METHOD OF FORM NG A RELAXED SEM CONDUCTOR BUFFER LAYER
ON A SUBSTRATE WTH A LARGE LATTI CE M SMATCH Thi s
application is a Continuation-In-Part of U S.
application, Serial No. 10/763,305, filed January 23,
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device. The defects in the strained silicon layer propagated from the misfit dislocations in the
underlying relaxed silicon - germaniwm layer, can deleterious influence MOSFET leakage

and yield.




germani um |l ayer, wth this sequence resulting in

increased lattice msmatch at the top surface of the
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It is still another object of this invention to form a compositionally graded silicon
germanium layer comprised with a highest germanium content in the bottom, and with a
lowest germanium content in the top portion of the compositionally graded layer, resulting in
the desired location for the greatest latfice mismatch, and wherein an overlying non-graded,

relaxed silicon - germanium layer can be grown featuring a low defect density.
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| ow defect density, relaxed, non-graded silicon -

germani um buffer |ayer to be acconplished. Epitaxia

growt h procedures are enployed to grow a silicon -

germani um | ayer on an underlying sem conduct or
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axe non- graded silicon - germani um conmponent
After grensthifi tihg &aadeéwﬂtf@fleo&u @arymt Horen 4 m@s&rpféulowmflﬁ’é of a silicon -
germarpﬁrgngil s % 3)11&@%\133@3&2){1'1?g:ghﬁgmgé?%_&n%rﬁ%d_ silicon - germanium
portlonsem&@ﬂdﬁ@lrﬁﬂiorsuﬁsm atoa-gradel fsdiven FOgcr;NﬁﬁEIETcomponent on an
ppllcatlons a silicon layer is grown on the rel axe
underl it coparpgePns]ly grgRd siligep nﬁ#’%%ﬁﬁﬁ@ﬁ@?ﬂm TR % A& Xed, non-
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relaxed %ﬁn@%&iahh%d 0 LHASSoSCEdhht, Skt endeSesl P&et Meturing th
key stages in the formation of a relaxed silicon -
desiredgensimsiramn | ayer on a conpositionally graded silicon -
germani um | ayer wherein the graded silicon - germani um
| ayer features decreasing gernmani um content extending
from the bopRopr DESARGPTIPNTF THE RASEGNGS | i con -
germani um layer. Fig. 4., which graphically
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FRHH. (I:OI}dlah@‘d or wﬁuﬂlS;theaﬁzﬁlchDy t10@o§a4$éca61&11 efyld dwecminthe key stages
gr aded seni conduct or al l oy layer. DESCRIPTION OF qE._
in the (PREFERRED ENBODFVENT SETRETHET YT BF afgpRpPHyoRpyoaded silicon -
e an, NGecreasing
g:,crmar{glglﬁpgaéﬂc? Ie\g}r?% {: tl{ @ﬁi\gguﬁl ) g‘?l?/yl \éﬁﬁm@ﬁn gsf; ‘gf@{ltb}’és Hecreasing
germmﬁmatmmengmdemhegﬁrmgthcchmttemt toahe aomm‘mho rmaﬂed sdfcohhegermanium
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GOIRONSRER gyﬂpmcaﬂl"@%p‘?&%cﬁiﬁsﬁé icll}ﬁ%n’;lﬂp @ﬂa@ﬁdc mikfhatch as a function
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{ayer.

05’ L ?ace of the non -graded semiconductor alloy layer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The method of forming a low defect density, relaxed alloy layer on an underlying
compositionally graded underlying alloy layer featuring decreasing content of a component

of the alloy layer, extending from the bottom to the top of the underlying compositionally
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t hat ot her exanples such as a relaxed InGaAs all oy
| ayer accommodating an overlying strained InP |ayer,
can al so be obtained via the identical process
sequence described for the relaxed silicon -
gr adcdg%g%em@m}@% A0 Rw BeatcABELG RFilS umfaemtﬁc this @ésmﬁﬁod\émcon
t nprised of single crystalline silicon is
- germpelag ‘aﬁ be\;@sh:é mgttlicb{aqarrsplg«hﬁ)t\}m alloy ]:nyg: hg:_we‘{% rit gheald be understood
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strainefl AR PR e readfalsd teebtaxae SRNhE ansuei! qrro@iq& QubRedesSulsd for the
as silicon - germanium via a lattice msnmatch with

relaxepiligabler BGINHEGI e rixeBntiuc Semicaataetprasubsijatch 1+ dhareNagied type,

comprﬁ;]cji N dsnx n%eg Fﬁﬂ@{ac?élné%clsna%g{stc{]g[?d g(%{eg]\%gr %yi s\r’e{é)l)v%vﬁl I“lg.f . For the

InGaAs ediconidyat 0Gahayetstraguebuld destduisdn Taneshercgod\Wis Givention is
t he un erlylng rel axed k@_er with a m ni mum of

the forenag%e § TSI SHREPAGHIITRYOY 125 BU58 aaAthepn yb?f@“aﬁé%n&ﬂé?ﬁa lattice
I b il
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layer ﬁ_aﬂmpcglatiow natel yf Yradeg dslbeations so Ger amamicyingoetii@mductor fayer

such oy HPQULASERT PRI A 0F PO SRFOROBOP LT GBSt G ocations

propaglaﬁﬁ( EFromPMd Uiy iSUEEESAIsYR 0RO e Rl riw 1er ttl'ib ovcrlym g tensile
dectreasi ng germani umcontent.” This w | wed

strain byicgpr dateh ofo aanhxgvcertihquah(gvc n}gnctwcgm azge@ostibmzdb'ng-adcd silicon -
er manj. um t 0, with rel axed strai.n, .
serma g aTRHE PER G RS B PoR et eRg e COksoLre) Bhadysyd ino o
first oOh3EAH [PirtidiC 0N the SEMBIMH UMt A4 &Iesditd bbabas sWhbh Wik decreasing
growth of silicon - ﬁernanlun1port|on 2. Silicon -
germalgémr@m@mn poistyidpedollpwed by gegvthiod anvretuiharmopeagrpded silicon -
gcrmala r¥10n %@E‘Ej %)r w}ﬁrl grgieaon\(/;} ggrgl%tsg mr%ﬁn% % §%1Y1a€ g{) 1108 nof the
compo@h@hﬁllﬁ@ﬂidb@ s1Q04a A@@&tzﬁlﬁmﬁ laysi ffiaBsghOMthe growth of silicon -
enperature between about 500 to 600 C. Silane or
gmmalﬂ}l@h RoA@N ¥s Silsen -2sHEIPREEUNE. F S isnojcgplgr beam epitaxy
c
(MBE)QQPQWB%EIS)G{ %I%ﬁs%lgé d&lm%g&}lov\??gl H’&ﬂ%x‘dmé ??rfé%?:vmpgoccmeL ©o a thickness
betweeSi zihooOﬁOO t(@éﬁ@ﬂamnlgm(pﬂsr tusong a’Z@,I(dzﬁhabmplcraslrchamplGebd)ut 500 to

S .CO ed wth a germani um rcent denot
600° (las SIATE B FHADEFE AbBi Soiedoer og f@eh*ﬁ:agfa?ﬁ EIRPUHAL R sﬂ*wn :
germaiunl poPort DeviglELat-Gate 1s%‘§&l m%ow%'ﬂ{’&%p%ﬂﬁfihmfd&%o%%n Silicon -

conpared to successively grown overlying silicon -
germargemrniiem?, grootedonsSio-anfded rugonbimesed ariges gerhantunt ereight percent

denoreus REF B Ron o CVi i BT GHo s THLRERT geppsttovel of

germani@hmgR ks Rt Ncodtpatdl & buteesshane gdilnl ovdldd gTeliBbY - germanium
al l ow an overlying silicon - germaniumlayer to be

pomongr G thes dhe ddrassedattiee mmmatqhewﬁbmcwrngt tlive interieeat efd silicon -
germartl G}(}?@%&gz dlS%lll'l?C%?}jlﬁ:?@rS&F%&ratQ? uI:l eelfu g;é m@mﬁ Cll aﬁ 911§ interface will

uitxmat&l )J almnan o‘gﬁryi@bjﬂumnpq;’cﬂm@ﬂmﬁl lab& 568 gmn ﬁﬁj teYaxeh @i, while
he grow h &araneters such as pressure,
bmym% Hlfr%’é"@nt‘@tt@”ed%lﬂé disinsatepssd thagiderii@esiiper s seupyymg@rtion 2.

The reéll teoietﬁ)lbtg?&bﬁl ofasﬂgcoﬁqoé%rri“amﬁm portion 2, is schematically shown in Fig 1.
The growth parameters such as pressure, sources, etc, are chosen so that the layers deposited

arc epitaxial and smooth,




G owm h of additional portions of the conpositionally
graded silicon - germanium |ayer is continued with
each successive portion grown with | ess germani um
content than the previously grown underlying portion.
Sirbivepas dd@l@tbﬂﬁn}lﬁ]&ﬂbsﬂpbf RN cdnpslenatagd BXdedi dilicon?) @¥Ranium
i's conprised ger mani um wei ght percent x2,
layer ispetniveesd abb @@clselcs/@ﬁswcqeortmegl@m Widle Fay® B TUFANER gmtcnt than the
prev10LP;§z hrﬁa/grqn%cﬂéméippl &ogn%qhgogg??&rﬁl%g%yr\%%&gjgn 86 %&dl by S;H 20
is compriGRr MBI 4PeAnstilanwéighdeatdx bybdiveen &boﬁt@:{xio i0S%, wherein
conprised w th a germani um wei ght percent xn, between
germanalye (11 S0 Petsent 194 is ihe fhenrgegaatani ireiieegsnt xlp@r eslerlyiog silicon
t er n n
- g,crmélﬁm? é)ﬁ}?t‘i(lﬁ{] 2.t %ﬂﬁgﬁ J%rlﬁ%lﬁltdlhlﬁ%% 1(‘);/1?%9(1&12%(19[%"@ xn)égln is comprised
with a geminind Medet theanniSxn, Beaveamposi 30 an@bt, ywigrededr mamum welght
silicon - ernanlunwlﬁ%er shown schenatlcally in

percenixn igreal dNgrbeRse PRelgsvieh therrerpapigesonteat t e Vi g irlving
a1 , C P !

silicon © &%ﬁ@%ﬁt&ﬂ&}%gﬁ&sﬁ k;ig{ercgﬁ{ ogﬁgg\?lfyhgt%gémﬂg%@ : rﬁl]gtﬁlﬂngl'ayer shown

schemdticnléadi Fg. 2 dméil t@aa)tnpmmsd wetbshé hargist latea misgetchanthammterface of

smconugé%}q%giq%b pgrtfoin gon;pa%gl?(ﬂtgi)ﬂrt h%gtgzg% ﬁfgllthsb%? tnléﬁgsof tlhreadmgp
dmlocaﬁ@@st 164 05 GERRS Sdrm@BTLIRPSEh CORHRA L mpWicl Ro MIBEARR: dislocations
[lattice msmatc Silicon - gernanlun1port|ons 3 and
in und&]vimg elhagxal r},cgnmnmvamm%BEodronﬂ PEVD Iy Q@@@u @egnanagalqontelats
a | owi ng a s i,t axi al :
wit 14figy B0 S -ERT i’ BT Bt ablre efiaingonn via

MBE A0t v5odc@uRQ0adain s OGS hhrametedy alfiviiht anthooll)dpitaxial layer
b Ogernane as reactants. ach portlon is agaln grown to a
to be

mineknews deat iweenraibe betvaen about 290 Bnedt Komsing silane or distlane
and gDcHga%oass rtcéc:(fang%l s ]a & ?%1%%n81§ | % 5192 %50 1?% g‘?ﬁ}tglgr{r?s% gé{t@’ec&gbout 50 to

200 Amg’tnmﬂscmdxﬂ@qg&mﬁnﬁ iptetied Gilicent- gemneiageRyér m’mﬁblul L@ﬁﬁrlscd of
- _germani um portion 2, to silicon - germani um portion

thin pogtions 9t §%1ﬁ@ﬁag¢%mwn ghulishithe garganipim cpgent ti?ﬁr%%ﬁ%&gmo%hcon -

n r

g,crman‘h%ﬂ%%ﬁm eér% (Z 1}5019 %%ﬁl%lﬁx %&88:1 4, QQEIYQHH&UEQJ Wn 1%}% % 2. The

thicknagndé t&hpmdtldiﬂmﬂy gadldehoiulghm(}ngtylmhmeelag/bn h() SH Ibl:uwmn -about 200 to

1000 Pg}%réigq%ﬁé%éﬁh&% %8 rgtr&gg ﬁlgﬁmﬂhﬁlnp@;&.i? il%%g Shljélglg - g,rgzgnamum

por t10n‘§Q1'f‘P€l'1(§v§‘rg Irthﬁsh dEBA QY hel él‘aﬂ‘xalg‘?fftslxl%ﬁ’— WrtBni@RCRyer 10, can be
overlying thin portion conpri Sed |'ess ger mani um

compris¢vawith ngmemde tliiy lpnglqmr\tnﬂ@ ndch@‘vadmtgsthllnl pogrpn-comprised with less

[ b f durir i hgl
cermarfF TR 7 i ing Rbir oG0P FERG eEbioR e BuBhReicdh go formea
during 3Uel @srofeR pFRBEuE @MMringdWHr NG di@thQl oMb AR 0L etant flow,

Silicon - germaniumlayer 5, shown schematically in
dwmélﬁifggfowth precqixe uni formy grown without ger mani um

%]lacon g%itngmg lag&@%ﬁng%ElWatic gﬁgqtrhé. 9, kg Lflnq)fopgﬁf ygown

onogeneou

withouccgﬁﬁﬁalﬁ@ﬂ watiigequal thickoant Sbt@»fee@eibﬁﬁmizm tole LR A ngstroms.
about 20 to 100 % is obtained via MBE or LPCVD
Silicongr gewgnives et >-dorgsararly wmmseheeh eslimesds posgaynium,

betweelr abddl A9 18 'lb@ﬂ/e, i9%b MR ARRIAE & @éVﬁ%o&ﬂch@?at z\/\’tynlx;ﬁ:x ature

germane 1S
between about 500 to 600 ° C, using silane or disilane as a silicon source, while germane is

employed for germanium. Silicon - germamum layer 5, grown in situ in the same apparatus

used for growth of compositionally graded silicon - germanium layer 10, is obtained in a
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enpl oyed for germanium Silicon - germanium |l ayer 5,
grown in situ in the sane apparatus used for growth
of conpositionally graded silicon - germanium | ayer
10, is obtained in a 5 strain relaxed form |If
strain AESIICHnAN Qﬂtésf?&ﬁlan pAEA! a‘?xﬁ@'gefq%&luﬁ,a@anbgc %&méde% - situ, to
In - situ, optim ze strain rel axation.
optimipg @tpfensq‘:lwgatl@fl The pradiemgy dif shroahog dskcamonsnd emﬁgriym@ portions of

gjradcv_f *ég‘ﬁﬂ”t ng?%é%‘apigﬁ:\r Ilagcte 0 ié‘clsi;}_ﬁg)%gf(gﬁ ™ rtﬁ%:nwgﬁq%gﬁﬁ n%to teach overlying
siliconOV @EinYdnfgn 18¥dri LOWig. AeLrmRiddny |1é1yr€§en@ thEl fagrdtude of mismatch,

graphically represents the magni tude of m snatch,
correlaigrie dp dhegbtliast slphzrt:@aau iy adiusridvart ewsitioasinabdtly resnipepitionally

gDiadcdo thgon - % li%lgmu% ngh I ?r‘?’ Ing)n %p a%lcéi Igg %Igrgx%a%iillinil 92%/%1' 5. Tt can

be qccg &hmﬂtﬁib Uéiﬁgbﬁ)d@thcé mlblhatﬁﬁm)cctti‘@ a6 el&ﬂm&d?rﬁfce tofiech@bgeshally graded
|attice msmatch occurs at the interface of
siliconcogppB st MgAY| 1YY, idhyrarconsiuptor gitbstralgds wathi sty dattiqgmismatch
e e educed | attice
Ie&ﬂnﬁgﬁOE%%kgﬁresu? §%§R$§g%$gré&nﬁ¥ﬁ¢ﬂn nF- gr aded
sifl & cégviee geuerani wool ayes . MUFSFETdey i d@eirsd rsiledour éaystiod) shown
as g MOSFET is ge3|red silicon | ayer 6 shomn
schemaliqieirdh iFam1 3 ¢ag AE BFYYD 80 relgredy 80GT %ﬁiﬁ%ﬁ ipQd) ag@aniyy layer 5,
via MGE 3088 baRBdured %E(EU?@M e ﬁ)yﬁ{u lﬁ thc dn?c %@Era%s LH@S:Y(Q growth
procedures, acconplished In sit appar at us
of the uhe(ﬁh f grmgniowt hayersf Stilven $dyler é,am)mplged Wtht@mIé aiyzen,ss grown to a

th:ckngs‘s &Rfﬁ%g,alagXutt ll'ﬂ% tQ%g]ggf{fb‘%{ela}é’\gngtglb%E’ggl%lﬁgc Etcc‘)tru%l@rg about 500 to 600°
C, usifERhE OMBisil@te & 4 SIREI RUeTRELWRE RelRRAUD: Iég@uﬁ&brgﬁl% silicon -
, using silane or disilane as a silicon source he
germagiumaliaperre kHxee! $ibeon kaffcmﬁqd@bt ybtagied iwliihctba desigd terailé simin. The
wve of o fAhad) BirDRRER Ty iRl PRt Bono R Rofagl e acges
Jattice GRRIARH td ARAkdrYicEi@ARA sSibdti€® MtcrfARrMBNcHThica¥igt didocations to
featurln%@the | argest lattice msmatch at the
decr °a§%$ﬁ b8 Hhitiercet oldhp Sverinercrsrde g s ubing bl divleendion grropagation
into siﬁ%osf r91§(|§tndc ?glglg S 1c0ﬂ€f§;c?%s&l )vs Bg ug&ljl t%i%{a?osi}%g%e}t& a%Pannci region
of a M![D‘EH}HQ a&\h(‘xnwhldht\mllSﬂ“chﬂuc{omHaaycﬁlr cobrier TAGISHIS] 49 @&I&u]t @Yeﬂic tensile
can no e used to acconmodate a channel regi

Str almél IrssrE ‘déE Flse TRRER: (9 e Palcr® BhARGaeseesl ¢l Blow leakage
' % | ayer,
dcwcem%’k%l E§u?t of"ﬁ%n 15}:%%'{1& Jﬁ&ecggalolg:%f&vn%g ectlﬁlgrlzﬂl?’%ﬁﬁ d the

de:slpelm 110ffcnfao:1 low Heem pagieulad g shaen asd descaberl witbfreference to, the

et B R R B RS AL St e

chang,é%lQ?l %1‘11?@1% M‘étﬁx'l‘o f8d 85 ﬁﬂl@@ V\FﬂmuF 8 artRipeh&h 18spirit and scope of this
nbodi nents t her eof be under st ood by thos

mvcnt@h@u IFoedxdnple heclarad, tnhlagmvlad |10@3A% dhyanerashd fnrthiot on an dndellymf:

Wi epar fro
Compogﬁlangliyogprgga; P}teq,] @qd}"‘ﬁv\g HJ (%Qulg &5 Oégglggrgrl r% /F eT,u é%tc U with the
highesnRIti@radedichcafsink ay gic i6@Ifaleoff BE MBS @RIIYRERI Y And the
conpositionally graded InGaAs | ayer, mhlch inturn s
substrfler med on a GaAs substrate, with the highest lattice
m smat ch occurring at the interface of the
conpositionally grade | ayer and the
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substrate. 6 Wat is clainmed is: |I. A nethod of
formng a sem conductor alloy |ayer, conprising the
steps of: providing a sem conductor substrate;
grow ng a graded, first sem conductor alloy Iayer,

What lm%rleédngt he content of a conponent of said graded,
first sen1conductor alloy layer is decreased as the
rowt e : | e

gr ogr é I)\ th%@ oqfcgr[nqrggj9Scanfuc&?chmﬁﬁrﬂﬁgﬁggrﬁcgﬁ]pﬁ%}}gyml sg%?grof.

on Salpdo\g(ﬂlag@@cmfdoh&ﬁctoﬁ@b’stmﬂduct or alloy layer,

wherein the content of said conpgnent in, said second

sem cGHItIBEgreradedolyrst %F%‘PO’?@CE% pHYY ycranderteheicantien; of 2

Secon@gﬁlﬁ%&l‘?%‘wéh% bl Bt s@%ﬁ%n(’hﬁztor' AMod lﬂcﬁ A Becreased as the

rel axe orm ‘and form hg a sem conductof [‘ayer on
énnmhsﬂsdd@ﬁkaﬁeﬂmsﬁmun@ukmmwabmﬂMQMQﬁoghkmy | ayer,

wherei n said sem conductor |ayer is conprised

e e ~Cooni e HoRt ol VR ool nihededy firs

scmmoﬁ&%@t&o REHET QK eSURBLLAL 8hd Scudit| b€aRid %%mpgmum Qhid second
trate; of a GaAs substrate. 3. The net hod of clalm

semicofiduanrenl iyriagaiie ugtfanie dndfivlretin seidi comdustoronalutioy alloy layer is
: r~rLay§[ iff a silicon - germaniumlayer or an |InGaAs
m a styrgy P¥“49”?h@“hethod of claim1, wherein said graded,

first @1@%%%”%&&{@@{0& Qyelr AYEaid FelaRllt fcBRH séthRonductor alloy
nol ecul ar beam epitaxy (MBE) or via |ow pressure

layer, velipeer caid %vmwmd@fé@rdgmrumpmm@@\v@)h gRvicstignes. 5. The
gEt ho& o;llnggl{a)ld O e(flﬁ:llgbﬁr & nl’eslnal d Q{Fg&lecﬁ]lgt()f réugg%a‘fjc is a silicon

ade duc

semicoﬁﬂlhdt@:%bstla@@r(ﬁ&mms&bétfhye|ayer |s ger mani um 6 The
met hod of cIa|n11 wherein said graded, first

Seni comguretbed al ¢l | aylgreingat g&ré@ﬁﬁi fisst éle"hP‘é‘kﬁégs‘l”OY layer is
licoRetw gstroms. 7. The met hod of
aSHmoglé?ﬁﬁ%?gﬁﬁg%n%ggééﬁéggggye , first sem conductor
al | oy Thayecthédof deimpt j skedenistild @adirlofipst efmiconductor alloy layer is

sem conductor all I
obtainad \ia n%) @g&ar hﬁﬂ’g‘r?é’i?%x aRiII%SE ?c%é/l%W ?F?Qq?itq%g?“gﬁ?l vapor deposition
(chyﬁgﬁggghqu sai d conponent, and wherein x| is the

content in atomc percent of said conmponent in the

@or t i drheofmegtaidd o§raaed,], f whetins earil comdpoteor ial dagly graded, first

. Ia%ﬁrwlh 3ated at the senlconduc or, substrate.surface
semicoRRFIR A 19Y dRET 5T NYCAR oRTEPRIE &Y 13Y s Bit§ ¥ Bonent

genot ethelyeiXdd o Xdaind Ny XdkeinWART @hdedX Ardt SerhREnGRMr&Mby layer is
in atomi c percent of said conponent at the top

grown guz fladecefbebupay aperdel), tofl 0P ingetmngonduct or al | oy

|7§lyer The method of claim 1, wherein said graded, first semiconductor alloy layer 1s
comprised with a group of semiconductor alloy layer portions denoted as Si;.Gey, wherein x
is the content in atomic percent of said component, and wherein x1 is the content in atomic
percent of said component in the portion of said graded, first semiconductor alloy layer
located at the semiconductor substrate surface and with decreasing atomic percent of said
component denoted by x2, x3, and xn, wherein xn is the content in atomic percent of said
component at the top surface of said graded, first semiconductor alloy layer.

8. The method of claim 1, wherein the content in atomic percent of said

component in said graded, first semiconductor alloy layer, ranges between about 50 to O %.




8. The method of claim1, wherein the content in
atom c percent of said conponent in said graded,
first sem conductor alloy |ayer, ranges between about
50to 0 % 7 9. The nethod of claiml, wherein said
?ﬁ)econ@h%elﬂltﬁgéﬂ%‘ﬂ%ia@lﬁ ?‘Nv@dmh%ﬂ sdcBnd sc:%lc'o 1@&%‘01 alloy layer is a
ger mani um | ayer or a | ayer. 10. The nethod of

silicon e lgaimmaniym Whyer ei mhé}aﬂ/w ISE‘U{ond semi conductor alloy |ayer

1B pridcetrio sl TRur Tyapsre Gamserer Bh teplpefr & taver is

obtainddr 9% SEBIERSar bedm HiaxmetiBrd @fvigldt MdssurbhRBERICA] S@od deposition
second sem conductor alloy layer is grown to a

(LPCVinipetardessbet ween about 2,000 to 10, 000 Angstrons. 12.
'Iihe rm’[tahor%?t%od lfac,lmd 1 %%Fe% r%al%laée%msf(? ggﬂﬁo hductor alloy layer is
sem con on ayer 1S’ “conprrse W th aton c

grown RES GRMncafbedatdl HOPROENOo, | (hEieegtiabeut 20 to 100 %
13. The nethod of claiml1l, wherein said seni conductor
layer lihs medipidofainny e egin spidesespnd é%‘ﬁ‘comél&‘(ﬁaﬁ Wilayer is

P .l |0, 14.
SRR o LI el LR erel g

layer Tite mdbhad ofdaii &, \MBEcmcnmdvqcantcRﬁvaop tayeied urstiscoatlayer for

a thickness between a ouf ]g 0 200 Angstronms. 15. A
thwhmh%f*améwufﬂomlw &g afniafayer o HiedgGafs &8P Cger mani um

hayer eoRRhbEb NGaint h%v%ﬁﬂiaaﬂfscmpdb%fh&bﬂgyé is obtained via MBE
sem conduct or substrate; grow ng a graded silicon -

or via lgrviiniracadueyat o thitlerce ln:twh@l dont &kt tod&’OOd%nQEGmmm um
mponent in sai.d graded silicon germaniumla
dacr eab il FhuTg e Uar rUed GRanaac DY Tt sogpprising

the steps, (f€r mMani um | ayer progresses; grow ng a rel axed
silicon - germanium | ayer on said graded silicon -
ger rmmﬂumﬂlillaW@ﬁml¢O|Iild8¢tt)usubﬁtr<§&rre appar at us used for
growt h of. said

aher el VHE EoHEURL SO her ratrfEonpBhente L 30flent of o

gjermalﬁ@ha}?éﬂﬁ)oﬁbdthﬁ QRid gr@ﬁﬁfmlmohﬂ'gcl @YEml 18ydink tieddase@ad the growth of
formng a silicon |ayer on said relaxed silicon -

said gregodphirst EFHF‘Pihy%‘?“mPW‘TSiﬂtYEF TALres®Pd appar at us, and
V\herelrg?(@@ l,d S}e dx%?h ?tM}er F&sr&%@('féﬁ& Wht?u e%&‘iédes:hcon -

trai
germarSefi toad et Qlfu s;ummrcah@atzsusa used ifeo grein @ﬁmﬂdcgmded silicon -
substrate. 17. The net hod claim15, wherein

ger mar@vfngc]@{pl Sqqdl \ggcﬁem tb% FARLAR TS H059@}1u1p§0n%p%ntﬁ]éamgsaaxcd silicon -
germai] Lagw ar e gRi taxy (MBE) or via low pressure

em-'cal vapor deposition
forming a silicon layer on said relaxed silicon - germantum layer, in situ in

said apparatus, and wherein said silicon layer is comprised with tensile strain.

16. The method of claim 15, wherein said semiconductor substrate is a silico
semiconductor substrate.

17.  The method of claim 15, wherein said graded silicon - germanium layer is
obtained via molecular beam epitaxy (MBE) or via low pressure chemical vapor deposition
(LPCVD) procedures, to a thickness between about 300 to 1000 Angstroms.

18  The method of claim 15, wherein said graded silicon - germanium layer is
grown using silane or disilane as a silicon source, and using germane as a germanium source.

19.  The method of claim 15, wherein said graded silicon - germanium 18

comprised with a group of silicon - germanium portions denoted as Sigj.Ge,, wherein X is
8




(LPCVD) procedures, to a thickness between about 300
to 1000 Angstrons. 18. The nethod of claim 15, wherein
said graded silicon - germanium|ayer is grown using
silane or disilane as a silicon source, and using
the ato%é rfﬁﬂ%nﬁ%f rcARANBRAI hSONE &and Wlercith®1 BtROGt@hic percent of
claim 15, wherein said graded silicon - gernanlun1|s
gelmamlcmpm Sl }Wﬁuﬁhl @fg$%®mf@$0dsﬁllicﬁbn* gegl@mmm daticpolpedtethsat the
semico (gucg% nbeS? atée écxg%ogrl]eén eiasmgnélm C glicﬁiat)c(igcsl gf tg:r(]:nnamum
denoted@bPR2 Cx P@LE QAL wﬂéremgﬂf and Mﬂlﬂl@pérb@nmﬁrgbﬂn@dhimﬁ a8 8eCtop surface
gr aded silicon - germani um | ayer | ocated at the
of said geadicd sibidoie t BHMEYHST ladele surface and with decreasing
aho m 9He mﬁ&ﬁ@d %9%&119]:19%}{@811 4m ag)%ﬂgt %pccQ%’ of(éexrﬁ%%mm in said
and xn, I n xn the atom c perc

graded ail:cbiﬂe gjér@pmsmm f@eﬁran@és ‘tﬁ)a\mhngjbadteﬁ) tsn (d%.con - germani um
ayer . @f fhod of claim 15, qln the atom c
Bér cethth"f‘Ctb RESIAH §n vE5Fdn S@Wa@éﬁc iSticepn germanium layer is

obtaine%:\tﬁﬂgrg:' %t@dr%ﬁ% %@QQ}&E\A@@)W%& Sw)gxltcsépc EFPe L) Zrbor BBSsition

clarm ereln sai axed icon -
(LPCV®® mmﬂmm hiagythickisss bebyt@hmbdutv,20ntol lédlfﬂl()afrngwam

I tax r a |.ow essure vapor
22p05| FdﬁCt % Eﬁ%ﬂmpF%é@ §a§ﬂ3§“Fﬁ|gWﬂBs§JE@?W€ghhym‘”
grown Q‘Qﬁ’é‘gﬂa%c QPQishihn el aosQchdﬁn;gﬁltc%oaUﬁi usf gehEndRENQImAhium source.

claim 15, wherein said relaxed silicon - gernani um
QayerEhsrngh@Mnf@@mngﬁﬁnwaﬂenomddwémbénénaa a;ﬁmhmdunmym is

source, and usin rmane r our ce.
compriggiviieh B e T P DB oG B B R B S o
Qar mani,dmdRMesT dl§im £0 Wchﬁ@dald\ﬂsﬂﬂ%o@!%@f ¥Rt AR h BB E or via
ercent between about 20 to 1 00 % The et hod of

LPCVISpeonss shBIB P 98I isbh s AOageh AREstBbrE] ned vi a
out P8BS0 AR IR Ik, Bhia Fyl O IERTS s Ry sitane or

disiland Bs a Whegei n sai d S|I|con | ayer is grown using silane
or disilane as a source. 9




