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SI LI CON- GERVANI UM HYDRI DES AND METHODS FOR MAKI NG AND
USI NG SAME 5 Cross Reference to Rel ated Applications
This application clains the benefit of US Provisional
Pat ent Application Serial Nos. 60/739,528 filed
Novenber 23, 2005 and 60/ 764,063 filed February 1,

2006, |ncor or at ed ref erence
her ei r?%% FﬁéﬁWPﬁLﬁyDﬂw %Ipé\‘?éﬂtlggﬁ FORMAKREG t
| nt er est Thi s WOVKUGRNS SAMEBort ed by Nati onal
Sci ence Foundati on grant DMR0221993 thus the U S
governopent may have certain rights in the invention.
Fi &iross Beferqpge foRelatediApplicainse present appl i cati on

rel at esT Wﬁfcaﬁdnyﬂatnﬁ thelbenekit ﬁ'lﬁé&’r&ﬁm&x@@ﬂe&tﬁfp&lcmeﬂ Serial

SoRUE AR A ot oBE PP bl gl . 2o

debpth eSwhicharkineamorated PP Fracalepi iaier kntiay.. Si x | ayers
on Si (100) with high Ge contents are of interest due

0 n i cations in key technol ogi es such as sol ar
FF?“YCR/E&)%"VE{G%’E‘[}M‘E&'S cade | asers and Si-based
p h ot oniThi Worleasmﬁ)ipblrtHd fbg Nhltﬁoﬂﬁl S‘éi@l?c@ @otﬂiﬁéjdéh ghaftTivRNd

ph I se.materials are nuch
I egis vﬁ%gh%e% |gﬂv°%r}ePté"a8fI‘a‘EeﬁFr§“W 1§ 1 fiplakentifot ent i al

in IR optical devices. In addition, they serve as

Vi Ftemaifﬂ?e&n&eu{qa; rates for growh of hi gh nobility,
strain Si and Ge. device channels, and are al so

consi de"eBresat aBPlEG‘Péﬁ%l*}teélge’fS@!th fielgls pfphemisioni

i nomopleatronias, silfcot-kervvanhmtaidys@idaRictdd dlict@s, and related

t e B QRH &Sices? © The best current route fo these
materials iIs conpl icated and fraught with
difficulties, requiring both high tenperature growth
of Badkblind >10 Am) conpositionally graded filns and a
chem ca] - nechanj cal  30pl anari zation step to relieve

the i S¥ietocRiizmal Geehyles an BIIO0Hhdyish Gasontanpeare ofiinfersit
sudstte atuey eppbicaions duikey techidigpies Subhfad Cdlar beRIS NRGVIE Y LlMurﬁ

goca%aﬁ@ Wie hd ISE 16361 Blofdhlcg Wk i 83 ?égl\l\el'tl qgﬁpefc&{en%?ulators and

evel op emcC vapor
hePf@PB%Eiﬁtqr%xI;lowederprheasu@eéendleweoeucq Uesh idevgloped in spite of this

itlhll?%ﬁh%ﬁa% ﬁﬁgtlﬁem] ;Elltigmﬁldfvﬁef 111y By s o virual
11T gl 0 Uy, strained Si and Ge device changels, and are
also considered as a potentlal pathway to monolithic integration of II-V based
devices with Si technologies. “* The best current route to these materials is
complicated and fraught with difficulties, requiring both high temperature growth of
thick (>10 pm) compositionally graded films and a chemical-mechanical
planarization step to relieve the misfit strain between the Ge1Six epilayer and Si

substrate and produce a flat surface, respectively.®
To circumvent these difficulties we have recently developed new chemical

vapor deposition (CVD) heteroepitaxy to produce device quality strain-relieved Ge-
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rich films on Si w thout the need for graded

conposi tions.7'8 Qur strategy involves depositions of

singl e source hydride pr ecursors with direct Si-Ge

bonds such as the (1-13Ce)"Si H4. ﬁ x=1-4) famly of
nchqnﬂip @i 181 svithGitebeneed éorrgj%ded wemyo%tmﬁ e@Prz%“W fpyolves

dep9§ét{q% ag ?ig théurg{ Sd@ﬁgéurr%rs\%ﬁh ﬁfréc@'sgaf: feKd4atich as the

I'zing commercially 5 avallable N
(Ha6 )RSt N Oc=et) damib of cpmpouids. Fhessi asaroutingly sthesized wit

sen}ﬁ’cgg fﬁrc{;lgﬁ igc D ﬁﬁstr%bkgﬂ)r\)iﬁh %e’tﬂoﬁ&lﬁgn@srﬁlhfzﬁ\g lcbrimercially

particularly useful as rea%E {3
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ecul ar .0e i | i@ et QI 1bW
Vd&ﬁ’f%ﬁf’ﬁ%ﬂg g]\tllgw EnqFécgled si ngluéarcgrjﬁss?tﬁg fi Igrer? g@g
tenfperatups filni gnwtts»yocmmgas courey wolsa ey oPitgy (GHEBE) 7 5
and bt Haeﬁm @ipotitoris0
Ou brptl;ai gv?ﬂg !gengn%relté @?\Eg}?g@édﬁ }-l’[l?ée 6 ’t gfll—]IS Bong pb 0
Sio(sdci263) Sl&sﬂeﬁnoSlc(zb@i@E)angslog)(@;o, PiEcisaly maly ﬁlgqsf; of the
coxg{]s?cténd%é}?écu tsﬁﬁ |Gefi, (Hzt%m QSiCch,STH ariit (HLGEULE Gurd

e atomc | evel can be achi eved Vi a,

resultc denpumstedté that exacttdertrad 9f fhe ComPOTHON; SRS, sticire and sirain, g éhe
atcﬁ;ﬁgﬁ LG gﬁ%e L OEQrel D8 ifdolpBratid i 8f he Shifire lsngiefﬁahmwkrcé tioef

er quality than_those

precsisng iniorfoe il oI R saiing Qs alifro"fd’i“t?&/I *‘A&Lﬁshﬁ%“?%p‘% i fidse

pr%ﬁg[ﬁﬁ Fﬁo%&fﬁm c&b‘éﬁloxﬁ[ SoufRERAL drbk etmudhho@wmlperatures
hin this conpositional range the
th@iate, & 1‘5@%@M(§6FR§‘H PBr systemis of particul ar

' NPRAihAMGS &%ﬁ)@@iﬁ&lal tanROth® ESiS6Geokheemicbadictdr sy sters ds of
di nensions to integrate fully
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f'ace anar ow def ect
déﬁébscidah@ib}opeﬁam (sorfhog plraargy, dwn dn‘@atrdeasmﬂ;)( icpr, pply be grown

ﬂ%%igprﬂ? ratur gcﬁnperat\%re g’io~ §s02k a@g%‘l:% fatd & Rly0d.2 Bfinin GvhZh

low to ractical for_h
i$ bodughp e pimd eorf bigl tuenghpi, eNéfg fabgrabice: fl‘ﬁghggglé film

r owt h f r S3iBl WiHeIS filld with rough
ng%'@ W%SC\%C ‘%‘1#’%‘? tf'qx‘ipeh%@r‘8%1(Hmsur'I1z aces @gg;% h
stifsdeoand high diderstion éspsitigsr werg kﬂbgﬂlﬁéd‘ boysov &0 %0 &5e
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npounds with increased, reagt L Viti
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Summary of the invention

In one aspect, the present invention provides compounds comprising a silicon-

germanium hydride of formula I:
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Summary of the invention In one aspect, the present

i nvention provides conmpounds conprising a silicon-
germani um hydride of formula I: SU-Li (Gel-1,12)y,
whereiny is 2, 3, or 4; whereinnlis 0, 1, 2, or 3
t o SH}i(6EHNal ency; and wherein n2 is independently O,

ach Ge atomin the conpound, to
53a‘f’2'1i‘e§?‘§‘/y\‘fgfl gr?&g In a second aspect, the present

| NVwikréinnl propmzd@rés te eatisyomignet end st r uct ur es,

| n?@%' S Px%g l%ds geplﬁ{n?@bel 3Nl 39 each 6€ aloRViB "thefceﬁlﬂﬁﬂxdhy

SUrface of a substrate a gaseous
atﬁfy&&whspr corrprl sing one or nore conpounds acccordi ng

tp?o oagsggong 8?%3 . dE}C{thr ﬁl%ﬂox@?rgﬁﬁés’seﬁﬁ&du@%ﬁﬂh’cﬁfbs,

or str res rrsin
compistig Bdubstatecindim SiGedayer fpmed %Wﬁ?‘i"éﬂ“ﬁ [ag:] tkt?asgi&fﬁﬁéa of

one _or fing toh a
s § e B Lo o e hods
fotfnmlalsynt hesi zi ng one or nore silicon-germani um

hyd
co rrrli)% i ng %eqeét,géthggxlv?nrtlbn pr&ﬂgpiehﬁdoﬂﬁim&ﬁ B@ﬁcﬂirﬂgcmplﬁmg

om the group Lconsi stin
a substmfd and rBiGelArer sunrisiied bagihary Af PR TBOTE F‘I’q'é‘??é‘“‘%nd a
ac%rdnfn%?éﬁm?tﬂpft ituted disilane, with a conpound

I'sing a GeH3 |igand under.  condjt.i
si | |Imgﬁurg@smgtnqhgmew%1py%oq proyig ?srf%%hods? r synt! e%m%@%né he

or more silicon-germanium hydrides of formula I, comprising combining a

compound selected from the group consisting of a nonafluorobutane-sulfonic
substituted disilane and a triflate substituted disilane, with a compound comprising 2
GeHs ligand under conditions whereby the silicon-germanium hydride is formed.

In a fourth aspect, the present invention provides methods for depositing a Si-
Ge material on a substrate in a reaction chamber, comprising introducing into the
chamber a gaseous precursor comprising one or more compounds according to
formula I, under conditions whereby a layer comprising a Si-Ge material is formed on
the substrate.

In a fifth aspect, the present invention provides methods for depositing an
epitaxial Si-Ge layer on a substrate, comprising introducing at or near a surface of the
substrate a gaseous precursor comprising one or more compounds of formula I, and
dehydrogenating the precursor under conditions whereby epitaxial Si-Ge is formed on

the subsfrate.

Description of the Figures

Figure 1: Molecular structure of the conformational isomer pairs {r-GeSiSiGe, g-
GeSiSiGe}, {n-GeSiGeGe, g-GeSiGeGe} and positional isomer #-Si(GeSiSi).

Figure 2: Calculated IR spectra of n-GeSiSiGe, g-GeSiSiGe, and i-Si(GeSiSi). The
Jow- and high- frequency range is shown in panels {(a),(b),(c)} and {(d),(e).(D},

respectively. Empirical frequency scaling has not been applied to the spectra shown
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In a fourth aspect, the present invention provides
nmet hods for depositing a Si- Ge material on a
substrate in a reaction chanber, conprising
introducing into the 20 chanber a gaseous precursor

her& Wlﬂlﬁl isbcidl Q‘eﬁﬁreﬁ'ﬂaf meoaﬁam&msgﬁes:&ee and {-Bi(GeRiSiul a
under condj ti wher eby a

, Ge
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Pgung IR Rs G g G0 ron aay FoRhdbel the e

near a sur ce o

h,gﬁﬂkf?qhé@% Qarfke GOSN nraﬁs:m ((amb)}cwrdpf(c)s(dhg rasmtwhnly ke e
conmpounas o
Sror e BRSOt BRI PO A S ey Bl ERr and,

epl taxi
«G# Oedpedivel. Erhﬁlrlsalu&tqnatce scdDeg hps mtlhmn @pplich do Fhegiw%rg 30

'shq“glogég %ef@n?ﬁg lcﬁ({é?cé a s{:ruc%gs Qlfg dé@\%’lecé? rhfis?{s g@

freguet®I&e CGe} and positi onal |sorrer i - Sl (GeSi Sl) Fi gure

| cul ated | i , a
Fi ’%fﬁﬁlga %fnzp%%iné) $2 S%‘gﬁ;ﬁ@ma‘% Sg&f ﬁﬁl%fs«}g??)é(g ency r gﬁge

sul?eZpSo‘éllgg:!\nf ﬂgfbra&abipsct{a( fa) thet):Ges S}G@ md;i}%& egg’;nt(lzzn}):i o
g ncy1Si- i
o e L e Rt g s

ctra | ndi vi dual
(mmez@t)w ah™)f Eeetjuemey seifle faptorsrpf GH8H gp@g 97@J h@g?eg} epplisd ip

tha tf?eo ci?e ai sgg%tram? a6K. &5d aﬁl%xoh@d%@ﬁ dré@idnt:.J Tédpectively. @

Cor r espond| lecul ar, structures
mafraxcmlrspamtna asmsmf@tlsdmﬁtwm@ 3p¥ne ?%%‘@@ﬁe? P 815155 Gur e

thﬁrec? %%p@h%q solf%l %ﬂ?e?x eﬂa%edﬁu%a@&ﬁlr@{ﬁt}gyz@ﬁbz@&

fr equency I' an e 1S
witamehupapeaan o] FhaRicrl( BTN, o cEUCER Ol ¥-OsOe
nPo%%&P'(gflsétf}éaﬁéwwregk’&ﬁ(soo g &ie()‘ﬁnar(s) gg&&;@@as

oners

HEGrepH] megical (1?90e¥qi9@ﬁey )siragueRry o mﬁy 048 ey

bdefl€a L@H&P 8 ans Nvsethar %pecﬁ@rmemo nghdn gug]il-tﬂ'equtﬂcﬁrreglons
Str tures are drawn as 1.NS

t he |
roppestisly. Tor BRG] SoorRBST PLBhe BT e TSI B e
3§ﬁ§Q§SHﬂG@T (GEFB)Z(EIFQ)Z (1) with a superp05|t|on of
t heoretical spectra for t n- i Si O~ '
F&ﬂ?‘mf N Y s Syt 00 €t LS
%oﬁlhdn':dﬂt@areﬁﬁzﬂ gpeetis jbr?:‘ne {anC(éSiGdGeegﬂa&nG(edjg})@n@g@gon _

. Frequenc r ve
S Eaprraners GRS P By LG Rl RedlierdyRed Relih
(Thogh3b0 afhePeyueney satesfactom 9H OB mei 9.976Thave been applied to

th tical t Ve e
th G eera E1ony g pelan Ry HeloEt “fe%ﬁ%rﬁiﬁh of
tiddretie) Esptonre moamstsquem .adrmxorre af a3 % ur-geiGeF pnd I Hp

('gf}]% th a superposition of theoretical spectra for

éGe\{édT Si (GeSiSi), g-GeSiSi G} conbination:; (a)

Fzgm'ef r emumdypqt@galome(raowf@m@f @mnal fungrien ©p)he molecular
%’Ie %Y ﬁ#r'_lgugﬁe 'ﬂbl@uﬁ@' @ﬁ‘as(ldn%o@edg%@ GaisiGe (blue).

actors have
Sohd and dashed lines correspond to CCSD/LANL2DZ and B3LYP/6-

311G++(3df;2pd) calculations, respectively.
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20 been applied to the theoretical spectra in |ow and
hi gh-frequency regions, respectively. The theoretical
spectra consist of an adm xture of 68%i-Si (CGeSi Si)
and 32% g- GeSi Si Ge. Figure 6: Conparison of an

Fighree fTeﬂﬁ‘,exia&ke @pamexwa of thé ﬁ(sGlﬁlyﬁ-) ﬁé\?ﬂl 2 Gefbthee(183curgorsh a
super posij tion ca ectr
b RS RO 00, HLGUIRRESHHE! pRPSEh ol Jple fr
coxﬁp%wﬁs][a&qlwwsmumvc&@@eﬁm cm 1) and (b) o
requenc
e GRSkt 5 B Ela RS am 0 0

have been
thre@@ﬁ% idefcis Grd biRelvbewitih itixafield péodavacf n 2.5oWm, dipating a

freguencye regi ons, respectively. The theoretical
dislg @Pfiﬁf‘sgbﬁg ]ét/ °Bf an admi xture of 23 % n- GeSi GeGe and

Fighite %0: gpiffabiofoesatrast g iespiution X THM Ingisregraphs toé o SjoaiGeoso
energy s

f t L
iR T PRSI ULT AR SoTE B Bafa sl BRECI TEPane
an (afo@fidaliaRehobid M@ﬁ<Mfm¢adl® Hefdets fidp)d aEieamismptpte gvith

d fiftert f 1e2pd
Sl(i(gd) Elgf ?(?rgrﬂé&teggiggﬁlls@!\?%ﬁzl&md E’a??LtP(éD ifterfadd :kﬁl‘t%ﬁll lefipd)

Figure 8: ng)erature
De‘i’&ﬂ&ﬁ@ﬁiﬁﬁﬁ; zitfthet imeerfhder show [tey propepsitiviorpepeffaiesdorpvaidia

Ge2H6 and (H3Ge)2(SiH)2 (1). The
thfg%@?)\t;)astul Sohf?tenergl eésﬁgfor t hese conpounds are 1.95, 1.66

1.
Figind 11: 42) APV imags 088t joGesls00n Sl(lOOﬁh@wrng thp crosphfyeh pattern
m Cr%,r aan RE/ISaroi?éhg%sg Q£29.-m0 (bRXEM iffa D@rafni-relhed)

hrea defect’'s are observed within
anahanplmlyqalmrﬁ/lmewlmeM rogghngss Af Qdimht i ng a

‘dl S| 95 at éa%hlﬂ&inﬁfe}rﬁ’ocﬁ)efrnlﬁlq%mﬂand':ktﬁiéﬁxﬁal Moperties of the
Bt r4ction contras [ resol ution Fl\%r%%d_.ggr aphs
conformatBingl, sieeas. Pairs a&l’e‘?‘e%r‘ fn HHeTSICEH0) Ve . &The

tikMeP 7 51(66SiST). BRYAmikNdr Gompleagtss, dond

Gg%b%%}a?ﬁ%h%g? lcgrhargac(e lrr) e ofmthrrea ing defects
anefes pid erPredes BIeMESEINSyfegrres RIS UBOAESHENSE e onmodat ed by

Fge? PLRBEASIAY CRGRAceAbf mBEomblealldrapelyfhixdd tnitn baséd pn

B e S

1a%t]§bbg$i{hqiggcé§élgﬁt6%msm @i0 50Ge0. SOEI(@U I‘I‘Glslﬂater(ah)ncmwtphﬁ'ge
0 1 O. , on r ] |
ot Ren MRBRE LR TR B8 e S0

bliMing$1ddK. mage of a strain-rel axed 15 and conpletely

Ianar fi th an ) Ma JFi gure

1&"3 ¢ CL}I&Yé’PgE PP c%qél?ﬁlcgngﬁgo %‘%)En %lgt ruct ur al
piatcniSesiGab solcheaicionh cmdam dmtmrauthnscrﬁ Fiand S sfagns. The

{}y} (é;{el?s Bxi%gﬁss s w%bﬁox?é?%@erg&g @[% gﬁywt ﬁ%@' GaGabiand

units for bond
dlsegygteﬂnsuc dddmdn aﬁgGe%S@n dlotqqelpgﬁné@fmﬂféﬂ%@@ﬂ' a5Hen of

rgjg%.ge]s SarLree. Greeﬁ%?ﬁ:ﬁdl?éel §: sl vﬁhtg Ui es L3 B

se UeRce of romol ecul ar, pol yrrerl c unit
Ipaedson HmMcﬂhn@reW@d sqaaRnag) of i HQ‘) ioaer Slapg 8§

ngﬁ’é%ﬁ%r}e al% fooGgo se;e%@lg %%d&n %mtﬁ’\ﬁltlloﬁ‘to? IS¢ Qnd’\GE Rtoms. The

0. 50Ge (e). This mm e|aI
scharaatip anc&b%ss Ylﬂ@ed@éonsrfhewtf@ tQﬁ!‘}P 6}9&} SV gpd Tvoive

téxe S paw #ﬁ&(ﬁl cﬁ"%z @%1@5 h%féhﬂésaénd%ﬂﬁhlﬁﬁ’dmﬁﬂjsfracﬂ&abf H,
1 ng

ure 14. Hypot cal
welgedescbegend: éafﬂC\wdEﬁ n@h digiqigeles sﬁ’aﬂ'ﬂalt)‘f’m@(fﬁ'ﬁ%%* 1?1 on
Si 0, 50CGeo0. 60 containing a random di stri bution of Si
and Ge atons. The schematig process is viewed al ong
the normal to the (111) growth plane, and involves the
systematic addition of n-GeSi Si Ge nol ecul es and
si mul t aneous abstraction of H2 nol ecul es. Legend: dark

circles - Ge; light circles - Si; small white circles
- H.
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30 Figure 15. Hypothetical growth sequence of a two
di mensi onal island of conposition Sio.soCGeo.so

contai ning a randomdi stribution of Si and Ge atons.
The schematic process is viewed along the normal to
the (001) growth plane, and involves the systematic

addition of n-GeSi Si Ge nol ecul es and si nmul t aneous
Defz&B%"cP%f&‘i‘?‘Eﬂﬁ“’Ef'%ﬁ?"%‘lo 8cules. Legend: dark circles. -

Ge; All ipghticagiins.c peents afii ,patsmaanphmpme citgdr beraig are jereby

Det ai |l ed De tion vention All
ex%?fﬁli"l“l‘f&’ipf’r&??é%yf) rgﬁf’g&auh% gnt a pI ications cjted

her&é ike@h@einghe yguart Jores b’y "an'i oo |d "dacdeepurplgeisieptic e

a u S d herein, the singular forns
““]'C%f"the Goﬁtﬁ% i\eﬁrgy &ftﬁte?%%rg'l?sgde plural referents unless
t hemenahwpxdt, thd gresehyindintioreprewdes cABPARNIELOMPIIsNg phy one

coaSﬁeg fS?]S:L'lhe% grﬁggg&%%]rxc%rggk&ﬁu‘gqow des conpounds

consi a silicon-germani um
hydrslm@(@a‘an)pr mula I: SiHni (GeEln2)y, 1Owherein vy is

gﬁeremﬁsl‘é’h einnlis 0, 1, 2, or 3 to satisfy
vI

efein n2 is |ndependently 0, 1, 2, or 3
for maeinnﬂses(htlo'&mrhmtsn@flcmbn@ to satisfy val ency.

e f e ldesiom iahemmpoue &ns
erg: nse%lgbtp?rgé&ﬁéiaiﬁgimgf each Si andene? atomin
satltfgvaiempounds of the invention. As denonstrated
her %r&sedﬁ%{%ﬂp&ﬂa%ﬁra?&@&£a@lgf9 Galbiy? @Edhs kemhinanete used,
, I ncontrol p03|t|ons to produce
vasctnoy gffﬂadr@taﬁql ge gpmgdn fhﬂ%%?‘ﬁ’&g O IRy r ed

pro F’A’sr JeInSE'st.%{a& hé&t 6] eRIPBaE @crcoﬂmglw foahile hsan leakeddfong
pe rfect

stal |ine an rostru S,
cxorist I cARTURUAOGH TS MBS RPEPAPGRE I o B S E
d%ﬁréa ﬁ% eritdd fEReneamRaunapsli@tiofsaidnding perfently chystalling and
enonstrated to be rema ably stabl e oyver ex Fcpgg%
em@ﬂ%ﬁ@”é‘i’“ﬂ@é‘“%ﬂb‘“?ﬁ e é{ﬁne nol ecul ar
TROGREnds OF foﬂﬁlﬁlenﬁrb abreinrdemedstratad todpe pénasiablyoitable over
Thus, in one

eﬁtﬁndgﬁ P%ﬂofié?ﬁ{g’ffi %Elqié neg%?:s%rflt vtlart]ﬁesmcflécgm‘ so%?&?foﬁ' Ipotﬁn’dai5 2;

ilub@aingplicdonenbodi ment 'y is 4. 25In certain preferred

te ggd' urgFigtogé emnbjbd{réentl of this fifdf asﬁcct,tyQS $34 hsfem4alency. In

embodiment y is 3; in a further alternative embodiment y is 4.

In certain preferred embodiments, nl is 1, 2, or 3, to satisfy valency. Inthese
preferred embodiments, if y is 2, then nl is 1 or 3. In these preferred embodiments, if
yis3thennlis2or3.

In certain other embodiments, if y is 3, then n2 is 2 for at least one Ge atom in
the compound.

In certain further embodiments, if y is 3, thennl is 1, or 2.

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.
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preferred enbodi nents, if y is 2, then nl is 1 or 3.
In these preferred enbodi nents, if yis 3 thennl is 2
or 3. In certain other enbodinents, if yis 3, then n2
is 2 for at |least one Ge atomin the conmpound. 30In
Cegkahflary Slitdheterhangs hydridesaccorling to this 3gpectiodthenl is 1,

or 2. Conpounds according to .this ect ,qfa.
invenfomeRTIPERF qr SRnsirdel oSy ot B ERRFE! AR bt
atorﬁ?ﬂﬂ%%@ﬂtpoﬂn?@irﬁ ebraenidat Dz:fjsﬁéd liriesticprestnhipongs betwebn Si and f
Iso-forns of the c ou and. 1 r€o
Ge gt the fneds versiogh.- ’53?‘?1‘3 “ffﬂ? '@%lrsl p%g% hgg%éolr ‘ﬂ?er{gg lett%os'(?t hi s
andASPRGHs iRfidettheorhdkes Atd divectiyopid te ¢hedi ocGati the lefof thaose
ounds |isted in Ta

conmpount ) bl.e Ly [en
braglists: e M5 (5 IS PATESTIS £ Pté\‘}‘éf’étﬁ? érla‘ﬂfg%?ﬁte‘gg Flall Sggt% gap})i?eedsfe nt
the ROMpRIn Bk ERBBhouad e thelasttShnsGe insidd e the bracketsv er si ons.
In the isobutene-.and i sopent - i , S
5 Pl B L R AT a GE AR BT, T
thid @nipbendS alerefered 1 at BeHB-SfH2-6¢H2-Gekbr acket s; the Si or

Ge in parenthesis outside of the brackets at the far

right in sone of the conpounds are directly bound to
Tabled | ast Si or Ge inside of the brackets. For

ex e, EFiqure 1 shows conpound n-Ge-Si-CGe-Ce. As
3%?5?3%@*%‘%?@ 1, this conpound is also referred to as
(a)3eihrSi H2- GeH2- GeH3. 10 Table 1 3 and 4 netal

var pant . | E&Li near éﬁeHgIgeHz-GeHS; 15GeH3- Si H2- GeH3
e o 81 3- Si H2- GeHe- GeH;
GeH3-Sin-GeH3 Sll GezHg
S iH3 -GCHz-GCH2-GeH3; S i] GC3H10
G6H3- Sin-GCHz-GeH;:,; Si1GezH1o

(b) iso-butane-like
SII‘I[(GQH:;) 3] Si1G63H10

GeH[(GeHs)x(SiHs)] Si;Ge3Hio

5 metal atom variants:

(a) Linear:
GCH3 -GCHz-GCHg-GCHQ-SiH3 Si 1 G34H1 2
GCH3-G6H2-GCH2-SiH2-GCH3 Si] GedH 12

G6H3-GCH2-SH'12-GCH?_-GCH3 Si] GC4H1 2

(b) Iso-pentane-like
GeHB[(SiH3)(GeHy)(GeHy)]( GeHs)  SiiGe4Hr,

GeH [(GeHs)(GeH2))(SiHs) Si;GedHiz
GeH[(GeHa)(SiHz)](GeHs) Si,GedH,
SiH[(GeHs)x(GeHz)](GeH) Si;Ge4Hi
GeH[(GeHs) 2 (SiHa))(Gells) Si,GedHy,
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Sil Ge2Ha Sii Ge2Hs SiiGe3H o SiiGe2Hi o (b)
i so-but ane-1i ke 20Si HRGeH3) 3) Si 1Ge3H10
GeHRGeH3) 2(Si H3) | Si 1Ge3H10 5 netal atom variants:
(a) Linear: 25 GeH3- GeH2- GeH2- GeH2- S1H3Si 1Ge41112
gg geég geg Si H2- GeH3Si 1Ge4H12 '
- - Si H2- GeH2- GeH3Si 1Ge41-112 b
Neopepfaptsifeine- 1 i ke 30 GeH[ (Si I—B)(GeI—B)(GeH2§])( Gel13)

Sif@eligerHL2 GeH [ (GeH3)R LB _

Si HRGeH3) 2( GeH2) | (GeH3) Si 1Ge41112 GeH| ( GeH3) 2
( Si AR boleld Godid) thest Comiptiads enghoipeindecthe 1 ot & orss, pRrdse H3)

4] Si ' 41-112 5As noted above, these co
steqeﬁléq%gg?rﬁ “hor g forms, and npounds each

In a preferred embodiment, the silicon germanium hydride is GeHs-SiH2-
GeH;-GeHs.

This first aspect also provides compositions éomprising combinations of the
silicon germanium hydrides According to formula L.

In a further embodiment, the compounds of the invention are substantially
isolated. As used herein, a “substantially isolated” compound of the invention is one
compound, or two or more compounds of the invention in combination, that are at
least 75% isolated from precursors and other contaminants, and preferably 80%, 85%,
90%, 95%, 98%, or more isolated.” '

In a second aspect, the present invention provides semiconductor structures,
comprising a substrate; and an Si-Ge layer formed by introducing near the surface ofa
substrate a gaseous precursor comptising or consisting of one or more silicon-
germanium hydride compounds of formula L.

As shown herein, the silicon-germanium hydride compounds of formula I are
especially useful for fabricating SiGe semiconductor alloys at unprecedented low
temperatures that display homogeneous compositional and strain profiles, low
threading dislocation densities and atomically planar surfaces. Controlled depositions
have produced stoichiometric SiGe films reflecting the Si/Ge content of the precursor,
and possessing the desired properties for semiconductor applications inéluding
perfectly crystalline and epitaxial microstructures, smooth morphologies, and
uniformly strain-relaxed states.

In this aspect, the substrate can be any substrate suitable for semiconductor or
flat panel display use, including but not limited to silicon, germanium, silicon on
insulator, Ge:Sn alloys, SiO2, sapphire, quartz, Si:Ge alloys, Si:C alloys, stainless
steel, polyimide or other polymer films such as those used in the fabrication of
flexible displays. In a preferred embodiment, the substrate comprises Si(100).

Ina pfefened embodiment, the semiconductor substrates of this aspect of the

invention have an SiGe layer which comprises an SiGe film having a thickness of less
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stereoi somers thereof. In a preferred enbodi ment, the

silicon germanium hydride is GeH3-0-12- GeH2- Gell3.

This first aspect also provides conpositions

conpri sing conbinations of the 10 silicon germani um
thah YWY thidRs, rA6re Pretliratdy 4 thickmessyinl serasge fiom 30 fut $96mm. Ina

N e

" havesH BStcAR ek drhptising@h 8iGediimbanipg adehsty of theading/defictsofi | s

one conpound, . or t or re c '

N e e

thit %9%@5&%7 fnlvéslmb@ Eenpiiss ar SiGafidm hevieg a sbstaiilnannisalband
prefera % 85% 15 90% 95% 98% or nore

Pl‘i“?o'*?‘_%"l‘cé&?°¥9}’|°ﬁ’ ' second aspect, the present invention
Pr O viASusaitbdimenlsahctassdtis pretunsos SQmESRITicensiss of one or

subst rate; an. Si s ' '
gy hg hanpou i Hea® fteh B3, i iy S BB B ARl T
th&edTpri sing or consisting of one or nore silicon-

sing or
ger #rg@*ﬁeey%ﬁq%n&meaﬂk&oﬂéuct& GiBgirates! of 1R Q6D NOWN

I'con- germani um hydri de conpounds of
ash@t, telgasebusprecusepeoiprbds pr enneista of Gefls-§iblpGedatifly Si Ge

SemCONdUCL L. 81O So Ay HARLRERURN Atk kil QUBRAY ur es
.that. §b ay honogeneous conpositional and strain
inpindifig bue |s§|>t lirm};«vdttmﬂhe indlusign of dopants £183S BYAPhesBRorgysy

at omn : : : iti

] 1 sitions

arﬁ@g%ﬂﬂ‘é%&%ﬁ%’@d q@%ieg’ﬁ%‘ﬁe&?ﬁrg g%le%gg{c D ecting the
seBiidofducton bematesofsed dsactiedevipeso inclusiog fsysh depants iy the e -

seﬁﬁ%ingg;ﬁr] RERRALL daf Be Efied RIbF QAN thAPRI theat. | Ons

Ina furt%er 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. 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 further aspect, the invention provides semiconductor structures, comprising
a substrate and an Si-Ge layer comprising or consisting of a backbone of one or more
compounds according to the formula I. Preferred embodiments are as described
above.

In a further aspect, the invention provides a composition, comprising one or
more compounds according to formula 1 in an inert gas. Such inert gases include, but

are not limited to H2, He, N2, and argon. Preferred embodiments are as described

above.

By using the compounds of formula I as preéursors for preparing

semiconductor substrates, the semiconductor substrate will comprise an Si-Ge layer
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perfectly crystalline and epitaxial mcrostructures,
snoot h nor phol ogi es, and uniformy strain-rel axed
states. In this aspect, the substrate can be any
substrate suitable for sem conductor or flat panel
sk BYcorifing :ofléllbddﬂioﬁ@ gﬁghé cdin;i;:touixdsmfthe dhveationi Iﬂycxem; 0
ernmani um_ silicon on at or [
the s@mﬂﬁma@f theumyerton, @lOPE%ge‘%ﬂn S{%WpargF U oé §F B 3 séeo%ﬁrgl "l ess
for aép%alnon r&celrwuﬁh 8i-G¢ 1a9¢rhempmb yighty défiderendsuniforras t hose

used in the ri.cati on bee I
bong e PERRRSTIOBH AL AT s E R R, B¥Bposkdiold
the kihd8mRb Rt pask mmmmmchttheslaem atochs canogxist as an

substrat es, of

mtxg;atgexmp{glgﬁeq swﬁfaux} ﬁi?egntes glfld é gl&sée %IEF(MI% have an

ving a
thJﬁb@éﬁB@ﬁ%oxﬂﬁngl 06 Racalty*saassmnﬂgwatM$ Immmsagshed er ably a

I CKNess I n a [an r.om50 rim:t
e e Rl e SR e
m&@&ﬁiﬂl@kﬁﬁo@ teviideiapplRatoms) staﬁpamtunifametlanmghl@ syrfpper

rm{gg?eé&t gnc?%gilsl:%]ﬁ%'tan{ | ailt X ?gur%mggaﬁ‘&ﬁ ¥iif, afd¥h&Rslisng

rthér preferred
ovEtafdtntigat onet fs ehas therincanpotaGenouf the evtiterSiGe SnalFeulsr ¢aF s

prngrgcg g?f ;rg%t{gas g{’]‘\é?eﬁ%‘lgﬁ%? c}mrﬂoﬁﬁn@&raﬁggﬁents' dvirdiaving a

anar surface norphol ogy. In
enblﬁrcrﬁtais learting ¢h nelexed<or lmtfemgfast@@-‘i?d) fipme ovith SBRATSHTRNET ses

}Eﬂq ‘;ﬂﬁc’ gurfa?o]efnp%{é% A iR gcri\%&taggﬁ t&gitifgx?lé’elglgrggdn;o?\g ed in
grbmlrtmﬁeramrea which nodusé srf%e@mebrbwf e $ angGe atms and
praven% Tdss gﬁéggﬁoﬁ LatRse Bf nigHiPuriRER BSnFtsiiesd] and fikin

Ursor comprises or consists of
pr@ﬂegat@\d-@omemeleel -13. The sem conductor structure nay

f “r tﬁ% t{c‘? {Hé&bérﬁudﬁto@% {28dMeBiR% cB%s BESthe flh allsmleitdsdcb ng
ted to the inclusion of ﬁgo pant s

lobmudape qg)ﬁﬂ@g)p fangd l@gksstlclg.p%gﬁ 1en§ﬁ:ama'ﬂf st on gréa 10%>
m%QEQBﬁ*%GE %@fn@h RaARE) périnits prombek highl gfoath rates which
se

_ conduct or substra{ s used as active devices.

increesepastepatisallySYitHhefasE At L° PEESThe semi conduct or
SUDSHfrk:@ford; & iRGrpoRneH efncustird BY/Cetfantand: aftitchmstous n

pielgl?rsc%rntlto the lattice is particularly important in the formations of SiGe nanoscale

systems (quantum dots and wires) because it allows precise control of morphology,
tunable composition, and structure that cannot be accomplished by vapor deposition
of separate silanes and germanes, or by molecular beam epitaxy of solid Si and Ge
sources. The precise control of composition and corresponding morphology, both of
which ultimately determine the physical properties of these nanoscale materials is a
crucial issue. Any compositional variations that exist within and among individual
nanostructures will have a significant impact on the optical and electronic properties
and on the performance of devices. In the MBE case an average concentration is
assigned on the basis of the flux ratio utilized to grow the materials. In the CVD
approach the local stoichiometry on the scale of the nanostructure size is even less

certain because reactions of various molecular sources cannot be simultaneously

10
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In a further enbodi nent, the sem conductor structure
may further conprise varying quantities if carbon or
tin, as desired for a given application. Inclusion of
carbon or tin into the sem conductor substrates can be

conﬁé\feﬁ ey Wit MYOushcuNha6ainpl€) Thnt heither techridue car guaraiitee
carbon can_ be used to reduce

syse i AE ST L SRR g PRTa e PRSI aion.
andlspgor poration of Sn can yield materials with novel

optical properties such as dire

abs%‘lcb Plgg]ﬁ de iPREPTRSSAE h%gefter'rnlneg ?"%ﬁ& @%%%@‘g‘é “1 W ers
m@ﬁ@,aghgmms@ilﬂmchb,yl ty infrared phot odet ect or s.

further asp
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as precursors reparin
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Qfﬁ&'& 8i, 06 GfRdhEhSd | ng
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moiadulies amd smoﬂtjmms abstraﬁ@e 9EH Bo ﬂﬂeSsFllgﬁreﬁ d%ﬁ’l‘ﬂ’i
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At ors vikihe exdeSookey s AR Be AL BUgPREORPal  (or
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oﬁbmmy@gpxhqap dlse lead fp %%‘gﬁﬂﬁtflgcﬁ SHhR, é%%f' 8 ecgnctentratlon of Ge and
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5&’8“"‘8?9@‘3 onsfsé o] ”1315:% éﬂe?g axe%ﬁ%or uncl%mg y
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et B LS Sy AR B e

tenperatures which reduce
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mass segregation thereby resulting in highly uniform
compos] i oNale: 3, BlhAhRnREPHbigS nHihddb for @§riEsiink G| .
or more silicon-germanium hydrides of formula I, wherein the method comprises

combining a compound selected from the group consisting of a nonafluorobutane-
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The intact incorporation of the massive Si/Ge cores
into the filmalso leads to | ow surface diffusion
and high sticking coefficients conpared to the
conventional |ow 20 mass conpounds. The high
sulfoﬁ@ﬁPDbﬁfﬁt&d’dthﬁBé@{d% tﬂflftmaftgﬂeg disilage,ovithe gompesndwhi ch
I'ncrease systematically w e nass . sy
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ire Si/Ge framework of the gaseous precursor into
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understood by those of skill in the art, other
macr onol ecul ar, 12
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20 polymeric units of the invention, based on one or
nore ot her pol ynerized conpounds of the invention can
also lead to Si-Ge lattices with a desired
concentration of Ge and Si based on the concentration
of (gachoptiondllyavaeming tlemuixtureeo betWhers10°G ardedh 6 (methe
teachln% ﬁ% ein, those of skill in the art can
PW%F@B&P &P ’ar Si -Ge layers using one or nore

comoung{ﬁ-nﬁg:membhﬁrgundarﬁitmgnntaldl of the present
|nv ntlgn hus

QALRs ention can
Buf"% FopTg ?odfg on vsa@% C%eﬁtgldrfég?e m xi ng of
t h Qn @h@m&:ﬁﬁn@s |ldwgtemheamm@ € eefactions pBQ:CEs- The

)2(%}%3I U| ; [E(g:gg Cﬁ?r? adc pr S}I Qf b%@ﬂ%@z%ﬁ %ﬁu@}f levels of

of

ound
(Gemyzemmcwﬂz) (e regired msﬁvéliar&m@&@% Bigse spesics ean
t
be é"rpé}éﬁg %g ﬁ‘ﬁ@lﬁ?ﬁ‘% dfPS rgé\?gtrt? or t h e secon dﬁﬁﬂgrjal yh MceBBes

30aspect of the
of (SD4EPY(SIFL;), with KGeHpatal 322 °Edickdspessiominately qombirafiens of

|nvent|on Ic
egow FPBh BRI A Gl TR BRSO
(2 Al dRRdubiost (Gélﬂmj(Slﬁﬁﬁiefbhﬂﬂsmpmgucad buiinisnendily separaied

fo%fhggwpgmg?g U0 ERShEL A 8L Sb.LANASIAT paut ane-

and atriflate
(CRUDSBiH Gt mixtetiel ane, with a conpound conprising a

GeH3 ligand under conditions whereby the
silicon-germani um hydride is fornmed. Thus, thls a pect
pr O\lh 8l ésrthredphcicbe prefentinkantion RrAwdesgntds i desosiing

Gf/ maf eaalﬂ on %%{‘ESQE% kCa LS ShaBB S EdnkREink St@ticing ihdol tiee hl gh

step substltutlon reactions to yield
cmmmamus RIPCUEROBRRENDFEING PY Gonustingiof o) & MOB; COFRGILS  j 4

tfond Whe AAERE SRR Bing b$i-G8 enaterial
am: n@?@ﬁhﬁﬁa?Qﬂ%IS&#%lrd aéggkt ﬁfhe coﬁ%ound

1xﬁmmpdp3ﬂngm§H@éFB ligand is selected fromthe
gr oup GARSERE Re p%gen@éﬁon Bﬁaﬂbﬁnetﬁcﬁdﬂ fdvid3gsaiting ad O
wherein Mi's a group IV elenment and

d 1§ Ficé 5fQ1?em ¢
epmagahﬁi-Ge layer on a Substrate, comprising mntroducing near a surfa
substrate a gaseous precursor comprising or consisting of one or more compounds
according to formula [, and dehydrogenating the precursor under conditions whereby
epitaxial Si-Ge is formed on the substrate.

In this aspect, the substrate can be any substrate suitable for ssmiconductor or
flat panel display use, including but not limited to silicon, germanium, silicon on
insulator, Ge:Sn alloys, SiO2, sapphire, quartz, Si:Ge alloys, Si:C alloys, stainiess
steel, polyimide or other polymer films such as those used in the fabrication of
flexible displays. In a preferred embodiment, the substrate comprises Si(100).

Embodiments of the gaseous precursors arc as described above for previous
aspects of the invention. For example, the methods may further comprise adding a
dopant on the substrate, including but not limited to the inclusion of dopants, such as

boron, phosphorous, arsenic, and antimony. These embodiments are especially
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In a further enbodi ment of this third aspect, the
nmet hod Conpri ses conbi ni ng the conpound conprising a
GeH3 ligand with a nonafl uorobut ane-sul fonic
substituted disilane, wherein the

refeﬁ’éﬁ&f)ﬂ samrcoﬁﬁmbmnsmswtds osfda@s %WthYIEﬁSe dnclysion|of prch
dopé{ﬁ{ﬁ?} sg CIOV i nggtgaﬂsjc}x?%gc r{( StarRERGHITAR irS .

["'uor oa 15sul fonyl and al kyl

thegltglfonyl substltut ed si |l anes (or ger nanes) can be
I & GeRYTRE fpfehntiGes3f CeH3

| | Sgﬁrb?'\(ltége eﬂna}ﬁ.tg?emg fer ag% %g met hod

cars&ma Kih Sahe se(nzbc)oadinttom gubsiSna @ﬂ@)@(@.cmyrz?rdman@ﬂm ry of
t
Serﬁ?‘g‘fl‘éﬁi‘%{g bségat c%x b@%@? Gﬁ?w stamiafd radikbds 30 ﬁrm')T e

forma thure \Narmng
carbdilﬁcaﬁ”be(msad ® rt:Cblcd:thle \m@éﬁlw q@@ davantpin tk‘?rﬁ’f“émﬁ 2bl y

' eh nOVEIRIpLiB] t
o St st o0
pr@bﬂﬁﬂudbdsﬁlra@ ounissigs @)d abggqppcgg(:@}r@l ta thefp tin‘ﬁl&mt e ur e

H3. | | t t
g a L RART R ER | s et co ot ses
CoNAk Hénmpstrates hetsim herdicenyggsFRIPRAY drides phthe § S?fg%\ﬁ ™ a
us%c[ "c]c ld%{)o%lt SHORL 'c{u %@dlayers Al Sidsades tandispher Ecbrﬁbg"eim&us
ut éd

€ substi di sil ane ¢

cofrBSIERa) 2d Sirain pycSlesglwBicat pe é‘lslggﬂg‘af‘fe“s&??é apd, giomically

lgn ggéng a GeH3 ligand is KGeH3. Even nore
P era

( S(B@g)elg%/r’gj ;:E\;eogggnggfgpqiﬁ%}l [ Setﬁ\ﬁéa’a_%ﬁ gs og ﬂ% mve{ltlon the

%}%ﬂpﬁtﬁﬁucmg‘{%a@wﬁs prefliesc bEn rises imfreduainig yheedasaots pré@oPr t
in s?llgsrtgngallr;]pﬁe%gr% In a further preferred embodiment, the step of introducing
the gaseous precursor comprises introducing the gaseous precursor as a single gas
source. |

Tn another embodiment of the fourth and fifth aspects, the step of introducing
the gaseous precursor comprises introducing the gaseous precursor intermixed with an
inert carrier gas. In this embodiment, the inert gas can be, for example, Hy or N.

In these aspects, the gaseous precursor can be deposited by any suitable
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 a preferred embodiment of the fourth and fifth aspects, the gaseous
precursor is introduced at a temperature of between 300°C and 450°C, more
preferably between 350°C and 450°C. Practical advantages associated with this low
temperature/rapid growth process include (i) short deposition times compatible with
preprocessed Si wafers, (ii) selective growth for application in high frequency
devices, and (iii) negligible mass segregation of dopants, which is particularly _critical-
for thin layers.
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(b) optionally warm ng the m xture to between 10C and
35C (nore preferably about 23C ); (c) stirring the
m xture under nitrogen; and (d) distilling the m xture
to formthe GeH3-Si H2- GeH2- GeH3. 51 n this enbodi nment,
| oW {aeiBpRetumien ebgdimentslqf the)fourgheand ifishpsperts( thegrspons
)2(Si 112) 2 wi th 109" dN8dETHr. In one
P’e%‘%)r‘ff’éfcﬁ%tf pﬁ'ﬁg? ﬁ@rr%%%i%%/@?gvel s of 5
preﬁ%&gb%ﬁﬁhtﬂﬁghﬁbu%mcm;;?éfné‘P‘ih@_éd @t&eageegéo Torr and ]
- ek s R et Se IRARIIES)) CRNinBBerSRdTatal €
105%“49@{@,53(11151?@%0“ I'n %lg%it Fast 1o tﬁég’) I_gownt errlggr ature
emitAliaa iR, gatehes preacor o intefucesaderernlis; ko and 1P Torkce Ha
at T.? i . predom nately conbi nati ons of 10
COYEGFF@nﬁB%%’f‘rPgr@ g‘%“gglr?g% s (Ge}13)2(042)2 and
( GatiSyrdSh bihSi friprrédrembadigientd, the S material iy fqrmasdeon the
ampunt  of. (GeH3)2( S A sSrfatleShe BorAsHdRiefl ot Sit hi s
“%@?%%(f%‘?g%epabé{eghﬁg?ﬁ%e_ bulk via fr act | onal
GeGhiakirinl is abstamtially onifarmeandoobherntjre Sspdyeframpgyvork ol the
Got3) el hielinkd ME §i-Gd-Bhierial of epitakial Sisgect , t he
gagpE é%f?l‘s‘?ﬁvent ontepr ovi dels nmet hods for depositing a
Si- Ge material on a substrate in a reaction chanber,
conprising introducing into the chanber a gaseous
precursor conprising or consisting of one or nore
Exaorppsunds according to forrmula I, under conditions

me&ﬁ@é&naﬁé@xﬁﬁmﬁeme (SRS (A feened teds G SHAed
on the " su

strate. 20Iln a fjfth aspeg e S
SiHeGeHB (b (@ﬁ)ﬁaﬁﬂﬂ&%ﬁ%c@efr&ftodﬁsgg’gmqe%gh(grﬁ% p@?é&dl al
(Géﬁg%iﬁzayﬁ QBfeRe® UDSION @5 GEHBSIHRIGII-GEHd (R Pigle

nedr a surface of the substrate a 0asequspLECU:Sel.
hysgisgsr with neppbFatioph dp sioPn FrgFmadhe “SFkor e con‘poqnds
oﬁ@éfé&frgdi@ Qb fiomesin demoratistediehYlr cgmpeditiang], t Vilrational,

precursor under .conditi.ons wher ' Lak: Si- is
SR OROTHES PRRT: A P SR kA ipbby AR
rSHRslEALMRANmAe Segtrosebyt Ratherfardi bagkicetterigg, and density
sem conduct r flat.panel, di i Wh Migedput
fipstione} LB %{)B?)s i SI‘T@%‘H’,%S' ge Ithé; na?lgl s s F’?{ég‘g nﬁlgdn ©
(Gfllfg%ksmgf (1) Gad glaefabzl(ﬁimﬁeHSi @ compoypd gxést :ﬁ%ﬁr?@? ofgthe o
alloys, Si:Callo . al . 5 i o
rsrpeig e FTrmi AR TEE 1o gty 24 [ BercORer
af 3DPE.c ahé oonfadnafibrek plopertiotissip [tagyspmpley VETH fetermyined ysing a
enbodi ment .. th b | $BfcShd 420k t3fprod
nEWb%a?%r’%%duBef %‘{haé‘gl %%@g%gggggggdur sorc s are a% deprc‘:)r 1imt?ed
tadsevobsdrar oy eviyigs thaspeRel SUEPITY, HECGURRRIN TRl AN dp g

exanpl e | { dht (Gdm b elgddsnigps athen
GoRsRe 8%@3%@3%@??%@% iho (e ﬁ%%mt),?llgts?l | mided 1o
tritieedi tocfabridatsn SiafoCeop aprrisondustemalleys peestng IsLL NS BUE,
&h egtnéfctfl %Hzgur@&t | B qukli§ S8yeRedi i@t Siadgas source MBE
especi a Ty preferred cf‘or sem conductsgr 4§Ub’§t r tg@ lay
disetly as SO0V e denrpcedanted) QY| GEPEANESE IR dopdlt St o
he L CORHIGHGHal SHD StbairbiBfiles; Abw iEreadiy disidcatinn dingities
}técfng)ﬁgrgerg%f nmet hg%llg‘{al n bl ? B vsi
and atomically planar surfaces. Low energy electron microscopy (LEEM) analysis

has demonstrated that the precursor is highly reactive on Si(100) surfaces, .with Hy
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the art. In another enbodi nent, the nmethods conprise
adding varying quantities if 5carbon or tin to the
sem conduct or substrate. Inclusion of carbon or tin
into the sem conductor substrates can be carri ed_out
desdi)p‘tnoﬁtkamdarodmmhﬁi@ubsthdsn of GeoHardespiteriks reeserssof sEgreSrHysed

to redu mpbility of the dopants in the structure
bonds i thedn ecg{ﬂé%‘i“?ﬁ“’é’auy boron. Incorporation of Sn can

yield materials with novel optical properties such as
Resdlit§ &ai Dis¢dsded on and absorption | eading to the

formation of Si-based 10l asers and hi gh sensitivi tK
i nﬁmars(}xdh@hodfahhememtmo@ct hg-digsrmoyidisitane.dELERr@Eith): dhe
wag Bcclargﬁ gsg {llgargachs W‘i{(’?e‘iﬁ%ﬂf the %néfﬁ%ﬁ)ﬁﬁth&nsu%ﬁ@ aHged

ayers on substrates that

tnfﬁtesslibaituthd) rdmgén; ZG& 9@@3)@%;&‘&)0 i dhapnda (P:6FY éﬁlﬁ?—)@r@ i es,
th it
illu agégatg [ E@Ci' ng 4i %;%?t?\te D”rﬂ@@éh&g%@ﬁﬁ @} and S Wik

rf Aces. preferred enbodi nent t he
preparett bi rawnibuf iof thh carsyspendingonlferiradidpidtsldh, anf HeSSdp of

wﬁkﬁ?ﬁg—gﬁgl %Hf)ﬁgq%%ﬁﬁ%spe&%wﬁ sor conprises

gaseous precursor |n substanzlally

p ur 650;65F)-2(Silk)ar TKGeFher FeEe)eSithy *AFb¥ e MEnt (Dt he st ep

o S A sy

sou r(m:@lyllz(ﬁ’llfﬁu) W4%68@?%ﬁ%)2(m 2“?18?}%5 23)a nd

fif ‘(ﬁ (ATRESHLS, + 3 HSOFIFS P> QO,CBY{(Sitil; Hgolube) gé¥eous
C

precursor conprises introducing the gaseous precursor
interm xed with an inert carrier gas. In this

Tlﬁ\lznp&gé ”@@,Ee%bgﬁ ggy ggliti];tl)?fﬁgnsﬁswmljaeproﬂmes eglggrflsmglel-jmam

ChdopeSitbsaihgs arpcse PR e I e, et RIoHE o

5o g’;ﬂg b?@}egag) o&ﬁﬁteﬁélﬁﬂi\%!%'l dﬁﬂieawéuﬁﬁmhm Ritepf (mgﬁg)aqsdm)n al
vapor eposi 11 as

(hoppRrtsb et i ERaR o A b Mk of B

eposi t|on

K ALI0MhE (R BISIHIPADS itkiiohutalernalop (Gs o FiESIBRLEH Pt

the Gct-rl?c:% derllﬁlar.t}vg (8nlq3)o(é1{—lt é‘v]e}?? p(%? tdgpenzhng oHARGAHR conditions.

Specifically, low temperature (T <-10 °C) reactions of (SOsCFs)y(SiHz), (5) with
KGeH;s (Eq 2) afforded predominately (1) and impurity levels of (3). These species
are separated by distillation and the minor low volatility fraction (vapor pressure of ~
1 Torr at 22 °C) was characterized by a variety of spectroscopic methods as the Ge-
rich derivative (3) possessing a heteronuclear HoSi-GeH, core (Fig. 1). In contrast to
the low temperature pathways, the reaction of (SO3CFs)2(SiHy): (5) with KGeHs at T
>22 °C yields predominately combinations of the positional isomers (1) and (2) in
varying proportions (a small amount of (3) is also produced but this is readily
separated form the bulk via fractional distillation from the (1) and (2) mixture). In
this case the replacement of SOsCF3 by GeHs initially occurs at the 1-substitution site

. of (SO;CF3)(SiHp), (5) as expected. The second replacement likely produces

germyl disilane, SiH;SiH,GeHs, and a stable germylene intermediate (GeHy) rather
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precursor is introduced at a tenperature of between

300C and 450C, nore preferably between 350C and 450C.
Practical advantages associated with this |ow

30t enperature/rapid growth process include (i) short

tharél eﬂﬁ@SllQJdigfénﬁy}dfﬁ&né;O(H)ﬁe)z(ﬂlﬁz)w tih prisprioc et e@elbi into
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gaseous precursor
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Gel- 13) 2( Si H2GeH2 t
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presence of strong Si-H bonds in the nol ecul ar
structure. Results and Di scussion
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5The synthesis of the main product
1,2-digernyldisilane, (H3Ge)2(SiH2)2 (1) was
acconpl i shed via reactions of KGH3 with the
nonaf | uor obut ane-sul fonic and triflate substituted
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121 and —93 ppm, respectively. The “Si chemlcal Shlft (~121ppm, in CeDg) due

l‘F

the central Si atom in this molecule is similar to those found for SiH(GeHa)s (~113
ppm in CDCl3) and Si(GeHa)s (—128 ppm, in CDCls). A close correspondence is also
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-Si H2- Si H2- GeH3 + GeH3 Si H3- Si H2- GeH3 + GeH2 --*
(GeH3) 2Si H(Si H3) (6) Si H3- Si H2- Si H3
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(H3Ge)2(SiH2)2 (gas) 2SiGe (film + 5H2 (gas)(8)
(GeH3) 25111(Si H3) (2): The isobutane-like structure of
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(GeH3) 2(VH2GeH2) (3): Compound (3) is a byproduct of
the reaction described by Eq 2. Its gas-phase IR
spectrum shows the Si-H and Ge-H stretching bands
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Structural and thernochem cal properties: In order to
corroborate the identification of the (GeH3)2(Si H2) 2,
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5 GeH2 noiety exhibits a slightly | onger Ge-H bond
(1.542-1.548 A) than in a GeH3 term nal group, as

expected. Due to its unique structure the i-Si(Si GeGe)
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solvent peak as indicated. IR spectra were recorded using a 10 cm gas cell with KBr

windows. Elemental analyses were performed by Desert Analytics (Tucson,

Arizona). Gas chromatography mass spectrometry (GCMS) data were obtained using

a JEOL JMS-GC Mate II spectrometer. Powdered lithium (Aldrich), lithium
tetrahydroaluminate (Aldrich), trichloro(p-tolyl)silane (Gelest), trifluoromethane
sulfonic acid (Alfa Aesar), nonafluorobutane-1-sutfonic acid (Aldrich) and electronic
grade germane gas (V oltaix, Inc.) were used as received. The starting materials p-
tolylsilane, chloro(p-tolyl)silane, 1,2-bis(p-tolyl)disilane and 1,2-
bzs(tnﬂuoromethylsulfonyloxy)disilane were prepared according to literature
procedures and their purity checked by NMR spectroscopy. Potassium germyl was
synthesized in monoglyme using sodium-potassium (80% K) alloy. The coupling
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" (m), 442 (vw). "H NMR (400 MHz, C¢Ds, 7.15 ppm): 3.106 (t, J= 4.1 Hz, 6H, Ge—

Ha), 63.290 (q, J= 3.9 Hz, 4H, Si-Hy). 29Gi NMR (79.5 MHz, C¢De): & —105.0 (this
value is close to that observed for (H:Ge)2SiH, at -102.45) GCMS: m/z 210-196
(SizGeaHy"), 180-170 (SiGexHax ), 152-143 (GesHe'), 140-126 (Si;GeHsx"), 107-98
(H3SiGeHs"), 77-72 (GeHy"), 62-58 (SiaHex "), 32-28 (SiHs ).
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1. A conpound of forrmula | SiHni (GeHn2)y, wherein 'y
is 2, 3, or 4, 5 wherein nl is 0, 1, 2, or 3 to
satisfy val ency; and wherein n2 is independently 0, 1,
2, or 3 for each Ge atomin the conpound, to satisfy
valency 2. The conpound of claim1l1l, wherein nlis

. Th d. of,
B RrshiT ety 91 Acpls gt (oGP RBTERF G e P k) iud.
addQch%Hﬁx‘} of %.401@0.9 aﬁmmeuHm dibthy ethen(36 md») [t 130 °¢. i s
3, then'nl is 1, or ggggundtof %'ah, %hgr 2
Thwmmgﬁ rwag then warmgd tﬂrﬁé G&P&oﬁﬁf& TR %l a
vol:gt}léé ‘%}g T’g%ﬂ)\/\%l éj @istl?t}ed Zﬂd the %Q@éiﬂgmﬁﬂ pﬁﬁdu&ﬁﬁ in Iperedbrm

8. The conpound of any
waseuiieaéd atbaﬁwilarﬂ(o &(::Tlﬁ/‘tlﬁﬁ)l ki |icon germani um

hydride is listed in Table 1 9. The conpound of claim
1 wherein the silicon germani um hydrid

(SIB GEH Gl )3e Hehe compoynd dbhelieasd 45h yp&slﬁﬁrlil irqef%n??w b
Hs eSz‘EslﬁSEBRdJQQsSnsé}&Q@\SﬂeB&teh QistiNY¥tidANBro@dh U-traps under static -
vacuum maintained at —20 and -50 °C to collect SiH)GeHy(GeHs); and
(H3Ge)x(SiHy),, respectively. Vapor pressure: 1.0 Torr (22 °C). IR (gas, cm™): 2145
(m), 2073 (vs), 910 (w), 878 (W), 793 (vs), 723 (W), 679 (W), 615 (s), 443 (vw). !
NMR (400 MHz, C¢Ds, 7.15 ppmj: 53.30 (sept, J= 3.9 Hz, 2H, Si-Hy), 6323 (t, /=
4.6 Hz, 3H, Ge-Hs), & 3.13 (t, J= 3.90 Hz, 3H, Ge-Hj), §3.03 (sept, J= 4.0 Hz, 2H,
Ge-H,). ¥Si NMR (79.5 MHz, CeD¢): 6 —98.2. GCMS: m/z 256-240 (SiGesHiox ),
230-212 (SiGeHzx ), 184-169 (SiGe;Hsx'), 154-141 (GezHex), 136-128 (SizGeHs.
1), 108-98 (SiGeHe"), 77-70 (GeHay "), 32-28 (SiH4).
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20cl aims 1-8. 11. A semconductor structure,
conprising a substrate; and an Si-Ge |ayer formed by
i ntroducing near the surface of a substrate a gaseous
precursor conprising the conpound or conposition of

RE?@KEN&ESOf clainms 1-10. 2512. A seni conduct or

structure, conprising a substrate, Si -
1c dfgoneys Priy - £hdle Rodre: v YA of- g%qﬂg%gaﬁgsoulndgeolrayer

2C Oﬁﬁaﬁagj Igil\ﬁ’.nﬁoéafF.MWnﬁﬁl RePIMALASHE2000,150, 4313. The
sem con

uctor substrat f claj . i
3e doet FaEecmo¥ons To Benai et B kamier o Mg Bt ©
2u st.{’ g:sgh?%rmys,qsgsmm_cloai ne 11-13 wherein the
ri.s . , '
Sl i o Sl Bk ST AR

rern
gaggous precursor conprises one or nore of the

S UBdEr S Ber Pl G AMA7H% *10- 15 wherei n the St Ge

él. Zﬁ‘rﬂf,ﬁgg’p.g E&ﬁ@v_edﬁm, SiEGeLirighon Thay iLeiz, . (Wii Elrasetsl, SiA.

of Aty e 6o 9%, 2 B 1T05 wnerein the SiGe oo

7. Ritter, C.J.; Hu, C.; Chizmeshya, A.V.G.; Tolle, J.; Klewer, D.; Tsong, 1. S. T.;
Kouvetakis, J. J. of the Am. Chem. Soc. 2005, 127(27), 9855-9864.

8. Hu, C-W.; Menendez, J.; Tsong, L. S. T.; Tolle, J.; Chizmeshya, A. V. G;
Ritter, Cole; Kouvetakis, J. Applied Physics Letters 2005, 87(18), 181903/1-3.

9. Nijhawan, S.; Mc Murry, P.H.; Swihart, M.T.; Suh, S-M; Girshick, S.L.;
Campbell, J. E. Brockmann, S.A. Aerosol Science 2003, 34, 691-711.

10. Soldner, M.; Schier, A.; Schmidbaur, H.; J. Organometallic Chem. 1996, 521,
295.

11. Gaussian 03, revision C.02; Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.;-
Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven,
T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; Iyengar, S. S.; Tomasi, J.;
Barone, V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.;
Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J;
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li, X.;
Knox, J. E.; Hratchian, H. P.; Cross, I. B.; Adamo, C.; Jaramillo, J.; Gomperts,
R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C;
Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.;
Dannenberg, I. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M.
C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J.
B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B.
B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J;
Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.;
Gill, P. M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J.
A.; Gaussian, Inc.: Wallingford CT, 2004.
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| ayer conprises an SiGe filmhaving a thickness in a
range from50 nmto 500 nm 518. The sem conduct or
substrate of any one of clains 11-17 wherein the Si Ge
| ayer conprises an SiGe filmhaving a density of
bh@adilnScdehacP R.;0Vacti0 63 1Sadleysr, . Blugng, 10Q7krszczynski J.
sem conduct or éz%%tggﬁe of any one of clains 11-18
whighea R He398% 4948 conpri ses an SiGe filmhaving a
BURBLAMNI Bl Tetaradep Hi.;pHtk,| B.S pGassak. MsiSetinaideauno pMishb dy/. 10

20. The_senj conduc substrate of any of clainms 11-19
mh@@@ﬂWwWEkggaQ@d%giprecursor conpri ses
Ge H3m S HoMGBeerGERI3 Wakh, R THemsRayi BRI LYB. substrat e

f £ clai = &R '
G ab oA bR P B b L SRR STERE g 1552

sempgegguct or substrate of any of clains 11-21 wherein
t he 15sem conductor substrate further conprises carbon
and/or tin. 23. A nethod of synthesizing a conpound of
any one of clainms 1-9, conprising conbi ning a
conpound sel ected fromthe group consisting of a

nonaf | uor obut ane-sul foni ¢ substituted disilane and a
triflate substituted disilane, with a conpound
conprising a GeH3 |igand under conditions whereby a
conpound 20 according to any one of clains 1-9 is
fornmed. 24. The nmethod of claim 23 wherein the
conmpound conprising a GeH3 ligand is selected fromthe
group consi sting of KGeH3, NaGeH3, 25. The nethod of
claim 24 wherein the nethod conprises conbining the
compound conprising a GeH3 ligand with a

nonaf | uor obut ane-sul foni ¢ substituted 25di sil ane, and
wher ei n the nonafl uor obut ane-sul foni c substituted

di sil ane conpri ses
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(S03C4AF9) 2(Si H2) 2. 26. The nethod of claim 25 wherein
t he nmet hod conprises conbi ning the conpound conpri sing
a GeH3 ligand with a triflate substituted disilane,

and wherein the triflate substituted disil ane

Wwe Q@RI i ses (SGBCF3) 2(Sill12)2. 3027. A et hod for
deposi t

in Si - material on a substrate in a
reé@PWBW"gﬁg%%?%conpri sing introducing into the
cham)e(Gel Haseous precursor conprising one or nore
conpounds C ing to any one of clains 1-9, under
comFERgs g &

eréby a | ayer conprjsing a Si-CGe nateri al
i S viverenrd io6 It her 3 tsetisfiyaencypdda net hod f or

depgsi ting a idah.al 2.9k 3 @ ch@y®e atan iraths cdpspiouad, &
coﬁ%ﬁfeﬁrﬁgslnﬁ?pgg%ﬁbg?n’g’near a surface of the substrate
satigfyGal&®@uUS precur sor conprising one or nore conpounds
accordin nGnatinah &2a: 31-9, and
2. deﬁ’g}ﬁr"fﬁlag%ug‘??ﬁg%?ﬂéapr efcl:lur sor und@{j z?nd%fe&gg& er eby
3. epi TibmpouSi ofaiims], bereiadl 1ok 3¢ tHeP TP & LTSt € 5729, The
net hod of aim 27 or 28 wherein the step of
st A GanP g

t he gaseous, precyrsor €9 ihses
4. i nt Tiechowipeupdiof elaignb SHEIS! ‘E%E r@‘S‘i“luc‘ﬁqg‘%bzét antially

pur g, f The1 bl Wi isd.ai m 27 or 28 wherein
5 %h C Eﬂ[&’

‘the &t ep olf} i ntroduci nlg, ttie aseous recursor :
6.cpnﬁh¢m0mﬁtqf(‘}%‘?ﬂer?§° e g4a e6"usyprécursor as a
7;'8nQ" EcdiboumiBtiafrfone of claims344 whdnen prethod of claim 27 or

erein the step qf jntroduci.ng it SoMEm 10
8.pr ede mpomﬁraf%%‘gﬂ q%ﬁla}“bsc}l]‘g‘lvﬁ%élp%ee Sggglg%ﬁs precur sor
h)jdpﬁg{sﬁ'k%@ﬁ’l%féh an inert carrier gas. 32. The nethod
of clarm 30 wherein the.i

er.f. i  SORN HS-ES
9.112. Thggompyad Al gt} tg? ?nlﬁ%pé%\%\‘;ﬁlléa?g]i“%ﬁ?rhle i nert
SERIGdPlcaas conprises N2.

10 A composition, comprising two or more compounds according to any one of
claims 1-8.
11. A semiconductor structure, comprising

a substrate; and

an Si-Ge layer formed by introducing near the surface of a substrate a gaseous
precursor comprising the compound or composition of any one of claims 1-10.
12. A semiconductor structure, comprising

a substrate; and

an Si-Ge layer comprising a backbone of one or more compounds or
compositions of any one of claims 1-10.
13.  The semiconductor substrate of claim 11 or 12 wherein the substrate
comprises silicon. _
14.  The semiconductor substrate of any one of claims 11-13 wherein the substrate
comprises Si(100).
15.  The semiconductor substrate of any one of claims 11-14 wherein the gaseous

precursor comprises one or more of the compounds listed in Table 1.
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34. The nmethod of claim27 or 28 wherein the gaseous
precursor is deposited by 15gassource nol ecul ar beam
epi taxy. 35. The nmethod of claim 27 or 28 wherein the
gaseous precursor is deposited by chem cal vapor

16. d€ MRS idi@Aduciis subbinge ofiiny ok affclajisl v Pwhesein thg S\I,@f‘er ei n

t he gaseous ecur sor
favep BB BRAB SGDBE T ARt S A BRfoRmiftod TPET R LTS
17.0r TR8 sém&fnﬁudﬂortshlﬁtrgasmu snpeidaims bF-16 wherpin fsdiféed at a

laye?*%ér%ﬂafgslfzh Hkﬁ?gake'm%gsﬁam%%é \M%[nrge #04 5@99@0 joUdm. 38.

ein the Si -G
18. METRE |séﬁucd>rﬂu<ftﬁlf snesttate of ariyens gbelaima fl 13 ¥heyein the SiGe

strain-rel f i
1aye5|cglﬁgr|1se§m ? é{; glln? gglmrg" Cf%lrl%&)é)ﬁ %géag Fn‘é% glet?nbﬁglrgé/%?’dr Méds.a
19.Wher@isemicheiuctonmbsiateiof ayofe ficlaigis-1&d 8 ersin; sid

25i ssubst a 1 | f Qb

t Sadsethcec! ai m 27
laygf;cOBBTIRER Y @) r?q‘{hh seous npé@%:ﬁ?@%?ﬁ?% desposTt ed by
mogjha&gﬁ enhanced chem cal vapor deposition. 41. The

od of c
e MepsBipfyBlyhpleiorth MUHIR: N0 Rudhn bR pisecur sof
prddﬁﬁ@%ﬁlpﬂses Gap3-$H2-GHB-GeHthod of claim 27 or 28

t NE LR85 SRS PIRrHEAMimb $1-deRA&E by at
211 J'eesgrel[ucogf?lﬂ)on 4§ Thgymet Hr(r)ld%? glﬁall?nﬂg7 grangC
semtaemhamnr $thra@rﬁmh@e campprisgeic 0BGy amewor k of t he

72.  The semiconductor substrate of any of claims 11-21 wherein the

semiconductor substrate further comprises carbon and/or tin.

23. A method of synthesizing a compound of any one of claims 1-9, comprising
combining a compound selected from the group consisting of a

nonafluorobutane-sulfonic substituted disilane and a triflate substituted disilane, with

a compound comprising a GeHj; ligand under conditions whereby a compound

according to any one of claims 1-9 is formed.

74.  The method of claim 23 wherein the compound comprising a GeHjs ligand is

selected from the group consisting of KGeH;, NaGeHs,

25.  The method of claim 24 wherein the method comprises combining the

compound comprising a GeHs ligand with a nonafluorobutane-sulfonic substituted

disilane, and wherein the nonafluorobutane-sulfonic substituted disilane comprises

(SO3C4Fg)2(Sitz).
26.  The method of claim 25 wherein the method comprises combining the
compound comprising & GeH ligand with a triflate substituted disilane, and wherein
the triflate substituted disilane comprises (SO3CF3)2(SiHz)o.
27. A method for depositing a Si-Ge material on a substrate in a reaction chamber,
comprising

introducing into the chamber a gaseous precursor comprising one or more
compounds according to any one of claims 1-9, under conditions whereby a layer

comprising a Si-Ge material is formed on the substrate.
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gaseous precursor is incorporated into the Si-Ge
material or epitaxial Si-Ge. 44. The nethod of claim
27 or 28 wherein the gaseous precursor conprises one
or nore conpounds listed in Table 1. 45. The nethod of

28, 2 (r)] YA ?{gg,g@foégg ,ms a,?epﬁéua/lm‘-seuayet (hfa sgammumnmmmgr sor
S

o b adugne e & B7a0" L3 APt 4 SRl LTt B s g

ses
or Sibrelc6:APounds’ acca;hﬁg feink ofk @ffclaithal-8) =h6 delyidegenating the
substrate conp

e Si
pregefaQUndgr ﬁ@“défﬁ’és 8 {tw%bﬁﬁ &goré%egé) B%ferf aﬁst gteany one
290f  ShAh ok i3 clafin @fnorlzs@\rhteregﬂﬁe stdfofdftroh@ng hegassousi on of

pr%:argﬁ'ar?oglgﬂ@?hﬁr%ﬁ' g s refEr §§a“%&?f"q’f‘r5f°prm e

30.  The method of claim 27 or 28 wherein the step of mtroducmg the gaseous

precursor comprises introducing the gaseous precursor as a single gas source.

31.  The method of claim 27 or 28 wherein the step of introducing the gaseous
precursor comprises introducing the gaseous precursor intermixed with an inert carrier
gas.

32.  The method of claim 30 wherein the inert carrier gas comprises Ho.

33, The method of claim 30 wherein the inert carrier gas comprises Na.

34,  The method of claim 27 or 28 wherein the gaseous precursor is deposited by
gas source molecular beam epitaxy. |

35.  The method of claim 27 or 28 wherein the gaseous precursor is deposited by
chemical vapor deposition.

36.  The method of claim 27 or 28 wherein the gaseous precursor is introduced at a
temperafure of between 300°C and 450°C.

37.  The method of claim 27 or 28 wherein the gaseous precursor is introduced at a
part1a1 pressure between 10 ® Torr and 1000 Torr.

38..  The method of claim 27 or 28 wherein the Si-Ge material is formed on the
substrate as a strain-relaxed or uniformly strained layer having a planar surface.

39." The method of claim 27 or 28 wherein the composition of the Si-Ge material
is substantially uniform.

40. The method of claim 27 or 28 wherein the gaseous precursor is deposited by
plasma enhanced chemical vapor deposition.

41. The method of claim 27 or 28 wherein the gaseous precursor is deposited by
laser assisted chemical vapor deposition.

42. The method of claim 27 or 28 wherein the gaseous precursor is deposited by
atomic layer deposition.

43, The method of claim 27 or 28 wherein the entire Si and Ge framework of the

gaseous precursor is incorporated into the 8i-Ge material or epitaxial Si-Ge.
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44, The method of claim 27 or 28 wherein the gaseous precursor comprises one

or more compounds listed in Table 1.

45.  The method of any one of claims 27-44 wherein the gaseous precursor

- comprises GeH3-SiH2-GeH2-GeH3.

46.  The method of any one of claims 27-45, wherein the substrate comprises
silicon.

47.  The method of claim 46, wherein the substrate comprises Si(100).

48. A composition, comprising one or maore compounds according to any one of
claim 1-9 in an inert gas.

49.  The composition of claim 48, wherein the inert gas is selected from the group

consisting of H2, He, N2, and argon.
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