induce decomposition of the vapor phase germanium compounds. A
germanium film is expected to be deposited on the sapphire substrate. Deposition is expected to

be continued until a desired thickness of the germanium film is achieved.

Example 5

The procedure of Example 4 is repeated except that two delivery devices are expected to
‘beused. The first delivery device is €xpected to contain tetrachlorogermane and the second
delivery device is expected to contain germane {(GeH,).

Example 6

The procedure of Example 4 is repeated except that two delivery devices are expected to
be used, a first delivery device expected to contain germanium tetrachloride and a second
delivery device expected to contain tert-butyl methyl germane.

20



| u BBe 50:50 43 n n-PrGeH342:58 -PrGeC 3 In the above table, the

f-ol | ow ng abbreviations are used: Me = nethyl, Et = ethyl, i-Pr =

i so-propyl n-Pr - n-propyl, i-Bu - iso-butyl and t-Bu = tert-butyl. Exanple

A germaniumfilmis expected to be grown on a sapphire substrate using the

delivery device of Exanple 3 containing Sanple B attached to a MOCVD

apparatus. The delivery device is heated and a carrier gas (H2 and/or N2)

i s passed through the heated deliveryRtemplkez The carrier gas saturated

w th vapor phase germani um conpounds is directed to a deposition chanber

. cont ai ni ng the%@B%Pﬁ%x@mbspirtaﬁadstn]'dm&eﬂ@rp@ﬁﬂzefcieﬁ'ﬂo G@g}gﬁﬁrb ol ta@%ﬂ at
a terrperggwhg.eg,&g irﬁt@%eﬂtﬁrgt% hneflwl:ﬁe,decorrpqm tion of“"the yapom%

ger mani um conpounds. ger nan! Thi'fisafiontaining disiand istattatied depddCwD on t he

sapphi re $&pipsatnsit & sedoa ddivierodevics AP nt,i ntil a desired

t hi ckness ggf. th vger mag{?um Pleclﬂh mis acﬁiﬁe@g%.&?ﬁ'—ﬁgghpeﬁgo @’33%88 s dhe

Example 4 Ts Pégee T8 gregicater and ﬁ@ﬁmtwsﬂédéndmrwz)i's\phﬁ@@t}%@h%é&ﬁ%&q to be

hl o

used. Thedtlives} dsl@del IBE ¥ i i xpected to contain tetrac roger mane
o o e b S BTV D St nd e emmir ¢ Geckipoted

and the sgg{ﬁn delivery d

Exanpl e 6“ifdaprabeaconativicampiundd aiesli oL@ f £ab866Pk LAt fioning e 'Y
devi ces agg, ﬁ?l(‘pgﬁ)g?g tﬁ;la (?ee used, a first deli very devi ed vEl sontainige the
contain ger hani um et aChTBPHHR" diinbsr is sxiniainediatiai tueporatdesufRiax REaked t O
contai n t @econiposisibn ofthbypog Bh4¥8 BEmpARds (e.g. 650° C and 750° C). For this group of layers,

a 1 t0 2 pm thick SigoGeg, layer is expected to be first grown on a silicon substrate. Subsequent

layers of composition SigsGego, Sip7Geg, and S19.6Geg 4 are expected to be grown by increasing

the mass flow rate of the germanjum precursors. After deposition of the Si;

g xGey graded layers,
e silicon precursor flow is continued with the germanium precursor flow

g . completely switched
Off, in order to obtain abrupt interfaces. Silicon deposition is expected to be carried out using the

graded SiGe as the underlying layer, and epitaxial strained silicon |

ayer is deposited as the cap
layer.
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Example 7 A group of Si,iCGej_, epitaxial structures are expected to be
grown by MOCVD on (0001) sapphire substrates. A first delivery device
containing disilane is attached to a MOCVD apparatus. A second delivery
devi ce framsxanple 2 is attached to the MOCVD apparatus. The delivery
devices are heated and a carrier gas (H2 and/or N2) is passed through each
heat ed qel i v% tge‘¥iﬁc@{3 The carrier gas saturated with vapor phase

di si | ane ‘and ctaod pf depogiting & Him eenteining\germanivm on a gukstrete gemprsingithe steps
conpoundgfare directed to a deposition chanber containing the sapphire
substrate. The deposition chanber is maintained at a tenperature sufficient
to induce de bk d onpounds . 9., 630 C .and 750
Q For this oroaniching A 8 mbRgeiiin iSRS IPOP Sselito fdmariipe
expect ed chambgs chitaipingghe swbstate avierdin a Gitst geisdniid ComtRd MRS gerthan@hs Of
conpositi I 2. S 70 3 and S 0.6 4 are expected to be grown
"by increggﬁlﬁgé n%f@erarfaggu'lal fr A TP A %8*%%%&%’B@%Pﬂe§3¥§hﬂ%%ﬁnd
deposi t i @acioR id indepShdently CRosel FRFED, Al@ﬂ%lﬁenyl,tah% 1, err%d RRERY rnggfeir{ #a IS
conti nued,swi th,t he germani um precursor flow conpl étel’y switched off, in
order to SFRdikn 2spdspendentls chaser Somdil alkydalktmpb sikyinyand srybapd ethetit © be
carried I i t he underlying |ayer, and epitaxial
strai ned%ﬁ#%ﬂ%&%?@%@%@%ﬂ%}?the cap layer. 21 Cainms 1. A

met hod of depositing a filmcontaining gernagi umon a substrate conprising
the steps of: a) conveying two orRﬁo{fngﬁ%hi um conpounds in a gaseous
phase to a deposition chanber contai™ g the substrate, wherein a first
ger mani um conpound i s a hal oger mani um Gg npound of the formula Xlg_a, GeRa,
wherein a = 0-3, each X is independe?{l a hal ogen, and each Ris

i ndependent |y chosen fromH, alkyl, %al kenyHy al kynyl, aryl, and NR3R4,
wherein each R3 and R4 _are independently chosen fromH, alkyl, alkenyl,
al kynyl averein gach Rdradd Rl eredindepandenty ohaben &HRER) dlipi Caokapol AkyhSnd B61f &ciul a

R3 ( NRt R2)sC, - al Hb erein eac 1 and R2 are_ independently chosen

From bt at by Py b s MR ok alouibind e PismisepsiRiz i cbsen

fr om al kyt; ¢” abkedy+ p-4adrdyan b anﬂw»elz;; provided iRl 39287 <8 wien&'4 PR =10:nd
X=(l;

b) decomposing the two or more germanium compounds in the deposition chamber; and
¢) depositing the film comprising germanium on the substrate.

2. The method of claim 1 wherein the two or more germanium compounds are provided

from a single vapor delivery device.

3. The method of claim lor 2 wherein the first germanium compound is provided

from a first vapor delivery device and the second germanium compound is provided

from a second vapor delivery device.

4, The method of any one of the preceding claims wherein the first gemanium

compound is chosen from gemanium tetrachloride and germanium tetrabromide.

5. The method of any one of the preceding claims wherein ¢’ = 1-3.

6. The method of any one of claims 1 to 4 wherein a’ = ¢’ = 0, b’ = 1-2 and
d’=2-3.
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4, ¢ =0-3; d 0-4 and &' + b' + ¢ + d = 4; provided that a° + b" < 3
when X = d, R=H and X=d; b) deconposing the two or nore gernmani um
conpounds in the deposition chanber; and c¢) depositing the film conprising
germani umon the substrate. 2. The nmethod of claim1 wherein the two or

mor e ger méni undoepgIdaiesy devicexonyiriving a viessehhavirg angchgurp oylimeichlhipeadevi ce.

3. The ne . i.m.for erein the fjrst germani um conpound is
provi ded b%@gnmﬂél% %sl E\:/rasﬁg?zce BY G 81YPH885H0B: 3iRB clopwe parivrand a baiom glesure

conpound  pertipw,aké @e dlosi PoHRnA i&gdnﬁﬁ& eﬂﬁ% foY HVintMIchibh ofk calhi§ Lg%?&n@d of
any one of the preceding clains wherein the Tirst gemanium conpound I's
chosen fr 8hPYERBRANING theclonerrdeylindrisal shapsd partion iravieg a hanabwr dentaibing The or

met hod of nRAYePHEni ' ' wherei.n ¢' = 1-3. 6. The nethod
of any one ofocl ailgrrlg1 Ctlj_nl? Bﬁﬂﬁm‘g;ﬂg‘%ﬁf’é‘%@%‘“w@‘95°m@U&19§'%W‘h %:ec— X3 22
7. A vapopndiat thember eng veflwd cpninshication wislsthe bulld \bhaang witkeng ated

cylindri cgém%ﬂ%%ed or(ﬁ}i ogng)avi ng.an inner surface having a cross-section,
atopclo urre)dporﬁo VUK 2Passr e senpind gf theiterula Ker-HeRa, othersin &= 0-3,
portion heachi igthdegen@éntigRaaldpen (80 bR i ' &k gasyend
an outl et 61gpeni ng, I?ﬁe ;ﬁon adtg_g%f cylc; ndriéggﬁ&éﬁglﬁ%%ggaﬁog%? ﬁgl?\l aail/h&rlfga%‘fnye
chanber colfyayl and R d¥ ', whereia egelr Raand R aroindependantiytchescnrftoed Hogeyii ng

being in Iy ' [ i th the chanber. and the chapber being in
fluid com%ﬁl?}gl’aa? | 302 e k ﬁ{ea %Ytﬁetr‘%}%? S%cﬁé’ﬁ SRganigLcapppugd ?‘?.Sr'é‘? ?Olﬁ'élarrani um
conpound i s a hal oger mani um conpound -of the formula X 4_aGeRa, wherein a =
0-3, each X is independently a halpgen (NB)each R is independently
chosen fromH, al kyl, alkenyl, alkyngk,/éryl, and NR3R4, wherein each R3
and R4 are independently chosen fromH,G | kyl, al kenyl, al kynyl and aryl,
and wherein a second germani um conpound has the-fornula z Rd, (NRi R)c.
Ge X, e \Hb' wherein each Rl and R¥a'are ithdependent |y chosen from H,

al kyl, al kenyl, al kynyl and aryl; each

wherein each R' and R? are independently chosen from H, alkyl, alkenyl, élkynyl and aryl; each
R’is independently chosen from alkyl, alkenyl, alkynyl and aryl; X is halogen; a’ = 0-4; b> = (-

4;,¢°=0-3;d’=04anda’ +b’ +¢’' +d’ = 4; provided thata’ + b’ <3 when X' = CLLR=H, and
X=ClL

8. The delivery device of claim 7 wherein ¢’ = 1-3.
9. The delivery device of claim 7 wherein a’ = ¢’ =0, b’ = [-2 and d’ = 2-3.

10.  An apparatus for vapor deposition of metal films comprising the vapor

delivery device of any one of claims 7 to 9.

11. An apparaius comprising a first vapor delivery device comprising a first germanium
compound and a second vapor delivery device comprising a second germanium compound, the |
first and second vapor delivery devices capable of providing the first and second germanium
compounds in the vapor phase to a deposition chamber, wherein the first germanium compound
is a halogermanivm compound of the formula X'4.aGeRa, wherein a = 0-3, each X! is
independently a halogen, and each R is independently chosen from H, alky}, alkenyl, alkynyl,
aryl, and NR’R*, wherein each R? and R? are independently chosen from H, alkyl, alkenyl,

alkynyl and aryl, and wherein the second germanium compound has the formula
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R3 is independently chosen from al kyl, al kenyl, alkynyl and aryl; X is
hal ogen; a' = 0-4; b' =0- 4, ¢ =0-3; d =0-4and a" + b +c¢c + d = 4
provided that a° + b' <3 when X =Cd, R=H and x = d. 8. The delivery
device of claim7 wherein ¢’ = 1-3. 9. The delivery device of claim?7
wherein a' =c¢' =0, b" =1-2 and dp3= Z-BNRW.)C. An apparatus for vapor
deposition of netal filns conprisi ngCI \be/vapor del i very device of any one
of clainmse 7 to 9. 11. An apparatus conpid sing a first vapor delivery device
conprising a first germani um conpound/and a second vapor delivery device
conprising a second gernmani um conpo , they, first and second vapor

del i very devices capable of providing the first and second germani um
conpoundswh&etnh&cy 2 JoLod r enein.the first

ger mani um g;prrpoundqp?gdg %gﬁ%%e ?’ﬁ*&ﬁ?’ﬁﬁ%@w@%ﬁg%@=taﬁ‘8mb£r’§%‘1yéa‘%eﬁf¥%é8ﬁé,
wher ei n aR=isondeperdgotly dhosersfrompthyhetkdenl; hikymy) bad gk X istatbgeach =R-ish’ = 0-

i ndependept ,y. £hosem firom.H, ,..al kyl ., al kenyl | kynyl, , | ,; and NR3R4,
wher ei n eg’ci Fgﬁl’a(ﬁgjqf%aa%{ﬂel%?ldﬁéf)gn e"n%’llifo%ﬂ%fg@ﬁt%( oS ,‘%Wllfcgl&ﬁﬁ&@d

al kynyl aXd=@Lyl, and wherein the second gernmani um conpound has the fornmula
23 RB3 d (NRRC GCe Xa, Hb, wherein each R and Rz are independently
chosen fromH, alkyl, alkenyl, alkynyl and aryl; each R3 is independently
chosen from al kyl, al kenyl, alkynyl and aryl; X is halogen; a° = 0-4; b =
0- 4; ¢ 0-3; d =0-4and a + b "+ c¢c" + d = 4; provided that a° + b <
3 when X =0, R=H and X=Cl. 24
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