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NOVEL METHODS FOR MAKING AM) USING HALOSILYLGERMANES
Cross Reference to Related Applications This application claims the
he filing date, under 35 USC 119(e), of US 5Py

W(p%a?@gét%%\ Serial No. 60/909,505, filed 2 April 2007; which |/§f§19ear6§@§/9095
incorporated by reference in its entirety. Statement of Government Interest
The invention described herein was made in part with government support
under graivenvmhesisASbMORGOANDALN @HiardathvbytRe ANES. Air Force
Office of Scientific Research 10 and grant DMR-0526604 and
11P-0638253, awarded by the National Science Foundation. The United
States Governmehf ?fé&:é‘f’f&ﬁ? IheltrdnBRPcAISN. Field of the
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Proe R UA RPIRGIC SRNIGS,, SHPSYY; SR MARuR Sﬂﬂy%o%mmmqgt%eby

structures and related methods and devices. 15Background of the
nCOREHEBRY T¢ fepaRaR P TRSAT Gel xSix layers on Si(100) with high Ge
contents are of inter8sitcduentoftansraypphchtianrstin key technologles such
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developed in spite of this high impact potential in a optical devices. In

addition, they serve as virjyglhsybsirias g, growth of high mobility,
strained Si and Ge device channels, and are also considered as a
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0 Riques(see, Eufrie st a ,Supra). O prepare s
sulsemmﬁcnmmearf@réwr@@,esm@mlams%ﬁetfécdeéeeﬁte”d@elé@ﬁvémn,
72faugxangple, the source and drain regions of a transistor architecture.

Conventonal 0, selectis aramh o SHGeL oY (R iaved yaia igh

temperature re ctlo s of ch anes, germane lementa
atoerdgysieansigio s vl ?rme%mwbgeg HIed RYIIT RGeS Hiqhtes have been
redBayQEvEIcHI sk, tREtigh G e gancaairatien2860L.7 oy, 0xsiwste; selective
growth of SidGei.d alloys has been achieved using high temperature
reactions of chlorosilancs, germane and elemental C12. However, the
complexity of the associated 15 multicomponent reactions and the
presence of corrosive CI2 call for alternative approaches to selective
growth. This need is particularly acute in the high Ge-concentration range,
for which the chlorosilane route does not yield selectively deposited films
with suitable morphology, microstructure or composition, Furthermore, for
high Ge content the conventional processes lead to high dislocation
densities, non-uniformities in strain, lack of 20 compositional control, and

radiiced film thicknace all nf which 1iltimatelyvy can dearade the Arialitns and
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Summary of the invention The invention provides methods for the
preparation of compounds of the molecular formula SixGey1-12-.X.,
wherein Xis halogen, and x, y, z, and a are defined herein. 30The

WS tarther provides compounds of the molecular foR{E52008/059095
SixGceyH, X, wherein X is halogen, and x, y, z, and a are defined herein.
The invention provides the substantially pure compounds prepared

J %ﬁprﬂ}ﬂg E@t;.hﬁ)@g,egm% qﬂb@ﬁﬁ‘-‘é@@ﬂ@ @-hizmes-ﬂl]‘a?, .Hf'\&?.py.oﬂnﬁlmem. Soc.

rovides methads for the preparation of semjconductor structures through
2 de i i :
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PoLiiBA P Pigh-CE TR SHCEROE MR oF P S i ARSI
logenppwencaofifi@inventiamoidesilventioed albagqurovides meathEdsfosthe
ceﬁ%&@,ﬂ%&@?%ﬂ@ﬁhg@rg,j AREKR Y SIREANREIAING GRRTREENGLEY utilizes
subs

ﬁrate having a surface layer | rising at least tho portions where'kn

com ,

P IS BRI B AR P A S CORSHISES & BFHEBN FORTSY Sifraearics
comyestandrewbebad pottigeretisersufdoechupspadmpiibes eirroridating the
neRitESeniOF SXIAAITEAS SHIfRR S davahiBRIsINChaSidE el dayer is formed

only.on the first}c])ortion %f t[ge stubstrat%. he kﬁg/ buil ing1 bloctkE? o{ tige 1

new teERRoIOV aré the entire Rats(germylysiahe 1o Eeduekee Bt diectles
inSfx0exgmplexie wivege Adsippihalesien ahd thasietpnrsirtparendabfes gngional
segfinedetring veich, araepiainedninwiabiendighiopuiibivields iasnthetic
chﬁ‘&ret'ﬁgg%logrem%n%e% “dieﬁﬁieé?-vg}&'”h?{ﬁf‘t é@cn%ﬁp%?a“gl‘ of e IGieY
mé)fsecu arcore Into the films prc?w €S unprece ented’con rol o
meRRPPDI 689 MEeRipBgHien Sedish&in COURSIRATAR LR AT Al EragBlsssglective
gititicalmepddor pregurseystnd pepicessasitiiathaapasiimushdilfestsndent

w 15 temperature 0S atible conditions with throughput rate
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Impurities from the growth surface, in situ, during 20 growth of the desired
mﬂmﬁglosheyltféﬁ%t&%%ra%na?@@éreeﬁve BrobstndFa {ParidigP ofgetaatsnt the
caiietiure pisirainachSip SigalahdastiaitesdiGe honypittened iSiswafetakinf
cHREIRhFCIRGRY & QUR A SHGREANMS O WS TRERRN Hn0%ade the

patterned features can be achieved during growth by generation of in situ
TR AR SO HRE e T Yo MR TE L IR S GF R DPRrRyStA R finess of
thinatpratton the unmasked areas around the patterned regions on the
Wafefhé}%f%f(%ﬁﬂé&@%iﬁ%’sﬁeﬁ& EHQ}Q%H(&?%&%%H%P?Q :d%}élﬁit%&?@f ?idGel-d
increased kinetic stability allowing.growth to be conducted at even lower
R B S R Mg S P E it SH O oy e
Gbastripfiahof thaeHidmesnbstrates Wignhraydidha isalisatestsbickaborngetural
representations of the H3Si-G¢cH C1H2Si-GeH3, 30GI2HSIi-GeH3 and
CI3Si-Gel13 molecules. g Fi ureﬂ?{és a calé:ulated low frequency
(100-1100 cm-l) infrared s‘b“éc 15 S the 'H38I8eH3,c12HSi-GeH3 and
CI3SiIE @i pouldes. metipiduie Beperastt oo achiptiies qf dircyrolecular

fog%%%ggg%r;%;)&ﬂ&g% gm@@fg,%fm }Iﬁ,ﬁiﬁelalg,dgiﬁelfﬁdﬁ&@%,
i-Ge i-GeH3 molecules, igure 4 shows
e HVEC R SR TR RIS e A
whetsliack e hitpeepuenty: Scalenferctrdcdndl 989iand 0.979 were applied to the
calcutatadiavionandvhighth i eeideReMISRRES ngiand Hicpadd(akaathgh). the
g %%e%%%eely.vg ure 5 shows simulated rotational band contours A-, B-
and C-type bands obtained 5using the rotational constants for
C1H2SiGeFb given in Table 3.
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Figure 6 shows (top) a bright field micrograph of a Sio 50Ge0.50 film
grown via decomposition of C11-12SiGeH3 at 400 C; (bottom left) a high
resolution image of the Si/SiGe interface in <110> projection, showing a
WA ¥R Grate, defect-free interface; and (bottom right) & ﬁﬁ’%@&?{?fg

and channeled spectra indicate a Si0.50Ge0.50 composition and 10high
degree epitaxial alignment, respectively. Figure 7 is a (224) reciprocal
spaggMARseh the LRI hick ARG AN IGiSH SHRSHARSR0 Wi urcs
peaksa[:q] and.[2] for the two layer structure. Figure 8 shows an (Top)

el T HRRRSHI AR BiEthECet itk the TS S S RS At PR oo

of Belkovegion devoid of defects; and (Bottom) a high resolution micrograph

of the,d BiRHEACE: FsgiRmuShoMiRgsReriecteseudAnRiE SFavéiice, , layer
Figure 9 shows (a) an XTI%M _mlcrogragh of SiGe film (dark narrow band)

CORRBIRSEIRAENASF iFHPRE R BRYELR & “SHETR AV ERE TSR b BETIRE

wheamidepositioriiof G128i(Gélit)Ryar 400rTseT he amrowdinticatebdh&yreigidtof

S e L Rl A
| i | , utl |

W e LS Tt B R Rt ot between
the fie heatbrillivganotke)adribemaryeedhvidognfth éhiattetirh dedetjemutisitene

sV HaLing SiGefilnx iNalnessiis: anspatialy weifermin ®HIhH8 are

iclewall and the horjzantal.regions.. . Figure 10 is a high-resojutjon .
ST e R R AT e
deperghpfoesatitattibee unhiese uiraeherrioroofhdeStigeanalsc et ailedife s ipion
pré¥ilBe dipreRtiaied coltd Hr st RsResty thenpyeniioanaramMpeswomethed fen
ad‘&i?%spge aratign of CPE“gr%Hr}Q&sOfJE‘e mlecular, For 'é‘ué}i)' AXGE Qéb%vxa

(gwﬁereln X |in, % % r4,yis ?sz? or éi; Z |sd§ X-Fyl)a |s‘i 0 3X;
tergpraasais Aoy eamnpndiecreaditens(1y BatFehs B sHefcliab g Yersicad tighthe
thatm efoffapdy isiless thassaisequal to 5, comprising the step of treating a

com nd of the m r.FqQrmul N:SixGe)H (14) witha . .

comREHIH LS PRFSUAT RUR R GEN b B A e v
hajageise IR SPEBAcsBRPE R5nsBBUEE &5 SHEh: fetrrydn i gensrdnten
fuheieaftetasidd efhns B remoAs demoinsixateeh lieretoy tompeyndsiu, during
rBGEO5AIRG JQ;FarFla %&%P?ls‘dsﬁgmg% SXAMRIE ALY QUELY of device

depositions to produce stoichiometric SidGel_c; films possessing5 .
SUYEUTFS S PrEISE e S S @@rﬁﬁ@b‘ﬁ&tﬁ%%ﬁ?ﬁ%&%ﬁ‘ﬂfﬁ%ﬁdi%% cifjective
gronysted S andibpitax il smierostriic Rifesyasmmodt feanorp bal bg s erpd during
RO eRiFaInretexed s teieisnd REEONRRYNAR) f HRs WAL T) AR REI G

demonstrated to be remarkably stable over extended periods of time, and
YL e SR EH i A1 S TBT SR RS STPEKS RE PRUTERT TSIt SRt wafer. The
lagpphiesitidits: 1@ bragpouhdgacqondidg to thisaspeiotof theiinyelitongeciutie
to3Y &Rafermational Rk 10Ridhe comaRund: Mauding budlotlimitad.n,
H%‘%%? /so-forms of the compounds, and combinations thereof.
xemplary silicon-germanium hydrides starting materials of Formula (TT)
for the methods accordirief Reshitptispetthsffigargsvention comprise or

consighef thoseLompairdedisiad iptabiaidaAl St and. Geatemssndhe,

cLoEIRe! dr?daéfestf%e yalent, In the isobutanc- 15 and isopcntane-like
fsomers, the Srand Ge atoms inside the brackets are directly bound to the

Si oFBued the fefewfteddayr dskeesetie0s HH0GaIN ressthessise o tbide: O
Gthe bragketsmal thefargightia soRiesefithekempounds are directly bound

to thgilg%rset fs%rca guigtgl 1g%fftrg(?uet:)r{%0%§%{)s-2500 cm™') infrared spectra of the HsSi-

GeHs, C1H,Si-GeHs, ClLHSi-GeHs and ClSi-GeHs molecules.
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Table 1 2 metals:  HjSi-Geng 3 and 4 metal variants: (a) Linear
SiiGetH6 SiH3-Gel12-GeH3Si1Ge2li3 GeH3-SiH2-GeH3Si1Ge2H8
SiH3-SiH2-Geli3Si2GelFf8 SiH3-GeH2-SiH3Si2Gel HS

WEAPEED_ Gel-12-Gefi3Si1lGe3H10 SiH3-GeH2-Gel-1 2 €341$3008/059095
SiH3-SiF12-GeH2-GeFT-:Si2Ge2H10 SiTI3-GeH2-SiH2-GeH3Si2Gc2H10
SiTI3-Gel2-GeT42-SiTT3Si2Ge2T-110

Ge'ﬁgﬁé«"hz's'ﬁ&}rsf‘ %b%ﬁﬁﬁ%@%ﬁmm and observed infrared spectra of the
CIH;SiGeHs molecule. Frequency scale factors of 0.989 and 0.979 were applied to the
calculated low- and high- frequency spectra, shown-in part (a) and (b), respectively.

Figure 5 shows simulated rotational band contours A-, B- and C-type bands obtained
using the rotational constants for C1H,SiGeH; given in Table 3.

Figure 6 shows (top) a bright field micrograph of a SipsoGeoso film grown via
decomposition of CIH,SiGeH; at 400 °C; (bottom left) a high resolution image of the
Si/SiGe interface in <110> projection, showing a commensurate, defect-free interface; and
(bottom right) a RBS random and channeled spectra indicate a SigsoGegso composition and
high degree epitaxial alignment, respectively.

Figure 7 is a (224) reciprocal space maps of the 10 nm thick sample and the Si
substrate, showing peaks [1] and [2] for the two layer structure.

Figure 8 shows an (Top) XTEM micrograph of the entire film thickness showing flat
surface and bulk region devoid of defects; and (Bottom) a high resolution micrograph of the
interface region showing perfect pseudomorphic growth.

Figure 9 shows (a) an XTEM micrograph of SiGe film (dark narrow band) grown
selectively in the recessed "source” and "drain" areas of a device via deposition of
CLSi(GeHs), at 420 °C. The arrow indicates the height of the recess extending from the
bottom of the trench up to the gate/channel interface (dotted line); (b) a high resolution image
of the Si channel/Sig26Geo4 interface indicating commensurate growth between the two
materials; and (c) an enlarged view of the latter heterojunction showing that the SiGe film
thickness is essentially uniform in both the sidewall and the horizontal regions.

Figure 10 is a high-resolution XRD 2-D reciprocal space map of the (224) reflection

of Sip 33Geg 67 in reciprocal lattice units (rlu) relative to the Si peak.

Detailed Description of the Invention
In a first aspect, the invention provides a method for the preparation of compounds of
the molecular Formula (I),
SixGeyHz.aXa €))
whereinx is 1,2,3,0r4;yis 1,2,3, 0or4; zis 2(x +y + 1); ais 1 to 3x; and X is halogen,
provided that (i) each X is bonded only to Si; and (ii) the sum of x and vy is less than or equal
to 5, comprising the step of, treating a compound of the molecular Formula (II),
SixGeyH, (II)
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SiH3-Sil-12-G¢cH2-SiH3Si3GeiHto GeH3-SiH2-SiH2-SiH3 (b)
iso-butane-like SIFIT(GcH3)3]Si1Ge31:110
GeH[(GeH3)2(Sif13)]SiiGe3Hio SIFI[(SiHO(0eT-102]Si2Ge21-T10

W8 RI8R) (SiIFT3)2]ShGe2H10 Gelii(S TEI3)3] 5 WO PCT/US2008/059095
2009/005862PCMS2008/059095 SiH[(SiH3)2(GeH3)]Si3Ge:1430 5 metal
atom variants: (a) Linear: GeH3-GeH2-GeH2-GeH2-SiH3Si1Ge4H12

W@Zlﬂgr:n %&%ﬁﬂ%&fﬂ%‘@ﬂ"ﬁ&' gxea4llﬁ|e!%l chlorinating agent, at a temperature of

( eH2-S|H2-53eH2-GeH383ﬁ_ Ge4dH12
ahe 140 o ORI TR S5 a e 3o hereafe s Method A
Si13AG eklReBitrteG Rdkn GendGiRds edtdi@ng to Formula (I) can be used, for

ex%élgﬁsé%'ﬁ%y%égo@gé%eﬁ J)a&gg‘s:['c;'igizgometric SigGey.q films possessing

GeH3-SiH2-GeH2-SiH2-Ge113Si2Ge31117 _ o
de§fﬁd| gg@éﬁ@_@éﬁ@j@gﬁ?pﬁ ﬁq@§&@1§3ﬂuﬁmg perfectly crystalline and epitaxial
miSibiBuGedd? stedthlAeHhbl2site M3 Sideedd <khih-relaxed states. The compounds
of Formula (I) are herein demonstrated to be remarkably stabie over extended periods of
time, and thus represent viable molecular sources for potential industrial applications.

Compounds according to this aspect of the invention include any conformational form
of the compound, including but not limited », g, and iso-forms of the compounds, and
combinations thereof,

Exemplary silicon-germanium hydrides starting materials of Formula (II) for the
methods according to this aspect of the invention comprise or consist of those compounds
listed in Table 1. All Si and Ge atoms in the compounds are tetravalent. In the isobutane-
and isopentane-like isomers, the Si and Ge atoms inside the brackets are directly bound to the
Si or Ge to the left of the brackets; the Si or Ge in parenthesis outside of the brackets at the
far right in some of the compounds are directly bound to the last Si or Ge inside of the

brackets.

Table 1
2 metals:
HgSi~GeH3 SilG01H5
3 and 4 metal variants:
(a) Linear
SiH3—GeH2—G€H3 Si1G62H8
G6H3-—SiH2~GeH3 SilGezHg
SiH3—SiH2-G6H3 SigGeng
SiH3—G€H2-SiH3 SizGeng
GeHs-SiH,;-GeH;-GeHs S1;GesHio
Sng—GeHg-GeHg-GeH3 Si1G63H10
SiH3—SiH2-GeH2-GeH3 SizGesz
Sng-GeHg—Sin’GCH?, SizGSsz
SiH3—GeH2-GeH2—SiH3 SizG@sz
GGH3—SiH2-SiH2-GGH3 SizGGsz
SiHz-SiH;-GeH,-SiH; S13Ge1Hio
GGH3—SiH2—SiH2-SiH3 Si3G61H10
(b) iso-butane-like
SiH[(GeH3)3] Si1Ge3H1o
GGH[(GCH3)2(SiH3)] Si1GesHio
SlH[(SlH3)(GCH3)2] SiQGGQHm
GGH[(G6H3)(SiH3)2] SiyGeyHyg
GGH[(SiH3)3] SizGeHyo




Si11-Si12-SiH2-GeH2-GeH3Si3Ge2H12
SiH3-SiH2-0eH2-S1H2-GeH3Si30e2H12
SiH3-GeH2-SiH2-S1H2-GeH3Si30e21-112

WE 3085862 Sit12-Sif-12-GeH3Si3Ge2H12 PCT/US2008/059095
SiH3-SiH2-GeFf2-GeH2-SiH3Si3Ge2H12
SiH3-GeH2-SiH2-GeH2-SiH3Si3Ge2H12

SillS_SiBZS%E%@EE% 3Si4Ge:H12
¢-GeHZ-SI

. X SizGeHyg .
5 b aaHa 2-SiH3Si40el1 H12 SIHé-éllZ-GCHZ-SIHZ-SIII;

(aPi4keg:H12 (b) Iso-pentane-like
GeHRSiHBNEOL-GNGRHGeH3)S11Gaidit 2, GeH
[(GeH3RIGE2) (Sii3)BilBE4H12 GeHRE&HR)2(SiH2)](GeH3)Si)
Ge4HA9EHOpG SR O e Dl (GeH3)SiTBEaHI2 G
[(SiN3) X EetiPplesBrSy8resds 112 Shlestn

SIHRS)B3JSeH e PNEN3)Si2GesHI ™ 1
GeHRGe 3¢)lKae113)Si20e3d 142,

GeH[(GeHAUSII & Gait2N(31H3)S12Gegd 2 .
SIH[(CeditB)26BiHZICRE)SL2Ge3H12 5iyGe:H,,
SIH[(Ge$iB)B(BeHR)(BIH)GIRGe31-42  SisGeH
GeHRGEH2IHSHP)) R ABISI2Ge3H12 SiGet:,

SiH[(GeWdyXsikSsindRigebr1112  Si:GeHn
Gen[(G@%%ﬁiggg%%‘gﬂgﬁ%meezHﬁiggzﬁz

SiH3-GeH,-SiHz-GeH,-SiH3 SizGesHin
SiH3-SiH,-SiH,-SiH,-GeHs Si4GeHap
SiH3—SiH2-SiH2-GGH2-SiH3 Si4G61H12
SiH3—SiH2-GeH2-SiH2—SiH3 Si4G61H12
(b) Iso-pentane-like
GeH[(SiH3)(GeH3)(GeH)1(GeHs) Si;GeHi,
GeH [(GeHs)x(GeH,)](SiHs) Si;GesHi,
GGH[(GGH3)2(SiH2)] (GBH3) Si1GG4H12
SiH[(GeH3)2(GeH2)](GeH3) Si1G64H12
GeH[(SiH3)2(GeH2)](GGH3) SipGesHyp
SiH[(SiH;)(GeH3)(GeH2)1(GeHs) Si,GesHy,
GGH[(G6H3)(SiH3)(SiH2)](GeH3) Si;GesH
GeH[(GeH;)(SiH3)(GeH,)](SiHs3) Si,GesHy,
SIH[(GBH3)2(SIH2)](GGH3) SizGe3H12
SiH[(GeH3),(GeHy)](SiH3) Si,GesHy,
GeH[(GeHs),(SiH,)](SiH3) Si,GesHys
SIH[(G6H3)2(SIH2)]SIH3 Si3GezH12
GeH[(GeH:)(SiH3)(SiH,)]SiHs SisGeHi,
SiH[(GeHQ(SiH;;)(GeHﬁ](SiH3) Si3GepHin
SIH[(Sng;)(GCH3)(SIH2)](GGH3) Si3G€2H12
GGH[(SM3)2(G€H2)}(SIH3) Si3G€2H12
GGH[(SIHQQ(SIHz)}(GGHﬂ Si3G€2H12
SiH[(SiHQz(GEHz}](GGHQ SizGe,Hiy
GeH[(SiH:,)z(Sng)KSiHQ Si4G61H12
SiH[(GeHa)(SiHa)(SiHy)](SiHa) SisGeiHp
SiH[(SiHQz(Sin)](GeHQ SisGeiHyp
SiH[(SiH3)a(GeHy)](SiH3) SisGe;Hy
Neeopentane-like
Ge[(GeHs)3(SiHs)] Si;GesHyo
Si{(GeH3)3(SiH3)] SiyGesHy,
Ge[(GeH3)(SiH3),] SiyGesHip
Si[(SiH3)(GeHs )] SizGeoHia
Ge[(SiH3)3(GeH3)] Si3G€QH12




SiIHUGeH3)(S1143)(GeH2)](SiH3)Si3Ge2H12
SIHKSM3)(Ge113)(SiH2)}(0er13)S13Ge2H12
GeH[(SiH3)2(0e112)(SiH3)Si3Ge2H12

WM HHP2(SiH2)1(GeH3)Si3Ge2H12
S1HRSIH3)2(GeH2)1(GeH3)Si3Ge21112
GeHRS/H3)2(SiH2)](SIH3)Si4Ge:H12

SlHRGeH3g p@;’[(SiHS)SMGel
SitGe:H12 SiH

SIHRS|H3)2

PCT/US2008/059095

Eéﬁgg GeH2)1(SiH3)Si4Ge'Ht2

NeopesHasssiiehbae %@ﬁb&)}é Fvalies thboRektdd o MERBITAS Werdth for the

Gell3

[513G¢é

co Tl %%"%

Senes eéttlégfd’ﬁ)ff&%*’é’ééﬁw o

GeT(SiT13)42Si4GE1H12 lin one embodiment, difvEttion provides the

method 5f'l\%l’éfh 50\ ﬁerEm for the compound )}
a are accord’lﬁg t6 oné’ 6f the following (Table 2),

able®

a= 1SI1C§e;Lt|§)_£§ ~1ly=Lz=6;a= 2Si7Ge71- 14X8 Ge,HX,

x=1y=2;z =8;a=2
x=ly=2;z =8;a=3
x=ly=3;z=10;a=1
x=lLy=3,z=10,a=2
x=1y=3;z=10;a=3
x=ly=4,z=12;a=1
x=lLy=4z=12;a=2
x=ly=4;z=12;a=3
x=2;y=1;z =8;a=1
x=2;y=1;z =8,a=2
x=2;y=1;,z =§;a=3
x=2;y=1;z =8;a=4
x=2;y=1;z =8;a=5
x=2;y=1;z =8,a=6
x=2;y=2;z=10;a=1
x=2;y=2;z=10;a=2
x=2;y=2;z=10;a=3
x=2;y=2;z=10;a=4
x=2;y=2;z=10;a=5
x=2;y=2;z=10;a=6
x=2;y=3;z=12;a=1
x=2;y=3;z=12;a=2
x=2y=3,z=12;a=3
x=2;y=3;z=12;a=4
x=2;y=3;z =12;a=5
x=2y=3,z=12;a=06
x=3y=1z=10;a=1
x=3y=1z=10;a=2
x=3y=1,z=10;a=3
x=3y=1,z=10;a=4
x=3y=1z=10;a=5
x=3;y=1,z=10;a=6
x=3y=1,z=10;a=7

SllG32H6X2
Si1G€2H5X3

Si;G€3H9X1
Si1Ge3HgX2
SilGe3H7X3

Si[GB4H11X1
Si1G€4H1oX2
Si1Ge4H9X3

Si2G61H7X1
Si2G61H6X2
Si2G61H5X3
SiyGey HaXy
SizG€1H3X5
Si2G€1H2X6

Si2G62H9X1
SizGGzHng
SizGezH7X3
SixGeHeXy
SizG@szXs
S i2G62H4X5

SizGG3H11X1
SizGe3H10X2
Si2G63H9X3
SiQGe3H8X4
SizGe3H7X5
Si2G63H5X5

Si3G61H9X1
Si3G61HgX2
Si3G€1H7X3
Si3Ge]H5X4
Si3GB1H5X5
Si3G€1H4X6
Si3G€1H3X7

a(l),xvy,z and

=1:y=1;z=6;
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x=1;y=1; z=6; a= 3511Ge7H3X3 x= 1,y=2; z =8; a= 1Si1Ge2115X2
x=1,y=2; z =8; a=2Si7Ge2H6X2 x=1;y=2;z =8; a=3Si1Ge2H5X3 x=1,y=3;
z=10;a=1SijGe3H9Xi x=1;y=3;z=10;a=2Sii Ge3K3X2 x=1;y=3;z=10;a=3SIl

WE B 1:y=4:7=12;a=1 x=1;y=4;z=12;a=2Si iGe4 1 PATKRPLLYGFLYS
z=12;a=3Si7Ge4142X3 x=2;y =1;z =8; a= 1Si2GelH7X1 x=2;y =1; z 8;
a2Si2GeilisX2 x =2;y =1; z =8; a=3Si2Gel11-15X3 x =2;y=1; z =8;
a:4Si2§_gJ3 Xf x=3y5 132 =8; a:SSlzGell-L§§@%:§'X8:1;z =8;
a:68i2§§e13,[l:t,22<5, X=18: ¥=02; Z = 10; a= 13126c2]d2X kx=2:y=2;z=10;
a=2Si2Ge21-13X2 x =2;y =2; z = 10; a = 3Si2Ge21-17X3 x=2;y =2;
z=10; ax43i2Ge21I6X4x12; y =2; z =10; a = SSIDGERMEX5 X = 2; y = 2;
z =10; &=8Si2@e21124%62x=2;y=3; z =12; a= 18i26GH3MN11X1

x=3;y=2;z=12;a=3 Si3GeyHoX;5
x=3;y=2;z=12;a=4 Si;GeyHeXy
x=3;y=2,z=12;a=35 SisGeHrXs
x=3y=2,2z=12;a=6 Si3GeHeXs
x=3;y=2;z=12;a=7 Si3GeHsX5
x=3y=2;z=12;a=38 SizGeHiXs
x=3y=2;z=12;a=9 SizGeHzXo
x=4;y=1;z=12;a=1 SisGe Hy X,
x=4;y=1;z=12;a=2 Si4Ge HygX,
x=4y=1;z=12;a=3 Si;GeiHoX5
x=d;y=1;z=12;a=4 SiaGe HgX,4
x=4;,y=1,z=12;a=5 SiyGe H7Xs
x=4y=1;z=12;a=6 Si4Ge HeXe
x=4y=1z=12;a="7 SiyGe Hs X5
x=4,y=1,z=12;a=8 SiyGe HaXs
x=dy=1;z=12;a=9 SiyGe HiXo
x=4;y=1,z=12;a=10 SisGeHyX o
x=4;y=1;z=12;a=11 SiyGeH Xy
x=4y=1;2z=12;a=12 SiyGe HoX12
In one embodiment of Method A, X is chloro or bromo. In a preferred embodiment,
X is chloro.

In one embodiment of Method A, a is 1. In another embodiment of Method A, a is
3x.

In one embodiment of Method A, x is 1 and a is 3. In another embodiment of Method
A,xislandais 1. In another embodiment of Method A, x is 1 and ais 2.

In another embodiment of Method A, x is 2 and a is 6. In another embodiment of
Method A, xis2and ais 1.

In another embodiment of Method A, x is 3 and a is 9. In another embodiment of
Method A, xis3andais L.

In another embodiment of Method A, x is 4 and a is 12. In another embodiment of
Method A, xis4and ais 1.

In another embodiment of Method A, the sum of x and y is less than or equal to 4. In
another embodiment of Method A, the sum of x and y is less than or equal to 3. In another
embodiment of Method A, the sum of x and y is 2.

In a preferred embodiment of Method A, the compound of molecular Formula (I) is of
formula (ITI),
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x=2,y=3;z =12;a=2Si2Ge3H10X2 x=2;y=3; z =12;a=3Si2Ge3H9X3 x=2;
y=3;z =12;a=4Si2Ge3H5X4 x=2; y = 3; z =12; a= 5Si2Ge3H7X5 x.=2; y=3;
z -12; a= 6Si2Ge3H6X6 x=3; y= 1;z=10; a= 1Si3GelH5X1 x =3;y=1;z=
WORPIEEDe11-15X2 x=3:y = 1;z= 10;a=3Si3Gel1H7X3 YRZ(HS3005059995
a=4Si3GelH6X4 x=3;y= 1; z=10;a=5Si3Ge1H5X5 x=3;y= 1; z=10;
a=6Si3GmMH4X5 x=3;y =1; z= 10; a= 7S13GmH3X7 x=3;y=1;z=10;a=
ISBC02L L1 IXL N = 3 # T T2 02, 2 = JLBGRRL X2 X2 31y 2 2:2 =
whppein =S R3E @pHINEIY +3)yp-s 3 19 3: apgl Mpishalopam propidsdAhptaich X 5. 7=
bohZs@slP I3 SRR Xhothadl; yeferdidaohdidsferadBettc@BHOX6 X = 3,y = 2; Z
= 121.11801?6 @%h%%%%z'fé%%‘ &éh%é”B}’f igé}ﬁo?ojzg;b%r?los%ggﬁgﬂé%gé%mbodiment,
X is chloro.

In one embodiment of Method B, v is 1. In another embodiment of Method B, y is 2.
In another embodiment of Method B, y is 3. In another embodiment of Method B, y is 4.

In one embodiment of Method B, a is 1. In another embodiment of Method B, a is 2.
In another embodiment of Method B, a is 3.

In a preferred embodiment of Method B, y is 1 and a is 1. In another preferred
embodiment of Method B, y is 1 and a is 2. In another preferred embodiment of Method B, y
islandais 3.

In a preferred embodiment of Method B, the compound of formula (II) is H3SiGeHs,
H,Si(GeHs),, or HSi(GeH3)s. In another preferred embodiment of Method B, the compound
of formula (IT) is H3GeSiH,SiH,GeHs.

In a preferred embodiment of Method B, the compound of formula (II) is H3SiGeHs,
H,Si(GeH3),, or HSi(GeHs); and a is 1. In a preferred embodiment of Method B, the
compound of formula (II) is H3SiGeHs or H;Si(GeHs),and a is 2. In another preferred
embodiment of Method B, the compound of formula (II) is H3GeSiH,SiH,GeHs and a is 1 or
2.

In a preferred embodiment of Method B, the compound of molecular Formula (I) is of
formula (IV),

SiGeyH,.oCl, Ivy
whereiny is 1,2, 3, or4; zis 2(y + 2); a is 1 to 3; and provided that each CI is bonded only to
Si; such a method is referred to hereafter as Method C,

In one embodiment of Method C, y is 1. In another embodiment of Method C, y is 2.
In another embodiment of Method C, y is 3. In another embodiment of Method C, y is 4.

In one embodiment of Method C, a is 1. In another embodiment of Method C, a is 2.
In another embodiment of Method C, ais 3.

In a preferred embodiment of Method C, y is 1 and a is 1. In another preferred
embodiment of Method C, y is 1 and a is 2. In another preferred embodiment of Method C, y

islandais3.
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x=3; y=2;z= 12; a=9Si3Ge2H3X9 x = 4; y = 1,z = 12; a= 1S14G el Fin Xi x
=4;y=1;z=12;a=2Si4Geinl0X2 x=4;y=1;z=12;a=3Si4G e |
HIX3x=4;y=1;z=12;a=4x=4;y 1;z= 12; a= 5Si4Gel1H2X5 x=4;y

WOR0§98058625 = 6Si4GeiHB6-X6 X = 4; y = 1; = 12; a = 7Si4Gel/HEREB/A520%;
y=1;z=12;a=8Si4GelH4X8 x =4;y =1;z = 12; a = 9Si4GelH3X9 x =
4;y=1;z=12;a= 10Si4GelH2X10 x=4;y = 1; z= 12; a= 11SLGeiH1X11
o Ay g 12 a5 A25iCRIONI2 In onc emboriment otMetad A X
is chiofd or bromo. in a preferréed embo |meﬁ?, ig chioro. ‘n one

HaSif{bdbim enti ol freto dpang therprpferebenbe & misns aifYsHod fGvigeroapeuadis
of3%nRin ane enthedisenicrfiMethod A, x is | and a is 3. In another

embodiment of Method A, x.is, 1.a is1.lnan r embodim

ol R i S eI CHE i Bl B RaT
HeSi@etlig26 nfiGeinethb sdiméntior Mestise! Ambadimeny e ieefiod C, then
coppather gmbadimentioftviathed 4, pufs(G@ny, amdsisIn. anotither preferred

mbodim f thod A, x is.3.and.a is.1 . r.embodi t

ST L oA, e
-and ais 1,

In a preferred embodiment of Method C, the compound of molecular Formula (I) is of

formula (V),

SiGeHe.oCla 2
wherein a is 1 to 3, provided that each Cl is bonded only to Si; such a method is referred to
hereafter as Method D.

In a preferred embodiment of Method A, the compound of molecular Formula (I) is of

formula (VI),

SixGeH,..X, (VD)
whereinx is 1,2, 3, or4; z is 2(x + 2); ais 1 to 3x; and X is halogen, provided that each X is
bonded only to Si; such a method is referred to hereafter as Method E.

In one embodiment of Method E, X is chloro or bromo. In a preferred embodiment,
X is chloro.

In one embodiment of Method E, x is 1. In another embodiment of Method E, x is 2.
In another embodiment of Method E, x is 3. In another embodiment of Method E, x is 4.

In one embodiment of Method E, a is 1. In another embodiment of Method E, a is 2.
In another embodiment of Method E, a is 3.

In a preferred embodiment of Method E, x is 2 and a is 1. In another preferred
embodiment of Method E, x is 3 and a is 1. In another preferred embodiment of Method E, x
isdandais 1,

In a preferred embodiment of Method E, x is 2 and a is 2. In another preferred
embodiment of Method E, x is 3 and a is 2. In another preferred embodiment of Method E, x
is4andais 2.

In a preferred embodiment of Method E, the compound of molecular Formula (I) is of
formula (VII),

SixGeH,..Cl, (VI)

10
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In another embodiment of Method A, the sum of x and y is less than or
equal to 4. In another embodiment of Method A, the sum of x and y is less
than or equal to 3. In another 15embodiment of Method A, the sum of x
WehHPP3862 |n a preferred embodiment of Method A, thBCAGRHHEBATIH
molecular Formula (1) is of formula (llI), WO
2009/005862PCT/U82008/059095 SiGeyHz_aXa(lll) wherein y is1, 2,3,

( 2),.als . and | halogen, .provided

crel rﬁo g|4 szul?:%( e’tﬁo iS ?e errﬁar Vlgue%}g’a tcéllrC as I\/ﬁet‘f‘ln1 d(? I§n]y
tolﬁldﬁélérﬁﬁﬁéﬁﬁéﬁfﬁ&%%ﬂ%ﬁfﬁﬁ 3% Meteib¥o or bromo. In a preferred

embﬁdbﬁwdhﬁb&iﬁh&ﬁmpmmﬁdm& gmbadimant ehddethed & MWetSoll.Hk is 2.
In an h?rSQ&Q&O@rQe{M&E'\é?Q‘%‘Q ’I ano%er rﬁ}r hertg)m @?nyg 8f4

de In ano?her’ iment o 2 In one

emb%%@ﬁwm%@}@% i mlaﬂeﬁv@fhérrﬁ@ém‘fﬁeﬁftﬁfhﬂn@ﬂ% Bisgis
Indinbhanatbedambevmest BfaNethod B, a is 3. 10In a preferred

emb?dlm?%gécm Eo(fgméﬂty IfsMQthgq?ls ]‘éslp A r}lOther pr?rﬁegrﬁogcjzr preferred

embodirment o is 1 and &'is 2. In another preferre
crghfiiss ek iios %ﬂng 1sis1l affteaotges preferreghembgdiasief Method F, x
iserindiment efdietbetidhecoimpounsiaidomuladbhds KBSiGeH3,

2 et Bl 3o another preferod empogmens ffey

Method B, the compound 150f ormula’% ) is H3GeSIiH2SIH2G
ebRIERG R Béﬁ‘hf&cfrﬁéﬁ@ B MétRodP BN eHE CBHHSE RS IBRH GEMetied . x
isH 361 @ &l 3 [1H2bii6G eH )R dembigifteetd8)Eand B 15si dmnda preferred

embggdiment af Mekhed: B meﬁmp@ae ”tqe%@ﬁﬂ&l'ﬁréll)db? H3Ras - -dy
HZS&\(%GeH?a)Z ,and a is 2. In another preferred embodiment of Method B,

onp et ddsihsdina Br RIS iesbsEER b 2SiH2GeH3 and a is 1 or 202.
In a piefentedadntiodimenht ofditethbsed (the compound of molecular

Formylg, (hkis Abiarmmadie fﬁrvzs @rﬁml%e%éon%rm& B Z B8 3 %Ay
is1to3; i%nd prov jded that ea is bond e only to Si; sy &h a method

OB VS8 Y Pkt QLRI S "8 Teesin TR ae%s R M&WS&“&O
this formulanBther émbodimeaht obitethdd<CBylis@. Wanotﬁeneerm@@d:mﬂte
cafMethades,y is 3. In another embodiment of Method C, y is 4. In one
emb%jlarye (;[roeme %gtcol %Te%ls An ano her embodlmento Metho
(s)pcf% taellsn\épngﬁri rprowde%ere raetho 0 any

2. In‘another em men%
o biuthedhiof Meﬂw@;mecv@h@@%amwaﬁmhe@%@fe eyt 10 °C. Ina

pemb@m&me&mlawemmf@ Yis{fedt 240€l vignior HRRAEIRELRRIBEEESE any one of
I\/Fet squm%n érlé{lr? heorgac 10}4 gn{pgrg%re fss a%out -25 °C to about 5 °C.
In another embodiment of the third aspect, the invention provides the method of any

one of Methods A - F, wherein the compound of Formula (I) is

CISiH,GeHs chloro(germyl)silane;
ClL,SiHGeH, dichloro{germyl)silane;
CIHSi(GeHs), chloro(digermyl)silane;
Cl2Si(GeHs), dichloro(digermyl)silane;
CISi(GeH3)s chloro(trigermyl)silane;
CIHSiSiHy(GeHs), 1,2-digermyl-1-chlorodisilane;
(CIHSI)»(H5Ge), 1,2-digermyl-1,2-dichlorodisilane;

CLSiSiH,(GeH3), 1,2-digermyl-1,1-dichlorodisilane;

11
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In a preferred embodiment of Method C, the compound of formula (11) is
HiSiGeRi, 1-12Si(GeEI3)2, or HSi(Gel-i3)3. In another preferred
embodiment of Method C, the compound of formula (11) is

WOSHEEHRPSiH2Ge113. hi a preferred embodiment of Me#{odUS20{}§452095
compound of formula (11) is 113S1Gel3, 5 H2Si(0el-13)2, or HS1(GeH3)3
and a is 1. In a preferred embodiment of Method C, the compound of
formula (1) is I-13SiGen; or H23i(GeH3)2,andea is 2. In another preferred

embodiment of Method C, the compound of formula (Il) is
-1 38 ERSIEpsebheanyFRiion jRrvddes 2 method far the psasriienoh BOERATEAY

ofufidviethadapthelcampound of molecular Formula (1) is of 10formula (V),
SiGeH6_"Cla(V) wherein a '§xbté)}§_,lﬂrovided Eﬂ%? each Cl is bonded only
to Si; such a method is referred fqzhereafter as Method D. Ina

ViTEtiréd embStifmetit of Métiba A2ehé tompblind ol Edtdrieetula

prck)del dial 5ot e btadadi dn5i6 SHIXAME) whHaenein fxisd y 25 Bssohad; o ¢qud(%0+6,2);

chniRididQuR:@ld #Xis halogen, provided that each Xis bonded only to Si;
such a'method is referred to hereafter as Method E. In one

embBARITESTRS RatrRayE o5dhe ormirs G romo. In a preferred
embodiment, 20X is chloro.SiGeyié.emb@dithent of Method E, x is 1. In

anothgr.embedinenizof Methed & & ieZ10.a900er embpdiment of
Method E, x is 3. In ana%ther embodiment of. Mf%i?od E, xis 4. In.one
FRirbE i

emb3ARREHP ST MEROBEVATE PipPaRGiRE i SRR E A is
2. Inasoinkpaxdtbidiniegmnof MetvdehlkyalsB.allincaapreigroed: -Cs alkoxy,
embogigentofiMeihad Gox s 230dRdsd-dnagetiesppigiediyi;
embodlmdenthqf Jizlle hog E X Is 3.and ais 1. In another preferred
embBIHERBE KIEHBEE X% hnd ais 1. In a preferred
embudimentofwietidy formuls OsXntlagasmramranbibert pretetedout 40 °C,
s@m;@gkim@@tr&&%@m@r@ft&@ Br@nshais 2. In another preferred
embodiment, of Metho x 3Qis 4 and a is 2. In.a preferre :
e SIS G E LR B e g i
afgphitula IVaRptRr empodissrepf Xeghad 9, Bisor andy j§ 2 (knarppher penpodingsat of
vandpmvidedihatench &lisdpensamhentyytMSicauwsx a methed is referred
to hereafter as.Method E. In.gn bodiment of Method F, x is 1. In
anoﬁne? %rrer{ r(rnégi?nrgebﬁ)?l &eﬁg?r%&oﬁ%ﬁ?‘%’lg le.nlr?(gﬁ'qther embodiment of
MethBd Prefere g empodiptnesiehiserAamnst Metheatnpievides a method for

the preparation of compounds of formula (XIV),
SiGe,H,1X  (XIV)
wherein y is 1, 2, 3, or 4; z is 2(y + 2); and X is halogen, provided that X is bonded only to-
Si; comprising the steps of,
(i) contacting a compound of the formula (XV),
SiGeyH, Y  (XV)
wherein Y is ~OSO,R', wherein R' is C;-Cs haloalkyl, C;-Cs alkyl, or phenyl,
wherein the alkyl and phenyl are optionally substituted with 1 to 4 groups which are
each independently halogen, C;-C; haloalkyl, C;-Cs alkyl, cyano, nitro, C;-Cs alkoxy,
-C(O)YCy-Cs alkoxy, -C(0)Cy-Cs alkyl, ~S{O)Cy-Cs alkyl, or —=S{0)Cy-Cs alkyl,
provided that Y is bonded only to Si;
with a compound of the formula CsX at a temperature of about -50 °C to about 40 °C; such a

method is referred to hereafter as Method H.
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5In one embodiment of Method F, a is 1. In another embodiment of
Method F, a is 2. In another embodiment of Method F, a is 3. Ina
preferred embodiment of Method F, x is | and a is I. in another preferred
WEHYEAENt of Method F, x is 2 and a is I. In another prefé&rF8(2008/059095
embodiment of Method F, x is 3 and a is 1. In another preferred
embodiment of Method F, x is 4 and a is 1. 10 In a preferred embodiment

of Methad i g iR PRI AT %rlmﬂlea{neﬁ?eﬁf‘er&x%@d%ﬁ}?%‘ M&H&@f{ Nigthod

F, xis 2 and a is 2. In another preferred embodiment of Method F, X is 3
In gpaiher @T&O@Hfi&ﬁ%@ﬁ%@r%ﬁ SR AP BRI GG eRob h B a is 2,

In anoihesferabadinintoithéctirst Especthiére.invention provides the

methog %?é%r‘efé?re%f %%HM&AOT FndWaGH %%Pé&f IR0 SIR %&EJ&OQ

fractionally distilling the Eroducto step (1), another embodiment of

mefhadifethecperaratien %B’r‘i}ﬁilé\‘}?&&ﬁﬂlg hetRB6f any one of Methods
A - ) theteoimpoungafhe éeltamBe s weatad\istrOa@Mhpound
of th@h@?éﬂ‘ﬁ'@s%x%‘ EJ!%E%@%@&“@H%QVBP&%QQ '%ﬁgﬂﬁ}% BB 1

referabﬂzl( the compound 1s BC13. 20In another embodiment of the first

aspétt? 8%\?&%8%%%&@%‘%%%&%&1%%ﬁ@a&m@d&rﬂ‘f\ﬂ%ﬁ%&&ﬁ\gefiz,
whefkif:theopdiadtionCeriipk raturensraliai:-8o&y 1eCab Ut GO IxN a
prefesiegemhadimentet the Jf@f 35P§, e iNYENIABVRIGMISES 6onded
method of any one of Methods A - F, wherein the reaction temperature is
abolP%8 ¥to about 5 C. In another embodiment of the third aspect, the
withvésttian providesitheinbthofOf Gy &wri® 6FMethadwethed-isvtferedrto
ndbgrcompeupgof Formula (1) is CISiH2GeH3 C12SiHGeH3

ClHSftGeH 12S Geff3)3 C H |S|H efl
(lenfg‘f)% %%E@Eo@%giﬂ(@]&-{%ﬁw E’Trorollfger )sn&ﬁt{log)lzy 182,
In@mﬂlelrel(@@flmyefsﬂéhvfe‘ehehIkavoé&gérmyi)lsﬂamb@@mﬂtﬁb%@@eddayl)sﬂane

Ch|0fﬂ(ﬁri§1€fényxléﬁjf%aeerﬂb8dﬂfﬁ@tr W&r&&@hﬁﬁﬁoﬂkﬁ@nﬁe invention provides a
mgiho?d#gﬁﬂ r%r%tlg)hcgttgg%dlsn fLrZ c{d?gﬁﬂyl -1,1-dichlorodisilane; or

mixtures t econ aspec invention provides a method
for the preparation of comp®iids-dfthéYdlecular formula NI), S
wiﬂé@ﬁ:lwlls“l LXEdhnhiengineejsakd Brodided thiyOBislboadad @tiyossis 2(x +y +
a IS L,to es’?’e pd X is halogen, 5provided that (i) Xis bonded only to Si;
(ujg e sBm of x and y is less than or equal to 5, comprising the steps
of, (S cemtactneg aowmlﬁéyeﬁ@eofpfﬁlé%w&la (X1,

SiGeyH, Y  (XV)
Y is —~OSO,R!, wherein R' is C;-Cs haloalkyl, C,-Cs alkyl, or phenyl, wherein the
alkyl and phenyl are optionally substituted with 1 to 4 groups which are each

independently halogen, C;-C; haloalkyl, C,-C; alkyl, cyano, nitro, C;-Cs alkoxy,
-C(O)C;-Cs alkoxy, -C(O)Cy-C; alkyl, —S(0)Cy-Cs alkyl, or =S(0)Ci-Cs alkyl,
provided that Y is bonded only to Si;
with a compound of the formula CsClat a temperature of about -50 °C to about 40 °C, such a
method is referred to hereafter as Method J.
In one embodiment of Method J, v is 1. In another embodiment of Method I, y is 2.
In another embodiment of Method J, y is 3. In another embodiment of Method J, y is 4.
In a more preferred embodiment of the second aspect, the invention provides a

method for the preparation of the compound, CIH,SiGeH,
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Si"Geyl-LitY (XIII) wherein Y is -0802R1, wherein Rl is CI-Cs haloallcyl,
CI-C6 alkyl, or phenyl, 10wherein the alkyl and phenyl are optionally
substituted with 1 to 4 groups which are each independently halogen,

We EPEsdalkyl, Ci-C3 alkyl, cyan, nitro, Ci-C3 alkozYi -GOYET2EH059095
alkoxy, -C(0)Ci-C3 alkyl, -S(0)C1-C3 alkyl, or-S(0)2C1-C3 alkyl; provided
that Y is bonded only to Si; with a compound of the formula CsX at

aogﬁgﬂ% TR 0% %Qq%tgstama A gjféﬁ}ﬁ?lh h armethed isnelareed

In one embodiment of Method G Xis1.In

~0§ﬁ>eaqewé?f%&mérﬁxéfsméw?é}alecx% #iey @h9nvin Whigtiefhe alkyl and
phervibadispasiang MsihoekGyxhis tandryuss 2vhinhanothel exdtbodininbadbgen,

Crr '\ée%?&l%l1xdsé WG Fato HAPOHIRE, EMB égf reesioidvieihgg ¢ éﬁ)@,

g n a preferre embodlment of Method 0, X is chloro. 20|
aliyletaffof dm B%ln?én%?)fﬁe Syt BAeY ivarish %\}iﬂ@s ‘éi“h a
cofifeiinadofoththferprgparation ofteopapaunds dioforsuld (Kb HBEP- kukk a

me@%&)ﬂs"%’é}'&&@d%ﬁu@ehfér & QtdlodxS 2(y + 2); and X is halogen, provided

that X is bonded only to Si; comprising the steps of 25&) contactlnp
compduriEfsteth g GQW &esddy tﬁoi%p(x%’)%vﬁe s Pl Ci-Go
alle@SODhehl, wheeeindlergl @p@ﬁtxhaibalk;mtmed:ﬁnaiRylognnpﬁeﬁylhalmé%é,ln

c.lee zﬁi@(' Qoplmyba@ Q%Wa@wﬁgtutﬁgyvﬂb(ém émeﬂpsm@h@re
each |nd end enag( alogen, Ci-C2 haloalkg/l Ci-C3 cyano, nitr

et e Sy S0 B O TR e SRR %%/8) REHICE dikt G
halS{BYRCG Blitkydr provitiedietvat Msybonaiéinohiystbssistwrithits beipspoid

cahibadardacsiat hienasii ﬁﬁ&éréﬂa%%o%%ﬂpo@m%é@ Ef(@}swc@
methoﬂqj referre 1%‘.0 hereafter as Meth In one erQtt I&l}(l)
PERABRRBAYE, G I SR BHT8Y ISR eﬁ?’ 0115 RRSARALY Ry TS et flpecn.
Cﬂﬁab@@nm@nlkmf M&thBdaftyly is 3. In another embodlment of Method H, y is
4. lmﬁlﬁﬁeff%ﬁr&fﬂeﬁealagﬁhm@m@w&mg@édg Hd$nohlara provides lﬁb@n&lﬁf&of
anﬁfoe fel’%e[\?e%m(;) %9 rﬂ %l%ht SeC(imd %1515‘ }e 1es ! ouin%) Kbrt)ro u? E
tho fi\e preparation ot EL15i comprlsmg the steps o?
In an embodiment of the second aspect, the invention provides the method of any one
of Methods G - K, further comprising the step of
(ii) fractionally distilling the product of step (i).
In a third aspect, the invention provides a method for the preparation of compounds of
the molecular Formula (XVII),
SixGeyH,.aXa (XV1ID
wherein xis 1, 2,3, 0or4;yis 1,2, 3, or 4; zis 2(x +y + 1); ais 1 to z; and X is halogen,
provided that the sum of x and v is less than or equal to 5, comprising the step of, treating a
compound of the molecular Formula (LX),
SixGeyH, (LX)
with a compound of the formula BX; or AlX; at a temperature of about -80 °C to about 25
°C; such a method is referred to hereafter as Method Al.
As demonstrated herein, compounds according to Formula (XVII) can be used, for
example, in controlled depositions to produce stoichiometric SigGe;.q films possessing
desired properties for semiconductor applications including perfectly crystalline and epitaxial

microstructures, smooth morphologies, and uniformly strain-relaxed states. The compounds
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() contacting a compound of the formula YH2SiGel-f3, wherein Y is
-0802W, wherein W is CI -C6 haloalkyl, C1-05 alkyl, or phenyl, wherein
the alkyl and phenyl are optionally substituted with 1 to 4 groups which are
wezewddIendently halogen, C1-C2 haloalkyl, C1-C3 alk}KEYarysRHYS
C1-C3 alkoxy, -C(0)Ci-CT alkoxY, 10-C(0)C1-C3 alkyl, -S(0)CI-C3 alkyl,
or -S(0)2C1-C3 alkyl, provided that Y is bonded only to Si; with CsC1 at a
mperature of about -50 C to ut 40 C: h ethod is referred to
e R T R
timen 56 dirisprreeM sty @ sqEees SpiotpertBhilyeHiaERp bfaRdthod |, v
is 3.denanetaesroaeginentefMethndidyshiblinbhé moremeiemiethl form
bodiment of the .second ect, the invention. provi a method for the
o VT R R e Ol
copppiransytheraot 3, or 4; z is 2(3/ + 2); and provided that Cl is bonded only
t0 SEBGMRPSiSHaa-teemsieps Bidfjes crigatngaaeampasndul (ha fasmitita
V), SiGeyliz, I (XV) Y. is.-0S02R1. wherej j - Joalkyl
R S et S B G BN B R bunas
listgdpatiitted-with | to 4 groups which are each 25 independently halogen,
C1-GRohaloalyinGic @b alekicypiooidaitio, ihedtkaod, ACHOXCAn €3 the
oSO o FIETR Ak 2 SUMG 1 alinh O RINAE a6 21V LRroyige
that Y is bonded only to 'Si; with a compound of the formula CsClat a
follawipe aie 3f about -50C to about 40C, such a method is referred to
heserfter as Method J. 30In one embodiment of Method J, vis 1. In
another embgadimient 6f dMethod 3, y is 2. In anottefedibadiment of
Method #3i¢ 3. lirarfotie? embodiment of Methdie9:81%s 4. In a more
preferred 8mBGatTenff e second aspect, the HH¥8 provides a
method for the preparation pf the compound, C1 i , comprising the
steps ofi@%éémgégmgé:c_pﬁlpound of the formulg-;;l?ét3 'eH3, wherein Y
is -0S02R4 ; ihesein-1g".is £t-C6 haloalkyl, Cr-C & alkyl,xqr phenyl,
wherein thel gykyybane phenyl are optionally substitiytegHywith 1 to 4 groups
which are=ebchFiddepéndently halogen, Ci-C2 hato&lkylyXs1-C3 alkyl,
cyano, nitro, C1-C3 alkoxy, -C(0)C1-C3 alkoxy, -C(0)CI-C3 5 alkyl,
-S(0)CI-€3 lallkﬁgozrf (});Z_dl-cs alkyl, provided ¥ i<bonded only to
Si; with 5_Zﬂ:éh¥p"o§ﬁd;q the formula CsC1 at a terBheattige of about -50 C
to about A0 _.Sljgﬁlélmgt_bgd is referred to herea ﬁ@reiq;%)@ethod K. Ina

X =3 :

preferred em adjment@ﬁargy one of Methods 0- K;, dHxCt-C6 haloalkyl,
C1-C6 atkeyl,; ormhenylpmherein phenyl are optiosaliesylistituted with
halogerx €1;€2 Badealfyd, =10 C1-C3 alkyl, cyan, itk GE€3 alkoxy,
-C(0)C1-C3 alkoxy, -C(0)CI-C3 alkyl, -S(0)C1-C3 alkyl, or -S(0)2C1-C3
alkyl. In aTo¥e dréferred ehbodiment of Methodst-‘ig (' CI-ClI haloalkyl,
Cr-C4 affcy ,igr;ojjérﬁzyg@egrein phenyl is optionaif1 Sib¥tituted with

halogenzg %3}]@_24@9@ kyL.er Cr-C3 alkyl. In a evgrbajg&jpreferred

embodirgent 9f-Method G ~.1 is Cr-C4 perfluorogileyli34-C4 alkyl, or
phenyl, wkaregir phenyl;is optionally substituted vtitchaipgen, 15Ci-C2

perfluorealkyy, o#,CC3aatkyl. SiiGesHaX 10
X = 1;y=4;2= 12;a= 11 Si1G€4H1X11
x=1;y=4;z=12;a=12 Si; GegHoX 4o

x=2;y=1;z =8, a=7 Si;Ge Hi X5
x=2;y=1;z =8 a=§ SiGe HoXs
x=2y=2z=10;a=7 Si;Ge,HsX5
X=2;y=2;'l= 10; a=3g SizGSzHng
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In a preferred embodiment of the second aspect, the invention provides
the method of any one of Methods 0O- K, wherein the reaction temperature
is about -25C to about 25C. In an embodiment of the second aspect,
WHaGpRR9%BN provides the method of any one of Methods RET/KS2A0BtpRap9S
comprising the step of 20(ii) fractionally distilling the product of step (i).
In a third aspect, the invention provides a method for the preparation of
compoung%of___t_ge m I&cuzl r Formula (XVI1), (XVéI)G_ reinxis 1, 2, 3,
or4;yisl,; ygzoz‘rzﬁi(;’;igz% +y+1);aislto zgi%ﬁ@eaz 1:5§9halogen,
25proviée ’t%at the sum of x and y is less than or equal t0 5, comprising
the stepsefatkeating a gogpound of the moleculagFesmua (LX), Si"GeyHz
(LX) with -axcempotird nfithe formula BX3 or ADGhpaealigmperature of
about -80-C;to=abaut 25 €= 8uch a method is refe¥ré:td:Kereafter as
MethodxAl 230A% demdnastrafed herein, compourtigagéatding to Formula
(XVII) cafi be Tised, Tored@anple, in controlled depdsitidiisto produce
stoichiohetrit SldGel 2 $mé possessing desired propéfties for
semicor}d_%ct?;qppﬂq%tigg%ncluding perfectly C%?é%lﬂﬂf‘&l%‘”d epitaxial
microstructures, smooth morphologies, and uniformly strain-relaxed

states. khaycpampeunds aef fsormula (XVII) are hengis, Hexppnstrated to be
remarkabhp statilezoviel; extéhded periods of timeSafichihkis represent
viable n¥otécutalsoarées fopotential industrial dpglieHtidns. ,
ComPoisdabediaseng s s Abpeit Hfaneihiartiol melkleedpybodiment,

xaeaiisimational form of the compound, including but not limited ti, g, and

Lip-forms, 9&%&&9{?9@@% %ﬁdaﬁgqm@i%fg&m%sa%?{m of I\%g;ﬁm %\'g,rx is

silicon-germanium hydrides starting materials of Formula (LX) for t

L thetpists DasrangmRodHrs L oh Mathodihd: miveRtiah comprise or consist of
thosemcanipouwndsdisted on Mabdd A1, the suln a@heaembibdeneint thequal to 4.

 WEREPBRIQYICISS SP&,Eaeinad ahMeihad Abwharaindforihe Locempound

of Formula (1), x, y, z, and a are according to listed in Table 2 or one of the
awim%oﬁ%mbogy@f%é\b thesym 9fx gud Y i 2-4Si1Ge1H2X4 x=1;y=1;

z=6;a= &8t etfbiotEment of Method Al, each Si and Ge atom has no more than two X

bonded thereto.

In a preferred embodiment of Method Al, ais 1 to 2(x+y) and each Si and Ge atom
has no more than two X bonded thereto.

In a preferred embodiment of Method Al, the compound of molecular Formula
(XVID) is of formula (XVIII),

SiGeyH,..Xa (XVIID)

wherein yis 1,2, 3, or4; z1is 2(y +2); ais 1 to z; and X is halogen, such a method is referred
to hereafter as Method B1.

In one embodiment of Method B1, X is chioro or bromo. In a preferred embodiment,
X is chloro.

In one embodiment of Method Bl, ais 1. In another embodiment of Method B1, a is
1 to 2(1+y). In another embodiment of Method B1, ais 2(1+y).

In another embodiment of Method B1, v is 1, 2, or 3. In another embodiment of
Method B1, y is 1 or 2. In another embodiment of Method B1, y is 1.

In another embodiment of Method B1, each Si and Ge atom has no more than two X

bonded thereto.
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x=1;y=1;z=06; a=06Sitee IFloX6 x=1;y=2;z =8;a=4Si1Ge21-14X4 x=1;
y=2;z =8;a=5Si1Ge2F13X5 x=1;y=2;z =8;a-6Si10e2}12X6 x= 1,y=2;z 8;a7
x=1;y=2; z '8;a8Si G e2l-10Xs x= 1;y=3;z=10; a=4SitGetfidCt x= 1;y=3;z=
WD2042g8% S etlisXs x=1;y=3;2=10;a=6Si1Ge31-14X6 x= 1P{GEHTZEA08{(§I095
a=7Sit Ge31-13Xt x=1; y=3; z= 10; a= 8Si t GetH2X8 x= 1;y=3;z= 10;
a—QSit Gc3Il, X9 x= l'y = 3; z= 10; a= 10Si4Ge3I-10.X10 x=1;y=4;z=12;

RS s U B e
ha&ﬁsgiqre@amm%};b@ﬁ%mt%& 12; a=9Sii Ge.41-13X9 x =1;y=4:z=12; a
= 10&i Jﬁ@é&rﬂe&&h@@fcﬁrﬂéwéfzméﬁsa@ﬂSﬁk&eﬂﬁ;oﬂa‘r(ibf(%&hmf @z *s

ngGaH :1:?§e(} %%2, orq?[%lFGXH% yIn ahotﬁer ple e?r%l G :clhmlél'nt zf Method B1, the
compound of formula (LX) is H3GeSiH,SiH,GeHs,

In a preferred embodiment of Method B1, the compound of formula (LX) is
H3SiGeHs, H,Si(GeHs),, or HSi(GeHs)s and a is 1. In a preferred embodiment of Method B1,
the compound of formula (LX) is H3SiGeHs H,Si(GeHs),, or HSi(GeHs)s. and ais 2 or 3. In
another preferred embodiment of Method Bl, the compound of formula (LX) is
H3GeSiH,SiH,GeHs and ais 1 or 2.

In a preferred embodiment of Method B1, the compound of molecular Formula
(XVII) is of formula (XIX),

SiGeyH,.Cla X1xX)
whereiny is 1, 2, 3, or 4; z is 2(y + 2); ais 1 to z; such a method is referred to hereafter as
Method C1.

In one embodiment of Method C1, ais 1. In another embodiment of Method Cl, a is
1 to 2(1+y). In another embodiment of Method C1, a is 2(1+y).

In another embodiment of Method Cl, y is 1, 2, or 3. In another embodiment of
Method C1, y is | or 2. In another embodiment of Method Cl, yis 1.

In another embodiment of Method Cl, each Si and Ge atom has no more than two X
bonded thereto. ‘

In a preferred embodiment of Method C1, a is 1 to 2(1+y) and each Si and Ge atom
has no more than two X bonded thereto.

In a preferred embodiment of Method Cl1, the compound of formula (LX) is
HiSiGeH;, H,Si(GeHs),, or HSi(GeHs)s. In another preferred embodiment of Method CI, the
compound of formula (LX) is H3GeSiH,;SiH,GeHs.

In a preferred embodiment of Method C1, the compound of formula (LX) is
H;SiGeH;, H,Si(GeHs),, or HSi(GeHs)s and a is 1. In a preferred embodiment of Method Cl1,
the compound of formula (LX) is H3SiGeHs, HySi(GeHs),, or HSi(GeH3);. and 2 is 2, 3, or 4.
In another preferred embodiment of Method CI1, the compound of formula (LX) is
H;GeSiH,SiH,GeHs and ais 1, 2, 3, or 4.

In a preferred embodiment of Method C1, the compound of molecular Formula
(XVII) is of formula (XX),

SiGeHe..Cla XxX)
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x=2;y=1;z -8; a=8Si2Geln0Xs x = 2;y = 2; z = 10; a = 7Si2Ge21-13X7 x
=2;y=2;10; a= 8Si2Ge2H2X8 WO 2009/005862PCT/US2008/059095 x
=2;y=2;2=10;a=9Si2Ge21-11X9x=2;y=2;z=10;a=
WIS 0 Xio x=2;y=3;z = 12; a=7Si20e3HIX2 x=2;y=BGTAIIZP08/059095
a=8Si2Ge3H4X9 x=2;y=3;z =12;a=9Si2Ge3H3X9x =2;y=3;z=12; a=
10Si2Ge3H2X10 x 2;y 3;z=12; a= llsiZGeSHIXII x =2;y=3;z=12; a=
12Si2Ge3HOX1 =10; —3 y=2;z12; a=
VRGO RB sy ge Bl A B o Y D 2 T
125@@@@@1@%@@6@% Bddiriselntodt Wm&mw@@m@ﬁ MetrdrRd.

a ¥0a prefeederobadimeniicnds ohlare.1. mkhane enbadismestaédbetbod
AI ais 1. In another embodiment of Method Al, a is Ito 2(x+y). In another

*&mibodiment of Method Al, ais 2(x+3).  In another embodiment of
Metﬂ@dnml}w@e%wawm s gaghan siderEpinas e anstisn two X
b(ﬁmbq@'uzﬁ@nt of Method Al, the sum of x and y is less than or equal to 3.1In

ano er ere erre (% 1OfeM (gll € Surlntgil)éa% c¥1 ksi aiid Ge ar}]Other
embo ent 0 la B\ eac an’cf 86 atom has no more t an tWOnX

m%ﬁ%d"fﬁé?é%@%ﬁmr&“breftad embodiment of Method Al, a is | to 2(x+y)
and gaghpiianrd Gebaidint of Method Al, the compound of molecular Formula

(XVID) is of formula (XXT),
SixGeHz.oXa (XXD

whereinx is 1, 2, 3, or 4; zis 2(x + 2); a is 1 to z; and X is halogen; such a method is referred
to hereafter as Method E1.

In one embodiment of Method E1, X is chloro or bromo. In a preferred embodiment,
X is chloro.

In one embodiment of Method El1, ais 1. In another embodiment of Method El, a is
1 to 2(x+1). In another embodiment of Method E1, a is 2(x+1).

In another embodiment of Method E1, x is 1, 2, or 3. In another embodiment of
Method El, x is | or 2. In another embodiment of Method E1, xis 1.

In another embodiment of Method El, each Si and Ge atom has no more than two X
bonded thereto.

In a preferred embodiment of Method El, a is 1 to 2(x+1) and each Si and Ge atom
has no more than two X bonded thereto.

In a preferred embodiment of Method E1, the compound of molecular Formula
(XV1) is of formula (XXII),

SixGeH,..Cl (XX1hH

wherein x is 1,2, 3, or 4; z is 2(x + 2); a is 1 to 3x; and provided that each Cl is bonded only
to Si; such a method is referred to hereafter as Method F1.

In one embodiment of Method F1, ais 1. In another embodiment of Method F1,ais 1
to 2(x+1). In another embodiment of Method F1, a is 2(x+1).

In another embodiment of Method F1, x is 1, 2, or 3. In another embodiment of
Method F1, xis 1 or 2. In another embodiment of Method F1, x is 1.

In another embodiment of Method F1, each Si and Ge atom has no more than two X

bonded thereto.
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has no more than two X bonded thereto. In a preferred embodiment of
Method Al, the compound of molecular Formula (XVII) is of formula
(XVI), SiGeyHz_aX" 15whereinyis 1, 2,3,014;zis 2(y + 2); ais 1 to z;
WaROXE$Alogen, such a method is referred to hereafter & TEHHE RG0S
In one embodiment of Method B1, X is chloro or bromo. In a preferred
embodiment, Xis chloro. In one embodiment of' Method B |, a is 1.
In another emhodiment o dBl ais 201 T H-v). In.another
eS8 RN B B o & 8 1 A o
hapmatriets B Vs bandgd therpfanother embodiment of Method B1, y is | or
2. Imanaether emphndmeitas Meathasdl iy isdention r@nthes aetiedimant

on2bMEIRRE RY 99‘?,%%%@!@(%&% %&%%hs%s hp mute than two X bonded
thereto. In aéI:_)referre mﬁ)o Iment of Method B1, ais 1 to 2(1+y) and
t

eachisfrapignally sfoliradsRsattstetrsm@vo X bonded thereto. In a
preferredtenbeosimesitalf Methpd Biecthicompaangtefdormutacthod)dSany
B SRR HRSI G2, SIS GEIR L RlRleRsemhogipent
T UCHMREL thes ocanbii o are o S R TS
trepied WHbrareaneHd ithe frer i Edto d isrfakhe dhssommaUat i rRtdiP{ By s
Mbi3mihett 3, HikSioreld) 2, BrHSI(GeR03 and a is I. In a preferred
embociment ofMahon Bds 6amaound aLYAGK) is HISIGEN.y

H2Si(Gel-102, or HSi(GeF13)3. and ais 2 01 3. In another preferre
ong 0B bt Methsde B hHEECEM PTRRPBESSH AR Q0K g about 10°C. In
a (1Ol eBbdR i DG HB e Rds theonPention fmoaidrefier redhednifadincenbbf
vietoch B the Gompennd:oh malReHial £ mulasceMlig.of lermula
(XTX), SiGeyHz_fiCla(XLX) _.whereinyis1,2,3,0r4;zis2(y+2),ais
1 to Wk R BT e el SRR e o
onerfdetimdnt bf Methted € lthadsoipolmdeidtrenénivtiment of Method Cl, a
is 1 to 2(1-y}1ipaether embodimgntefMethad.Cl, a is 2(1-fry). In
another emb 'rﬂginhof Method Ch%,ly is 1, 2, or 3. In another embodiment
of Method CI, °of 2. In ano?ﬁceroe%%ga?' 1eAtBf Method CI. yis 1. 20In
another emBdtiFi{entiot MethodcpredigersyhsidrGe atom has no more
than two X hargiestithgreto.  dnadpsafesed gmhediment of Method Cl, a
islto 2(I-17%$,1r28 %aé:h Siand Gﬁ a{t) urp)has 51% more than two X bonded
thereto. n aepf’ Yerred embBodiment of Method Cl, the compound of
formula (LX)G8185HBSIEER-13, 1.2 8gmerd)chlgptigceH3)3. In another
preferred embrdimeanef,MethodXdigey!-1,2-dichlorodisilane;

CLSiSiH,(GeHs), 1,2-digermyl-1,1-dichlorodisilane;

CISiH,GeH,Cl chioro(chlorogermyl)silanc;
CLSiHGeH,Cl dichloro(chlorogermyl)silane;
CISiH,GeHCl, chloro(dichlorogermyl)silane; or
ClLSiHGeHCl, dichloro(dichlorogermyl)silane.

In a fourth aspect, the invention provides the compounds of any of Formulas (I) -
(XX10) prepared according to any of the preceding embodiments of the first, second, and third
aspects. In a preferred embodiment, the invention provides the substantially pure compound
of any of Formulas (I) - (XXII) prepared according to any embodiment of any of the
preceding aspects of the invention. In a more preferred embodiment, the invention provides
the substantially pure compound of formula (IIT) or (XVIII) prepared according to any of the

preceding embodiments, In a more preferred embodiment, the invention provides the
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compound of formula (LX) is H3GeSill2S1H2GeHS3. In a preferred
embodiment of Method CI, the compound of formula (LX) is
113SiGeH3.H2Si(Geld3)2, or FISKGell13)3 and a is I. In a preferred

W MPUYTHENt of Method CI, the compound of formula (LX)P%'BUSZOOS/OS%%
H3SiGeH3,1125i(Gel-13)2, or HSi(Geld3)3. and ais 2, 3, or 4. 30 In
another preferred embodiment of Method ClI, the compound of formula

subdetttids dﬁ#gm o ﬁd&%ﬂé@%ﬁhﬁaw ﬁeba%e@ac%ﬂm B Bf‘?ﬁ@f Bding

embo ethod Cl, the comPound of molecular Formula (XVII) is

e PR AR L SRS EHTE L PR PSRN P YIS tae B Rk SSs
comebane chfo thersiaftéVasdv€Hiol Pieparein aneréngbodimenvdfthdethadddp a

emb%c}lrhgnés Iﬂx@%%&&1}39gfﬁ@%lh%t%h%n@&n%ﬂ&?dei%@mg{tlall ure

embodiment of Méthod D1, a is 1. In another embodiment of Method DI, a
compotng) of ApratHa SN b BRHEN EERRBB R OE RerPErsding @%ba%?ﬁnﬁamo
momarefthan tmbodilbhendéa thereton proiidaspitefentaterdlyopinmentpbMeétiiod

forRx!uaa(k?) %J%&?B&ﬁ%&&%ﬁ%ﬁ@ '17}906? HASBQMETE AR XhanklRd

In a preferred embodiment of Method Al, the compound of
preﬁ%?éciwwg?mu ' TOURVRY RV IBTRE R RSBe L ARSI forgug
(VD oA(32X® Bloparcd jacaoslingote panef Xisphakogergrscimente thedisgefelaed to

emPEIgAtterRsiMethad Fhvides thd hBREEMbRiNenhfMetrag-EliXisishiero

or bromo. In a preferred em odiment, 15 chloro. In one
R A T A elsprfc‘iﬁ‘%e&ﬁ%i‘%?%odlment of Method El, a
is [tén2(x+<h) merapoftresdermbodiinsetnthef Ivettioe Edyilds Péxsubjtantialljnpure

ﬁ&mm%mbgddmmg&fnwsmm B dtcdf drodacBhdyinan gtisrambediment
ethod ",%)gﬁr 2. In another embodiment of Method El, x is 1. 20In

any é? @ 5153 5 ¥Method El, each Si and Ge atom has no more
thariftwﬁf)h brondctictrration provide prestbpreiirentpotigtdatd PMea o, a

Sid'@eldtc@v%efdhwe%@h@ (amh (e aton, bas nesmareshpasine X bonded
ther na err e Fomllcrqe% of Mentlhod El atfgg col 91
molg%lﬂt gtrl rmu“iu %)a i§ of formula ?XS(T% gmli(g%rtz &Xl(ﬁn

majgrdeiem, 2, 3, or 4; zis 2(x + 2); ais 1 to 3x; and prowded that each
Cl is bonded only to Si; sggltgmexhod is referred to hereafter as Method

wh%rléin xis1,2,3,0rd;yis 1,2, 3, ord;zis 2(x + y+ 1); ais 1 to 3x; and X is halogen,
provided that (i) each X is bonded only to Si; and (ii) the sum of x and y is less than or equal

to 5; such method is referred to hereafter as Method L.

In one embodiment of Method L, X is chloro or bromo. In a preferred embodiment,

X is chloro.

In one embodiment of Method L, a is 1. In another embodiment of Method L, a is 3x.
In one embodiment of Method L, x is | and a is 3. In another embodiment of Method

L,xis 1 and ais 1. In another embodiment of Method L, x is 1 and ais 2.

In another embodiment of Method L, x is 2 and a is 6. In another embodiment of

Method L, x is 2 and ais 1. In another embodiment of Method L, x is 2 and a is 2,

In another embodiment of Method L, In another embodiment of Method L, xis 2, v is

1, and a is 1. In another embodiment of Method L, x is 2, v is 1, and a is 2. . In another

embodiment of Method L, x is 2, y is 1, and a is 3. In another embodiment of Method L, x is

2,yis l,andais 4.
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In one embodiment of Method Fl, a is 1. In another embodiment of Method
Fl, ais 1 30to 2(x+1). In another embodiment of Method F1, a is 2(x+1).
in another embodiment of Method F1, x is 1, 2, or 3. In another
Wehibodieh®at of Method F1, x is 1 or 2. In another embodiR{erUsOMEHRYa
FI, x is 1. In another embodiment of Method F1, each Si and Ge atom
has no more than two X bonded thereto In a preferred embodiment of

Method F|, ais | to. 2(x-F1) and.each Si and Ge atom has ore.than.
AR e e et A R
2.invéation -plovieskettabadinet of Msihohb. of MathioslS./And Bl isfdrthegnother

crBRUMBTS NG Nhensdap 0f 511y fkactionaklysdistiling:tkenasest ahaterdi); x is

»In lar}otqgr %rgbodiment of the third aspect, the invention provides the
mettiod of‘any one of Methods Al - FI, the compound of any of molecular
Formuuleethranbodioen ¢ Medasddhnwitis s éatipsuhd bfatiedes embedimxg of

MERRErakly sthel eampound it BimbadanBBiSvibeel prafer afdys e In another

mpound.is BC13. 10In another embodiment of the third aspect, the
er{ln\(/)gﬁ%%ﬁ(%g@%&éﬁﬁéﬂ?@?ﬁgc‘f gf any one of Methods Al - FI, wherein the

reaclibArediviperatdiacy abdisthebb toiabst Y0E2Intayrserspodiment of
Methdaodi e it pistbeathirdsas prcihdher investiaempsovickasdthexnethor ohany
..gne of _ - ' i jon te rature js about -25C to
e e S e o verion

provide e RRpGEt 8hY 1B Yre diMetPbas Ap- B enghersipbadinent of
Medrpourds of dndranidla (XVihotsercttbxaieenmyfQaHBREL, x is 4 and a is 2. In

AgalrRasH AR GhIoro(diaeImyOs] ans: HIChloidiosAYRSIANE
chloro(trigermyOsilane; 1,2-digermy1-1-chlorodisilane;

4 479 4Rjermy1-1,2-dichlorodisilane; 1,2-digermy1-1,1-dichlorodisilane;
chlorn(ahitrogebniy)sitofev dicldbrd{chiorofyesnayOsikanéian or equal to 4. In

afNCr QRS HIREROGNIY R RN e QLI GRICIR(FIENIQIAGEI TNESIARG. 1 Aufatth

aspect, the invention provides the compounds of any of Formulas (1) -

CIPRSATT PP ATEBod S SHutHE £ 5 8e preceding embodiments of the
first, weeonad¢ anefahidd cagpdoteni ma rdfedréd thentiodinwdnpthecinveistion

chhpvidesine substamtinlly pure compound of any of Formulas (T) - (XXII)
prepared according to angigrggﬁgsgnent of ?ﬁ% of the

whereiny is 1,2, 3, or4; zis 2(y + 2); ais 1 to 3; and X is halogen, provided that each X is

bonded only to Si ; such method is referred to hereafter as Method M.

In one embodiment of Method M, X is chloro or bromo. In a preferred embodiment,
X is chioro.

In one embodiment of Method M, y is 1. In another embodiment of Method M, y is 2.
In another embodiment of Method M, y is 3. In another embodiment of Method M, v is 4.

In one embodiment of Method M, a is 1. In another embodiment of Method M, a is 2.
In another embodiment of Method M, a is 3.

In a preferred embodiment of Method M, v is 1 and a is 1. In another preferred
embodiment of Method M, yis 1 and a is 2. In another preferred embodiment of Method M,
yis 1 and ais 3.

In a preferred embodiment of Method M, y is 2 and a is 1. In another preferred
embodiment of Method M, yis 2 and ais 2.

In a preferred embodiment of Method M, yvis 3 andais 1.
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20 preceding aspects of the invention. In a more preferred embodiment,
the invention provides the substantially pure compound of formula (1) or
(XVIII) prepared according to any of the preceding embodiments. In a
W8P erred embodiment, the invention provides the J&HStaHYAIN Blive
compound of formula (XIV) prepared according to any of the preceding
embodiments. In a more preferred embodiment, the invention provides the
substantia ompo fo IX repared a
to aﬁly of T klée/ngrece(‘:fl‘j{r;nrf;l%ny%q\)ij;mé{r:ﬂt)gj Iﬁ(%/ %n@%xfc’ﬁpz’frprrég arg’rer?bogl ent
oftfEnmipéhtion provides the substantially pure 5 compound of formula (XVI)
prepared according to argi@{hecprecedingrembodiments In a more
wRIgIEURd, 894“195‘5@@62 “V%rlt'B@ %5%‘6%%%&@%#4%%%@?&%9&5 Gty to

compound of formul prepared according to any of

S‘p?‘é%‘e’drﬁﬁ‘@i%@ﬁﬁéméefﬁf%r ﬁ%M@‘}?f&%rred embodiment, the |nvent|on
providescthebsuinstantialiytioune gampounbbfonbulamAAPLVGRAN, y is 2.
I n%%ﬂx%F%gxt%%%gt' QQI\I&W s Hﬁ%@%‘é}%ﬁm B %W&‘Nﬁtﬂ&% '995 9

preferred 10embodiment, thé invention provides the substantiaily pure

comBotikaBradiEat FHSH e pPéﬁ%ﬂféaf Sreefmsg &5 %ﬁgb%% tha s 2-
Inpreded g etinkodifidated N, alii 3 even more preferred embodiment, the

'”VeEﬁ'%l&%&%ﬁ%ﬂ%&ﬁ%%@@&@ﬂ%% %OWQWQQSWN%' gﬁother preferred

chloro(germ %?llane or dichloro(germyl)silane, prepared according to any
3’6‘?%‘81?5‘?@5 §einbEdiAtdits 2 8 péf‘éffé‘?f‘[ CRROFHUERAEN S 8%15%

isd méthed. for preparing a layer of the formula, SiaGelel, wherein d IS

greagr, tpf%&lf?ea%t%aﬁnmlafmgmoe substradengompPIsing anoth GOHRGHAY
the substrate with a chemical vapor comprising a compound of the

erPRefEREL RO SiEEILE S 20wherein x is 1, 2, 3, or 4, yis |, 2, 3, or
4,7 i$nZ(rrgfetds deisbddio @k pBMdidSNhalogend proinded that (i) each X is
bonctﬁq PRk 0 Shsyachidh: HraRuRh of Xnandethis. 88 dhamptieaabiddind
fs,tu inwod is referred to hereafter as Method L. In one embodiment
“ofMéthod'L, X is chloro or bromo. In a preferred embodiment, X is chloro.
25In one embodiment of KietheCle, a is 1. Y another embodiment of
whdehinads i, 1@ 38adX providéll eRE-eMbod R ehiV etkodukh X ifethaangrerdged. In
toe}m rasrp/p 1went of Method L, xis 1 and a is 1. In another
odiment of Method L,xisland ais 2. In another embodiment of
|v|etHedaL@szr%pzeéwf@daq@@dmeaﬁ@thre@ﬁﬁibbdihﬁfe?heaﬁ%m CORALSS ahd
c@risolnd ofanathenrmiandiment of Method L, x is 2 and ais 2. 30 In
another embodiment of l\/g?t(?1 Ly, I anoth&; mbodiment of Method L, X
is 2, yis |, and ais I. In another @mbodiment 6f Method L, xis 2, y is I,
WAFEIRE 2, 2113 4R GtR Y EhioDeiriieri SFNMtROR Halogsa. providerl that gashiX s |y
batiethatyaniodiohenitiofiNetiiosd (o hdediyr is Megtnd B is 4. In another

emb?@b%eéﬁﬁb%ﬁﬁﬂ%h&%aﬂ& %”QIQ ShSIBOGERENEO] Mathod eknb%dﬁn%myﬁ

2, and ais I. In another embodiment of Method L. x iS 2, yis 2, and a i$ 2
isthlofAother embodiment of Method L,xis2,yis2,and ais 3. In another
embad imentiokivieth otiMethoisP2x, iy Is By :amdla tsobhiendtViethod P, x is 2.

HERARImEBEALMEERRGbd ¥, 181827 AdhS-JRanaiie L AmbRdip& iy £f

In one embodiment of Method P, a is 1. In another embodiment of Method P, a is 2.
In another embodiment of Method P, a is 3.

In a preferred embodiment of Method P, x is 2 and a is 1. In another preferred
embodiment of Method P, x is 3 and a is 1. In another preferred embodiment of Method P, x

isd4andaisl.
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Method L, x is 3 and a is 1, In another embodiment of Method L, x is 3 and
ais 2. In another embodiment of Method L, x is 3 and a is 3. In
another embodiment of Method L, x is 3 and y is 2. In another
VERBBAREAL of Method L, x is 3, y is 2, and a is 1. In anotheF/ ERHSERTEA
of Method L, x is 3, y is 2 and a 10is 2. In another embodiment of Method
L,xis3,yis2,andais 3,4,5,0or6. Inanother embodiment of Method
L, xis 4 an imen et xis4 and ais J.
hi anksgtﬁé)r Sm frr%rtfg(rillt of E&IC?@O}E i5 étzn %./IIS %ﬁnl-lgno (ﬁher pm%md
e@%@éﬁﬁféﬁﬂ%ﬂéﬂéﬁdﬂ%nﬂ A Y20 AR1CAT PrATRTFRO PSR phest P, X
isMathed b, x is 4 and a is 4. 15In another embodiment of Method L, the
sum,Qf [ h t | ther iment o
e L R B ST ound of
@F‘Hﬂ?da’ment of Method L, the sum of xandyis 2.  In a more preferred
embodiment of Method Lsitaerzhemical vapemcomprises a compound of

WB@%IP{ ”atf'% (ﬁ”& %Ozsé%yl'é) %Sﬁs( 'D) ‘é‘é!‘%ﬁﬁ' Cﬁd%éd tgat%ac%f& b'c?’ngécy ohif

a is Ito 3; and’Xis halogen, provided that each Xis bonde onyto I; suc

torﬁ’e?ﬂﬁba|§’?@Pélr}%‘i9ff6rﬁ?é?é§f€éﬁ%{§%ﬁ8@% In one embodiment of
MetHodvenbiglieftare’ drethwamox in B preferieckabidaakimment edisdof)arn.2.

m%mmﬁmmqmm&%msbgq My, YulSibr é&@&h‘?ﬁl&‘ﬁ{&m@%&&em&i

Method M, yISZ In another embodiment of Metho is 3. In another
e OB ONIEH OGS4 1 1 GHEBFBETHRE oF Nt s

Inlantthemathalisenbadifrteot Qf Method M, a is 2. In another embodiment of
Methd, MRS BembodinlthR RIGHER mb&@laﬁa@ ngeﬁhgﬁlonf)ﬂéf&md

In anather preferred 30 embodiment of Method M, y is 1 and a

nd
’%‘?%S‘Q%M%P%dr&e’ﬂéa %Befd%m‘&ffl&?*mfﬁfsmefyb%dr&%%%e%wd Un
x & preferied envvotienenieot Methwiihivht pfidRtaddaxis 2.ald aother

prequ%&m@&ﬂm@m}%l{w@imghm y,ig Zangha isidaIn@ Qﬁ@&%&rsf%femd

odim tho In a erre
GO S i A che B S S AR S ot
isforpdulas AV @@@ymﬁa@namwlmemwékéWhW@ ). 12,439@9 #:2is2(y + 2);
a is Inteirapetpreuisash iadeachidilds hondad.-aknie.BShosbhpRises 2
metho rgterred to hereafter as Method N. In one embodiment of
?hodﬁ y Is 1. In another embodiment of Method N, y is 2. In another
embodlment%%ﬁlﬁﬁéﬁ N, yis Fhipre(aeteisdmpodiment of Method N, yis
4. In onecessibodment of Methad:Meadslhsiananother embodiment of

Method N, ad'ﬁ%i(@egqother eml%ﬁ) gzéegrétr r%‘,}5\/1@3})@60d N, ais 3.

CLSi(GeHs ), dichloro(digermyl)silane;
CISi(GeHs); chloro(trigermysilane;
CIHSISiHy(GeHs), 1,2-digermyl-1-chlorodisilane;
(CIHS1)2(HsGe), 1,2-digermyl-1,2-dichlorodisilane;

ChLSiSiH(GeHs), 1,2-digermyl-1,1-dichlorodisilane;
or mixtures thereof.

In a sixth aspect, the invention provides a method for preparing a substantially

crystalline layer of the formula, SigGe;.q, wherein d is greater than 0 and less than 1, on a

substrate, comprising:

contacting the substrate with a chemical vapor comprising a compound of the

molecular formula,
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10In a preferred embodiment of Method N, y is 1 and a is 1. In another
preferred embodiment of Method N, y is 1 and a is 2. In another preferred
embodiment of Method N, yisland ais 3. In a preferred embodiment
VY NN, v is 2 and a is 1. In another preferred embodiATéV2883EM6d
N, yis 2 and a is 2. 15In a preferred embodiment of Method N. y is 3 and
aisl. Ina preferred embodiment of Method N, the chemical vapor
comprises a compound % Epr@ (V) (V) ﬁg inais1to 3;and
rovided that each Cl is 6nde6 ohly to Sl such a method is reed 20to
WhiEPBaftErlad MethGd 0s 1, 2rr$,apﬁf@relb?é>re“rﬂeﬁ brrfbeditaeh et Kisthdezen
piveiehemical vaper comprisesiacamporaghaf dhe; fornutiyd)is referred to
];-H& a&\a) wherein xis |, 2, 3, or 4; zis 2(x -1 2); a is Ito 3x; and X
alogen, prowded that each X is bonded only to Si ; such method is
referientRbeGaTar dioaeddd KX is chipropiurmpotimemtariathotimenis
X eddakaoor bromo Ina preferred embodlment Xis chloro. In one
embaqdi t n.another embodi men f Metho ’>xrs
2. Inﬂér(%%%ther em gog{%qe%%hofl Meth (l)sdpPEx%is lir?rg%ot é’rgerl:r/@ lEilmen’[ of
! in&erioar nersthersorhodins mbYaiadit of METSY P, ais 1. Tn another
embbdineent afitddthad & Mrisod Lin @eeihesfembodimantiah Metheidd, ans
arther em@dlﬂr%ﬁegr%ﬁeatﬂd ML Bt @{%&ﬂ% 'fh 2R &é@e

preferred embodiment of Method?, xis3and ais 1. | other preferr
e%%mMW%E%HH ?5“5(‘1%"4‘%%’6‘%1215 1, In a preferred
embbdiménrt ahbdéthead 6. Mab &l dndeacis R .ahd Gnatherhprefered than two X
pémpegiment of Method P, x is 3 and a is 2 In another preferred
embodiment of Method P, x is 4 and In a preferred
embBHirRERTS! HERAGE ! ﬂié\@ﬂr@ﬁrrcawadér COpHEdL % Shipb G Br
hdsfiormoratifdi by Sixideddd thieta(VIl) wherein xis 1, 2, 3, 0r 4; z is 2(x + 2); a
s 1t and pradieCiBieach o bibanes el euaashad I

red to reafte as Method
corr%{)?nrmd 0} the ormula (XVIII '\§I Q

he‘?éah C

SiGeyH;.aXa (XVII)
whereiny is 1, 2, 3, or4; z is 2(y + 2); ais 1 to 3; and X is halogen, provided that each X is
bonded only to Si; such method is referred to hereafter as Method M1,

In one embodiment of Method M1, X is chloro or bromo. In a preferred embodiment,
X is chiloro.

In one embodiment of Method M1, a is 1. In another embodiment of Method M1, a is
I to 2(1+y). In another embodiment of Method M1, a is 2(1+y).

In another embodiment of Method M1, y is 1, 2, or 3. In another embodiment of
Method M1, y is 1 or 2. In another embodiment of Method M1, y is 1. In another
embodiment of Method M1, y is 2.

In another embodiment of Method M1, y is | and a is 1. In another embodiment of
Method M1, yis 1 and a is 2. In another embodiment of Method M1, y is 2. In another
embodiment of Method M1, y is 2 and a is 1. In another embodiment of Method M1, y is 2
and ais 2.

In another embodiment of Method M1, each Si and Ge atom has no more than two X
bonded thereto.
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In one embodiment of Method Q, x is 1. In another embodiment of Method
Q, xis 2. 10 In another embodiment of Method Q, x is 3. In another
embodiment of Method Q, x is 4. In one embodiment of Method Q, a is 1.

W28 embodiment of Method Q, a is 2. In another erBE&APARIGOST09S
Method Q, ais 3.  In a preferred embodiment of Method Q, x is | and a
is 1. In another preferred embodiment of Method Q, xis2 and ais l. in

anot]}i:er referred embodi mpplteg#oml%ﬂ ) dsg’w? 1S3, d;Feac% S an(%rbe atom

another prefrerzrreéin 1boalment aisl.
happefapsdhehiBe diffedebiRethod Q, x is 1 and a is 2. In another preferred

embmdal prefatred MetiadQ of iscthankl B ke 2hdhianather iefassed compound
of SRR @E t of Method Q, x is 3 and a is 2. In another preferred

embodi t of Method Q, x is 4 arid a is 2. In a more preferred

embodiment of Method eé[ 2t chemlcﬁf%por comprises a 20

wiesshpoisndandiehtis G Ei-175eikBehtoradgesiid) sianrech Cl is bonded only to
si S8 GRSl PO YRS IRRR hod N1

C1HSi(GeH3)2chloro(digermyl)silane;
CI23Hesei @)é%ﬂalﬁﬁweéa@@ﬂ%%sﬁaﬁé B gahediment of Method N1, a is

1 topo(tyyemaybsiiansat GiksiSIM2(GE NG it Zidigermyl-1-chlorodisilane;
(C'W§Q§$&1&%ﬁ§3§&n&éjlﬂm&ﬂ]}@ qJQUPr?dé?'Eanﬁi another embodiment of

C12SiSiH2(GeH3)21,2-digermy1-1,1-dichlorodisilane; or mixtures thereof
Method ik asslp%r& NPDET TR0 BRI S TRAMb for repatifeRbodiment

of ddastd Mialhyisctystalline layer of the formula, SidGei,d, wherein d is greater

than) ﬁx@ﬁéﬁ@&ﬁ@@ﬁl&@& fibetatey GOMPHSIAG]. m anotl%i) Pt RN
substrate with a chemical vapor comprising a comﬁoun of the

MSERedidR forfuid: WP IB0BIOGERImEt & SH0 Ododgs 2 T enother

embodiment of Method N1, y is 2 and a is 1. In another embodiment of Method N1, v is 2
and a is 2.

In another embodiment of Method N1, each Si and Ge atom has no more than two X
bonded thereto.

In a preferred embodiment of Method N1, ais 1 to 2(1+y) and each Si and Ge atom
has no more than two X bonded thereto.

In a preferred embodiment of Method N1, the chemical vapor comprises a compound
of formula (XX),

SiGeHgaCly (XX)

wherein a is 1 to 3; and provided that cach Cl is bonded only to Si, such a method is referred
to hereafter as Method O1.

In one embodiment of Method O1, ais 1. In another embodiment of Method O1, a is
1 to 4. In another embodiment of Method O1, ais 4.

In another embodiment of Method O1, each Si and Ge atom has no more than two X
bonded thereto.

In a preferred embodiment of Method O1, ais 1 to 4 and each Si and Ge atom has no
more than two X bonded thereto.

In a more preferred embodiment of Method L1, the chemical vapor comprises a
compound of the formula (XXI),

SixGeHz.aXa (XXI)
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Si"GeyHz-aXa(XVIl) wherein xis 1, 2, 3,0r 4;yis 1, 2, 3,0r 4; zis 2(x +y
+1); ais 1 to z; and Xis halogen, provided that the sum of x and y is less
than or equal to 5; such method is referred to hereafter as Method Li.
Wih28peEiBodiment of Method Li, Xis chloro or bromo. In BChesele&eso09s
embodiment. X is chloro. In one embodiment of Method Li, ais I. In
another embodiment of Method LI, a is Ito 2(x+y) In another embodiment

Meth | als 2(x In her ment of Me

th?ﬂerlrrll o Sx an’ é Iez(ss %/ZHZ rdels fg i? ogt%n IOV &?qgﬁhgﬁ s

bondedialy (9 ,Sﬂhéuﬁhmeéfofé arﬁ%feyr@ 1@&%%%&4 @rl\éﬁh%a k3 3. In another
embadimenbodiMethadlinsbe Soms ehdand brdm@. In a pre@natRebodiment,

x n]ll?oglment of Method Li, each Si and Ge atom has no more than two X
S

bonged thereto. In agreferred embodiment of Method Li, ais 1 to

2 (xRN EMEREHNS AR NSO GRS it 15 AT AR SR RHIRE RS MeHIOR B 1s 1
to HierE10In anolicBemisydinaiet redhetntiodiamrt 0f Method Li, the chemical

vVaper GRImRY 'é%%o%l%%mpo%ﬁ‘gh fitbe fofmula @?\é“')rn%l%%ﬁém?(%%}ﬂ'&

whereinyis 1, 2,3,0r4; zis 2(y + 2); ais | to 3; and X is halogen,
Mﬁ%@lﬁb&théﬁ%cﬁl%t% E’Ef‘&rﬂ%ﬂ@d Blychitrethod is referred to

herdaftestas Meibdichdit of MelibORE esibbcindett abidleihad Mbte XisiakloPO
bRl RArAmY, In a preferred embodiment, X is chloro. In one embodiment

of Method MI, a is I. In another embodiment of Method MI, a is | to 2(I+

I b R BRGNS RSB & 1 217 ) 26 kA0 O 5o

hagmobockntientted Méthdel Mbrgras [, 2, or 3. In another embodiment of
Method Mk d§ dnftlo dind ARSI A ERGHIQ! MEHNQEhMLY dShnlBind

another embodiment of Method Ml, y is 2. In another embodiment of
of REMGIRTLY is 1 and a is 1. In another embodiment of Method M1, y is 1
and a is 2. In another erihGeiméht of MethBY¥IMII, y is 2. In another

wﬁ’@@}m@qw@empﬁl\é%a@mw idS %@%@a%dfa@mh@aemmﬁemm

ethqd Ml, |s 2. the embodlment of Method MI,
to aéﬁ% alyé S ?ﬁmﬁa% re%t%raég%% RN@) X bonded thereto. ina
preférrens erm’ebémménf e indtRO R i L abritoofia-rpbatichan ohAN\SitkaddG & is
@tmmsmm@f%ﬁmamm of hended lthﬁiléeZ@H) In a preferred

emdel nt ongl od Mtl l\ﬁh |cal r c ns&a gr%orgyaoun
formlﬂlla"&t ‘&?B() Wlﬁefe n y IS 1P 2a % P Z |sm§1(y
Mpthog {811t 3Oé%dlﬁﬁévi%@%@@@a@r?@ﬂ@%@ééﬂl%hIy to Sl such a

methednstefetiedita-heseniianas Meiost Ml Ge atom has no more than two X
bonded thereto.

In a preferred embodiment of Method QI, a is 1 to 2(x+1) and ecach Si and Ge atom
has no more than two X bonded thereto.

In an embodiment of any one of Methods L — N or L1 - NI and preferred
embodiments thereof, d is about 0.2 to about 0.5. In a preferred embodiment of any one of
Methods L —~ N or L1 - N1 and preferred embodiments thereof, d is about 0.2. In a preferred
embodiment of any one of Methods L. — N or L1 - Nland preferred embodiments thereof, d is
about 0.25. In a preferred embodiment any one of Methods L — N or L1 - N1 and preferred
embodiments thereof, d is about 0.33. In a preferred embodiment of Methods any one of
Methods L — Q or L1 - Qland preferred embodiments thereof, d is about 0.50.

In an embodiment of any one of Methods L — Q or L1 - Ql and preferred

embodiments thereof, the deposited layer of the formula SigGei.q has the same empirical
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In one embodiment of Method Ni, a is 1. In another embodiment of
Method Ni, a is Ito 2(1+y). in another embodiment of Method Ni, a is
2(i+y). 10In another embodiment of Method Ni, y is 1, 2, or 3. In another
VeEmBdeEat of Method Ni, y is 1 or 2. In another embodirBERUSEIFISP
Ni, y is 1.1n another embodiment of Method NI, y is 2. In another
embodiment of Method Ni, y is 1 and a is 1. In another embodiment of

ri5hos Mhyisdandais & inanalter empodment ot MEURAN Yfga'n
another 1 Dodimen gﬂﬂ ? nanéﬁ"ﬁar

the ﬂmfé& ﬁ?@ﬁ‘t‘*@# M@mepmpy%@ %m@l&% éDz.Sleeyifﬁz ahothefdnibetimeiesf

arMigtpieieh Nfor@reh @ia&GMm%ﬂ&%ﬁwr@&hﬂH&m}% heondeditpaietp.
In a preferred embodime. N&Q}Hﬂ Itp 2(1+ and

us&% atcomp28 %as@r?o rﬁ%re@?an two X ond Bgre%e Yi)egolsr%fa}r esl’f}’ag .

erapiisedivHare of ﬁA@?moBlmnrﬂﬁﬁreﬁé?ﬁ%%wawﬁ%%}%@ﬁd%ﬁﬁwﬁa&ﬁ
cdapaula XRmSice 1 6r, ,@hac(?(XDGeyEMVJGEJai& adpoldita Jyendapravideshihat
fog/lr%ﬂ% 9'§%Qy0'19%%r8%éx¥e 3'1%%%&3\?@&% ?mf sl 5%&@?&9%”%%8@%3

In one em ment aisl.Inan
ofefhwa& ﬁYér?E Meﬁﬁ%%ac,la I&elfBP&?lfﬁﬂdWH&S an RSt frar i afiige
InQilprafisrall embolingno thismeambodim adapaitddethath Qdmpaci Jifanthevatom
ohes ’Y @ﬁr%h%fﬂe%go&?&ﬁg?&m% QAPM[&J%@%@ @é“tiQfJ' H}@{AHQJ

Method 01°21S 1 and each Si and eatom as no more than two X

cRiREr hERstothe ey i drensisrersitea rmpotithahfeRiRMat or, (R
Siehical, tapopcosd piysekanempocdoofithefdndsla (XXI), S(XXI)
Wherﬁlgxﬁcﬁ% gre?en%dgﬁlﬁ’o&nlél@@f Mc%)o& !f§11 Qllgt)ﬁe @ﬁ@n?éa'lsz P&%mes
prowded that each Xis bonded only to Si; such method is referred to
U fethod P1.  In one embodiment of Method PI, X is chloro
or bromo. In@$ikafétied emboditientgXnyidikoxe. 5In one embodiment of
Method PI, ad S]Hm@nother enmwm@%gﬁ%gggpd Pl, ais 1to 2(x+1). In

another emb t of Method P1, a is 2(x In another
embodlment(%ﬂlgfl]@%’aam X is fhlﬁro Jiaer 3?1 Bier embodiment of
Method PI, X0BSi(G¢i2)In anothaticsintetclasrenbsiaMethod PI, x is 1.

In another emigdinent of Methgd FJeachydiand, Ge atom has no more
than two X 18188&%%9&&%5?'[0' 1,2-digermyl-1-chlorodisilane;

(CIHS1)2(H3Ge) 1,2-digermyl-1,2-dichlorodisilane;
CLSiSiH2(GeHs), 1,2-digermyl-1,1-dichlorodisilane;
CISiH,GeH,Cl chloro(chlorogermyl)silane;
CLL,SiHGeH,Cl dichloro(chlorogermyl)silane;
CISiH;GeHCl, chioro(dichlorogermyl)silane;
CLSiHGeHCl, dichloro(dichlorogermyl)silane;

or mixtures thereof.

In another preferred embodiment, when x and y both have the same value, i.e. both
are 1 or 2, then the deposited layer has an empirical formula of SiGe.

In a preferred embodiment of any one of Methods L — Q or L1 - Q1 and preferred
embodiments thereof, the temperature is from about 200 °C to about 600 °C. More
preferably, the temperature is about 350 °C to about 450 °C. Even more preferably, the
temperature is about 400 °C to about 450 °C.
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In a preferred embodiment of Method PI, a is 1 to 2(x+1) and each Si and
Ge atom has no more than two X bonded thereto. In a preferred
embodiment of Method PI, the chemical vapor comprises a compound of
WEAMIIEOESEXII), 15Si"Gefie_eCla(XXI 1) wherein x is 1, 2. 32908034885
2); aiis 1 to 3x; and provided that ach Cl is bonded only to Si, such a
method is referred to hereafter as Method QI In one embodiment of

Met od teal n embod| eth d Xt In

another §°T%rrc r%né{)nt &?ﬂtﬂaﬂ&e Eh i) 20 aqﬁ“gthe em %g‘%lmr%%t
ergfqdisisthoRok Betayer @ﬁ@stﬁphﬁbtﬁ’éfﬁté‘#%odlment of Method QI, x is 1

or 2. Iﬂﬂaaﬁeﬁbgfe&lmm’kh@ft Methobilopdithods L I @anather- Qt and
pre n'hoggrr?gnlvl %;[Q'g(% (ame lga r%sssl §staq1t%ﬁ atom taﬁ| and '@18 r}lhgrn t\'ﬁ%
bon ereto Ina ?e erre |ment Method I ais |
frgrexqbf)na’ﬁa Edersig Ce l\éfth@lﬁ%!g s Rﬁxﬁréw&ﬁt%ww getieflioe and
thmefxﬁp@raturc 3] mﬁmﬁ@dmuemwﬁammom of Methofs drefdMidy, Lihe Niyandh

BISRIRL BRSNS Deiael ISEROUA.L 19,4008, In  preferred

any one o N or Li - Ni and preferred
embBaﬁ?ﬁ@l.tgdma@sSf Hieckisgurho this é%YréF@?Pé’iﬁ‘%’é‘@H‘m%W%f%?ﬁ?ss
inoR@eofi Miathodipdsitidd @ik -cbﬂqaﬂdlcpﬁefﬁr[;eeb&mb@dlmemﬁemeaieoiglebtszé%o

gx%%woq 1i aﬁ%rp{ﬂﬁaseﬁcﬁm&dam@a& any ex gfg%ﬂorq&&seycggnbh -

and preferred embodiments thereof; d Is abou O In a preferre
derso it W@?ﬂé&gt&ﬁV‘Hﬁ@‘blFm’éthods L - Q or Li - Qland preferred
embodimesitsdhereotiides aboyt ;hS50f Methmiah erbadirne it ahdmyetmedof

e%%mgﬁsltherg)p {hlzlsubgcljat@@gnm&fﬁrgﬁg %E‘PQQ ynests iﬁ?%éﬁ@éoﬁmﬁ:tor or flat

osited layer of the formula SidGei_d has the same empirical formula

P?&?P Sifeln ShdPgemna AL AL CoESL A B RPnis FOr drspalr &
alivhersid:thepthirer dsadeptisiediagingid cdimpouridies FeenpbdyBide or other
pmﬁﬁﬂn;amﬁl@mmgﬂ@@asa&@@ammm ﬁ&ﬂ@@m@ﬂomwlﬁo@f&éﬁ@x-

apreferred mbodiment, when the Ia erl de sited usin ound
PRI G BT RO ST . b DL P BT T B o

EVERY
theregfiribabfortragleo wp &G eijicon. dpmﬁe@@mmmmbwmtﬂﬂ@ kwpeirais
cslepasitedigsing a compound of formula (IV) or (XIX), SiGeny t aCla, the

dep0f|ted la /ernas arg1 e£np| caIIerm {ao SiGer I(pemg %f B8

av, o reterre ];hereof the
embodiment, w e Iayer S depos d'Us ng a compoun d'of formula

c@my@mwynsmpﬁéw&s the Gepdsheubrgecnss Ah @mp}m&# feehaisecof
inoiaithel Bud mef@rf@d@gabgﬁmaemhmmm qu«ekgvs depRsiteg ssiagation,
rgrrrpap 9 Qrgce%ff grrrgga! (a|% I’ ](')(s)lt éérsa{ssels?elaiz m)l(cg th% E{?s?tlltc?nd
ayer fas an emplrlca e. Ina preferre ent, wh
atprai¢dgpesy flsreeiBersited using a compound of formula (VI1) or (XXI1),
SixGeliznyCiae tevdepasited tayer haanenpeicademboulamehiSiteect, the

clorpnaoungrefgrefoer{é%q &1 C?LP %gﬁem{ﬁ 1Eh99§d'créed(% t%%r&ﬁ%&f}levw&n

is C1S1li2GeH3chloro(germypsilane;

rses a compoun
4) Ié@ﬂg}éﬂ&ﬁfﬁ?@@éﬁﬁ%gﬁ%ﬁ@d@ﬂiﬂﬁhment the chemical vapor is introduced
a&eﬁe&m%mm@ﬁmge%m@mma@mmmmmrﬁn(«:egmwam In

al}%ﬂl%r %g'él]r(e?gr'ﬁ@ﬁr%'@l'l?r@lg{:&%%{myo%@%emtroduced at between 10°° Torr and 100
CIHSISIH2(Ge113)21,2-digermyl-1-chlorodisilane;

Torr, corresponding to LPCVD conditions. In yet another preferred embodiment, the
chemical vapor is introduced at between 10 Torr and 760 Torr.

In any one of Methods L — Q or L1 - QI and preferred embodiments thereof, the
compound of any one of Formulas (I) - (XXII) can be deposited under plasma-enhanced

chemical vapor deposition (PECVD) conditions.
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(CIFiSi)2(H3Ge)21,2-digenny1-1,2-dichlorodisilane;
C12SiSiH2(GeHe)21,2-digermy1-1,1-dichlorodisilane;
CIS1H20e1li2C1chloro(chlorogermyl)silane; C12SiHGeH2C1ldiehloro(ch
WR 288498843 s ilanc; C1S1H2GeflCl2chloro(dichlorogermyB€iEagfa008/059095
ClI2Sil-IGeHC12dichloro(dichlorogermyl)silane; or mixtures thereof. 15In
another preferred embodiment, when x and y both have the same value,

ie. lf)%t (Ia]dor 2, tr%e thetolt |teo#lar11¥er hast an emplrlcalf tutla of
SiGe. n %1 esr?e%l eﬁ%‘ imen any 7 Bhe atfel\XeIt)ﬁc;& 152 &Fa ppte

sugytragin bqéq@trwb?ﬁmmm@msmve@m theptesnperagsnsisefr b halsoatiano
of e fRARIHER Eéadiﬁ%r gﬂ@@@%ﬁkﬁ@@ﬂ%@%&@ B?Wt (B0 fedfoncy
Or?ﬁcoallff{‘g—'& c% Eve rgferably, the 20 temperature is about 400 C to

tw
e 3e ?% erred embodiment of any one of Methods L - Q

or LPE@‘iDan@qS?émmfém Bstitading thisrdofintendaye cibis deatamstiatiyper
migkyStaliag, applika @Wewreﬁewadsmwbomgﬂt ctany9ne efiMathoriss, -
ef d embodiments thereof: the la bstantlall
Rt S T S
fapipsresstereraibty ot rdaaber idostipdeanitialBlcsHpsamniimataien thitd tdkiperatiore
sutstadag W3 SthEctmphad trdhth&er Ewanvinorenprgferablyit th@sla;yaﬁciﬁomer was
als%qu(tiag%i Xmé%’ Alling.andst hea¥§ e%“é‘t“rrcess'esd%'?%h I8 o cola*'%‘ s
Practical a antages Ss0CH W|th This low temp Srature rap grovvth
follpwingsprestiiude (i) short deposmon times compatlble with
preprocessed Sl |eCtIV€\7\Z(©gﬁ0)Wth fo plication in high
st i

frequency devices, oligfieienmasssr@redation of dopants, which
%) rticularly critical for thin layers. In a}oreferred embodiment of any

R Ak R oX s u Of(ﬂ’f EWHJEPéfgﬁé%"bmbodlments thereof, the
substrateiapwiprisastarsd subsdraisiithbl¢hforoswmicdntinstoncortfarpamel
a)dJ%Jam USRpiRaldinG A ab Uoaier 10 sl 9&3@&9@%@@31’%@ sllisen Qﬂoc to
ablglsf'%(%t {‘[’ Cﬁfo%nr% on ¢ %IO%raS‘cg 1? sz%eouq%;‘ [E,Z Slbg;ue fbéo‘%s ven more
alloys, sta y|m Srothef po yimer films such as those
prefsedlin W@mm@m@ﬁ%%@p@?@ th-a more preferred
embgdiain &&M@I&f@@l@&mm&ﬁ Mathods de@l)&fnhiof @ andprefaumed
ents reof, t st CO rses SI CcO naev
Oeteashiytabtatn iasur it o e BRI
< mé%%%w/k@ IB‘PYEPIefEY%Lb%(rfdl B?é\f’éﬁfédi@ﬁb@dmrémgfer?@}ééfm&kg
compﬂvuaid@foaﬁy;ﬁﬁer@ﬁ kauRilas | )tht(Xi(—ld})e eanchsl dapesited by anyirate

assa td?‘giﬁ};i din- é:'@ gaypelj!thn\(? tﬁga}% §CS g %!F CUI? h%esam

emlcg’l vapor eposition, ma en ance ICal vapor

G%Ié‘ﬁiﬁé‘ﬁidﬁ sybeatislyisEeh é‘?ﬁi&&h\?ﬁ%‘fﬁosé ped ftie a&ﬁﬂ%‘i}éﬁ |efifapical
vaflepe siiapoRkinianhe A ddetddsdpitaabsildGe. Q1 and preferred

embﬂ‘nd\;%%ﬂg%&?E@&&%embodiments, the Si-Ge material is formed on the substrate

as fully strained layer having a planar surface; the composition of the Si-Ge material is

substantially uniform; and/or the entire Si and Ge framework of the chemical vapor is
incorporated into the Si-Ge material or epitaxial Si-Ge.
In other preferred embodiments, the substantially crystalline Si-Ge material is formed
on the substrate has a substantially single crystalline domain.
In a seventh aspect, the invention provides a compound according to formula (XXIV),
SixGeyH,.oXa (XXIV)
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compound of any one of Formulas (T) - (XXTT) is introduced at a partial
pressure between about 10-8 Torr and 760 Ton. In one preferred
embodiment, the chemical vapor is introduced at between le Ton and 10-3
WK 0Pawésponding to TIJHV vertical furnace technology) PRArseepies9095
preferred embodiment, the chemical vapor is introduced at between 10-8
Ton and 100 30 Ton, corresponding to LPCVD conditions. in yet another
referred emhodiment, the. chemical vapor is introduced etween 10-3
R A T T B g e of MG U b LIS 6 o ind % 1
hafyecio ey i8eA Besd i drsuthexfeotnthe is dayspbuner efuehip Shdibferdr faiss)

ator e DoGasrd8.depesitedunseiiplasmacenhanced ehappiaaliyanor
deposition (PECVI‘B)I)O%O c(gl}iltrirg)l%ﬂane_ PECVD is a process to deposit thin
films from a gas state 8 §po?§ 0 a solid state on a substrate. The reactive
chemical species itifloprel@ammitisilspecess are generated by the creation of
a plasma from the rgacting-pasgserbie Rhasmaidggenerally created by RI?
(AC) frequency or @i ugigcr}g?:)qﬁi%g\%e n éyvo electrodes. 5PECVD
process parameters include 1o rate, F, In’standard cubic centimeters per
minute (seem), appitlepeREr ialans:Watts (W), resonant frequency in
kilohertz (kHz), prassuipetiamibib gt denharasibubstrate temperature in
Celsius degrees (%&r&@g&grg%riﬁgu&ctors such as size of chamber,
electrode size, electrode orientation and distance from substrate, etc. The
composite paramet@p gAY Dstladfergy per unit mass of monomer was
10also used in this| gtdidyiofhis-camppsiitaparameter, expressed in MS/kg,
is calculated from the J{gﬂg\{g{@g@g@ﬁ}g&%@(\é@tﬂ W/FM (MAO -, x
1340 F(sccm)x Ivfigimol) whereby M is the molecular weight of the
precursor in glmol I YSHeus o8Feryiéfdatsd embodiments, when the
compoumdeafratiynener Dk aemuiasshbe() the(Xxdh}iis gepariett woa@sund of

fobets VR £RAJIHANSIANE SUPSURLE 1GNP el AN S Rt R Ont G BRAPAUE RO
C. Morel%géeferablﬁ: the temperature is about 20 "C to about 300 C. Even

CORBIER A ERraBy (FHE YentBeritdrs 784¥but 20 C to about 250 'C.  In
variduswothebglieferrée embogipreritss Whenmbembeh found GEENY, oherof

x QAR (ha&OHD i AepesissingderbiEGNE. conditions, the composite
plas nz;\\aga%ég‘ameter W/EM js 20 < about 200 MS/kg; more??r fer bI}/ <100

MI/KG, A8 BV R RIEPE T FaF IR SB R SRg™ COTPORHotls STRER XXIV),
whesfe thecwrniodindenis et ehgi-G eqrrtierial Is forims dravedhecsiubs iratating
proviaktial ke fulba strainmglaxedVayerhaying & Rlanassuriaess e or equal

compositign of the SiGe material.is substantjally uniform; and/or. th ire
o i C2THR STRGATRCEY fhe BECR oSSy etommsand il e S
whaepia i tmepitesadh $iZce.  In various other preferred embodiments,

the SirGepropiridatistarmad e tbarpubsiraterasfully(sixained aysbhaving

x| np\@r@&@zrface; the composition of the Si-Ge material is substantially
uniform; and/or the entire Si and Ge framework of the chemical vapor is

incorporated into the Si-&&%htetial or epit&d) Si-Ge. In other
wikelered embadimentsythe)substantialy cevatallineiSicze material is
formegl 30006 syibsiipie,nase subsagially singls civsialing domain, |
a seventh aspect, the invention provides a compound according o
RS AR XN BIXGeyHZ_ Xa(XXIV) wherein xis 1, 2,3, or4;yis 1, 2, 3,
or 4;17 4802 tnybddibped 63 ForA(Rayoany 2idS . halage: providadinthar (e
()&W,‘Rfig‘z"t‘ﬂr%‘/ is less than or equal to 5; (ii) each Si and Ge atom has no

more than two X groups bonded thereto; and (iii) the compound is not
In another embodiment Formula (XXV), y is 1, 2, or 3. In another embodiment of

Formula (XXV), yis 1 or 2. In another embodiment of Formula (XXV), y is 1.
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bromo(germyOsilan ei difluoro(germyOsilane;
1,1,2,2,3,3-hexafluoro-(1-gcrmyl)t silane; (difluorogermyedifluorosilane;
dichloro(germyl)silane; 1,1,2,2-tetrafluoro-(1-germyl)disilane;

WISRES¥Pogermypsi lane; fluoro(germyesilane; PCT/US2008/059095
1,1-dichloro-(3-germyl)trisilane; 1,1-diehloro-(4-germyl)tetrasilane; and
1,1-dichloro-(2-germyl)clisilane. In one embodiment of the seventh
aspegt th‘?e'rpe‘éee%%{)"ﬁ R ¥'%%%£heq%%ﬁn el 3formul NWsr¥G18IN
ais 1. 1 ‘another embodiment the |nvent|on provides the poun n¥l

(X%Yﬁiula (XX1V), wherein a is 2(x+y). In one embodlment the invention

provides the compoundsafiégtmala (XXIV)xierein X is chloro or bromo.
wiil&Rrgfersed embodi Qg&ntz X, is chloy f@ 1/ another embodiment the
or

invention provides the com ound of formula (XXI1V), 10 wherein the sum
of x Bnep fanRedimend PR 53V Ih aﬁ%ﬂqe%ﬁﬁﬁ@aﬁrﬁ@a?c{w&%\f@mh
(Xproyidasaheygompound of formula (XXIV), wherein the sum of x and y is

'essﬂh%t% e%%hﬁ%e%t mﬂat?fk@mtgpg'mnme 1\ %Q&Qﬁeﬂﬁ%‘éﬂ%ﬁttﬁﬁ

compound of formula (XX1V), wherein the sum of x and

fo’ﬁ‘?é’l‘é?@@' BrBbURhent? BRtRG BRI RCB S R V)Yéséf molecular

15formallaré €M) e BB diybnl, Xa XXhondie véimyldsulby FoBnar 4AXKEIP [y of
foflufd gddg@ (1+y); and X is halogen. In one embodiment of Formula

xxvg X is"chloro or bromo. In a preferred embodiment, X is chloro. 20In

another embodiment of E8Hsuatd: 3(XXV), 41EVHR another embodiment of
wikearimaula I(XXV), a is 2(ly). In another embodiment Formula (XXV), y is

1, 2153 hanaiher Saedimenteifermula (b kihdaht Yr ARather

embodiment of Formula (XXV), y is 1. In a preferred embodiment, the
(XZOMPSURE of molecular Formula (XXV) is of formula
In an embodiment of formula (XXIV), the compound is of formula (XXVIII),

SiyGeH, . X, (XXVII)
whereinx is 1,2,3, or4; zis 2(x +2); ais 1 to 2(x+1); and X is halogen.
In one embodiment of formula (XXVII), X is chloro or bromo. In a preferred
embodiment, X is chloro.
In one embodiment of formula (XXVIID), a is 1. In another embodiment of formula
(XXVIID), a is 2(x+1).
In another embodiment of formula (XXVIID), x is 1, 2, or 3. In another embodiment
of formula (XXVII), x is 1 or 2. In another embodiment of formula (XXVII), x is 1.
In a preferred embodiment, the compound of molecular Formula (XXVIII) is of
formula (XXIX),
SixGeH, .Cl, (XXIX)
whereinx is 1,2, 3, or4; zis 2(x +2); ais 1 to 2(x+1).
In one embodiment of formula (XXIX), a is 1. In another embodiment of formula
(XXIX), ais 2(x+1).
In another embodiment of formula (XXIX), x is 1, 2, or 3. In another embodiment of
formula (XXIX), x is I or 2. In another embodiment of formula (XXIX), x is 1.
In a even more preferred embodiment, the invention provides the compound

according to formula (XXIV) which is,
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(XXVI), SiGeyHz_aCla(XXVI) whereinyis 1,2,3,0r4;zis2(y 2);ais1
to 2(1 +y). 5In one embodiment of formula (XXVI), a is 1. In another
embodiment formula (XXVII, a is 2(1+y). In another embodiment formula

WORMINOIHGE |, 2, or 3. In another embodiment of formula GEEHYHELE 2.

In another embodiment of formula (XXVI), y is 1. In a preferred
embodiment, the compound of molecular Formula (XXVI) is of 10formula

(XXVII), SiGelispgla(XXVIl) whersin s hd@dg; In one embodiment of

formula (XXVII), ais 1. In another embodiment of formula (XXVII), a is 4.
15Than emb&UieREss formul SYXRAF TR X#iSound is of formula
POCVII), (XKSiBedeherein x isdichRr&digedydidagéx + 2); a is 1 to 2(x+1);

and X'is haleg@pi.n,), In one emhodimneahohiarmaula (XXVII), X is chloro
or bromo. In a preferred embodiment, X is ch\gro OIn one embodiment of

formula (xooiFe R 182455 8nothbf SIREBHIHEN SIS a (XXVIIN), ais
2(x+1). In afdti)efbodiment X dmemapth 1 (XHCHIeyosisdans; 2, or 3. In
another embodiment of formulg(X.XV111), x is | or 2. In another
embodiment of formula (Xawn)

compound &J?ﬁgfgéiﬁﬁlf[#’ormulhé(l ?%\?ﬁ?ﬁs%ﬁ%g%r}%u@n:egg;nL%? e

In a eighth aspect, the invention provides a substantially pure compound according to

formula (XXIII),

SiGeyH,..Cla (XX111)
wherein y is 1, 2, 3, or 4; z is 2(y + 2); and a is 1 to 2(y+1), provided that each Si and Ge
atom has no more than two X groups bonded thereto.

In a preferred embodiment, the invention provides the substantially pure compound of
formula (XXIIT), wherein a is 1. In a preferred embodiment, the invention provides the
substantially pure compound of formula (XXIII), wherein a is 2.

In a preferred embodiment, the invention provides the substantially pure compound of
formula (XXIIT), wherein y is 1. In a preferred embodiment, the invention provides the
substantially pure compound of formula (XXIII), wherein y is 2. In a preferred embodiment,
the invention provides the substantially pure compound of formula (XXIII), wherein y is 3.
In a preferred embodiment, the invention provides the substantially pure compound of
formula (XXIII), wherein y is 4.

In a more preferred embodiment, the invention provides the substantially pure
compound according to formula (XXIII), wherein y is 1 and a is 1. In a more preferred
embodiment, the invention provides the substantially pure compound according to formula
(XXIII), wherein y is 2 and a is 1. In a more preferred embodiment, the invention provides
the substantially pure compound according to formula (XXIII), whereiny is 3andais 1. Ina
more preferred embodiment, the invention provides the substantially pure compound
according to formula (XXIII), wherein y is 4 and a is 1.

In a more preferred embodiment, the invention provides the substantially pure
compound according to formula (XXIII), wherein y is 1 and a is 2. In a more preferred
embodiment, the invention provides the substantially pure compound according to formula
(XXIII), wherein y is 2 and a is 2. In a more preferred embodiment, the invention provides

the substantially pure compound according to formula (XXIII), whereinyis 3and ais 2. In a
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Si"GeFifraCla(XXIX) wherein xis 1, 2, 3, 0r4; zis 2(x + 2); ais 1 to
2(x+1). In one embodiment of formula (XXIX), a is 1. In another
embodiment of formula (XXIX), a is 2(x+1). 30In another embodiment of

WBRMHNHELTEEX1X), x is 1, 2, or 3. In another embodiment of RSrUFA0PRG3095x
is 1 or 2. In another embodiment of formula (XXLX), x is I. In a even
more preferred embodiment, the invention provides the compound

R0 %”&&fﬁﬁn@( e S SIS ST G SO Bl

13)2 CISI(GeH3)?. C1ETSISIH2(Gel113)2 ClEI
aceqpigieipraEs (XX ?%W@F@(@%Hﬁ}ﬂ?gﬁ‘dﬁ% chloro(digennyOsilanc;
diehlare (digermylisdane] ehtodtitigetmt)staneprovides the substantially pure

coh G acrw&& %h'%Odk‘EHﬂElQ 12sgigermithet-2;dichiosofisiANGIREe  or

-digermyl dichlorodisilane. In a eighth aspect, the invention
W&@?&’ ‘é‘fantlally pure compound according to formula (XJCIII),

SlGeA,H-IsHB\@iaé)@ﬁLI the halckigyigimmyeis toBp@indy of, anyoPPprin@)s dhe aXXTV Y0
a@%&&aﬁx}%’é&ﬁﬂfﬂ?%ﬁ?’cﬁﬁ@s@'&% %&%%&%ﬂ@f?%%&%&&%%% low

groups bonded thereto n a preferred embodiment, the invention

eRSTATES (he i drRp G c%ﬂ%m%f%ma PSR, WK dissAdires
didlo¢atianpdefetics chehmbodéatigniathesimiestiofprovidbdphatsub stan tadiugdre

tGRMPAUAISOTTAMIR (Fih. WOSIRIP R ded- JFuR m&ﬁﬁggﬁqlﬁm@@m@%

the invention rowdes the substantially pure compound of 10 fonnula

e@l(?ﬂ Ry ORGP RS V’?émfn‘fﬁcé?‘p%%é%téﬁ“e%%‘?ﬁ\%‘ﬁ qﬂw"e"fﬁ%ﬁﬂ%ﬁ“ﬂfﬁ}ﬁi‘é@
mibressubrstentiatiyothureorbrimsndndf foifoudy (Xitrelatedretatey.is Cottraled

d%ff%ﬁ@Qa@@hﬁk%%m&%dt%xémé%ﬂﬂns&f@é{igﬁ&ﬁ“ﬁﬂ%&@%ﬂﬂéigﬂ’bp%ﬁmm of

com ound of formula xxra), Wherelnll?/ is3.In a {erred embodiment,

g RS SR POV R S LS SRR B GRS S8 ’c’%‘uﬁr&cgfs TR coasih,
mmm’@rbmcy padfully strained states.

In a preferred embodiment, the semiconductor substrates of this aspect of the
invention have a deposited SisGei.q layer which comprises a SigGe.4 film having a thickness
of less than one micron, more preferably a thickness in a range from 50 nm to 500 nm. Ina
further preferred embodiment, the semiconductor substrates of this second aspect have an
SigGe.q layer comprising an SigGey.q film having a density of threading defects of 10%/cm? or
less. In a further preferred embodiment, the semiconductor substrates of this aspect of the
invention comprise an SigGe;q film having a substantially atomically planar surface
morphology.

In various embodiments, the chemical vapor comprises or consists of one or more of
the compounds listed in Table 2, each in # or g forms, and stereoisomers thereof.

The semiconductor structure may further comprise other features as desired, including
but not limited to the inclusion of dopants, such as boron, phosphorous, arsenic, and
antimony. These embodiments are especially preferred for semiconductor substrates used as
active devices. Inclusion of such dopants into the semiconductor substrates can be carried
out by standard methods in the art.

In a further embodiment, the semiconductor structure may further comprise varying
quantities if carbon or tin, as desired for a given application. Inclusion of carbon or tin into
the semiconductor substrates can be carried out by standard methods in the art. The carbon

can be used to reduce the mobility of the dopants in the structure and more specifically boron.
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15In a more preferred embodiment, the invention provides the
substantially pure compound according to formula (XXIII), whereiny is 1
and a is I. In a more preferred embodiment, the invention provides the
YQH9ANEEIR pure compound according to formula (XXI11) PEHEREAI3PFR09S
and a is I. In a more preferred embodiment, the invention provides the
substantially pure compound according to formula (XXIII), whereiny is 3
%%90?’&%) og—§n%a%o H Ol’}’ledtg‘ldﬁferrgl rnl 1m%?ct>Pt leSIrS]V?tlo(ﬂrp I:EOCVIIII(]EL%ISOIL
stantlall re compound accor ofmu ereiny s
angl ghepratien. lcadl% 9 Merpietetret %rhﬁéglﬁféﬁt aﬂqehiﬁ@eﬁﬁﬁ%ﬁvﬁh\ﬂ@@%d
plittvedstebstantially pure compound according to formula (XXIII), wherein y is

1an r di the invention.provides th
subs%a%é.’%fﬁhq%%?é“é%m*%’%?°ﬁ§'§8§{%?n°§ RN CR L

COMBRYRds pgosT gat‘hﬁ‘BYé”b%‘?@Piléﬁ]ém it anec TR ERtioTH PrekAeRskemme
1nsmb§tantaailyopm&tﬁbﬂm PN BGeascinghiadetir b abigr einsycis 8
R }i” BrMLE e?ﬁﬁiﬁ*%%ﬁseﬁébﬂ%&?ﬁéntl%%dé“’e“t'on provides the

sub antially pure compound accord m}%to formula (XXII1), wherein y is 4
and BY4i3ne the composs of kel semarRsd R mBoHM herFREsRIV EtRspparing

sepriovidesdhaubsistantial |y guivendomposutetaecoriing topfoeminl aSeGEl  Bryer
c&{gm &ma{gmﬁn9%/9%&3&%@o‘-}qmgﬁg@ﬁzagnaﬁ)&@%%non Aéflag the

herein the halosilylgennane compounds of any of Formulas

comppopudse el Lfééﬂﬁ'lof’orafaﬁ?%’é%é@m@éﬁaéa?em%%éhéﬁf}r éﬂoﬂ%r&"ts or
depaptiecedenteshlong t8hije later e thaisclispigyyhdefiogenradusiiform bonding
a mt&ngﬁ@gmﬂc faeﬂsm@fgpée Ia%ﬁbqﬁa@ﬂga%ﬂg&@mtﬁ@aaﬁ&%%%

aces. Controlled depositions have produced 10

y planar sur
SRBP&hg ﬁ%e HE St it RIS tAR S %ﬂwwmt@rﬁpééa%k
(cameid eses Singpdhec disived prépe Hiashforcgemios houittgraap hivdticasssed

cd@ﬁéﬂ@mpeﬁfﬁﬁHMrﬁEM%@Hi&@r&BQa%?lﬁ%iﬁhmiﬁr%%@%éﬁ&ls SHRGHCopious
ora%hol% s and unlfo ﬂ]l%stram -reJaxed states, Controlled Og}]@ltlon

ave als 81 lsj gg%fcsel%l iome rlcdévd‘é ellD %hc]a ms reﬁaelgﬁlr?g f‘ﬁle ? an
hl@b rﬁt\éﬁ%qu&@wécuﬁr%ﬁl@h@lﬂd%é@ﬁg@@?@t@i cryseivendndibpitarial

meﬁm@a@wwwe@n@ﬁaom& 15meph alegiRsiRR @ il sthainedStaiRsular cd

gegeﬁ{eq 1(39' enxtd t%ns mlcopduc%or d'substrates of thlsvgrs&ecgn I
%e Invention ave adep site §3get d ayer%vﬁ aﬁ comprlses a

Crei bedins i REVHAG 8 YRERAES e P RIS S MBSl awicrecmBraphelssr dkly
siafibioksess. in atnangedromgb s ks ﬁﬁp’ﬁ&@deﬁtédnlavflgfﬂﬂ&ﬂ[ afﬁ;faranaﬁts which

t hi t h
SRS e P R L T T e

reRE i bl b aatorr i@@’féw?zl%ﬁ‘Pé§§a%Pé°fﬂ?tﬁéFhﬁﬁé‘fé¥FéE{V@m bodlment
the sEmicmedictopsubsirdtes afthiscatijiect @éshadnventioniconaiise R

G QA having: %t%ﬁﬁ%%@%ﬁ%&eﬁt&owlﬁ&l%p NRL HNAGRMCTRY %%9«3’

In various embodiments, the chemical vapor comprises or consists of one
FPRTHHS: of B igh EBFHHBLMNIE NSTish afawé rﬁteééi“é‘l‘F‘iH‘i‘er‘i‘S@ FoviTtisply
Wﬂtﬂﬂ‘eméﬁ&m@mﬁ@ﬁm The semiconductor structure may further

COMRHRRAMEY IRAES ARSI R el sing BHROSADIEL R vapor

inclusion. of dopants, such as boron, phosphorous, arsenic, and antimony

1%%%56@@ﬁ%ﬁ*&éﬂ%t@%ﬁ@efam%Fe%m%roéeﬁﬁ%ﬁdﬁ%%Epéitﬁazés
(sadnasiastiveddevice shdrchasionibiveu giedepants dhtof t eodniigon duatis
cHRRiRIES. fRRRE RIS 30 RY. SleRgaIt METNALS IR RS ARH- of scle

xI?rther embodiment, the semiconductor structure may further comprise,

2R GETARAT S PLADEH BF B LR agiPLarhsh & @%ﬁ %ﬂefm?éaﬁ&ﬁ precise

cdmodlisiorvop caboandrctincintodivg semicdriubtir sibistiatésncesiybétcanted
out by standard methods in the art. The carbon can be used to reduce the
mobility of the dopants in the structgye and more specifically boron.
Incorporation of Sn can yield materials with novel optical properties such
as direct emission and absorption leading to the formation of Si-based
lasers and high sensitivity infrared photodetectors. In a ninth aspect, the
invention provides a chemical vapor, comprising one or more 5
compounds according to any of Formulas (1) - (XXIV) and a second gas.

Such second gases include, but are not limited to, Ff2, lie, N2, argon, and
mivtiireac theraenf nrefarahlvv the cecrond Anac comnricece H? Prafarrad
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By using the compounds of any of Formulas (1) - (XXIV) as precursors for
preparing semiconductor substrates, the semiconductor substrate will
comprise an Si-Ge layer 10 comprising or consisting of a backbone of the
WHIBAIYS of the invention. By using the compounds of teliivaE8rPoas
opposed to the separate use of Si and Ge sources for deposition, the
resulting Si-Ge layer comprises highly defined and uniform bonding

thé‘%f?;%%f%%@t%@%fsﬁ@ép 19 %ngg?p %ﬁﬁgds IlrSIG\‘ﬁ %?‘éc?.lat 1ssB§‘tt%nS(§gr%é)?omond

to the random nature o Cﬁﬁor Sl Ge he Si an
vadigHopsidra s ithifafehimene Bvieldeesupsiastihise 3 deticst

inglustersieagling tadriwmedgepepttcbandingtianstlioeallycstigsiedes. In the
M@a@&g@gﬂt&@&gge' @oqyémﬁs!e%dagﬁgfrﬁao&%@mg%@'4&9399%%%%2%% als

exhibit copious disl ocatlonsr(ét levels unacceptable for most device
tham&ﬂmg)th%ﬁém PREVRRAH ?ﬁwégtﬂrmqmgw%rﬂé&w@@éﬂﬁéggowwre
sighistinevandkimn partanttacuantagetiofiowf conpe uindsciiin s oarees meihadse
mfﬂ\{ﬁén%&%\gﬁ@&h%ﬁ&? RS s, Al theJReRERRI iR of %%seﬁ‘eﬁ'&%ﬁéc%ﬁque can

molecular core 20 promotes the formation of exceptionally uniform
g%@ﬁ%&é%@é{?@ﬁw&ﬁér%%mﬁ%e reﬁeﬁﬁn@m@%wwsm
stpiforhalyestressed) films with planar surface morphology (no surface
ripplgg)n AigiiycishAdVARIade dstBe MaRtareASEdIQWar iR ds in e ar,
eratures which reduce surface mobility of the Si and Ge atoms and”
SuﬁPei\g)élﬁ‘ftFﬁ’é\ 4&ieglittgation thereby resulting in highly uniform
compodititirakamact,sthaimpeofide spatvilies atorvigisvel. 2buctine,intagprising a

sIRGRIPGRAtAN Qfé@q?@S&méﬁg SEURSIIME meaflmlétlé@el%@%éoolowore
surfac?%dlffu?on an

h stick efficients compared to the
St Al R M R
asgiowibedatwsavhich increase systematically with the mass of the

preCM%B&&W@S&QfW%&Qﬁx&ﬂ%m@@tﬁﬁh@figh&Qﬁ@i5@1§M@edmﬁwq;ﬂ<a0f
o %ee grgrlc&%ll vapor 30 té%% the | %ts'gr%e lﬁaggrtié:ulgt{ré/ |5n§)ortant in.th ei1 .

ormations o?lgl&&ge?annano%caﬁe Sys ems (uantanm Jots Gt W?r§s3 cas
“’ﬁ’e@iﬂ@é At WS Prsicpsetien rfr e shittet slcgyrtinabkenismgusitiontfeasd
la§FUGIU @esaaatacpdaﬂ@t be ecamplished ynyape ke RREINRI0f, SeRALAIRIde
Su§yace S and ermanes, or b molecular bear glt?_X)é of soli O§Jtand Gﬁ)

dyer l cmica. g[) ?1 rising Or.CONsistin ompou rmula
sources. e preC|se con roI osition and correspon

A HEfpTABYKF PRt eFnAtRs ﬁ}ﬁ%ﬁt’ér‘y SRATEiYRIn denpét B%éacl bve@éaﬂ@g of
piiesentissdascaiesmatienialsdgcteGiliGinlisstier AMytEOmpositional Wakatiees
that %)&%EMQ’]{Q ﬁ’{édtr%rﬂgﬁlg P%XI%%@}H%%”% rgc&!:rcslwg} ng%e selectively

significant impact on the optical and e ecfronllgé)ropertles and on the

depasitsHhuABERA R 1A tsemaiiedindhe 4R Wikaay e SoneuRteaRiES °
cagsignedf dorttud: Bsiss afetie dlubovatio Rutifizet, fahgroinG & theymatetiadsy iy
ddh&:Y DARPERAGHHD ed'ﬁ’scﬁekﬂﬁéﬁm%‘%ﬁ’eﬁ%ﬁbe A% D8 55 I certain

nanostructurc size is even less certain because reactions of various

erRafReRLy SERBE NG bel A ARE RS CRtPEHEd 3P R & sitk 30-
throug ot ttiie damplereldnt sineitie ptechioi gueh canfguaianiety siyseimatic
sERNVIRRLRI-Gie.naRASERIS SITYEINGS Withueentkal lﬁgcm&a% [Honastrain

and size, 10Such highly defined patterns can be determined using
YRR A e T O AR P B S PSS W R GRC AR SPmP v espraing to
fraspldf) thedmvendibonprohidds sdmicomdpidtog stlighare sneermypriisinigeavely
rsmbstiate. andian Si-Ge layer comprising or consisting of a backbone of
one or more compounds according to any. one of the formulas (1) - (XXIV).
PrefefrédSibBamIERE 86188?%‘38 SOV aBVE™ meHAbofer depett
depesitimgentiviapidvides aiethodsafobthes elegtive gapodition ofa Sid@et of
layer comprising contacting a substrate having a surface layer comprising
at least two portions, wherein a firsg portion of the surface layer comprises
a semiconductor surface layer and a second portion of the surface layer
comprises an oxide, nitride, or oxynitride 20 surface layer, with a
chemical vapor comprising or consisting of a compound of formula (0, as
defined above, under conditions sufficient to selectively deposit a
SidGet_d layer, having a predetermined thickness and at a predetermined

rate, over only the first portion of the surface.  According to the methods
nf the invventinn the <[|idCai a lavar ran bhe calectinvielvy deanncited hy anyv
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5In any embodiment, the substrate can be any substrate suitable for
semiconductor or flat panel display use, having a surface layer comprising
at least two portions, wherein at least a first portion of the surface layer
Web2hrieessa semiconductor surface layer and a second paftiaasefosies09s
surface layer comprises an oxide, nitride, or oxynitride surface layer. It has
been unexpectedly been discovered that upon exposure of such
substrates to a chemlcal vapor 10 comprisi g a compound of formula (1),
P SR ERSF PRI thd 8 e RV 6 SRR SR ATt st
topfortioh 6P thedsidhstamenatihe reiddhdéckdogmetiporiiopofither suldstreteligons
whssSntialifres: efihesSidGalidaltetedEssantially HREpABIHSEHMELfiRrate
ngeans that the alloy is not detectable on the second portion of the
“§tibstrate as measured by microraman spectroscopy at a resolution of |
um, ceordiskydonmstiedstisnawertdthrose dkitieel intdhée dot. serBcasiuperchr
ARGRN, @spRTHICORAMGIQ SWHACRaYImPREADSAIAYeH O, BRIGIEMERIAL o

o meterl hayng semiconducing properten et s of o famed,

a'su xa BB ST B AL TAIS HAVTY SERGL BRI
pfmi@p@ftibs fwchoel it tcarinss mirddetanitSileGe, BiGitiGegacsi@esnlt has

bﬁ%ﬁﬁ@&peﬁi&d%@%rﬂ“@ﬁsb’@f@e@%fﬁkﬁboﬁ@x&%@ﬂ@oﬂ'ﬁ@ﬂﬁitﬁfr%é%ytﬁﬁr@&ﬁblﬂaﬁ%r
er. means a layer. an e, NIyl oxyanitri emic
Conﬁml%ncf %mgounot a sé%%o&? atoghgug Cifc;ctlé"laa ery go %E’e fererm Cfl¥ﬁ1§t
df‘rBOE}éﬁrP‘@if’ 6 theristivories piohassbivsteatdresiciosaeiad mivrie ob thexyhitrite
isG:E@ﬂﬂiKlle ﬁmpadw Iﬁﬁl,‘s@?jﬂltl@ Congieting f@enamitaﬂi H@r@ﬁgnégnm&’i'ﬁééwgy

. EX f oxi nitri emical com include, but
e L R A R 8 RN SRR o
SH%@%F@%%&%OM%O%&wﬂra%or&y@rt%aﬁtb@ﬂwﬁr@@émré@w,sﬁé‘%aﬁh&rﬁt
silicoxs aRethBeHaior Garnfuomlioys sGtdcelatey meiCaalpys;relementalaSir
a1%§e$%€@§ﬁt%@& IJP;‘?C%S&%‘%F’S{&%H&“ ihe %UB§}{ aip &“%B%%&icé‘ﬂ‘t of a

comprise oxid nltl’l e, or oxynltrl esurface ayer, for examp

S@é‘&ﬁ%rémaﬁ% of; By Brid RN eSRceduRIng GBI apek e foybinzmaot
linhi@2 tdSh PeeSibratesmbiainSiGdhestirst,portion of the substrate
comprisgs AA0LA - IRSHILLL MAyS Rigie f&bﬂycetﬂ‘;eﬁ%%@‘}lgtmﬁf ten

substrate comprlses Si(100), such as, but not limited to, n-doped or

OB P85 T ERIOH ALY (e CRERTEAISTAPIS At faver o
dddesdrisedhalivyasforpraviofsrasperntsoof the swention.Sdr exdmplejdher

oi?ﬁ%h@éj&éﬂﬁ’éélf%%uﬁmm Recadding A s@ﬁﬁ@ﬁ&ﬁtiﬁ? subshiate, including
ut.not lim ﬁted to the |nclu5|on of doléaant uch as boron, phoslrphorous

oL &SGR ARYBHT T HSECE SRR ?11‘& ‘%%%E&S‘e%?aﬂ? OYBRETr &Y PP
Geembcondvioidradisstites used as active devices. inclusion of such

dopmemmpt@%W&@Emlag{@t@w@%ec&ﬁm@dsm%rbge?mﬂﬂd

ethod5| the exa a be nclud acc rdin othe
SO S §§%hg’e(§ {%S Atent: ﬁﬂip 7512%8'1% AR %ere cmorta e
Thecorputateths Byhreferertesurface Do sirgeras Q}s@sl mm@mrmmtmdetﬁéface
1aPER GBS ESIIONARYHHNT QEMEINGe D) mamﬁsmm GONNINGIN | Ta,0s, Z10,,

ductors in. order.to ch s electri erfies, Law
o R S AL R ST T st i oh B Toaer
Siatd s Mrghredpridy |dbe Brarotpicd F})eo‘ﬁﬁtﬁéﬁfé ORI B §€§}b%9dt Wms;rbut
ndiGhAdoROSH-46benoapaidiea smbogdiment, the methods comprise adding
ey B ANICS henen o Jne, SSCANEICIOr SUBSIEIR et o
semiconductor surface layer. INGlus|on of carbon or tn INt6 the P
theRRIBINEUCEOF §Wé§ti@t@5@ caFihees carrdr e BypEs cdinmatAgWatiat ke
slbktrald) ncatherbeambrniseddtsasiiasothe mphilitysaftbetdapapissindhas,
structure and more specifically boron. Incorporation of Sn can yield
materials with novel optical propertij%s such 15 as direct emission and
absorption leading to, the formation of Si-based lasers and high sensitivity
infrared photodetectors. As demonstrated herein, the
halosilylgermanes can be used to deposit device quality layers on
substrates that display homogeneous compositional and strain profiles,
low threading dislocation densities and atomically planar (i.e., flat)

surfaces. 20In a preferred embodiment, the chemical vapor can be
introdiiced in crithetantiallvy nirire form In a2 fiirthear nrefearred emhodiment
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Halosilylgermanes that are useful according to the invention include any
conformational form of the compound, including but not limited ft, g, and
iso- forms of the compounds, and combinations thereof, as described
WHR0IANIERIAvith respect to the previous aspects of the invEREORHZ&IF06HES
embodiment, the invention provides the method wherein the chemical
vapor comprises a compound of the molecular formula SixGeyflz_aX.(1)

wherej X | )
“Pand Xis ha ora%n rovr oyf“l% &1?%h§ac Xis i? nde c&tofoglé%aﬂ}lnd&) ?&%ﬁ)r
SURK O PSCAAESHIS I@‘é%c?ﬁalr‘i‘%lrsé)d@éﬁ‘ﬁ‘téosa%lﬂﬁoﬁ%‘éﬂ%@&%dﬁé’ﬁéﬁ%ﬁ@te“
cabBseafier asibethacii2. methdds dnehembodimentpldikihnd ki, dsnchidsd

acc% J?ﬁg B HARE RUSHEMPOSSREN N ‘?ﬁ'@ 8’ WHANE 1%?@899&’3}?&%85

hod L2, a'is 1. in another embodiment of Method L2, a is3x. 15In one
byé?f“?o%ﬁ'nent of Method L2, x is | and a is 3. In another embodiment of
Methbobing” xdsiskdhdetn igfbrsl i alopherenbadiment o fildedacdglidpxriged
mt@’l&l ?njrﬁr%ic seﬂﬁoﬁ@&é@g ﬁ@ﬁh@?’%‘@ﬁ&n@é Msegﬂaggréa% p)rgol%l%e@n qo%sdgpll%

another embodiment of Method xis2and ais 1.. Inanother
levelh s s MR IRELY, leﬁgp%rra% fir 9D9H S¥NY eABBRIREBine
lewWlethea L2ypidslig, yds 1,tend adsr 1. ¢fi anothiep@Beratbodinient of Metdrod

L2, mﬁr%me%&baﬂgca'a@méaa@%me&gm grnsg Methed ¥2a5d5 &

yis 1, and a is 3. In another embodiment of Me xis2,yis1,and a
o Jné Senisagutioe B RR G ORIt S Iy DInglpsion SHTRAE T
intartbthema@midodimerit oithd ethde le2riedR, fyist@daddatiod. inthnetheihe

cafpPesimeniel Methed d 4 X A Bty Ia%h@rrrépaﬂt% 3n 11 @RRLBGF: and more

embaodiment of Method L2, X is 2,y ais4.25 In another

SPEHSH, PR oPRABRABECE 5T 6% %rﬁ@ glrée@a AL SO B R MR ARSI St
as Misthodnli®ion isi@ ahsbmtisn] lehdiag dththe dothetidmohtSobivkdthodrd 2nd sl

seAEl BB phathesgsnbodiment of Method L2, x is 3 and ais 3. In

another, embodr tof e XS 3 and is 2 In
R tp?osé'%)g

embosdf%ﬁ%(n g ﬁleg L2, XIS T&nd'a |sufeqn ang?ﬁlt %evwe quality

1ambovrmbmaos Merhédp@y X gnpoY arr@aﬂeoalwk. Frdatitgtheprofiles, low
thRmbedimentief Methedhdariscdiydsndr ard @ﬂﬁsﬁnfébes"-_? or6. In

ano ere bo iment.of M is4 anda.
bkl M R e B AN el ARty e

fornetﬁba fyz,hsr er@fe&ﬁér ROIMIE G FRSTRBTEPAL I G 15F InehiGRt 129 axiRgle
caahshads 3. In another embodiment of Method L2, x is 4 and a is 4. In

anotper emiog I%QJt Mﬁtgﬁ%& y &“J&L"Jexu%%‘ééﬁ iﬁ%ﬁn‘ﬂé‘d‘&'{h an

equalto 4. In anot er embodiment of etho L2, the sumof x and y is
inelcanicn gasr B s dimeRh SRREICE M GARETOTRIE ot e tNe SRR OF x
mafadey fiss2of. Prefetibly metecprefeirded @mMbodiment of Method L2, the

che rf}lct?xkéfea@s%&g ’F\%”é%%r i%a@ QQB%P R %é) EEB& Iftgcli “3{7’ I Qngrl Ié)l’itable technique,
including but not limited to gas source molecular beam epitaxy, chemical vapor deposition,
plasma enhanced chemical vapor deposition, laser assisted chemical vapor deposition, and
atomic layer deposition.

In various further embodiments, the selective depositing is performed at a
predetermined rate of greater than about 2.0 nm/min. Preferably, the predetermined rate is
about 2.0 ~ 10.0 nm/min. Such layers preferably have a predetermined thickness is about 25
- 300 nm.
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SiGeylL..aXa(lll) whereinyis |, 2,3,0r4; zis 2(y + 2); ais1to 3; and X is
halogen, provided that each X is bonded only to Si ; such method is
referred to hereafter as Method M2. In one embodiment of Method

WR38858Horo or bromo, hi a preferred embodiment, 10X fsTERIBHS 059097
one embodiment of Method M2, y is 1. In another embodiment of Method
M2, y is 2 In another embodiment of Method M2, y is 3. In another

eml??%%?fge%a%%h&g NL@G yu's%iﬂl accord!ﬁLort@ %@b%@mﬁ!ﬁt qg%ﬁghoaQy

a Is 1. In another embodiment of Method M2, a is 152. In another
CoRdRTBBERAE AT B NI Bth ERMRRn factiding frongtdatiedcremnBRstifirdRsFo! the
covpetindd M2 cynibitadond shisedf, b3 desotived prefiersédvatnbagimentiof veithod
asd% éﬂﬁe]m@@%&u's 2. In another preferred embodiment of Method M2, y is

landais 3. In a preferred embodiment of Method M2, y is 2 and a
is 1 PanEReriBte Ed™ BRI BORIRS AR FIARIASENAD (B a/7205.
cotipas @refernpdiednib datimentubl Kethigd M2, yis 3and ais 1. Ina
preferred embodiment of M ad M2, the clygmical vapor comprises a
compound of formula (T;/% cy ith aCIa(IV 25whereinyis 1, 2, 31or 4;
Whergingts 425 h % 4 t0'3Land: ﬁfo%.a&d? thatehdh Eifid B&m&daﬁrﬁ falegpn.
prsudh almélhaxclh 8 icfended daherdafiet @Gis teethodfM2nd v isllesonien or equal

to SARAGHRENOtMAIQL N2, HeiSd MBiyaqther embodiment of Method N2, y
is 2. In another.embodiment of Meth&?‘ﬁﬁ%ﬁf is 3. In another em |ment

of I\/f@t%’oe‘ﬁ?dim%nho A8hE%e Mot WPeth\’b%I er%?ﬁlse’in ik
X mblbrer embodiment of Method N2, a is 2. In another embodiment of
MethoghNen@bindnt of Mt@daretesrad emhpdimaentmeliMathadNZoy 13,4 is
and a is 1. In another preferred embodiment of Method N, yis | and a is 2.
In another preferred embodiment of Method N2, y is I and a is 3. In a
preférrewd erpisodirereral ofitvethdd NJs y isng and J ignlankihghemkiediment of
M@ﬁ%tﬂlgefé @m%cu m%nﬁQ£M&hQQbB@gMni&2mﬂoaia %.idn anpreferred
embodiment o tho is3and.ais 1 eferr
SR O RIGHHED Mo S b b At L ment of
Mgbtddrmuinl vy Sice HBI,@P&’{V?WP@&W%P@V{?@@ hd Brovidedsthat each
Cl isbansiee Qﬂib’o’t@rr&hﬁkb@h&tﬁ&ethmd isiseferred 10 heraafter. asiMaibiag

cm%odlment of Me%ﬂ‘i’f? PIS Ee r§§s 1, ?1 @e%%%%}: %%old%népfeof; Ei%'?ﬂ&‘&%z
vapor comprises a 10 COI’T'IpOUI’] e formul a
xis2,yis 1,and ais 3. Inanother embodlment of Method L2, x 1s 2,yisl,and ais 4.

3x

In another embodiment of Method 1.2, x is 2, y is 2, and a is 1. In another
embodiment of Method L2, x is 2, y is 2, and a is 2. In another embodiment of Method L2, x
is 2, yis 2,and ais 3. In another cmbodiment of Method 1.2, xis 2,y is 2, and a is 4.

In another embodiment of Method L2, x is 3 and a is 9. In another embodiment of
Method 1.2, x is 3 and a is 1. In another embodiment of Method 1.2, x is 3 and a is 2. In
another embodiment of Method 12, x is 3 and a is 3.

In another embodiment of Method 12, x is 3 and y is 2. In another embodiment of
Method L2, x is 3, y is 2, and a is 1. In another embodiment of Method 1.2, x is 3, y is 2 and
ais 2. In another embodiment of Method L2, xis 3, yis 2, and a is 3,4, 5, or 6.

In another embodiment of Method 1.2, x 1s 4 and a is 12. In another embodiment of
Method L2, x is 4 and a is 1. In another embodiment of Method L2, x is 4 and a is 2. In
another embodiment of Method 1.2, x is 4 and a is 3. In another embodiment of Method L2,

xis 4 and ais 4.
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Si"GeHi_aXa(VI) wherein xis 1, 2, 3, 0r 4; z is 2(x + 2); a is Ito 3x; and X
is halogen, provided that each X is bonded only to Si ; such method is
referred to hereafter as Method P2. In one embodiment of Method

WB2082/l88Moro or bromo. In a preferred embodiment, 15X STEHIME /05908
one embodiment of Method P2, x is 1. In another embodiment of Method
P2 Xis 2.1n another embodiment of Method P2, x is 3. In another

ndalrrlg%'é‘;[ ¢ nbo A df I%Icgﬁlgdé}i the s g!%f‘?&%&m? fgng @38(‘&%&4?1‘@9 dIE

ais 1. In another em ment of Met P2, ais 2. 20 in another
ang b5 SEIPRGAEE Webesd 2, teisug of x gadysdsatibien QhAgditAdndbRnother
enMethaatR2Mstin PIantdesisn bf keahpiher preferred embodiment of Method

P2, MS 3.3Rd; %{é@'%@%&{t Riefgtied embadiment of Mg&gggrg%% L‘Tn

4andais 1. In a preferred embodiment of Method P2, x is
cogmgtrdrpis BEHHBHIment of Method P2, x is 3 and a is 2. In another

preferred embodiment of &iindkP2, X is 41&nd a is 2. In a preferred
wﬁa@w meﬁtﬁLMemp@k}%msqhem'9.9& xqp%&lg%ma@mmaww of

formula (ViI), 'Si"Geliz II) 30wherein x is T, Z, 3, or 4; z is 2(x + 2);
bagqded pply é‘ks‘aﬁb"’b%‘?}mééf’fﬁ S%W@?ﬁg%m@Wto Si, such a method
is refersedetabbidneaftef Mseivtelinh &K @ 2hloro ky bnee Nibedinfert chiteted,

xQ2p%4s |- In another embodiment of Method 02, x is 2. In another
embodiment of Method Q2, x is 3. In another embhodiment of Method Q2,
xis 410 one GRASARRERHHOARRRhY S Kibihdbers s SodsH sthdshod AL

2. embodiarenbofi tethd ¥ EFR,AME, 2 143 anativdrceentbodimeaneiof dhethidd, @1,

gais 3. In a preferred embodiment of Method Q2, x is | and aisl.In

another preferred emhodiment of Method Q2, x is 2 and a n.another
oA E0F SHSUTTHILR PRI Ge S R s e PG &
2.phefertbd enbbddivneriddfiMéMad @3x is 4 and ais I. In a preferred

embagdimen! Ex@écdl\éﬁmgn@@ oK \Beh@neia isid.1lananother prefeiiRd preferred

em odlme xis2andais 2. In ot er preferr
embo lmél%(é %M%\(ﬁ i Xd:S ¢y gngnaa?gtgerl ' AR0 Eer prg rrgaf Method
Mémb@éhmemsér Method Q2, x is 4 and a is 2. In a more preferred

embogl imﬁmx@efdl\éﬁlﬁmﬁehx%f Q2hthevehgmicakv@paer compiingsopterred

dorgﬁ Qtl}?%ﬁfISI 2C alsghloro(germyl)snane CI2SiHGeff
ichloro germy

In a preferred embodiment of Method M2, yis 3and ais 1.

In a preferred embodiment of Method M2, the chemical vapor comprises a compound
of formula (IV),

SiGeyH,..Cla v

whereiny is 1, 2, 3, or 4; z is 2(y +2); ais 1 to 3; and provided that each Cl is bonded only to
Si, such a method is referred to hereafier as Method N2.

In one embodiment of Method N2, v is 1. In another embodiment of Method N2, y is
2. In another embodiment of Method N2, y is 3. In another embodiment of Method N2, y is
4.

In one embodiment of Method N2, a is 1. In another embodiment of Method N2, a is
2. In another embodiment of Method N2, a is 3.

In a preferred embodiment of Method N2, y is 1 and a is 1. In another preferred
embodiment of Method N, y is 1 and a is 2. In another preferred embodiment of Method N2,

yis 1 and ais 3.
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C1HSIi(GeH3)2chloro(digermyl)silane;
C12Si(GeFI3)2dichloro(digermypsilane;
C1Si(GeH3)3chloro(trigermyl)silane; C1HSISiH2(GeH3)21,2-digennyl-1

WoRlPadsHane; (CIHS02(H3Ge)21,2-digermy1-1,2-dichloRScREiRaes/059095
ClI2SiSiH2(GeH3)21,2-digermy1-1,1-dichlorodisilane; or mixtures thereof
In another embodiment, the invention provides methods wherein the

chemical vapor.compyises a comp of th Iecu ar form
Sl"GTey?LPm at rEg)J Célteolh X |s°ilu]§ or% L §f ano (‘5 md
enyodinient Qf)l\éetm sihakgeris Z.Sprowded that the sum of x and yis Iess

thanl%%%@té@&b‘é@ﬂkﬂﬂ@h@d@ F@‘%I ied tqihereafter as Method L3.
In o % em diment %Im“g%tgtoﬁelfh N5 GuorR.arbromo. In a.preferred
embodi ent ISC n one embodimnent of Metho é‘t% ais
of fpampali¥p.embodiment of Method L3, a is 20lto 2(x-fry). In another
embodiment of Method L3i@eis, Z(%+Y). Ipvanother embodiment of

thod Eﬂ um o {i S th ore Ito4|n
R R e S B S B R Ry o,
todyseserist erylsdwihieht of Method L3. the sum of x and y is 2. In

another erohoghisnert endetined: Lo3, MaebiSi and.GReatiom Nas@Mmakes a
c haou;tl 1%2 bo 29 hereto, In a preferred embodiment of Method

?_n?f ailslto (mJ’rySl each Si and Ge atom has no more than two X

bonded thereto.  In a migftpreferred emBddiment of Method L3, the
wibemical lvameomprizes a)compolreaf the farsaed aptdnded hat each X is

bTLT G PSS ey %@'@%&%&h&e&m?&&& 549 + 2);ais 110 3;

and Xis halogen, provided that each Xis bonded only to Si ; such method
is ref@rPasISs gtlxéeaﬁ@ff Methadfrodk i ghloro or bromo. Ina preferred embodiment,

¥ is chloro.

In one embodiment of Method P2, x is 1. In another embodiment of Method P2, x is
2. In another embodiment of Method P2, x is 3. In another embodiment of Method P2, x is
4,

In one embodiment of Method P, a is 1. In another embodiment of Method P2, a is 2.
In another embodiment of Method P2, a 1s 3.

In a preferred embodiment of Method P2, x is 2 and a is 1. In another preferred
embodiment of Method P2, x is 3 and a is 1. In another preferred embodiment of Method P2,
xis4dandais 1.

In a preferred embodiment of Method P2, x is 2 and a is 2. In another preferred
embodiment of Method P2, x is 3 and a is 2. In another preferred embodiment of Method P2,
xis4andais 2.

In a preferred embodiment of Method P2, the chemical vapor comprises a compound
of formula (VII),

SixGeH,.Cla (VID
whereinx is 1,2, 3, or4; zis 2(x + 2); a is 1 to 3x; and provided that each CI is bonded only
10 Si, such a method is referred to hereafter as Method Q2.

In one embodiment of Method Q2, x is 1. In another embodiment of Method Q2, x is
2. In another embodiment of Method Q2, x is 3. In another embodiment of Method Q2, x is
4,
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In one embodiment of Method M3, Xis chloro or bromo. In a preferred
embodiment, X is chloro. 10In one embodiment of Method M3, aiis I. In
another embodiment of Method M3, a is | to 2(1+y). In another
VEQR90IARGIt of Method M3, a is 2(1+y). In another emBGHFR2IB059095
Method M3, y is |, 2, or 3. In another embodiment of Method M3, y is | or
2. In another embodiment of Method M3, y is I. In another embodiment of

Method M3, 2. 15 embo men of Method M3, yis 1 and a is
1. In'and een}gé)g%endlmenfho& I\§e’tﬁosd M dn?s %“bg%l ??tﬁ%&%de%g’ms
2 e perdivienbodivirat o MBS Rislh. another embodiment of Method M3,
yis Zrﬁﬁ@r@f&&éﬂ é&%ﬁbﬁr&%@m@tmsMseimq M3, Mﬂsazﬁa@ﬂ RelBréed
In anpot 0 nt .of Metha each Sia 0 as r
° b&{" %%@mgd@f thé re?n 4 Mﬁn e t([eﬂrr rEerr%od‘%%egr:ltﬁo’ft Meggpg
Qﬁ%qs,l%@ugnﬁ tas2(nynethel pratin i m@éﬁmefﬁdh@sdr% wibfeardanistivo X
bondrd:therated embb@lﬁdﬁEQTﬁM@ﬁ(ﬂnﬂﬁoGgﬁgemﬁri}lf MethothMsbtBEpreferred
lv, C ises a compound of formu

elgggém at faﬁ é}ﬁ(? @& Whe%lééllna 1E| glrfﬂ ago[ er ZPre eéi(enzb%ment qf M%thod
Qaﬂali)%@whw thar w@wr@rqéeﬁmfbmw@fs}ﬂewé&a methand isivéferred

to heneafiercasciMethottddment bT MBR@DAINENE GhMRUNOEH Nicaisibedrn
oth V%lmgodlment of Method N3, ais 1 to 2(1+y ). In another

C mbodiment of Method N3, ais 2(1+y). 30In another embodiment of

Method N3, §#1iH:GHor 3. In aneitiees(estiBdditaest of Method N3, y is 1 or
2. In anotheraysibadiment of Methaddgernis)dilahe;another embodiment of

Method N3, yjllﬁsg n anothecrh?ﬂa@g\lmley Blf Method N3, yis 1 and a

is 1. In another em o iment of is1 and ais 2. In another
embodiment Gt fethol N3, y is dhiearberary eisdiment of Method N3,

y is 2 and a iSldi(trianother emhatimentcahMethog N3, yis 2 and a is 2.
In another er@ﬁg%q@le@eM thod p@dlggr%ﬁl é}ﬂ&cﬁ‘% gm has no more

than two X bonded thereto 5In aé) erred embodiment of Method N3, a

is 1 to 2(157§AHEEEER and Gedisrihd-naitsreditiiahciwo X bonded
thereto. |68 rBi65eEd) e mbotiiégetof M étdotl ddalidirmehemical vapor

comprises a compound of formya (X}, @ekd6_,,ClaPOC)

In another embodiment, the invention provides methods wherein the chemical vapor

comprises a compound of the molecular formula,

Si,GeyH,..X, (XVID)
wherein xis 1,2,3,0or4; yis 1,2,3,0r4; zis 2(x +y + 1); ais | to z; and X is halogen,
provided that the sum of x and y is less than or equal to 5; such method is referred to
hereafter as Method 13,

In one embodiment of Method L3, X is chloro or bromo. In a preferred embodiment,
X is chloro.

In one embodiment of Method L3, ais 1. In another embodiment of Method 1.3, a is
1 to 2(x+y). Inanother embodiment of Method L3, a is 2(x+y).

In another embodiment of Method L3, the sum of x and y is less than or equal to 4. In
another embodiment of Method L3, the sum of x and y is less than or equal to 3. In another
embodiment of Method L3, the sum of x and y is 2.

In another embodiment of Method 13, each Si and Ge atom has no more than two X

bonded thereto.
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10wherein a is 1 to 3; and provided that each Cl is bonded only to Si, such
a method is referred to hereafter as Method 03. In one embodiment of
Method 03, a is 1. In another embodiment of Method 03, a is Ito 4. In
Wihaenogsqtbodiment of Method 03, a is 4. In anothBEBEROBINGEIE
of Method 03, each Si and Ge atom has no more than two X 15bonded
thereto. In a preferred embodiment of Method 03, a is 1 to 4 and each

Siand Ge tom S no more than X bonded theret [n a more
prefgrrear% &f?%’é’ﬂ%?l\ﬁ’f%%‘%@%n% lﬁﬁe%?g’éw)a"ﬁgf%grﬁbﬂ?e Gptom
hagampouribhofrh fordedabeexd), 20SixGeRfraXa(XXI) wherein x is 1, 2, 3,

or 4;1% M&xe l?e}e@ets B o XNEMASICOS NHPraNidR thabeashptss o
bond (P ? &?@gsethod is referred to hereafter as Method P3.
S |ment

“Thtohe em hod P3, X is chloro or brim. In a preferred

embodlment, X is chlora®i88H-e¥%e embodifdhb of Method P3, ais I. In
w@@&ﬁﬂsqmbpdimeﬁtsqf(mmqsﬂ3® 8. isnd 20 deh, IRAMLINBL each X is
et OA g& ogu“ﬂetg‘%d is f‘e?e éLl)eagerc?sm r&g 51 embodiment of

x i8] SN &Nno her em ethod P3, xis 1 or
2. |nlaﬁeméﬂ>e¢rmﬁﬁw1@ﬂ Méthold Fdbre ¢ghromo. In Amreioeembodiment,
xemhediment of Method P3, each Si and Ge atom has no more than two X

30banded thereto. rrede bodi entof Metho
oo PR o IRARIEIE S CTPRER el QMR Rl

) %b@féﬁ@@%%ﬁ%@ﬁ%‘ﬁmﬂmﬂd@% thelheémical vapor comprises a

compoundhef éambditactKxt M WOQM®5QQE%CTAQ$&%%Q§Q@Q&t of
(X ) X |s O S is/lto
Nét‘%%;?r%%ﬁgeE iag(eiac\glb [i)er r 3 tcgg tgllwzesthc% ?10% s Tefe e?:){r?ééé
C’f’(?‘ﬁ‘é?’é%tfféll\%hﬂﬂéﬁeﬂ‘@% In one embodlment of Method Q3, a is
1. InTanatkher entbosiieneof dethosl @3, RdsiSlte 2(ktHihotheanabbaiment of

M%m&pw rlg Mesh@% Q§T m%h%,%mdlmem @mg@@gd%b?qmem Q,Iother

Method Xis 1 In another embodiment of Method Q1, xi1s 1 or
e B MBS R Bifdaleyolss ambodifpeaiiistadtddinient
amgifdvbesthod Q3, each Si and Ge atom has no more than two X bonded

thergtp, L310 a-preiered eonbesdingnt.ef Method.Qanahis dthaidhh) ARtk

each Si and Ge atom
bon ed thereto.

In a preferred embodiment of Method M3, a is 1 to 2(1+y) and each Si and Ge atom
hias no more than two X bonded thereto.

In a preferred embodiment of Method M3, the chemical vapor comprises a compound
of formula (XIX),

SiGe,H,.Cla X1x)
whereiny is 1,2, 3, or4; z1is 2(y +2); ais 1 to 3; and provided that each Cl is bonded only to
Si, such a method is referred to hereafter as Method N3.

In one embodiment of Method N1, a is 1. In another embodiment of Method N3, a is
1 to 2(1+y). In another embodiment of Method N3, a is 2(1+y).

In another embodiment of Method N3, y is 1, 2, or 3. In another embodiment of
Method N3, y is 1 or 2. In another embodiment of Method N3, v is 1. In another
embodiment of Method N3, y is 2.

In another embodiment of Method N3, y is 1 and a is 1. In another embodiment of

Method N3, y is 1 and a is 2. In another embodiment of Method N3, y is 2. In another
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has no more than two X bonded thereto.  In an embodiment of any one
of Methods L2 - N2 or L3 - N3 and preferred embodiments thereof, d is
about 0.2 to about 0.5. In a preferred embodiment of any one of Methods
WP 300K9BF2. 3 - N3 and preferred embodiments thereof, d5SHBRPH 2 a
15 preferred embodiment of any one of Methods L2 - N2 or L3 - N3 and
preferred embodiments thereof, d is about 0.25. In a preferred
emBUARRGTIE RN RAE,PEMEI0S k2 NMorRh bRsollR ANGRIEIRIISS v is 2
embodiments thereof, d'is about 0.33.n a preferred embodiment of
andAdirfods ally one of Methods L2 - Q2 or L3 - Q3 and preferred
embedim@eatsribed@ahtdiVeiod N8 5ac2 6 andrGe mbo dimennofeatyh one XOf
boM?&%@é&z -Q2o0rL3-Q3 and_ preferred embodiments ther_eof, the
deposited layer of the formula SidGe, d has the same empirical formula
for SHEaHF SAAKLEPHRAFRE e FA GNP DEFORHEHAS o Uy, 4o
hagvieenein the tay&r isndepthsitéd using a compound of Formula (0O,
S Geylifaxa. disdlapasiiealavaihes 40 amUicaliaromiaioh 2XEEY.
referred embodiment, when the layer is deposited 25 using a compound
Ofgq“i‘i‘}l"ﬁl ¥I1) or (XVIII), SiGeiliz_aXa , the deposited layer has an
empirical formula of SiG8iGdHa(referred &@bodiment, when the layer is
wilgResierbising A cmReMRcaffein Wi (Y 1AL (XSDG SiReizs RERd
he deposited layer has an empirical formula of SiGey. In a preferred
o %8&%%@‘@%@% the layer is deposited using a compound of formula
(V) or GOnBiGeHs eflatheh&deps ditdd dayber habaiment piiidethdrdiubaisof
1 958 A8 enfigiad eonrdiventiswhen the layer is deposited using a

compound of farmula (V1).ar (XXI), SixGefiz a , the deposited layer has
s e e s RS e T T T
boisigehersited using a compound of formula (V11) or (XXI1), SixGeliz_aCla,

the deppritaetdax@iodase AN LNMHIeD FOIMUIR AfaReRS.Si andlO0ABPHS no
mdle %rt%jo?@%ve&%c nent of Methods L3 - Q3, the chemical vapor comprises

61’(‘61. . . .
a compou IS CISiH2GeH3chloro(germyl)silane;
Cl23nic eMsdiatiois gatadinsitams; g (Ge 1h8) disrsed (cHpEninysitahe
cofaRGi(Getd)astichlgxafgligermyl)silane; C1Si(GeFI3)3chloro(trigermyl)sil
an e; CIHSiSiH2(0e1-13g:12%§qdi ermyl-1- rodisilane;
(CIHSI)2(H30e)21,2-digermy1-T,2-dichlorodisilane; . ‘
WReEDS & 1D (D1 M 2069400t ag?g“é?rhfﬁﬁi?, Indficitibrioars: ipapiaded that each X is
bot&i bl e tdi2 Gibahle ot bl estagedmyisitdineisG26dd K3eH2C 1dichloro(ch

oroge Iy slBng. ClS G LAGRHC 2eior (aIRSLUASIANS boimen:

Cl2SiliGeHC12dichloro(dichlorogermyl)sil anc; or mixtures thereof.  In
X Bt8ther preferred embodiment, when x and y both have the same value,
i.e. hothatmbodinZnthé Mttte d2peasitéd layethhasrdadimepinéd dibohbigadd 1

to %ﬁg)_ In another embodiment of Method P3, a is 2(x+1).

In another embodiment of Method P3, x is 1, 2, or 3. In another embodiment of
Method P3, x is 1 or 2. In another embodiment of Method P3, x is 1.

In another embodiment of Method P3, each Si and Ge atom has no more than two X
bonded thereto.

In a preferred embodiment of Method P3, a is 1 to 2(x-+1) and each Si and Ge atom
has no more than two X bonded thereto.

In a preferred embodiment of Method P3, the chemical vapor comprises a compound
of formula (XXI1),
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5In a preferred embodiment of any one of Methods L2 - Q2 or L3 - Q3 and
preferred embodiments thereof, the temperature is from about 200 C to
about 600 C. More preferably, the temperature is about 350 C to about
WASH®OEYEn more preferably, the temperature is about 486 CVE34BEIHS
450 C. in a preferred embodiment of any one of Methods L2 - Q2 or
L3 - Q3 and preferred 10embodiments thereof, the layer is substantially
crystalline. Ina moreﬁ@ﬁg%g embodjraeny of any one of Methods L2 -
Q2 or L3 - Q3 and preferred embodiments thereof, the layer is
W@aﬁgtéﬁtﬂaﬁy%fgfs‘iaﬂfﬁé%ﬁ&)éwe%maéramrarpg%wmﬁﬁ S Rentlbemut
to 8QQuch Mandqdreferadady (dhertafierais\sutost@itially crystalline and the
tempeALEISARGL Bl :aPRUL A0 Eb ARG AR OE

layer is 15substantially crystalline and the temperature is about 400 C to
1 iorétitasty enotherspahadinend 9 Metheb S &tihtbt with this low

tempe m_aiotheir_apkd@mwtbfpmﬁ@gsqmtuﬁ g ,(Q shdrt _dm posittormindsient of
MERTIRGRIG Wi PTERIRERS SR HodinVa6f RidiihPBIEGUYE growth for

application in high frequency devices, and (iii) negligible mass segregation

of A0pAMTATCR IS BEAICLRAP S A o1 HFPCIBGEFS PSR 34pr it X

bearkeb ddirrient of any one of Methods L2 - Q2 or L3 - Q3 and preferred
embdirpRRALSNerkiHf: 3¢ mﬁt@@@er&sg%@ay%%@%%@t@i%@%m

N semiconductor or flatch%)anel display use, including but not limited to
SRS GBSO ME SIS insulator, Ge:Sn alloys, Si02, sapphire,
quartz, Bi:Gealioys!, &i:GakoyisidtiessisteeNpolyihdideldt athepreferred

hymelfilRasuahsasihose yseddntherfabpicatinn afilaible displays b

a more preferred embodiment of Methods any one of Methods L2 - Q2 or
TRt iy ain b R TR T
prefliven. amtadwent mbraprafersédvethbbdimentNthershBstraté o pridesed
exﬁﬂé%@x%ts theiébﬁfa}ﬁsoﬂféﬁfoMﬁthﬁg%xﬁﬁﬁe@&%&%m%ﬁ&% Bfﬁj@ﬂ{&& L2 -

m iments thereof, the compou any ane of Formulas.(1) - (XXII
N oot By i s e T B T o ek
ergfpsligent o8 MsdledLany teariMgshesy Zch@imtbp vdpbrdepdeies smbpgiments
thplagnaasenbanced chemical vapor deposition, laser assisted chemical

vapor depositi n and atomic la itign. in any f M S

Lo ot AN FIRTGNPLARRAT O™ gp o L3 GG Mat
bRl ety st hulssdayositsedayss ?ﬁfﬁ@d@&‘éﬂaaﬁ‘acﬁafﬂﬁf e satifecBRiiEN
foaf ol tfdOsB cho andndraMiuhoss. the ane prefefBchembohmaEviitheschemidal

YRR 1S JQIotGR T L2 AL RGN EER AARS A08 80! ,,155% Sl Piposited layer has
to UH Iogy). In

(correspondin 1V vertical furnace technolo another preferred
a1 FRIRSRh P W Ehirfifoal Vb BFfETRtrGRb A At D¥ERBh 18 r bt
usl aT csmypoonre sp deretinlg (G BCXY IEonslifiofk.Xn yétatvptkigrpireterhed an

e iRk heeRemical anniispimduseal Beieen 13:Tairand »
Tort. In ang/ one of Methods L2 - Q2 or L3 - Q3 and preferred

0 ! ; .
CETRBUHiEMETHR ALY, &8 comisdtint o g B S BT (PR
facanlbef dépysiied prlierptadmbrenh aheethchgmicddnmapainedmpesitiopound
of R YDV G AP ERIONS; e, RV ARIOUS, UGS IYETREteH EMBRAIMERLs. YA,

the compound of any one of Formulas (r) p(xto is de osit%d under PECVD

I RGBS R LT bE T PeFatf P HASEP S 6 I8 UBbEH BT E (Kiore
Cprefetabhf e témyeraitelisabeut2orDiteh out 800 6. Even mprdas]

er%%fi%%@%’ m% Eﬁ@%@%ﬁw @#&Q&ﬁh&fﬁ@acé&&%&ﬂo?%%la (VI fyﬁfi@éﬁ),

other preferred embodiments, when compaqund,of any one o

S ?F?’Fﬁé% 5 et i%yﬁre?b%s?ﬁ@alﬂﬁ%f‘é?qgﬁ%%gb ftlitions, the composite
plasma parameter \WPM is < about 200 MS/kg; more preferably < 100
MS/kg, and even more preferably < 30 PvlJ/kg. In various other preferred
embodiments, the Si-Gc material isgfprmed on the substrate 30 as a
partially to fully strain-relaxed layer having a planar surface; the
composition of the SiGe material is substantially uniform; andlor the entire
Si and Ge framework of the chemical vapor is incorporated into the Si-Gc
material or epitaxial Si-Ge. In various other preferred embodiments,
the Si-Ge material is formed on the substrate as fully strained layer having
a planar surface; the composition of the Si-Ge material is
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substantially uniform; and/or the entire Si and Ge framework of the
chemical vapor is incorporated into the Si-Ge mater al or epitaxial Si-Ge.
In otherfreferred embodiments, the substantially crystalline Si-Ge
W& Tormed on the substrate has a substantially sifGi& SRS
domain. 5In a preferred embodiment of any one of Methods L2 - Q2 or L3
- Q3 and preferred embodiments thereof, the substrate comprises a
surfage layen RN BT MARBOrHoNSs WRLARI:AN GRSt &ishes o
portion of the surface layer comprises a semiconductor surface layer and
compoudidishition of the surface layer comprises an oxide, nitride, or
oxynitride s@ifadeGe¥er. it has biden(garexpettedly been discovered that
upon exposkig @ik such subsiraigs i ehgmmical vapor comprising a

compound of formula (1), that the Si-Ge layer formed thereon selectively

deposits only OnHE kst portioRPGY HHESETBAN RS wherein the second
substrate is @s$€beially free of thiehbrGigtayehsilanefor example, the first

portion of thesibstigte layer camGompHss Siligra. germanium, silicon on
insulator, Gc:%n,gjlo%g, Si:Ge allgys, Sl:q alloys, elemental Si, or
elemental Ge. Y8 ThEEEEoNd hoHisHBY th& BLT % surface can
comprise oxidélSmitfitlechr oxynifidesufata-thgherddisienample, Si02,
sapphir(fe, qt@{%iﬁz‘%@&[&imh 5;@&3%,3@%%,4*?@@%&{@@5, Zr02, or Ti02.
In a preferre odiment, the first portion of the substrate comprises
Si(100) or S%%%Eﬁﬁ&@ preferacl{)ll[ﬁfot%gef?fpgrﬁna'%fdlﬁn& the substrate
comprises SHEEFeuch as, budindetaitetbgormmddidlped or p-doped Si(100).
20 Applicatigmsi,GeAegording tehifispeacesiaeinetheds, pure and
stoichiometrie $j d alloys can be formed seamlessly, conformally
andlor selec f\%ﬁ/&%@éxample&ﬁ% r‘éé‘éﬁ%ﬁ’éfé?la‘(iﬁglr%ﬁ%ns of prototypical
device structures. This type of greWths Bigeckkely to have additional 25
appliaatiensriprihadntegiatioonoiwhiaroelrctiaics oG GMRONRIHS
o BNGOHRHEDNR ASINAS LUyl A1 SRS, (he surface layer of a
substrate for can comprise one or ?95 urality of transistor architectures,
eacHcoRpFETAGEPediteerEeiGRY arsGtiMeledyibh ~4eraca it iR tegiorieterred
emhheirﬁémih@_efhm pbertipmpafahiae: surface lbyer mrfp}i&e%bﬁ SDOree. repiehs
prRfEERE AL R0AR0IRNE AR dheSeeandPRiian ofthe E‘di’w@a&%ﬁé’f&, the

comprises the gate region. The transistor architecture can be of t

RS RIS *PMOS2RIMEISEET-type, as are familiar to those skilled
in th&arpréccdreinglimthecSulGelaofayetsdilibhe DXentidn Qould! beferred
G HMNRIVHEEPOSILE éPiEQ@b%h‘tﬁ?ﬁ‘é Ldfain regions while the gate
e

regions are essentially free of th |§gei_d alloy (at least on the surface
therébf} MO PREGHETRGIRL oA SRR EUNMETEE LA cothftide, Tor® and
prefxamdptenbadmetal tatelatheridpenmiesubyenrtiallyats stiblectrnd by emmpaxamples
Qb %@bg@t@ J@Y&ﬁ Hopluel %Mﬁéﬁ@ﬂg]%ﬁ%;% ﬁgyﬁmgﬁn@ystqllipe and
thEolycr stalline |Gte Ta, Ir, W, Mo, TlNo,CT|S|N, WN, TaN, TaSi, NiSi, or,
GEPERE pleL8F gt dietRdf¥1ay8rlincliide BUE AP& FaPmibsdts
suBiORUSION sl R, 25d Id2mbaR08;, MR8 400 ik kboGE ally, the gate
regign.cARICMRIReaRXIted Wﬁlﬂ@hi@fl%yamwﬁthéVﬁﬁésgr&mﬁ/%d%&s
. OXi e,pltglqteaor Q%%éutrldes acers. De%nltlons The term "al oxﬁ' a%u,sed
ngaesi ) B yi“é’%uc;g?‘gé Bl REPLIRSEpehddi ol freeuve
grpateferaptEcaiier mbiekyftbmenngh demieny geh(atomgiRdprasentetisation of
AR RIBsHGS plkR¥MIpChiEa) Mx@ér@am;.limited to, methoxy, ethoxy,
propoxy, 2-propoxy, butoxy, tert-but entyloxy,.and hexyloxy. The
torm TS R ! At & Do by et Syt preered
crpadisearbibeicof, theguotein BPORPHIGTIBY Siiundc Stieblvise spBedfidestor or flat
Representative examples of alkyl include, 15 but are not limited to, methyl,
ethyl, n-propyl, iso-propyl, n-butyl, $ec-butyl, iso-butyl, tertbutyl, n-pentyl,
isopentyl, neopentyl, and n-hexyl. The term "haloallcyl" as used
herein, means at least one halogen, as defined herein, appended to the
parent molecular moiety through an alkyl group, as defined herein.
Representative examples of haloallcyl include, but are not limited to,
chloromethyl, 2-




10

15

20

25

30

20fluoroethyl, trifluoromethyl, pentafluorocthyl, and
2-e'nloro-3-fluoropcntyl. The term "halogen” as used herein, means -Cl,
-Br, -l or -F. The term "amorphous" as used here in, means the
WR2EPAIS¥hile it may contain short-range atomic order, thBGHEAMY059095
substantially lacks long-range order; see Gersten, et al. The Physics and
Chemistry of Materials John Wiley & Sons: New York, 2001, pp 96 - 100,
pgl%l\él] F\h Ilfsetllel{gll? 8%@%@%%%&5’{1 1];%Irlengr?nan1um S1 ICtOIlrn}l HSISU l?% Q'I%ca'yx
cry stal as used herein. means that a’ omposition contains 1ess than
a%% SiRiorHmBiTe REIEnSIS8 AleS Kerbis bR RevyBle PbHR A Teetive.
pRyateGibly sitiecamposiinn temibiratessthanthddianmespnoLs tegiasred

Jf@%&%@ﬁ%@ﬁ\%&%dﬁ%@@ BPI% oy ”d?”ax%?/"ré‘tmn%ﬁf’en%’oq% ents

regions. Even more preferably, the 30compositio contains essentia yn
thaﬁﬂﬁrﬁﬁéaeré@awepﬂses Theoterth? §Yﬁ6’s‘f&’r’i?ra’fﬁfe§ﬁ¢é’m§§%’§e‘ﬁ ﬁler@rhstrate
comersts $i@o®. compound is greater than 90% pure. Preferably, the

COMBPHRFLIR ARSalarNan 9398 e FYen QIR RIEEHBBMIAE B

is greater than 97% pure or pure. The tcrrn su stantra?ly srng

cuRperafinbaabarsint %rra@éwﬂer@f% theasre fraetfied Syraposiiehledstitais.
inghetite bthaot 36Heoiagsingledp olyivviphbed theicom paemidaRepteradphsithe
pEAmRoHNdIs gleatar than 9g%:ala ﬁrreg's‘sﬁ&éﬁr@f?rmawrg%r%m%rﬂddnd

Even more preferably, the compound is greater than 97% of a single
atﬁﬁ‘ffzrlrarﬁerb‘?%ﬂ‘h@compound The term "metal chlorinating agent" as

usedinergimmeavigtaco podhdrkifonRiternh pséskilledbalbihenartitosof, the
c&ﬁ%}ﬁm&%&‘ er@ummsgr@yp Mﬂﬁmﬁﬁ%&&éﬁdﬁ DEaHR Zﬁeé@mp IS5 vkn

metal g: hlorinating agents include, but are not limited to, C12, Br2, SOC12,

o 5o %%E"RggrO&Wé%ﬁ%%@“BPég?ﬁ?ﬁéE?sc’(Q}’%‘i}ﬂﬁ%ﬂé R

ADOMSHGeHBIZ (1Y 4bid IR Bif@eidh8)R: (R) UFNevanond tirerinstbdodpptics

ar%ﬁ%@%x?&%&%?ﬁ@’g%&l(%& Gﬁmm @t%rmb@fﬁ,@&;%m@ g%ib&@@l fo’g) Cglrllg] 1@3
molar ortio volution o oranc accordi +

T ORI AT G oty 17 16 BB EARBtI )
chomisitsrated W@W@@#ﬁﬁ¢@dﬁoﬁ&m@%&"&@r@rless pyrophoric liquid

with & rQrentesn wawreyan@z @ressute aha AArden. eﬁlw@r&ah%e@&%@ﬂ the
Was allowed to pro P%ﬁﬁurs nd u
Oélg(limvgt en aﬂ% s%g%r?r%anst 0 %%% dg dteé: gﬁtﬁ ?}ﬁ{md
C%ﬁﬂ%g%%ﬁ?@@ﬁ*ﬁté&%\ﬁ@é@“ﬁﬁ@%ﬂer was recovered under these
optim.nummgdiﬂwaa&mmﬁyﬁl@wﬁesumm@ﬂwwaar@ﬂerasrsomuras
eRAReAA s ERse e ey sxteding e dsactien ing genriate
mrxtures ‘of nonochloro compoun 1 With minor amounts o? ?1
abfus (Rsiftu e erRiabE - dio SiroEarrs)d tyutRd EniurRW NP AtioF of Iye
prferibbraaseehbbaGt actbaity 20 the seaatdsn wedium by using higher molar

rat'0%&&%&§tﬁ‘é}%§éﬁé§(e%%&%§%%nf%@n5&%%QJ%E\M'B%@ 889%'?'19@21 Rof

the reactants as describe we obtained a mixture of (1) an

W& Bk s dorositng wadss %Végﬁ%ﬂmﬁrﬁaﬂf%ﬁﬂ%@eaﬂgfgmﬁeaﬁﬁﬁc Sof

<thewe0o Ml /Rl oronapieferabithe 180 d&ritgramisexpectepke 28514 36 BlJ/kg.
S'HZMH&W&HQHQTQ%%&%&%@ Whendha &'ﬂ&&@@ o@ﬁﬂé{'arb%%?e

further increased by combining the reactants in - 1:1 molar ratio the
a%ﬁ%?(éléﬁeﬁélrz"}%ﬁé& gedVashiatbn R pracn dacesr it i) it
Gthe 3015 ismsabromiddl i 1k 5 end 8y 2h¢lgnviraSeaskbatidtynsupiireSte diEhYical
viisld) b hothcaseiRapiey s amaHs.al diperane byproducts were

evolved in addition tg a polymeric solid which was present in quantities
insufEIEREYoP USreEIE REPAE B %%Slp%w&tsmba&ﬁr&@%@rﬁaﬁrm

aisolbtedascd ptatie (vapaigre ssifrecotiz Tompati@éh ©F doldiléss Hiepuit by
trap-to-trap distillation. WO 2009/005862PCTMS2008/059095 (b)
Synthetic routes to CISi(Gel13)3 (3} The preparation of compound 3 was
initially explored by stoichiometric 3:1 combinations of SiH(GeH3)3 and
BC13. These typically produced mixtures of the CISi(GeH3)3 and
S1H(GeH3)3 compounds which were impossible to
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5 separate due to the similarity in their boiling points. Prolonged reaction
times eventually led to the formation of nonvolatile polymeric solids which
are likely derived from the decomposition of polychlorinated
WASNPGEsteanes. This indicates that over time the chlorinaB6H/BSW08YR095
the Ge sites in addition to Si eventually producing unstable products.
However, the preparation of compound 3 was readily obtained in - 20 %
d al inute reactio usin molar ratio of .
Sué%ﬂélﬁ and 1 i§ ﬁl}tér%grha%dqurg 4 38" %Wstrabjg%c’:olor‘fénécsashqlﬁ s
mWFﬁPP@‘FéGW?féﬁ'ﬁ?&‘amﬁ@%wpmé%ﬁr&@f 2 Torr. (c) Chlorination of
bridg‘mg}@i BitasH butanemlike (keeldsH{I kA ls ChIeHRAHOR formed
On‘% sstgga( tBGeg %aqtélldnhav show tha(} the Sl site is preferentially

asas n [¢ st mne
rlnate O pro uceaié‘r%n 18’ ?new compounds However, in the

caselbf m@f%rﬁﬁipﬂ@é%mg@ém epreeiddethedsdrior Rk EtaBRgiha dreferted
crﬂﬁdﬁﬁﬁuﬁiwﬁceiﬂprma;i?@wraétebm%iﬂaéssir Hdi?@m%ﬁird H&liﬁ‘ayﬂslﬁ)gaﬁh IBMe. PN
ot hand.t ation o ane | molecules containin
g Sy SR TR B U AR
S%%%qg‘ﬁfff‘érwéra SFPﬁgdls}?@EI%@‘f@ﬁrﬁ]%Pté}‘Efépm@@éé%@%WPﬁ‘e4§d§i‘|€lﬁct’@ﬁa¢e or
oﬁytstfalaesﬁtk&z(@em)ehismﬁﬁeemhﬂﬂiglagﬁdﬁ&r&mmoi@@ﬁm@@
s Shstadul %hé%m%a yxmaﬁg A %h{&tb%ds Aresignifigantly,

less prone to this type o substlt tlon fn vie his reactl "behavior, we
layr EQmadahsFraR SR Yeledihvne CRIbMALIOATSMeRR AT gvherein
theacrodnobecutas ¢habtefie fracgrrateyi-Capagity for Si-H substitutions at

bnd%mtsg tﬁgﬁ%%%egum% an%t@a%éa%@aﬂ%ﬁ%ﬁ&nstﬂmegm%%!um

Si-H bonds buf rather incor orate highly reactive -SiH - base

SICAR L DSERILSHIET) e 25 Shap Rt etnalledte drmetarifis chakeeniteis:
The tbioUpanesika{SiR)2(Gelfts 2 apacipsiwhidhe \uérhiayve premicidskyrface
Xepared.apd S&@ﬂl%mlﬂeetﬁg&@@e@;@%mm@' qadp E?e@t@afazos, 710y,

avajlahi |ty of two equiva lent reactlon SlteS in this

perspectlveg%éf

O mhStécdfe  REKEE HEBRe A (MR G BPR TR AHRITR FARBERReniaP”) o

Sijpidiesylardbrefpriserits Srsatontainectdrsiobsodto oosyridselicl Sthatedyato but

nRIRRCRAN-EPiE.O8 MO hlegenated Si-Ge macromolccular 30 hydride
derivatives containing SiGe, GeSiGe, and GeSiSiGe cores. Finally in view
of our success in reconciling simulated structural and spectroscopic
propdmiésaiitis experiment for the simpler members of this family we

Undeﬁl@@lﬁﬂgsﬁésﬂ%?&@dﬁtg'%é@f)&@e ;ﬁﬂ@“ﬁcﬁﬁﬁﬁ@@i@ﬁ@tﬁé SigGey_q alloys can be

forme(% sea. S(PeTlf%z‘za( é-/%l’ sglle% IV ?S Orl]'% allln ICSISIb}‘le CO?fO@%tll%ni%ntO
ore the réaction S In this'more ‘complex system. (f)lg hthe&is ad
Ofcwaﬁa@té?ﬁiai%ﬁg @*ﬂ@ﬂ@&ﬁk@é&qafz(%w @@&&%1@(@@1@)2@8
apphieiioaNia subsbtiech ChRicikt2(EaN3N (AL aResIem MAIIIRRSHYes) into
2 Qbtaine % by reacting an excess of BC13 with (Sil12)2(GeH3)2 in a 2:3
ratio. A ypical reaction time of one hour at an optimum 5 temperature of 0
C yidfiets SoPihdisut s b s M alrEmBtmob sl eaRIs o8t Bl 04l
trandsceooyeradrandenh theseicap dltg%&a@soﬁwﬁwﬁ&&d@/ohj M3 .aEHfaft sef@on,
wREOIPVRE A GRAYETSIR. A RIAIE(CEHRIE T RISLIRRCIS NG,

higher temperatures produced intra epol meric Solids that couh

feﬁ*a%@lﬂﬂw P PRI BOTHiRSE ARy A wagﬁr.%ﬁé%é@%‘s/rﬁﬁs%naﬂmra@lamr
arciglottesschn bechfvith GMEINNEDEa pOIOH s MOSBE F-B/pe0EE. ats 29549 those
SKSRRCHUM. sabpwsgcmgsaéﬁ% %P%é ﬂ%é'g?-te@% Mgn'l DQeties AL 97.0

and -15.0 PP1Th respéciively. hese are down- sh| ted with respect to the

A8 Ha BT B0y bSO AP ARG B BT WA

SiginglebhtdrineaswbhstitutidmattheSi center. The 111 spectra revealed a
triplet (3.05), a pentet (3.33) a sextet (5.02) and a doublet (3.26)
corresponding to protons bonded in$he sequence of
GeH3-SiH2-SiHCI-GeF13. The integrated 15 intensities, the coupling
patterns and the positions of the peaks collectively point to this atomic
arrangement. The shift corresponding to the Ge-H furthest from the Cl site
(3.05) is close to that of the starting material (3.11) while the shift of the
Ge-ll adjacent to the SiHO is slightly downshifted (3.26). The SiH2 peak
(3.33) is remarkably close to that of the starting material (3.29) and to

Nnther hridaina <{|IH?2 linandece in cilhvvaoermane comnniinde The caviat 20
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5 ppm corresponding to the bridging SiH protons. The integrated intensity
ratio of the 0OeH3 and SiH peaks were found to be 3:1 respectively, as
expected. The 'H spectra also displayed three additional peaks at 3.43
WRHEIA88212 (quartet) and 3.07 ppm (triplet) which were HsEiGHE¥5°1te
GeHa3, Sil11.2 and GeR3 protons of the sequence contained in the
H30e-SiC12- SiF12-GeH3 species. The 29Si spectra of the samples

exhibiied 10T AISUAGLERSADANEES A 1984 %, 8P kAR LR RPRke layer
corresponding to the SiCl, and Si1-12 of H3Ge-SiC12-Sille-GeH3 and Sili

FoRp ooV S BB I BPsEYic R e BRI NSRRI R SR Bha i ath gt
to tipelSIRSIG ibdR(BetdB)2 KGegiiidanily Koifiety, dosiNfi S (18817 ) apitiNiSi, or
16§ SREShiRNG startingmaterial(HQR.0ne te-the RreRencesd thesblernng

atoms bound to the adjacent silicon. The proposed structures of |
Zren st (HrSs 8 2N CIETEIN o (RS SRS TS iYL R ERBP LS i TG B 7
ox¥hitlidle hRDSK spléutruxidehighdenty shouritivepsets. of crosspeaks
correlating to Ge-H and Si-H resonances at 3.26 and 4.98 ppm as well as
3.07.and 3.42 ppm, respectively. The 11-1-29Si HMQC spectrum revealed
that #Z"B8i6ns at 4.98 and 3.42 ppm are directly coupled to 29Si
resofisnees &ikdy Deanctd 88, 208imenation sewdies GfigidleaitSi@eaded
to MEISEHolccufPHMAr XHER3h WS 6l usidAtR A8 GREFICUERAIC, Sirictial
: grgungls{, the Ch{g{{lp t{on tr%nds 01;, H3SiGeH3. 'E_he list ofbc%)m}p(%urtr]gls%
DB e L A T Y TS 1 TR B S O i R e P PSS G RS s S B iR LORY
popfelbas théheanpounds H3SIGeH2C1, H3S1GeHCI2 with Cl atoms bound

exclusiveimtafogr Ihadatarinaye.sntathiely Lbaacyeddash Rodoe@on of 1
ol FREOEIDIC hasis, This 25, 1s presumaily due (a.(hel relative lnstapily.

with respec(fnflo’ é’ecomposﬁmn Br additional chlonnations at their Si Sites to
by el geelimitd dol e bz eiinin - erorb stdauirrah Brme latehtyEbibied, §8-

budSepMes, isop¥¥gIcadesiaiachsdanetagd reaction free energies, AGRX at

298 K., following the generalized reaction given in 5)..30it 801 .
A AR TR A RAD S Db R norin
angpisdesie’s. TiePmizhh rRedemton oy iEyah Tankys, simknhstsitp rbsetion
RépeS cRNErgiesdnidéd ef ohiekseasimgienagnidtdectAntan be seentramithis

agadye t?ﬁi%i‘éﬁ;&}%ﬁ%){t&ﬁ%e PQ&?&‘?&B{&%&‘&%&%@ rectly related to
the number of Si-C O 2009/005862PCT/US2008/059095 bonds, and

not tRBSHSE Yateasar Srused RcihiBrTe AtorRS. Tiidis consistent with the
expefimeantallizobpbouethonded dbchinrimediorntin mdwchl tiédifir st ang second

sh%ﬁlﬁﬂgéq%f@%gg % %@é}{'&%ﬂ&!&%@ib& %@ﬁ@r&%@%&?ﬁ&%@%t@% etal.

rogressive chlorination of the Ge site, Note that the experimentall
TN P B N SR S BN P R s
whige itk thebainsenostof Gi-€tloreds. In contrast the most

thermadinarmigally, siable, defivative (ch 3iGe 3 anNeuRi RBIRINE tains
tematic efforts to pro formation, As we dl?%?id? low in
r

despite s te jt
oo U o TRER e 15 SR reATHEN BEfeRvr Aot S AiRAc Eskifon
PirseinetyicsRCiRen (thetrmalbpscdrreie dnapbes atek98| gMore chbéamiriiti dhe
cBRGHOM PEGRIEES. 18R d Heachan sRihalRiesAdRx ehtaingskdromdand, me

cnthallog calculations AGRXx (k.Timol) AHRx (1(.11mol) PRODUCT -50.6
composition contains essentially no amorphous’regions.

The term “substantially pure” as used herein, means that a compound is greater than

90% pure. Preferably, the compound is greater than 95% pure. Even more preferably, the

compound is greater than 97% pure or 99.5% pure.
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-79 Ch-Si-Ge-H 34. -53 CI2H-Si-Ge-H3 -26.9 59 CI2H-Si-Ge-H2C1 -30.5
-81 CI2H-Si-Ge-HC12 -14.9 -27 CIf12-Si-Ge-F13 -14.7 _42

C1H2-Si-Ge-142Cl 2.8 -38 CIPH-Si-Ge-HC12 1.3 -6 H3-Si-Ge-H2C1
WO 2009/003862 PCT/US2008/059095

The term “substantially single crystalline domain” as used herein, means that the
composition contains greater than 90% of a single polymorph of the compound. Preferably,
the compound is greater than 95% of a single polymorph of the compound. Even more
preferably, the compound is greater than 97% of a single polymorph of the compound.

The term “metal chlorinating agent” as used herein means a compound known to
those skilled in the art for replacing a metal-hydride group with a metal-halide group.
Examples of metal chlorinating agents include, but are not limited to Cl,, Bry, SOCly, COCly,
AgCl, and AgBr,

Methods of Synthesis
(a) Synthetic routes to CIHSi(GeHs); (1) and CLSi(GeHzs); (2): The monochlorinated
species 1 was generated by direct combination of BCl; and SiH,(GeHs), in a 1:3 molar
proportion via evolution of diborane according to Eq 1.
BCl; + 3 SiHy(GeHs), => % BoHg + 3 CIHSi(GeHs), )]
The target compound (1) was isolated by trap-to-trap fractionation as a coloriess, pyrophoric
liquid with a room temperature vapor pressure of ~ 14 Torr. A typical reaction was allowed
to proceed at 0 °C for 2 hours and produced pure single phase material in significant yields (~
40 %) based on the amount of the starting hydride material used. The latter was recovered
under these optimum conditions and was recycled in subsequent preparations. Attempts to
increase the yield by extending the reaction time generated mixtures of monochloro
compound 1 with minor amounts of the di-substituted derivative ChLSi(GeHs), (2). To
enhance formation of (2), we increased the Cl activity in the reaction medium by using higher
molar ratios of BCl3 and SiH,(GeHs),. For a stoichiometric 2:3 combination of the reactants
as described by Eq 2 we obtained a mixture of (1) and (2) in yields of 20% and 15%,
respectively indicating a significant increase of the second chlorination at the Si center, as
expected.
2 BCls + 3 SiH,(GeHs), - BoHg + 3 CLSi(GeHa), 2)

When the chlorine activity was further increased by combining the reactants in ~ 1:1 molar
ratio the ChLSi(GeHs), (2) species was predominately produced (20 % yield) while the
formation of CIHSi(GeHs), (1) was essentially suppressed (1% yield). In both cases copious
amounts of diborane byproducts were evolved in addition to a polymeric solid which was
present in quantities insufficient for a reliable characterization. Pure compound 2 was then
isolated as a volatile (vapor pressure of 7 Torr at 22 °C) colorless liquid by trap-to-trap

distillation.

49




10

15

20

25

30

-5.5-11 H3-Si-Gc-HC12 0.0 0 H3-Si-Gc-H3 Calculation of the

structural and vibrational properties of compounds of the 10 invention

To corroborate the molecular structures of C1SilllGeH3 and C12SiHGeH3
WRAHVEYFHE the NMR spectra, we conducted first principléd EaRe04REHbf

the structural and vibrational properties of these compounds. We have
successfully used this approach in previous investigations to identify
isomeric mixtures of butane like GeH3SiH2SiH3Geli3 and 15
GeH3GeH2SiH2GeH3 compounds _on the basis of their vibrational,
(Rt rotro Ry HE bS8 (D PETERISILAY SEBREY) Ady 2y hbYe
explergbbk toebtabtishe ibnpostalribtiendsfid e Hdndmg &b vibiatiortapically

PERRETHERA JPE OERR GBS IERAR OLieh] QPRI RIARES Grlpdssib!
prSi-GeH3 (x=0-3 for&el?gske_ of %gm I(E?tie ess. An a.ddit,iongl bl()enélfite'iéZto

SCRI uethF SHULNE Py DS S S Bl P8RS AT S VRS aira ALY
tomiod ésrthébaref charadtgiisticlyodhe selZd cohipoarsd §Kdy tleriehdciiatiothof

de@&ﬁ?}fﬁpﬁ%ﬂpﬂﬁ%fﬁ%_lﬁﬂﬁl?ﬁ_écp@ﬁfﬁMHQégemeQﬁ%%i that DRPSHMe the
functional theortyésmulatlons of the IT§S|-GeH C1H3Si-Gel-

SO} pOgiS 3 XS T4 M I SL KSR ?@%SPF&%%“&‘%E??%%“@‘S'
H@avy Piivwyiyeivihinctidsaintenali? prioreaddskobhisidbe-bisbdvitieledlifesnde
1avRisHecessinly deseribed s uekirakngrmeetemicat 8fthound 3 is

sgelctrolscosplﬁ: g erﬁries using various basis sets i tger6-311++G family.

a 8 c?nor 8 é ]I£11 %Il.t al‘OOI{I femperature vapor pressure of ~ OIT.

Ince 'molécules of interest here contain only 0ne gerimanium atom, and
up to three chlorine atoms, the total electron count ranges from 52 to 100

(cJornhishdolreatpreisingsthe frPlatO(RdiSpd)istmytable. Albahitien
e T
ragiHA S G eMPCIEH SlmeHs D3RGeHY Mo sigpladcitdriisEospgies this prior
work established that consecutive chiorinations of terminal Si-H bonds is difficult to achieve.
On the other hand the chlorination of propane-like molecules containing bridging SiH, single
centers such as SiH,(GeHs), is much more straightforward. This is also found to be the case
for the isostructural trisilane SiH,(GeHa),™ where its bridging SiH, is the most susceptible
site to full chlorination while the terminal Si-H bonds are significantly less prone to this type
of substitution. In view of this reaction behavior, we pursued a brief study to explore
chlorination of related Si-Ge based macromolecules that offer a greater capacity for Si-H
substitutions at bridging sites. These compounds are designed not to contain terminal Si-H
bonds but rather incorporate highly reactive -SiH,-SiH,- based linkages, exclusively. The
simplest candidate that fulfills these criteria is the butane-like (SiHj),(GeHs), species which
we have previously prepared and studied in detail from a fundamental and practical
perspective. The availability of two equivalent reaction sites in this molecule makes the
order and degree of chlorination of fundamental interest and represents a natural extension of
our synthetic strategy to produce an entire genus of halogenated Si-Ge macromolecular
hydride derivatives containing SiGe, GeSiGe, and GeSiSiGe cores. Finally in view of our
success in reconciling simulated structural and spectroscopic properties with experiment for
the simpler members of this family we undertook a systematic study of the entire sequence of
ClHySin(GeHs), (n=1-4) molecules and all possible conformations to explore the reaction

trends in this more complex system.
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84 100 Structural Symmetry C. C, C, C3, Rotational Prolate Symop
Asymmetric top Asymmetric top Prolate Sym. top Symmetry it (D) 0.147

1,373 1.568 1,666 Ai (aim) 108.0 141.91 175.9 209.8
WO 2009/005862 PCT/US2008/059095

f) Synthesis and characterizations of CIHSiSiH(GeH3); (4) and CLH,Si;,(GeHjz);: The
mono substituted CIHSiSiH,(GeHs), (4) species was readily obtained by reacting an excess
of BCl; with (SiHy),(GeHs), in a 2:3 ratio. A typical reaction time of one hour at an optimum
temperature of 0 °C yielded diborane, but also a small amount of unreacted starting material
was recovered under these conditions as confirmed by NMR. Efforts to achieved full
conversion of (SiH,),(GeHs), using longer reaction times and higher temperatures produced
intractable polymeric solids that could not be fully characterized. Compound 4 was isolated
by distillation as a colorless liquid with a nominal vapor pressure of ~ 2 Torr. Its *°Si
spectrum showed two peaks due to the SiH, and SiHCI moieties at -97.0 and -15.0 ppm,
respectively. These are down-shifted with respect to the SiH; resonance (-105.0) of the
starting material and are consistent with a single chlorine substitution at the Si center. The 'H
spectra revealed a triplet (3.05), a pentet (3.33) a sextet (5.02) and a doublet (3.26)
corresponding to protons bonded in the sequence of GeH;-SiH,-SiHCI-GeH;. The integrated
intensities, the coupling patterns and the positions of the peaks collectively point to this
atomic arrangement. The shift corresponding to the Ge-H furthest from the Cl site (3.05) is
close to that of the starting material (3.11) while the shift of the Ge-H adjacent to the SiHCl is
slightly downshifted (3.26). The SiH; peak (3.33) is remarkably close to that of the starting
material (3.29) and to other bridging SiH, ligands in silygermane compounds. The sextet
corresponding to the SiHCI (5.02) is significantly down shifted due to the presence of Cl and
is close to the one observed in CIHSi(GeHs), (5.07). The molecular structure is further
confirmed with 2-D '"H COSY which yielded the following correlations: (i) The 3.26
(doublet) and the 5.02 (sextet) are associated with -GeHs-SiHCI-, (ii) the 5.02 (sextet) and
3.33 (pentet) are associated with -SiHCI-SiH,- and (iii) the 3.33 (pentet) an 3.05 (triplet) are
associated with —SiH,-GeHs-. The 'H-*’Si HMQC NMR corroborated the latter assignments
and indicated direct couplings between the *Si (-97) and the 'H (3.33, pentet), and between
the Si (-15) and the 'H (5.02, sextet).

The dichlorinated CLH,Si(GeHs), species was obtained as a mixture of two
substitutional isomers, ClySiSiH(GeHs), and (CIHSi)»(H3Ge). Liquid samples with vapor
pressure of ~1 Torr were prepared by reactions of BCls and (SiH,),(GeHs)y in a 1:1 ratio at O
°C. The reaction time in this case was considerably reduced to ~ 20 minutes compared to the
mono-chlorination, to avoid formation, or mitigate decomposition, of unstable byproducts
that were also produced under these conditions. The very close boiling points of the

dichlorinated ClySiSiHy(GeHs), and (CIHS1(HaGe), derivatives precluded their individual
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A.B,C ((1lz) 41,77, 3.57, 3.57 10.18, 1.42, 1.29 2.29, 1.19, 0.83 128, 039,
0.79 b(Si-Ge) (A) 2.393 2.392 2.391 2,388 b(Ge-Il) (A) 1.538 1.5351.535,

1.538 1.533, 1.535, 1.535 1.533 b(Si-11) (A) 1.482 1.479 1.475 -- b(Si-C1)
WAJ009/00A862 PCT/US2008/059095

separation by normal distillation or fractionation techniques. Accordingly their identity was
established and their structures were primarily elucidated by 'H, and *Si NMR including 2D
'H COSY and '"H-*’Si HMQC analyses. For the (CIHSi),(H;Ge), species the proton NMR
spectra showed a doublet at 3.26 ppm due to the terminal GeHs protons and a pentet at 4.98
ppm corresponding to the bridging SiH protons. The integrated intensity ratio of the GeH;
and SiH peaks were found to be 3:1 respectively, as expected. The 'H spectra also displayed
three additional peaks at 3.43 (singlet), 3.42 (quartet) and 3.07 ppm (triplet) which were
assigned to the GeHs, SiH; and GeHj; protons of the sequence contained in the H3Ge-SiCl,-
SiH,-GeHs species. The »Si spectra of the samples exhibited three distinct resonances at
24.4, -88.7 and -17.0 ppm corresponding to the SiCl, and SiH; of H3Ge-SiCl,-SiH,-GeH; and
SiH of (CIHSi)(HsGe),, respectively. Note that the SiH, *’Si resonance of the
ChLSiSiH»(GeHs), is significantly shifted downfield (-88.7) with respect to the starting
material (-105) due to the presence of the chlorine atoms bound to the adjacent silicon. The
proposed structures of (CIHS1),(HsGe), and C1ySiSiH,(GeHs), are further confirmed by a 2D
"H COSY spectrum, which only show two sets of crosspeaks correlating to Ge-H and Si-H
resonances at 3.26 and 4.98 ppm as well as 3.07 and 3.42 ppm, respectively. The ‘H-*’Si
HMQC spectrum revealed that the protons at 4.98 and 3.42 ppm are directly coupled to *Si

resonances at -17.0 and -88.7.

Simulation studies of Cl,H.,S5iGe molecules

A primary goal was to elucidate, on energetic and structural grounds, the chlorination
trends of H3SiGeHs. The list of compounds presented in Table 3 is augmented to include the
Cl3SiGeHs species as well as the compounds H3SiGeH,Cl, H;SiGeHCl,; with Cl atoms bound
exclusively to Ge. The latter have tentatively observed but not on a reproducible basis. This
is presumably due to their relative instability with respect to decomposition or additional
chlorinations at their Si sites to produce molecules containing at most four chlorine atoms
combined, as observed.

We calculated standard reaction free energies, AGrx at 298 K, following the

generalized reaction given in Eq.(5),
n BCl,+3H,8iGeH , — 4 B,H  +3Cl H, ,SiGe (5)

using the thermally corrected free energies. The main results are provided in Table 3, which
lists the reaction free energies in order of decreasing magnitude. As can be seen from this

data the relative stability of the chlorinated products is directly related to the number of Si-Cl
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2.066 2.058 (I-Ge-Si) (dog) 110.8 109.4 109.4, 109.5 108,8 (II-Si-Ge)
(dog) 110.2 111,3 114.2 Z (CI-Si-Cie) (deg) 110.0 110.0 110.9 ED

-2370.14139 -2829,82345 -3289,50777 -3749.19190 Eo + ZPE
WO 2009/005862 PCT/US2008/059095

bonds, and not the total number of bound chlorine atoms. This is consistent with the
experimentally observed order of chlorination in which the first and second chiorination
reactions occur exclusively on the Si center, followed by progressive chlorination of the Ge
site. Note that the ‘experimentally elusive H3SiGeH,Cl and H3SiGeHCl, compounds are the
least stable due to the absence of Si-Cl bonds. In contrast the most thermodynamically stable
derivative Cl:SiGeHs was never obtained despite systematic efforts to promote its formation.

As we discuss below in detail this is likely due to slow reaction kinetics.

Table 3. Standard reaction free energies AGrx (thermally corrected values at 298K) for
chlorination reaction products, and reaction enthalpies AHgx obtained from bond
enthalpy calculations.
AGgrx AHgx
(kJ/mol) (kI/mol) PRODUCT
-50.6 -79 , Cl;-Si-Ge-H;
-34.1 -53 ChLH-Si-Ge-H;
-26.9 -59 CLH-Si-Ge-H,Cl
-30.5 -81 ChLH-Si-Ge-HCl,
-14.9 -27 ClH,-Si-Ge-H;
-14.7 -32 CIH,-Si-Ge-H,Cl
-12.8 -38 ClH;-Si-Ge-HCl,
-1.3 -6 H;-Si-Ge-HyCl
-5.5 -11 H;3-Si-Ge-HCly
0.0 0 H;-Si-Ge-Hs

Calculation of the structural and vibrational properties of compounds of the
invention

To corroborate the molecular structures of CISiH,GeHs and CLSiHGeH; derived
from the NMR spectra, we conducted first principles calculation of the structural and
vibrational properties of these compounds. We have successfully used this approach in
previous investigations to identify isomeric mixtures of butane like GeH;SiH,SiH,GeH; and
GeH;GeH,SiH,GeHs compounds on the basis of their vibrational signatures. Although the
focus of the present study is on (1) and (2), here we seek to establish important trends in the
bonding and vibrational properties for the general sequence of chloro(germyl)silanes ClH;.
xSi-GeHs (x = 0-3) for the sake of completeness. An additional benefit is to classify the
frequency range and character of the various vibrational modes that are characteristic to these
compounds for the elucidation of more complicated, higher orders chloro(germyl)silanes.

Density functional theory simulations of the H;3Si-GeHs, CIH,Si-GeHs, Cl,HSi-GeHs
and ChSi-GeHs molecules were performed using the B3LYP hybrid functional. In our prior

work on Si-Ge based molecules we have successfully described key structural,
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tlectrons 68 84 100
Structural Symmetry Cgv C, Cs Cav
Rotational Prolate Sym. top Asymmietric top Asymmetric top Prolate Sym. top
Symmetry
(D) 0.147 1373 1.568 1.666
M (amu) 108.0 141.91 1759 209.8
AB,C (GHz) 41.77,3.57,3.57 10.18,1.42,1.29 2.29,1.19,0.83 1.28,0.79,0.79
b(8i-Ge) (A) 2.393 2.392 2.391 2.388
b(Ge-H) (A) 1.538 1.535,1.535,1.538 1.533, 1.535, 1.535 1.533
b(Si-H) (A) 1.482 1.479 1.475 -
b(Si-C1) (A) - 2.078 2.066 2.058
£ (H-Ge-Si) (deg) 110.8 109.4 109.4, 109.5 108.8
Z (H-Si-Ge) (deg) 110.2 111.3 1142 -
Z (C1-8i-Ge) (deg) - 110.0 110.0 110.9
Eo -2370.14139 -2829.82345 -3289.50777 -3749.19190
Eo+ ZPE -2370.09384 -2829.78144 -3289.47263 -3749.16281
Ey + AEm(300K) -2370.08864 -2829.77545 -3289.46611 -3749.15432
Fo + AH(300K) -2370.08769 -2829.77451 -3289.46517 -3749.15338
Eg + AG(300K) -2370.12082 -2829.81224 -3289.50532 -3749.19740

Table 4: Calculated structural and dynamical properties of H;Si-GeH,, C1H,Si-GeHs, CL,HSi-GeHs and
Cl3Si-GeHs molecules. Listed are the symmetry, dipole moments m (Debye), mass M (amu),
rotational constants {A,B,C} (GHz), bond lengths (A) and bond angles (degrees). Also included in
the table are the clectronic ground state energy (E0), and EO corrected for zero point energy (ZPE),
thermal energy (AEry), enthalpy (AH) and free-energy (AG). The latter three thermochemical
energies were evaluated at T=300K. All energies are given in Hartree.

All structural optimizations were performed using “tight” force convergence criteria
using the Gaussian03 code (see, M. J. Frisch et al. Gaussian 03, Revision B.04, Gaussian Inc
2003). The vibrational spectra of all ClH;4Si-GeH; molecules exhibit positive definite
vibrational frequencies, indicating that the ground state structures are dynamically stable, It
is noteworthy that a coarse structure optimization of the Cl,HSi-GeHs molecule produces a
soft mode corresponding to internal GeHs rotation. A summary of key molecular properties
is presented in Table 4, which compares the dipole moments, rotational constants, bond
lengths and bond angles across the sequence. The dipole moment increases significantly with
the substitution of chlorine into the silyl unit of the molecules, ranging from ~ 0.15 D H3Si-
GeHs to 10-fold this value (1.67 D) in Cl3Si-GeHs. The structural bonding trends through the

sequence are unremarkable, with principal bonds exhibiting little variation with respect to the
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abseiptiaqubadsshapessgothilypasiciabtheappanent spfitingecofalculated
fr%ﬁl%ﬁ% m«l%e Xté‘n%t?épﬁiatﬁx?’t%&p W&&gmg’%@n‘?é %ﬁs %yg%slose 8 suﬁgestmg

374)a.Gel-13 rock vs(79(13rs)s Cie il
oot WA (S ST PR D584 SISty We noe
tHatlH2ight Getile thit. 161thO s QIE Tacoe ks Hd(B33)Sihigie BiuddA36d0 (Figwagd(b))
would improve the agreement further. Finally, the simple harmonic vibrational analysis
presented here does not account for the splittings observed experimentally. We have
investigated several possible origins for this splitting, including dimeric interactions and
anharmonic effects. In the former case selective vibrational features are split when molecules
are coupled depending upon their detailed relative configurations. The interaction strengths
were calculated to be on the order of a tenth of a kcal/mol, and therefore, unlikely to be
operative at room temperature. The most likely origin of the systematic ~ 12 cm™ splittings
observed is coupling to rotations in the asymmetrical top molecules. It is noteworthy that the
splittings occur in all bands, including the high-frequency Ge-H and Si-H modes. This can
be explained by the relatively low symmetry of the C1H;Si-GeHs molecule, which leads to A
symmetries for all vibrational modes (e.g., no A’ or A" symmetry vibrations). Using the
rotational constants for the C1H,Si-GeHs molecule listed in Table 4, we have calculated the
room temperature rotational band profiles corresponding to A-, B~ and C-type contours using
an asymmetrical top computer program. These are compared in Figure 5 which indicates that
the profiles are distinct and that the C-type contour closely matches to the observed

absorption band shapes, and in particular the apparent splitting of approximately 13 em™.

H,Si-GeH; CIH,Si-GeH; CL,HSi-GeH; Cl;Si-GeH;
Sil. (346)  Si-Ge str. Sil. (119)  SiClrock. D, (162) 5. SiCh
rock.
An(374)  a.GeHs+S B,(333)  Si-Ge str. C,a(125) s SiCl, Dy (177)  a. Si-Cl
iH; rock. wag
rock.
AA796) s, B,y(361)  s.SiHy/Ge Co(189)  Si-Ch Sil. (319) Si-Ge str.
GeH,/SiH H, wag. scissor
2
rock.
A(890) 8. Gell, B,s(471)  a.GeHst+S C,5(320)  Si-Ge str. D,a(476)  a. Gels
wag. iH, rock.
rock.
A(904) s SiH, B(530)  Si-Clstr. Cou(448) 5. GeHs Dy4(528) 5. S8i-Cl
rock. wag. str.
Au(955) 8. SiH; B,s(702)  a. SiH, C,(467) 2. GeH; D.s(573) a. Si-Cl
wag. rock. rock. str,
B.(780) s Cu(520y s Si-C1 Dw(793) 5. GeHs
GeH,/SiH str. rock

2
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13,3(471)afieH3+S 11-13 rock. B,4(530)Si-C1 str. B,5(702)a. Sifts
rock. B,6(780)S. Cie-L./Sill 2 WO 2009/005862 rock.
PCT/US20081059095 13,7(840) a. &RAM C.,7(559) a.Si-C1 str.

WB %W§§62 PCT/US2008/059095
rock.
By(840)  a. C(559) a Si-Cl D(881) a. GeHs
GeHy/SiH str. wag.
2
rock.
B.s(890) a. GeH, Cus(746) s,
wag. GeHa/SiH
rock.
Bw(950) s. SiH, C.(787)  SiH wag.
wag.
Cvlo(gog) a.
GeH,/SiH
2
rock.
Cv11(873) a. GCI‘I3
wag.
24(2127) s Gells b,1(2142) 5. Gells ci(2113) 5. GeHs dwn(2142) 5. GeH
str, str. str. str.
a,x(2135) a. GeH; byx(2146) a. GeHs ¢x(2124)  a Gel, d(2157) a. GeH
str. str. str. str.
a,3(2216) 5. SiH, b.,3(2224) s. SiH cs(2132) a. GeH
str. str. str.
2,4(2227) a. SiH bw(2236) a. SiH cvg(2241)  SiH str.
str. str.

Table 5: Unscaled harmonic vibrational frequencies of the H;Si-GeH;, CIH;Si-GeH,, Cl,HSi-GeHs
and Cl3S1-GeH; molecules and their corresponding assignments. Silent modes with zero calculated
intensity are designated by “Sil”.

Comparison of the method of the invention with previous methods

We have previously utilized SiH:GeHs and the butane like (GeH3),(SiH;), compound
to deposit SipsoGeoso films at low temperatures. In both cases, we have obtained materials
with high quality morphological and microstructural properties. Nevertheless, the use of
SiH3GeH; for low-temperature CMOS scelective growth of small size device features is not
practical due to the dramatic drop in growth below 475 °C {(in fact the growth rate is
negligible below 450 °C). In contrast both ClH,SiGeHs and (GeHs)o(SiHs), yield growth
rates at least 10 times higher than those obtained from SiH3GeHs in the 400-450 °C range,
and these compounds even display significant film growth at temperatures below 400 °C. It
should also be noted that the film quality is comparable using either CIH,SiGeHs or
(GeH3)(SiHy), to grow Sips0Geo.so.

However, albeit (GeH;),(SiHj), shows promise from a technical perspective it
represents a demonstration in principle rather than a true proof of concept from an industrial
perspective. For instance, this compound is difficult to synthesize in quantities greater than a
few grams and its thermal stability in relation to storage and transportation is not well

understood.
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a. Gelb 2 rock. L8(890) a. Gelb wag. C,8(746) s. Ciel43/SiH rock.
13,4950) s.Sill2

WO 2009/005862 PCT/US2008/059095

Thus, the CIH,SiGeH3 counterpart appears to be a more practical candidate as a 50/50
SiGe source. Its synthesis is much easier to scale up and the starting materials are readily
available and inexpensive. The single step reaction of BCl; with H3SiGeHs is conducted in a
solvent free environment ensuring facile isolation and purification to produce semiconductor
grade material. Further, due to its high vapor pressure, the compound can be readily
integrated with existing commercial processes involving single-wafer low pressure CVD
furnaces.

Examples

All manipulations were carried out under inert conditions using standard high vacuum
line and drybox techniques. Dry, air-free solvents were distilled from either anhydrous CaCl,
or sodium benzophenone ketyl prior to use. All NMR spectra were collected on a Gemini

300 MHz spectrometer. Samples were dissolved in deuterated toluene, and all nuclei were

 referenced either directly or indirectly to the proton signal of TMS or the residual solvent

peak as indicated. Gaseous Infrared spectra were obtained in 10-cm cells fitted with KBr
windows. Mass spectrometry data were obtained using a Leybold-Inficon quadrupole mass
spectrometer. Boron trichloride (Matheson gas products 99.95%) was distilled to remove
residual HCI contaminants and its purity was confirmed by Infrared and mass spectra prior to
use. Lithium tetrahydroaluminate (Aldrich), phenyl trichlorosilane (Aldrich),
trifluioromethane sulfonic acid (Alfa Aesar), cesium chloride (Aldrich) and electronic grade
germane gas (donated by Voltaix, Inc.) were used as received. The starting materials
phenylsilane was prepared by reduction of phenyl trichlorosilane with LiAlHy4, and phenyl
monochlorosilane was prepared by the reaction of phenylsilane with gaseous HCI
Phenylsilylgermane (Lobreyer et al, Chem. Ber. 1991, 124, 2405-2410), germylsilyl
trifluoromethancsulfonate, and germylsilane (Hu ez al., J. Appl. Phys. Lett. 2005, 87(18),
181903/1-3) were prepared according to literature procedures. All starting materials were
checked by NMR spectroscopy to verify their purities. Potassium germyl (KGeH;) was
synthesized via a modified literature preparation in monoglyme by reaction of gaseous GeHy
with a finely dispersed sodium-potassium (80% K) alloy. Note: the Teflon bar that was used
to stir the GeHs/Na-K/monoglyme solution was encapsulated in glass owing to the high
reactivity of Teflon with Na-K alloys.

The growth studies were conducted on Si(100) substrates in ultra-high vacuum
(UHV) deposition system. The substrates were prepared for growth by flashing at 1000 °C

under UHV (107° Torr) to remove the native oxide from the surface.
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wag. C,9(787) Sill wag. (2,10(808) a. Gell3/sill a rock.

WO 2009/005862 PCT/US2008/059095

Example 1
Synthesis of CISiH;GeH; and CL,SiHGeH;:
Method A (reaction of CsCl with (CF3SO3)SiH,GeH )

A 50 mL Schienk flask was charged with n-decane (15 mL) and (CF3804)SiH,;GeH;
(0.60g, 2.35 mmol). Cesium chloride (0.42g, 2.49 mmol) was added slowly via a powder
addition funnel at -25 °C to the flask and was allowed to stir under nitrogen for 12 hours at 22
°C. The volatiles were fractionally distilled through U-traps held at -50, -110, and -196 °C
under dynamic vacuum. The -50 °C trap contained solvent, and the -196 °C trap contained
traces of GeHy. The -110 °C trap retained pure, colorless CISiH,GeH; (0.186g, 56% yield).
Vapor pressure: ~ 147 Torr (23 °C). IR (gas, cm™): IR (gas, cm™) 2183 (vs), 2171 (s), 2156
(vw), 2092 (vw), 2082 (vs), 2070 (s) , 1076 (vw), 948 (m), 936 (m), 896 (m), 839 (vw), 830
(vw), 790 (s), 774 (vs) , 764 (vs), 549 (m), 540 (m), 470 (w), 360 (vw). 'H NMR (300 MHz,
toluene-ds): 4.63 (q, 2H, Si-Hy), 3.07 (t, 3H, Ge-Hj). Mass Spectrum: m/q isotopic envelopes
centered at 141 (M"), 106 (H3GeSiHs "), 75 (GeHy"), 65 CISiH,", 36 (CI"), 31 (SiHy").

Example 2

Synthesis of CISiH,GeH; and CLSiHGeH3:

Method B (reaction of H;SiGeH s with BCl3)
Gaseous BCl; (0.35 g, 3 mmol), and H3SiGeH; (0.96 g, 9 mmol) were condensed into 150
mL stainless steel cylinder at -196 °C equipped with a high vacuum valve. The cylinder and
its contents were held at 0 °C for eight hours after which time the contents were distilled
through U-traps held at -78 and -196 °C. The latter contained predominately B,Hg and a
small amount of H1SiGeHj; as evidenced by IR spectroscopy. A liquid was condensed in the
-78 °C and was analyzed by "H NMR (300 MHz, toluenc-dg). The spectra showed a mixture
of CISiH,GeHj; [6 4.63 (q, 2H, Si-Hj), § 3.07 (t, 3H, Ge-Hs)], and CL,SiHGeH; [8 5.51 (q, H,
Si-H), & 3.20 (d, 3H, Ge-Hs)]. The integrated "H NMR peak intensities of the Ge-Hi
resonances indicated a ~ 4:1 ratio of CISiH,GeH; to CL,SiHGeHs. This reaction yielded 5.70
mmol of CIH,SiGeH; and 1.48 mmol of HC1,SiGeH; indicating a ~80 % molar conversion
with respect to the starting H3SiGeHs material. Most of the remaining unreacted H3;SiGeH;
was recovered in the -196 °C trap. Combinations of BCl; and H;SiGeH; at -20 °C using
identical stoichiometries and reaction conditions as described above yielded a 12:1 ratio of
CIH,SiGeH; to CLHSiGeH;s, indicating that the single substitution if favored with lowering

of the temperature.
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Cy11(873) a. Gel-13 wag. a(2127) s. Gelb gr. bo(2142) S. Gell3 str.
€"i(2113) S.OelI3 str. dt(2142) S. GeH str. k2(213)) a. Gelb str. h37(2146)

a. Gcl13 str. ¢c"2(2 1:24) a. Gel12 SET.
WO 2009/005862 PCT/US2008/059095

Example 3
Reaction of 1:3 BCly/ SiHy(GeHs),

Gaseous BCl; (0.12 g, 1.05 mmol), and SiHy(GeHs), (0.57 g, 3.14 mmol) were
condensed into a 50 mL round bottom flagk. The flask and its contents were held at 0 °C for
2 h after which time, the volatiles were passed through U-traps held at -40, -60, and -196 °C.
The latter contained B,Hg (0.5 mmol, 100% yield) and a minor amount of starting material as
evidenced by gas IR spectroscopy. The -60 °C trap contained pure 1 as a clear, colorless
liquid. The -40 °C trap contained a mixture of 1 and 2 as evidenced by "H NMR. The yields
for 1 and 2 were found to be 0.38 mmol (36%) and 0.03 mmol (3%), respectively.
CIHSi(GeHas): IR (gas, cm™): 2153 (m), 2088 (s), 2075 (5), 880 (s), 793 (s), 767 (vs), 697
(v8), 573 (W), 549 (W), 469 (w), 411 (vw). 'H NMR (500 MHz, CsDq): & 5.07 (septet, H, J =
3.5 Hz, SiH), 328 (d, 6H, J = 3.5 Hz, Ge-Hs). *Si (500 MHz, CeDe): § -14.71.
Mass Spectrum: m/z isotopic envelopes centered at 207 (M"), 172 (SiGe,Hx"), 144 (GeH, ),
141 (CISiGeH,H), 101 (SiGeH, "), 73 (GeH,"), 63 CISiH, ", 36 (CI"), 29 (SiH,").

Example 4
Reaction of 2:3 BCL:SiH,(GeHs),

BCl; (0.23 g, 1.97 mmot), and SiH(GeHs), (0.53 g, 2.95 mmol) were condensed into
a 50 mL round bottom flask. The flask and its contents were held at 0 °C for 1h after which
time, the volatiles were passed through traps held at -40, -78, and -196 °C. The -196 trap
contained pure ByHg as evidenced by IR spectroscopy. The -78 trap contained pure 1 as
evidenced by IR spectroscopy. The -40 trap contained a mixture of 1 and 2. Integration of
the Ge-H peaks in the 'H NMR spectrum showed a 3:2 ratio of CIHSi(GeHs):CLSi(GeHa),.
Overall, 0.62 mmol (21 % yield) of 1 and 0.38 mmol (13 % yield) of 2 were obtained.

Example 5
Reaction of 1:1 BCLy:SiH(GeHs),

BCl; (0.086 g, 0.74 mmol), and SiHy(GeHs;), (0.13 g, 0.74 mmol) were condensed
into a 50 mL round bottom flask. The flask and its contents were held at 0°C for 30 minutes
after which time, the volatiles were passed through traps held at -40, -78, and -196 °C. The
latter contained B,Hs as evidenced by IR spectroscopy. The -78 °C trap contained pure 1
(0.007 mmol, 1% yield). The -40 °C trap contained pure 2 as a clear, colorless liquid (0.15
mmol, 20 % yield). CLSi(GeHs),: Vapor pressure 7 torr (23 °C). IR (gas, cm™): 2088 (vs),
2077 (s), 880 (m), 796 (s), 767 (vs), 572 (w), 551 (w), 472 (w). "H NMR (500 MHz, CsD):
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do(2157) a. Gc113 Str. a,(2216) S.SiR1 sir. b3(2224) s. Siff str. ¢3(2132)
a. Ge str. 2v4(2227) a.Sill St. 6,42236) a. Sill str. cy4(2241) str, Table 5:
Unsealed harmonic: vibrational frequencies of the H3Si-GeH3,
WOIPOKIHEH3, CI2HSI-GeHI and CbSi-Ge113 molecules 26d/H5a08/059095
corresponding assignments. Silent modes with zero calculated intensity
are designated by "Si]'. Comparison of the method of the invention with

5 BIEY I@,u %P@%t@%s #Si (500 MHz, CeDe): & 30.22. Mass Spectrum: m/z isotopic
envelopes centered at 246 (M), 208 (CISiGe,H, "), 178 (CLSiGeH,"), 171 (SiGe,Hx™), 145
(GexHy"), 141 (CISiGeHy "), 128 (CISiGeH, "), 103 (CLSiH,"), 100 (SiGeH,"), 75 (GeHy), 65
CISiH,", 36 (C1"), 29 (SiH,).

Example 6
Synthesis of CISi(GeHs)s

A 25 mL round bottom flask was charged with (GeHs):SiH (0.46 g, 1.8 mmol) and
BCI; (0.21 g, 1.8 mmol) wés subsequently condensed into the flask. The flask and its
contents were maintained at 0 °C for 10 mins, after which time the volatiles were passed
through traps at temperatures of -78, and -196 °C. The -196 °C trap contained B,Hs (0.9
mmol, 100% yield) as evidenced by IR spectroscopy. The -78 °C trap contained pure 3 as a
clear, colorless liquid (0.36 mmol, 19% yield). CISi(GeHs)s: Vapor pressure 2 torr (23°C).
IR (gas, cm™): 2082 (s), 2071 (s), 2065 (s), 787 (w), 770 (vs), 680 (vw), 551 (vw), 466 (w).
"H NMR (500 MHz, CsDq): 8 3.49 (s, 6H, Ge-Hs). 2°Si (500 MHz, C¢Dq): & -8.13.

Example 7
Reaction of 2:3 BCL:(SiH2):(GeHs),

A 25 mL round bottom flask was charged with (GeHs)(SiH,), (0.20 g, 0.95 mmol)
and BCl; (0.07 g, 0.63 mmol) was subsequently condensed into the flask. The flask and its
contents were held at 0°C for 1h after which time, the volatiles were distilled through traps at
-20, -50, and -196 °C. The -196 trap contained B,Hs as evidenced by gas IR spectroscopy.
The -50 °C trap contained CIHSiSiH,(GeHs), and unreacted starting material, while the -20
°C retained pure H3GeSiHCISiH,GeH; as a clear, colorless liquid. CIHSISiHy(GeHz)s:
Vapor pressure 1.5 torr (23°C). IR (gas, cm™): 2152 (s), 2137 (s), 2076 (vs), 2072 (vs), 2065
(m), 916 (m), 880 (w), 801 (s), 744 (W), 686 (s), 654 (m), 539 (vw), 471 (vw), 439 (vw).'H
NMR (500 MHz, CsDg): 8 3.05 (t, 3H, Ge-Hs), § 3.26 (d, 3H, Ge-Hs), § 3.33 (pentet, 2H, Si-
Hy), 8 5.02 (sextet, H, Si-H) . *Si (500 MHz, C¢Ds): & -97.0 (Si-Hy), -15.0 (Si-HCI).

Example 8
Reaction of 1:1 BCL:(SiH;),(GeHa);
A 25 mL round bottom flask was charged with (SiH,),(GeHs), (0.26 g, 1.3 mmol) and
BCl; (0.15 g, 1.3 mmol) was subsequently condensed into the flask. The flask and its

contents were held at 0°C for 20 minutes after which time, the volatiles were distilled through
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trap conta%@&ﬂ mixture of land 2 as ewdenced by 11- 1NMR The yields
for 1 and|Zwepeufidund fo be 0.38 mtHob (36%) and 0.08imimo| (3%),

respectivEly gL HIST ngg{qsgﬁﬁ ( gng Tl A I53 (1Y, 2088 (s), 2075

(S), 880 (:\ 793 ls\ 767 (vs) 697 W) 549 (\Al)’469 W) 411

(vw). 1H hiisTsIEMHZ £6b %)H§ 5.0 478(%@[3{%?}‘?) J =35 Hz, SiH), 3.28
(d, 6H, ./ CRBIMEGe-HB)38SiFGD0 MHZ(tCI&IH@)) 824611, Nlass

Spectruny FREIERIRIC ENVEIPREE,FC a@éﬁzﬁ (W), T72(5iGe2Hx1),

144 (0e21-1,1), 141 (C1SiGeHxx) 1n Q. SeH") 73 (GeH ) 63 CISiH"+,

36 (Cr), A 1SRG eI A BRactifn b S8R 1321 2(Ge113)2

BCI3 (0. ZKJQSIH%Hnmc 1,8, Si]-H)Z(C élasm (@eHS)g 2795 mmol) were
condense (bb@ﬁllée?ﬂﬁ” 5%I§I(I.Hg.i{5l0ll ua& d '('iletf—l' K}g%lu' itsicontents

were held.at.0_C for-lh after which 20 time. the \/nfan nassed

through ti appégﬁgl}a}gflMD? 158da4-196¢7 nSHe trkp2conthined pure
B2H6 as eWzJBmeﬁhbiy IR spectroscopy The -78 trap contained pure 1 as

evidencefiigd %f&écabs%w%m AR HARSREETER armadure of 1 and
2. Integration of the Ge-H péaks in the ™ R_spectrum showed a 3:2

ratio of CLHSI(GeH3)2: C128|(GOH3)2 OveraII 0.62 mmol (21 % yield) of
1 and 0.38 mmol (13% yield) okRawiprelobtained. 25 Exa mp le 5 Reaction

of 1:1 BC13: S'”%g%%'s“é)% of Si cﬁ?ilx?fs(o Qe it O, and

SiL12(GeH3)2 (0.1 4 minol) were condensed |ntoa50 ml, round

bottéiwﬁs%w*ﬂ@@n&s‘&%ﬁm@%m Hretiars heiapaticobligeBBHsfGRES to

20 form semiconductor alloys at low temperatures. The chemical vapor (1) was reacted on the

clean Si surface to form films via desorption of HCl and H; byproducts. The precursor
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30 after which time, the volatiles were passed through traps held at -40,
-78, and -196 C. The latter contained B2H6 as evidenced by ER
spectroscopy. The -78 C1 trap contained pure 1 (0.007 mmol, 1% yield).
WPHE09ABS 4 ap contained pure 2 as a clear, colorless liquid{a/US2ps14E0920
[0 yield). CliSi(Gel-13)2: Vapor pressure 7 ton (23 C). IR (gas, cm-1):
2088 (vs), 2077 (s), 880 (m), 796 (s), 767 (vs) 572 (w), 551(w), 472 (w)

Hz C6)6): 83.42 (s OH, ). 29 C6D6)
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pi@peﬁpet,taanixa&fbbiﬂ) 5 5.02 (sextet, H, Si-ED . 29Si (500 MHz, C6D6):
5-97.0 (Si-1-12), -15.0 (Si-1-1C1). 30Example 8 Reaction of 1:1
fiC13:(S11f2)2(Gel13)2 A 25 mL. round bottom flask was charged
with (SiH2)2(GeH3)2 (0.26 g, E3aibhland BCE:, (0.15 g, 11 mmol) was
subsequently cobepssidoh isftSithe ﬁh&i@anﬂ&dlaslbamidis contents were

held aL.0f R0 BripyiesGier Rich.tipeq e yplatiigs wese g%c;i%%éluced
throu%g traps at -15 and -196 C. The -196 trap contained B
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1281 !)Ff2 2. (01

g% %—BGMZ 1H NMR (500 MHz, C6D6);
253053 “’H’é‘j"' EPGS (LIt %OWF‘%WE’G%’%Y‘%}‘
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i-C xample e compounds.o
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hours. Table 6
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BC,13:SiH3GeH3 Observed products Observed byproducts 1:3
CISiH2-GeH3 CI2Sill-GcH3 2:3 C1SiH2-GeH3, CI2Sill-GeH3 1:1 CI2Si
FI-GcH3 CISiH2-GeC1H2, CI2SiF1-G eC1H2 CLSiH2-GeC1211,
WO20BIHB2CI2H 2:1 ChSill-GeC1112" C12SiH-GeC12H,PCT/US2008/059095
C1SiH2-GeC12H CIS11-12-GeC1H2, Ch SiH-GeH3 H and Si NMR
data (Table 7) for the chlorinated silyl germanes produced in Table 6 were

determined using 29Si HMQC (Heteronugclear Multiple-Quantum.
o€ ORERCBY ks TRPEOR v (TS ERrecrrision Ghe by
degropreliing bymisdehisdd knovstrd aprasiacidicsRitiddin thidactrmspiwPaibdlthese

filRaSk©I8mand BYeDInEAsIeRNARSIREY QHRaRY Fida depositions of
Cn\’/‘ggleé!(éﬁg H%’e%ierlltlﬂgligps’, C%ﬁerim%l\%g%@r’acterizations showed lower threading
dislocation densities of the layers, and superior microstructural quality of the interface
regions. This includes flawless epitaxial registry and atomically abrupt transitions between
the film and the substrate, consistent with the absence of elemental intermixing between the
two materials at the low growth temperatures.

The strain state properties of the films were extensively characterized using HR-XRD.
Two. representative samples with layer thicknesses of ~ 10 nm and 60 nm are discussed
further. Precise in-plane and perpendicular lattice constants were determined by high
resolution (224) and (004) on and off axis reciprocal space maps of the entire structure.

In the case of the thinner sample the XRD data revealed that the growth produces two
discernible layers in which the initial layer adjacent to the interface is fully strained to the Si
substrate (a) = agi= 5.4309 and a;=5.5991 A) and has a thickness of is 5-7 nm (see Figure 7).
Note that in Figure 7, [2] (corresponding to the layer adjacent to the interface as shown in the
schematic inset) falls directly below the Si (224) peak indicating perfect lattice matching
within the interface plane. Its elongation is due to the small thickness of the layer. A more
diffuse peak [1] is also clearly visible and corresponds to the upper portion of the film. Note
that peak [1] lies below the relaxation line connecting the Si peak to the origin, indicating
partial relaxation (~ 50%).

Using elementary elastic strain relations (g,=-2C1»/Cyy g where Cyy and Cy, are bulk
SiGe elastic constants, and ¢; and g are the perpendicular and parallel strains), the known
bowing behavior of bulk Si-Ge alloys, and the structural data above, the composition of the
initial alloy layer was determine to be 45 % + 2 Ge and 55% = 2 Si. The XRD data also
showed a diffuse, high mosaicity peak (peak [1] in Figure 7) indicating that the upper portion

of the film (grown following the initial layer) is 50% relaxed and has lattice constants a; =

15.4845 A and a,=5.5654 A corresponding to a composition of ~47£2 % Ge and 53 +2 %

Si. This indicates that this upper layer possesses stoichiometries closer to the expected 50/50
value in accordance with precursor Si-Ge content. In this diffusion limited low temperature
growth process the tendency to strain-match with Si can only be achieved by incorporation of

excess Si at the interface layer. Beyond a certain critical thickness, (~ 50-60 A under these
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The 1E1 NMR spectra showed the expected multiplicity in various Sili"
and Gal,. peaks and 29Si satellite peaks which exhibit 13sim and 215it1
coupling constants with nominal values of 200-300 Hz and 20-50 Hz,
wepentnsely. These techniques in combination with the 2G-couphng osooes
constants are particularly useful because they unambiguously establish
the connectivities of the various H and Cl atoms to the Si-Ge molecular
core for each compound in the various product mixtures. Table 7 lists

cepditiera iy SUG) e et Shrsdastiraterorraurhiederdmantstomapling
thelflor iated teeypiiksts inchyaing therpsentausly discussed (1) and (2) as

well ﬁ?tﬁ@%@é&'l@%%‘éﬁt{ %@ﬁﬁ%"\é‘ieﬁ%t%athﬁe %10%%955 e '%e%%e

data: (a) For a fixed number of Cl atoms on the Si site, InCreasing
i BRY Srepditiid ol ar %@‘?ﬁaﬁ&é%t%ﬁén%f@%nﬁﬁlw%éygmﬁnﬂﬂsms
a estiltin gtiniredsyste atichapfis doskft efitheclatiacnihon exgmplRidn thgure §

s}ﬁ%%’k@?ﬁ%@@%ﬁi Fhik fdamiCRHAR LA 15? %&5#‘&?}& %&2 N f.%ét'#he

shifts are 5.57, 5.35 and 5.15 ppm, respectively (steps
il foremisills Geiand ‘Brdiiberemty %&%@f@%@%ﬁ@@ Wiin @

Wﬁib]ﬁ@dsﬁlﬂ&ﬁ(@;ﬁcﬁ& 241{?4 amed KigdGeppimise pertiviahe (stanslegbl PpM).
pdR B SORUASL D 8'10 g%&% ?d%‘%?%e Nt she ””m*% ﬂ% %rge

the Si site an Slm sca e OWI’I roportlon to the er of
%ﬁ@o%@w&fﬁ@éwm%@mm o ps@‘éﬂ@‘%%%‘ﬁf‘i‘?‘f%? determined by

XRG.eHRCGzena BeC:ppeanfos txpleindd 13 o uvghlydndegandaint ol tiempusmbat
g,l%ﬁ %t%ﬁ&h&goﬁn%aa&)t}yl@rﬁﬁﬂ% Qﬂ&%@%&asﬁ‘ﬁ c%c@a%ﬁn? Lépélgmmd

our 10 study finds that for a fixed number of Cl on the Si site slight down

il iR By Rmfﬁcﬂ%&%%féﬁﬁ’gb@l‘% %Pfélécélgftéeas?efbww‘g$or

cimolecuies]§&d arthisahidy;. -24.3, -22.9 for 0, 1 and 2 Cl on the Ge site,
respectively). (d) Furthermore this effect becomes more pronounced as
the number of Cl on the Si site is increased (for "CI2HSIi-" molecules, 8Si
are 9.8, 3.4, -1.1 for 0, 1 and 2 B¥8PHE Cc site, respectively). This
suggests that chlorine8el&shongled tio dGSidystefiasically shield the Si nuclei

as theumberRLL! a@mmﬁyl@%@aﬁ%&@w .69 RYR, fin %955&1@@1
EI38|G 3h 3 52 %ﬁ‘é?—‘( ? 4’ 1.60 C1GeH2SIH3 1
| etl

p‘i%ﬁéfﬁ? é“t%]e éefé“’%?ﬁi)g@ ’Cf’“‘c’%%‘i—l%prﬂ?'ﬁe

mlcroelectromc devices. The experiments utilized test wafers containing an array of device
structures including simple transistors and various patterns masked by amorphous nitride and
oxide thin layers. The depositions were conducted using gas source molecular beam epitaxy
(GSMBE) at ~ 5x10° Torr and 400-450 °C, via direct insertion of the compound vapor
pressure into the chamber at base pressure of 107'° Torr. The film growth targeted the
formation of Ge-rich compositions in the range of ~ 65-75 % which have applications in IR
optolectronics such as photodetectors and modulators. The “as deposited” samples were
examined by optical microscopy which indicated that the color of the nitride/oxide masked
regions on the surface of the wafer had remained unchanged while the color of the pure Si
regions had turned from metallic grey to light brown. The latter is characteristic of high Ge
content SigGe;.4 suggesting that selective deposition had potentially occurred. Additional
characterizations of the wafers were performed by cross sectional electron microscopy
(XTEM), Raman scattering, Rutherford backscattering (RBS) and atomic force microscopy
(AFM) and the data collectively revealed the presence of atomically flat Si-Ge films with
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CISiH2GeH2C1 4.47 (t, SiH2) 4.80 (t, GeH2) C1SiH2GeHC12 4.38 (t,
SiH2) 6,12 (t, GeH2) -22.87 CI2S1HGe113 5.57 (q, Sill) 3.25 (d, GeH?3)
9.77 C12SiHGe1-12C1 5.35 (t, SiH) 4.82 (d, GeH2) 3.36 C12SiHGeHC13

wo 280¢apBetl) 5.97 (d, Gel-l) -1.12 b C7D8 solution C(3136rSeubam®059095
solvent, and all values referenced to TMS

single crystalline microstructures throughout the samples. The film nominal thickness was
estimated by the random RBS and confirmed by XTEM to be in the 50 nm range spanning
the full height of the drain/source (S5/D) recess region. Average growth rates up to ~ 7 nm per
minute were obtained in these experiments. XTEM micrographs of all samples clearly
demonstrated that the Si-Ge films deposited selectively and conformably on typical device
structures filling the drain/source recess regions (S/D).

Figure 9 shows a diffraction contrast image of a single transistor in which a 20 nm
thick Sigp26Geors layer is grown selectively in the S/D regions via decomposition of
Cl,Si(GeHs), at 420 °C. The film thickness in this case is uniform throughout, however, note
that it is significantly less than the 50 nm height of the entire recess. The latter is indicated
by the length of the arrow extending from the trench bottom up to the gate/channel interface
(dotted line) in Figure 7. Here the deposition process was intentionally interrupted to
determine the relative growth rate of the material on the horizontal Si(100) trench bottom
versus the slanted Si(111) sidewall surface. As can be seen from bottom right hand
micrograph shown in Figure 9 the thickness is uniform indicating that the growth likely
occurred simultaneously, at the same rate, throughout the entire surface (sidewall and bottom)
of the trench. Note in particular, that no discernible growth occurred on the nitride spacers or
on the masked polysilicon gate hardmask features of the structure, as expected in the case of
highly selective growth behavior. The diffraction data in general reveal fully conformal and
continuous layers regardless of the crystallographic orientation at the growth surface on the
device platform. Furthermore atomic resolution XTEM images revealed that the film is
pseudomorphic to the Si substrate and atomically flat. AFM scans show a typical roughness
of 0.5 nm which is consistent with a layer-by-layer growth mode.

Micro Raman spectroscopy was used to study the selectivity of growth and determine the
Si-Ge composition throughout the wafer surface at a spatial resolution of ~ 1 um. The
spectra of all samples obtained from the nitride/oxide covered features showed only a single
peak corresponding to the Si-Si vibrations of the underlying substrate, indicating that no
discernable Si-Ge growth had occurred in these areas in agreement with the XTEM
observations. The Raman spectra obtained from the unprotected Si regions, however,
showed three additional peaks corresponding to the characteristic Si-Si, Si-Ge and Ge-Ge
alloy vibrations, indicating significant growth of crystalline SijGe;.q films with composition
of Sig26Gegqs. It is important to note that the Raman composition was obtained as an average

from a large number measurements of individual device features throughout the entire wafer,
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Example 10 Deposition of Si-Ce films on silicon substrates Growth
experiments were conducted to investigate the applicability of
CIH2SiGcH3 to 20form semiconductor alloys at low temperatures. The
wehemiasazapor (1) was reacted on the clean'Si surface t@€3HSFIHESNES
desorption of MCI and H2 byproducts. The precursor partial pressure and
reaction temperature were typically in the range of 10 5-10-6 Ton and

350C - 450 C, respectjvely. The film itio e ed b
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This includes flawless epitaxial registry and atomically abrupt transitions
between the film and the substrate, consistent with the absence of
elemental intermixing between the two materials at the low growth
temperatures. The strain state propgyties of the films were extensively
characterized using HR-XRD. 10 Two representative samples with layer
thicknesses of - 10 nm and 60 nm are discussed further. Precise in-plane
and perpendicular lattice constants were determined by high resolution
(224) and (004) on and off axis reciprocal space maps of the entire
structure. In the case of the thinner sample the XRD data revealed

that the growth produces two discernible layers in which the initial layer
adiacant t0 the intarface ic fiilllvy etrained 1o the <i 158 <i1ithetrate (A1) — ac: —




Using elementary elastic strain relations (cL= -2C12/Er c1 where Cit and
Cul are bulk SiGe elastic constants, and La and nu are the perpendicular
and parallel strains), the known bowing behavior of bulk Si-Gc alloys, and
Wehaeaiiesoral data above, the composition of the 25 initidiGIEF2M5EP M PAs
determine to be 45 % 2 Ge and 55% = 2 Si. The XRD data also showed a
diffuse, high mosaicity peak (peak [I] in Figure 7) indicating that the upper
ortion of th f| rown foIIowm nitial | ) o relaxed and has
e L A T Koot e LA R i Sk Fon s ¢
th’fc@nhp@mﬁﬁﬁt@ﬂﬂwﬂ@e%@@I&h%sdiﬁl@‘% Si. This indicates that this upper
layer possesses stoichiometries closer to the expected 50/50 30 value in
accordance with precursor Si-Ge content. In this diffusion limited low
temperature growth process the tendency to strain-match with Si can only
be achieved by incorporation of excess Si at the interface layer. Beyond a
certain critical thickness, (- 50-60 A under these conditions) the strain is
gradually relieved without any measurable defect formation, enabling the
full stoichiometry of the precursors to be incorporated. In the case of
the 60 nm thick film we observe that the growth also produces the same
initial fully strained layer 10 nm thick) adjacent to the interface, followed by
a transition to 5 a partially strained bulk film whose Si content approaches
nominal target values. Figure 8 shows an XTEM micrograph of the entire
film thickness in (100) projection. Note that the film surface is atomically
flat and the bulk material is devoid of threading defects within a wide field
of view (typically 2iim). The high resolution image of the interface region
shows perfect commensuration and no indication of misfit dislocations in
spite of the large 10 mismatch. This observation is consistent with full
pseudomorphic growth as determined by XRD. The lack of defects can be
explained by our observation of an inherent compositional gradient which
accommodates the strain throughout the film. These mechanisms are
unique to the low temperature growth protocol afforded by the specifically
designed precursor chemistry employed in this study. 15 Example 12
Selective growth of SidGei4 films Next we pursued preliminary growth
studies of SidGet_d alloys using the newly prepared chlorinated
compounds to evaluate their selective-area growth potential in prototype
20 microelectronic devices. The experiments utilized test wafers
containing an array of device structures including simple transistors and
various patterns masked by amorphous nitride and oxide thin layers. The
depositions were conducted using gas source molecular beam epitaxy
(GSMBE) at - 5x1015 Ton and 400-450 'C, via direct insertion of the
compound vapor pressure into the chamber at base pressure of 100 Ton.
The film growth targeted the 25 formation of Ge-rich compositions in the
range of 65-75 % which have applications in iR optolectronics such as
photodetectors and modulators. The "as deposited" samples were
examined by optical microscopy which indicated that the color of the
nitride/oxide masked regions on the surface of the wafer had remained
unchanged while the color of the pure Si regions had turned from metallic
grey to light brown. The latter is characteristic of high Ge 30 content
SidGel_d suggesting that selective deposition had potentially occurred.
Additional characterizations of the wafers were performed by cross
sectional electron microscopy (XTEM), Raman scattering, Rutherford
backscattering (RBS) and atomic force microscopy (AFM) and the data
collectively revealed the presence of atomically flat Si-Ge films with single
crystalline microstructures throughout the samples. The film nominal
thickness was estimated by the rangpm RES and confirmed by XTEM to
be in the 50 nm range spanning the full height of the drain/source (SID)
recess region. Average growth rates up to - 7 nm per minute were
obtained in these experiments. XTEM micrographs of all samples clearly
5demonstrated that the Si-Ge films deposited selectively and conformably
on typical device structures filling the drain/source recess regions (SID).

Figure 9 shows a diffraction contrast image of a single transistor in which
A 20 rim thick <|io 2GCean 74 lavver ic Aarown <aleactivielvy in the <UD reAainnce
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20 continuous layers regardless of the crystallographic orientation at the

growth surface on the device platform. Furthermore atomic resolution

XTEM images revealed that the film is pseudomoiphic to the Si substrate

and atomically flat. AFM scans show a typical rougimess of 0.5 nm which MCSLLP

is consistent with a layer-by-layer growth mode. Micro Raman

spectroscopy was used to study the selectivity of growth and determine
Wheelgiste composition throughout the wafer surface at a spatial resolution
101 - 1 R shepichahaspmples apiRinediam thalidg/odde

covered features showed only a single peak corresponding to the Si-Si

vibrations of the underlying sub%@ﬂm@?&e{%g that no discernable Si-Ge

growth hiad: occuried i these ateas in agreementwith digyd BN to z; and X is
observations. The Raman spectra obtained from the unprotecte

Si L.
regiorilesmenisridedshatibe e e adtitonisl prken ot f‘\%dlsné; GHE™e
charagfe @%&oﬁigﬁit&tﬁg aperaRuae oy viblatiansfindigalisgGe,H,, with a
significant growth of crystalline SitGei_d films with composition of
Sio.oscrpord pfdhmiRs %o@%ﬁaﬂﬁgﬁﬁiﬂ}ﬁ)&ﬁﬁtﬂ& RS A
obtaingg 4§ AR-a e RIS T ey geonunsoer. measurements of individual
device features throughout the entire wafer, and closely matched the bulk
film composition obtained from RBS. The RBS/Raman results collectively

ssuggeshinaLpRcse RANPosHeRal £eatred capHhy achieved by selective
area deposition of our compounds. These afford low temperature
depositions that produce controllable and fairly homogeneous alloys within
jand ampghg, spdivideal gevicevaestiiiectynes. 5 This level of uniformity is
critically important for achieving reliable, reproducible and cost effective
device fabrication and performance. In addition the use of single sources
simplifigs signifigamtit-iae Integiatiprepoheinedy aitpunmdsntirthectonmmid
multi-component reactions and corrosive Cl, etehants which are
neces§é¢§?}t@lﬁ ote selective deposition in conventional processes. 10In
addition to selective deposition experiments we also explore the possibility

of achjeving highly strajned states in our depasited films, Fi

3 reciptBears ?ﬁ[a%a(‘ﬁls ) %§1Iat-64é) rr?ﬁ??ﬁf&? §1ltj .%%&%0()% %aiglio)?eigg%mula’
growndiyel@pgsition of CLHSI(GeH3)2. The composition of the film as
measured by RBS closely matches that of the corresponding precursor
indicating that the entire SiGe2 core is being incorporated into the
gnaterighHetivd of plaine Hrfdrbstipaipattics pdmmetersdy efdhddienmmilie

to be 5.4986 A and 5.6530 A, respectively. Using these values and

standa? &ticity theory we obtain an unprecedented compressive strain

of 1.6%. Note that this value is significantly higher than the 1.2 % strains

that ar ossrt%e fram state of.the.art film Je] 0% G Jhe RSIM
Plot in% ure 48@%&“&%‘2\6}&5 ?Ill?nﬁllg 94%%%E%?a§%§suggees)ting that it
may be possible to realizelfldtp@0rmirhfmedefilms beyond the current proof
of principle state reported herg b Imi ﬁ geposition conditions such
as the growth rate and ter#f%%ﬁépﬂwg%?ﬁé U.S. patents, U.S. patent
application publications, Witompédégarapplications,  foreign patents,
foreign patent applications.a - tiblications referred to in this
25specification and/or Iist%gﬂr%{%g&i%ﬁ&%n Data Sheet, are
incorporated herein by reféremeérigethieipslmsty.  From the foregoing it
will be appreciated that, altho _cff_ia1 diggnts of the invention
have been described herelllf?fgggfﬁ%%ses of i Iustratip’n, various
modifications may be made2ndibou delitiicifespdithiansyirit and scope of
the invention. Accordingly1 @_%- Qrﬁj{}ygnﬁi%cﬁ&gmmg%d except as by the
also er (

appended claims. This invénué% encompasses all combinations of
alternative aspects of the invention noted herein. It is understood that any
and all embodiments of the present inv&fition may be taken in conjunction
with any other embodiment to describe additional embodiments of the
present invention. Furthermore, any elements of an embodiment may be
combined with any and all other elements from any of the embodiments to
describe additional embodiments. We claim: 1.A method for the

preparation of compounds of the formula (1), Si"Geyil,,Xa (I) wherein x is
1 2 2 nrAdA-viel 2 2 orA* 71 2(v +v+1Y 911 tnh 7 and Yiec
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the step of, (i) treating a compound of the molecular formula, SixGeyHz,
with a compound of the formula BX3, A1X3, or a metal chlorinating agent,
at a temperature of about -80 C to about 25 C. 102.The method of claim 1,

wherein a is Ito 2(x--y). 3. The method of claim 2, whereinais 1. 4. The MCSLLP
method of claim 2, for the preparation of compounds of the formula,
15SiGeyHz.aXa 5. The method of claim 4, for the preparation of

compounds of the formutélasptdarazamuDoigiahe method of claim 5, for

the preparation of compgm@&g{cmgrggéﬂﬁ%a)sﬁgﬁgHo.aCIa. 7.The method
of claim 1, wherein the compound of formula (1) is chloro(germypsilane;

dichloro(germyl)silane; CHISHSYGHS IR BRIRHE TR SFo (digennyl)silane:
chloro(trigermyesilane; ]d%qm(mm&@amwﬁibme;
1,2-digermy1-1,2-dichlorodisilane; 1,2-digenny1-1,1-dichlorodisitane;
SLIP chloro(chlorogennyl)silane; dichloro(chlorogenn yl)silane;

gchlorofgichiarpuesmybislaneendichiosaiictieregerofyl)silane. 8.The

method of claim 1, furth [C()éggrisi

the préddg ey @isading

the. step af (ii) fractionally distilling
BERAHSH p?ﬁeré)(gbmpound prepared

according to the method of claim 8. 10.The substantially pure compound

of claim 9 which is chloro(gennylsilane or,dichloyo(germyl)silane.
9.The riethotrBHRIMRuC \ﬁ%ﬁgp TR FRACHS T mpe rg Lrt}:% |sea%%%?-§talgl 8.

to about 5 "C. 12.The method of claim 1, wherein compound of the

formula BX3 is B
o u [ C]1

e substantia 13}} pure compound of claim 9 which is chloro(germyl)silane or

dichloro(germyl)silane.

11.  The method of claim 1, wherein the reaction temperature is about -25 °C to
about 5 °C.

12. The method of claim 1, wherein compound of the formula BXj; is BCls.

13. A method for the preparation of compounds of the formula,

SixGe,H,. 1 X
whereinx is 1,2,3,0r4;yis 1,2,3,or4;zis 2(x +y + 1);ais 1 to 3x; and X is
halogen, provided that (i) X is bonded only to Si; and (ii) the sum of xand y is

less than or equal to 5,

comprising the steps of,

(i) contacting a compound of the formula,

SixGeyH Y
wherein Y is —OSOzRI, wherein R is C;-C haloalkyl, C;-Cg alkyl, or phenyl,
wherein the alkyl and phenyl are optionally substituted with 1 to 4 groups which
are each independently halogen, C-C; haloalkyl, C;-Cs alkyl, cyano, nitro, Ci-
C; alkoxy, -C(0)C;-Cs alkoxy, -C(0)C)-Cs alkyl, —S(0)C1-Cs alkyl, or —
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1513.A method for the preparation of compounds of the formula,
Si"Geyl-1, iXwhereinxis1l.2,3,0r4;yis1,2,3,0r4;zis2(x+y+1),
ais 1to 3x; and X is halogen, provided that (i) X is bonded only to Si; and
(ii) the sum of x and y is less than or equal to 5, 20comprising the steps of.
() contacting a compound of the formula, wherein Y is -0S0212.1, wherein
Rl is C1-Co haloalkyl, C1-Co alkyl, or phenyl, wherein the alkyl and phenyl
are oSoNlly Cublkitutedvided thes ¥ iybopded/nids p5ake witkrg compound of the
ndepenspbRlacen (baloalit. H-Callyluguan, nivo, CL C3
alkoxy, - -C3 alkoxy, -C(0)C1-C3 alkyl, -S(0)Ci-C3 alkyl, or - M CS
I. L. P S(0)2C1-C3 alkyl; provided that Y is bonded only to Si; with a
139“19%9%%3 TUBHImESX ahfhiempesatne fkphaubroCodRRhade of the
0 'C. 14. The method according to claim 13, for the preparation of
compbuntdaefitEedieriula, SiGeyl-LiX. 15. The method according to
claim 14, for the preparation of compounds of the formula, SiGeyHz-,10.

1016.The method according to claim 15, for the preparatiog%?f the £ th
18ompdiadsiieg isRIENEHoaiR 17T Fhe RIERAEHAR UrdrigReredimt the

13, W@g;ﬁme{gg@%}&@paloamyl, C1-C4 alkyl, or phenyl, wherein phenyl

are optionally substituted with halogen, C1-C2 15haloalkyl, or C1-C3 alkyl.

18. The method of claim 13, wherein the reaction temperature is about -25

16, 10 abRutSHed 2048:ding meashad of chaimhtrpihatoponiphisiogntheustbpt the
of (ii) fractionally distilling the product of step (i). 20.A method for
prepafﬂ@&li’agﬁé?”tﬁé rmula, SidGeki, on a substrate, comprising
25contacting the substrate with a chemical vapor comprising a compound

I%f theThe method according to claim 13, wherein R! is C;-C4 haloalkyl, C1-Cy4 alkyl,

Pl

CSLLP

or phenyl, wherein phenyl are optionally substituted with halogen, C;-C,
haloalkyl, or C;-Cs alkyl.

18.  The method of claim 13, wherein the reaction temperature is about -25 °C to

about 25 °C.

19.  The method of claim 13, further comprising the step of
(ii) fractionally distilling the product of step (i).

20. A method for preparing a layer of the formula, SiyGeiq, on a substrate,
comprising
contacting the substrate with a chemical vapor comprising a compound of the
formula,

SixGeyHz.oXa

whereinx is 1,2, 3,0r4;yis 1,2,3,0r4;zis 2(x +y + 1); ais1toz;and Xis
halogen, provided that the sum of x and y is less than or equal to 5, at a
temperature and a pressure sufficient for depositing a SigGe,.q layer over the

substrate, wherein d is greater than 0 and less than 1.
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formula, Si"GeyHz", X, wherein xis 1. 2, 3,0r4;yis 1, 2,3,0r4; zis 2(x +
y +1); ais 1to z; and X is halogen, provided that the sum of x and y is
less than or equal to 5, at a 30temperature and a pressure sufficient for
depositing a SidGei.s layer over the substrate, wherein d is greater than 0
and less than 1. 21. The method according to claim 20, wherein the
chemical vapor comprises a compound of the formula, SiGeyHz-aXa. 22.
2The ngthonktcebrdiogdnglaine Rimvatereiretbia cherahsanigaborpONfoMRRIEsCeS a
a 5compound of formula Si IfrgCla. 23. The method according to
claim Cf%%v%@?%?ﬂﬁee?g %%%é%%%%%f’%%nprises a compound of the
formula SiGel146_,Cla. 10 24.The method according to claim 20, wherein

2Hhe CORRIGELIRILEOMIIEES AAMmPAUHNIES CHAIRII R apiics o

|chIorofgermy silane; chforo(digermyl)silane; di chloro(digerrn'y ilane ;
chloroyerigenngydithe donpldiGesrfa4lehlorodi s lane;
1,2-digermy1-1,2-dichlorodisilane; 1,2-digermy1-1,1-dichlorodisilane;
chloro(chlorogermyl)silane; dichIoro(chlorogermy}l%zilane;

23nlorcllicimstbodragestiand odwkHIBr SfdicHisrade Hfy RSS! JPRAKEREYTises 2
there%f)O ol orethadaf glayinh wdierein the temperature is about, 200

C to about 600 C. 15 26. The method claim 25, wherein the temperature is
about, 350 C to about 450 C.

24.  The method according to claim 20, wherein the chemical vapor comprises a
compound which is

chloro(germyl)silane;
dichloro(germyl)silane;
chloro(digermyl)silane;
dichloro(digermyl)silane;
chloro(trigermyl)silane;
1,2-digermyl-1-chlorodisilane;
1,2-digermyl-1,2-dichlorodisilane;
1,2-digermyl-1,1-dichlorodisilane;
chloro(chlorogermyl)silane;
dichloro(chlorogermyl)silane;
chloro(dichlorogermyl)silane;
dichloro(dichlorogermyl)silane;

or mixtures thereof.

25. The method of claim 20, wherein the temperature is about,

200 °C to about 600 °C.

26.  The method claim 25, wherein the temperature is about,
350 °C to about 450 °C.
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27. The method of claim 20, wherein the layer is substantially crystalline.
28. The method of claim 27, wherein the temperature is about 200 C to
about 600 C. 5 29. The method of claim 28, wherein the temperature is
about 350 C to about 450 C. 30. The method of claim 28, wherein the
pressure is about 10-3 Torr and 760 Torr. 10 31. The method of claim 20,
wherein the substrate comprises silicon. 32. The method of claim 20,
2Whereihemecthedodidaitayés wherain g prveaisorhiinatbr b wayalines,
The method of claim 20 wherein the pressure is about le Torr and 760
Torr. 34. The method of claim 20, wherein the SidGehd layer is fully
28traindte POBBOTIE ehthad -oresatin 1S, EHBSEIHITRASIAYRNGS{Brhdd Byput 600
plasmg-enhanced chemical vapor deposition. 36.A method for the
selective deposition of a SidGei.d layer comprising contacting a substrate
having a surface layer comprising at least two portions, wherein a first 25
oportionef theriarficeayer campEsahasapisatalstob ausaoe (ayestand450
a second portion of the surface layer comprises an oxide, nitride, or
oxynit"rﬁ%le surface layer, with a chemical vapor comprising a compound of
the molecular formula, Si,Gey1-1,,X, 30wherein xis 1, 2, 3,0r4;yis 1, 2,

3, or4'ziség( +g;ais to z; and X is halogen, provided that th f
3Q-and Yhe e QF{&# PRya 11@%{%8@%@56‘39‘{? 86?1 m?)hﬁgéa%??é’ﬁﬁm
to selectively deposit a SidGei.d layer, having a predetermined thickness
and at a predetermined rate, over onlﬁ %tlg‘%ﬂ{rsattgortlon.of th%surface,

WherehPETRSHIRA YRR ¢ NHERE HiAvptrate Comptises sicor

32, The method of claim 20, wherein the deposited layer has an empirical formula of

SixGey,.
33.  The method of claim 20, wherein the pressure is about 10" Torr and 760 Torr.
34, The method of claim 20, wherein the SigGe1.q layer is fully strained.

35.  The method of claim 20, wherein the layer is formed by plasma-enhanced

chemical vapor deposition.

36. A method for the selective deposition of a SiqGe.q layer comprising contacting a

substrate having a surface layer comprising at least two portions, wherein a first

portion of the surface layer comprises a semiconductor surface layer and

a

second portion of the surface layer comprises an oxide, nitride, or oxynitride

surface layer, with a chemical vapor comprising a compound of the molecular

formula,
SixGeyH,..Xa
whereinxis 1,2, 3,or4;yis 1,2,3,or4; zis 2(x +y + 1);ais 1 to z; and X is

halogen, provided that the sum of x and y is less than or equal to 5, under
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537,The method of claim 36, wherein the SidGet.,, layer is deposited by

gas source molecular beam epitaxy or chemical vapor deposition. 38.The
method of claim 36, wherein the chemical vapor is introduced in MCs
substantially pure form. 10 39. The method of claim 36, wherein the

chemical vapor is introduced as a single gas source. 40. The method of

claim 36, wherein the chemical vapor is introduced intermixed 15with an

inert caniérgssufticienttoreledvehcisprsiior Nirreinareriheritafier gas

Compgl%%%t'é&%nﬂ@d Tiheametha af slaisadnher sicths dne §ankaT:@gsortion

comprises N2. 20 43. The method of claim 36, wherein the contacting
takes i seesurfappourizoeio oo greater, thip Guathisasshetalm 36, wherein the
contacting takes place at about 1 x 104 - 251000 torr. 45. The method of
claim 36, wherein the predetermined rate is greater than about 2.0

3hmimithesmethash@hdais P or BhsRsAghG, REEsr ey B db dRRemlisdmaisouree

about Qe QBB RPRaxIBABethieaMaiRdgfosieisn. 36, wherein the
compound is of the formula, SiGe,11,..,X,. 5 49. The method of claim 48,

wherein the compound is of the formula, SiGeyHz.,X, 50. The method of
3glaim £, whengin the cpmnound isticiay s, Xchemical vapor is introduced in

substantially pure form.

39.  The method of claim 36, wherein the chemical vapor is introduced as a single

gas source.

40.  The method of claim 36, wherein the chemical vapor is introduced intermixed

with an inert carrier gas.
41. The method of claim 40, wherein the inert carrier gas comprises Ha.
42.  The method of claim 40, wherein the inert carrier gas comprises Na.

43.  The method of claim 36, wherein the contacting takes place at about 300 — 500
°C.

44.  The method of claim 36, wherein the contacting takes place at about 1 x 10% -

1000 torr.

45.  The method of claim 36, wherein the predetermined rate is greater than about

2.0 nm/min.

46.  The method of claim 45, wherein the predetermined rate is about 2.0 — 10.0

nm/min.
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1051.The method of claim 49, wherein the compound is SiGeyliz.aCla 52.
The method of claim 36, wherein the compound is chloro(germypsilane;
dichloro(germyl)silane; chloro(digermyl)silane; dichloro(digermyl)silane; M
chloro(trigermyl)silane; 1,2-digermy1-1-chlorodisilane;
1,2-digermy1-1.2-dichlorodisilane; 1,2-digermy1-1,1-dichlorodisilane:
chloro(chlorogermyl)silane; dichloro(chlorogermyl)silane; )
4%h|ord(hﬁanmmgerﬁ1ya)@i1&$e;vd1@m@réwmaﬁ@g@m?ﬂ)%ﬂ@ﬁé%r%?&m@é — 300
thereg;n53. The method of claim 36, whereiny is 2 and z is 2 or 3. 15 54.
The method of claim 36, wherein the SidGe -d layer is compressively
strained. 55. The method of claim 54, wherein the SidGe IA layer is fully

4gtraingg. 76.1361 ThamstedetraimSBonharaiidhe fistaartion SiGeH, X,
comprises Si(100) or Si( ). 57. The method of claim 36, wherein the

second portion comprises silicon oxide, silicon nitride, silicon oxynitride, or

45nixturgs theread: o SRt e, aaiker afctrimp3tnavkertinedisnalials GOF, X,
-0.55. 59. The method of claim 36, wherein d is about 0.45 - 0.55. 10

60.The method of claim 36, wherein d is about 0.20 - 0.30. 61.The method

spf claipp 3G,ebarsin e st fage @fdhee Sisrrivh daiy i Gegihnically flat.
1562.The method of claim 36, wherein the surface layer comprises one or
a plurality of transistor architectures, each comprising a gate region, a

syourceregiemhqnst alshaing egineiwiieresmpaifisisRitiaipfthe surface
layer comprises the source regions and the drain regions and the second
portion of the surface layer comprises the gate region.

52.  The method of claim 36, wherein the compound is
chloro(germyl)silane;
dichloro(germyl)silane;
chloro(digermyl)silane;
dichloro(digermyl)silane;
chloro(trigermyl)silane;
1,2-digermyl-1-chlorodisilane;
1,2-digermyl-1,2-dichlorodisilane;
1,2-digermyl-1,1-dichlorodisilane;
chloro(chlorogermyl)silane;
dichloro(chlorogermyl)silane;
chloro(dichlorogermyl)silane;
dichloro(dichlorogermyl)silane;

or mixtures thereof.
53.  The method of claim 36, wherein y is 2 and z is 2 or 3.
54.  The method of claim 36, wherein the SigGey.q layer is compressively strained.

55. The method of claim 54, wherein the SigGe,.q layer is fully strained.
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20 63. The method of claim 62, wherein the gate regions comprise a

polysilicon gate having an oxide, nitride, or oxynitride hardmask. 64. A

compound according to the formula, 25SixereyHfraXa wherein x is 1, 2, 3, MCSLLP

or4d;yis1,2,3,0r4;zis2(x y+1);aislo2(x+y),and X is halogen,

provided that (i) the sum of x and y is less than or equal to 5; (ii) each Si

and Ge atom has no more than two X groups bonded thereto; and (iii) the
56ompBhadhighest dfrekis(germimeiarbe GIR GRSTRBRMRIHES1(100) of Si(111).

1,1,2,2,3,3-hexafluoro-(1-germyl)trisilane; (ditluorogermyl)difluorosilane;

dichloro(germyl)silane; 1,1,2,2-tetralluoro-(1-gennyl)disilane; . e )
sfuorofinsoresieoehyiiilaite; HuotbegeiisAeraad PRIy GentorBREsey eilifgpxide.

si lang;; 1. s dighlr e oo DRy eisliasIARE @R thereof.
1,1-dichloro-(2-germyl)disilane. 65. The compound of claim 64, of the
formula SiGeyl-1,-aXa. 66. The compound of claim 65, of the formula

spiGevighatdiod 67 ke sorpRHAd OfChaisutdro D the Sormula
SiGeHo-aCla. 68. The compound of claim 64, of the formula

SiSlel-17-aXa. 10 69.The compound of claim 68, of the formula

55i"Getth@Bathod H2.cTd1e Gempriisi diisldioubd.sihersimh ais 1. 71. The
compound of claim 64, wherein a is 2(x+y). 15 72. The compound of claim
64, which is, chloro(gennypsilane; chloro(digermyl)silane;

gaichlong@igempysitane: sblaradikgedniylsiar®20 2aigerm yl-I-chlorodis
ilane; 1,2-digermy1-1,2-diclflorodisilane;
61. The method of claim 36, wherein the surface of the SigGei.q layer is atomically

flat.

62.  The method of claim 36, wherein the surface layer comprises one or a plurality
of transistor architectures, each comprising a gate region, a source region, and a
drain region, wherein the first portion of the surface layer comprises the source
regions and the drain regions and the second portion of the surface layer

comprises the gate region.

63.  The method of claim 62, wherein the gate regions comprise a polysilicon gate

having an oxide, nitride, or oxynitride hardmask.

64. A compound according to the formula,
SixGeyH,.o X
wherein x is 1,2, 3, or4;yis 1,2, 3, or4; zis 2(x +y + 1); ais 1 to 2(x +y),
and X is halogen, provided that (i) the sum of x and y is less than or equal to 5;
(ii) each Si and Ge atom has no more than two X groups bonded thereto; and
(iii) the compound is not
bromo(germyl)silane;

difluoro(germyl)silane;
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1,2-digenny1-1,1-dichlorodisilane; chloro(chlorogennyOsilane;
dichloro(chlorogamyl)silane; chloro(dichlorogennyl)silane; or
dichloro(dichlorogermyl)silane. 73. A substantially pure compound MCSLLP
according to the formula, SiGeyF17.-aC lawhereinyis 1, 2, 3,0r4; zis
2(y + 2); and a is Ito 3, provided that each Cl is 5bonded only to Si. 74.

The substantially pure compound of claim 73, wherein ais 1. 75. The

substantially pure cobipdimdtafeifimL] whereintasidapen 0 76. The

substantially mire Cﬁ%%?ﬁ%%ﬁﬂ{ﬁ%%‘é’ﬁﬂﬁg; is chloro(germ yl)silane;
dichloro(germyl)silane; chioro(digermyl)silane; dichloro(digennyl)silane; or
chloro(trigermyOsildisaloro(germyl)silane;

1,1,2,2-tetrafluoro-(1-germyl)disilane;
fluoro(fluorogermyl)silane;
fluoro(germyl)silane;
1,1-dichloro-(3-germyl)trisilane;
1,1-dichloro-(4-germyl)tetrasilane; and
1,1-dichloro-(2-germyl)disilane.

65. The compound of claim 64, of the formula SiGeyH;.aXa.
66. The compound of claim 65, of the formula SiGeyH,..Cl..
67. The compound of claim 66, of the formula SiGeHg.2Cla.
68. The compound of claim 64, of the formula Si,GeH,..Xa.
69. The compound of claim 68, of the formula SiyGeH,..Cl,.
70.  The compound of claim 64, wherein a is 1.

71.  The compound of claim 64, wherein a is 2(x+y).

72.  The compound of claim 64, which is,
chloro(germyl)silane;
chloro(digermyl)silane;
dichloro(digermyl)silane;
chloro(trigermyl)silane;

1,2-digermyl-1-chlorodisilane;
1,2-digermyl-1,2-dichlorodisilane;
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73.

74.

75.

76.

1,2-digermyl-1,1-dichlorodisilane;
chloro(chlorogermyl)silane;
dichloro(chlorogermyl)silane;
chloro(dichlorogermyl)silane; or

dichloro(dichlorogermyl)silane.

A substantially pure compound according to the formula,

SiGeyH,..Cly
wherein yis 1, 2, 3, or 4; zis 2(y + 2); and a is 1 to 3, provided that each Cl is
bonded only to Si.

The substantially pure compound of claim 73, wherein a is 1.

The substantially pure compound of claim 73, wherein a is 2.

The substantially mire compound of claim 73 which is
chloro(germyl)silane;
dichloro(germyl)silane;
chloro(digermyl)silane;
dichloro(digermyl)silane; or

chloro(trigermyl)silane.
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