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STRUCTURES Background of the Invention Field of the
WO pwensizss [ 0001] The present invention rel at eBCT/US2007/008879

generally to the formation of strained sem conductor

| ayers in the field of sem conductor manufacturing,

and rel ates specifically to the formation of strained

silicon on silicon germanium buffer |ayers.

Description of the Related Art [0002] Strained

sem conductor materials advantageously provide

i nproved electrical carrier nobility properties as

conmpared to rel axed seni conductor materials, thus

i ncr easi ngSEM‘%@bTQPGT%BMFEERl%H@&WE& rcuits

can operate. A sem conductor layer is said to be

"strained” when itpickerRRdaldrahdBReboave @ lattice

structure in at |least two dinensions that is the sane

Field 9§ theplawention he under | yi ng S|ngle crystal substrate,
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[ 0003] Strained sem conductor |ayers can
electrigal Pﬁiﬂeﬁm%bﬂéfé‘ poenertigips oompageshtogelaxed senicopdurtor matenals thus
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paft EPFYPRRy sy pecraiedi when fhe mateualds deposited over an
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| ayer has the di nensions
| d000He, :Sﬁ@medcscml@mylactod dposi ¢adbofemed bysépitakiadlgh depositing
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nug, g lt'a i6e canstant F%R/é’i’ hen gpitgxial Sk derpsisipn occurs over

silicos “Bﬁ@xaﬂﬂﬁﬁn@ ﬂé}ﬁfsittdnn&a 8l HHGANEY, e chRLAEaSdRed S
00041 There are a nunber of approachggI ié%) ed SiGe is

“stranﬁ%%( % e, stpaller quderying filigay lagtjes: If a strained silicon layer is to be
deposited over the SiGe layer, the SiGe buffer layer should first be “relaxed” so that the

silicon layer deposited thereover will be strained. In particular, because a strained SiGe
layer has the dimensions of the underlying silicon lattice, a silicon layer deposited over a
strained SiGe layer will not be strained. In contrast, a silicon layer deposited over a

“relaxed” SiGe layer will be strained to conform to the larger underlying SiGe lattice.



silicon. In one approach, a SiGe |layer is deposited
beyond the "critical thickness." As the thickness of
w@2@vnzddsed Si Go | ayer increases beyond a certBCTUS2007/008879

"critical thickness", defects in the crystal

structure of the strained Si Ge |ayer appear, thereby

i nducing relaxation. After relaxation occurs, the

degree of strain present in the SiGe layer is related

to the anmpunt of misfit dislqeation generated in the
Thus, &, sEaingdy fgﬁ@oq AyE% 517 R Prafiicer B eRitaialbt deppsitte giligon over a
relax& otd myenergy of the |ayer and the activation energy

for di'sfocation nucleation and gliding. The critical

t HOBRHes s Theprarga whnber i epprogehsss to femaing a relagedi 8§iGrylayer over

ey r L . I <l . : s3
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growfi e Are, E&M!egﬂ&rﬂnﬁﬁgm%ﬁ the Bﬂﬁgef & &&?ct? With&{ the layer
| ayer propagdate up into the overlying l'ayer o

undedyingithe8iGeyeonduct or material, typically strained

Si , ich.can adversely .affect vice operation. .
ckODBRD o S AL O o ST a1 B GErSEE with an
increlssﬁngjd cotemtiatitg b€ femahe inidil?i)iiﬂgl Soto Eﬁ&op Qﬁfflﬁ&i. t Ufortunately,
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by vérhi€al R ophgatileUhfadinB@B8ocHRNS b8l nAYEt kIRl ShsC ahiPBccurs as a
reduced. For exanple, it has been shown that a |inear

resuli; RE e IgtHce gpismaleh batwes th pilicpm substrate gnd dhe (Sife. oFhreading
; % ' ] - def el .
d sloevﬁmg e RSt i@ﬁﬁ%ﬂﬁ&ﬁ@éﬁﬁf{}? uggetﬁ.g Egyér?%ﬂgé layer of
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straingd] $gmisomdustorf meterial, typicgkly straimed sficdnhrvelsidh rgn adversely affect
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deletérixiuls. effidts( ohh Hdlrdduckd9 Fbr et dn@ddit hhOBeer! MBwhaAKSY Slitdak bhange in
have a high _roughness. O her exanples of nethods that

BermpRE GRRASIEAHRRY 2t 8 Fredrutite aEmbeisl%Raadeicronepradyessos reduced
defec$ Uévdl NeWhiERRTs hahbd ‘h?ays?é Hﬁ;ﬂxk?éve P! tﬂetl%%rﬁggﬁ%gﬁglg from a
et "al . . Appl . yS. ,

di sl ocati ons (Obata
large (nuyolygr) of ribrepting dislocatians wfd pilrsumn(a conglosictiton of threading

it A R T A R ——
10°/csi rfrathreafing Hsldcati@nt dodrpile up counts in excess of 20/cm (Fitzgerald et al.
Applied Physics Lett. 69 (7) 811, 1991). In addition, the layers still have a high
roughness. Other examples of methods that have been tried to reduce defects include the
use of strained super lattice structures to pin the threading dislocations (Obata et al.
.T.Abpl. Phys. 81,199 (1997)) and the insertion of constant composition layers to pin

threading dislocations at the interface.



[0007] In one aspect, the present invention relates to
nmet hods of formng a SiGe |ayer over a sem conduct or
wG@astsmse by a vapor deposition process, prefBCHDE00Z008879

chem cal vapor deposition (CVD) process, using vapor

phase silicon and germani um precursors. Defects in

the buffer |ayer are reduced by interrupting the flow

of the silicon precursor at one or nore intervals

during deposition. [0008] In sonme enbodi nents, a

silicon precursor and a germani um precursor are

flowed into a reactd RASHEHL de it SiGe on a

substrate in a fi rs%ﬁ%é dep%)gwﬁ c?}ﬁ phase. The fl ow

of [00A2l si IIncute ?ﬂpeduﬂmapr$mtdnwmimﬁemhw$m ofetindaisrofl forming a
SiGe! ]Q&&f SRt egeﬂl&o%ductérsgut}s Iﬁtﬁ Uy upt | PE\%QP‘?%‘S“ procless tpli‘]eferably a

Ium precursor
chemlm esrapuptdeposmpﬂn a(swrp)r pioeesb |uy§m(g0wtpdﬁ Utasé Qllido@samdt Qéﬁhamum

bout referably | ess than about
PrecEyy, Piege%? Pbﬁ‘ iR vieb are rgpost Bhptaryptngfhe, ﬂé&ﬁfs"éﬁ silicon
precurSor'=# SHEBE moRe Mt&OERMWriRk G8positeR0Si ti on phase. The
[ nterruptl on phase results in the formation of an

i nk09PBhce Inspate pRbodipents; silicgpairecuppast andah Egrmanéum precursor
are floMe@lihREL rdiRBoR sﬁ@qu%ﬁ&lpé &€ §§ at%@ %Q %g‘é 0 Ge deposition

nore preferably |ess an a
phasg o fho ﬂpw @frthe hshcod ipkécacsor fimto |ﬂ1¢ rﬁ@cov@ chatitbeg larmten-upted in a first

odi.ment.s
lntenllﬁﬁgg{l p W gﬁglge e“?‘lrélralélluﬂl ?Pengrcfga cmﬁtn%theé tg ofiﬂv%eo%‘fe 1n{erruptlon
phasft-jpmﬁ@ablvmgntlhees%&esb &fahabohtaymecohds swTe pithabiymedttian about
th i Ge_depogi t r the first and/ or second
5 sedgify, BTouPERoRe o B AIPEaGSo] RrUgPRgn & sccond SiGe
deposiaiog @ihbieat TDEEI nﬂérr@ﬂfd@ﬂaﬂéﬁeshﬂ@ ﬁ@ihe' AR Ef aﬁﬁﬁ&?ﬁce layer in
Sg%i he | [ nmet hods are provided in whi
the ﬁﬁ@ theviterigcedins ot thighmess of fass dl@qsbgbquédoeﬁ more
prefedabiy/ b&b El?drﬁa%t SOAL AnURME S ébxﬁﬂd%ﬂdi‘lgtha@dﬂﬁfﬁﬁinuﬂb overlying and
precursor to a reaction chanber containing t
undedymgt Pt lawes | Fn spmict erabediynents| twe my mosd fintewmption phases are
provﬁ[e (Hg B0 cohle tcﬂedeés%gihk bu? E@g%‘af‘fer llaarrelé » g‘}s 61y embodiments the

i ments, ["ayer
SlGecéfmg)tSJ,tscésluamgl ﬂncrﬁaslamg/owosmcem IAGe odepokitigar pledsed) Romprises an

crehd Slentr ce with the substrate to an interface
mrevmn?%%an egvgtﬁ y| n%eqnayéllm such as a strained silicon

| afpen9] [ O(I&C}a]noﬂrerazsﬁw tdfethe a6@@Eion, RN Sar® Hré@adl 0 which a
substrate are provi ded.

SiGeue @"‘Iygﬁg’f aﬂe?%tsdf dressitet Prdepyberately spptipuously flowing

a gerfilabhinh pr@uBiorao QLR tRIORRDHes ant@uhﬁg’ e Qlfbstﬁ.té %ﬁ qgtermmently
S|I|g§n i s deposited over the buffer |ayer.

flowige #t silicop meeairens tp f@swsaqt@escmmheeastn oM sm@edlments, the SiGe
buffedq ﬁﬂeﬂ%?alﬂpa&ﬁm risRs WA flrdaBR ottﬁtgg gf s éxha&ﬁxegrom an

wi th a vapor phase silicon co ase
interfges W the swhspeente an interdpwesivith SuGevmﬂ)uing éayer nmch asi M Gtrained
silicof@a&@ncentration, and at |east one interruption phase,
2007/ 133358 PCT/ US2007/ 008879

[0010] In a further aspect, methods of forming a strained silicon layer on a

substrate are provided. A SiGe buffer layer is preferably deposited on a substrate by a
CVD process and a layer of strained silicon is deposited over the buffer layer. The CVD
process preferably comprises at least one SiGe deposition phase, in which the substrate is
contacted with a vapor phase silicon compound and a vapor phase germanium compound

to deposit SiGe with an increasing Ge concentration, and at least one interruption phase,

-3-



in which the substrate is contacted with a vapor phase

ger mani um conpound but not a vapor phase silicon
w@eoupesasss | n sone enbodi ments, during the Si GaCT/US2007/008879

deposition phase the concentration of the vapor phase

ger mani um conpound i ncreases, while the concentration

of the silicon conpound remains constant. |n other

enbodi nents, the concentration of the silicon

. C ound decr.eases- The tenperature at whjch the
in wiih B TiRseieds Sariried itk orEapop B GERRLTA somBPuphput not a
vapori$ha¥@kiliRen cbmpBifd.e kD esthaeRbolifigentd, FURAE Ah4IBRGE deposition phase
graded, and _decreases as the deposition proceeds. ]
the qopeantratio ebniBe MR Rbenes semeandyp spopedrd increases, while the
congc %’ti&h cH_fat!hleyﬁ%ﬁ(%}P Cbrt uﬁ]{] réﬂﬁﬁﬂg oBRant O LAAL, é'ng%di_gqcnts, the
eposition phase in ich the substrate I's contacte
concegittation oy splicese copipoind decorapenundThedempempoe ghaddch the
nj ound to.deposit SiGe . wth. const ant ..
aepo Gl BT BUPRUDTe B SRRk o7l Wotrtish, PBRRG B gpiment the
temptiatirs is graded, andijedtagkes anthegkrpogitibn proceegzound remai n
c nt during the constant Si Ge deposjtion _phase.,.
[ 0", 3 Eod ot Bre ey Broce Rt et ot loast
one chh#hitiGRMepsiitidh Phaddi il WiAELthe shibétdté ARntacted with a vapor phase
... dichlorosilane, tichlorosilane and tetrachlorosi|ane.
silicopy eyrapeund 8R4 faMARAT PRAsEcERrdenynt weppgand \ipt drpesit SiGe with a
bt d:AbdsRon. I8 W8 : {BRY! il
corlst etrac Isorinde. [Oo%é?ﬁy%%g ﬁgtc?g? %Ig%gﬁ %8%'{)%? glél,co?oc?) mpound
and gegppiua, compoyh rembingonstaptdiringrthe nonstmit iSa&e dkpasition phase.

d jit ed oSid ] -.Javer. [00141 I.n s mbodi nents, ...
t HBOPA e Fabch 8 S Phpcns e e oPy SRR, P, disilane
trisilahep alichlomsilarey cieishjorvdilane amil eéthehlerotingdeerfrefetB@ germanium
tenperature.is varied. Preferahly the tenperature iIs .
precuty BT Bithow ety spetane: dgeans sngrechBaefrgshloride.
of[obi®) Dr awen@ibsirAe kahy EbRpFiSe, lfol $xample@ Rk AilddAdayer or an
. silicon and gi]_ermanl um precursor flow. against tine,
epitaxiplly, depogitedh gilisom fayeess for fornming a graded SiGe
bubbgsy | a [ St [ j ' i,/ d.con
orC0Ell, ol BT, b ibHREhA0 R hdla blferhlc d§iBhout e
depositien prdcgss, wiilgrio pohdri enmbodimgats tipeaniemmergpureds varied.f Poferably the
| NSty L i JAat | a s for depositing a
temp | ﬁiégr byettéég% é’(?lug:féée @%“ﬁ]%&mﬂ@‘gﬁf roma silicon
precursor and a germani um precursor. The graph is not
drawn to scale._J].00171 Fi.gure -6 are graphs
plotting the rel&Fve=p : : .W #rani um
Preo1s]sor Fihew ﬁ9§|aﬂ%_‘§ph|1ﬂ&tin@ MBEAPURd eRRRRRRS pfdlrsor flow
_ degosn ti ng graded Si buffer layer froma silicon ]
againgl Besr SG1sUaHRE @ BOCRENfofopREEUR $rded TG epbwifasioper comprising
interrGABHS i%hd 6K bicu@bpfled. Si Ge deposi tion phases 20,
constant Si Ge deposition phases 30 and interruption
- 40016] Figure 2 is a graph plotting the relative proportion of germanium

precursor flow against time, illustrating a process for depositing a linearly graded SiGe
buffer layer from a silicon precursor and a germanium precursor. The graph is not drawn
to scale.

[0017] Figures 3-6 are graphs plotting the relative proportion of germanium
precursor flow against time in various processes for depositing graded SiGe buffer layer
from a silicon precursor and a germanium precursor. The processes comprise linearly

graded SiGe deposition phases 20, constant SiGe deposition phases 30 and interruption
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WO 2007/ 133358 PCT/ US2007/ 008879 phases 50. The graph
is not drawn to scale. Thus, the interruption phases
wGQornsizsat e that the silicon precursor flow P&I/US2007/008879

interrupted while the germani um precursor flow

continues but are not intended to suggest that pure

germaniumis deposited during the interruption phase,

al t hough such deposition is possible. Detailed

Description of the Preferred Enbodi nent [0018] The use
Phaseg50g rIhgetrand) isof iasynstq seaige| Thusnthgrinterruptien phases A8 indicate that

i 0

tho SR8 R0 s TRAY T A PrlRA WAL B S FBERLE PHES: fogy continues
but aeymitcatenged to Suggesttaht pudsgemhei‘hnc BnjEpiosies mlh@/ﬂre mferrupnon

ct or terlal preferably silicon,
phase\i\/%{tﬁé]@dsﬁﬁﬁ]eéosqg%lné)&s dep05| t| on over a strain

rel axed buffer layer, which in turn overlies an

epi taxial gjl "8 substrat e, The buffer | ayer is
pref erabl y=5rce 298 " HSLCIRHES HOSIER reI ax
WioD18y | atrtheGRe ‘b?%?icﬁﬁt&t}l%qxiyé@ is \@El@ﬁﬁo% in €As mentioned

than Si nmay be used as wel [0019] Met hods ave now
above, cleningprere Wevied Hesformareea gsmamedxm@m@wfqu lagers v iingreasingly

used a ﬁ‘% eﬁl'l}y el Yol n’s{mgﬁ'ﬁte A?%h%%%% a& ll%yee? ra(?iio @g%nle&] gsegméaonductor

readl ng di sl ocati ons. escri
matexba;l[, ovefenablyesilisorpfwhikke Haerbeen ifoument byﬂ demtsam}d o&erGe strain relaxed

b K sk
o 455, O, P SRR SO OB o v

prefetublyeSiGe althdngtmrthbn wdterialsahberdel axomitle X Usttics teilbtas tﬁaﬁ@s larger or
rel,axed_Si Ge | ayers on SA substrates,

Smauﬁﬁﬁ’afl? ‘Wﬁiléfl &lls. "sSubstrate," as used herein,

cgoorgf er Méthadstmwe nd&f 8kerd Hlsbgvéed\%xk RlaRGE l%ls;tlad SiGe films
| ayers already forned on it. Consistent with t

havingaf, FRlatvaly, low reumepen ofi verticallyi pwagaiingr op rthmﬂmg dislocations.
Altho%'gﬁ%eﬁé&%ﬁ? BedcR¥eH bl=:1%vsdﬁ10t91?1J igﬁm%mﬁloh%% ast%fagc@& Ri&L la¥er on a

bul K substrate, le in ot
bulk gificpr substrase, | qm;mf $laven thasithwélh rq:nogmze uhdttythedaﬁhsdi described

traipn r ed buffer,| ayers,
here“g r%e er g’%ﬁfl&?&o bﬁkgrgélat]eéé R 954 Six Ttion ‘b‘gfel%ﬁ?éée layers on
SOI wbtstnaueeohnde@ ckhbentatd s tsulmnm’r a@I ubél BereME Hah @8Rk to a bare
uf f er ers ﬁ i nterrupti.n Gedeg osition_one or

wafer 0% whERTecE tgatepty forngd Auity Gongigteny wikh this| definition,
the epitaafddis{litoh h@yefr baweh bIBRGSbutLRYESS Webdkittd @an be the surface of a
b lk%Habstratz‘ %/pl cally for less than about 5 seconds,
u sfrate, wdilgdh ogher 31154(‘6@9%@ epiptiphsiieon layet bag Wmmgvmusly
depodife@ on'd Sibkaki on. The interruption results in an

interface between the Si Ge deposited prior to and

sUBY¥Yu e nStrain relgxed hufiesr taypts pwferﬁlelgékmdk lggadfcd SiGe layers can be
form&fir&itﬁ ul‘ﬁ?'&c&f chﬁ?éc? :&8&@% B%are 'bzénevrﬁétf hog gﬁﬁ% 1l]ayers by

not orma | aye rrsrng
mtelTPP@ﬁ&Sﬁ gepolsisiopi dr@-cu'pncmlmhes rﬁmﬂ:fde@bsﬁl&ij &y i:hterrupted by briefly

soon PR NGH, BY . B B5RRer SRR A 1S ot o 5

secondsbwhilatie gantaadug epdecursor continues to flow during the interruption. The

interruption results in an interface between the SiGe deposited prior to and subsequent to
the interruption. Depending on the particular process conditions, the interruption may or
may not form a layer comprising Ge but not Si.

[0021] Preferably the pile-up count in buffer layers deposited by a process

comprising one or more interruptions in silicon precursor flow to the substrate is reduced

-5-



-5 WD 2007/ 133358 PCT/ US2007/ 008879 from about 3 to
10 times conpared to conventional buffer |ayers.
wOdonosassHei ng held to a particular theory, iPCT/ES2007/008879

believed that the preferred processes reduce defects,

particularly vertical threading dislocations, by

gliding themfromthe buffer layer. This reduces the

tendency of TDD s to formpile-ups at the edge of the
[.0022] A sem conduct or referably of

from %‘?‘mt éotﬁ 10&&9%‘@%%‘&%@?&‘4%“%%8??% et & ¢y being held to a
pamcﬁfaﬁd(ﬁébxguftfﬁrbeh@@&ﬁﬁfa@ thd %réi@xtréd %?oc‘é@é%§ tr@&ﬁce%efé&? particularly

underlying strain- relaxed S Ge | ayer
verticg] tirapding dislengtiopstbyogliding ithen frarh éh%bbﬁf@qlaym | yhls reduces the

el PRI IR AR e, L1 051 o

t dﬂm]s uch asmigindncton layer, prdfewably g€ rsitisony mdy b&i su'bsequently

ms. of art ed to show that t ) )
deposfiH ik e gyt LT Mromi baTGow PoRb f (o gndiying stain-
relaxdiDSiGe Dufet vk lis Qliffa@nt ifdnd iR dMA1iES], dhé éBbsequently deposited
pr.op ortlgns of those el ements nor as excludlng t he

5111°°Br1%3§’éﬁ6‘é BEUYPeLil desEitEnts. Thus, for exanple, a

" Jobe3] fi Mo YkERAtAI te Skt FNE ufersAnd #hdtAMfns such as “silicon,”
proportl ons andim contain other elenents as well,

“silican-germanisey’t {°S 581G arro trams PIATt hsedstoashomnthey the material
compgxg%éj cﬁ@a@é&: eleﬁ'l;é%sp hRgPher %lf So b]eg?fnﬂru@%s %ﬁ'@%lng fhe relative

ayer e &trained intl
pr0pqrt101h§aef thosd alsegentslrairtas caezckudrrg tha lprdzsbaase & othelt elellnents Thus, for

£t ual ystal is force wi th the underl
examfifel 4P 6 HRl gl cRROEF S bt U Flvsblobd proortfis and W contain
othertddem&GitEas |v~&3ﬂ$re d..SelecthisalBbactBreCdopastsyich Ae ahtifM@ng) boron arsenic
dg sition beyond the critical thickness, so that it
andp, 8%81"§°‘1‘Sts natural lattice constant, which is higher

D24jhe undesiad Mgrdn i
[3825]] The Si Ge buf fer 56‘2?&?}3%‘%{?%%33% B} Pecause it has a

gemigftirsacoostewhthen ikt the %ctuzrlr@f'séalab Ifyrcedj ep@lsgn w@h ths unylerlymg
unstran&h i @eahla,\éap Qf sg§ R Suﬁuﬂgﬁgé%é KRS, Rhag ﬁss,?elaxwa, Such as by

known S exi t er oepi
heatnte po siepostiombejadl ther aritijiah ghickaesshad ¢int it bdoprades haaed lattice

£ essur tos ngl e-waf er., oIdvvaII
consmﬁ ‘ﬁ'%‘m% ! %Sr agé#%mi’%é]r meﬁlﬁplt%}ﬁ la¥ssosi ti on
( HO@A) pm@&SJuffdﬂ 15 En 8O depEitd by 28y @ethod known in the
% osj ti n i S. caonducted at very | ow pressures by Utra
art. quatwc TROSEBE Y12 cheapyee! ‘B@ﬁbémsawn(@ﬁ@/b)pemmcess Well

knowibmethielalexBedsn Githt @efdro; 1 §9R826hn | eBE
enpodi nents, a SiGe fi IomM?f()i%ep%gl tef:ll 0?1 a&i%ﬁ?flg from batch,

furnage-Bagedaloge PResAanG ¥Pe SLPS YD) aiedsiaglsiwafen reoki-salir smmlngr based
rapid Ctﬂ%zﬁaéhe)ﬁﬁ&ﬁr a?gpﬁéfgéélt%h g?g@qu)l FidEes %3 IIrbi‘yso}naekeml:»odlrnents

pacelnaS|n S ng
SiGe |deppsition fik andeded ot vesuldw Psesstues EfpsUltﬂﬂ HVglC\XDLcuum Chemical

Vapot E%ﬁ&éi{loﬂ@i{'v%'?\/ﬁ) or mecu'l\ér%mam Epltax%)(%lg)?

[0026] In preferred embodiments, a SiGe film is deposited on a substrate from
a germanium precursor and a silicon precursor by chemical vapor deposition (CVD).
The CVD may take place in a single wafer, cold wall, single pass laminar flow reactor
such as the Epsilon™ CVD reactor available from ASM America. Routine
experimentation can be used to determine the deposition conditions (e.g., deposition

temperature and deposition pressure) for any particular Si;«Gey layer. In the case of a
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experinmentati on can be used to determ ne the
deposition conditions (e.g., deposition tenperature
w@eeh7ds336%i ti on pressure) for any particul ar SPCT/US®R7/008879

| ayer. In the case of a -6 WD 2007/133358

PCT/ US2007/ 008879 single wafer chanber the pressure

is preferably in the range of about 1 Torr to

at nospheric pressure, nore preferably about 10 Torr to
. .100 Torr. [00271 The deposition process nmay enpl oy any
singles iwafgw ¢ €U rtbe raressyes Anrnreferabby eléufhf?o rangandf céouni dr Torr to
atmo GRS P%&Qdé%o?@ REAY B0 IR o YO0 16y O

atures Pessur s an oW ra Pr eferred
Si [Doz’dn p r’JElme@omsioh podagskemayvetripdast ariyl srlutcat pmuursors, germanium
di.si |l ane, trisil.ane ich S|Iane

precufiord g, 1R AR o Y, R RPPIEr BRESE # Y ABio! temperature,

pressi@E tan@ Wl r&8R0BefanddSsiliBSpicsuRbaf intmat ywitb&d. limitation, silane,
ecur sor s | ude,, without [|imtation,

... Germani um pr
disilagE Lot HOBREP SRR AaRY. TeRIRESIIERs. v ele gk U some
partidil 8 CHissliSiehRAD CSB YréiBrabfatkel ldenhlﬁm@ﬁ?ﬁx"e@ﬁfsoﬁs‘in&ﬁ&e without
of skill in the art. The optinmal precursors and
hmltqi@aeﬁqﬁh,cﬁﬁﬂn g i geranbe @@aﬁ |Sﬂ§¢°n@mér$nrm@dmh}y prévairsors that
[ I |
iy BEALLS AL b SRR R R S0 o s
reactionr ¢orslitiopss cars (bohreadily-Rietarminddobe dhe mkdl@h attlsen for a particular
Nk nuousl| i ng the deposition process,
apphﬁgﬂi%ggg%lﬁ%q Peexlﬁr%wr’?‘éﬂoé‘ of about 1.0 sl mto about

1qoossym IIn son® eﬁﬁlﬁfd?ﬁxéﬁ@ £ oot g&ntsu&}h@s ERNigfwed thedugh the
rsor, .such as i s about 10%in

chamgﬁfe %&‘i@bé"m &3hs dendeision BrRcPsy rocfxa%’ée a# flog rate of about
1.0 sEi@fo BBYUtDDOVAH, eﬁi drfe RERFEE %ﬂtﬁﬁnﬂ&ﬁ'tﬁ@ @m@%n&ﬁ@&?‘&f Bémanium

profile based on the preferred flow of bei ng
precufisigsuchas GeHp és dhoubl oﬂédhwatm@rgkr gaSea“harﬂqu@me of the carrier
as mRRHROvAREA B HroRck il 68
gas MRy bd 1t ri)sran celthidld 8 {%:H&Eﬁ gﬁler%a%gggft tl-@freferred flow
of D8 eing s, asenpé:eadamrauncﬂ byshe ekillad adjxnrhased on the particular
czrcuxgxggﬁééstl on rate based on the particul ar circunstances,

as the nature of the germani um and silicon

pri@o29}s or sTHEe| shifldds etisann a8MalsoenfeRdt BBt SpbfPriate  deposition
¢ erature is constant throughout the deposition
mpyFlRE

4Q enpyrg g apffryum;degosition, é?tﬁtba?f'é‘ orsths papiicuiar girsymstances,

such H30theaRgued @t tht 1@Quanft AYaGHLSn PrEcSQFE being used. In some
enbodi nents the Si Ge buffer |ayer is deposited from

embogipeEnts the iterap@atursts) constint upnghautthe denasiivnoprogessarRyeferably
the térhﬁeﬂaﬁff@eﬂ's aﬁéﬁv@ed sb&! ForreNgh@ Yol 1 ]Ipoéo&ample in some

hr oughout deposition process. In another
emb@rmemnﬂm sSlGhebsff@e Lduyek  isr dleaqmem Frode plichlbagilfmeordCS) and

et OBbERe 9?‘38%6 APReEEPH Bl fpe Sl bl prrovenout

the d@mmpwcess SIn\/aimﬂ&:d etliboidiigerith ¢he Slﬁfwﬁuﬁ‘ér(lﬁydiﬁ@ depésited from
DCs 504 gmqg.rrg mper tslteaits ﬂel% conztant atgai)ggteQ 0°8I ther

I NCréasi
[0030] In st111 other embodiments, the temperature is varied during the

deposition process. For example, the temperature may be graded, either increasing or
decreasing, over the course of the deposition. In some embodiments the temperature is
graded to deposit a film with an increasing concentration of germanium and/or a
decreasing concentration of silicon. In particular embodiments a decreasing graded

temperature is utilized. For example, during deposition of a SiGe buffer from germane
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decreasing, over the course of the deposition. In sone
enbodi nents the tenperature is graded to deposit a
w0 dor18d3s$ an i ncreasi ng concentrati on of ger MeEI/UN2007/008879

and/or a decreasing concentration of silicon. In
particul ar enbodi nents a decreasi ng graded
tenperature is utilized. For exanple, during
deposition of a SiGe buffer fromgernane -7 WO
2007/ 133358 PCT/ US2007/ 008879 and DCS, the

and DERy sha tempetgiye baay) badeaded dramasbout §OOTE tio dbm@t700°C more

rab I b b
pote o oSS bkl 500 M 0 0 PR e e
apprdpeln’f%bmplra@@sﬁs) fiora parfieular a;pplllaatuapwitha'ammmﬂexpehh'xentatlon.

' BHIC R BERARLLOR (LOORL] LTS br £sur S LI aiso

limitdd #id €& @inifeprofurdtin B ASA1lY deaniled Byeali dkilled artisan based
detern1£%‘ng¥ t he skllled arti san_based on the
r

on thepaitich UMSHRSESin s SO SUtodinapmis dheeptessuhds atmospheric

pressﬁfeesﬁll«léﬁiei' SnodRARIE bl feduddiSestufe pldtet R6sed, W1th a pressure of
nbodi nents a reduced pressure process IS used, ﬁ

betw?ppe%@m & 2 aboet WAL PTBisOe Prelarblabbeer oboulcid ar_mmOatorr and
still R6R! ﬁ%@%ﬁir %%F tétP o%stﬁp oftff e&x%gflﬁﬁ%ht% ?%gcrh £ bhén ultra high

more prefe y about torn. I'n's
vacuni§odP e enployed bk passsuia énprgifaratedy fiebpw atwat duorrCVD i s

egEB b51%11003 igir eg?c{@er E'@P}‘ a&fc‘;??; Fslf%)ycbel % acggp%{sltmn or may be
gradedo meﬂlGedmfmsé prieCeralsly grmed Bom alewetGe EbteSt 462 lower interface

uf f e rabl [addfromalo r Ge content_ at
to a lg‘gflﬁ’i/\éf’ H?eéﬂ?fag @"ﬁ’er Ingoms, frbAdimgnts, the byfEsr layer is

lineatly ELkiE@@Crost fts ﬂﬁﬁﬁldﬁﬁbﬁ@w&'&&t $n biher BMbb@mnfY e g'ra?iauon profile
| . nearly graded across its t hi ckness. However,

is noplipgar. &iopsummele: & sorae greferaed embedisrentse graded, dﬁyer may comprise
one okhﬂﬁ@?cgilgﬁgo%gﬂh?cmﬁé‘bsﬁ%ﬁe preferred enbodi nents a

raded 1 ayer one or nore regions of

C dﬂ@iiﬁnt o‘b‘ﬁlpughtdlmussep(]ﬁ&%ﬂl pAirtanidy iyhtedins ofisagthghthe giow of the

f ' t f f th I .
P R R T
recogniwrthﬂrgrachng offthes RiGd layer cah®e acdoriplished be g Rictiiod Bawn in the

ing aof, th ayer can_be _ acconplished by an
art, iFERRE et Trmithon, S ustiRRCihg g ity fegeratiie, Bjusting the

depodmm bﬂisﬂtﬁ‘e, adjdjtiifpl leRgive R dBR 8EpkdcBfsot BIRR! 8t BY § combination of
the deposition pressure, adjusting relative

LI
the ﬁ%% & T e B}ee e 8 bighy Gewgnteat lpy tgmpgrAtwIea @FoRreferably used to
avoidt ﬁ&nﬂﬁfge @nd REn BXREBEe. £ quooar&ird)gﬁha%e %@Psc} aWre lower Ge

nperatures are preferably use
conteg‘hgs fgsipgdpfarsomenrepetant contiginatiamsr(p. graE)CBear@nﬁbHy)etdmperature is

i red ct
et FUSOUES 168 rE Sl 81557, 2 e3Py bninon
gradephe SéBa lsbypiositiopa de prefitted embs dintentls the s il o édhceirgions of Si
0 the d ition t rad the SiGe
and C‘geo‘r‘%p%é bagh e e PP R Pvct0aE fer e aises 8@1%1}% and silicon
precucsmncentrations of Si and Ge in the buffer | ayer are

% b Ile%,b varying the flow of the gernmani um and
Si B i‘ﬁn referably,” at the substrate/SiGe interface the SiGe layer comprises

between about 0% and about 10% Ge. In some embodiments the Ge concentration of the

SiGe film at the substrate/SiGe interface is less than or equal to about 10% Ge, more
preferably less than or equal to about 5% Ge, yet more preferably less than or equal to

about 2% Ge. In one embodiment the SiGe film comprises about 1% Ge at the
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precursors. [00341 Preferably, at the substrate/Si Ge
interface the Si Ge | ayer conprises between about 0%
wanw7akss 10% Ge. I n some enbodi nents the Ge PCT/US2007/008879
concentration of the SiGe filmat the substrate/Si Ge
interface is less than or equal to about 10% Ge, nore
preferably |l ess than or equal to about 5% Ge, yet nore
preferably | ess than or equal to about 2% Ge. In one
enbodi nent the SiGe filmconprises about 1% Ge at the
substrage/$iG U Fyiacs 35ehitectc S GOt GURETS at dheh subsitaty/ SiGeinterface is
t 1t he
typwél{}’blgtg{gltggfgg%euﬁﬁtlg éﬁggﬁg%%%paﬁ caI%gs §ss than about
109935l ghéfhecGnoententtationsatahe sprfscﬂ bf the PIBBbLfdNE faeferably

e BB L b0, A5 ROl TR bl s o i o

50% stihle. alrediy éf:ﬁbd)dﬁn%hf a@eslc;a lﬂﬂmlm_mﬂﬂ%eﬁﬁetwegﬁ aB8ut 15ﬁﬂ/cand about

o, QL NDre. one enbodi nent the_ Si Ge m conpri se
50% B3 ol SR, o0 BITANg ouER0tede 2otk BV e c@ading profile
may "By %eﬁk%ﬁe @ DIninAost 43030 tOmAReH! 4@@ dfggﬁssg& agh i, in some

profile may be selected to mnimze defect fornmation.

emboﬁl@neﬁlfé dhe eseling gwefile wilk seflect enbi§iti laver withhe lineadchapge in the
concél{t&ftll'(q)h%fv@é | whid Lif Glned Eib 1&1%@@ %&n?f#rbﬁ?e%ﬂ? PANLE a siGe

concentration o
layer enoipuutisingnose bheaqge adgings pmhfa geadwl |Ge cafdentrhition ShdCene or more

0 one. or |on rade
reglo{&%ﬁgg}]% r gigrll%ar?tan FRSSHSY elﬁl %h‘!n‘\[m ﬁh‘g glf %t able to
optmuzmnlns gi‘adatlon @oefilsh and hefidd tHeeﬁbmﬁbdiﬂilﬁl of tthé/\/lbhffeb &ayer, without

q tﬁt m ze tog,e ‘?r. atl on profile, and hence the
un uESﬁ%e&EP?I?t% OHI YiRw ¥ (ke disclosre herei-t hout  undue
eXeBsIeNtRIAE dnibodiR¥hid thd dfirdsRGd RS ﬁasrheécﬁ'isﬁnt composmon
[0036] In other enbodinents the entire Si Ge |ayer
In ong sugh ﬁlﬁ?ﬂdl@éwp&q BiGm buffemlagerccanprises rbout He¥t sxhccheand about
Sg%gélgﬁ‘aMf r conprises about 50% silicon and
about % ni um (Si 0. sGeo.s) [0037] As
i 110037k at e“ds lthSﬁatg:dria F.Eguratl eh enen pr noIre ppiits) tsring thendpposition

L L I e T e ———

substpate w}nlsmbntmumgeto R tHer geh@anitiinl Sre€@B61. Nini stBert Words OM preferred
er mani utfrr%precursor In other words, in preferre

depoﬂg%gﬁr?“reéﬁes c@?@é’é‘“f‘h@‘e(jlé‘isﬂ‘éﬂ%’ﬁw OPEBYQUSSY Iq fhsyreaction space

whileC €t siliuon phacutdriib Hro@iacd iRBmsRas®y. WHid eadyhbe %bédrﬁﬂpshed for
is provided intermttently. This may

pr sor
example, g’ﬁp entipg ahe flgw ofsili G AR rEecyssonANYRY fremtthe rq‘qct;gm gpace In other

embodithbRte ThPAEF WIS AlcoB YaY cufr{o?'i@ ttqu?edr iction space. In
ot her enbodi ments the flow of silicon precursor is

t UOR3#l of fintepyipsg thet dlovupefi wijicohetd | thw osfacaom clomtier while
r |
contblife BORY e RAEHurt Aol Ml W, Ainkflo B! B i o

buffer hetvrasn the SiGe deposited prior to the interruption and the SlGe deposited after

the interruption. The interface may or may not comprise a pure germanium layer.
Preferably the thickness of the interface is less than about 500 A, more preferably less
than about 200 A, still more preferably less than about 100 A and yet more preferably less
than about 50 A.

[0039] The time for which the silicon precursor flow to the substrate is
interrupted may be varied depending on the particular reaction conditions, including

pressure, reactant concentration and temperature. However, the silicon precursor flow is

-0-



buf fer between the Si Ge deposited prior to the
interruption and the Si Ge deposited after the
WO nioen1333p8 i on. The interface may or may not coP@I/USH0Z008879

pure germanium |l ayer. Preferably the thickness of the

interface is | ess than about 500 A nore preferably

| ess than about 200 A, still nore preferably |ess

t han about 100 A and yet nore preferably I ess than

about 50 A [0039] The tine for which the silicon
prefergplycintersirted &7 ﬁdmfl'h dhat issaregier thay thentegidengst Hmengl) theesilicon
precu?éégf: éﬁ G eDRABK %a&%eﬁ My R LG A T1edsE Q&tneoé]ennamum precursor is

. |t|ons I ncl ud I Ng pressure, react
flowing fiterihe abamben i the Abtsnae of ewaﬂahlewércontnmcmdm c blmwever the

remde?mrcg Giths Y gcf y{h:e?#g Lman utn? (?\pé)\&goq?év?lﬁgl%f’ %SPI%”T/ U%Z%O?/ 00?,% € a pure

efera hat gr e
germarhmnrmlcdﬁim@at enmrmfmédnén dielwissla chznhmur sor in the

nber Inthsvva at |l east s ger.yani um
ﬁ@ﬁfhhsor i? r’?ﬁa‘?t}?t“ocqr%‘é“‘?fﬁaifﬂfe Xafrﬁ’?‘? [EPogiug fom DCS
and g@f’m&l\{@bf abbe %hhlmofbrf)rtﬁﬁ Wi15k- prebedelowt f€the reaction space is
resi dence ti rre of the r mani um“%qecursor will not be

preferabhiyingsrotried {05 lpham a telO spepResn Mere Rrrferahbyr fos desgdhan about
5 sec&H4 W%oﬂe'}at&ﬂ%ﬁa ?&%@@@&P@m bqoélégbnwgrfd; 4%&%&&@' In one

reacti on conditions, exanpl e deposition
embogdirdenje thea sdicen §O0C ianat@optest tor tdhouti2 i ssoendsy eebilsom  other

emboi:l 18¥¥||t£ fhel & corn Ou?ﬂi%&@é%% fo abgﬁtelf seech% y interrupted

ess 1 nore preferably for
| g6841]han Imbcm;et parﬁcalfacosmlmmnénty&ﬁz D rsedraef £raabligtr & and is

oo oS MR, e Pt LS s e

and siﬁ&‘cﬁﬂ QIS);W Whiihterriypte@t While c@ﬁb@nﬁhﬁ?&ﬁ;aﬁﬂﬁl Prdduest? MidWV(such as
i S |nterru8ted for about secon [0041] In one

GeClﬁthaE‘aWaq &sA05dS et seppndss used as a carri er gas and
| Jo0s10Vi ¢at Bt rﬂozfel Mer@itfonSf cAR0pt 3:80ided SA Si TJ; ?B%cess of

BE
reaction chanber vol une i1I's about [fTters
depoditingy the bufiee dayept el wiokd ¢haponne nntierrgpgen nsamuﬂ,md in a partlcular

oo, A U G 0 AP B B0 T
the tlh'@ qiﬁmhda’d:mdphomgl hhﬁrﬂimm}q&sc@fs majedidter.t iPRefetdbdy two or more
nmore than on rru tlQn is

interePOT i Providsshl | TERYIEr TGER0S] LABR SR ABerrupfigny g silicon

precut Qi RACTS rbdingdd, Uitls 104iBE > &sumﬁd&psﬂm de\pogﬁbﬁr m ned.
Ths the time of each interruption in a particular
0435 ndy serpreErbodppents, IREATINLGE PhAsefrideare provided afier about

4 to T%t@ﬂ' ih'éFSllG%nl%%'ﬁ* I?asﬂfééyx' &Uf’gs@etd 5RONEG" atlo ??V hSIS‘}Afertﬁe SiGe

each: |nterrup ion, the silicon precursor
layer hassberadieppsitasl. |x%@shtm@alt1@tenusumpphms 20 csi l@aprowded

d tio 04 3] S nt S nt erruptio
pﬁggs%] 50%{159 t?lgwscfgd at?ogo B)O% ﬁnaiyo Y8 oYarFoﬁlé’ Shapes, as
discuSieGeablosy.em m&rtndesmblmﬁn&ntsetﬂe ahaheafdiRttsab Qdt cobldePfddion at the
tlén%éif Ehh? %Ilgﬁ .
top of the film that'is higher than the Ge concentration at the bottom of the film. In some

embodiments, the gradation profile is essentially linear in each stage and substantially

linear over the thickness of the buffer layer. Several deposition processes are illustrated
in Figures 2-6. These figures are not drawn to scale and thus are not indicative of the
relationship between the time of the interruption phases 50 and the time of the SiGe
deposition phases 10. Further, the peaks corresponding to the interruption phases 50

indicate germanium precursor flow in the absence of silicon precursor flow. They do not,
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| ayer has been deposited. Additional interruption
phases 50 can be provided. [0044] Wile the Si Ge
w@e@dasizsh profile may have various shapes, asPCT/US2007/008879
di scussed above, in preferred enbodi nents the shape
reflects a Ge concentration at the top of the film
that is higher than the Ge concentration at the bottom
of the film In sonme enbodinents, the gradation
profile is essentially linear in each stage and
howe‘é% wdigate dppapitiqn plepwredjerbut maly mecﬁones@orobf iy dntpefrgecbetween
two S|1@¥ Qfepos%ﬁ&? ?ﬁhseg 9O StV Cc?&?)%@iﬁo ej: g?ﬁl{a% dunng the
Fi gures hese figures a sca
mterrmw)rt plpsenp@ IWSSIbiﬂsll EQttfmaelgitf at hegh d@loalltuoo rtsrhpqzratures Ge from

e ERURER bt R0 OBAAL LA ORI R, ARE e

whllepm:allowec dempeptinel langoteOpduhegdrﬂiaﬁi’mu Phyie® MBS pBoduled during the
germani um precursor flow in the absence of

e
mteméﬁ’tll?rtg]?? Brecursor flow. They do not, -10 WD
2q0a45133 328 1iReakly U206 SRES8 B v frer WEQ{ be dBFbERE Q)y CVD from a

deposition of pure Ge, but only the formation of
silicop rPF?ﬁ“F%%é‘“Bé‘t REBANIUEY PrEGISaL, suploas ﬂ%%@sﬂs on @CS and GeCls.

The dIBYGHbAPrERSs p@%?ﬁﬁ&tc'oﬁﬁnrﬁgs RS 8}' ﬂﬁ)rrggﬁ'}é‘ Héa]ggiéftid}lg%liﬂgs 10 and

i nterruption phases” 50 I's possible. For ex
one op e deistypti¢phasesfoy axt illusizates nﬂ Figure 2hdn jtig aanqumemm shown

in Fi @§e d'urcing téée &G% e y;gdsﬁtgé‘h V\ﬁh%se& ! o\ll\lg\r/%{)(l)sﬁ%(g? BPJ’F%‘ the flow of

s111compm}:upsmes grintenediat 4 mtamﬂ@vehav}ﬁ[emhutmﬂv Ofigéri@GniuMe precursor

| nt 045 [ earl raded Si Ge
mcreagu? glaclggaé% gelgoeqﬂb"f} @b‘ Bpﬁlgon rogesg produces a

gradefl r;mums @f tl@d’lﬁuﬂeﬂﬁymm@sﬂﬁg Cé%eiﬁh%mu%ﬂ ebn@atrhlich Al increases
and Ged 4 he deposition process

lmeafgfe%?f%?sa%ﬁ El5HEs? PSWet PROBr nore Si Ge deposition
pheessy 10 Iﬁaq)art%?ar%nﬁmﬁﬁehp Hﬁﬁﬁ%@{é Qi'a}eo&%%ﬁﬁloﬁq:hagé 10 from

|IIustrated i'n Figure 2. iIn fhe enrbodi nent
about0§QrA: tpabaut A PPRY Ssﬁ@es nl@&rsblwdcnoqmds ghe E@adwfratel'thmng the

SiGe q‘éﬁn %&Iil ggas@rig Caﬁérox{nagtep F(Ye{'{/(gﬁ/" A v%fj L c9n 12111*?0 U\{Nﬁbe? growth rate is

on thqqerdﬁ:amfll@ﬁOmL 500 Aqrer niinoeeases |inearly. Each SiGe

a TOF G T AR PR o 1P, PR PatsRs LD Dreferably

conmgarmabmm condwint 1 ainifitel Baindrs Cde%@ﬁdiﬁ ohi tR€ &fthVthickness of the
SiG &g fag(the t hi cknes of that portign. [0046] In a

1Ge B& T BYPGle Redingsitehind themragess wendifiops. aegye preferbly from about
1 to aB&ﬁSﬁmLQltég om about 4000 A to about 10000 A of SiGCe

Qﬁ‘{eferably deposited. The grade rate during the
YepoSuringnthg Hatsarupsion mirases ﬁ&tCé] the K3POsifibBommbeess, silicon

he rder of 100
s TE e GBS AT Sy 20 SRkt o
interrgptign pbasssi 50, dhe geamasiui0 ppreefser abhiinuasont AbWe p‘ré)ﬂerably at the
hlghetﬁbﬁg‘fv { 1d gﬁlﬁggés& g@:%tlwempﬁece&rrlgn&r(}ee depog%l%%l p ase Ig\?/ever n

some embodlments the Ge flow rate continues to increase linearly during the interruption

phase, preferably at the same rate as during the preceding SiGe deposition phase. Each
interruption phase 50 results in an interface within the buffer layer. Each interruption

phase 50 preferably comprises turning off the flow of the Si precursor for about 1 to about

10 seconds, more preferably from about 1 to about 2 seconds.
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Si Ge buffer |layer to be deposited and the process

conditions, nore preferably fromabout 1 to about 2
wWOorRevatassss [ 0048] During the interrupti on phaseRCBH0SWH7/008879

the deposition process, silicon germani um deposition

Is interrupted by stopping flow of the silicon

precursor. In these interruption phases 50, the

ger mani um precursor continues to flow, preferably at

the highest flow rate achi eved during, the preceding .
silé24Y e podibeiNiHe grpesition phgsgernd mﬁemggm rbgRsrpEapeated until a

buffet efBf HAOUeHREnRML Y Bs bfed RERRAS erﬂliﬂﬁﬁ“éﬂ bayéluf"sieﬂ}eferabw
. thé interruption phase, preferably at the sane’rat
thick ggouigh thag it tedaxmse CB depoSiticn pfepessipreforabih hegins Ead lends with a
| : ' hase 50 results in an interface within
SIGGFE%O%%#{?QE\%P%@H . Each interruption phase 50
pr{@6%0]abl yin abhendepssitdort provesryilbfsfrateeinf Figwreo?, 4 I$8GSibuffer layer

. Lecur,sor r .about 1 to about .10 seconds, nore, . .
with RIBERNS Braded G2 BOuentraticn & Siblosited by Sugees copprigise four SiGe
depos?RE pADES 18 iRGIHitISE @BdtARERAD of FiR49 brebifsoPisHrovided along with

. depositiaon phases and interruption E ases are repeated
a linegly| ipcreagine oW 0§ permaRumICRHEoT: odbe HiGR deresitien phases 10 are
separR88 by UdE Gntel AP iBh fiGkes 50/6h Which" @ﬁlgrtﬁgl ermhfiufil precursor is
enough that 1t relaxes. The deposition process
provigedf er abl y begins and ends with a SiGe deposition
p 50. ;[L00H0] _ln th e o] rocess jllustr.ated.
PHBRRLE o 1 St e odiiEpdlr Bk Sl 9GS depotRy &' Whicn e
gradagjion gedfilsecoamoprisen tbodt lindar iphastsdasihiell thy condehatiisof germanium
.. conprising four SiGe  deposition ases 10.in which a .
incregSh B Aoy SRl ISP B PR PSS Bt Bl dPBsry rtion of
germiitu aritl $ilibG@FdnYaihd) 65rRamE.N M fﬁd)&pbfsitﬁﬁrlﬂ?a&sk’@ for producing such
precursor. The Si Ge deposition phases 10 are . )
buffeg laysers, ety SxAmplR the prasessy Hiysratsd 1pAagES 356WP PrappieHiistinct SiGe

d i [ j In
oSS B RBC B REHRRy oI,

i 100521 ch Tnibe iYnstnated enbedivfent,ca gradediSiGe depbhitibh pdase 20 is

S, | ' he cancentrati,an Qf .germani . ...
rolo PRF s, Elndlih e G SPER P 500 Bt 6 RsEN i, aopostion.
phasgR@sths flow wifisdlicohhpeansranhriat mahtohed ge b roanstaid kA6, while the

silicon.remains constant,. In t eposi ti.on processes .
flow B erF TR PRt P rird Greoflay diach st SiGi dPecsitien phase 20 in
the deposiics probesst prdkdacksl & Srh@ll Poriord W Bk B MBiyel icBfmbprising a

Si.Ce deposition phases are utilized in conjunction -
germgpipm gopeegiraiign dat fagrsgpdingady. [Bumg thencqnstant SiGe deposition

phasds!Joubt RIEHr BHRQAL SBBOn pRcHfBH S &e?erﬂ%ﬁﬁ'l Jegﬂrsgp@aﬁlene held
db e phase

20 is followe y a constant SIGe positio

constat. Tns, sach eanstpnh §iGe SirGsitivapplwist 30rprogiives e p@tiort bfsthe buffer

laver bW oS dd r be. mpj ptai ned at a
ayer co n??a i 13521 ed\l/] gﬁ,ﬂt %nl%%éﬁ%ﬁ:g o‘i%%g\l/vglo?%%gérehani um precur sor
i 18083ses Thendepokiyion protesy nbdeitlcRidee ofle PO Sidre GitefifSén phases
50, ngzhﬁc% silicon germanium deposition is interrupted by stopping flow of the silicon

precursor. In these interruption phases 50, the germanium precursor continues to flow,
preferably at the highest flow rate achieved during the preceding SiGe deposition phase,
resulting in an interface in the buffer layer. Preferably the interface comprises less than
about 3 monolayers of germanium. Each interruption phase preferably continues for

about 1 to about 10 seconds, more preferably from about 1 to about 2 seconds.
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the deposition process produces a graded portion of
the buffer layer conprising a gernmanium concentration

WO b@t/133368 eases |inearly. During the constant BITES2007/008879
deposition phases 30 the flow of both the silicon
precursor and the germani um precursor can be held
constant. Thus, each constant Si Ge deposition phase 30
produces a portion of the buffer |layer conprising a
constant concentration of both Si and Ge. [0053] The
ddPBdlt i ofbpresdes of dhs opsient s geresiionpheses 30, graded SiGe -

depos‘it'iﬁrﬁf)ﬁéé@ﬁ hBMnRARSRiptiaf phhdds WY & 54 Jvér‘f&f‘t Hﬁﬁ! YN Ge buffer
deposition is i nterrupted by stopping flow of

layer siithj e slesipecbstguatane. Hraferdhdy the drpesitioptiroeesp ldasesotdgegin or end

it 0SSR TS558 LIUES Kekd S BN 20 o
a conﬁa@mbsmlon pbhgesH). Mb&spﬂefdraigyj the alap«bsﬂhﬁi paecessitiegins with

» ool U0 eoo 5 heos 20081 A Ml oosBiRh A Phase 30,

| foessjupt ﬂﬂﬂh@h@ﬁBodiﬁﬁﬁﬁﬁl&iﬂtﬂétdaom IFges BOkhe faeﬁcs&n&l process
to .about 10 seconds _hore preferably f r om about

beging pyjth a Zradedoidie deppst mpilemi(is@@syeﬂ@wwsww&@@sﬂgposmon
phasel 9@%11 ajﬁhﬁlt&i'@;ﬁfono%hz{sg %80 OPfdRNhr ﬁgassg§ Qﬂasi‘agbggd twice, but in

phases 30, graded eposition es 20
prachpﬁt@@nrbﬁ)rttmtegh@tsesu@bem ah tibeesy o |aehitet~'@ apBisgbuffar Biyee of the
ayer S r.ef epab
desiret i ness, PHEBnuh T Bl S Rt iy Sab Wil bobea sice
depomﬁncbreplnaspﬁloofolmmeay%qodsmnt Sﬂeh@pomtioh phiatd 0. a graded

[ eposition p con
Gl POt R "SRR, st B iR Bk e ol e 4 the
depos{iﬁ@ﬁ e;ﬁﬁcébegbﬂl&pﬂlbésh an Qirdéra@RidnSipGased 00 etw e ﬁ{éa%ﬁa&@ SiGe
th, a constant, Si Ge deposition phase 3

depoilmfss aﬁer?v& ! DsOnF AR YIGEI degesifign @aaﬁerﬁQ:ur@tb%thsn opjgafter the
constgﬁp.lf}i@et déﬁ@siﬁroﬂcgﬁx%& a?ﬁgﬂh@%nmm%ﬂﬁlﬁg@ﬁecﬁrﬁg} re 3. Again, the

deposi ti on phase 20, | oned by a const ant
procegeprsssrablyendp wathe @mstantiSisre dapositionphasr3hhase 50.

gﬁggﬁ]t hr &€ ee?nlﬁ{ pgq{l&&r tté/& e }71 bl eE mgls ’rinttgis embodiment,

ce can Dpe repea any nu er o

an inofeptioe phassi 52 idpiolried liayler middlé bé a cdastanteSiGehplak$186S That is,
sho

e 3 e S BB B S Lot s

bégut, 0 ASte 1 pebl odeo fOiEAe S hﬂfﬁn@ﬁ\@ﬁq:}ﬁge 5b Q9 28kicl HuPbY iirning off the
dgb&@ gents such _as that illustrated in Figure 4, the

flow i P PRePFtesEolamyg s inigrrppken mihgss OR- ;swm;nstent SiGe

deposﬁﬁ&ﬂ\ﬁﬁi‘setﬂﬁlsgfoﬁﬂﬁ&’edsth@ﬁ angﬁepgll aHE@RiGE ﬁgﬁosgtﬁ)ﬂﬂs% B8 is begun.

constant Si Ge deposition rath an on
Similgrly.cin pther epbadingnts g @eﬂemfm phm phrde pasvided tv&hénn a linear

SiGe eﬁ@iﬁgﬁﬁﬁnbhééel Eg'lt r @'Bﬁgw{d\% ?‘Leg WtErrd éﬁgﬁfh%se 508 the graded SiGe

rocess prerera ends a CO
deposa@mgh@.qeo}p Fﬂ‘l@@'@lnaed uhGD3 EhnstatSiGredeponitiodipims 30 $s begun, as

t in Figure 5. In this enbodinent, an
111ust1laltédéi?1rff}g§| gsﬁ phase 50 is provided in the m ddI e of a

cdeesgint $h Emepdialswii@ent dhihe inSention, an overlying Si layer is formed
directly over the SiGe buffer layer. Preferably a single crystal silicon layer is
heteroepitaxially deposited over the SiGe layer such that the Si layer strained to match the
lattice structure of the fully relaxed SiGe layer. The Si layer is typically deposited by

CVD, preferably in the same reaction space as the deposition of the SiGe layer. For

example, after deposition of the SiGe layer, the flow of the germanium precursor, such as
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after an initial graded Si Ge deposition phase 20, a
constant Si Ge deposition phase 30 is begun. After a
w@eoras3sd tinme, an interruption phase 50 is CBCTUSM07/008879

out by turning off the flow of the Si precursor.

Fol l owi ng the interruption phase 50, the constant Si Ge

deposition phase 30 is continued until another graded

Si Ge deposition phase 20 is begun. Sinilarly, in

ot he enbo nments. an interruptiqn, phase y be -
GeHuppa, beyghit Tt bty Fingleceysta] SRR GPB,PeHau® S the silicon

precubsdr] G Bﬂnﬁlﬂ@ #ridi18hd, Ut HIRNsRRS SR pefiioh RBmBEAARE. StkfRlternative
dep03|t|on phase 20 is continued until a constant SiCe

embogigperys.t the depasitien abthesSideypnsan gecurjat piempepaye different than that

ofthé:Sﬂ}érlﬁ dehg&g&l I'n one enbodi nent of the invention,
an ove yi layer is formed directly over the

Sileasuf f é]hel topeile Praiiedr Sl pyer providles ompsivatl elettricaln carrier
) h hero axially deposited.o i Ce .
mobifiy B agfiors FRIcARRLIEH e, A ERES ity o P oxample, in
transisgir tfhlﬁﬁ:aﬁbﬁ,l.lmta liéx&ﬂl@lf stxfaldiﬁdeﬂ llaybé' raﬁlbﬁbs Gfdbrﬁiaﬁ@n#di }tﬁihb ls.lstﬂi?@ having
Si layer. is typically p03|te y . CV refera In
faster Wépggﬁ?élmé%c¥? aHO%aegl 9diment, @ép‘&%ﬁxﬁﬁ? 5iCstlayaras sowgred by a
heterbépl@kiallyQrowR cdMPr&ssivef dt@incdeBe $iykt. ONikRvidd) %e%‘e@ﬁed SiGe layer

| ayer, the flow of the germani umprecursor, such
can hel@vmdzmoa/msgatam@tw@mm@ugssﬁwe weaiped Sie bayer with high
Ge cStiittie. of f, and a layer of single crystal silicon can be
grown fromthe silicon precursor, for exanple
t ri0960lane It will bhepprriatadenotioss grilledirptheatruthet varipus omissions,
.alte ts h Qsition
aaies ekl bloicaRBRE Tl B mal o B8 Hipresh flschlffe dhgye withous
depamhgt ﬁmn&h@&cbpej ef tite poshtiomnand A058¢h Mudifiemioht @nd changes are
er i des i nprov el,ec |caI carrjer
intened 3 Gl vifin 58758 of smrienidh. 13 Geh Gy s toreaebelaims.
descri bed herein. For exanple, in transistor

fabrication, the tensile strained Si |ayer allows
Exampledi catj on of transistors having faster response

Lifge81) | N Roahate §FRR4h TREL: eac{afm [ RbSE and l'g’aatédatx%rdeposmon

i's covered by a heteroepitaxi y-grown conpressiv
temperafuge.npréicablyagimut 2G0REW %}‘S tand gezinane GrsSifleevddaye rthe reaction

V. teroe axi all
cran$ERISOERERIL N 1 SRR SR RE mrprgg e fow of
DCS [1@ﬁilﬁcﬁl]t 2Dtscurnldndlibe fippr @geﬁheﬁe Wrdab@ﬂ@orﬁl@bbhem kdtnd teabout 25

us on1s i ons ddi.ti ons_ and

I
s°°mrf{¥aﬁnﬂ tlil‘%%"‘s o0 e e PR injpRpRiinRhasethe figugof DCS is

turned @ hd/gdrinatié ﬂodﬁ@ &idihtﬁﬂleﬁ RODS bden FGPBBus sddafds.
i nvention, and all such npdifications and changes are

i ni00ftled 1B % amonxf&. lipsan FikEe deraseios phase, iR s ifawedainto the
reactﬂ)ﬁfdhﬂﬁi@epé‘t doB6t PPRRAILEH e of ettt h zn %%sgg grévl'%ﬁsout aS sccm

substrate is placed into a react eate
to abpyt 40 gespo oVer tha course of about 1 minute. In a second interruption phase, the

DCS flow is stopped and the germane flow is maintained at about 40 sccm for about 2
seconds.

[0063} In the a third linear SiGe deposition phase, DCS flow is resumed at
about 20 sccm and germane flow is increased from about 40 sccm to about 50 sccm over
the course of about 1 minute. DCS flow is then stopped in a third interruption phase,

while germane flow is maintained at about 50 sccm for about 1 second.
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tenperature, preferably about 900C. DCS and ger mane

are flowed to the reaction chanber for about 1 m nute
WO poov1833686t | i near Si Ge deposition phase. PrefBCHDE2007/008879

the now of DCS is about 20 sccm and the fl ow of

germane increases from about 10 sccmto about 25 sccm

during this linear . deposition phase. In a first

i nterruption phase, the flow of DCS is turned off and

germane flow is maintained at 25 sccm for about 3

s&Udls. Foely)nanfoyrthand final dapesition riasedpeSiflavpis resumed at
about @@as%@m dXdSdriahd B¥RAs! 1§{rga§eﬁq=roxﬁ Q86 ﬁ‘sc%ﬁ%%ou?§8 sccm over
. about 20 sccmand the flow of germane | ncreases from
the cogtrsinf abgutscminute.o about 40 sccm over the course of

1 ond_i,nt er hase
Aibls) - " sfae bl REEP Ryl Sk 4k B0 1RRF Rl Felaged. In
other ambadiments} thesSiGa Huﬂfer e is caus&EiRaBlR, for @Ranplelby drhealing.

r B00 SR e SO BRI LA eREed YR P S1Ce butter laer.

|ncreased from about 40 sccmto about 50 sccm over
the course of about 1 mnute. DCS flow is then stopped
Example 2 third interrupti on phase, while germane flowis

TI007 25, Sht ArS RER  l) o

isotheﬂm@]: Pmcamatfatmaﬁpmmmuwam asemp&asré b6 W0SQ°C EvunBXCS and

Gec1 BBl e BRI ek RSB P n st
3anddqu?. 1 m nute. [00651 The Si Ge buffer layer may be
Tabld ch that the layer is strain relaxed. In other
abehbodi nents, the SiGe buffer layer is caused to rel ax,
for exanpl e bgremneal i yep; pOOGHEPA 3 agaErol Sistsp: 5
heteroepitaxially deposited over the Si Ge buffer
| ay STEP NAMETDBEbE2HtoN67] 28-50Ce bELA®r | ageto0 FLAT
DURAJ PN {seicenglst wo i nt ed$ upt i ori®2was depodsited 145 an 1.7
TENRE AR Chr ocess10B® at noH¥iSReri c 9P@ssur e 108 a 1050
Dﬁpé’rﬁﬁ'épﬁt of 1099 f (RER ARPOSLEC1REPQEHOr diRRPRYT

&) descri bEY in TalbPe 1. Iﬁ?erru ti%hs were 60
V';% YRF step A™ind st@pM7. T | STéﬁ?Ml STEPATM
2 ST[BF$(53CT$)TEP 4 S5EP; 5 SOEP dSt abilismti on 2550

Germariéin PkeblirsgO- 100 FLAT  EAJRAdLON (Secondﬁﬁ) eart22 1.7
(¢bn; 10% GFEVPERATURES ( @md #&@ 1050 $650raB3oml050 100
DEPCSI T @R:VENT VENT DERSSIH0)DEPCS|I T DESOSI1T00DEPCSI T

STEP: 6 STEP: 7 STEP: 8 STEP: 9 STEP: 10

STEP NAME  100-135 FLAT 100171 FLAT PURGE
DURATION
(hoconds) 100 0.9 100 320 50
TEMPERATL;%E) 1050 1050 1050 1050  Ramp down to 800
DEPOS&%’; DEPOSIT DEPOSIT DEPOSIT DEPOSIT VENT
H; FLOW (slm) 60 60 60 60 Ramp down to 20
VENT_PRESSURE ATM ATM ATM ATM ATM
DCS (scem) 50 \entog 50 50 0
135 171
Germanium (linear (linear
Precursor (scecm; ramp 135 ramp 171 0
10% Ge/90 %H,) from 50 from 135
to 135) to 171)
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H2 FLOW (sl m) 60 60 60 60 60 VENT PRESSURE ATM ATM
ATM ATM ATM DCS (sccnm) 50 50 Vente50 d 50 50
w@eomasadssn Precursor 50 (linear 100 (linear (SPCHUSZO?608879
Ge/90 25 ranmp from50 ranmp from 100 %42) 25 to 50) 50
to 100) STEP. 6 STEP: 7 STEP: 8 STEP: 9 STEP: 10 STEP
NAME 100-135 FLAT 100-171 FLAT PURGE DURATI ON 100 0.9
100 320 50 (seconds) TEMPERATURE 1050 1050 1050 1050
Ranp down to 900 (C) DEPCSI T OR DEPCSI T DEPCSI T
DEPCSI T DEPOSI T VENT VENT H2 FLOW (sl m 60 60 60 60
Exam@tanp down to 20 VENT PRESSURE ATM ATM ATM ATM ATM
DCS gsccn) 50 Vente50 d 50 50 0 135 171 Germanium _
(100€8hr (A $iEsrbutics fayes spmpasipgthreg ferraptiqng ypsidepogited in an

. 0 0 r ) -
18““%\%*2%‘7? %3%%%“&%@%%6%7?‘580%2%&& E&*ﬁ‘%p?%qgé‘f"?oé%’ i’} 2) CS and
GeClySpGmriinigf tor the yrecess depnribsiing Tdhied. i dnermpponomwsrazprpvided in
eposi ked j,n an isothermal process at reduced
SmpSngggéggmg%g a tenperature of 1050C from DCS and
GeCl4, according to the process described in Table 2.
Interruptions were provided in Steps 4, 8 and Step
Table) “Taple 2 STEP | STEP: 2 STEP. 3 STEP: 4 STEP: 5

STEP NAME St abi gterat{i on 25-SFerklAT FLASTERAT SHEATL ONsTEP: 5
(seconds) 15 102 20 0.9 20

STEP NAME Stabilization 25-75 FLAT FLAT FLAT
DURATION (seconds) 15 102 20 0.9 20
TEMPERATURE (°C) 1050 1050 1050 1050 1050
DEPOSIT OR VENT VENT DEPOSIT DEPOSIT DEPOSIT DEPOSIT
Ha FLOW (sim) Ramp up to 70 70 70 70 70
VENT_PRESSURE (torr) 80 80 80 80 80
DCS (sccm) 85 85 85 85 Vent 85
: 75
Germanium Precursor .
(sccm; 10% Ge/90 %H,) S é:g’gg’tga’%‘; [ 75 7
STEP: 6 STEP: 7 STEP: 8 STEP: 9 STEP: 10
STEP NAME 75-150 FLAT FLAT FLAT 150-200
DURATION (seconds) 102 20 0.9 20 70
TEMPERATURE (°C) 1050 1050 1050 1050 1050
DEPOSIT ORVENT DEPOSIT DEPOSIT DEPOSIT DEPOSIT DEPOSIT
Hz FLOW (sIm) 70 70 70 70 70
VENT_PRESSURE (torr) 80 80 80 80 80
DCS (scecm) 85 . 85 85 Vent 85 85
150
Germanium Precursor (linear 150 150 150 (i f200
{sccm; 10% Ge/90 %Hz)  ramp from (linear ramp from
75 to 150) 150 to 200
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TEMPERATURE (C) 1050 1050 1050 1050 1050 DEPCSIT OR

VENT VENT DEPOSI T DEPCSI T DEPOSI T DEPCSIT H2 FLOW

W@ stomi3Rssp up to 70 70 70 70 70 VENT PRESSURBCT/US200)/008879

80 80 80 80 80 DCs (sccm) 85 85 85 85 Vent 85

Ger mani um Precursor 75 (sccm 10% Ge/ 90 %42) 25

(linear ranp 75 75 75 from 25 to 75) STEP. 6 STEP:. 7

STEP: 8 STEP: 9 STEP: 10 STEP NAME 75-150 FLAT FLAT

FLAT 150-200 DURATION (seconds) 102 20 0.9 20 70
TEMPERATURBTEE) 11058rEF05@ 1960°: 1350 10568 TEEPEOS!I T éiEP STEfé
VENT DEPOSI T DEPOSI T DEPOSI T DEPCSI T DEPCSIT H2 FLOW

(SteBNAAE70 70148 70 NENT PRESSYRE (tornhy88,80 8@ 8P purcE

8®URGFI¢Rccn) 83 85 85 nt 85 8% 150 200 Cermani um
Pr gsenosas) (| i ned® 150 156 150 (19%hear ranp fidm (scéff 30
TEM@WW@E %12) 165 froggol50 t@osg00 75 to h3f) -1Gg 900
éggé[‘? 58 PCT/ USZOO?/ 008879 STEP: 11 STEP: 12 STE
T14ADSTESIT SPEPOSHS DEPOSIEP NAMDHHOSIT FIDEPOSIT  VENT
FLAT 200 250 FLAT PURGE DURATION 20 0.9 20 74 266 30 Ramp
Ht Beown@Ee)) TEMPERATURE 100 1050 A050 1050 10%0 900 70 downto
(C) DEPOSI T OR DEPCSI T DEPOSI T DEPCSI T DEPCSI T DEPCSI T 20
VENT£ Ss(orﬁ” Ranp soH2 FLOWo(sI n) 76 70 70 70 7gpdown tgg 80
DCS (sccm) 85 85 Vent 85 85 85 0
Germanium 250
Precursor (sccm; linear ram
10% Ge/90 %Hz) 200 200 200 e o 250 0
200 to 250)
Example 4
[0069] A SiGe buffer layer comprising two interruptions was deposited in a

variable temperature process at reduced pressure from DCS and GeH4, according to the

_process described in Table 3. The temperature decreased from about 900°C to about

800°C over the course of the deposition process. Interruptions were provided in Steps 4

and 8.
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20 VENT_PRESSURE go 80 80 80 80 80 (torr) DCS (sccm
85 85 Vent 85 85 85 0 Germmni um 250 Precursor (sccm
wWQo®728835200 (linear ranp 250 0 10% Ge/ 90 %2pCT/U82007/008879

200 to 250) Exanple 4 [0069) A SiGe buffer |ayer

conprising two interruptions was deposited in a

vari abl e tenperature process at reduced pressure from

DCS and GeH4, according to the process described in

Tabl e 3. The tenperature decreased from about 900C to
Tablegdout  800C over the course of the deposi tion process.

I nterruptions gege: provi dedepn2St epseph: 3and Srep-l/ WBTEP: 5

2007/ 133358 PCT/ US2007/ 008879 Table .3 STEP: 1 STEP: 2

STEBTEB NBMEP: 4tBIEP: RAMRBERWIAVE PURGE RAMP F5ATL0%)  FLAT

FLATDBRATIGRLAT DURATI ON 60 4.230 1: 00 4501: 00

1:00
m(W'“s%é@“r?éé) TEI\/PERATURE (C) 900 Ranp o 850 850 850
s VERE v DEPOSPYO 850
SV FLoAyeg'gn) "NPHRN 10PROE BREGERe REPOSI
VBl ) (torr*DCS (scem? 20 20 26'%0 Vent 15
A (scq@ly 2 (ram89from 15 1015 2 t$015) STEPSO 6 80
STEFbcg( IeP: 8 STER: 9 STEP: 280 STEP: bl  STHgR/dNAVE 20
(10 M) FLAT FLAT FLAT RAVP 20%% FLAT DURATI ON 6: 45
1: 0@eBis (5c00) 6: 05 10230  (ramp from 15 15 15
2to 15)
STEP: 6 STEP: 7 STEP: 8 STEP: 9 STEP: 10 STEP: 11
RAMP RAMP (15-
STEP NAME (10-15%) FLAT FLAT FLAT 20%) FLAT
DURATION . . . . .
(seconds) 6:45 1:00 3 1:00 6:05 10:30
TEMPERAT‘;%'E) Ramp 825 825 825  Ramp to 800 800
DEPOSIT OR DEPOSI DEPOSI DEPOSI DEPOSI
VENT T T T T DEPOSIT DEPOSIT
H. FLOW (sIlm) 40 40 40 40 40 40
VENT _PRESSUR
- E (torr) 80 80 80 80 80 80
DCS (sccm) - 20 20 20 Vent 20 20 20
GeH, (scom) 2252"?2 27 27 27 S8 ('azmﬁ from 58
to 27) 7 10 58)
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(seconds) TEMPERATURE Ranp to 825 825 825 Ranp to 800
800 (C) 825 DEPCSIT OR DEPCSI DEPCSI DEPCSI DEPOSI
WORROSSBSOEPOCSI T VENT T T T T H2 FLOW (sl m) 4BCHOS2007/008879
40 40 40 VENT_PRESSUR 80 80 80 80 80 80 E (torr) DCS
(sccm 20 20 20 Vent 20 20 20 27 (ranp 58 (ranp from
GeH4 (sccm from 15 27 27 27 27 to 58) 58 to 27) -18
WO 2007/ 133358 PCT/ US2007/ 008879 WHAT IS CLAIMED | S:
1. A chem cal vapor deposition (CVD) process for
WHALISECRAMED IS4 h el axed  SiGe buffer |ayer over a
sqM CONAURHEREca$ ¥R @dgositiind(CEBS f&@sscf@'}@ﬁﬁing a strain relaxed
___ conprising: flowngaswlcon.pr cursor and a B
SiGe jufipmlayernver acemirondicipbsubisbratedn e réastion shabber ¢opnprising:
deposi tg S | i ' d i 1 h s .
it or r BTV 4 fufon shAkes I F R AR BHAREor fntg ghe reaction
t mhambarcto deposih Sithein a fikst SEGe degasitionpdate | ow t he

er mani,u recursor, i nt he.reaction chanber in a
Pirat (ISR B TTASE, e ORI HUo P Ftsfiopyhamber
SiwhitEoinainy ®Oflow the gthAfari®dGFré@iscTathBE rédbitiod chamber in a
continuing to flow the germani um precursor into the
r dHEYInGHPHgRBERSS 8dleposit SiGe in a second SiGe
deposi 1jQinRRARE flody of {ife FhQmEieclorGhi M teadlfdf chhfber while
an interface layer is forned in the SIGe buffer layer
i rrophauingite floyp theogerplaadion pgeculfes igfo dbe seactién Chanhento deposit
.0t i nd.er f |- as a thickness of |ess
%n@é glffb'gofggglﬁe c%fﬁgﬁlhgxgp%%éss of Caim2, wherein
t H2 i nt Ehd poeessagieClalvasl, avhdreiokameimnser ice laes is fdrared in the SiGe
buff agout. 5tgk‘ t5' T&ﬁ’a‘g ocess of Claim 2, wherein the
UHEE ST Fadk TTEY R %%di fferent conposition than the
Sixe bulheprdeassest. Claim 2, wherein the interface layer has a thickness of less

than about 100 A.

4, The process of Claim 2, wherein the interface layer has a thickness of less
than about SOA.
- 5. The process of Claim 2, wherein the interface layer has a different

composition than the SiGe buffer layer.

6. The process of Claim 1, wherein interrupting comprises stopping the flow
of the silicon precursor into the reaction space for less than about 10 seconds.

7. The process of Claim 6, wherein interrupting comprises stopping the flow
of the silicon precursor into the reaction space for less than about 5 seconds.

8. The process of Claim 1, wherein the temperature is held constant
. throughout the deposition process.

9. The process of Claim 8, wherein the temperature is between about 700°C
and about 1100°C

10. The process of Claim 1, wherein the temperature is varied during the
deposition process.

11. The process of Claim 1, wherein the silicon precursor is selected from the

group consisting of silane, disilane, trisilane, dichlorosilane, trichlorosilane and

tetrachlorosilane.
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6. The process of Caim1, wherein interrupting
conprises stopping the flow of the silicon precursor
WO ni00/183388 r eact i on space for |ess than about I1PCT/US2007/008879
seconds. 7. The process of Claim®6, wherein
I nterrupting conprises stopping the flow of the
silicon precursor into the reaction space for |ess
t han about 5 seconds. 8. The process of Caiml,
wherein the tenperature is held constant throughout
t B8- depdwinrpenss of 6dains], WherFinahp gomeiumipr&usonigselected from

I r en about 700C and
the gr&g%(?ﬂbi“ 8§%@Tr€é}%r%§e§§%%% aim1, wherein the
t éﬁ‘per éIhﬁrprocess wiClach tuwhergintthe silidep psictuison ipdiclesssilane and
the e rocess of Cl.aingﬁ?lﬁhe&ein the silicon
& 5?18"&%8 COMSOL S ESEPRY 1P S HE™ E‘gr oup consi sting of
sithane, Ti# gidcageof Oliifd [1aMherdlh ahé Gilitdnl precursor is DCS and the
trichlorosilane and tetrachlorosilane. -19 WO
ECTMHYAR/PT SIS 1PEFIBS007/ 008879 12. The process of
C13i M IrhdWBedcdhd) of t9aidhe rl”%éf&‘npﬂu%c‘éﬁ@eo&eﬁo%ué&|1§Qh8chrst SiGe
fromthe group consisting of GeCl4
deposenlfgepmﬁélas AR MCTRpsingcoBeersragipn of aﬁma;_uumer e| n the
Siiel COPrRY BEMESOEr Ehifll AL ERNERLpollif EHEPRLHM siGe
precursor s gernmani um t’etrachl ori e process
deposatforChlzasmhis anrersismgtdoacaitiation wf gamwmmr is DCS and
gp% 9%&“@% ol B de ﬁt‘%ﬁ%a 1%%e%;gf§elrt 13 th gty ce%e Fects on a
substi@teGh a d&rmsntchmbmaﬁﬁpﬂi&sg amtimmnﬁ&ﬂdwﬁng @rmmtanmm pfbcursor

o oSO 10 The Broness ol AL MISC D41 i

chamb@&S an increasing concentration of germanium 17. A
nmet hod, for depositing a Si Ge buffer |ayer with reduced
défect sThmmethas ok Clamel T.iwherpathei syhsteata spmprises a bulk silicon
1ayer.conpr| sing continuously flow ng a germani um precur sor
to the reaction chanber and intermttently flowng a
silS. conTlpfr arethogopf Cimh/, vdaetinghe sebrtrabrecompiises Hmeepitaxially-
aim 17, wherein the substrate conprises a
depo P@ﬂ% (9%[11-' | ayer. 19. The method of Caiml7,
V\m ei rfI‘lleh eneshidab bif afleins AT rwiseesinatheePiGeabufitd Jayer comprises an

osi ted. sj. Ilcgn | aye
1ncrea51 g concentra 1011 O

gereruum from a lower interface with the substrate to an

upper interface with an overlying layer.
21. The method of Claim 20, wherein the overlying layer is a strained silicon
layer.
22. The method of Claim 17, wherein the ratio of germanium precursor to
silicon precursor increases while flowing the silicon precursor to the deposition chamber.
23. A method of depositing a SiGe layer on a substrate in a reaction chamber
comprising:
flowing a silicon precursor and a germanium precursor into the reaction
chamber simultaneously; and
stopping the flow of the silicon precursor into the reaction chamber while

continuing to flow the germanium precursor at one or more intervals during the

deposition.
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20. The nethod of Caim 17, wherein the Si Ge buffer
| ayer conprises an increasing concentration of
w@eonasddssn from a | ower interface with the subBCT/EHS®0T/@8879
an upper interface with an overlying layer. 21. The
met hod of Cl aim 20, wherein the overlying |layer is a
strained silicon layer. 22. The nethod of Caim17,
wherein the ratio of germanium precursor to silicon
precursor increases while flowing the silicon
pPécur dde method of (dpias 23, wherelasairb pne opmorg\intenvhlsdre pach less
thanagggpﬁj 1d-Bga@ Si Ge layer on a substrate in a reaction
anber conprising: flowng a silicon precursor and a
g@ﬁ manilhe pedundr b Claim @31 Wderezmdhe dlow offighbesilicon precursor is
flow of the silicon
smppédreﬂc%?%%?%g%eﬁvﬁg%}%é ti o olglll%% WBer while continui ng
t @6f | oWThehmethed i Claim P3 eriditimallgtcompeisivg dobtifuously flowing an
intervals during the deposition. -20 WO 2007/133358
inert G3EF1$85007/ 008879 24. The method of O aim 23, wherein

sai7d OrMEneetHOH LG YG vehetdif tRfifdrt! &ﬁ%r B RHABPNY,. This will
10 seconds. 25, The net hod of Claim 23, wherein the

form pifride eqmpepndsiappye,sboyf 80Qf 59 this is alweypHaasithe earriergast
t i nter dyf i t e
O 1 o5 elRatlf eitihCa QERATK &ififon $ier TP aidhductor
Substratﬁcqnmqmg‘;arrl er gas. 27. The nmethod of C aim 26,
}Ngﬂneln e&ngg tihg%rsgligo%%eﬁ.%%i\qyglsb tgeurﬁzzl I\é%e shlﬁs%ra%%y a chemical
alvapqxsddﬁ%smnt(ﬁléfm)a;ﬂbwss ads 28. A net hod of formng a
strai ne SI|ICO | ay n,.a sem ¢on
SUbat 1 aemORRE Ay B P SV IRt SHi St lavirum

bUf fer Wwhetein @8 VD okt Eahprifes A 16REBhE BIGe ¥R tion phase in
v%)QSItI on_ (CVD), process; _and depositing a |ayer of

hiehh Ee ibsirats s wg?ct%@ﬂtbu acyapeE Phse silisperconpaundiapd a vapor
t pBaseVEL rﬁfa%ﬁ%ﬁ%oﬁ%@ﬁﬁd 88 Aepisit! GieRt wih Gn ShéRaHEP Qgﬁéeh{}gtlon of

phase rn which the substrate is contacted wt
v &sepanias end it le@etrm@onﬁmunumapum inaytoch thehmbetrate is contacted
9&FERY U 89 ::599#9 éxﬁaﬂ%ﬂf)s&o&n % tt I}IO n I\pa%gle aghasg silicon

concentra er manium- an Fed$
i moepoupd. on phase in which the substrate |s cont act ed

29. The method of Claim 28, wherein during the SiGe deposition phase the

concentration of the vapor phase germanium compound increases.

30. The method of Claim 28, wherein during the SiGe deposition phase the
concentration of the vapor phase silicon compound decreases.

31. The method of Claim 28, wherein during the SiGe deposition phase the
temperature is graded.

32. The method of Claim 31, wherein the temperature is decreased during the
SiGe deposition phase.

33. The method of Claim 28, wherein the CVD process additionally comprises
at least one constant SiGe deposition phase in which the substrate is contacted with a

vapor phase silicon compound and a germanium compound to deposit SiGe with a

constant composition.

21-



wi th a vapor phase germani um conpound but not a vapor

phase silicon conmpound. 29. The nethod of C aim 28,
wob@rasizsgluri ng the Si Ge deposition phase the PCT/US2007/008879

concentration of the vapor phase germani um conpound

i ncreases. 30. The nmethod of C aim 28, wherein during

the Si Ge deposition phase the concentration of the

vapor phase silicon conpound decreases. 31. The nethod

of, Claim 28, wherein during.the S Ge deposition phase .

LR 1 ohisoPiRtiReL of Clgim dad WhsEEin AEngOlR P TeniSipndeposition
phase3the MWIRERAtidnRCof! BBRER@NUpRciuord 86d Ql@é%ém‘i’édﬁ{uﬁg%&aﬁsor remain

Si Ge deposition phase. 33. The nethod of C ai m?28,
constgffer ei n t he CVD process additionally conprises at

| east one constant Si Ge deposition phase in which the

substrate is contacted with a vapor phase silicon

conmpound and a gernani um conpound to deposit SiGe with

a constant conposition. -21 WO 2007/ 133358

PCT/ US2007/ 008879 34. The nethod of C aim 33, wherein

during the constant Si Ge deposition phase the

concentrations of the silicon precursor and the

ger mani um precursor remain constant. -22
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