WD 03/ 063229 PCT/ US03/ 01431 METHOD OF CREATI NG HI GH QUALI TY RELAXED

Si Ge- ON- | NSULATOR FOR STRAINED Si CMOS APPLI CATI ONS 5 The present
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material, and nore particularly to a nethod of fabricating thin,

hi gh-quality, substantially relaxed Si Ge-on-insulator substrate materi al s.
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15  include at least the substrate materials.

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

20  strained Si layers on thick (on the order of from about 1 to about 5 micrometers) relaxed

SiGe buffer layers.

Despite the high channel electron mobilities reported for prior art heterostructures; the
use of thick SiGe buffer layers has several noticeable disadvantages associated

25  therewith. First, thick SiGe buffer layers are not typically easy to integrate with existing
Si-based CMOS technology. Second, the defect densities, including threading
dislocations (TDs) and misfit dislocations, are from about 10° to about 10 defects/cm’
which are still too high for realistic VSLI (very large scale integration) applications.
Thirdly, the nature of the prior art structure precludes selective growth of the SiGe buffer

30 layer so that circuits employing devices with strained Si, unstrained Si and SiGe

materials are difficult, and in some instances, nearly impossible to integrate.



materials are difficult, and in sone instances, nearly inpossible to
integrate. 1 WD 03/063229 PCT/ US03/01431 In order to produce rel axed Si Ge
mat eri al Wp 0/0&226ubstrate, prior art nethods typically @cowsas/usform
graded or stepped, SiGe |layer to beyond the netastable critical thickness
(i.e., the thickness beyond which dislocations formto relieve stress) and
allow msfit dislocations to form with the associ ated threading

di sl ocations, through the SiGe 5 buffer layer. Various buffer structures
have been used to try to increase the length of the misfit g{oal ocat j.on
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Neither the conventional approaches, nor the alternative approaches described in the Ek,

et al. patents provide a solution that substantially satisfies the material demands for

15  device applications, i.e., sufficiently low TD density, substantially little or no misfit
dislocation density and control over where the TD defects will be formed. As such,
there is a continued need for developing a new and improved method of forming relaxed
SiGe-on-insulator substrate materials which are thermodynamically stable against defect
production. |

20
The present invention provides a method of fabricating thin, high-quality, substantially
relaxed SiGe-on-insulator substrate materials. The present invention further provides
a method of fabricating thin, high-quality, substantially relaxed SiGe-on-insulator
substrate materials which are thermodynamically stable against defect production such

25  as misfit and threading dislocations.

Still further, the present invention provides a method of fabricating thin, high-quality,
substantially relaxed SiGe-on-insulator substrate materials which are compatible with
CMOS processing steps.

30



Still further, the present invention provides a nmethod of fabricating thin,
hi gh-quality, substantially relaxed Si Ge-on-insulator substrate materials
whi ch ar ewoagped2edbl e with CMOS processing steps. 30 2 WOPOI/G632Q31

PCT/ US03/ 01431 Yet even further, the present invention provides a nmethod of
fabricating thin, high- quality, substantially relaxed Si Ge-on-insul ator
substrate materials which can then be wused as lattice m smatched
tenplates, i.e., substrates, for formng strained Si layers. 5 Still even
further, the present invention provides strained Si/substantially relaxed
Si Ge- on-i nsulYat evensirthes the geesetiieyention aronidgha methaded fhsisating thinahighar e
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invention, a strained Si | ayer nay be grown itaxially_ atop.the
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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. It is
15  noted that the substantially relaxed, single crystal layer is comprised of a homogeneous

mixture of the SiGe or pure Ge layer as well as the first single crystal Si layer.

Following these steps of the present invention, a strained Si layer may be grown
epitaxially atop the substantially relaxed single crystal SiGe layer to form a strained
20  Si/relaxed SiGe-containing heterostructure that can be used in a variety of high-

performance CMOS applications.

In some embodiments of the present invention, the first single crystal Si and barrier layer
are components of a silicon-on-insulator (SOI) substrate. In other embodiments, the

25  barrier layer is formed atop a surface of a semiconductor substrate, and thereafter the
first single crystal Si layer is formed atop the barrier layer. The latter substrate material

is anon-SOI substrate.



25 barrier layer is fornmed atop a surface of a sem conductor substrate, and
thereafter the first single crystal Si layer is formed atop the barrier

| ayer. Thwoloawsxes substrate material 1is a non-SO substr ®Ca/USB3W@31

03/ 063229 PCT/ US03/01431 The present nethod al so contenpl ates the use of
barrier layers that are unpatterned (i.e., barrier layers that are
continuous) or patterned (i.e., discrete and isolated barrier regions or

i sl ands which are surrounded by sem conductor material). 5 In yet another
enbodi nent of the present invention, a Si cap layer is fornmed atop the
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thi ckness of gpefe%n&ﬁé%oaﬂf@gﬁﬁim %?g%%gré%ﬁtbn@enﬁbﬂ,%@%ﬁla% if Famcabetthd 0 to

about 200 Tm mor e rred. Another aspect of the present
i nvention rel 8iGesortpord Ge lsSieteri@mo heatimgshetrustus t This embedimentiof themigient s

e L R APROM B SEETA DeRgbty 1
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Si -containing substrate; and a substanti all .el axe i a . present
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has a thigkness Of . aDQULte2RR0id1MeRbtel BRBthe B0G& ay&ihab bithibiefesPsRO6E 2000 hive
present invention relates to a heterostructure which includes _ _at Ieagt t he

above- nent i onerlesysthradhiekness ef frain. abggel@ite dleut 200 nmheingapere dighlypeffigd of
the present invention conprises a Si-containing substrate; an insulating
region that is resistant to Ge diffusion present atop the Si-containing
substrate; a puwbskRmipbalofyhememneidvaitica rtlayeto the Siéron-msdptor pubsiraisul at i ng
region, wher eImrlltetrirz]tlethat is formed utilizing the above-mentioned processing steps. Specifically, the
15  inventive substrate material comprises a Si-containing substrate; an insulating region
that is resistant to Ge diffusion present atop the Si-containing substrate; and a
substantially relaxed SiGe layer present atop the insulating region, wherein the

substantially relaxed SiGe layer has a thickness of about 2000 nm or less.

20 A yet further aspect of the present invention relates to a heterostructure which includes
at least the above-mentioned substrate material. Specifically, the heterostructure of the
present invention comprises a Si-containing substrate; an insulating region that is
resistant to Ge diffusion present atop the Si-containing substrate;

a substantially relaxed SiGe layer present atop the insulating region, wherein the

25  substantially relaxed SiGe layer has a thickness of about 2000 nm or less; and a strained

Si layer formed atop the substantially relaxed SiGe layer.

Other aspects of the present invention relate to supetlattice structures as well as
templates for other lattice mismatched structures which include at least the SiGe-on-

30 insulator substrate material of the present invention.
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25 substantially relaxed Si Ge |ayer has a thickness of about 2000 nm or

| ess; and a strained Si layer fornmed atop the substantially rel axed Si Ge
| ayer. Oweroaeyrecrts of the present invention relate to s®p@rusas/oi4ee
structures as well as tenplates for other lattice m smatched structures
whi ch include at |east the Si Ge-on 30 insulator substrate material of the
present invention. 4 WO 03/063229 PCT/ US03/01431 FIGS 1A-1D are pictori al
representations (through cross-sectional views) showi ng the basic
processing steps that are enployed in the present invention in fabricating
a thin, high-quality, substantially relaxed Si Ge-on-insulator substrate
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for subsequent overgrowh of epitaxial Si, wll now be
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FIGS 3A-3B are pictorial representations (through cross-sectional views) showing an
alternative embodiment of the present invention wherein a Si cap layer is formed atop a

15  Ge or SiGe layer which is formed on an unpatterned (3A) or patterned (3B) substrate.

FIGS 4A-4B are pictorial representations (through cross-sectional views) showing the
formation of a strained Si layer on the thin, high-quality, substantially relaxed SiGe-on-
insulator substrate material of FIGS 1D and 2D, respectively.

20
The present invention, which provides a method of fabricating thin, high-quality,
substantially relaxed SiGe-on-insulator substrate materials which can then serve as a
lattice mismatched template for subsequent overgrowth of epitaxial Si, will now be
described in greater detail by referring to the drawings the accompany the present

25  application. It is noted that in the accompanying drawings like and/or corresponding

elements are referred to by like reference numerals.

Reference is first made to FIG 1A and FIG 2A which show initial substrate materials
that can be employed in the present invention. Specifically, the initial substrate

30 'materials illustrated in FIGS 1A and 2A each comprise Si-containing semiconductor



described in greater detail by referring to the drawi ngs the acconpany the
present 25 application. It is noted that in the acconpanying draw ngs |ike
and/ or cowpaspe?dd ng el enents are referred to by |ike refPerarso®onaneral s.
Reference is first made to FIG 1A and FI G 2A which show initial substrate
materials that can be enployed in the present invention. Specifically, the
initial substrate 30 "materials illustrated in FIGS 1A and 2A each conprise
Si - contai ning sem conductor 5 WO 03/063229 PCT/ US03/ 01431 substrate 10,
barrier layer 12 which is resistant to Ge diffusion (hereinafter "barrier

| ayer") pr esestbsttief Ogbatierlaye 1@f\N1$Fhlém$!SéﬂnMQ1§e didfisonlerieipgter ShHEET at e 10
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difference be%ﬂ@féﬂ:r%}ﬂﬁ Sk Ya?eﬂmhav&ﬂgrﬁmﬁt zlindicfl‘mﬂemsmm;mfmseﬂmn abduh &x1dF awi ngs is
that, in FIGIA, the barrier yer is pre cont nuous h%ﬁt hI‘Oﬁ hout t he

entire str uct defectsige p@a@matppﬁﬁ@amer layes: pfi}fgqreqcs Eivepy
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sem conduc ayers 10 and 14." Note that the |n| tial
structure shommﬂmoﬁdlﬁht«é\lghhusthe Blmrb sldesturanwhergrstin 81G 24, @g,b,am@r AYgR/isy |

whereas the initial ruct ur.e G 2A | r

| ayer. Not wi tH?F%&Fa cﬂff?eatnﬂ&c’?aftﬁgreglgp?l elrgf:abg%@?t a?% Sl%rg ern dgg fffodRhétb
unpatterned, giigrialiilfel #lyersSitoraadtiyr dotefhatthe it Bttmmne(sm*m in FIG 1Athus

si li con-on-i nsul at or 5 substrate maerla vvhere 3 !

buri ed oxide Ffé‘é}}dﬁﬁaWR?He@le@@tﬂF’PE]&Wr erghs Eémtf“i‘lrs S:Fg 82‘;@? gﬁlesﬁ

| ayer 15 f 9&@'.@@ ng substrate sem conductor substrate 10. The
term"Si- (%:.(gnt gl ni ng ngésr% ed herein denotes a sem conductor substrate that
i ncl udes at I east silicon. [Illustrative exarrpl es include, but are not

Si 11 con- on- | ndF el YIS baicr Bayer R et o R, (RAGURL T o e
(continuous, gRctEe mﬁaymmnoentmxltsmcms-onfmmmwn SOdusibstrate meteriglombdreiious)
region 12 is a buried oxide region which electrically isolates first single crystal Si layer
15 14 from Si-containing substrate semiconductor substrate 10. The term “Si-containing”
as used herein denotes a semiconductor substrate that includes at least silicon.
Tlustrative examples include, but are not limited to: Si, SiGe, SiC, SiGeC, Si/Si, Si/SiC,
Si/SiGeC, and preformed silicon-on-insulators which may include any number of buried
oxide (continuous, non-continuous or mixtures of continuous and non-continuous)

20  regions present therein.

The SOI substrate may be formed utilizing conventional SIMOX (separation by ion
implantation of oxygen) processes well known to those skilled in the art, as well as the
various SIMOX processes mentioned in co-assigned U.S. Patent Applications Serial

25 Nos. 09/861,593, filed May 21, 2001; 09/861,594, filed May 21, 2001; 09/861,590, filed
May 21, 2001; 09/861,596, filed May 21, 2001; and 09/884,670, filed June 19, 2001 as
well as U.S. Patent No. 5,930,634 to Sadana, et al., the entire contents of each are beipg
incorporated herein by reference. Note that the process disclosed in the 590 application

can be employed herein to fabricate the patterned substrate shown in FIG 2A.



20 regions present therein. The SO substrate may be fornmed utilizing
conventional SIMOX (separation by ion inplantation of oxygen) processes
wel |  knowwotod/osdzese skilled in the art, as well as the vaCTAEe3/&4BMOX
processes nmentioned in co-assigned U S. Patent Applications Serial 25 Nos.
09/ 861,593, filed May 21, 2001; 09/861,594, filed May 21, 2001; 09/861, 590,
filed My 21, 2001; 09/861,596, filed May 21, 2001; and 09/884,670, filed
June 19, 2001 as well as U S. Patent No. 5,930,634 to Sadana, et al., the
entire contents of each are being incorporated herein by reference. Note
that the procedermiivelyobe§Ol subshrate nEweish gisyibe aads Hsing ghebeongppi®ped her ei n

to fabricate the patterned substrate L4 : /063229
PCT/ US03/ 0143?9&?%8“? Wgﬁa%}gl’ ,re{(%%neﬁéat%sugsyr)@tl}e% %af@#f%p%g e made usi ng
ot her conventional processes including, for exanple, a thermal bondi ng and
cutting process. |n addition to SO suhstrates,. the.initial s trates
shown in FI GSInadditien oA Qlsybsietes, t “HB%—%%%EE?W%@@% @ar}(@iﬁ’&% 84i ng
conventi onal Q81 sl B5 5852 Disi8!chnRaitibhdl BewsRRAYrtRsee L RbING
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i thography and etching, and thereafter form a sin rysta Si | ayer
atop the bar r depositipper Al e BRI RGeS OP&QBagﬁ R%ttml%tﬁ%gastégrsla?'ﬂé}p udi ng
chemi cal ygpor, ﬁ%@ ' 4iS Rd fchingt Al teMeafies Bothlieg & Mdgle crystal
evaporat i \éﬁ ercm%e ca%dnggqlt{?%{(%ltho eposi tion élrsg epi taxial Si lgigvﬁéﬁe Iiy5
Barrier |ayer Silkyefatomtheibairicr yesusingeonyentionaldeppsitiqn RISCISFSIHAGAE conpr i ses
any insulating nmaterial .whij. } { r.esi i b
Exanpl es of sﬁgﬂmc?lnvsagf)%%ﬁpﬁglﬁg%mj ’ %Hs%ﬁgsalgii%@ gg’lbé %@ﬁt@ﬁ Iﬁ%’tefgél?{ﬁa?@hf ncl ude,
but are not | ichérhiesl sottion dysdsitidnianepitaxial Si growth.

15  Barrier layer 12 of the initial structure shown in FIGS 1A and 2A comprises any
insulating material which is highly resistant to Ge diffusion. Examples of such
insulating and Ge diffusion resistant materials include, but are not limited to: crystalline

or non-crystalline oxides or nitrides.

20  The thickness of the various layers of the initial structure may vary depending on the
process used in making the same. Typically, however, single crystal Si layer 14 has a
thickness of from about 1 to about 2000 nm, with a thickness of from about 20 to about
200 nm being more highly preferred. In the case of barrier layer 12 (i.e., Ge diffusion
resistant layer), that layer may have a thickness of from about 1 to about 1000 nm, witha

25 thickness of from about 20 to about 200 nm being more highly preferred. The thickness
of the Si-containing substrate layer, i.e., layer 10, is inconsequential to the present
invention. It is noted that the thicknesses provided above are exemplary and by no ways

limit the scope of the present invention.



or non-crystalline oxides or nitrides. 20 The thickness of the various

| ayers of the initial structure may vary depending on the process used in
maki ng t hwogames22dypi cal |y, however, single crystal Si | aper/usds/mast a

t hi ckness of from about 1 to about 2000 nm w th a thickness of from about
20 to about 200 nm being nore highly preferred. In the case of barrier

| ayer 12 (i.e., Ge diffusion resistant |layer), that |ayer nmay have a
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100 atomc percen SiCGe"layers are enployed, it _js preferred that
5 the Ge cont €rtatémictperes afdidnagleut ﬂ)@t(f abom Hbsing ©/en mage higblytoreforred. at o ¢
percent, with a Ge atom c percent of fromabout 10 to about 35 being even
nore highly preferred. In accordance with the present invention, the SiGe
or Ge layer if’mﬁ&bfﬂéﬁc@@ﬂ]i)tﬁeip?é‘sbntslhﬂ@itﬁn the §i&Teadr (Bi layanyeforrhdd atep figst aimgle

t I t I w h t hod t. | t 10 t
SRIT Tod §nt hebaie Suye A apRs S <BHOT FPITRELEIng e A el Ry
st abl o (bgovigeuiieRl it bt GARESS arRbBOER) cidiife EchmBamRsIY Hibleqr oW ng

a SiCGe or pure ayer Is netastabl e and Tree from def ects,
msfit and TD(lmHIQWa@atlcairﬂsckneSS)IS@@@ PRIUTG Eledayghnsr 66 BOWHGASIEH P H%P&'le

grow ng proce q?ygarswg 19 |Hlle asfabgfaa?ﬂ%ﬁ% Qfm §@b4S ¥, Cnﬁ%%& PN Gsibbakiond, (11)

i ncl ude, but oW pressure’cheni cal vapor 15 deposition
(LPCVD), ul t r aHistrghive/aatipihes of eudhcepitaxi alawowitkg posiessen thay akio@dble, of satisfy

conditions (i) or (ii) include, but are not limited to: low-pressure chemical vapor

15  deposition (LPCVD), ultra-high vacuum chemical vapor deposition (UHVCVD),
atmospheric pressure chemical vapor deposition (APCVD), molecular beam (MBE)
epitaxy and plasma-enhanced chemical vapor deposition (PECVD).

The thickness of the SiGe or pure Ge layer formed at this point of the present invention
20 may vary, but typically layer 16 has a thickness of from about 10 to about 500 nm, with
a thickness of from about 20 to about 200 nm being more highly preferred.

In an alternative embodiment of the present invention, see FIG 3A-3B, optional cap
layer 18 is formed atop SiGe or pure Ge layer 16 pﬁor_tg_ge‘r_fgr_n}ipg_th? heating step of

25  thepresent invention. The optional cap layer employed in the present invention
comprises any Si material including, but not limited to: epitaxial silicon (epi-Si),
amorphous silicon (a:Si), single or polycrystalline Si or any combination thereof
including multilayers. In a preferred embodiment, the cap layer is comprised of epi Si.
It is noted that layers 16 and 18 may, or may not, be formed in the same reaction
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at nospheric pressure chem cal vapor deposition (APCVD), nol ecul ar beam
(MBE) epitaxy and plasma enhanced chem cal vapor deposition (PECVD). The
t hi cknesswofo3tob2si Ge or pure Ge |layer fornmed at this poi CTAfS0s/#3pr esent
invention 20 may vary, but typically layer 16 has a thickness of from
about 10 to about 500 rim with a thickness of from about 20 to about 200
nm being nore highly preferred. In an alternative enbodi nent of the present
invention, see FIG 3A-3B, optional cap layer 18 is forned atop Si Ge or
pure Ge layer 16 prior to performng the heating step of 25 the present
invention. The optional cap |ayer enployed in the present invention

conpri ses any eH%h%Eﬁta!) tdhal &9‘1@&{ 18¥hs DPlickhbddlol &t DouCPiotabbtd 005, con
(epi-Si), anorphous S|I’|%on (ar Si), single or polycrystalline Si or "any
conbi nat i on t heithafthickmesk afifrog aboitt]] toapewt30 nnmbeingmefeiglly pesieroedi. et | t he

cap layer is conprised.of epi Si, Lt.is not that .l ayvers 1 nd , or
may not, be fof af?.?ptlwéeré ﬁgn?%lg&lﬁr&any%e? : Oﬁ‘ﬁ’e‘%e}’o%gwrﬁ%‘sg%% g

PCT/ US03/ 013131 epheinl BFoRak Broce@Bs neftddneg aboveayer 18 has a thi ckness of from
about 1 to about 100 nm "with a thickness of fromabout 1 to about 30 nm

being nore highly preferred. The optional cap layer is formed utilizing

any wel |- kno"mhp&{%%ﬁh{?idﬂﬂeﬂ?%?&%%?esk%h@ﬁ@% i i@%ré’_f%ﬁéﬁ th Rftnfh pAHEM & SiGe (15
processes mentioned above. |n one embodi nerit of the present invention, It
is preferred tt Ioromi proeeat Ge) loyer SaGag @ 1hickiess olfrern ahiw | e plowt 20¢Rym|oay er

havi ng a thickpess of from about .1.to abo 2000 am on _ d. [ of a
singl e crystal %isuﬁ%%?eolf as ?rﬁ%t?lfjeséfl?ygf’ af@&}}ﬁref? e%f%gp lngfpélpggl% e{]}ga&?n ' a 10
thi ckness ¢f f fedknak@fifromn duabenibolid 000 atopphé Ge ofBiGHla@rCGe | ayer. After

formng the pure Ge or SiGe |ayer (or optional cap layer)) atop the initial
structure, the structure shown in either FIG 1B, 2B, 3A or 3B is then

Gethroughout 1o figpde ATRRGRIAE O RGPS T A B8 Mo 16
and, if presenthestrhgugphpwnan eitier EHp lBh@]%l,e%yoﬁﬁ iﬁthgl heated, i.e., annealed, at a
temperature which permits interdiffusion of Ge throughout first single crystal Si layer
15 14, SiGe or pure Ge layer 16 and, if present, the optional Si cap thereby forming
substantially relaxed, single crystal SiGe layer 20 atop said barrier layer. Note that
oxide layer 22 is formed atop layer 20 during the heating step. This oxide layer is
typically, but not always, removed from the structure after the heating step using a
conventional wet etch process wherein a chemical etchant such as HF that has a high

20  selectivity for removing oxide as compared to SiGe is employed.

Note that when the oxide layer is removed, a second single crystal Si layer can be

formed atop layer 20 and the above processing steps of the present invention may be

repeated any number of times to produce a multilayered relaxed SiGe substrate material.
25

The oxide layer formed after the heating step of the present invention has a variable

thickness which may range from about 10 to about 1000 nm, with a thickness of from

about 20 to about 500 nm being more highly preferred.



substantially relaxed, single crystal Si Ge |ayer 20 atop said barrier

| ayer. Note that oxide layer 22 is forned atop | ayer 20 during the heating
step. Thiwoamgioa®R29 ayer is typically, but not always, renmpeagdsbs/onst he
structure after the heating step using a conventional wet etch process
wherein a chem cal etchant such as HF that has a high 20 selectivity for
renovi ng oxi de as conpared to SiGe is enployed. Note that when the oxide

| ayer is renoved, a second single crystal Si |ayer can be forned atop

| ayer 20 and the abqve pr.ocessing eps of.the.pr.esent invention. be
repeat ed any rﬁﬁ’ﬁﬁgPalm the healdng %epp?%éﬁg‘@seé‘t WF’??‘?“&?/@I? @We?lé?%sgg)dwgﬁc@y
substrate mat ?{eﬁ’@ﬁ%edzé 2t @t e Ebdue DO do abhiR 1 3507€, hethtitagpaitere off t he
present invention has a variable thickness which may rag&e; from aboyt 10

to about 1000 fromp alwiut A280°tth ekt &3 35 °6Fbeinggnere dighly prefsicd. Mrseaves s hfgipei ng
hi ghl f d. 9 / /. .0 i
o et T G R

heating step otPt ron 1S an anneali°ng

perforned 3t dedseomaraiai-corbining@m akhut 09001 Ny@lwaote, 1350Cother Iike exygen-
tenperature of fromabout 1200 to about 1335C bei re, highl re{l rred.
Mor eover, t he CRBIAITREEaS8Y cleERY EHECPHALDE £33y HEE ??‘%‘%Xg‘gwﬁaf? eoél){%@?ucl San
oxi di zi ng a”bgﬁ%m%&*bﬂdl%hwm Gt thS ohBASE bORRHQXYBIE A FRfitoas fichgs BlegAguch
as 02, NO N20, ozone, air and other ?I ke ‘oxygen- containi ng gases. The
oxygen- cont ai NnHegds omdlg. be admi xed with each other (such as an adm xture
of 02 and NO), or the gas may be diluted with an inert gas such as He, Ar,

N2, Xe, Kr, or Ne. 10 The heating step may be carried out for a variable
period of 1pi MThethiesting ste way by cardabes forf o wmablegetiod 6f tire whishitypiedly raigest es,
with a tinme period of from about 60 fo ahbout. 600. m nutes, bei i ghly
preferred. Thdomealquhdl & g%’uh‘g%boﬁﬁl F’r‘?’lgﬂa ﬁﬁ’fe pﬁ?oﬁﬁ%ﬁ Ia]%OU%t6Q?Og%§)(ilg6éu
t eWEer ature, Qpin¥REbOHS {AERigARDrefRkdl. CYId IRAHMS BgmUADE Cdified outiat 4 sihgle and
soa

targeted temperature, or various ramp and soak cycles using various ramp rates and soak

times can be employed.

15
The heating step is performed under an oxidizing ambient to achieve the presence ofa

surface oxide layer, i.e., layer 22, which acts as a diffusion barrier to Ge atoms.
Therefore, once the oxide layer is formed on the surface of the structure, Ge becomes
trapped between barrier layer 12 and oxide layer 22. As the surface oxide increases in
20  thickness, the Ge becomes more uniformly distributed throughout layers 14, 16, and
optionally 18, but it is continually and efficiently rejected from the encroaching oxide
layer. So as the (now homogenized) layers are thinned during this heating step, the
relative Ge fraction increases. Efficient thermal mixing is achieved in the present
invention when the heating step is carried out at a temperature of from about 1200° to

25  about 1320°C in a diluted oxygen-containing gas.

Tt is also contemplated herein to use a tailored heat cycle which is based upon the
melting point of the SiGe layer. In such an instance, the temperature is adjusted to tract
below the melting point of the SiGe layer.

30
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times can be enployed. 15 The heating step is performed under an oxidizing
anbient to achieve the presence of a surface oxide layer, i.e., layer 22,
whi ch actwoas/oes2dd f f usi on barrier to Ge atons. Ther ef or e pCarises/tts1 oxi de
layer is formed on the surface of the structure, Ge becones trapped
between barrier layer 12 and oxide |ayer 22. As the surface oxide increases
in 20 thickness, the Ge becones nore uniformy distributed throughout
Irgyerf é4f 16, tﬁnd opti oEaIIy 18, but it is continually and efficiently

j ecte romthe encroaching oxide |ayer. So as t now
| ayers are t hiNetethay tfrth%@mﬂﬁ?%l qees i%’gfa@fib’p,Getcﬁ@Ot Flgﬁig AV %%g‘fqg%%g%)
i ncreases. Eff] t. I G n
when t he heat|%)&Ae?$benlt&§{f§:%fra%pe@%tdnglégmfg&% gl?eljltrdeaﬁ)o lifromdaebout 1 818 to
25 about 1320@1113 mtafadldl uérednivatioged Gedrtanes m@u@a@a’c the alley mpléiag oMCEAREE at ed
herein to use a tallore heat cycle which is based upon the nelting point
of the SiGe | ayikb erpathedich an instance, the tenperature is adjusted to
tract belagw the nelting point of the SiGe |ayer. 30 10 WO 03/ 063229
PCT/ US03/ 01431 Note that if the oxidation occurs, t r C
di ffuse away fTFhemotens thaireatiogstepaf he prsest invepon 1&(( Q@g""% E’rfgﬁﬂ

either transported tclg( e}g,(ggﬁ%@ ?‘%1‘}?3‘“‘%% %%gk % 1%bu{1&?ddrﬁfg€bhf1@aﬁh§|and )

concentratlonIB? &n oy mel |ng te erature
wi Il be reached.subjedthiee (“mitéaliyf) sh’amecﬂ]ha@zbn stgpciteto adhexmvébm@swhxc vl &eilitel i s

(1) to allow Go at to di.ff
honogeneous diaélt‘?qilﬁ i &hg}lﬁg} O%ngﬁgﬁpﬁgm&%%t?% lJsggt'b ijﬂ%e{;bﬂ'u@ture
("initiallyy) mbhadstacthibanahd §ﬁusmhm3eremecasmmmIlamd@eﬂawﬂm lsarwivtithed

facilitate
between barrier layer 12 and surface oxide layer 22.

In accordance with the present invention, relaxed SiGe layer 20 has a thickness of about

2000 nm or less, with a thickness of from about 10 to about 100 nm being more highly
15  preferred. Note that the relaxed SiGe layer formed in the present invention is thinner

than prior art SiGe buffer layers and has a defect density including misfits and TDs, of

less than about 10° defects/cm®.

The relaxed SiGe layer formed in the present invention has a final Ge content of from
20  about 0.1 to about 99.9 atomic percent, with an atomic percent of Ge of from about 10 to

about 35 being more highly preferred. Another characteristic feature of relaxed SiGe

layer 22 is that it has a measured lattice relaxation of from about 1 to about 100 %, with

a measured lattice relaxation of from about 50 to about 80 % being more highly

preferred.

25
As stated above, surface oxide layer 22 may be stripped at this point of the present
invention so as to provide the SiGe-on-insulator substrate material shown, for example,
in FIGS 1D or 2D (note that the substrate material does not include the cap layer since
that layer has been used in forming the relaxed SiGe layer).

30
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an equilibriumconfiguration. After this heating step has been perforned,
the structure 10 includes a uniformand substantially rel axed Si Ge al |l oy

| ayer, i .wW0,03lo68229 20, sandwi ched between barrier |ayer PRTArSA3/648f ace

oxi de | ayer 22. In accordance with the present invention, relaxed Si Ge

| ayer 20 has a thickness of about 2000 nmor less, with a thickness of
fromabout 10 to about 100 nm being nore highly 15 preferred. Note that the
rel axed Si Ge |ayer forned in the present invention is thinner than prior
art Si Ge buffer layers and has a defect density including msfits arfd TDs,
of 1ess than FiGS¢A-BGBow dietsitontbat iy petaingd afierdorymins Si w@rfl“f%%%@ei We he
present inventi ' a ,fipnal n . . 99.9
atom c per cento,f 9@?@&?(1&%%83&%& geﬁfﬁg?rojéelg g@@egg%ﬁgggg%&?%o%%eﬁ%%% 35
bei ng nore hi Ql@%déitﬂfn%fr@éds@drell Pneiharthe har Ahe thidkaeisof tgiedidawer 34 magvayebiutSi Ge

| ayer 22 is that it has a neasured | attice_.rel axation,of fromabout 1 to
about 100 9% wyniepllygentetidaneedt hasta thig ?Sépgﬁw%iagﬂ%c}ftofapg%lgggmw % 0 about

80 % bei ng5m&%ﬁlg‘l&g%%fyf{%lﬂraﬁélﬁrlrtg%?lggoﬁﬁl&E@ﬁ&e@ﬁgﬂ?pmﬁéﬂf&iﬁce oxi de | ayer

22 may be Stri I's point of the present invention so as to provide
the Si Ge-on-insul ator substrate material shown, for exanple, in FIGS 1D or

2D (note that _the substrate, nmateri. Lnel t S} nce

that |ayer had® B‘E@?‘l“ﬁ%@ 5 %dd?tbqlﬁ{ %Sietc%g&? g}%%%éﬁgiréegﬁdaggg? ?%3%@%%{2\1}\%

oo o g e o 2D, T apbrtLvel

after formn i |ayer ato I, ayer o an .re vely.
Si layer 24 ?@eﬁ‘f%ﬂs en30 hgp ?’alg’fg@ﬁ%@]r?fl?é%‘?ep@fﬁr?eé'?{iaéfwmagﬁ%é etpll'gﬁ%pf& e

pr 6C€ss
wel I kno in o 1 - i-Si | 24 " but

! 153822541 bd Beaihdd i6kN&RTe RfankR - Si | ayer may vary, bu
typi cal | woepllé}%l? l ayer 24 1%as1 a thickness of fromabout 1 to about 100 Mh,
with a

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
15  would include at least the substantially relaxed SiGe-on-insulator substrate material of
the present invention, and alternating layers Si and SiGe formed atop the substantially

relaxed SiGe layer of the substrate material.

In the case of lattice mismatched structures, GaAs, GaP or other like compound would
20 be formed atop the substantially relaxed SiGe layer of the inventive SiGe-on-insulator

substrate material.

While the present invention has ioeen particularly shown and described with respect to
preferred embodiments thereof, it will be understood by those skilled in the art that the
25  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.

12



5 thickness of fromabout 1 to about 30 nm being nore highly preferred. In
sone instances, additional SiGe can be fornmed atop relaxed Si Ge | ayer 20
utilizi ngwotodeezzbove nmenti oned processing steps, and ther eafftieso3/epst Si

| ayer 24 may be formed. Because |ayer 20 has a large in-plane lattice
paranmeter as conpared to epi-layer 24, epi 10 layer 24 will be strained in
a tensile manner. As stated above, the present invention al so contenpl ates
superlattice structures as well as lattice msnatched structures which
include at | east the Si Ge-on-insulator substrate material of the present
invention. In the case of superlattice sCGlddMi¥es, such structures 15 woul d
i nclude at |ea =1 S R r

materi al of i R BrcuE RSBl ot in¥er B rtaE il AR A BER nFURTE i Rure
fornmed atop thbeyshedsttterstBasdnkis: rel axed Si Ge | ayer of the substrate
material. In the case of lattice m smatched structures, GaAs, GaP or ot her

| i ke compound would 20 be forned atop the substantially relaxed Si Ge | ayer
of the inventiyeASh&Ro®Bf prodsidd Hthin, TUBSHUIaREE siFREAL AR} rel B K5 Bifindhlasent
invention has been particularly shown and described with respect to
preferred ehbostbhsipiemateniat easprising thesteppel: under st ood by those skilled in
the art th the 25 foregoing and other changes in forns and details nay be
made wit hout departing from the scope and spirit of the present invention.
It is therefor @)iforirangle fiGdatpurd@e fryesans surfacw efid fishsingle chysta Bnfayedsdid t he

exact forns_and detajls cribed and i]lustrated, put. fall i t.hi.n.the.
scope of the aﬁ’&gﬁa% °E>fsgﬁ?§b{ay‘ifz‘s SRR TR %@Fi@@é‘?éﬁsﬁaﬁﬁ gﬁ? ﬂlgﬁlsﬁgvi ng
t hus descridedgqur invention in detail, what we claimas new and desire to

secure by the Letters Patent is: 1 1. A nethod of producing a thin,
hi gh-qual i t%, substantially relaxed Si Ge-on-insulator 2 substrate material

conprising ¢h €y ‘h@a&ﬁlg%faid layers at a temperature which permits interdiffusion of Ge throughout
9  said first single crystal Si layer and said SiGe or pure Ge layer thereby forming a
10  substantially relaxed, single crystal SiGe layer atop said barrier layer.

2. The method of Claim 1 wherein said first single crystal Si layer and said barrier layer

2 are components of a silicon-on-insulator (SOI) substrate.

1 3. Themethod of Claim 1 wherein said first single crystal Si layer and said barrier layer

2 are components of a non-SOI substrate.

1 4. The method of Claim 3 wherein said first single crystal Si layer has a thickness of
2 from about 1 to about 2000 nm.

1 5. The method of Claim 1 wherein said barrier layer is a patterned barrier layer.
1 6. The method of Claim 1 wherein said barrier layer is an unpatterned barrier layer.

7. The method of Claim 1 wherein said barrier layer comprises crystalline or non-

2 orystalline oxides, or crystalline or non-crystalline nitrides.

13



3 4 (a) formng a SiGe or pure Ge layer on a surface of a first single
crystal Si layer, said 5 first single crystal Si layer is present atop a
barrier I'wgas/otirzae is resistant to Ge diffusion; 6 and 7PC8/USb}otagnti ng
said layers at a tenperature which permts interdiffusion of Ge throughout
9 said first single crystal Si layer and said Si Ge or pure Ge |ayer thereby
formng a 10 substantially rel axed, single crystal SiGe | ayer atop said
barrier layer. 1 2. The method of Caim1l wherein said first single crystal
Si layer and said barrier layer 2 are conponents of a silicon-on-insulator
(SO) substrate. 1 3. The nmethod of Cdaim1l wherein said first single
crystal Si | ayer-and _sai kL . : :

substrate. 11 4§' ?heemﬁglg gg@%&&%@%&%@éﬂg%ﬁﬁggﬁﬁ ? P{r?és&t &é(ﬁ){lrge gﬁ?ﬁh}?{) al Si

| ayer has @ t hpatisines sr afipattarned.om about 1 to about 2000 nm 1 5. The net hod
of Caiml wherein said barrier layer is a patterned barrier |layer. 1 6.
The nmethod of Claiml wherein said barrier layer is an unpatterned barrier
layer. 1 7. Thergmhhadd 8f Claidil Mikrit 848 bitrisfladerIRk b @bkt SIfrdi@ BhYUL $€6
crystalline or non- 2 crystalline oxides, or crystalline or non-crystalline
nitrides. 23 VibooBIWME3229 PCT/ US03/ 01431 1 8. The nmethod of Claim 1 wherein
said barrier layer is a buried oxide region that is 2 patterned or
unpatterned. 1 9. The nethod of Caim1l wherein said barrier |layer has a

t hi ckness af fr@mirEeethodof ©lain? 1 akherdin 4 ST layer chmpfsing he ta@Q. $datomfic ©ireenn 1
wherein a Si Ge_| ayer coer(’iprisi ng up to 99.99 atomc percent 2 Ce is

enpl oyed | %) St@%w(eg)p_loy 1n step (a).

1 11. The method of Claim 10 wherein said SiGe layer comprises from about 10 to about

2 35 atomic percent Ge.

12. The method of Claim 1 wherein said SiGe or pure Ge layer is formed by an epitaxial
growth process selected from the group consisting of low-pressure chemical vapor
deposition, atmospheric pressure chemical vapor deposition, ultra-high vacuum

chemical vapor deposition, molecular beam epitaxy, and plasma-enhanced chemical

|V T -~ VS R O

vapor deposition.
1 13. The method of Claim 1 wherein a pure Ge layer is employed in step (a).

14. The method of Claim 1 further comprising forming a Si cap layer atop said SiGe or
2 pure Ge layer prior to performing step (b).

1  15. The method of Claim 14 wherein said Si cap layer comprises epi-Si, a:Si, single or

2 polycrystalline Si or any combination and multilayer thereof.

1  16. The method of Claim 15 wherein said Si cap layer comprises epi-Si.

14



1 11. The nmethod of Claim 10 wherein said Si Ge | ayer conprises from about
10 to about 2 35 atomc percent Ge. 1 12. The nethod of Claim1l wherein
sai d Si Geworo3pen2e Ge | ayer is formed by an epitaxial 2 gPORUSOPOIABESS
selected fromthe group consisting of |ow pressure chem cal vapor 3
deposition, atnospheric pressure chem cal vapor deposition, ultra-high
vacuum 4 chem cal vapor deposition, nolecular beam epitaxy, and pl asna
enhanced chemical 5 vapor deposition. 1 13. The nethod of Claim1l wherein
a pure Ge layer is enployed in step (a). .1 14. The net hod of aim1l
further conbpri&l. n’@hefmﬁthi)%gf Glap 14 syhereiywid 8 Bp laysr bess t@ﬂﬁ‘?ss O%ﬁ‘ﬁ%o‘@ to

| ayer prior toab%%{{&“ﬂlng step (b). 1 15. The nethod of C aim 14 wherein
said Si cap2 | ayer conprises epi-Si, a:Si, single or 2 polycrystalline Si
or any conbination and nultilayer thereof. 1 16. The nmethod of C aim 15
wherein said Si_cap | aye rises epi-Si.. 14, 03£063229 PCT{ L 01431
e The et bt e ik RGIAR A ErHL & FiFtiae SXish T, PR A0TIE T KRS of
from about 5l t%q 2 about 100 nm 1 18. The nethod of Claim 1l wherein a
surface oxide §§er fornms during said heating 2 step. 1 19. The nethod of
Claim 18 wherein said surface oxide | ayer has a thickness of from 2 about

10 to abouty 1000 A mdnePur Chfin TEWHRLIPL AR dal Y NEK A90RRIkSoiEbm

renovi ng sa]i d surface oxi ayer 1 zing a wet “chem cal etch process.
1 21. The et hedupfo fd sbom D0Gmer.ei n steps (a)-(b) are repeated any nunber
of times. 1 22. The nmethod of Caim1l wherein said heating step is carried
out in an oxidizing 2 anbient which conprises at |east one

oxygen- contai M@ origadsiethod of Claim 18 further comprising removing said surface oxide layer

2 utilizing a wet chemical etch process.
1 21. The method of Claim 1 wherein steps (a)-(b) are repeated any number of times.

22. The method of Claim 1 wherein said heating step is carried out in an oxidizing

2  ambient which comprises at least one oxygen-containing gas.

23. The method of Claim 22 wherein said at least one oxygen-containing gas comprises

2 0y, NO, N,O, ozone, air or mixtures thereof.

24. The method of Claim 22 further comprising an inert gas, said inert gas being

2 employed to dilute said at least one oxygen-containing gas.

25. The method of Claim 1 wherein said heating step is performed at a temperature of
2 from about 900° to about 1350°C.

26. The method of Claim 25 wherein said heating step is performed at a temperature of
2 from about 1200° to about 1335°C.

15



1 23. The nmethod of O aim 22 wherein said at | east one oxygen-contai ni ng
gas conprises 2 02, NO N20, ozone, air or mxtures thereof. 1 24. The
met hod ofwOloaiom22® .f urt her conprising an inert gas, said iPogrusogiesi3bei ng 2
enployed to dilute said at | east one oxygen-containing gas. 1 25. The

met hod of Claim1l1 wherein said heating step is perforned at a tenperature
of 2 from about 900 to about 1350C. 1 26. The nethod of C aim 25 wherein
said heating step is perforned at a tenperature of 2 from about 1200 to
about 1335C. 15 WD 03/063229 PCT/US03/01431 1 27. The method of Claim1
wher ei n saild Ab<Fremdthed of Cleinak sthesinzaid spstentindly ralaxes Hifdgdaysr has afhickpesst
2000 nmor | es 1 t?@ OThe rIEt hod of C aim 27 wherein said substantially
rel axed Si @e I%BP“ QOZM o5 Iesi ckness of from about 10 to about 100 nm 1
29. The nethod of Claim1l wherein said substantially relaxed Si Ge | ayer has

a defect 2 density of less than about 10$ defects/cnR. 30. The net hod of
daim 1 whér ei P Bieanathorsetraia T yheremsgidpu q;t@laﬁlwépxqc}a‘%(}g?aygr MS&sur ed

Lattico relaxahi g obe kbam:aRauo nbR 108K 100 % 1 31 The method of

Cl ai m 30 wherein sal su@stantl af)ly rel axed Si Ge |layer has a 2 neasured
| attice relaxation of fromabout 50 to about 80 % 1 32. The nethod of

Claim1l furthe npri si row, ng an addi ti.onal; Si 1 id
subst ant i all y elc%?é’&et%?dggfﬁﬁvﬁ .“%‘fregés.al%%%“ﬁ@?%lggelo edé? %5113i%r1721L Ef?%uar%efg%?
conpri si ng of or Jen&ig; 6F 16dsiidn@duiSi 0°ldafeess/caf op said 2 additional SiGe |ayer.

1 34. The nmethod of Caim1l1 further conprising formng a strained Si |ayer
atop said 2 substantially relaxed Si Ge | ayer.

1 30. The method of Claim 1 wherein said substantially relaxed SiGe layer has a

2 measured lattice relaxation of from about 1 to about 100 %.

31. The method of Claim 30 wherein said substantially relaxed SiGe layer has a

2 measured lattice relaxation of from about 50 to about 80 %.

32. The method of Claim 1 further comprising growing an additional SiGe layer atop
2 said substantially relaxed SiGe layer.

1  33. The method of Claim 32 further comprising forming a strained Si layer atop said
2 additional SiGe layer.

34. The method of Claim 1 further comprising forming a strained Si layer atop said
2 substantially relaxed SiGe layer.

35. A substrate material comprising:
a Si-containing substrate;

an insulating region that is resistant to Ge diffusion present atop said Si-containing
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substrate; and
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1 35. A substrate material conprising: 2 3 a Si-containing substrate; 4 5
an insulating region that is resistant to Ge diffusion present atop said

Si - cont aiwpng/oeR2substrate; and 16 WO 03/ 063229 PCT/ US03/ @C4350701431 a
substantially relaxed Si Ge | ayer present atop said insulating region,
wherein said 9 substantially relaxed SiGe | ayer has a thickness of about
2000 nmor less. 1 36. The substrate material of Claim 35 wherein said
insulating region is patterned. 1 37. The substrate material of C aim 35
wherein said insulating region is unpatterned. 1 38. The substrate
material of Cl ai m 35 wherein said insul ati ng region conprises 2 crystalline
or non-crysgal i i e idgs. 1
39. The subgt r(flltsgﬁsrtrg?tf %ﬁfg?la)%? S%%%% 3655%%%5 %‘aﬁg‘gﬁglﬁﬁ%g:fe?lo{ﬁl Wﬁél%{élgsﬁgn is a
buri ed oxid8 2ubstgtielly tehaxted SiGplayerdias e thidmesmefzboer2060 nmiordess. The
substrate material of Caim35 wherein said insulating region has a

t hi ckness of 2 fromabout 1 to about 1000 nm 1 41. The substrate materi al
of O ai m 35] whepeThe Sibstate uhddranbdf @laly 35 &fRwentlsafd meulkityLiecidass pattetned.

t hi ckness of from about 10 to about 100 nmu. 1 42. The substrate material of
Claim 36 wherein said substantially relaxed Si Ge | ayer has 2 a rreasur ed
| attice rel axakko 2R o

mat eri al of 131CI g:] mﬁﬁggl\l/\b;%{er%el n sal ﬁ&ﬁg?gﬁh%%%?%@/e rggﬁﬁl a e&é
measured | attice relaxation of from about 50 to about 80 % 1 44. A

het er ostr uct

a

ur &g CPRP subs{rerl]tg matenal of Claim 35 wherein said insulating region comprises

2 crystalline or non-crystalline oxides, or crystalline or non-crystalline nitrides.

1 39. The substrate material of Claim 35 wherein said insulating region is a buried oxide

2  region that is patterned or unpatterned.

1  40. The substrate material of Claim 35 wherein said insulating region has a thickness of

2 from about 1 to about 1000 nm.

41. The substrate material of Claim 35 wherein said substantially relaxed SiGe layer has

2  athickness of from about 10 to about 100 nm.

1  42. The substrate material of Claim 36 wherein said substantially relaxed SiGe layer has

2 ameasured lattice relaxation of from about 1 to about 100 %.

43. The substrate material of Claim 42 wherein said substantially relaxed SiGe layer has

2  ameasured lattice relaxation of from about 50 to about 80 %.
44. A heterostructure comprising:

a Si-containing substrate;

AW =
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3 a Si-containing substrate; 4 17 WD 03/063229 PCT/ US03/01431 5 an
insulating region that is resistant to Ge diffusion present atop the

Si - cont aiwpng/oeR2substrate; 7 8 a substantially rel axed BCEUDHRYEB1 pr esent
atop the insulating region, wherein the 9 substantially relaxed Si Ge |ayer
has a thickness of about 2000 urn or less; 10 11 and a strained Si |ayer
formed atop the substantially relaxed SiGe |layer. 1 45. The heterostructure
of Caim44 wherein said insulating region is patterned. 1 46. The

het erostructure of C aim 44 wherein said insulating region is unpatterned.

1 47. The et cRosuHagRgscaionhisicrsiaat ks GRASIeRpESh3ap 41 Yporegieh

conpri ses (fysg shely Liae 2 or non-crystalline oxides, or crystalline or
non-crystalline n|tr|de 1 48. The heterostructure of Caim44 wherein said
i nsul ating Tegl on barrier layer is a 2 buried oxide region that is

patterned o 49. . The heterostr ure.of Cai erein
said insul ain ga@tﬁ“ %ﬁ%??xsd g}ﬁeclﬁ}ﬁ%ﬁﬂesﬁta@r#?mg%fe% ¥ erﬁ‘ﬁl § 200 n
m 1 50. The haiRiasileladédsiole 16ahaR 4thioMieseif bsaRdocahsk 8Rs;i al | y rel axed
SiGe |ayer has a 2 thickness of fromabout 10 to about 100 rim 1 51. The
heterostrul ure of O aim44 wherein said substantially rel axed Si Ge | ayer
has a 2 asu t 100 % 1 52.
The het eros %éﬁgéédégaly%%ﬁv\% ?élesfsuglg)[g%s gg‘%lg}glefllsqﬁ:‘?y rel axed Si Ge

| ayer has a 2 nmeasured |attice rel axati on of from about 50 to about 80 %

18 WO 03/ 06132 225. & e/ hlé e?rgs/tr%%‘?u%é of Claim 44 wherein said insulating region is patterned.

1  46. The heterostructure of Claim 44 wherein said insulating region is unpatterned.

1  47. The heterostructure of Claim 44 wherein said insulating region comprises crystalline

2 ornon-crystalline oxides, or crystalline or non-crystalline nitride.

48. The heterostructure of Claim 44 wherein said insulating region barrier layer is a

2 buried oxide region that is patterned or unpattermed.

49. The heterostructure of Claim 44 wherein said insulating region has a thickness of
2 from about 20 to about 200 nm.

50. The heterostructure of Claim 44 wherein said substantially relaxed SiGe layer has a
2 thickness of from about 10 to about 100 nm.

1 51. The heterostructure of Claim 44 wherein said sub stanfially relaxed SiGe layer has a

2 measured lattice relaxation of from about 1 to about 100 %.

52. The heterostructure of Claim 51 wherein said substantially relaxed SiGe layer has a

2 measured lattice relaxation of from about 50 to about 80 %.
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1 53. The heterostructure of Caim44 wherein said strained Si |ayer has a
t hi ckness of 2 fromabout 1 to about 100 nm 1 54. The heterostructure of
Cl ai m 44 wohas®sar2sai d strained Si | ayer conprises an epi- 8CT/UR0s/eaper . 1 55.
The heterostructure of Claim44 wherein alternating | ayers of relaxed Si Ge
and 2 strained Si are forned atop said strained Si layer. 1 56. The

het erostructure of Caim44 wherein said strained Si layer is replaced with
a 2 lattice msnmatched conmpound selected fromthe group consisting of GaAs

and Gap. 19 1 53. The heterostructure of Claim 44 wherein said strained Si layer has a thickness of
2 from about 1 to about 100 nm.

1 54. The heterostructure of Claim 44 wherein said strained Si layer comprises an epi-Si

2 layer.

55. The heterostructure of Claim 44 wherein alternating layers of relaxed SiGe and

2  strained Si are formed atop said strained Si layer.

1 56. The heterostructure of Claim 44 wherein said strained Si layer is replaced with a
2 lattice mismatched compound selected from the group consisting of GaAs and GaP.
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