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I nvention [0001] The present invention provides a

nmet hod for fabricating a sem conductor substrate

material, and nore particularly to a nethod of

fabricating Si Ge-on-insulator substrate materials in

which lattice engineering is enployed to decouple the

I nt erdependence between Si Ge thickness, Ge content and

strain rel axation. By br eakl ng t he natur al

rel ati onSitied.&# E ‘ % oAl GOV
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fabricated that has selected values of Ge content,

t hi ckness and in-plane | gbEsCRIPEON™®Et er. The

Si Ge-on-insul ator substrate material of the present

i nvention may be used asFigld oftthe bwentiahmat ched t enpl at e

for creating a strained Si |ayer thereon. Such

strained Si |layers have high carrier nobility and are
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Ok @iSdtraf mhteRA AR O Fabkichied AR Uhs Sl B IRk OF &) coflea) 8l ckness and
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elieplane &atmﬁcpanm@ters }[ ng@a-lﬂmlatpr substrafe fnaterial of the present
h t
B e L e
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di sl ocations (TDs) and m sfit dislocations, are from
about 105 to about 108 Background of the Invention

[0002]  In the semiconductor industry, there has recently been a high-level of activity
using strained Si-based heterostructures to achieve high mobility structures for CMOS
applications. Traditionally, the prior art method to implement this has been to grow
strained Si layers on thick (on the order of from about 1 to about 5 micrometers) relaxed

SiGe buffer layers.

[0003]  Despite the high channel electron mobilities reported for prior art
heterostructures, the use of thick SiGe buffer layers has several noticeable disadvantages
associated therewith. First, thick SiGe buffer layers are not typically easy to integrate
with existing Si-based CMOS technology. Second, the defect densities, including



defects/cn2 which are still too high for realistic
VSLI (very large scale integration) bulk substrate
W@ r@aABDr§ applications. Thirdly, the nature oPCT/82004/016903
prior art structure precludes selective growh of the
Si Ge buffer |layer so that circuits enploying devices
with strained Si, unstrained Si and Si Ge rmteri al s
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met hods typically grow a uniform graded or ste
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di sl ocations, thr ough the Si Ge buffer | ayer. Various
bampessible fQi@e%%S have been used to try to increase
the length of the msfit dislocation section in the
structures and thereby to decrease the TD density.
[ JO@E]] Anbt drder tppratucardlaxediCaakatersalioh ads sussate) pe‘«zt art methods
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| nsisfiedigbcaidaskitadntn flgd ffuchires @ddhaelb}eﬁﬁtécreﬁw the TD density.

exanpl e, in co-pending and co-assigned U. S. Patent
Application Serial No. 10/ 055 138 filed January 23,

Rgﬁgo;ggmshgeﬁ%ﬁ@ta?ﬁ%%?r&ﬁ BIRhd & ﬁlg%&ign@'gl Pdtdnt Nos. 5,461,243
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materials, none of the prior art is capable of
prhaser.di ng a nethod in which the interdependence
between the Si Ge thickness, the Ge content and the
strain 2 WD 2004/ 109776 PCT/ US2004/ 016903
[0006] A further approach to provide low-defect, substantially relaxed SiGe-on-

insulator substrate material is disclosed, for example, in co-pending and co-assigned

U.S. Patent Application Serial No. 10/055,138, filed January 23, 2002, entitled “Method .
of Creating High-Quality Relaxed SiGe-On-Insulator for Strained Si CMOS
Applications”. In this prior art approach, the relaxed SiGe layer is created using a

thermal mixing process.

[0007] Despite the numerous advances made in the prior art for fabricating SiGe-on-
insulator substrate materials, none of the prior art is capable of providing a method in
which the interdependence between the SiGe thickness, the Ge content and the strain
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rel axation, i.e., in plane lattice paraneter, can be
decoupl ed so as.to provide a Si Ge-on- insulator

wanbgtioge material containing a rel axed Si Ge PEy®E62004/016903
havi ng sel ected val ues of thickness, Ge content and
strain relaxation. The strain relaxation is related to
the in- plane lattice paraneter (lattice paraneter

parIIeI to Gelaer urfa of e relaxed

xq }g}’eref&ﬁw fhicp RSBt AR %] Fificgy SiGe-on-
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nmet hod of fabricating a Si on-i nsul at or strate
methiekiess, Gocatiént land bteain nelexatiope Atle ssain h;dawé@n 18‘6@ed to the in-
t hi.ck
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Si Ge-on-insul ator substrate material with arbitrary

val ues of Ge content, thickness and straln rel axation
(within the limts of %HEEHBS mechani ca
stability). In fact, the resrdua straln in the SiGe
Iayer can be nade to be positive (conpressive),
atlve ensile) or zero ully re ed). There are
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lattice parameter may be used instead. [0009] In yet

arioedhenicebeapplity). Torfact; theiresidusi staa}@ rﬂstha eGP 13?6’%‘?6\1?&29 made to be

I r})toglt%g ?%véssﬂj i)i%eggﬁxéég(%%gffﬁlo? tz eﬂ&e&)n "Ithlatee a?r@ﬁieany
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tt tt t tit Si ]
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ate for macha Ical equilibriumto be maintained
benaméactmm iftegragion &Q)suea, tlamraddn@ﬁ lowgeGegnntenti@m with the same in-
(eq?%rl Sive éeral n ta ers. [0010] In broad

e PHres ﬁfnaly élﬁ? B5*Btovi des a met hod of
formng a SiGe- on-insulator (SGJ) substrate having

predet erm ned paraneters conprising the steps of: 3
[0009] In yet another example, if Si/SiGe bilayers are patterned into geometrically

microscopic islands as in the case of modern SOI device isolation techniques, it is
possible to have a top Si layer under tensile strain attempt to relax by elastic partitioning
if the SiGe layer is relaxed. One can then calculate what value of compressive strain
must exist within the SiGe template for mechanical equilibrium to be maintained

between the (tensile) strained Si layer and the (compressive) strained SiGe layers.

[0010] In broad terms, the present invention provides a method of forming a SiGe-
on-insulator (SGOI) substrate having predetermined parameters comprising the steps of:
3



WO 2004/ 109776 PCT/ US2004/ 016903 [0011] providing an
initial SiGe-on-insulator substrate materi al

wa@oeonmphisireng a Si Ge alloy | ayer having a sel ecP@miusS2004/016903
in-plane |l attice paranmeter, a selected thickness
paranmeter and a selected Ge content paraneter,
wherein the selected in-plane lattice paraneter has a
constant value and one or both of the other
paraneters, i.e., SiGe alloy |ayer thickness or Ce
qootrignt , ploaidingum mdtjal SiGdbe-insalate; substchtd MATEPIR] comprising a SiGe

adj u t|n one or, both the, other paraneters.to a
fﬂ?fﬁ& aygk @/&%@Sfe}%ﬁt%@l -v?%mq latticgg i %ge‘fﬁr‘é‘s thwﬁb?safeérmter
| 3hbiseRcRA R BhRht pardRdit, v&ﬁ%rag aleegzreeféu J[isianeflatﬁ&epameter has

present 1 nvention, the select | ane fFattice
maaoasmnte{alwmhdtohe os bothotf ek ((ﬁaerqxammevtcrs,paﬁr ,afiiealloyflayen¢hickness
er ar t ant i.e., fixed at
B Ceutent s Bt PRt G hi chnens | s
adJ ustable. In this enbodi nent of the present
i nvention, the SiGe thickness of the Si G all O{e@| ayer

i[80124dj u@dmsilnﬁsanﬁ@r hothcﬂfﬂseecptb@ma%n@@rém f dinpl sstested value, while
tha cal he SiGe thickness to a
lé‘sé“%u n%ﬂ’ﬁﬂ ‘% i [0014] In anot her

enbodlnent of the present |nvent|on the sel ected
ane Iattlce paraneter of the Si al | oy | ayer

IO ant In Qi qebodighent of trermpserhidyentiongthescleefnd plang fadtice
%&aﬁ’r%t&bing “th%}é%lécmds(}@mgit ?%ﬂ}an r oF R RGE %ﬁ% layer are constant,

i'fnvent1 on, cont ent usted by formng a
Sie-, dxad at pmsayedt@ymiuesnwhlle;tlncﬁaﬁe thockniebrais 8ijGetablel duy this

EBlisan oF B PRty gonedBh Fike Bleshe b SRR gy i

|a€?(ﬁfedt£§1rg%%nd§%%ﬁ@éétﬁmng RfoceR thans @éﬁabléfofttlﬁiﬁnﬁg(ﬁ@e SiGe
oy | ayer | e increasing the thickness paraneter.

Thlékléﬁsﬁtﬂ&é%lfééaﬁnﬁ1§h@lin%$sdﬁlﬂlﬁu5| on anneal which is

capabl e of honobgenizing the Si |ayer throughout the

SiGe alloy layer. [0015] It is inportant in the second
400pdi nent adokit einbedifientofithaprésag iﬂl\&yiﬁbn,ghomctmntﬂime lattice

e AT T A o .
éﬁ’? ﬁ%}\l‘%gﬁol& g%%%eﬁnﬁgﬁﬂﬂﬁﬁ OF tHeSr&RREBI MR Hn e I dnBRt is adjusted
by forming a Si-containing layer on a surface of the SiGe alloy layer and then using a
thermal dilution process which is capable of causing Si diffusion into the SiGe alloy
layer thereby decreasing the Ge content of the SiGe alloy layer while increasing the
thickness parameter. The dilution occurs by a diffusion anneal which is capable of

homogenizing the Si layer throughout the SiGe alloy layer.

[0015] It is important in the second embodiment that the Si-containing layer grown
on the SiGe alloy layer is below the critical thickness for a given in-plane lattice
parameter to ensure that the in-plane lattice parameter is conserved during the dilution

annealing,



WD 2004/ 109776 PCT/ US2004/ 016903 Brief Description of
the Drawi ngs [0016] FIGS. 1A-1B are pictori al

WO epras®ené at i ons (through cross-sectional vi ewBQT/US2004/016903
illustrating one enbodi nent of the present invention
in which a non-selective etching process is used to
thin the SiGe thickness to a desired thickness val ue.
[0017] FIG 2 is a graph of neasured residual strain
in a SiGe-on-insulator substrate for various SiGe
thi ckness and Ge conggngegch%gﬂofﬂl@Drﬁin%sa graph of
nmeasured in-plane |attice expansi on and fraction
vs SlGethlckness for three different fI|ITB [ 0019]

c r[ ]56] se C?‘ Rﬁ ‘,ﬁx @Pé%égnlcgﬂa[ %e?sgq gti(glt Ié( lféltcross-s%ctlonal views)

eniediatmpbone Embdstﬁni@ﬁte@ﬁﬁé preRdE RiveRfion th Wik B noh&ERBlive etching
dilutionis | oyed to obtain a Si Ge-on-insul ator

s utsegesaisarshhin thgl the &%thmlqn@gs tp aylesiregfthigkpess velwg. Ge

content. Detailed Description of the Invention [0020]

The present invention, which provides a nethod of

f gboiat i RYG.Q Sa-geaph dfinedsaited resditab sirAl & ABIGY-omirBulakor substrate
whi ch the int pendence between Si Ge thickness, Ge
cJﬁf%ouéﬁéG?ﬁ“l%Pﬁﬁénﬁﬁ%?%%ar amet er have been

decoupl ed so as to provide tailored SiGe-on-insulator
substrates having a selected and desired Si Ge

t HD@K3jes s F1GS is arprapht of nacaduied ipiplane ldtite dxpengiar ankeGe fraction vs.

Wi . aw be described in _greater detail by referring
tosll{j'ﬁghlc eﬁfoﬁég ﬁ‘g{j eé% %H’Eiany the present
application. In the acconpanying drawi ngs, |ike and

corresponding elenents are referred to by |ike
r dPerdnceF B ar¢ pigteripl wpresentatiansiheaugh arpss-sectional views)

p 5 s%%mgn f ut}qgraetrﬁb%lanﬁér?\éfﬁ% rQSeHPﬁ*iogrglo f in fg&néﬂ ﬂﬂgm?al dilution is

ator su e
p&ltrqﬂ@;tﬁrts obfaircdSiGredrstgalapir @ubﬂat@avﬁg\éﬁb‘lm%bjz 08787 6f a desired
PCT/ US2004/ 016903 an initial SiGe-on-insulator
¢G4 material conprising a SiGe alloy |ayer
having a selected in-plane lattice paraneter, a
sel ected thickness paraneter and a sel ected Ce
Detailed Description of the Invention

[0020] The present invention, which provides a method of fabricating SiGe-on-
insulator substrate materials in which the interdependence between SiGe thickness, Ge
content and in-plane lattice parameter have been decoupled so as to provide tailored
SiGe-on-insulator substrates having a selected and desired SiGe thickness, Ge content
and in-plane lattice parameter, will now be described in greater detail by referring to the
drawings that accompany the present application. In the accompanying drawings, like

and corresponding elements are referred to by like reference numerals.

[0021]  As stated above, the present application provides a method of forming a
SiGe-on-insulator substrate having predetermined parameters which includes providing
5



content paraneter, wherein the selected in-plane

| attice paraneter has a constant value and one or
whoedoh/10477¢ he ot her paranmeters have an adj ust abPeTvatone016903

and adj usting one or both of the other paraneters to

a final selected value, while maintaining the sel ected

in- plane lattice paramster [ 0022] The present

invent. rovj d ferent methods f

+ e b atTptor StbeLinisa it cOBPERE o e gy e Hhving a
| RURBeH PRplaRd | dttiel fafdm &2k s@Bctbd Bibidle Y par &H&SE 4Rl £selected Ge
material 1s first providéd having a selected Ge

c sonient pavanetan dercm thezseloeled dn-pling tntfitearrsarheter hase constant value

par net er, t const ant val ues resent

ARk gl oA B 5! o PR G MDAl R GG iR flstne ome or
Ofboﬂh@f the Gcthdrieletdtola ffal tdiectédWdliwhile maintaining the selected in-
Si Ge-on-insulator substrate is adjustable, neaning

t daneilettipgRarameigi-ue that is different fromthat of a
deS| red thickness value. The thickness of the SiGe
| ayer is then adjusted by utilizing a non- selective
etfotn2)g pThepesent itventidn puoiviigs pﬂ@)dié&sermkﬂelhdde for achieving the
dggcrl bed nder t he subheadi n% THI IgN(LJNG .

0w s dhsrate Blfnvwf@np b ! G on-insulator

' %ﬁﬁﬁfa't&ﬁateﬁ@l it k& lp?éw@dcf?avﬁﬂ; d RRLRALOE cor¥iR Dhfattefer and a selected

mat er1 al first provided having a selected in-plane
| @bplane lq;tmeapmzumctet that arh ggnsgant yeluss ‘@rhe predegeintthe faal SiGe-on-

R N X e L AT S

t REbsphateis alijudibleadesinifg tHab R hadh Vilab t}ﬁt fsetifferent MG ItiRdt OF a desired
substrate are ad&llﬂJst abl e, neaning that they have

v dhigkseess walpe.aFlee tigknesseithe $igin layes dstben pdjySteé by pilzing a non-

c i.red A DRI | ' S
oo aile AR ERRLEE THBNEARE Brock P I esthiteld IR the subheading:
ad} SEOIITHINKINGNt ent to a final desired value. The

thermal dilution process wll be described under the
subheading: Il. THERVAL DILUTION. | SGO TH NNI NG 6

V\I[})@ng 1097 ot hbRRRRAY (Q]tﬁé)}@l%sen& %%ﬂﬂlon-r@h %mtlal SiGe-on-insulator

embodi nent of the present invention begins wit
prsohitdiamatgrialiis first provididGeving-4 ssbagtedtinplang &@tw@p@ameter that has a

n%togstarﬁ vaﬂlae\{o e presen% in teeﬁjna%l(‘xz S U A ﬁ{écbe content

parameter and the thickness parameter of the SiGe alloy layer of the initial SiGe-on-
insulator substrate are adjustable, meaning that they have values that are different from
those of a desired Ge content and desired thickness. A thermal dilution process is then
employed in the present invention to adjust the Ge content to a final desired value. The
thermal dilution process will be described under the subheading: II. THERMAL
DILUTION.

I SGOI THINNING




selected in-plane lattice paraneter that are constant

values to be present in the final Si Ge-on-insulator
wanbgtioge and a t hi ckness paraneter which i s PCT/US2004/016903

adj ustable. The initial structure enployed in the

SGA thinning enbodi nent of the present invention is

shown, for exanple, in FIG I|A Specifically, the

initial Si Ge-0 |nsula r substrate 1

cOMHT s eSS SbpiRIcR! oF G Pregarimep o bpis Pt orobpe gy initial

t @?@e bR-ih RIS s%Bgtratté’m%‘erﬁl flzidt‘r?%é’ Ebledt&?@é @Sint@ﬁt%reﬁﬁtﬁer and a

Si-containing layer 12, oy layer 16 that
i sellecte«htrepllam bﬁldetperanmmhﬁram eqpetanﬂ_vlaluﬁfSGO b8 prephet in the final

ont a n 12 of .the initi . t o

ST St e A8 ke P T S e it
S 'sﬁh&% enlplbydltih td g@Oﬁﬁﬁ&ﬂﬁh%ém%dﬁt@hﬁ mh@present 1nvent10n is shown,
sem conduct or material s he Si-containin

ol agpicin . oipifsidie pitSiCeghas ldprsabsivate 10 of FIG.

%6%51}?%%%?5 ﬁts-u?r{t nirig 1?}#{ ‘ﬁ %nlggcgrrl%;tﬁé:’f?gegh %ant ta Ga diffusion
| %’cﬁfedjai’op the lsne@mammayeralz, 10l 4 SiGepllogdater il 6 e s lotated atop the
[0026] The barrier layer 14 of the initial SGO
sbBater laver 19 conprises any insulating nmaterial that
is highly resistant to Ge diffusion. Exanples of such
insulating and Ge diffusion resistant materials
| fod25de, Bhe Siacomtaining layer 12 df the initialy¥EAl substrate r10 comprises any

non- cr taII| ides or Jtr Theth|

D Sty el Sy CGRads sthrpns DR Y P oo B SFisdls
14ehRsndudidtithA8eas fRfthd SOBARRME 1a@r | DirthRle! bk QeOndtBmited to: Si,
with a thickness of fromabout 50 to about 200 nm

b&iGig Si6r %ﬂﬂcg ﬁl/§1 |§r/§r(érSn@aGeCF,@@Qp}efmmaedglle@nacm-wulators The

oftiEfnertofi-<afiyBh Wedt LA R o B drdsoffindiye B
atom c percent Ge, preferably the Ge content in the

SiCGe alloy |layer may be froma Qut 0. to about 99.9
at[Q)Qﬁ@ pethe 4 GWY% 14§f@€ BHSEY é]al 1} cqmpyises any insulating

nal'gl R }ﬂgﬁgtres‘?’s%alg &4 d?fﬁ?s@oﬂ:ﬁan{ﬂl&m%ua{ fhhfifdand Ge

Anot er chara rlstlc eature of the Si G alloy |ayer

1 ﬁtﬁﬁssutrh&mstant msteaals fimgphde, butyse adt limigedetoi erlysthline egnen-crystalline
nmeas red Ia relaxatl fromabout 1.to aboyt .

166" e SRR ol et B4R o SRR barieraver
anaWas 5%&1&@&%& Qb&athieitd absmreot havythRrBicRhé df frém about 50

WO 2004/ 109776 PCT/ US2004/ 016903
to about 200 nm being more highly preferred.

[0027]  The SiGe alloy layer 16 of the initial SGOI substrate 10 is an alloy of silicon
and germanium which comprises up to 99.99 atomic percent Ge, preferably the Ge
content in the SiGe alloy layer may be from about 0.1 to about 99.9 atomic percent, with
a Ge atomic percent of from about 10 to about 35 being even more highly preferred.
Another characteristic feature of the SiGe alloy layer 16 is that it is a single crystal
material having a measured lattice relaxation of from about 1 to about 100 %, with a

measured lattice relaxation of from about 50 to about 90 % being more highly preferred.
7



[0028] The SiGe alloy layer 16 of the initial SGO
substrate 10 has a thickness of about 2000 nm or

wo e@g/100m7¢ h a t hi ckness of from about 10 to abpeit/USD04/016903
nm being nore highly preferred. The SiCGe alloy |ayer
16 typically has a defect density including msfits
and TDs, of |ess than about 108 defects/cn2. [0029] In
thi s enbodi nent of the present invention, the SiGe
alloy layer 16 of the initial SiGe-on-insulator

sybgsgjat eTAO SitasalR YAt BRI tRNMitRES €O %énﬁt&ﬂﬁ[h% a thickness of
|attice paraneter and a constant and sel ected

c ahoet00p anaemtess; wathd thwka@p of fratl abotrh] Glorrbest 200 nm being more

b bl et Bl R B o et oSG8, orfugting misti

arad s, oKleSW¥had Sbdupee défsttbicad. i n the art in which
the SiGe alloy layer 16 is relaxed by a

defect-nmedi ated strain relief nechanism [0030] For

e e, isgl i
OIS, O AR T A RS ARSI e 16 o
Séhitial Sike- onlﬁ/sﬁlc"nﬁr Ehﬂﬁtraifel liodas 4 abnsaant aRd sele@ePin-plane lattice

entitled "Method of Creating Hi gh- Cpallty el axed
SineEsRsier and oapgntape Selerisg B @oRknNERn %%ﬁdﬂlﬁ@le thickness

%ai’ﬂéteras{‘ h@ '?ﬁitlglt d16- dﬁeﬁlmgto{: anrthe n%fteﬁa‘? 1B'cB9be made using

ernmodynam cal l'y stable Si Ge-on-insul at or
S wlasomsmedsuqtms thadl atrevel benhwiTloghodesskilted imthei anginpridcleths SiGe alloy

or SR 1P el b e deka” rReRIed FrudBHerRUaERoN 1 or

form ng the initial SiGe-on-insulator substrate 10. As
such applicants_incorporate the disclosure of the
i@@%ppl Fagxpanlon Sxeéhw@&m@ng pm@‘é%% dlsnl@eémb%pendmg and co-

R %@'spﬁe&gﬁs d}l ?t'i(g}s %aﬁ\]g‘e %@fanﬁ%&%%r%(ﬁ entitled

u5|n a defec fain
[ O‘Mﬂﬂodﬁff@rhditﬁfgtﬁilgh@u@lmngpllam&GedDﬁdhm& fon Strhified Si CMOS
[ erei f or.ns

i cation, whic preferred
t #@9 nsr% a5 e} |as gy ogn%glﬁﬂlafiéaw g ?ﬁgflnmrtbﬁrﬁgdanamwaﬂy stable

S'S@@e-%ﬁ-lﬂslﬂa%r SaBsthAYE bo1l8 b8 uSed. fﬁfé@h&fna@nﬁhhﬁ bro%'eibgﬁﬁzlosed in
crystal Si layer. Thé first single crystal layer 1s

piiees'dAB applination fsaar hriglely phfdi?ieed mietiodiused inghe p@mnt five@gon for

dif f usi 5. e, igh- t erature
osiriie B imfbel T LS stpsFoted EiubErpLEY Bromorate te
P dsérei oftiey dBE b pﬁﬁlicﬁﬂon Eéreﬁ%;h’@fdi’éiﬁ:@oqhe bbevelmhéioned process
single crystajl ayer and the Si Ge or pure Ge | ayer

t ey Si a@r sipsteignsingla defactmpdisged Sraifyrelief Mechanism.
crystal SiGe Iayer atop the barrier layer. 8

[0031]  The thermal mixing process disclosed in the ‘138 application, which is
preferred herein, forms the SiGe-on-insulator substrate by first forming a SiGe or pure
Ge layer on a surface of a first single crystal Si layer. The first single crystal Si layer is
present atop a barrier layer that is resistant to Ge diffusion. A heating step, i.e., high-
temperature oxidation, is then performed at a temperature which permits interdiffusion
of Ge throughout the first single crystal Si layer and the SiGe or pure Ge layer thereby
forming a substantially relaxed, single crystal SiGe layer atop the barrier layer.

8



WD 2004/ 109776 PCT/ US2004/ 016903 [0032] The heating
step of the 138 application is perfornmed at a

wo eopaoarar e of from about 900 to about 1350QPCTVUB1064/016903
presence of an oxidizing anbi ent such as 02, NO N0,
ozone, air and other |ike oxygen-containing gases. The
heating step is perfornmed under an oxidi zi ng anbi ent
to achieve the presence of a surface oxide |ayer,
which acts as a diffusion barrier to Ge atons. Once

t el f agRe RXAHE stepyoTlihd 38 ApPRALIONs feiPrmbd HC ffiPerature of
ger mani um becones trapped between the ‘barrier |ayer

arfdorn lakout 900 Atverbouk 1 IHO°Cay the. pregeneened asupxidising eriberat such as 02,

NS b e B AR o

Jeformbduddee ah bkiiziss AebRno¥shiave the presbilde dfta susface oxide layer,
continually and effi C|_entlﬁ§ rejected fromthe

erfehighesis Ay ditfugion bayéar to Peatomsr Pagedbe Rirgrse|ogiflerayes is formed on
r S : [ : i '
B
presdyiaysrn\isrithé surfaes oklde layer incadas& iGahiokndssishd Gt dbecomes more

SR B e oGOG8 e o .
WLF Ul l:orﬁﬁu&'lﬂ' 30| éfh@ign REQRENGOR 8¢ dReShchgldifie 1838, The

application offers a cost-efficient, easil

mesnthertudalyer is prooaedsas descriledy inghe 13§ appétat@uamdttizat SiGe-on-
Si.Ge-agn-insul at or .substrat es. reover, the. ... .. .
BT TBRE Ty OBy BrRS Biceb YRAEP b BE el §iGopppeinsolator
Gayubh &t 62 i9 fRWra@nstkéma, oxide |ayer using the

nmet hod di sclosed in the 138 application keep the Ge

within the SGO |ayer trapped between the surface

OX | ay t L 1 ay: ' [ :
oS, B P AL 1oy B i
SGpbrdach describecmsits ‘138 application @ffetdeatost-sfficiong reasilyymanufacturable

proportional . tqQ the SGJ. thickness. At high
{ peEniaaicethe Fltgh-éﬁaal@ﬁGsfonéB%}w%a%%atS% Moreover, the
9r @&tk akion 08 b@%ﬁo%@ni?&tidr{‘ﬁldg feBtideofahe GeBRnh B¥Yrowing surface

occurs and strain-re |eV|;é;1 efects are being forne

anukidelaydrivsingdle hethadidiseldsed inthe < F38rapplieationi keepl theqFewighin the

of S fi 1S, L er al. ot 100% ¢ el.

s lEisyteongs Bip@en i HERE Gics B le Rl Ry, s the

t heh Amidy Pedtess @atihdsDhedslattid Ge Bcti@oethBe SGINE Tilini¢reases in a
Is a balance between the elastic energy of the fi

ce ! 2 e film
( regingy that gstm@rw)ly aieportionalste theg $GOE Fhl@meppg Mgl temperatures (on
degs bidér of about 1150°C or greater), relaxation of the pure Ge or SiGe layer occurs and

strain-relieving defects are being formed and annihilated dynamically. The final strained
state of the SGOI film is, in general, not 100% relaxed. Because the defects ultimately
relax the SiGe layer, thermodynamic equilibrium will be reached when there is a balance
between the elastic energy of the film (residual strain) and the strain-relieving defect

density.



9 WO 2004/ 109776 PCT/ US2004/ 016903 [ 0034]
Not wi t hst andi ng the techni que used in formng the
WO pootited776i Ge- on-i nsul ator substrate materi al PADUSE004/016903
the present invention, the followng rational is
enpl oyed in determ ning the constant paraneters of
the initial SGO substrate 10 Di sl ocation defects

R0 B TR Ry AR08 P68 R nsutator
Stsﬁ@én%dmﬁﬂehan 10fd¥ahé pes @l UsichQoh, (i@ 6RHRRAbNAl & enaployed in

di sl ocation defect can al so reduce the strain energ
wideterminitgthe icomstart pparaimeters afide inHalgtGQI subskpted At ﬂ%ﬂoq:aﬁlon

AP L RS ER0EE PR AT S BABL i

t ioged. | Ivi tRE €44e S WheAintd fln &lle itiodtctlon (ahd Moneaae) gfa dislocation
due to the introduction of a_disl o%gtl on i.s greater

t sfect ¢pa adsogsducsihe ﬁlgp@ Gneray withiry thg pg eétptrq tion of a
g‘iﬁslf&{au?ﬁ 9 %tﬁzﬁﬁé%lnﬁhﬁrg&o F REFRLtG fWoP%??%‘gn ?1? antﬁl energy of

€ n1n|nun1 nergy,
I eheafiiai 1sdnwe1©_ﬂ Mhisaypidal S mustwlaanrthei rddaytmrsinesmain energy due to the

sevndhetot et Slosnin s elebe R puseion eergy (€5 tfenerey) of he

A%\éﬁ‘lgp(ﬁﬁobeﬂloﬁl GG th &Sat Al B L&kt R cABYISHES the minimum film
suppl enent 24. 1994 Academc Press (and references

t leeengyngnd thusofimal qulgxquono@f rglaxed ﬁléiﬂ spraingd dayeanexists within the prior

| cul th t i, cal .
b Geanngps, Son ST il St MRHERAYIRR, ¥'C Yain,
X vaHEds A ele¥trdnics anddelddtrba phi€lls; shppleaént 24, 135(914+A1<)d(ieﬁ>11c) Press (and
[ 0035] where ores is the resjdual strain in the

alrefgienrep tberein). From this msipr g theory,cme gan gaj,mgate the reglldgael strain of a
Moﬁ?%&rnmg%l Q’us:tr%tgslgg}]@;‘?él?cﬁggy&%tfhﬁc&gs olgﬁglﬁ%ﬁ{é' eXpression:

express geonetry

strain-relieving defect is a dislocation whose Burgers
vector fornms a 600 angle with the dislocation
direction (60 dlslocatlon) bﬁed’ be\solid |line
shown in FIG 2 is aﬁp g )éﬁ%?ytlcm
expression for the resi dual” co%pr ssfve) strain in a
Si Ge layer as a function of the thickness. Also

[0035]  where sres is the residual strain in the SiGe alloy layer, b is the Burgers
vector (3.84 Angstroms), v is the poisson ratio (0.275). This expression assumes that the
geometry of the strain-relieving defect is a dislocation whose Burgers vector forms a 60°

angle with the dislocation direction (60° dislocation).

[0036]  The solid line shown in FIG. 2 is a plot of the above analytical expression for
the residual (compressive) strain in a SiGe layer as a function of the thickness. Also
shown are the measured data (solid circles) showing agreement with the above

expression for SiGe layers thicker than about 500 Angstroms. If greater accuracy is

10



shown are the neasured data (solid circles) show ng
agreenent with the above expression for SiGe |ayers

wo boogleg77¢ han about 500 Angstrons. |f greater BCT/UREOY016903
is 10 WD 2004/ 109776 PCT/US2004/ 016903 required, the
enpirical expression found by fitting a power function
to the neasured data (dashed |line) can be used, and

. , 5
: rs{e%;ligle gﬂllefﬂﬂ%i 9 8§prg§§éqnéfﬁua$ %¥ ﬁéq}g‘é lgg%g%]functmn to the measured data
( t(aeme® tiie)dih Galusyd, 2h@ b @yen 53 Ge- on-i nsul at or | ayer

can be calculated using the follow ng rel ationship: f.

(9 =f , (9 - Ires [0038] where fmis the misfit

strain of the unrel axed Si Ge, sr 0h 3 t he residual

strain in the SiGe |ayer gi@en= 427ther of the

expressions above and fm is the #n-plane lattice

paranmeter of the relaxed SiGe layer in terns of

percent larger than Si. Therefore, if a Si layer is
sybexruenThy igplane lacti’t:etﬂafan[eﬁéravf itk ﬁlﬁed (tayerodyhimisklly stable)
be stralned|na ensil e i a magni tude -

equgr-opgnsplatar 1aye11 qan@@é§10P1§teéq1§mg th% fcélo“fl%g Fregtionplep;
fm fm wll be zero (it cannot be negative) which
inmplies that the unrel axed Si Ge |ayer is

t hernodynam cal ly stable t A not rel ax.
[0039] The relationship “Ggﬁaaér‘n}g?ﬁg H‘eéfi t strain and

the Ge content of a Sil-xGex alloy layer grown on a
Si lattice can be given by a sinple |linear expression:
f.[0038)] = Whdréxm {sGRdDlisfktramio tieaatielate] SiGaysrkd the residual strain
expression: f", (% (0.19836)x + (0.03265)x2 -
(an d@zﬁa@pi@exmn b3 eBaroy theixpwpsipop Aporegnd gm’ is the in-plane lattice
P%Té}e{igge(%%gt egagn(gd gn(gﬁ%élr in ﬁengrgs é):fpsrcgé\ggtig%% (1% r’f‘herefore ifa Sl
layer is subsequently grown on the relaxed SiGe layer, it will be stralned in a tensile

manner with a magnitude equal to |fm’|. If eres is equal to or larger than fm, fm’ will be
zero (it cannot be negative) which implies that the unrelaxed SiGe layer is

thermodynamically stable and thus will not relax.

[0039] The relationship between the misfit strain and the Ge content of a Sil-xGex

alloy layer grown on a Si lattice can be given by a simple linear expression:

[, (%) =4.17x

[0040] or more accurately by the expression:

fo(%) = (0.19836)x +(0.03265)x" — (0.00436)x* |
m 5.43105
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Si) and 1 (pure Ge). [0042] As an exanple, if a
strained Si layer is required that has a tensile
wateoaitmw7eé 0. 60% and the Ge content of the  PCT/US2004/016903
Si Ge-on-insul ator | ayer cannot exceed 20 At.% (i.e., X
0.20), then the required Si Ge thickness is
caI culated as follows: The msfit strain,

is
0] £ et o the GG G Pttty &‘ﬁlé%fsﬁé;%een 0 (pure
|§1)ra%ﬁql(§)ggég 754 - 0.60). Using the en‘pl rical form

0 t he

esidual strain to find the required Si Ge
| ayer thickness (or estimating using the curves in

F e tro .
L@@i) g%&%ﬁlaxag&g g% ﬁtral%ecgﬁ jn 2 e Eeﬁ@r?&%gﬁy%ga t&ﬁﬁe strain of

C 9308 indX8EL (RaBnichEo BiHE BiGE o sdRitd18ydd Whnid egickdl 06141 (i.e., X

barrier |ayers, any conbination of thickness and Ge

c o1t 20)t theh Geceprind fGeithickgagiscalyugedas fe@gwss hblg @ishig strain, fm,
t he h o
mafw? of D e abous duintlo W SBbaIeo P bo Far oy k0%, o
e chﬁ} %treaﬁ_' g:sg%lsmn(?% (ﬁ ﬁ‘? % 1%%%?&@&"@)5”9'40”@ 66, Uil the empHcal form of
s ithd residualRtrhing o ifiatl dhie wybisdd $iGe, layen ericltrvss (omlebtimatingarsing the
R R T XL
Qﬁﬁfean A FREBh AR R offRnCUNyEEH th%ﬁﬂfaéé%x&ﬁ%ﬁ@uﬁ’@d HEfusioR barrier

att| ce paraneter will be 0.60%Ilarger than
Sﬂayef@ Ad3onTiaatR@QI thiskeass aIﬁ(bGﬁEdntﬂBﬁ wigpst lpeodulieis (840 x 0.20 =

465 ok ilr SIGH vy Hel 5cerateh S8 theptoSiaFE SHGHieds sepyp as the
t la%%roﬁrce‘%ﬁéfﬁfé tﬁ&%a@gﬁﬂlﬁg) |Fbr%§ﬁﬁfce"‘ﬂ'2@§4ng@ﬁfoﬁ1@ of B85 SiGe could

Iayers are thinned y oXl dat i on, a iven Ge cont ent
aibel gBEOL on Hiekrfaesofia silicaneon-inaelhiod sehsératgi then thesmally mixed and

n not be .l iord
o oniiarin e ddher i o S hgg RaRoR Rt S O pleRERs of s40
b@hfg@ﬁ&h@ afd 818G ddnteAN Rl e RFO. Bewhﬂb sheciaatl ar@riattice parameter will be
bri nal ng the filmback into the condition of

t kﬁyﬁﬁiﬁh@&st ability. The above fornulas are used

in determning the selected paraneters, i.e., in-

pl ane |l attice paraneters, thickness and Ge content, of

t §e0430i t i @he SGOE layersi fosnédmsing the tismekbmexing apprgach are found to

29(9 gylg %noz? ézgneecﬂ-/t %qulg’%dfc/oggigtgegtswﬂh the defect-strain equilibrium theory
described above. In other words, as the SiGe layers are thinned by oxidation, a given Ge
content and SGOI thickness will be reached and will, in general, not be in equilibrium.
Dislocations are then generated until the strain energy of the film falls below the creation
energy of new dislocations; bringing the film back into the condition of thermodynamic
stability. The above formulas are used in determining the selected parameters, i.e., in-
plane lattice parameters, thickness and Ge content, of the initial SiGe-on-insulator

substrate.
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[0044] The universal trend for SGJ by thernal

oxi dation should therefore be that the final Si Ge
w@bdoasrogToet be approachi ng the condition of PCT/US2004/016903

t hernodynam c stability. This would be independent of

starting Si Ge thickness and Ge content, or final SGO

thi ckness and concentration. This universality anong

f l, d f
P o TPt oo S OER Tk B Mo et be tha
( 'ﬁ{eciinag)SiGJ Ql%y&ﬁhét%e'ab%gaé}ﬁng tReohdigieh f therthb®mamic stability. This

cal cul at ed resi dual strain based on equilibrium

t heswkd/bg tﬂldgmégetd)f statingsSiGafileickness anbGd gettent, 1 fieal SGOI thickness

the,e | r| ircle

50 SR, s by ERBHE SOl SRRl oserven o
p@{dlly@hﬂfefeﬁtatomwt@bttons bmarﬁng sme/soe st@mdnhtest(tmoy)e ThHUbhd line in
woul d need to ow. a priori t hi ckness

c et fagre isdbe P%IC\}JF’@Fl aesad%bﬁﬁecamaat baSﬁd P evalibriygm .tle‘@ry (dlscussed
DI eral U el s Wik FRASHE Skl o Bt
different starti ng structures as a function of

PR oo s rla 01 e ey HeHe Fap Dalnaf Gt s

| asBE@EbMbSHd \%tﬁd%@&i’% KnBwH fFiorl ®hat SG(t)mh%lﬁlbissahd Ge content
embodi nent, the in-plane lattice paraneter and Ge

c oroubshyieldfa pareciubinda- péartedgmca parameter.coles 3ashows Wﬂnet the measured in-

t hi ck s of t t er .t han

Dl B0 iR (e eed §id b g et oy ofpeg as o
Cﬁﬂﬁh@ﬂbftd%nd@xhﬁ@@d(ﬁtthﬂcﬁﬁespaf ameter and Ge content, a
non-sel ective etching process may be used to prOV|de
the structure shown in FIG 1B The final
fl naI t h| . érjtéebzs&s/gi Es%@ gese tl?ﬁ t(;: far%‘vst ?% AR SiGe-on-
t Imsulatmssabstratet :ﬂE)WHI 1n |FlIGa1ASIr@us)ﬁrst embxtchatnent thebn-q)temb dattice

[ 0047 gﬁ]feéﬁg(glﬁgl}qt Eg fchfel ﬁét Iaﬁ@hﬁﬁﬁ Al n rat?tc ?[ﬁ]@%ﬁlckness of the

p 'S?@@Ql'loy‘ feRthieRer thad 14 UBsirdAUtToARR tAOKidd Mdyafydr Paving fixed and
chem cal” nechani cal polishing (CWP), |ow ténperature

s cerstant yri-gpéanie dattice prsahetar ansk Garonjontha gen-sqheatiys giching process may
OEF %aetd tov1€ejt§1te gﬁu&g{e@hg@é%ﬁ] e hllén gﬁgen{aﬁ/ﬁ Sl@e oft- 11%?1&@(91‘ substrate

C @lifb)lfl’ﬂﬁi FION 181k adinal thickWEsZR444 189thae the adJustable thickness in the

PCT/ US2004/ 016903
initial SiGe-on-insulator substrate.

[0047] Examples of non-selective etching processes that may be used in the first
embodiment of the present invention include, but are not limited to: chemical
mechanical polishing (CMP), low temperature steam oxidation, chemical etching, high-
pressure oxidation, epi-based HCI etching, reactive-ion etching (RIE), gas-cluster ion

beam etching and any combination thereof.
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[0048] A Si |ayer maybe forned atop the Si Ge | ayer 16

of FIG 1l B using a conventional epitaxial deposition
w@e@sasw7evel | known in the art. The thickness BET/URE04/016903

epi -Si layer may vary, but typically, the epi-Si |ayer

has a thickness of fromabout 1 to about 100 nm wth

a thickness of fromabout 1 to about 30 nm bei ng nore

Mo e i s o BEGHOF R BT GR FIgy b usipe o
Ofcon{;érﬁ?ionﬂ-l ithtibl depb&lHoRProRBdstvietl BlowdFiRBd 4rt.OThe thickness of the

process, thereafter an epi-Si |ayer may be forned
ateppSt haelem@tf t/arwialt tygiicadlyl Hyepi-Si layéntes arﬁluelglqw oﬁ\ﬁiomrabout 1to

5 A0 A AT 8 s

e refeﬁy@r VVI Il be strained in a tensile manner.
050] As stated above, the fresent i nvention al

[

c 494l aﬁb@nﬁjﬁﬁfﬁﬂl@ﬁ,ﬂd@@lo@ Pilrercan bs fergnedaiqp the %iGe layer 16 of
I |

R e
priesedtt atd)pﬂ’shemﬂdmlbnaIIS]Gb teeyer. aBeinsthnces newhﬁ;htthﬂs&Ge layer 16 has a
struct ures such structures vvogltd i ncl | east the

s dwee anplenp jajtiedazaderas canwALedita dha <t rﬁéf%&tereﬂ yer will be
mggrg{nle@h Q{Gnglﬁgernment invention, and alternating

| ayers I% and SiGe formed atop the substantially

rel axed Si Ge | ayer of the substrate materl al . [0051]

e nms tched ruct
AP ST RS steciabve, e MR ISR P iSq i laiet S Rattice
S léﬁﬁétﬂst'a@ eyl a6 Mtaecadistiatohell siy@dtuRl whith ihe MDAt ¥&t the SiGe-on-
Si Ge-on-insul ator substrate material. H THERMAL
|1usuﬂatmuﬂssﬁ%2 majerial ofcthe present imvanEen. nlvfhe ggseof guperlattice

| .

Rk Rl e AL L ARG Oyt g o
[ rinsnﬂaamdbatette oetepial clitht presertliatentias, aad abiarnbing layais wé Si and
taq,, r esent |nthef| n-i nsul at or .
Slﬁsg?.f d afgpcthesubsiagHg ’ECI%‘QS%‘I@? ke qf&ﬁ? PRbstrRte el
paranmeter of the SiGe alloy layer of the initial SiGe-
on-insul ator substrate are adjustabl e, neaning that
t He§51jav elnthk gess of bedticecamisnuitdhied stewetures, Gd.s2 0GR /or 09%T Bke

P%-(I)-{nuggrcl)cp w01(1)1]d qgrmed atop the substantially relaxed SiGe layer of the inventive

SiGe-on-insulator substrate material.

II. THERMAL DILUTION

[0052]  Inthe second embodiment of the present invention, an initial SiGe-on-
insulator substrate material is first provided having a selected in-plane lattice parameter
that has a constant value to be present in the final SiGe-on-insulator substrate. The Ge
content parameter and the thickness parameter of the SiGe alloy layer of the initial SiGe-

on-insulator substrate are adjustable, meaning that they have values that are different

14



fromthe desired Ge content or l|ayer thickness.

Thermal dilution is then used to adjust the Ge
waoeonuand77€f the Si Ge |ayer. [0053] The initi al PCT/US2004/016903

structure used in this enbodi nent of the present

invention is shown in FIG 4A The initial

Si Ge-on-insul ator substrate 10 of FIG 4A conprises a

b [ e {: [ .

omIBONAIR Y oM or e SR P P D fen'uBed to st

cihiiGari contegt bftheSiG@]layand a Si Ge alloy | ayer 16 that is

| ocated atop the barrier layer 14. [0054] In the

second enbodi ment of the present invention, the SiCGe

aﬂO‘O@?’] | ayige u%ﬁal%ftrucfu?@uéeﬂhﬁ Al e@b@m@ﬂt‘ éf"l_ﬁé‘b@géﬁt invention is
substrate 10 has a constant and sel ected in-pl ane

| showinge Flgatanghe tm’aaicS@n-oadpwéatam@smiy ép of RIGdesemprises a Si-

and, Ce _cont e aranet er .

cRinf 6 T4 PR R e h i MuBlie GET Hugion fagelgg atop the Si
t tadnk Mier | BGARIaBIES aIlbﬁIay@J B theeis ¢ dab@tht PO¥ BarrRi thyer 14.
the above formulas as well as rational maybe used in
determining the various paraneters of the initial

s tur r el

IS5, 1o el ok R R ERH 1Dt S HRISTEE oy layer 16 of
f the ﬁmdall&Ge@ntlhmlatbemmtratmlﬂlhaga cmsmne asd @hlmémqﬂana’iamce

the 138 applicati and as shown i e
PSR a@@&% bl W\Lrgt% %“‘éﬁ a% G £OR1SBL RATRAPiEK fblgnitial SiGe-
t Sainshisitd? %&Wa{ehﬁatﬁﬁélt 1053h bk %a‘&% 'ﬂ@iﬁg the¥arfud| 'tééﬁﬁ‘lques that are

in-plane lattice paraneter is formed on the surface
odestihieed SbGee, ahd the dbaye forfidlas p exsilfais catfdng] may be used in determining

i-containing.la 18..is formed. using a, C ent i, opal

op PR ket P e R b BRE 1 et e 8B present
tl'iieetﬂfoﬁV\ﬂhe BhitialcH GedninB@datotydstrd8 idRsmad tfthg Keassmed mixing
fromabout 1 to about 100 nm wth a thickness of

fProfssaBiselossl indhaiaderplicaignbei ng more hi ghly

preferred. The term "Si-containing Is used herein

to denote Si (single crystal or polycrystalline) or

S:OO?&S] Th Ne&t iahd emshowrhind{GedB, 08i-tdneifing dayet &8 havigg a thickness

Sb?% aggﬁcaﬁ ﬁg% @%%iﬁ?‘%ﬁng’g&’f l Zz? tti egpatg%getg]ﬁéfflomed on the

%u%c@bi* tﬁ¥ sty ﬁ[oy;'-lﬁyertl%e gk‘@iﬁ%ﬂ}l Bﬁc&rﬁ&hﬂiﬁqbyeﬁ@ i@fdPmed using a
equations (or charts) eterm'ne what | ayer

t dong e mnsl epa;tam@bqb@mdmon oradesst welt kagwn inthe e and he\gmpwn Si-
2(90%%2{13'193 Ya@% Fﬂas asi%g) %nés%%?%r %‘1 about 1 to about 100 nm, with a thickness of

from about 5 to about 50 nm being more highly preferred. The term “Si-containing “ is

used herein to denote Si (single crystal or polycrystalline) or SiGe. The critical
thickness of the Si-containing layer 18 can be found by first calculating the misfit strain
between the Si-containing layer 18 and the SiGe alloy layer 16, then using the residual
strain equations (or charts) to determine what layer thickness corresponds to that strain

value.
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[0056] FIG 4C shows an optional enbodi ment in which a
capping layer 20 is fornmed atop the Si-containing

wo ayernodr8 The capping | ayer 20 is a crystall i PET/082004/016903

non- crystalline oxide or nitride layer that is
capable of Iimting the exposure of the anbient gas
to the surface of the Si-containing |ayer 18. The

nal P - khi :
TBOSA0 T PRERI Sy Mot thol Gy i Wich'Y bR SoycP Sl i
fonmedadtop theldl-doatairhglatyer] () OTengapping fayer 20 ik erystsllipf or non-
from bout 50 t out 500 nm mor e, hi ghl )
ST RRE 109 e B BT T PG erod B s Pasbre of e ambient
U%le kkd ehe R Ao fARO Y ENS i ARAL 1ayéf: PQSirhé @ﬁh&faps@?ﬁlgqay@ 20 may have

r mal grow ng process may be used
mmtknnhmsss duip pipiplly aptenap oamnngltheZ(Euas @dhickiness pfjfrom about 10 to

PR 0 g e B, Ot SR RS i R bl highty

gﬁs@%@ dThebptioraPEapRIralikyeR 20 hady meiroml&@utﬂm‘iﬁgmmnoénmnal
fromthe Si-containing. layer 18 into the SiGe

| depesitiamprosesr péharmet grawing precess meayrhedised tsr fopdhe optional

Bh ey R B SR AReERE | Crogeni cos S

Iron“anneal honogeni zes Si
t hroughout the SiGe |ayer 16 and the Si-containi ng

h h
RS H | uistih o ihe St oy abowEah Fiar 4R P ch b iyelire  then
Sﬁeﬁfégt ik eam%ﬁ@d‘”ét b @en%eﬁtut‘ﬁhat[ﬂ%%ﬁi aPRBN of @?trbﬁﬁ thE Bfcontaining

eatlng step of” the present I nvention i s an anneal |ng
dbpp 18hato the 8iGrdnyoritesd asto deareasp thedbacatett of ﬂ@rm@bbSutGe layer

bou 350C, . with t ture of f.rom abou
otbunleh AR CEsapenbal ol BRG AVEGh BpenoBbeBRod i
NefoR@N&t thd BieiedhydtticQRd et Siﬂloﬂfalﬁlﬁ% ldge£ B8 NFIG. AVeshbivg fhe
is carried out in an_inert gas such as He, Ar, N2, Xe,

kesulignt strusturg/pfier fhe dilwionsanacal sispdige hesrareaiorned pr thgéél@gture

I, o enpl ated in the present invention.
‘}ﬁgwgllﬁng% sﬁnilt’n whi ch the optional capping | ayer 20 IS

present, the thermal dilution may be performed in the

oG ing”spesifely. Bl reitine e GAInE Posail yigpiish ey et step that
QE BEﬂf OBnddAb terhy V\#eﬁhtﬁﬁzl A IR BSR] DO ABRUT3 Sb@Ct@t@Q @éi'ﬁperature of

m nut es, a time period of from about
aimntab@ﬂ@oﬁ‘i’ tabest L0RG beingendrio digh}y preéérendy édorequ the dilution

hs e%t cl)tqﬁe fc’nteggnt in yengg“n f:s%%me% ou%‘m an inert gas such as He, Ar, N2, Xe, Kr, or
Ne. Mixtures of the aforementioned inert gases are also contemplated in the present
invention. In embodiments in which the optional capping layer 20 is present, the

thermal dilution may be performed in the presence of a slight oxidizing ambient.

[0059]  The heating step may be carried out for a variable period of time that
typically ranges from about 10 to about 1800 minutes, with a time period of from about

60 to about 600 minutes being more highly preferred. The heating step may be carried
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WD 2004/ 109776 PCT/ US2004/ 016903 out at a single

targeted tenperature, or various ranp and soak cycles
wa@00ag097aé i ous ranp rates and soak times can BET/US2004/016903

enpl oyed. [0060] If the resultant SiCGe |ayer is too

thick, a non-sel ective etching process as  descri bed

above may be used to thin the SiGe layer 16 to a fina

arBb b TR G o Vg G Rtk By RS s ramp

ephesandoatiepasichn bacppirseds wel | known in the art.

The thickness of the epi-Si |ayer may vary, but
typically, the epi-Si layer has a thickness of from

a 1t : ' - §.hi

Aoy ¢ B S Bl 1 Bidkh AR RSl o hAD process a
[ Glz6&@]betl mbsmray bs tsdde thin dudSitGedmak 16t finalndebized thickness.
formed atop the SiGe layer 16 of FIG 4D utilizing an

epi taxi al deposition process, and thereafter an epi-S

| qy6811MRY ADS laye? hiEHbedbRRed d16p ARWIGE Pdg@f 165b£210 AYeksing a

In instance in which the SiGe |ayer 16 has a | ar%?

i reopventientlapitivgal deppsitien process vmiépm“éunttbe heThpthigness of the

| ayeg, .t he epj - | LWl e stgaine in.a tensile

it e e ity 15 LS LeTE ke bR SE3t i about 110
t ol 0b rmeldiitt Othadknessi SBrdne bb@A 1ab aboit 36 nhi bing &)0e¢ highly

16 of FIG 4D be lattice matched (Ge content sel ected
sdrefiEedt he nisfit strain equals zero) so that thick

Si Ge | ayers can be made which remain

t hernmodynam cally stable. [0063] As stated above, the
pr[ed&Ajt i hvenid iostamdes,addiivnehfiGrtoas bs tigaredatdp the SiGe layer 16 of

S ctures as wel] a attj.ce m smat d structures

it riEiotee alepitudE dephuties oo o |Giiead it opt-STlayer may be

S UBShERHSp THRA87Bhal HiGE M8/eP! BSiBEthndeNN WHidtOMe Side 1a98r 16 has a large
case of superlattice structures, such structures

watrptanie haticriparammetepastomieedsiolibe emitSi dayiey theepisaypr will be strained

Si.Ge-on= i nsul r..s tr er | f e present. ...
GRS Al B o B €L dPhnaflugh e BfcGgRlacitiona

f @igedoradedtdptie SL@éIa?éﬁ 1661 BIG. éDbedsktiSt fatchay 6Ge odntent selected
the substrate material. 17 WD 2004/ 109776

Pyt eronishi oo eqyabbeag) sofhatibick Silae layers gan be made which remain
mtﬁé}ﬁqto‘ag}ﬁagniﬁéﬁ}“&&ﬂiées' GaAs, &GP or other |ike

[0063] As stated above, the present invention also contemplates superlattice
structures as well as lattice mismatched structures which include at least the SiGe-on-
insulator substrate material of the present invention. In the case of superlattice
structures, such structures would include at least the substantially relaxed SiGe-on-
insulator substrate material of the present invention, and alternating layers of Si and

SiGe formed atop the substantially relaxed SiGe layer of the substrate material.
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conmpounds woul d be fornmed atop the substantially

rel axed Si Ge | ayer of the inventive SiGe-on-insulator
wanbgtiogte material . [ 0065] The above descri pt POTNUS2004/016903

provi des a basic overview of the nmethod of the present

invention, the follow ng description provides sone

specific applications of the nethod of the present

i io . . t A 04 4.

YRR 1 o he AR (Rl R mloRHEE, ch o pL Gl ke

f odthpoindg el eafohmedatod theesubstentiallfivelaked SiGet lhyargfti® inventive
consi der i v\,hagsruiE n- plane lattice paraneter is

d BTGy InsiEREeT A GaeHiEe/ SO structure is then

oxi di zed at high tenperature until it has reached a

t hi ckness and Ge fraction conbi nation that

c {1066} poride above fescdption prdvides pbasieovavieivo thematiod of the present

The previ.ou descri bed equations and.rational e

B0 R ESron pR s SO SRECY pPiEHE of e method
SbethkipR@entShidigionr s, that thermal oxidation to a 20%

Ge content woul d give approximately 0.5% in-plane

expansi on. For 100% rel axation (or to recover a cubic

up el | e L. 5 [ ' g
oL e SORTRST Thes PP ERIRIALIRLR Bl oxggin

t methiodythe folievin@iaferoadt ayldbd tise® ThEfirdtabing ko gyneifehisafhat in-
a (tensile strained) .Si. |layer foll owed by anot her .
hpighe ladlifserasmpter |idesited; ahe shartina Sigs” s thepeoxadized at

L\Kﬁ)iﬁ?‘lz@rﬁ%étrﬁ’tgﬂé Uikt 8 el Geach&Ea thT(%lflesg' dhﬂ%@ﬁ&ct%rcléﬂﬂrﬁﬁon that

ange as long as a the strained |ayers
acarespbisrto dyendasiredin-ylasd lattice pasmetarr The poevadushi des¢nbed

B SRR, L e B
f kR @ureGhat Hie@h! b:EdatibBSb h209 GB PNt Wwhuld 2RA aPprowirhitely 0.5%

be grown. A diffusion anneal can then be used to
hnplgenexpansie Bpr 108 ptelgxetion (drdo soovermgibirgunitelly,itheGe content

fil - 13..5%: e i,n-al .

o e gid . By BB E AR on ShOR 'k B B 50RE Gy fo dilute the
asSidy a[lh@:’wiﬂi Bin Epitaxthé giomehl olﬁ\h (thnsti]h&&&inpdéﬁidﬂj!dr dal]ovtddery another
a_nhon-sel ectivye. Si Ge repova rocess needs to he sel

t Blgﬁﬁvrﬁpqrﬁ@rqé Flop grg todé%mcfgéamﬂﬁhec g yged tg&@ﬂt_e tﬁe e, The
nﬁﬂpl(%:ﬁ&épﬁé} ¥Rr WeaTIoY UBshek BS 10488 all R siffifedNerd bl t €d

t o: , | ow tenperature steam oxidation, chem cal
ethehnodynatwicptly spabbs soifa 0050% dtindm theeii this asrsginmgithickness that

etcguq(? Bs %éed%lorE dﬁ&%o%% QbR 2964 S Bt t_h%sl, g%&&&-z%%‘glnzgl%GOI layer is
desired, upon which 250A Si will be grown. A diffusion anneal can then be used to
homogenize the Si throughout the SGOI making the final film 770A-13.5% and because
the in-plane parameter will still be 0.5%, the film will be 100% relaxed. If a thinner film

is desired with these properties, then a non-selective SiGe removal process needs to be
used to thin the layer to the desired thickness. Such non-selective techniques include,
but are not limited to: CMP, low temperature steam oxidation, chemical etching, high-

pressure oxidation, epi-based HCL etchback, RIE techniques or even gas-cluster beam
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WD 2004/ 109776 PCT/ US2004/ 016903 thi nning and

snmoothing. If a thicker layer with these properties is
walesunedje t hen epi - based regrowth of the Si GePCHYS82004/016903

coul d be used. [0067] Al of this is possible because

the only way a filmcan change its in-plane lattice

paranmeter at the substrate scale, is by the

I yt.r o tr . hevi ' .
firt]}'"T qg%éh gﬁr)g%un%a If‘ ﬁn&ngeg %a%/\sét g/gpgk?efsg g}o ertie F&‘rj%ég{re&,riﬁen epi-
phasbdatgom il hememma&emcbdmdbeus‘eﬁxed i n-pl ane
paraneter while varying Ge content becones possi bl e.
[0068] It is even possible to create tensil e-strained

si ngyt \Yi

AL ol of s o308y Heb by QEFTRY 8 nER RARKGs inplanc

i latied parameter 8|the§nbstrge svﬁla i§ bip thean2&dsjionw ofistchilp eehevmg defects,

e B i are et p Py A2 O H e ngon i mithisining o
' 'ﬁx@h 1BlaR& Bﬁﬁﬁ'e&? wh}i@ Qarid Ge WoHtbe teb@h&f RIssible under

tensile strain. Another way to create the tensile
strained SGO is to growthe first 250A epi Si on a

EQ@?;VZ 18 S‘/ggjgﬁ_éﬁeblg’f gotA It?r%sslt gg%lﬁgc{ %&B?H gAIHE n%ethod In the

t Bﬁarﬁﬁﬁgwdn%ﬁ% afibr foBmeN@ToPIMBS Rl fXell S GPIPMAIRS Yieration of Si epi
t hi ck, hi goh%%/p rel axed Si Ge |ayers as startin

stgr%tb&% A)seulddye pefiosmed followsd by @g%th%@gﬁ#ﬁlﬁﬂ anneal to form
?@e}g{ ol R c%H&e%%Jaﬁ sé@ﬁ Ffn X LR 539, ; eﬁg?x‘lie\e/egcﬁ&%siérh ©The SGOI

W thin I ck | ayers. n-se
t twouihd thgrefare lbd uhtiartedsde ygeaid. Amtiehiwvaytderc8S8The teasitersttamed SGOI

| S aSt bEEh e A ey oh S SREinsisaof the 520A in
\Mtﬁf!‘pre{lf%ﬁpgy&tmﬂlé) A0 A B Re § rgg%nttﬁe s@ereof, it

be understood by those skil in the art that
the foregoi ng and ot her changes in forms and details

gg‘]}f%%j g? R t?%(\én} e% E’@@Sé?}f %}P grv & neg% ﬂ{l l?trl%%h?f Jt'e% é{%g 1@9 Payers as starting

| RirestdeE oh fiad SOhénbspstesait use mrysehﬁgh wmmmﬁarﬂlearﬁntg@ddxo@ oxidation
the exact forms and det alls descri bed and |IIustr t ed,

bi Tadape thidefiels within SregBisk dgyern Nt tipaipgsouldghen be used
VR 400 HIRSAY Ryt ikdedéd Bldaes. CLAI VB

[0070] While the present invention has been particularly shown and described with
respect to preferred embodiments thereof, it will be understood by those skilled in the art
that the foregoing and other changes in forms and details may be made without departing
from the scope and spirit of the present invention. It is therefore intended that the
present invention not be limited to the exact forms and details described and illustrated,

but fall within the scope of the appended claims.
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Havi ng thus described our invention in detail, what we
claimas new and desire to secure by the Letters
w@anenv9mme: 1. A nethod of fabricating a PCT/US2004/016903
Si Ge-on-insul ator substrate having sel ected
paraneters, said nethod conprising the steps of:
providing an initial SiGe-on-insulator substrate
material conprising a SiGe ahf@ypjcdyer having a
selected in-plane lattice paraneter, a selected
t faviapdbss dracdbndtcer invedtion insdstal txhdt ©e claimntag Atw and desire to secure
pgr meter, wherein the selected in-plane lattice
P Vmgwr%e%ls-const ant val ue and one or both of the
ot her paraneters have an adj ustabl e val ue; and
adj usting one or both of the other paraneters to a
f ilna method of &bricatingg Sidkd-dreinsalatvr aibstrate havive skctedtpachmeters,
in-.nl a e(#attice rameter. 2. The nethod of Claiml
\Aﬁ%‘ﬁé’?eﬁhq Cém?é}SB’(fé{gﬁseﬂs-%{ ane lattice paraneter and
the selected Ge content paraneter of the SiGe alloy
| ayer are constant val ues and the thickness paraneter
i provijing emisital S3Ge-phdnsrbatprotibeitateinatenab covhprisnga Siiealloy layer
adj [ fith j_ustabl i ck ter is
oI5k haflefet IPaR IRl € LOEHR BRIRAER am S and o
Théledred Godomtbnt@Pardmiater, wherein theSelected idpkiat BefideRrameter has a
etching process is selected from the group consisting
of:oqutpé\%]v%lgp apeb eeset; hokh og@p othsr Aapeios have gy adjustable value; and
tenperature steam oxidation, chem cal etching,
hi gh- pressure oxi dati on, epi-based HC etching,
r edjostingsoneion botht aflthegthéRbdR)metgado alfinal selecitainvaieegmhile maintaining
et.chi nd _an onbi nati.on thereof. 5. The nethod of
%ﬁ#%teadﬁpgpﬁlﬁﬂ@@é%@%d in-plane lattice
paraneter of the SiGe alloy |ayer has a constant

val 4ge athddst (Binf P NLE N f?l%rséll'g%g in-BRde i3 eter and the

parameter of the SiGe alloy layer are adjustable. 20
V\elogenGe 0OmeE TREMEUSAGFIMY SIIBOIRYdayeT hee qoastanidvabfes and the

ai.m 5 wherein said justing of the adjustable CGe
ggﬂflgﬁfs%%%%ﬁ]ilé aJurgté?"g%lerfor med using a thernmal
dilution process. 7. The nethod of Claim6 wherein
said thermal dilution process conprises form nt%ia

3. The method of Claim 2 wherein said adjusting of the adjustable thickness parameter

is performed using a non-selective etching process.

4. The method of Claim 3 wherein said non-selective etching process is selected from
the group consisting of chemical mechanical polishing (CMP), low temperature steam
oxidation, chemical etching, high-pressure oxidation, epi-based HCI etching, reactive-

ion etching (RIE), gas-cluster ion beam etching and any combination thereof.

5. The method of Claim 1 wherein the selected in-plane lattice parameter of the SiGe
alloy layer has a constant value and the Ge content parameter and thickness parameter of

the SiGe alloy layer are adjustable.
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Si-containing |layer on the SiGe alloy |ayer and then
heating the layers at a tenperature to cause
waldofasd7’on of Si into the SiGe alloy | ayer therP€bysS2004/016903

decreasing the Ge content of the SiCGe alloy |ayer. 8.
The nmethod of Claim7 wherein said Si-containing |ayer
conprises Si or SiGe. 9. The nethod of Caim7 wherein
said tenperature of said heating is fromabout 800 to
about 1350C. 10. The nethod of Claim7 wherein said

he@at Thgmethog ef Chainefiwhereansaideljtistiogof that RIbES Ge cddtent parameter

The thod of Aaim?7 further conprising formng a
cdﬁﬂ??ﬁ@m ancﬂwt%teﬂ’éalﬁlml%ﬂli%?sﬁi ng | ayer prior to

said heating. 12. The nmethod of Caim 11 wherein the
CapPHROmLRA%E " rd Line.or non- : :
crystalli _né&(()) : i@gggﬁodr V%ﬁ%te ?LI Sg@tﬁ&%lfl ﬁlggtll%?rﬂ%ss SPpyisgs fprming a
é _ &Gdéwn@umng lt’leyext:)m theri@e all@z lagex dhdi tth,rI he?ﬁgg the layer% ?]t a temperature
i,.Ge-on-J.nsul at or. . supstrate are sel ected usin e

i dpP Icﬁﬁeﬁi’é&%ﬂ%?f %ﬁgt_o tg? gxﬁe a_l}(w(l%er tlagrehy demqaping the Ge content of
4. B alfoy(1Qyek9836) x + 0. 03265) x2 - (0.00436) _3 f >

/) 5.43105°JXIOCO0 21 WO 2004/ 109776 PCT/ US2004/ 016903

and 1 bl 90.4 ".es (% 49 1 + v In(b |l x 100 or

E.8. ébhe(19gthed 28 CA67 wieeia shid Jisohfaminglapbeddenpriabd $ic& SiGe.
paraneter of a relaxed, thernodynamcally stable SiGe

all oy layer, given in percent |arger than an

Urs UTHRI igiBoBbf ClirR 1 7afiRerbif shid 46mPAL RS Baid fdMihs is from about 800°
to about 1350°C.

10. The method of Claim 7 wherein said heating is performed in an inert gas

atmosphere.

11. The method of Claim 7 further comprising forming a capping layer on the Si-

containing layer prior to said heating.

12. The method of Claim 11 wherein the capping layer comprises a crystalline or non-

crystalline oxide or nitride.

13. The method of Claim 1 wherein the parameters of said initial SiGe-on-insulator

substrate are selected using the following equations:

o (%) = £.,(%) -
with

0.19836 0.03265)x2 — (0. 3
(s )x +(0.03265)x — (0.00436)x ijOO

gres

S () =4.17x or f, (%)=
’ In ) [ 5.43105
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the m smatch strain corresponding to an unrel axed Si Ge
alloy, xis the Ge content of the SiGe alloy layer in

WO 0B 0076 at om ¢ fraction in the expressi on SiPCKGE®4/016903
Eres is the residual strain in the SiGe alloy |ayer,
b is the 60 dislocation Burgers vector (3.841), v is
the value of the Poisson ratio of the SiGe alloy
| ayer (0.275), and h is the SiCGe,alloy |ayer
t hi ckness. 14. A nethod of fab %ating a
Si Ge- on-i nsul at or substrg@ QZQVI zi el ect ed parane%%cf
said nethod conprjs NQo/80.
initial SiGe-on- |%§ul at ar(subyt r C jﬁgﬂbﬁgvﬁﬁ e
conprising a SiCGe alloy layer having a selected
in-plane lattice paraneter a sel ected thickness
par er. and a, sel ected ent aneter, . .
RS (o s P e iubiafor Rpmase ol el it edhipisribyptable SiGe
PafiBYRLRE, Sgﬁ VR peroeiate@Pthay 8h URstAMbAld) 8n HikinG 'fdiﬁ&sparameter fmis
par airet’er "has an adj ust'abl e value; and adjusting the
t hh@kmwc}pﬂrmmreaspmdmg fol amainreletelctis a\lflay,ue,s tlwh@¢ eontent of the

oG 2Py et S psialH ey S #RRI i s i the resicul
e |
s 1‘&2‘?‘%%1 Riof 3eF 1R it el ko B AOvedi 9883, v s the

S uhftercdilee Paivdiongatiedibt SiGeatoieyan8.275) andh ivthb 8iGe alloy layer
coégggg%i ng the steps of 22 WD 2004/ 109776

804/ 016903 providing an initi al
Si Ge-on-i nsul ator substrate material conprising a SiGe

alql oy {1‘1%?11%& of & \Hcgﬁ’n ﬁk ﬁx% SfluiafrRLBR G ﬂvﬁﬂ&cs%lected parameters

par anet e ect ess paraneter an
sesbidahetﬂo@eommmmglmepwpanﬁter, wherein said sel ected
in-plane lattice paraneter has a constant val ue and
the Ge content and thickness paraneters have

a%&‘ﬁ&ﬁ@'aﬁ ¥@hUGSe-AEsulael Ysirig nﬁah&mqseoﬁgﬂhﬁgh SiQe anoy layer
firnal sélected value, while maintaining the selected

i rhaplngm@elelc@dnm@bnp lattormagameter7 a s&inetedrﬁuﬂwss)par@l@tpmnd a
16selvé't:]t%cr1 %}e toh Ing pe%drlngtse Wr}%re(frfl s.;ua %el%éjtjeclil %n—gl%g la%cecagﬁkf content

parameters have a constant value and the thickness parameter has an adjustable value;

and

adjusting the thickness parameter to a final selected value, while maintaining the two

selected values that are constant.

15. The method of Claim 14 wherein said adjusting comprises a non-selective etching

process.

16. A method of fabricating a SiGe-on-insulator substrate having selected parameters,

said method comprising the steps of:
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parameter is performed using a thermal dilution
process. 18. The nethod of Claim 17 wherein said

w0 b@rmed77€li | uti on process conprises form ng a PCT/US2004/016903
Si-containing |layer on the SiGe alloy |layer and then
heating the layers at a tenperature to cause
diffusion of Si into the SiGe alloy thereby decreasing

t %Fow 1n§ gﬁlgﬁﬁa{l S?(f_‘re—topl—%nsuﬁiltc()aresu%lsérﬁg rﬁa%%{ Corﬁ}%‘ising a SiGe alloy layer

having a selected in-plane lattice parameter, a selected thickness parameter and a
selected Ge content parameter, wherein said selected in-plane lattice parameter has a

constant value and the Ge content and thickness parameters have adjustable values; and

adjusting the Ge content to a final selected value, while maintaining the selected in-plane

lattice parameter.

17. The method of Claim 16 wherein said adjusting of the adjustable Ge content

parameter is performed using a thermal dilution process.

18. The method of Claim 17 wherein said thermal dilution process comprises forming a
Si-containing layer on the SiGe alloy layer and then heating the layers at a temperature
to cause diffusion of Si into the SiGe alloy thereby decreasing the Ge content of the
SiGe alloy layer.
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