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[0005] This invention relates generally to semiconductor materials. More
particularly, it relates to a method for growing epitaxial Ge-rich SiGe layers on Si substrates
using single source (H3Ge),SiHs. precursor compounds incorporating SiGe, SiGes, SiGe;
and SiGe, building blocks.

{0006} The growth of SijxGey alloys on Si(100) substrates has been the
subject of intensive research over the past two decades due to applications in high frequency
clectronic devices. Several comprehensive reviews describing fundamental issues related to

materials and devices based on Si-rich alloys have been written recently. These include P. M.



materials and devices based on Si-rich alloys have

been witten recently. These include P. M Money and J.
W@20061081257 Si Ge Technol ogy: Heteroepitaxy and HghuSwesl2157

M croel ectroni cs", Annu. Rev. Mater. Sci., voI 30,

Mooney2O0R8  BP- 0'355@%62 “SMie TrRIRNABEY:F HMerdpfigny " AHY a'}@l%ﬁ—Speed
|n situ ultra-high vacuum el ectton m croscopy: G o

Microelesftrogic6s AvmuSRey. Maten. SiRewol. 981 2000, 8pi 355-3@R; Ms'ﬁronaDwF M.

431- 44 Br unne Si / Ge_nanost,ru )

Ross, “ Ry s b hiGh AR Hggtrof miSEesloRE (RN B350 pm 51

Annu. ReQO0iéter Q.81 SUMADBSHS. 431€2439 aAd K. Bi@nrieWO STAlRt nanostructures”,
commonl y used t echni aues for the heteroepl t axi al

Rep. Progr Bwsh vok 68 No.xdcdsn. @0%ipp. &7132rml ecul ar beam epi t axy

[@bﬁju mu:: Ihleﬁmacl:lzr;?q ing%éos?s ‘Z‘ Wg nﬁ‘%ﬁ%’%é%?&%}lw it Qé&!ﬁiques

for the I@@Sogiakab gidBih ot Bl i,Bepon S0 rﬁfr@ moltecdrar Besm Spitixya@VIBE) utilizing

sl S g ehe o eSS By i D oVD) o

s s, TGS 9Nk ek 1 Sen B b Sy G o

disilane '($eM g ahd>digirmane G EM). | Syodr grewficby MBH [saiega:rdmd ibynore detail in

ol AR M L i e
stramed[‘i% 'sﬁ%éilﬁﬁ bfr‘ 9 &1 B el ephix P, 7 WadK8Y §echnol. A, vol. 2,

epl taxial germani um SI ['1°con
No. 2, 1984 méﬂtﬁﬁéﬂu@ewﬂybscgmwme MBFois rdesiaibed i e detsiitby D. W.

| . - B, | F 1993 . 22-91. .
Greve, 5wl MUy ERg R BspBobrvasriosocht Ghmmigt vapour
depositibhte Mat NS SR AIRS vO1 18] Ny, 66 .1998epl 2251, i S the

formati on of strai ned défect-free Sii xGex fil ns,
Ra08Ih may Tlaite arch&ve onain otbjestives f@ddqvalpemg these materials on Si

wafers, SRS € Fymafty 7 SELbOEde Rk pee i CFE R, sy gy s e

form of ‘sfeEN&l layé&/ sﬁpeﬁatm@dsn%jdds&ﬂ%d BUN €. Bk, 1G €. Gelitanh. T. Fiory, S.
ol ecul ar beam epi t ax Vac. Sci. Technol. A vol

Nakehara, andol. Jo, Ralggson, gexéiegsmtmmem@y@rewaamge iy by apolecular-
beam epq{axgg PtSc'l S%egcﬁg% ggﬁﬂfgg ?te 4? op. Agité o e’i’%f& %eco?d is the

growth Slf doheﬂan’s yasarﬁssandhqmuﬂﬁedmse dURtlr védyerctablyi daat fons dfas been
h speed. el ectronics int e%bat ed wwth_ Si, The Ge-r

concentm oy 8rosyth offimicheysicms g ate 1s7d oy the fbrigatien of i speed
electrong:rst%ﬁttegﬁct ek &l rRe BALAHE Mﬁgﬁ%@raﬁ; 1'119{3!?169_1: develo ed in S]i)lte of their

roni ¢ devices 1nc quant
great poderitial ar fiturp rgehexd‘ednmcd)ﬁm;ﬁoelecﬂrmm devacrd ih¢lgfing pmdﬁ quantum well

.., _modul gtors coverin vvlder | R wavel engt hs,
emitiers ﬁgmgﬁfﬁ@m{sh §RY & ifivufiors o gie S5 e of IR

waveler kﬁcl eaéHiinrﬁum\g‘Qt'{@lf fvl/ﬁ)’elengﬁ’l &5/ P85 Gon. Cl@@ﬁ?l Konig and F.
ETS wwih high transconductance grown on

Schafﬂ@u B etyae e@é cHaggel M@BFE&‘S Dethi muétatlsqondmtan@ graven on Si

substratgﬁ” %beﬁg P§e§8 |It9 ﬁ§4e]ﬁ810 $é§1 %ﬁg%%’&i%ﬁ gﬁglﬁ ‘ange

j090d].ahl y Hasichad ef ko aehi 'aﬁU}% 4808 rtﬁ@@ﬁtﬁb\e@n@amoﬂmange is
and strain engineering in Si-Ge system Materials

highly dastrhblsetor dchieve oyooreheasive rhané rgappand: steaih enpipegdrg i e Si-Ge
system. Matena?s wﬁt\{ e r?c%econcentratlons are particularly desirable for the development

of virtnal substrates and buffer layers on Si for numerous device applications based on

strained group IV materials and for integration of III-V and II-VI optical semiconductors with

Si electronics.



of virtual substrates and buffer |ayers on Si for
numer ous devi ce applications based on strained group V
woradoe/0325Fs and for integration of I111-V and | 1P&/US2005/012157
optical sem conductors with Si electronics.[0010] Si1-
Geolayers viit hget rayérsf reRh MsehRsied!CliERs@iduiéar P! Qariable
conposi tions and lattice constants are currently used
compopiionh qndt leftise psientssas ewrantlyt used By byiustiabprogssses as virtual

[ o Qf ...high ,mobi L ectrponi ¢ devi.ces based,:0
subsiraff 1 Bl beigRBb L} ele B R BIGIITifRa ha Ge films
(chann&ls). B.Se&aviaTe Gitie, 1S. B Shangdam, . AV Lugidbz C. aWd LEitz,And E. A.

) Fi t;‘ggral d, "Control]ing.threading dislocation i
Fitzgergldh sT-pnigalling thogadipe dislogationydensitive dn Siecn Figypinessradnd SiGe layers

o A G310 A RSB0 Lo 98) 205, it 109, oo 171
1720. i Byrinttodudigg a fensiki ineplame ptraineinsthea$inchanntlhehSielectron and hole
...channel, the electron _and hole nobjlities of Si can pe .
mobiliieEghgiicBape ghranetisalbe amaﬁ%ﬁw@mf%waﬁl_ C@&?Pd@re%ﬁ&yawapon oxide
semicdihéthr g@M@g) é@ﬁ‘e&%ﬂgﬁfo&’é déﬂd%ﬁ& £11f &8k for strained Si
tors. ck t d

transi e standar materi al sta or stralne
CMOSSilevigidBiadendrates a bniko¥ig{or 8Ossubstoatt ke Bick(Sir.@Abutter layer (with a

. substrate, a thick Sil-xCex buffer._|ayer th a. )
single E0AR0EAt b GutdBH Moty ObfaaiERd P ATy TGl (apslius) g a thin
tensileVWrehel8; tohRhnf] Q?@Qt%fchﬂ?ﬁﬂbo-%@d R thiBk.N See P. M. Mooney and J. O.

tensile-stressed Si “channel [ayer, typically 100-500 A

Chu, ‘tSiGekTehaelopy: Meteavoepiieyy sand Bligh-8peednhMicrogieGeonics”, Annu. Rev.

chnaol ; ter j t,a Hi. ah- Speed .
Mater o5 86k 88 70507 DRt DS o &ancyty buifson top of he
strained 1 Qhalid] usidg -c3fventioAISCNE)S fR% e, SSIDIGEURITr Mayié kith high
on top of the strained Si channel using conventional
Ge contmbdx0-6@-8s/9) arg. nesiled te@shiche highymobilitessingireted Sy phagacls grown
t = 0- . .8V i
on reSORIRR IS PR e Akl AL R0 N el x and become
three thiéd Righteghan Shat TdTebut 8i | fof ke8.70Na¢ dasabedBPMNLC dkebyand E. A.

. with increasing x and becone three tinmes hjgher than
Fitzgexaith { Hele mabilityspnhppeements moangmetea-seale plaaingsd Sifjpon heterogtructures
. ' eral-d; aHol it a [ :
grovm Bl e SR 7 ABPL PRI ot DANFEAPREETR0L vl D590-259%.
High r@d&l{)my soinired-Siiaath Gecdraxieel i High Geformahce ﬁA]:apd:ffeﬁPhylﬁsistors (FET)
vol. 94, Nov._4, A 2003, . 2590- 2596. Hi.
and bipplgy frapsjstetsy aﬁﬁ%@néi% higy r@qﬁwﬁ%@e Hwﬁ}lgﬂgn-doyed FETs have
been A et R e o b SRRk, SHineT G Bfown on
Ge-richSiiuGet.i Sre Hb ek &6 F hSaafiere{P-tigends thameldVIODFETS with high

e P A T LA A0 . 5 o
1993, ]tﬁf.%fsfio@ I R. HEmioRa, §er. m%ﬁlanm%ﬁu,wﬁiglﬁ@[%%&mance 0.l mum

ansconduct ance grown on Si° substrates”,
gate-leBpthc®e/Sif).4%e0. & p-chenrtel MQDFETY%, Elsotrors Lefipvall 33,398,18phep 1999,
15%%?- 07;, R Hammond, S. J . Koester, and J . O Chu,
Pp- i gh-per f ormance 0.1 nu m gate-length Ge/ Si 0. 4Ge0. 6
goom?nnel MIAFKTS,Ge, BhvaFe 'aers Leddt virhal sulktratdOneeliBio fulfill a
ep 1999, pp. 1590-1591. [0011] The Si1- Ge buffer
numbef oy Bateriakidreqiiranyats sigbos daw dislovation densitigsf jow sugface roughness as

well as uniformity of strain, Ge content, and layer thickness. Low surface roughness and

reduced threading defect densities are particularly important to ensure a uniform spatial stress
distribution in the Si and Ge overlayer channels, and to prevent interface scattering which can

compromise the strained-enhanced carrier mobility. The Ge-rich Si;xGey films, as grown on
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SUMMARY
[0019] To achieve the foregoing objects, and in accordance with the purposes
of the invention as embodied and broadly described in this document, we provide a low-
temperature method for depositing an epitaxial layer comprising Si-Ge on a substrate in a
chemical vapor deposition (CVD) or gas source MBE chamber. The method includes
introducing into the chamber a gaseous precursor comprising (H3Ge),SiHsx, wherein x=1, 2,
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‘and N2. The gaseous precursor can be deposited by | ow

e303ur e CVihe MEM6WEaPPe 64 16 AbPdER oMBRBEEatE 8MayRe comprising an

introduced at relatively |ow tenperature in a range,
epitaxift Sinte butariab Enoedies astieined PosioaDn figndeyer havipg e planaesurface or as

7 Torr t east ..about 5
cohere%t 1sﬁ‘mgs|.(')]1f qu néeougtspr}\ecgor%hn&to Ohsa e%t ﬁthg o 801&, a semlconductor

urs u

structusé B4 Be gﬁﬁvrsnwlﬁg atBub&igat@ afd meusleGe @m@maﬂlmgned as a SiGe, layer,
) xSi H4-x_and a germani um hydride, a silico

Wherelgyfd? iLo® 3097 4 Bhe subswatagan beie pidicpr subsratgpsichas &1@8% othe SiGey
layer c%ﬁrbebﬁnﬂgcf QS %?6%3611 ?tﬁ%l @r&tg Lf%%% rhﬁi(f%gaaf g%&f surface or it can be

nprising A e axi a r med

formeds asr @uanann dbtsSirroahéreﬁif iekndayEliic Hisle, tgyea cim haar arsatbfrmaﬁy planar
or as cohere t i Sl zilnds or quantum dots. AQcord ng to

surfac, MOTRIQIRE 2 659 Y 9, MR HifediBg eiep S of loss
than I?Q/E]mbe ﬂ{eogpglaaée\é¥é¥?cﬁ B mgé@%ﬁthagﬁj e'ié?l‘?en? se?teﬁafr&ﬁ' t%le group

or med as ayer, erein x =
consistingef baxde acsemid) phaslmbmspmnilmniysandmandm hT]arss1Ecc(ri Bjtrate can

| b d d
be patfRER T St GIPIAIG 8 SHESHA SONH SoEmoTtEoEn be f of med
aeogant umHQt e fod GENRE %Nenh&i BRASdes Ehﬁews'l&s@)ferhﬁ’éf%ﬁre growth

can have an atom cal ly planar surface norphol ogy
process ladigds $ieadsfitthawith dew defscoepnsentragions mdaslmngthdssffecﬁs At the

R B L
prevenfiff $hags bé@e@fmh%ﬁ& HPHISEPArClead ROSRANIstFonaBBld BPAY vamlons in
an indium The silicon substrate can be patterned to

the fillgr In additem| tiaggnaasfseg‘@g@t@qn oe dgpmtﬁ s ndgligible at low temperatures,

sem tors e e nvent i

which 1€ B RARME Rerbretlbo o bRartP rasbise® hatc BUE o, yricn tow
thicknés@ Certlid Fﬁmteﬁs SWGeh ﬂl@&hdl@flﬁfébesﬁ Othee Réquidel O Aforptidlogical and

. snooth surfaces. At the
microstructural characteristics for applications in high frequency electronic and optical
systems, as well as templates and buffer layers for development of commercial devices based
on high mobility Si and Ge channels. They can circumvent the need for previously-known
compositionally graded SiyGe; buffer layers and lift off technologies by providing suitable

SiGe layers having a uniform composition throughout the layer.



| ow deposition tenperatures the nmobility of Ge on the
grow h surface is nmuch | ower, thereby preventing nass
wae@smgesi on which in turn can | ead to conposiPC€DOSL005/012157
and strain variations in the film In addition, the
nmass segr eBRIEFMHRSCRIPTION OF T DRAWINGS | ow
tenperatures, which is particularly beneficial for i
48822 oprentThefacerppaeing drawnrgéqwhwg F@inspEofpted in #g constitute
thickn . 1h ,t.e [, j :
a part ortgé% S egﬁc%g%ﬁg sgga?% Jf,he pg'%s h%fg?aos (%IL fgt@‘%l?gfgﬁé gﬁﬁoalﬂx%nts of the
inventi6h ahd@abgath&twitts tHeagenaap Heseaptiengivem abovghankrthe detailyd description
el ectronic and optical systens, as wel| as_tenpl ates
of the pgferised methods #pd embpdimeis @V e helAl: Ve orikRladn the principles of the
inventigiﬁ\/i ces based on high nobility Si and Ge channel s.
ey can circumvent the need for previously-known
qo038ysi t i oGl W shiomde thoBiculae ktructoresf & theagrecirsan d Gelh 1SiHa.«,

it A SR, B Ll S 2 8 oAV bt

accordin%%@rfh fehit et TI ON OF THE DRAW NGS [0022] The
acconmpanyi ng draw ngs, which are incorporated in and

do624]i t ut e FGpar ts st afhmicsqgraplfsi efas ilayer with asstpighiemeiréc SiGe

B M T b T
field cObS¥RBctRRAY Barditisdibe AQiRdh! Bikrolessy I(RIEMY fficrobfph of the entire

referred nmet hods and enbodi nents given bel ow, serve =
layer thiokassgsl (abttomHeft)pz inietiogtaph offthe knserfase apgipe shoymgasyfect epitaxial

. Fl ls | ar_ st tur. f_the e .
alignmephety & T Bt 05 e Gt o F g e ERREL Sigeown
on a st& athe Pitkdxdedh vlacH b€ Bddd dislecadnShatss batatlel t0she interface plane is

. according to the present invention. [0024] FIG 2 is
visiblede thegficigity pbgesishis of a | ayer with a stoichionetric

| CONMPOSitd N i ) rdi t .
?roggsént [ n\slfgg}lt' i%ohs%i%\r%@ Pﬁgﬁ’ Vﬁg‘?:{lér o%%%g’ﬁbﬁ‘gﬁst&?}l e(PgEM) fmages
showiny Ber-bpliyeo gedwihr ehSiGes inoSi( B ciccanding tor tiecimpyntion, including
) (XTEM mcrograph of the entire_layer .thi ckness:
images ghoringnh (Rhthe)marhelogs g aicanrsurfaes:i(R) denostiion offhe first layer; ()
' ' ial alignnment between Si (1 Q0
the secéﬂ%ﬂglﬁ%g?&g@gﬁ% E@ﬁ%ﬁ%ii ght) a m crograph showi ng Si Ge
di0o26]n on aFI§t dgs atgrapheshowinertheeieratwiei deheraienexigithe first layer

srow s SHERCee. DGR S GHy g o Ry erBsct Spisiaing o

: SEL 565 0scopy (LEEM i mages
the inv@pfé, %8%’2%’?- by.}%‘é}y‘“‘gﬁgﬁ‘%ﬁ%ﬁéf“ SiGe2 on Si (100

d0027]di ng tHG Heis av &REMnpicragranhdphg Sitvagdayes igoawmgn Si(100)
a) the norphol o af cl ean surface:; .(b) depositian
accordi i dhe piebip, dieing toft, BRGNPyt afBeap lE at the
interfab&tdetbr Ao ndt Y8R Bkale!tGthAiln® sid {262 tARANE MYet Rehighly uniform
tenperature dependence of the first |layer growmh rates

in thickuass Sid-3icplkizs arSite{a@HyEIRothSInE(contiB)s awdacsimaphplpgy.
pfoﬁiéir SOTS A gilor\])vgs flﬁtherford backscattering (RBS) random (upper trace)
and aligned (lower trace) spectra of a 200 nm SiGe; film grown on Si(100) according to the
invention.
[0029] FIG. 7 shows Raman spectra of SiGe, (bottom) and SiGe; (top)
showing the characteristic Ge-Ge, Si-Ge and Si-Si peaks indicating fully relaxed materials.
The SiGe, spectrum (bottom) also includes an additional sharp peak corresponding to the Si

substrate



the invention, as well as for GeH3GeH3 for conpari son.

[0027] FIG 5 is an XTEM m crograph of a Si Ge2 | ayer
w@e@w3s’ Si (1 0O according to the invention, BODWA20G5/012157

that threading dislocations are concentrated at the

i[P0HNf ace Mdgi 8nsanbright fredd Xoidyidgmge of @ stragn-fricé and atomically

syt fac and that {. ayer .is highly uni.formin . .
smoot i Bye” BRATIPL ) Hictinbig Eafliy Iiinth Mgt inset. atomic
resolutfoANZLIdHeNE ifi4bé aFethBDnRR ke F¥egioh ORSRind b Grvel® dfid¥® abrupt and

Rut her f ord backscattering (RB%) random (upper trace)
perfecthinepitakialjintatfoce suigostrydee) spectra of a 200 lira SiGe2

fei gr own i cording t i nt.j on

N7 2100 3 SR RS- Abf el DA ARY fover oo
spectraagfa SSGERB0( ) lapr hwiandBI° Cacedrdingab ed iatémntione- Ge,

Si-Ge and Si-Si peaks indicating fully rel axed

80 al s. Fiel®isGeXTHM imagmshobong the)ateiniselly flet wgeyrface of a

: n addit.i o shar eak corresponding to the Si

siGes By B PR B0 BHRE ™l < bright 1ol d XTEM i mage of
goe33jai n- f rae, anchatve MBS IrhydosiP@iper Slat®3ardayiBmedr(Wer trace)
on Si é}l@) according to the invention, with an inset

spectragaf@riities @9b) layirascadimgie ithesinvenigevigh a thieknesg ot 3 pm.

| howi .wel | def.i ned t fect

OB o B BNl P Etron e e SR T iR ddks growm on
i i i ihg: big DeTE i
S0P RS, TR 6 e g s
the highbicenhgrent) (noothrdading fledaets) SiGe{ QoM Epis of poifprn gizgribpttom left)

- ) i t. ' flat t rf { .
o igh- T RFoR 27 e e Ps atrloc Binp B il BEE: et fignment
as welb A9 \WSshRpSarich nAiFeRn{ iRpetice; aad §potasia redht)ome AN OwRige showing an
trace) spectra of a SiGe4 (001) I ayer according to. the .
ensemblg\Qfndoasishaped, igands; withet gagewosize disfriquiion Andringuding an inset
enlargédsviéwi%w%%ﬂi@(%&g&?sﬁ’ gshow ng Si Ge3 quantum dots
grown on

according to the invention,
including: (top) a br'@g &Iﬂ] EM m crogr aph
showi ng the highly co e%‘th( 0 threadi ng defects)
' 30635 quantReferdaeswil nowi Feohnds inz@ore &4l enbegirtdently preferred
hi gh-resol uti on Z-contrast inmage of the interface, )
methogsegfidopmberinlicn§ Qferur davendion; ax ilustiatedgarh tacegmpastyingadrawings.
. P unj I : [
Wit B RNl VS BB AP LU0 L) cffors and
drawing,t thea im@ntion ii e Wosder | dypbétonisanst tindleddionghanpedifiet details,
enl arged ,vi ew showi ng .t he faceted islands., DESCRI PTI ON

represeqitatiyg 38¢vieast edndBIsptiye fIRpEs ek Andodescaibedi | Ragher, the
descrighidfi \Q{Ii.%ﬁ GDfidws I‘?{ BE rﬁﬁeﬂé’ﬁ%ﬁ%{gﬁae BRfae E@Qﬁhgﬁgé&oﬁe Bitleted to

I'nvention, as ustrate acconpanyrn
personsloBovditgsy skill in the appropriate arts, and not as limiting upon our invention.

[0036] We have developed a novel method for growing epitaxial Si-Ge
heterostructures on Si(100) with Ge-rich contents (Ge > 50 at.%) and precise stoichiometries
SiGe, SiGe,, SiGes and SiGes. The method of our invention utilizes new unimolecular
hydrides with direct Si-Ge bonds derived from the family of compounds (H3Ge),SiHs (x=1-
4) as precursors. According to one important aspect of our invention, we have grown
uniform, relaxed and highly planar films with low defect densities at unprecedented low
temperatures between 300-450°C, circumventing entirely the need of thick compositionally
graded buffer layers and lift off technologies. According to another important aspect of the
invention, we have grown, at temperatures between 500-600°C, Si-Ge quantum dots with

8



While we will describe our invention nore fully with
reference to these exanples and draw ngs, the
WO pwe/08i26M in its broader aspects is not |imtedr/us200Hel2157
spéem fic details, representative devices, and
LU RS Chibhigd dneoys tleee
narrow 5esc§#@%gﬁﬁmg%% ol | o&mg%cﬁ?gs glgaunge?sltl%rggg as u foeental
content lat othel, atbramc havakg A sudjos @d@attﬂéigee@f élép Wﬂﬁ%ir ebpyr dFVCntlon over

oy T S5bb b ST RERE AR e Chaneah b s

via the 1% &gUP&ltloH%T fRenfiRy SigrORhReweRk dfake gzhse&lls-lﬁecursor into the film.
eterostructures on Si (100 wth Ge-rich contents ( .
w_og)] at . % FKndl phews strugiusiscol diremolecylag; m%cu@f@i (96) SiHsx
. I S Ged. T
it =320, ke S es  ABBALP B i and s
conﬁrm@@flby ffﬁ'stf peftiplee shamtlons,0bs alspiheddin PEICPpseBE Hypplication No.

PCT/UMS%ﬁ?MJ Prsnner &, 20041 a ﬂg’% m&t%” A with Silicon
and Ge %{ﬁ%@l@d g%pd 580 % é&g&ﬂ@& el é}qﬁhéé‘izﬁﬁ}; koMe defBieh is incorporated

unprec ented | ow t enper at ures_bet ween
herein 30 Oitét ety cl|>y cthisv esfeienc. enfThesel ynaleilese ddb@Siklhi Gk Ge)SiHy,
conpositiona Iy graded huff.er ‘| ayer.s, and Li
(GBS GBS e oty 1JIEBrRs: viEkBr sk eulirla spthetc

methodég)%léé%g%ﬁﬂggl ) Ay evanme staﬁing%ﬁ&%ﬁhl@t sle@as E&itcnbedl in PCT

quahtum dots w thnarrow si ze
Patent QipplicdtioutNo. nPC’ﬁ/@I%)éMSBﬁée Theor igh volatility an fagilgigqtiyity make

e SRS ST s SR b Ul . 1

ove

acc:ordzf:‘n%Q\()ﬁﬁ}t s Al ediiBHL ®e cbﬁdutctb‘d dpositisss Gioﬂhéieodoanounds by gas source
ogy, conposition, structure and strain yia (r
MBE, ioncpreparathah ol WHY-GYDi wih Spiyassing s wcn! e depositions

weldedSWP]E gpﬁp gogllszél} %@oﬁ%{:o&&%?gn&%é g}c%légg ii}Ze] ((cﬁltegﬁe of gb&t@'\éﬁusors A
notablé’Y‘eﬁlht #he Fremse Bontro1 05 theobpoition at theatatricileed Vfarlnmrporatwn of

anal yti cal and spectroscopic, data and are confir q
the entirer S¥Gpriramewirk of; thal precussey, inke thee |ft§elﬂlﬂr‘?i’eé?ﬂte ow growth

ion No. PCT/ USO4/ 43854, filed
temperﬁﬁlﬁeé%g&eglﬁ&éﬁ) entitled "Hydride Con'lpoﬁndgnvm th
Db?{iﬂon andl“@%ft%@bp%t@f expéromantand thetireairspir compounds have
nt hes
e L e Tt A AT e
space §3 GeS| tﬁgg%lglﬁg 'ﬁlms(ah@ ﬁrﬁtﬁn"&cﬁ@@r&&@@b @don AbEtrates. As

ds via straightforward
discus$edih :ﬁﬁigf deﬂ@ﬂlbhbd@ klmgilms aud: le’uamed@ thertene tethpératyire range and fulfill
a
I NIRRT VY
substraf -3 b* t Xspﬁeﬂgal ﬁ)&}l&ﬁldﬁ@%ﬂlﬁdfé {rﬁeg?ﬁkﬁl bh&rhined Si and Ge channel

artlcu as precursors 1 n ow t enper at ure
devmeéedaﬂsﬂlcéﬁ@&@blmg axtognosty Hhigh mlmur@@nb@levmnglh@@? In the high

i nvention, ndu ted t
tempergurg a@ng%uiiqus 1{?& pprgg OEJP 8' %% gsse@%@%ﬁ @%Pe%%ﬂﬁ:nsmnal
cohere?lﬂbr m? SRN U6R) refleesm: RPesEHIbRBEY ¥i tHedrecursor in all
I ne co centrat| ons corresponding to the Si-Ge

cases withtwinny ségregatiopoéeithesdresor A notabl e result is the
V[@S? § o?ggbgP?SétﬁgIg¥O?%3(é%§?ﬁ3, (Hg@ébzg)ﬁ{z, &?3(%53@@1%118?1@@6)481 at

450 °C, 400 °C, 350 °C and 300 °C, respectively, produced exclusively relaxed films with

SiGe, SiGe,, SiGes and SiGes concentrations, respectively. The low growth temperatures
prevent surface segregation of the Si and Ge elements resulting in highly uniform
j
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the entire Si/Ge framework of the precursor into the
filmat unprecedented | ow growth tenperatures
W@ 3@6a350C) . [ 0038] Targeted deposition experPOROBRODH12157
t he precursor conmpounds have been conducted in the
compodiBORA aal Wigin ROARs f tRLANKIBRIel/ OPhdfach§otitiohFahe ciithe Si-Ge
parameter space for growh of device quality filnms and
molecudaragrre freibitatesdformetion ob gelatively anifenn hondingsarrgngements over the

' . d i : . )

v S LS5 R SO W B ReF 5 B
I[e6uo] r ementEheamatetall Mbltpholvan didair efinfsqsmdethefiipmyrentromdh films
l'attice engineered "virtual substrates” on Si.

and islppdsy ianabe sppirelied: byoike pdustmeat iof e gingle pawetest +¢ the growth
j e i {1 hi & b -

s 384 B TRl 051 PSSR Gi DAY gy menioned,

depositivrghoftlenpecators et 3e¢0ige,4504ppeiducoaschadivdnecslpred dayesowih planar

yi el d assenbl i es of three-dijnensi.qgnal  coherentl . .
surtaccl FifSh 23 51 Path L HRL SO S GUISY Of ST R HElY e, SiGes, SiGe:
and Si€bLILE e@ﬁ@él{l,iy {ynt REorAGRCHY £ rin{féhtﬁh!o O’glges ot SRABEd using the

any Segrega n of erther Ge or S [ positions
methodbFHIEEHV ¢13ion (akid GeysitBInHRMP ¢reRGes) B3 1eingmdf $0WBGCe) 46’C ate of much

. 450,. 0 400 0C,..350 0C and, .300 OC, .respect.ively.,. .
higher 5P} dler St UL B ERE (AT A PRoS el byigusly obtained
using coh@E@RioAR0soBk 8 4nEaNGANAT RintiRidhs. RS FRGE dklay- lowBreh@iWe defect

growt h tenperatures prevent surface segregation of the

densiti@i with dhaCeuls| of W defeste soncentsged at thedhilipterface. They grow strain free

uni for nconposi tional and, strain profiles.at the. 1.Cq:
and. higfly Bla i cOtR Rt R, RGROL IS hBe B et ol T if-oft
technofoRfe® ARCpbéti@b®th tRémRAl MRcknidae| pillishiak YioUsthé&hen their surface.

bondi ng arrangenents over the entire crystal, |eading

Highlighds rof| tig ethopsshing fapriqatipn afathess e dnplyeh ofib gyppiesesented low
' , 0] ,..Th ' | '
empeff SR RDLSEYC-ETACT TSRS AL TR BBl st

morpheélagy gianath dhdwwdd biefdche ardptisiriBntombni@ated nglthe interface), (iii)
. paraneter, i.e. the growh tenperature at i@‘lgi v?n f.l ux
strain-freg @16W5Wniaﬁél(¢‘6u?’@ﬁll% Jhegnal Agakp}né(vpg ey planarity. These
materidlE Bck AR AR R L LR g Rrorhdfts 9 SR 1D declopment of
lattice sngihemed “viruas subtratbs” ®ithnattit® pstamsteex amrtilead.§ X id A50A range.
Si Ge (partial rel axed), SiGe2, .S G3 and Si Ge4, .
Immedjalg gpieqatians of the | lf@eﬁ@bafrﬁfﬁs el dRenRoR; Affiraipgd Si and Ge
channd] A51ces Rt &liBGH kBibRGh ot B8Rl 1O bleptbn |aAY ERYIE Hofities. We
deposition tenperatures in a range of 3000C - 4500C
anticipateethatf thesectvilhiggHdo impartant yapphcations os statg-aftheerijughaperformance

i.ckness an sjtipns previopusly obtained usin .
feld-olgsi ERET Ul (L r DS PRRGE VST SETXSRAT £ BRG. 0pVel photoric
deviceibés‘é&eﬁ!i&@&YgﬂoﬁWW'?ﬁ;ﬁ&‘i’dl@g def ect den3|t! €s with the

bul k of tHe defects concentrated at the Si interface.

TRe411gr ow sPepsitions eftherdtt GeSgld, (Hbax¥H,, E:telmkeand @hGe).Si

precurft S} P O%: BFEeb Qb SbEHF-LAURREL) LR, idfde Rids v
narrowP@d Biribatibes SIMOGEINGRintBeh compbdiasss refb@e taEtdidhfontidify of the

successful fabrication of these filnms include: (i)
precursgijn edleerspt adthpeiany segregation of either Ge or Si. The growth of the dots

proceeds via the Stranski-Krastanov mechanism. The areal density and size distribution of
the dots is controlled by simple adjustments of the flux rate of the precussor and the growth
temperature, respectively. FIG. 12 shows an exemplary set of SiGe; quantum dots grown

according to the invention at 600 °C.
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tenperature synthesis (300C-450C), (ii) atomcally
snoot h and defect-free surface norphol ogy (m smatch

wo paoedstdef ects are prinmarily concentrated atPeh®s2005/012157
interface), (il i) strain-free mcrostructure, and (iv)

excel | ent therng glcg%/LQ% ers QM Wiligipanari ty. These
rmterlalsthereforefulfl e crucial requirenents

d8042]i t abl Ve anodubiedegrofvthr ofiSiveE dibme ion B(100) sulisrates in a UHV-

ngi neer ed u substrates" wi L . .
cvD ARAEELper it 8 Ry BREY ERE R il honB LEERD fprrsit real time
observatidl bl @O 11PPrdcbS TN bisddhresuitssdf tleehainber Wade 2 x 107 Torr.

integration of strained Si and Ge channel devices on

Film gpwibe zms edtnined i g expasingriiey Sllhsghteeﬂ@ﬁﬁlcﬁdﬁ Hhedsasgpus precursor

admittég) pfa a?svahy\é B Ih@%l%gstu?est Pa‘fl tlb V\M'd ;l%%iarg%éeowere used for

apprlc sins 2-'of -4 ear

deposm@{ f d\hﬁwmeof ke preefikecivas ﬁaﬁ]@dred @fasa (gHss)inRn Gute] mhc&r passed
unction transistors as well as no,@l phot oni ¢ devj.c

througggseea@egmeﬁ ipihe absective lgps pithed Yl Ihe 1{1]@5@{912 was pos1t10ned at2.5
8
em fo B o e PR P\ B O e el sicoo

(p ~509Rth) asb ey p@pmarﬁbw@pﬂgy byanpbasddr Bashirg ats12408S toivagorize the
narrow size distributions and _highly uniform
native @giigolayer o thergubeteate sufars. sHesting Shiher gnbé?fatts Wéas provided via

electroﬁrbgﬁ n't ﬁo@léh grom%%eﬁﬁ& gi%t s?lgé?go eds vi a

t[00433t r ans KiWeKratsot amnduamt hd?ﬁploSItmn Theactiowsal ofdahsi (H3 Ge)xSiHy.«

and size distribu OtSIS controll ed
COmpogy: &35 8 éwrﬂi SP RESSYE O HeX APecﬁ%orAgam the
t
Sl(lOOEE@os{er%% WSX%P%‘?% %&1%%{? g?/ é@%’g gaf'}] i n3é (’_5 Eg% ré%o vaporize the

native a&@der Biyag Flnt Reowthveas iobrairktd 16)0@)(1@(@11@ hwt hlb@fratSl doeface to the
Layers on Silicon [0042] W co?duc,‘ted rowth of Si-Ge
gaseoup mrwgrseha@m%@fe%@ﬁgm g gange Rt 40 um@v OHhanber

e[%‘#aﬁped Wt A thé&é*é%ﬂ&%l%}{s el EHT, ﬁ{e;;%?z@mﬁ (H5EM,SiH and

for I'n situ real tinme observation o
(HgGepSDms;munE[h disharseteor i Bicsucticd ie ooh@ffdize szhmlﬁatnonw 450, 400,

Film owth bt ai ned S
350 alébﬁﬁ)& "Ff%trespgaﬁﬂf etOtHSO‘\l{\‘??é fﬁg@&s O 5035 ggmne%d Rutherford
backsc‘e’dtéhr% (rER 1M 2o Efé'ate iRlicdd BRS %Bﬁﬁohﬂoﬁé@f NGE, 8ftsk, | §e, and

Torr rangé were used for deposition. The flux of the
SiGey, pespeciiaty, inagredeichiwitbdhe elemengl asigentrifethe Sk, fravhéwedrk of the

conresRAATERERIRIE THF SEY BBLIES ok Eran durtape SCadliF pbimg in the
structukd8haBHASH E@hﬁk@ﬁly%ﬂa@&gﬁe e 18® (gr@wtht t%s‘\%@fahﬁf@ ewhith s consistent
substrates were p-type | OO and were

with mp@qpay%dhn@rm@tpn@laxyl wltmple 1s@rnmta§m1hg atSi1suplatee As a
orize t ve oXi the substrate
represef iR e fmbBoF e ifneits K Bbp A LEn by G R E oS o siGe film

grown ®n€Sit 100N ab9gd er d ek the exandpls %&liﬂb@ 9 i lhaﬁmtsamplets Hige ratio of the
backsi de of the sanple. [0043] W al 'so conduct ed

alignedjerpisus theorandemcpdalsriwigtts (m),( m@h)masmmsxh@ @lng@a refserystallinity
across ?le)eg%g/f;ﬁ? %af&é‘g h/B Flyﬁgwr%byplcalm ranglng &Forh 30% af ﬁle 1nterface iLo 7% near
the surface. The decrease of the ymin value across the layer thickness suggests that most of
the defects are concentrated near the interface region. This was clearly established by cross-
sectional transmission electron microscopy (XTEM). The bright field XTEM images in
<110> projection show common threading dislocations propagating along the (111) lattice

planes. Nevertheless, the bulk of these defects annihilated at 60-degree angles within 10 nm
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Si (100 substrates were prepared for epitaxy by
repeated flashing at 1240 C to vaporize the native
woziode3i2ayer. Filmgrow h was obtai ned by expoBCTyS1oh&012157
substrate surface to the gaseous precursor at partial
from thé EBBUIMESfacd (§REFT@NDE The WBper porlibn &f The Ifilm[ 30kthkively free of
Under these conditions the H3GeSi H3, (H3CGe)2Si H2,
threadipgigiefertsgrapicutarly thoewpersirangrisotindep tHr&sscilapddition rhqge and Z-

i . Vi o i monat i :
contradh, Bt BREIOH RIFRIDNSIE: HoFed Thitg: WL vkl Afncd Blrfaces with
erfecily epitixiglamésosifuchuds Mimfwhich tiRutHa) flaitide hdaries aeft therfilng and the
Is)ubstr Rggg)cogf@ré ?ldc%}m rmggq%%fn it@?wrc al efa{;eiegllrgpgggwsci&ft t{n;(:) ﬁfmso I?vas examined
: Y CopERey . : el ¥,
by atm?igf ﬁ?@ﬁicrﬂ%cbﬂg P lsERN e BN 56895@“}&}%&%&&0% even in

ramework o respondi ng precursors.
the 10@960mel thitkspmobtnge, sthoech tdmmidetdbly SiceadsdthGexpeotetscritival fheckness.

The Amu{aiﬁgggr&%?ﬂeg\ge% : -{J[kqallglf &%:c!glt?gﬁfsrg:mt %pttnqearelaa%},vln addition
| i ' ' i Alnogl i gnment wi th
tho surfRE DR s B B B b L o 0l 6 FI G 9
clot#s]r es RBSmandodnlhgldl redohtival Kerag pdiffracaion ofXRD Sw@eS used to

investifg%u[&%egsrugq\gﬂlrﬁgg?rinﬁl O cggttratnﬁ gloqu%eé%gﬁh? ; ?.: P}e g%ggllﬂgr, ?Ifle Raman
spectra}’@f AURiGHE TGO RERK nh&dr B showeldMhat (M kiGHs IRABUY S8laxed. X-

he degree of crystallinity across the |ayer, was _
ray reqipbedl ispaleymipvefithe(224) lapd (G0 irﬁb:cfwm@@%gd tq easure the lattice

interface to 7% near the.surface...,The decr.ea 0 .he .
constapfl sty Shcdif 86 B, IRy blRES nbSE vET HEEREy Menlillt in most
sampld¥afdictingtacldef f£diS dRERtSOREMANYRECALRERmh By, In addition the x-

interface region. This was clearly established by

ray datgrindieafed highlyaligned hetafosgngnres Mednesaiagispregdtasplpw as 0.1 degrees.

o o A L TE BT Rn sin e

ray rePipeiealapacedmap omgadubEndnlsl Showéd tahCélofgatidgSalong the “c” direction
Nevert hel ess, the bul k of these defects annjhilated at

consisgot Willr & éeteaggnalsdifortiann  The atcplatad: sieain Was MntherGQ:¢@ % range.
Roona 398 i i B0 LB 8B FAME, AT B 575, 5o nd
Ge-Getpghogeén mg&t rlazirhmgwh@usddﬁo tim{:esti%guté meelistﬂilbutarﬂloﬁﬂsitramhin thedse SiGe
phase and Zcontrast high-resol ution EM i mages. showe X
layers,saa{awa_aw&@q PRegPnEElIcAEIE? fua@_gslawiﬂveﬁ ef¥i &1ff9re_nt penetration
e . .
ot 6l RTINS Byt Mol D 3 ifenin G
the streimndes sot abey. acfbss terlbpae Aolletioteby the fchadaetefizdtion ofasur Si-Ge

.exan n b tomic force. m.crosco AF cans. The .
materifl PR sBUE R GEYA e AT SPR s SBOR Frtihigus and uniform
alloy ?9}%1‘550@&1? M@K NEtSehttlighs WM ClhhifR®y d@fRRldY §XGBERSrelaxed

he expected critical thickness. The AFM RMS val ues
microstranigessb eAviesgntoOths - shceessfub synihgsic of o@5fiims s e wnprenederded low

e e 04 S5 QBB L aASF R vens s
segregh®SPkdréNreulimy B hfchRe Lh@om XGRbo¥Eb®al UsRdstkAn profiles at the
i nvestigate the structural, bonding and strain

atomicplevgle rln iaddition, tielingdrpergtiopt tharentitai$isls malecuRarpare promotes the
forma‘rl%cﬁag& %ﬁg&iolr{aﬂ,g u%fgrer% lho%{}lgg %frgﬁge&%% é\{/eﬁﬁg rerlltiarlescrfstc]ﬁy\ﬁegding to

relaxed films with planar surface morphology (no surface ripples).

[0046] In the high temperature regime of the investigated temperature range,

we observe exclusive growth of self-assembled islands, or quantum dots. Presumably these
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reci procal space maps of the (224) and (004)

reflections were used to neasure the |lattice constants
woorngmbi2and parallel to the interface plane. TPeFESMW05/€12157

virtually identical in nost sanples indicating a |ack

form spéntﬁiebaély dekiag ond bsthxfa QRow@r dfeSitGe @hlsa a8 Y RBLASYof delieving the
addition’the xra%/ data indicated highly aligned

strain chesed byshe mismatelsbetiveen e darigersSise léiét@r@ 288 thesmalter fattice of the Si

egre i_.con S
substrafy 55 65 enlaly @8 ybi i pidy s O PRk REe g reting
layer %eslﬂ%rﬁﬁ@le@ﬂﬁa@ Tap m&@xﬁuro%y&ﬁﬁtﬁbﬁﬂimwadd afzeed)ﬂmgalk]aﬁds were
along the "c" direction consistent with tetrag

examm@démﬁM@nd XHeMe Gyl hshasss jearesentaiave th Mnigmagg 02 @%%ds grown
o 00 2005 (TRIPISAR, Yool Ty HBHSBR g egrortly o

in sizeGeitiCan ppproRimare dessityRiiswibutias ofisea 163 dnite Shi Gaight fikld XTEM
distributjon of strain in_ these

microgianks ShO SHE IS A FPHSF it itk Suth datee Heq Sapropiysure and with a
narrow%i{‘dlgﬁbﬁlﬁa?mfhp ?rﬂgxfoﬁtgﬁdéeﬁl ?ﬁ)?%ﬁﬁs of AR fsﬁ%&é %Vh%resgﬁﬂﬁ‘éd via Z-

man peaks hange wth
contrast ilhgiag ipaigorniesitont ahE@L 281 0F. dBlesse myperiaents aurfmdtﬂhﬁapresence of
ers. Collec the char acter

distinetsF S eh Rl e SOOI BB AR oTetir Lot pf e dhipiess s
shown%’ll %?@e@entaﬁﬁ@%ﬁble ?%&u‘c&ljﬁy SHEBE), 1A, FIq6t 1Rt iR Y-t ARESImages

rich concentrations™and uniformy stressed or
the 1ntsrhsma(| in-prepaatienil 1o & Gstangequently thexGeesprtasnippdslands as well as the

ccessf ul films unpr ecedent ed
wetting E\W@@Bﬁﬁ'ﬂ °9%ﬁ%%%?eﬁj¥§}1§{§te&ﬁﬁaeﬁher%‘%§’6{:‘¥1 §§e"f ace nobility
qbodfie Si and;. G2 8 taRFErepRAeABNEH thEBES TOMINGHAY fQhd quantum
thereby resulting in highly uniform conpositional and

dot mlgxqsaucﬁum gomies aaleriehféy shomi and) wifrm ingerfageti thhenhighlyecoherent

‘ nature &1 or aa%elhg setve ﬁ%?f g%nciﬂ@fl@)r(ngkel%t?eggn g 5}6 T Eis confirmed by .

the Raﬁﬁﬁ%@@r@ﬁﬁlﬂﬁg RN tisat Ghveeisldnkie arnhighls stfamﬂahs eiqmwdrd;ue to the
to relaxedfllrrs with planar surface holoege{
lattice guismatch off gl dody withotheejubpirate-n Wi yrd t%‘%%@flét cron energy loss

eSS 101 TP A1 BBy SOl o e
homog@h&t}t UlThﬁ @bﬁlpoﬁn&lmﬂﬁﬁieylslahéﬁfw%rg founp do tbartiGes| S'LGe3 and SiGey,
t epi t axi r.o | 0 ns
refloctsg e %r%@ﬁwaé’mﬁse 5% thesihimeleralia BFUERE FH-CHAR dBp BB and
(HgGei Ef“ Jg%egﬁgelﬁ Lo ﬁcﬁ‘t %JB% angpi &0 E1lt1%ﬁall ?Ifo'ﬁ'l&ea&f)ss the dots

r experi nment the I slands first
revealelbmmrkaiﬂy enifoine efeorentd idintrilmftions fal Hte nwabmictey slcdyerAn important

nmonol ayers thigck. Th hol ogy distributio
advantgs, 31 TEGHA’ ofomRISIE S YRR "By SR FRSRER) the Slements

dsi stk aR@%n on Si
e S TSR e O e n 5

T>5500Ci riithis fype dxﬁ e isthaipEfeisiod ﬁmﬁmatbb@ratu it dperislands m@ esents the

th an approxi mat ensity.distri n_ of 0
most. gpimafly SRR TRy S Tem M ctogriie S RBeSeRinegD auve
Unfort@flat@l%fh ﬁﬁ@ﬁfterﬂﬁhﬁfbﬁsoﬂ%é Bledth@Cdeplet@andSE A0t IbdSS oif t@e 1slands to

nd Wth a narrow si ze distribution. The

form artrcmcb several manerhetpisdp depthe dn addition thePidvidse defriaterface is no longer

. .. explored via Zcontr
asin TR S OB LR PEAP 55 B G oo e
original interface. Substantial gradients of concentration are also found in the vertical

direction across the entire dot. Our single source approach circumvents these difficulties.
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di stinct islands grown on the substrate surface via a
wetting |ayer of uniformthickness as shown for a

w0 eee3ent at i ve sanpl e produced by (H3CGe) 3Si H. PCIUS2005/012157
that in Z-contrast images the intensity is

propor ti ongkivhflod érferg$ PGB aHEREHLY of (IB:GH,SiBRL ai ni ng
islands as well as the wetting | ayers appear

4898l der abl Thendgcgamepition gyofilee of @qS}HnS(Péﬁe)z[SééﬂﬁsGe)sSiH

[ r ti ot he t y
and. (ST i o SRR, 31 GG 5ok, TR Gims were
investigdted psiag . BENMS dn maiticulef the actividien ingiglyywitlo hsspenttto H, desorption
ature (no defects are observed) of the quantum dots
from t a\mﬁ@& BHFach e a0 detpaningh for ﬁ@é@ %frytheh@wﬁs dycupqsyring the

growthaleCH. Eégﬂ}é,ﬂﬁegﬂt?gfo{ Egin%f%l AES nRdh6la !::trg Ly a%ﬁ{/ﬁidﬁeéiilerﬁfst fﬁr the Si-

. expect attice ms ch of the dots
Ge mdlémlssubsta abmpardéd tosthdt RESswnd fot eligermane neFlypy dhtasmdicate that

spectrQqs ( EEL .4 Aresolution to termne
(:GoR R G GE Ehoh B St et e i At E Y I Hfto that of
digerm8REPRRI YR8y FhvdrNQerySIAR dt%rdtﬁ%fa%ﬂ; 04 sH8n P LoulsCR3mparable to
Si Ge3 and SI'Ge4, reflecting the stoichionetries of the

digerman¢.nol ecul ar precursors (H Ge)2Si H2, (H3Ge)3SiH and

4Si , ivel d f wt h, EEL . ,
IBREALS) o oBRE NS erohlh oBE oPipll as monitored in
situ byl EFBMK aWlideoUittaleBy Wef QRBNbAr £6SIdr dDubWw TS Al é8i(100)-(2 % 1)

. hanoneter scale. An |E£ortant advantage with regard to
using Cockiffraction ibsamhathe ferel) anchél FpPatesiacesyiviiely atst sapawted by

. l.e ts.across.the inter e ' .cal o
singe §GHP 4P E655 Sl GO o L BHGRLIYP Wg ¥Stiions.
This ist $uretootheSotdtioh &yfdhé tiAérSieotnstriboan h&osutrhIstépe FIG.03 GRows an
I sl ands represents the nost commonly reEorted met ho

: . hod
exemplagy fSARPISE- eb TefelaMt imngrst of oPiGse o t B3 sprogucest, via CVD of

. r t el ig i ' i ) .

S (Gl ARE e o By LAY FUERJ:IutR: PReRirig o AP Ehtee @) shows
the mdrpksicfly 9€\th¢ aleanBiosmefaes, Simage ddptshows nheadepdsitmm, of the first full
Si/Si-Ge t interf [ I distinct, A w )
monolglﬁa, 1151}%@ r(gﬁsltqlx&%n@fra ts?&egldlrégrrgﬁn n}?qiraél %s I .n&d) showV\éI ’31% third full
monol&s}%g.p PRk HeRMoAGYE L OP Tl MOt G R i de (™ pra‘hﬁ?? X 23 terraces

ubstantial gradients of concentration are al’'so foun
is obsé¢mved hedicating aakyatityelayerogromah.os Afteh ¢hee fivurthe nobmplay@uthe LEEM

contra PGS IS PRSRTAY F CeeY B C U amBletlagps.
ﬂgﬁ@ xSi H #,d 8%4%19 SRHASEORPAR! ArsORYR! Rfd iBSHA! of temperature
GeSIi H3, (H3Ge) 2SI H2, (H3Ge)3SiH and” (H3Ge)4Si to
was nfeasured He ther EBEND fali deter®iiGe theSiaGévatiosi cedeyarnd tBe GiidGe hydride

compolyd {2 LGy PR« cCHolPmPBH® MSSBVPEREh FiFBeN of pur

H3Ge(dPB wddh3do @dt@ninéd agss WRSsafRiBEmbAeHIG O iseﬁghpﬁfsh&hﬁlg plots of
conmpounds by measuring the growth rate vs. tenperature

the temhperature idsptmsledie of thoAstalpper gmtveh atas\iar i HatieSildy, oifbs&e):Sity,

oo SR P S AT A GRS KO ot i
range &fHBEDeraphred frobt dkaut A30¢C a6 db&iHBYA IAnd A 43l Fi¥ssure of about 1.0 x

reactivities remarkably simlar to that of digernmane

10° Temd Thisatatthgf FEw.of asgeqopsisiont withpbe Srgirosdat dfmdsspinsion kinetics and
yield 2cRViER SRR P56 80 1.7 eV, 1.7 eV and 1.5 6V, for H;GeSiHs, (HGe),SiHy,
(H3Ge);SiH and (H3Ge)sSi, respectively, and an activation energy of about 1.7 eV for

H3GeGeH;. As can be seen from FIG. 4, the higher Ge content compounds clearly favor low

temperatures routes comparable to pure digermane.
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di germane. [0049] The initial |ayer-by-layer growh of
t he conpounds was nonitored in situ by LEEM Video
w0 pges12eer e t aken over a field of view of 8 /POT/UR2005/012157
Si (100)-(2 x 1) using (V 50 diffraction beam The (2
fods1]and ( TheXsteightSlideAmeBIG. Whiis bhab@eieRasREife ofler desorption
) singl e-hei ght atom c steps, alternpate in contrast from
kmetlcaaifge slepd gngﬁ activatien cnargise WhisHAIe inogred aprgeseant wilhdhg eptivation
t 0 of it C t a
energys{;hg%e_rs @;’ﬂy’g\/ %néi Wg %a%v e%%alﬁq% §1‘%§fo‘hq eﬁ’@@%&%@kﬂ% £Bm a pure
Ge(lOO)l'mgtéSe ek dekértbad By Gi Ef@ld At Sdustedp, iavdsihtivh of the kinetics of
}-%'GeHS )2, showi ng the |l ayer-by-layer depositio N
digermppg qmlﬁfgmtlen Pﬂil@eagﬂoq Rraget dayoRHEE PRdilFbEg e erganium”,
t u , t depopif |
J. Vac. o%&?t eﬁz?&lr ?91 H %@n&;r?o @%t @9\3 BQ%; éslﬁ(l)m Oﬁ IR H8mblett, Q.
Lu, N.slecleed N. UTalylastptMiI Ayéﬁasanaradd iy rrEg Eréae, SGo(@91) pas-tduircedmolecular

beam cxdlaxy & Cerp et 3 SrEREE] fom il g BOWE GBRch Rt surtace
rougheiﬂ?@"Cﬁwﬂf)@ Ehys 88! 70, aYEEb gggs%ﬁ 1506t B3t Desth@pbt growth rate

monol ayer the LEEM dontrast becane diffuse presumab
vs. tempgenture indhe §EGM Horothe iHhCoRiisetompoand igeve poesidYatiPhenergy of 2.0

ov. T ol Hibietioll e Boandit 110 R BB e JORHpE b 58 and tht
reportedh ora@isilyad | (STHENR Y eV)b B3ng. SakeRadhy, dVi. dEtsGRIP P NAkazawa, I
deconposition on Si (100 . For conparison the

Kawasmmai, \aadﬂb Hrégve f §ynq13fotmrrédm@e ex¢ipdwisepitpsiol grovdl wping disilane

ane et Qd g 0
gos solffd ARSI TR RS Cankl Bl Lol F2SERSe 20 fLBRIRI0bS. 2776-
2778. gl'I(h\M D Or @VGS/afuer aﬂ&ﬁ%std‘@)e fdm%slls_giae $1H§G@H§SB Hesaditdially a
e plots show

Compoglﬁlemlﬂlymﬂ @§ ($1His)zémﬁ éﬁ@fés)afl et ek At((eBle)2 P FrSHEIR:)-

to ab 1. :
18061, ="t AR AMLA AGLISER R 6] OB v o
the serfes (HtGe), G, HE=Aeh ardtdnmunkdbiy sitrilzs tatibsy b£(@kH;), and suggest that
activation energies of 2.0 eV, 1.7 eV,

these coppougs mgrmeac{upe@yg g}t]p_g (Seﬁl@w%(ﬁ.?%ﬁg aggco%dil?gly they
represeglbkg (ﬁ.@ Tow- ?%%&F_ﬁéégbﬂrﬁ%?@% Can (gggielg f?fgnfenf&i/le (Péactlvﬂ:y of
(HsGe)zﬁﬂ-Izt(iEbfﬁe)sSCEé andr(ﬁhﬁeyﬂnpmuﬂldswy EanhlyleﬂlamodeWempment of SiGe

.t eratures. route e,.to

semlco&ﬁggpﬁéwespf@@k:ﬂsu @teg l'ﬁ?ag C@l’ht’Vltlhﬁtﬁg&) PIpcpgsig tgmperatures as high as
300°C, Cslaéﬁ ACH1BESdubStrREs ddel For RAEIE dgs%zg ption kinetics. The

sl 'ope gives activation energies ich are in good

agreenent with the aCtIVﬁ}Hl&[ﬂ eSnergy values of 1.7 eV

and 1.6 eV obtained previousty for H2 desorption from

qOOSB]e Ge( I’D@ fodlonvfias acanqﬂes:ﬂe&lp 1) lfm&dmexﬁlanEﬂmnmnﬁoﬂ It will

"I nvestigation of the Kj net cs of

be un@ﬁ%%?%&f?é”f‘é’ﬁ% b5t PHMPTIaeel ﬁtr%wep? thgcmvention and that the

t wt h of germaniunf, J . Vac.
mven“gﬁ%oﬁ#éié’ﬁ%q JhMH @‘8& éxﬁin%[e%o 5, Sgp Cct 1993, pp.

2463-2471; and T BXalﬁ %q‘gﬁr%wlt__h %ﬂeu N. E. Lee, N.
an . E.

Taylor, M A Hasan, eene, "Ge(0A)
qees4jour ce Tid g@bdtlﬁbf SiGe layers was accomplished via gas source MBE with

a precursor flux of 5x10” Torr and at a temperature of 480°C. Above this temperature
strained islands (quantum dots) were obtained rather than smooth layers. The films were
examined ex situ by AFM, XRD, Raman scattering, RBS, and high-resolution XTEM. The
elemental concentration, thickness and crystallinity of SiGe were determined by RBS. The
random backscattering spectra indicate a film thickness ranging up to 100 nm and a Ge
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beam epi taxy on Ge(001)2xl and Si (001)2xl from Ge2H6 -
grow h kinetics and surface roughening", J. Appl.

w@ehgos/03261 . 77, No. 4, Feb 1995, pp. 1504- 1513PCHUSI008¢12157
of gromh rate vs. tenperature in the LEEM for the

contenteﬁs@lafmqﬁrag%eﬁ%ng B 0B cRpidntAoRRneBEHRYGES @alﬁevﬁ‘dfk of the

his value is internedi ate to our neasured val ue of

conespgngggm&&p@ygsqq Pheaaligneth g)epﬁmnch@eé@ﬁ highlyf ijstalhne material
n epit%igllﬁi'gﬂrgl \Aét%lvl_‘l;ah %%stgaﬁ? l\‘%ﬂgfy srglfudiqs-r 1l Su th. gg%lal’ﬁl i % 1css, which

exceeds @chaddrably e bxtReteicrifipd] taxktss of @p&ﬂfedﬂl?lp@@,lddinﬁdrblﬁﬁ 8iGe, gave
gas source nol ecul ar beam systent, Appl. Phys. Lett.
RMS ygjues 98 ~ Nob® w3, foa Lﬂareasw@lummé 10.2?% _arcap7@\dicpriag 2planas\surface

morph%la g%ﬁt Ia Zod 1f gl r]%eq%& Q?bﬁl%lg% s&%ﬁ} %féfe ﬁgfrisﬂoggmg the (004)
reﬂect{o@&iﬂﬁ)e?cubic ﬁmoﬁﬁb %)gﬁ réso(ufRhiXID - 1n81u6fﬂgh'3&?fcﬁhl space maps of the
The activation enerqy results reveal that the

(004) @@c@aﬁbsqftepmnweﬁé%leckg pertiafly straimesd dayer i Esyfrctipiaxipl alignment
w1thth@§‘gstr‘5)ce are remarkably simlar to those of (GeH3)2 and
gest 'that these conpounds are nore reactive than
e[00553r ( Si HEYEMDexandfstinkidonfAacatystaliigk ywnd hshly qntae&e giowth of

smootl%c%&y@fo%qh:argwﬂfgffgﬁg rs?ég epr\3§1o ;J r ]bngmg%r Izgaltgé s_how that films with

100 ni&’é@&%)g@s?bé"a?@?r él"@}eﬁﬁn P&y cét{b%swa)‘x LRt AL Ab& of samples

pment o uctors on specialty
showe@ ub ﬁbf&tsq&nbhaingctammghtthhslagﬁd withie e SRild of vewpei-atl lSr]ﬁﬁ in TEM
as high as 3000C, such as plastjic substrates used fo

microgrrhisi pYhe wnpsp gyt of teadpiecdislponinns im ks caje s pssdhat 10°-10cm’
which f‘ﬁﬁﬁ@%ﬁ%ﬁﬂn&eh% %Hﬁgb%{. 0B R e@tl§ gﬁv&ﬂﬂa&? giion. It

understo owever, exanples are
| 0DSGIt r at | VEighfretdiatiomy emu'gessn &méalt haerfedtty | Roambdnourate and

monoclé? ot %Hneé% ,ed o l é%’l?hl'{‘ﬂgt%gﬁb&ﬁ ﬁct(#eegpgéosln’ggt@rg Qegasional edge
dlslocd%f'c‘)ﬁQ W?:i‘é 5&%%\6' @t 985 SPHGELIEER %E&eﬁsﬂ%&? YHE (1’50 Bhlué‘part with

O 5 Torr and at a tenperature of
no dlslphatmnt@nqsmwmmtmw rthé topcsuifad¢eanbisese da&ntsum ;ianaklgl tmlneemterface

plane g&gai nggel(r\éitt h eaq%% q}ﬁ:% et%%glaﬁ e S@@g}%{{ibﬁﬁ%&é@ mismatch

betweddlle |Tﬂﬂ1harfde€h@| tsuBitratel AMe phoRnEd 8IBAYAisIOER RN tBEdeQmples is
thickness and crystallinity of SiGe were determned b

y
surpmSR%smw eSifgriveed beatksadatymeallyy dsp@&t ﬂél)ﬂdﬁm& daslmatlﬁms and

stackirlg fff{ e (BATRA Bt | RPRE S dp R L R 4R 538 om the s

surfac&BcPias hGABRISH &itedffort the feialaties Bpﬂﬁwaefba@e $htrlR%man spectra showed
precursor. The aligned spectra indicated

the thubg pstreiepivies s b ol S Cigh peat SubY Hattine vibrations

o e B 0B 5 T R S8R vt

are sigrificdangsbluef sidfiee r\fzﬁletxbspeptswdnwmpmted Spo@;ong afee RNVBain free
values of ~ 1.6 nmfor areas 10_nm eas 4 4522
an 2 om™ ,

Sio.s0Gemudi dEvh ﬁfghl@h e rcaloytated g0 be at 293 cm11 410 5 cm

respectively. The Raman shifts indicate that there must be a substantial residual strain in the
material. Analysis of data acquired using laser lines with variable penetration depths showed
that the frequencies of the Si-Si, Ge-Ge and Si-Ge phonon modes are the same throughout
indicating a uniform distribution of the strain in the layers.

[0057] FIG. 2 shows an example set of micrographs of a SiGe layer grown on
a Si(100) substrate according to our invention. The top image of FIG. 2 is a bright field
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nor phol ogi es. X-ray diffraction showed a single sharp
peak corresponding the (004) reflection of the cubic
wareogos2se. Hi gh resol uti on XRD, including recP@rosains/012157
space maps of the (004) and (224) reflections reveal ed
o trai . - .
XTEM FpRBR, S0 18 S R RAT o UL PRI BT AU the bsence of
threadingdéfectsmithysthalfleldef wiew. Hilphiojtoapleftariagt showwthe inferface region

. S t.h, .cantinuous . and uniform. S.Ce.l ayers. TEM.hri ght
having PEERY <PifEgasLHIE 0SB SHIDD To0tH o1t BRruCedtr. The
bottom Hght fheR Howkhhege Ak1cHaBbO CRkE @Na step r8)ioh ¥ Rld fterface. These

survey of sanpl es showed no defects penetrating

defects g btpally hecatedyet asstep ethihe Si suifacelansk paptially teflieva 18 sigin due to
. in, JTEM.m c a c.Jhe upper limt of threading
the mlSIa’iaE%S%{ ?Ibc{]@@{eﬁg%q%ii%ls‘case is |less that 105-106/cm 2
whi ch i s unusual r a erial with 50 at. % Ge
directly grown on%%?mpf%%amﬁlpéméeésol ution i mages

GUSBR!  Per free bhomta ATRas I8l 8 N&FY ShPhbdnin dots vi
Ei Ge?Si i nt er:ggces with 2\lj(lrirt ug)?ﬁ%g}e)fgﬁ frngé Ots via gas

source MR wes myestigated intheateinpazature dapge oif §00€at TWRE wiedehydrogenation

sgrved.(at .ste on.the substrat urface) .space :
of (:GeBS0" Th iR Rl WRRE Bel Y B BRBRR ey wie
perfectlyQplhkde stuFikes i f«ﬂ%@-"CT*’I&}‘é&y]g@:ing,%ﬁt}ﬂﬁa% fahiltbaperafird bl 5x10° -
interface plane and are I1kely to alleviate the

Torr pregursasriaprsitel Wag T Sss ngaRENLe: edS sypackad, the groweh mte deapprd to 1.0
nm/minglgé \%@Stﬂe tt@l%g%ﬂalagé 3P4k #Weresd S URPEALRY o %Pgrregisclﬁl%p gro%h was
ge di i'ng sifce

slocation i nthese sanples 1s surpr

observed Ketow 3660 dmrite thedegudediesivity add stidkiyg ¢deffidiettufeladiongpound.
di sl ocations and stacking faults rather, than

|
A0t s. ATheslanental esyseairationodnd; Sl hickness ogftfgggi@ﬁz layers
. H | . .. .
wre o BBl BYRS  REkc R UL T SEIAES ahBlpll ppent wer

examinkd @y idir dhannealing. Gt 6 skewd tha ramciont axipdigded badkkeattering spectra for
d"Si-Si" | atti e vibrations at

"Ge-Ge", "Sj-Ge". an S o
a samplq gipiahel 4% Q%‘."Blgc%rﬁif? thiekness 9fy 40P nR fndoy Gp oppept of 67% in
perfect[) %gaﬁ%dw%g- thENERE HMBRULEGNY BGHSS RiBewb @ bf | RN Ge),SiH,

shifted wth respect to the ‘expected positions
compotimat. Ehesfilma¢ancéutestiosias ni@Seed by RBY yconstmitobittafibn thickness. The

. ‘calculated to be at 293 cm 1, 410.5 . cm. 1 and 492.
ratio of fejaligned 5EwE itk FAndom, BoakRRigtE Kivmn)s WHFRA Bispgineh e degree of
: i i dual,8f raia ;i 0
crysarbF] e, 8y MANA Pk RL7oL S0 ittt 7 e

the sunfadeh Thisi midicatesemehoaystdiinel epdtersal sinospthxidhatlighivent with the Si
onan nodes

substragﬁr. :ﬂijq%gﬁégﬁgﬁ%r#eg%%ﬁkhwg%&% §q%€sdsél§% H}%} c?hreglon, suggests that
the magdrgtg rofHe iaeRcRf arb NBcatdd &l the Pwlel ?o&‘tﬁiﬁe b6 thel AR CosE!t& Ge,Si/Si

ows an exanple set of mcrographs of a SiCGe |ayer o
boundagy emhtherdisloitioh @Spsityuis siecratsed aitivindieasjng cheofiim thickness. This is

[ i.on. .T. i, f . Fl 2 1 i ght .
contrf QLU AFLT 3585 TB0, H St BrLd vpping
annihilsle GRHIRYE brea\¥Ti10hnt BBOVE thd Sr@PRensea Bpidahe@diGick layer. FIG.
defects within the field of view The bottom/l eft

6 showss iegRBS Ispeatrunhef 2(iner Sk flwgindH(WAYI Biye plearp deap of the X value
from Z?QI,]/I%tagit ) aiqt%'&al@g ntror$ é geﬁl\ées%?fageh (ia‘llussltrg%e%atsfflgséerfg&g cgl%jentration
decreases dramatically with increasing the film thickness.

[0060] The XTEM images also show that the films are atomically flat which is

confirmed by AFM images in contact mode. The as grown materials with thickness of

40 nm and 400 nm display RMS values of 0.4 nm and 1.2 nm, respectively, for areas in the
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bottomright i mge shows an edge dislocation close to
a step region at the interface. These defects are

w0 y@eo3l2sy | ocated at a step on the Si surfaceP@mnds2005/012157
partially relieve the strain due to the m smatched Si

t
range QRN B Apafode’, " IRt s Tl brphedlol ORER than those
reportedJ lp&mlml}d rScovtipdsigiafalBo praded MBEMQ&SS {(+30esh) gatvetl dsrother MBE
enmperature range of 4000C - 700 OC via

methoda @ﬁyal,ngéé aad P Wicleeigeiayersd-id tMye hi ghest

aﬁﬂﬁ | ti on r yi | N l.ay

perfecC ?&pppgtr?;rgsf%g?{ggesﬁf%%{&ﬁ%&é O%?é{ﬁ'heaa %&g peak

correspbiiding ad tigy @ohrefidtigorat ]Ii—bllaﬁe tcﬁﬂtﬁ%r sthabd of m&C(OM)lreﬂe@aon have a
Torrﬁrecursor pressure, wa 5 nnimnute

FWHM: 05063 ewhichHa typieals for rtbltsetYH? &é d@ahlwmfn@tqhﬁ?l rhefiﬁﬁ?@“&%}’ The
G)
messul Sy STRGEIANGE U550 081601 SRR U o s

listed iti @eblecld Uadtthe/ hdsWmPribhn SF h edttaponsl QRdibitioh Bt a SIGE er dep031ted
ound 0059] .The el enental concentrati on and

onto Slfwngﬁh%wt@me@ hrettics maéarzeqeay%th§ layer ésl@héﬁ eslatpdy @uthﬁyn-RBse lattice
parame\te{}.(@ﬁlgg%{ﬂh &%ndlllﬂgr ﬁ[t %Hrﬁé?ér LS f 1916 r@léji %ll a%Ge =aa[l-2&

& exam ned ron c

(a1~ FRQE + bY) rPHARm RA¢ 1w PGB% ?e@iék&? s{-Ger(lorw @.PeCt MhAe value of
or a sanple grown at 4800C having a fil mthickness of

unstralm&dcﬂln ukicandatticpargmmtes uticols calmlaltad g esde —afASEdent0.2005x +

0.0263 % SO E BB G B58T o T el B B0 bR o he i
with dﬂﬁ?&ﬁ [RHcdirafis 4re ms%zismau*bbwt h FindiR -ty 843788 of idPRne strain
ratio of the aligned versus the r andom peak” hei ght s
relaxatiopf W)gwambscﬁ Tepsures/ (tdsee o e@;\@berefas cr8/&43d 1 nm s thy Si substrate
: e _
aico SFRORE e P4 12 HOUALPYELY o B FR0MA L DR orm -
85%. Thedhitiat esnstamn oL 4 ¥60-ahl-thikk $iRt.Seh allayen iepdtietilyatlose to the values

alignment with the Si substrate. The nuch hltgher
of uns glaged GlarhasRBPVAE BEG 0k $he Rampm sractieeo tb@ SinaGeosr films

(bottonf)%?ﬁg tﬂ%oc%ll\}elafatc’%gl?ﬁ g@dkg fcb{r%sggildlﬁgﬁo ﬁv%f(?& {2@6%@? gf $1éé£* %&7 cm™)

and Si-80 (vdacry elattice vébreliicilso CHiid paakdenitiony afescoteistenasdt fully helaxed
increasing the filmthickness. This is confirned by
materiaby j ght field XTEM i mages, which show that nost of the

t hr eadi NGy glef egurﬁc’maan aqxce ) s%an}NI a%cr AL ef%l(? ‘}a e !
4 &Y e thi CK 1 a

above the Thter yer.

tSi (166 Th %ﬁh@hﬂ?dr ORuQEphft )N ¥Rkeded {(dn®M 27 %i@tation
he interface to 7% at the surface i

the defects concentration decreases dramatically wth
I NCYiggshyg t hesfokl m t hi ckness. [ 0060]0.56Be XTEM i medgéxs
al so show that the filns are atomcally flat which is
con¥iisGred by AFNPi mages i®5%dntact nol¥ss The as grun
materials with thickness of 40 nmand 400 nm di spl a

RVBivafes of 934 nm and 43625 nm resp%i??? vel y, forgl&
are n ther of 5X5 to 10X10 . These
val %@S ‘et e reﬁ'gﬁggabl y | omﬁg{gz% han thos(é5608 e

[0062] Annealing experiments were performed to establish the thermal
stability of the epilayers at temperatures between 480 °C and 750 °C, a range well within
actual device processing temperatures. The XRD lattice constant, the ymi, values of the RBS
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reported previously for conpositionally graded
techni ques (~30 nm as well as other MBE net hods
wa@eokio2i2fy Si and Si Ge nucl eation |ayers (-2.4PENUsS2005/012157
[0061] X-ray Q2Q diffraction nmeasurenents show a
ahgned%hé JaREME sﬁﬁﬂ%ﬁ%@efs@%%&&%@d fBFfHeecﬁlée@éﬂ samples and
ane rocki ng scans the (004) reflection have a
compar&!/\HMhahe @a]ﬁesv\brff thh aé grawmpmetkialsorSatiples wijipe tluﬁkrtwghf 4»00 nm do

m smat ched .het roe i t.ax The maa ur ed o t-0
not Shop A e S SRS TRUSeb e Breagish agwalag &) LG O 14 houss
This m&ibﬁtteﬁh%mhetﬂlh&a!fﬂy?§§th%rsﬁrfhéesﬁ1%r'sﬂrnﬁ%§ i@ thbrmARPRbustherhe XRD
assunption of a tetragonal distortion for a Si Ge | ayer

and RB8eybigned sngcon ti@m@ns(matm)thattth@e wese neypbastvabie ghianges before and after

.par Ler of -t h 1 Ge t
amneatifiy PR 5% PAbVERI YR Ry b€ pFpBh S Pt b RS0 The
annealiR@ Eﬂl@h@d’n’cs{ HoSle@ab deyraihgor 6 idiprevendsit Getie @blity2of the as grown
ac~a\) + v)] n which v is the Poisson rati o of
layers. gﬁhﬁy;@ogqgsszl'pmhmyhngw}ﬂoqp@pg depditigsy Hat syriaeep and are fully relaxed at

o RR AT S B g s
glo\rllgfaﬁfls%or_ theg‘iaﬁ“ﬁr V\ﬁ:J[ bOFSé(?ént CL?]ICSnet Ir g: |t |o<r:]§
00531 i ‘st ed Tihe gfabherbiGE (nal Bmasaéa $5) UB@ELh smoor) wsals @Bgducted
strain rel axation Rls%ven &ﬁéSlGe-

by thermsil @ehydiegenatipeoé (HsGe)s HsnB!lllenI‘rﬂlg% of 80 SC s ¢B8t pat gtrain-free

oers SRR R R (O Byt o

gas soufISIBANindBy RwASessnre @V.IDL‘M TSt4©03€GESanﬁ)Tes| @ywh at T 450 °C were
extrenely close to the val ues of unstrained, rel axed

substanfip|lynthiplsers frothe § prFragge,7and displrserash rglptémly dpghosurfage roughness

(RMS %Q@%q}egéa%f% sttb%totc’g %S(? g\gsén %?ﬁeﬁ}c h S klﬁ S)i?geptionally
high réh'&’cl%)c 1 el conpbth e6&R Lk fhddd 'n‘f&ieYdt@réBWHP Stemﬂ_é}ﬁtures The

pOSI tions are consistent with ful y rel axed ]
composmmeof al sanTjlbd & deter@imadeyyyRBS Wastconsistentdyn 8ivasties 7gedresponding

o e SRS T, S S AR Ty e e s
originafé: Ao A3 aﬁ&%&@@t@%ﬁh@@%%ﬁﬁ% ﬁ%%ove the interface. No
si 0. 25CGe0. 75 0. 5562 5615 0.5592 81%

threading G559 00pERUBIE Sa05 Bby T0BED o bsYe s brigkiied TEM
microgRhS. HEGL OSEYs, b SO MrdoBf o Wil REE b bRl sllom siGe,

layer g@@wn aor 3i(de0Weddordihg b nowdCinvahtioheViAxe slﬁUvQﬁ@xS&TIGg 8, defects are
enperatures. The XRD lattice constant, the, c

concentraqe@ an thsy lowyes PRESE 9idhe devepewnd mostamikilie Withinstf} ecabove the

lnterfacreoughness were neasured for the anneal ed sanpl es and
conpared wth the values of the as grown materi al s.

$o0Ga] es Wi tTheagpitehiye khasst défedi@Cit nie iinerface was evident in the RBS

chénneling spectra. The typical ymin value is approximately 20% at the interface decreasing
rapidly to 7 % near the top surface. FIG. 9 shows the RBS aligned spectrum of a SiGe3(001)
layer grown at 380°C. The ymin is 25% at the SiGe/Si interface and decreases to 9% at the
surface. The sharp peak at the interface indicates high concentration of defects which
annihilate toward the surface.

[0065] High-resolution images in phase contrast and Z-contrast modes (see
FIG. 8) showed sharp and well defined interfaces with perfectly epitaxial microstructures in

which the 111 lattice planes of the film and the substrate are completely commensurate. The
19



t not show any increase in surface roughness (rns)
even after annealing at 7500C for 14 hours. This
w0 paboa26s that the planarity of the surface i PCDUR2005/012157
sanples is thermally robust. The XRD and RBS al i gned
t I
inset o PIRE 18 STONE L20fRlo ZRonl Aol Ryl A O ORI, sbrupt and
perfectl‘yutpltaxeﬂ antetfacn microsthetias. @h@\Ran&nosp%@m 617 thea§igssSegis films

R oM T T T

frequenm@mai@ﬁt%eas FullpyerituaeadieAdl. dirab q&ﬁtyl ANAe0a | da'taeﬁrovfdeﬁt further
surfaces and are fully rel axed at t hi ckness | ess

confirmaign ofotraimfiae ainaﬂqarmlmiwfhemmﬂm aﬂoGes syséamal Thet experimental lattice
permcl i B e e R %e e st Vagie 1y

Si (100 was conduct e her hydrogenatl on of
(H3Ge)3Si H in the%trxé%’ 06 €450 0OC,
W@q n-fr e%&waﬁsmea ka S nsae;ot&eégds ia@&%%n(ﬁb@o} vés 2oftiucted by

and thickness up t nm wer e “deposi t ed
thennahdﬂwdmgh%mnda VI ond 9ases;mmed\mﬁ$1(ﬁddo@am0 °C 300 °C and

bst apti
sx10° PR ERut Piele " ndiE hsS lfiiaRt siepBd blicum Jayperp were
obtainellia@feaSéiabRCE oW ELARRRTS ritRMEnTR. Q“H&rﬁFMMS%pm Rirh@¥re in the

at 4500C was 0.1 nm per mnute due to the
range oft depbinsm forl spans gpiveriag 8.0 pm txyS @ funt dreas onfloun 6 isae X TEM image

. these noder at e crvvth . hec osi t.ion. of
showing S gty Bartod HEfet o SIERT Bl e aul i SPBVER oY Bickness wp
to 500 BhPgaR G915, (R cPEIERSRANEnTsht! WhichGef8d 1Rt SF R S'iGe4 tetrahedral

nol ecul ar core of the precursor. XTEM showed that nost

core ofgths |psecanrsosn FIor ildi shawe RRBS ranslommeand plhgnedaspectrae flaivamtrace) of a

MR T TR
defects %Eec‘ g}?\dgﬁlrg?%é%ﬂ%&&ﬁrgﬁg af 1l iflter R WhE %1@3? R]mlt: Ioﬁ"of $he film is

mage of a strain-free and ato
relativedyrdefett F2eCeTIR XTEM blgglﬁvﬁ”lecbnn@e(s Icﬁﬁimmdcuhe pilagptod defd:bts at the

interfaci?nv g‘%xlf ol Aslillgfrégié\%e]}ltg ks qsgglfl perfqc y|péa5;)@1c surfaegs (see FIG.
t | t f
0 PR S8 Ui S s L 0 i
strain fieegrewihdsmkpéated. he RBS channel i ng spectra The typi cal

value 4 s r.oxi nat 20% erfa
GLLa] o e BR USEEITRE ik, Buvith e ufieeioad By thoschaving
skill inhOWR thiterhEBresthi B0&Hi0RRAA HaY 8 8itiBnat a@@aﬁﬁ and! AY&fications.
grown at 380Q0C. The cmn is 25%at the S Si
For exampley theceethnd of ¢y presend mwcﬁngwszantbhslss@ rtdi gmw Sif6ee materials on
I nt

é .
substrag R A SO YTt MBS Cl e P T P MPHFOY e e facil
reactivisy! rcffa&gGesz;@ﬁ;S] (HHGEh ST SRIAULH @) ISTOERSs Ithe B35 ® growing SiGe

contrast and Z-contrast nodes (see o
materials on specialty substrates that can withstand processing as high as 300°C, such as

plastic substrates used for flexible displays. As another example, the method can be used to
form a SiGeN layer by mixing the precursor with a nitrogen source to create the SiGeN layer.

[0068] Therefore, the invention in its broader aspects is not limited to the
specific details, representative devices, and illustrative examples shown and described.
Accordingly, departures may be made from such details without departing from the spirit or

scope of the general inventive concept.
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FIG 8) showed sharp and well|l defined interfaces with
perfectly epitaxial mcrostructures in which the 111

wo aiobiosespl anes of the filmand the substrate BCBUS2005/012157
conpl etely commensurate. Theinset of FIG 8 is an

VVHAlgSgﬂlg%EEEQS“t'on Z-contrast inmage showi ng a well
ef 1 ne pt and perfectly epitaxial interface
& fﬁs%%tgpgfb’g&?pglfﬁﬁg Fég%‘i]‘?gy Za{gt%ﬁ bh Y8uBhirdtl 6 §'r8ac%g§%gea1%’éer the

e characteristic
methodSionfpeisaugd Sl-Sl _peaks and the correspondi ng

fr enci.es te a fully relaxed materi
01&8@%13 a‘aestaagqﬁ%\?.pawaoa CORBFISIAg ﬁﬁa@%ﬁ%w wherein
x=1,2, @forﬁt IRk cf)ﬁ(ﬁﬁoﬁ@a&zﬁéﬂe Ezé/@f"écﬁnﬁrﬁlﬁé@s%%ﬁeﬂ ${ Rfhed on the
he experlnental |attice paraneters matched

substrateheor etical values which were determ ned using
Vegard's Law. Exanple - G owh of Si Ge [0066] G owth

f S Ged (i, e Sio 200 .80 la
& n?b%ﬂlie&ﬁ%{/ S lathel Vﬁ?ﬁ{?ﬁ% dﬂtf&ﬂgcué,b %ﬁe@gsprecursor
compri§ittciuMBl tBé p&ﬁ@Hn%hﬂstﬁiﬁaﬁ?%u&@om%O 0C and 5xI O 6

Torr precursor pressure. Under these conditions snooth
and uni form | ayers were obtained at reasonabl e growth

Pat €8¢ Brethodh g L meierem the Al sty f igrodicngithe gaseqias arecursor
5.0
comprifeh PRERRARe Bleptrstdy bk A OO Mo ng he

atomc flat top surface of SiGe4 film RBS anal ysis of
l4ay €he mvdthdd dhictkmel svhepein mhes Siep roh igawéucandSile. 2436mb. pfécursor

a ntent, which.r cts, that of the SiGe4d
Compﬂfeétl?‘é‘ﬁ{é‘ﬂ tﬁ%B’Feéuréf’r ‘t“FFémBi‘eg %s%ﬂ INCECETIC] 2% hows RBS
random and al i gned spectra (lower trace) of a Si0
20 Cefle RIMHIAIOL clAmer whbreth tRe EdHiEKARTINPhisés J,.”MM  The
i on channeling data suggested that the defects are
predom nately concentrated at the |nterface while the
op&he msthadar ckimrhwhereinthe garrier eamresey Ndef ect free.
The XTEM bright filed i mages confirmed the pile up of
f rf Vs
ﬁgygiﬁé tﬁ‘ﬂ&fl&&h ngsélglﬁlag 1 Qxﬁlgrefﬁ? nd gzgeg,gg%ggggmr is 6(?%%51*?&1‘ by low
pressurEhﬁimi]:@DvapXRﬂb;ﬁiﬁﬂioMSl s gave the expect ed Vegard S
values for the lattice constants indicating strain
free growh a exp cted.. [0067] Fromthe fo
gt sahgarsiod ket | Weersindls S1%56%8 DyeiRysis ({?a&lwagvy ultra-high
at the present invention can have
Vacuﬁg{ﬂlf%ﬁa#&edd@gﬁtugges and nodifications. For exanple,
the nmethod of the present invention can be used to
0’8 oWlSme@)dmﬁ daim |l svhsreis thesgasequspredunzar is Heposied by gas source
1 “i?ﬁ?’ rat such as for exanple glass substrates.
molec S?R}‘@P Yhe facile reactivity of (H3Ge)2Si H2,
(H3CGe) 3Si H and (H3Ge)4Si paves the way to grow ng SiGe
@t Fhé alethdos PIakih al witers Wik ¢ia ttes Si-GRtmeeAalVonkisiisdd quantum
processing as high as 3000C, such as plastic
dot. substrates used for flexible displays. As another
exarrpl e, the nethod can be used to forma Si GeN | ayer

C
M ThE et bt LRGN B LG RDAKEIAGER
invention in its broader aspects is not limted to the
12. The method of claim 1 further comprising the step of doping the Si-Ge material

with an element selected from the group consisting of boron, phosphorus, arsenic, antimony

and an indium.

13. The process of claim 1 further comprising a Si subsirate patterned to achieve
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specific details, representative devices, and
illustrative exanples shown and descri bed.

wa@\eweo/sli2ayl y, departures may be made from suchrdpUsihs012157
wi t hout departing fromthe spirit or scope of the

. | n SCLAIMED IS 1. A
selectn%??ﬁ\g% Fé@%e%ggﬁt%%g% \{}gggef Jjétyer on a substrate in

a reaction chanber, the nmethod conprising: introducing
i 14t Ghe hethydoofidaing 1 ydEesu @mgasemmsmecwmrﬁs irgtfadgceed as a mixture

erein x=l 3 or,. 4, .under - .
comprigie G h i m apdi P sy p Sfticoh IY8Ter aeilison vdride-
halide.i S formed on the substrate. 2. The nethod of claim1l

mherein the step of introducing the gaseous precursor
nErlses |ntrodu0|ng the precursor in_ substantially
he method 1 clpya Inwhereia the precenisen comipisee HaGeSidlat he
step of introducing the gaseous precur sor conpri ses

. nr r

s TREHEHR o oA Bre B b B ARSI g
t he gaseous precursor conprises |ntrodu0|ng t he
dr7e The swthodrtfetaimxlestheveinthaprecmsot comgprisee (H§#d;SiH. The
nmet hod of claim4 wherein the carrier gas conprises

. -6. The thod of . claim4 wherein the r{ier.
cl5rafe et o B PrsF P SR GG e
gaseous precursor is deposited by |ow pressure
Clive Thé HethoARATCIABPOFhéreRthe Subshh@ cORpAgsk Picanl ai m 1
wherei n the gaseous precursor i s deposited by
ultra h vacuum chemn cal {JOI‘ deposition. 9. The
Ao ﬁb@maw& ofichie. Mpeherin theh@ ipsesiise? SELOWor i s

deposited by gas source nol ecul ar beam epitaxy. 10.

He Tﬁgtlﬂgﬂo@fof‘:k%hﬂ] 1 %@r’ﬁa %gﬁ%%l%}ggeé#rs&elsnﬂtﬁ{dh@éd at a

conprises a quantum dot claim1
temperataer eibetwdea aBout%Oﬁ@taﬁdlahd)utdOﬁTﬁ.i ses Si GeN. 12. The
met hod of claim1l further conprising the step of

pi th ri with an el enent sel ected
20 The S, i Eae: £ sk B BRCBBREHSTLE Mitoduced at a
tmnpmﬁﬁﬁﬁﬁh@ouﬁﬂﬁwonny and an indium 13. The process of
claim1 further conprising a Si substrate patterned to

achi evesel ective growth of the Si-Ge material on the
Adpdhe amethod 4of Themnbt wheret¥ ths @psnous wihiegussar ishéntroduced at a

LS as a mxture
tmnpm%%%ﬁﬁﬂg 5§€ﬁ@@§¥@§?ﬁﬂg 5%g8§ ger mani um hydri de, a
silicon hydride or a silicon hydridehalide.
24. The method of claim 1 wherein the gaseous precursor is introduced at a pressure

in a range from about 1 x 107 Torr to at least about 5 Torr.

25. The method of claim 1 wherein the Si-Ge material is formed on the substrate as a

strained or strain free layer-having a planar surface.

26. The method of claim 1 wherein the Si-Ge material is formed on the substrate as

strained coherent islands.

27. The method of claim 1 wherein substantially the entire Si and Ge framework of

the gaseous precursor is incorporated into the epitaxial SiGe,.

28. The method of claim 1 wherein the composition of the Si-Ge material is
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15. The nmethod of claim 1l wherein the precursor
conprises H3GeSi H3. 16. The nethod of claim 1 wherein
WO b@ofsesur sor conprises (H3Ge)2Si H2. 17. The P€I/Hsmon612157
claim1l wherein the precursor conprises (H3Ge)3Si H
- thod of claim11 wherein the precursor
SubStan(%:Ig}rlr%%EFEgoergF(l—BGe) 4Si . 19. The nmethod of claim 1l wherein
the substrate conprises silicon. 20. The nethod of
@Palhe methedef elaim tihehestini tho Bi-Commtérsd & Birmedmder 2onditions that
bst ghﬁ getpod gnc% im1 wherein the gaseous precursor is
substantigyy SEBHFS AP Y enper at ure of bet ween about 250C and
about 700C. 22. The nethod of claim2 1 wherein the
38s Aqusthpd &R lUlepoditing an BpikaXiH) SeCe dhyer dneigubkidite) wha@tin x = 1, 2,
about 480C. 23. The nethod of claim 1l wherein the
3 or 4, theseathed ¢ptisingr is introduced at a tenperature of
bet we 4 4 o
ol ol mel ERGE Al iR Bl ine' i e Spand01R RIS Ripprising
GOt and a range fromabout 1 x 10 7 Torr to at
| east about 5 Torr. 25. The thod of claim1 wherein,. )
t he sﬁ@%@rﬂﬁ%ﬁ%ﬁhq BTePBPAB NG GORAIonD Stliesity gRitaial SiGe is
' in free layer having a planar surface.
%%%ﬁﬁﬁggﬁgﬁﬁ%g&gf claim1 wherein the Si-Ge materia
is formed on the substrate as strained coherent
i34l Ahelsuetlxx offtleinnrdOhwhierein e stap df imrededing the gaseous precursor
.Subst a tialh% t he enIirﬁ Si..and Ge.framework of the
compriges JUEQICE Y SISO SHRYFNEIN AU °FPo the epi t axi al
Si Gex. 28. The nethod of claim1l wherein the
GRNPAS inkdiesl 6f clufie 381 wherehBdhestepl of mErdbisdiag theakhskous precursor
uniform 29. The nmethod of claim1l wherein the Si-Ge
comprigpgtiefroducingghe preawgor Ascheyingle 88 19Usies t hat substantial ly
limt mass transport. 30. A nethod for depositing an

[ [ i r r [ =
581 S GEUALE 0 UL O BeotiEhe U foody prcuro
comprisasrifitaadncofg thé presursst intrmixedgaitieausecenicr gax.
conprising (H3Ge)xSi H4-x; and dehydrogenating the

recursor, under’.cqondi ti ons, wher.eby epi t axi SiGex is
B TR Bihod e i o gud e Shs CRBRTAts 1 i 30

wherein the step of introducing the gaseous precursor

%mhifa BRIV ICOANCINGhdrEa thY &&HESDmprRe$NpSt anti al |y
pure orm

36. The method of claim 30 wherein the gaseous precursor is deposited by low

pressure chemical vapor deposition.

37. The method of claim 30 wherein the gaseous precursor is deposited by ultra-high

vacuum chemical vapor deposition.

38. The method of claim 30 wherein the gaseous precursor is deposited by gas source

molecular beam epitaxy.
39. The method of claim 30 wherein the precursor comprises H3GeSiHj.
40. The method of claim 30 wherein the precursor comprises (H3Ge),SiH,.

41. The method of claim 30 wherein the precursor comprises (H3Ge)sSiH.
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32. The nethod of claim 30 wherein the step of
i ntroduci ng the gaseous precursor conprises
WO niosos267T Nng t he precursor as a single gas SouPCERUSBB5/012157
The met hod of claim 30 wherein the step of introducing
. ; . i . )
e e P P R sy,
The nethod of claim 33 wherein the carrier gas
d3nPh¢ methodaf cRém 3Prvehenein lwosubstrate apmp@seswheori n t he
carrier conprises N2. 36. The nethod of claim 30
erel h cursor .i s deposi:t eq. ow
SO LB Pt TRRER S SIS FER RO SRRl hoa o
cl ai m 30 wherein the gaseous precursor is deposited by
uiSt The hiegtodwdclainm30tveiereia lthe/substiatd epmpiisds@ass.38. The
nmet hod of claim 30 wherein the gaseous precursor is

posited hy S urce .mol ecul ar beam.epi taxy. 39.
o e ettt v iR e SH4E CPMBEIFE LA onpr i ses
H3GeSi H3. 40. The nmethod of claim 30 wherein the
RI7eTHE HREhJIVTRIAIBED fuHhEEdAFrtdng the stephtE dﬂgﬁﬂg‘-’tﬂe efitaxial SiGey
~claim 30 wherein the precursor conprises (1 _
with anGelp@eht-selectedr fremnibe raselo torsisting) o ondrs ragsenics pbosphorus, arsenic,

. recur sor conprises (H3Ge)4Si. 43. The nethod of claim
antlmo'g’f)ar\lfﬁlgﬁ’é‘inh the substrate conprises silicon. 44. The

nmet hod of claim 33 wherein the substrate conprises

38( TEOmeth&d ofl bRiMSONEthef cehphisihd Pawbiai@i the tsiBstrate to achieve
_Substrate conprises glass. 46. The nmethod of claim 30
selectivigigapwthrpfithecpitapial P cadhpsubskatep| astic. 47. The
nmet hod of claim 30 further conprising the step of
OPTRY nlehifo S N R wﬁérgﬁxthg‘”g%&oﬁ‘@pl%l:ﬁ@@ s B RELES a mixture
fromthe group consisting of “boron, arsenic,
comprigihg §H5GeWSiH,araaé ni germamuinmbydridend silivdn tiydrid8 or Ehsdicon hydride-
.. method of claim30 further conprising patterning the
halide. s yhstrate to achieve sel ective growth of the epitaxial
Si Gex on the substrate. 49. The nethod of claim 30

WoeTRE néd6d AFSERMT I GARFER the Sga%é%dsoﬁﬂé&ﬁgo@;ﬁs #ntroduced at a
an

m xture conprising (H3Ge)xSi H4- X a gernmani um

temperdtygrafdbeiweensibbutcdd°Gypad rbt GO0 C.si | i con hydri dehal i de.
50. The nethod of claim 30 wherein the gaseous

Bioate 38esbd ro BT Sobted AT RSRANAfrRioroR et o o

temperadtudd i abbit 480eCgaseous precursor is introduced at a
tenperature of about 480C. 52. The nethod of claim 30
wherein the_gaseous precursor_is introduced at a
52. The method “of claim 30 wherein the gaseous precursor is introduced at a

temperature of between about 250°C and about 450°C.

53. The method of claim 30 wherein the gaseous precursor is introduced at a pressure

in a range from about 1 x 107 Torr to at least about 5 Torr.

54. The method of claim 30 wherein the epitaxial SiGex comprises a strained or strain

free layer having a substantially planar surface.

55. The method of claim 30 wherein the epitaxial SiGex comprises strained coherent

islands.

56. The method of claim 30 wherein substantially the entire Si and Ge framework of
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tenperature of between about 2500C and about 4500C.
53. The nethod of claim30 wherein the gaseous

WQ@e@6BRST i s introduced at a pressure in a raPgBUS2005012157

the gasggﬁnggﬁl forGh ﬁicﬂ?‘ap%pa

about 1 x 10 7 Torr to at |east about 5 Torr. 54. The
or ef -apd:kaxi al  Si Gex
ses a str |né%§¥oedggfgﬁ%@$e1§%’f'ayer havi ng a
substantially planar surface. 55. The nmethod of claim
30 . Wiher miethotihel elping 30 sthefiiGake compokition oft thei eEithxial SiGey is

Substa@%@g%ﬁ% i slands. 56. The nethod of claim30 wherein

Pily the entire Si and Ge framework ofthe
gaseous precursor is incorporated into the epitaxial

JsCahe hdthod ¢ clhhoghefeirt b ééﬁit?agia‘l\‘S@G@xi R fohfed under conditions
i

conposition of the epitaxial Gex is substantially

that subgtartiglmling gmassieansgarhod of claim 1 wherein the

epitaxial SiGex is formed under conditions that

{ | RS stk @asport . 59, A
%%%r%ﬁ@%d#mg?%c uréﬁlgoﬁ%%si ng: a substrate; and a
Si Gex d aapsteaté;amnded by i ntroduci ng near the surface of

the substrate a_gaseou recursor conprisin
( H3Ge) 3y layer fﬁ%@p (D7 ?r;gn%d}lcigg ngargpe gl?rfqﬁqd)é %16 substrate a gaseous

?S%t%ﬁ'gdr 0%@‘6&?&@%3%«2%@4.% XyHePAE xLB 3 0BNMEM 40 "frgl:aﬁ] cgaditions

strate. m conductor structure of "c
wherghiynthe BeG&i 1Gex id faymeed o1s tHeaubschtdy dehydr ogenati on
of the precursor. 61. The sem conductor structure of

HE e oM B B2 SR SRR W LSRR ot

dehydrggg)ﬁﬁbﬁlbﬁt}ﬁ ks Si (100 . 63. The sem conduct or
stru [

SiGez .

SiGB;; .

SiGe4.

cture of claimb59 wherein the Si Gex | ayer

conprises SiGe. 64. The sem conductor structure of
daiThe somigeadedter stmetug; adotaims§ewhetshipthe selstigieGemprigss silicon.
The sem conduct or structure of claim59 wherein the

: | . . . . _
St BRSO B} SOy TR ARG G sic00)
conprises SiGe4. 67. The sem conductor structure of

di3aiTire semidoadwiter stinetufs dEctaihayEwheeimthe $6Ge,daysir Comprises SiGe.
filmhaving a thickness of |ess than about a mcron.

. 1h m con r r r f clai wher.ein .
SC%GT iﬁ%ﬁpq&fﬂgpt%g g o?tp%teg %‘ialfmeSQ w}cl:ergilnn%hgg&&s lgyller comprises
65. The semiconductor structure of claim 59 wherein the SiGey layer comprises
66. The semiconductor structure of claim 59 wherein the SiGey layer comprises

67. The semiconductor structure of claim 59 wherein the SiGey, layer comprises a

SiGey film having a thickness of less than about a micron.

68. The semiconductor structure of claim 59 wherein the SiGe, layer comprises a

SiGey film having a thickness in a range from about 100nm to about 500nm.

69. The semiconductor structure of claim 59 wherein the SiGe, layer comprises a

SiGe, film having a density of threading defects of less than about 10°/cm?.
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Si Gex filmhaving a thickness in a range from about

| OOnm to about 500nm 69. The sem conductor structure
w@b0o6l0zi28T 59 wherein the Si Gex | ayer conpri sesPer/Bs18ex012157

filmhaving a density of threading defects of |ess

tﬂaﬁ“h@ heticod@m/tSr Eruttire Ufeclﬁﬁ{TW QRAGH Ghe S Cfazgte c&hprises a

claimb59 wherein the Si Gex |ayer conprises a Si
SiGe filinl Imviireva supstantialbysatemicaly iplanat srface oyphgllegyar sur f ace
nor phol ogy. 71. The sentconductor structure of claim

o 155 Eie RGP sh PO 6T Rl o) Fhefih e ehfinfa SIS, tayer

compri§RHARISe} beferdsyed i‘a&vﬂlg@ shigstftially dnifdine c@xﬁp@s@t&nﬂmésa ithe layer.
structure of claimb59 wherein the epi taX| al S| Gex

| ayer conprises a Si Gex buffer |ayer having
s7tzb§barﬁerra¢qrgduetﬁt FSERERIES 04 ol r585§’h?1ﬁ§1 |ﬂ§‘y @Plta?v@l St% layer

comp 5L SRSHGADA T ALYl BBy e oy

that IS not conpositionally graded. 74. The
SiBniThe nebpdtandustor sthiciue of dhiai H95Vhetear éha epliaxisi Seley layer

1 ay es an nor e Sst.rai | ands. 75. The
comprish SiGieq R 36 AL 1S CORPERLP RIS of n i ho i Gox

| ayer conprises one or nore coherent islands.

74. The semiconductor structure of claim 59 wherein the SiGey layer comprises one

or more strained islands.

75. The semiconductor structure of claim 59 wherein the SiGe, layer comprises one

or more coherent islands.
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