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m smatch 11 12 13 14 15 1) Field of the Invention
Background of Invention 1 | This invention rel ates
generally to the structure and fabrication of 2

sem conduct or devices and to a nmethod of producing a
silicon thin film in particular, to a 3 structure
and nethod of formng a sem conductor on isolation
waf er and nore particularly 4 to structure and net hod
of formng a sem conductor on isolation wafer using
strained 5 layers. 6 7 2) Description of the Prior
Art 8 9 There are various nethod for producing a SO
waf er. The SIMOX 10 (Separation by | Ml antation of

OXygen) met Mok wsesion rkleeh Bérue]yfto thef seuofurtgnd fabridagemnof
11 oxide layer in a silicon substrate by inplanting

sORMGEM R 'Eh%wbékt Adkbe n%'tﬂdd“o@?r&i&@i%& hatlRof BTl 3n bhSicular, to a
surface and then annealing the resultant substrate at

s@u&ﬁr@@m& ﬁ{m%rd%tf%r?mﬁé)a Eaﬁi%ﬁdﬁgtor on isolation wafer and more particularly

to structure and method of forming a semiconductor on isolation wafer using strained

layers.
2) Description of the Prior Art

There are various method for producing a SOI wafer. The SIMOX
(Separation by IMplantation of OXygen) method uses a technique for forming a silicon
oxide layer in a silicon substrate by implanting oxygen ions into the silicon substrate from
its surface and then annealing the resultant substrate at a high temperature to form the
silicon oxide layer at the portion where the oxygen ions have been implanted. In this
method, the energy for implanting oxygen ions and the dose of the same cannot be set
arbitrarily, but they are fixed to approximately constant conditions. Accordingly, it is
difficult to set arbitrarily the thickness of the silicon film or that of the oxide film formed
by ion implantation in the production of a SOI wafer.

The Eltran "™ process by Canon uses a splitting water jet to split a
bonded substrate structure.

Also, there are several types of semiconductor bonding method. The

first one is referred to as "bonding and polishing SOI" method.
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13 silicon oxide |layer at the portion where the oxygen
i ons have been inplanted. In this 14 nethod, the
energy for inplanting oxygen ions and the dose of the
same cannot be set 15 arbitrarily, but they are fixed
to approximately constant conditions. Accordingly, it
is 16 difficult to set arbitrarily the thickness of
the silicon filmor that of the oxide filmformed 17
by ion inplantation in the production of a SO wafer.
18 The Eltran "' M process by Canon uses a splitting
water jet to split a 19 bonded substrate structure.
20 Also, there are several types of seni conductor

bondi ng net hpdhe Weading hnd psishingrEOII setiRiietwoedlidod vadfers at least
"bondi ng and polishing SO" nmethod. 2 I In the

onQ %F dhig rag geéﬁQthcﬁfﬁdnﬁe ﬁ@vlou@@td?%redt Wohael kd &RR ot 8l Som
| east 2 one of which has been OX|d|zed are

t?ﬁﬁ;&éetggtf%r%ﬂeaﬂg&g&%%ﬁdetg%?ga%ﬁe& f?o gfr‘?hagg%ﬁ@ 1o Mayh ngcgn film of a

I shed froml
@wre@%hgﬁ@essﬁn#hei‘sﬁiooﬁ.oifg%'la‘?:%?d%cw?r@rm 2 hsHE ﬁﬁ?fhe thickness
this et t he thlck 5 of t
af e ek 2t B G R Sy o aé’é‘i’ia"ﬂé Ipgpis
arbitrarily. In this 6 nethod, however, as nea
metkch §owerdii as meanpppaling g g §Hn phy sificen l@y%lr%welﬁ sléfai
7 grinding and polishing. Accordingly, it is difficult

grindivigtaail polashitg. Acterlimelyf itas diffiubrterobiainer thin f1ig1 dltmiemegm several
nm t hi ckness because the limtations of the origina

HuhileK mesthickaeds bacyisathd lighipodrssifitiegoreiel fladyessmctivecy and
silicon wafer. 10

polishing accuracy in the silicon wafer.

As the measures to overcome the above difficulty, a technique for
forming an ultrathin film (100 nm thick or less) uniformly in which thickness distribution
of a SOI film is measured instantly and dry-etching is performed relatively heavily at
regions where the film is rather thick while dry-etching is performed relatively lightly at
regions where the film is rather thin has been reported. This technique is referred to as
PACE (Plasma Assisted Chemical Etching). The PACE system includes two units
separated from each other: a unit for measuring instantly thickness of a SOI film at in-
plane multiple points (10000 points or more) and a unit for performing plasma etching.
The unit for performing etching has a plasma generating portion in the form of a nozzle
and is designed in such a manner that the nozzle can move over a wafer along its surface

and generate plasma according to the measurements of the thickness of the SOI layer so as
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11 As the neasures to overcone the above difficulty,
a technique for 12 formng an ultrathin film (100 nm
thick or less) uniformy in which thickness
distribution 13 of a SO filmis neasured instantly
and dry-etching is perforned relatively heavily at 14
regions where the filmis rather thick while
dry-etching is perforned relatively lightly at 15
regions where the filmis rather thin has been
reported. This technique is referred to as 16 PACE
(Plasma Assisted Chem cal Etching). The PACE system

i ncludes two units 17 separated fromeach other: a
tU@EH, forasxafPRSthe irftPer gk adplidns relatioknREsi19f Tids SChnidud ablows the
at in- 18 plane nultiple points (10000 points or nore)

cAMifb] Bf thBletchir@ranknt Qélmr@g}ormoar%?@ n &Gt 08 wafek QurfAe abi hénce the
for performng etching has a plasma generating portion

chitrdi BBk gfaﬂ?hﬂ% v&lul Qﬁﬁﬁfor&gﬁg? thel ﬁlﬂqgﬁklgég§ q{dvﬂzvéru 8RR sBrface

manper hat the nozzle Canl ve over a wafer Ong Its
hihe ?egﬁﬁﬁf%te@% @%%{ Aol SRR %&i@é&gw & {eDiping thsgeon;
o dles o g nE sttt ek Sl Faveh St Gl PiBishing so as o
. a

control of the etchin mount fromregion to region
reRnqvgiils demessiapes- g p INgRPCRERE 3y Wéusefgloﬁ'tb‘ﬁ’tf?rﬁiﬁycﬁgam in the
the absolute value and uniformty of the film
filmitiokimessof thioWel st wihieh Basrifistbeemmpde/imEbeen

subj ected to plasna-assisted etching has etching
damage renmi ni ng thereon; 5 accordingly, in many
cases, the surface of the SO layer is subjected to
polishing so as to 6 renove its damaged | ayer. This
pol i shing operation may cause non-uniformty again in
the 7 filmthickness of the SO |ayer which has just
been made uniform 8

The more relevant technical developments in the patent literature can be
gleaned by considering the following,.
US 6,653,209 Yamagata - Method of producing silicon thin film,

method of constructing SOI substrate and semiconductor device

US 6,649,492 Chu,et al.- Strained Si based layer made by UHV-CVD,

and devices therein.

US 6,723,541 - Sugii, et al. — shows a method of producing

semiconductor device and semiconductor substrate.




9 10 | 1 The nore relevant technical devel opnents in
the patent literature can be 12 gl eaned by
considering the followi ng. 13 US 6,653,209 Yamagata -
Met hod of producing silicon thin film 14 method of
constructing SO substrate and sem conductor device 15
16 US 6, 649,492 Chu,et al.- Strained Si based | ayer
made by UHV-CVD, 17 and devices therein. 18 19 US
6,723,541 - Sugii, et al. - shows a nethod of
produci ng 20 sem conductor device and sem conduct or
substrate. 21 4 1 US 20030207545 Al - Yasukawa - An
SO substrate is provided 2 with: a support

substrate; asspogioeorIqst Al —akbileon -1/aysol dilspasedsprovided
above one surface of the 3 support substrate; an

vdllfhs Y |s§ﬂﬁo%u9ﬁfattd 9@1:%!@@?3%@ dilfeeh BEENil IR EMRMO bhe surface of the
substrate and the 4 single crystal silicon |ayer, the

shﬁ%ﬂ %Ht%e th r#shfaﬁoﬁ ?Hﬁi’mt‘n Zd&ﬁ%g(?{l %}@%{nﬁk&% ? Brt Qébsﬁﬁte and the

t.y..of insulat.io

spngije crystal silicon layer the 1nsurfat10r1 port10n6compr1smg, a single layer of an insulation

film or a lamination structure of a plurality of insulation films.
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7851 2 3 Summary of the Invention 4 5 The exanple
enbodi nents for the present invention provides a
method 6 strained sem conductor on insul ator
substrates. An aspect conprises the followng. W 7
forma buffer |ayer over the substrate. The buffer

| ayer can be conprised of one or nore 8 conposite

| ayers, such as SiGe |layers. Then we forma Si Ge | ayer
on the buffer layer. 9 Next, we perform an oxidation
processes to oxidize the buffer layer to forma buried
10 isolation |layer conprised of silicon oxide and an
oxi de layer and oxidize the SiGe layer for 11 forma
oxi de layer. The buffer |ayer has an enhance oxi dation
rate conpared to the SiGe 12 |ayer because of the
defects in the buffer |ayer. W renove the oxide

| ayer. Then we form 13 an upper sem conductor |ayer

over the Si Ge | ayer. [ rmed on the 14
sem conduct or Iayer.S@@X$ﬁg§%ﬁ§?gggﬁg§er reduces the
anmount of dislocations/defects between the 16
Substrate and Si Ge |ayer. 17

The example embodiments for the present invention provides a method
strained semiconductor on insulator substrates, An aspect comprises the following. We
form a buffer layer over the substrate. The buffer layer can be comprised of one or more
composite layers, such as SiGe layers. Then we form a SiGe layer on the buffer layer.
Next, we perform an oxidation processes to oxidize the buffer layer to form a buried
isolation layer comprised of silicon oxide and an oxide layer and oxidize the SiGe layer for
form a oxide layer. The buffer layer has an enhance oxidation rate compared to the SiGe
layer because of the defects in the buffer layer. We remove the oxide layer. Then we form
an upper semiconductor layer over the SiGe layer. Devices can be formed on the
semiconductor layer.

The buffer layer reduces the amount of dislocations/defects between the

Substrate and SiGe layer.

The substance of the claims in the issued patent hereby incorporated by
reference into this summary of invention.
The above and below advantages and features are of representative

embodiments only, and are not exhaustive and/or exclusive. They are presented only to

6
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18 The substance of the clains in the issued patent
hereby incorporated by 19 reference into this summary
of invention. 20 The above and bel ow advant ages and
features are of representative 21 enbodi nments only,
and are not exhaustive and/or exclusive. They are
presented only to 6 | assist in understanding the
invention. It should be understood that they are not 2
representative of all the inventions defined by the
clainms, to be considered |imtations on 3 the
invention as defined by the clains, or [imtations on
equi valents to the clains. For 4 instance, sone of

ab e seuaityaaidagease MRynthe. Mshowl by uedeitsaicthatiieyyare hot
that they cannot be 5 sinultaneously present in a

r&Irfgh @t ahodl e HventRinRldeARddby 8O BRinAd A REScred Bmitations on
applicable 6 to one aspect of the invention, and

tljée;ﬁ{?&tfto& aé‘:? g?ﬁﬁeg bgttltheéﬁims':&'rr i RR5HTRE En ecg.g&atléf.tQOQﬁfpagi . For

al med i nvention have not en di scusse
.herei n. However,,no inference shoul d,be I
TEREPdPmS o FSe bR S ebSuRh TeruR At sl 4T Mo ey sporbe
B LRty R Aot TP BRRES Bhadi Bttt

features and advantages 10 should not be considered
telprgrsEatiof teiinveation antl Manpgliegls to afhsite Burtheampic; efigin aspects of
features and 11 advantages of the invention wll
tireddmed apatienbaviemot beenfdgicheswi! hgreideHeowe st ronnfekengasihdvéd be

12 drawi ngs, and fromthe clains. 13 14 7
drawn regarding those discussed herein relative to those not discussed herein other than for

purposes of space and reducing repetition. Thus, this summary of features and advantages
should not be considered dispositive in determining equivalence. Additional features and
advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.
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2 Brief Description of the Drawings 3 The features and
advant ages of a sem conductor substrate and further 4
details of a process of fabricating such a substrate
in accordance with the present invention 5 will be
nore clearly understood fromthe foll ow ng description
taken in conjunction with 6 the acconpanyi ng draw ngs
in which |ike reference nunerals designate simlar or
7 correspondi ng el enents, regions and portions and in
which: 8 9 Figures 1 thru 6 shows cross sectiona
views of a sem conductor device 10 according to an
exanpl e enbodi nent of the invention. 11 Figure 2A-1
shows cross sectional views of a sem conductor device
12 including a buffer [ayer according to an aspect of

the exanpl e enbodi gt D&AEripHEn dBthieMmaRingn. 14 Figure
2A-2 shows anot her cross sectional views of a

sem conduct ofy. g ARYhE Q?Ja?ﬁg%ﬁ%e iQMAE&REr duBdRfc and further

according to an aspect o exanpl e enbodi nent of

he 16 i I.QN.. . [ 2 A- . :
BsLP SRRl 4P E MR R BRSO Hn emion

em condu
i ncl udi n

wiyl e gh‘%ﬂg I%;%ﬁ rto%;? %?equ' él%céggﬁg{ﬁ)@ %q%é:ﬁ_gn VAT Fnt CO%}:UIIEHOGH with

the accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figures 1 thru 6 shows cross sectional views of a semiconductor device

according to an example embodiment of the invention,

Figure 2A-1 shows cross sectional views of a semiconductor device

including a buffer layer according to an aspect of the example embodiment of the

{nvention.

Figure 2A-2 shows another cross sectional views of a semiconductor

device including a buffer layer according to an aspect of the example embodiment of the

invention.

Figure 2A-2 shows another cross sectional views of a semiconductor

device including a buffer layer according to an aspect of the example embodiment of the

invention.
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21 8 | Figure 2A-3 shows another cross sectional views
of a sem conductor 2 device including a buffer |ayer
according to an aspect of the exanpl e enbodi nent of
the 3 invention. 4 9 2 Detail ed Description of the
Exanpl e Enbodi nents 3 4 5 The exanpl e enbodi nents of
the present invention will be described in 6 detai
with reference to the acconpanying draw ngs. The
exanpl e enbodi ments of the 7 present invention
provides a nethod of form ng a strained sem conduct or
on insulator 8 substrate. Enbodi nents of the invention
provi de structures and nmethods of fabrication of 9
sem conduct @igEE ALY eodvsShotiet wds.seddnalllievi2ofA semiconductor
substrate 13 Referring to Figure 1, a substrate is

dByievi ngﬁémk% buﬁafela%aba%&é@tn% tb 8in Ja@pm 6f @& aRdnYpl€ OAPSdimest of the
of silicon. The substrate is nore preferably conprised

iRlenforcrystal l'i ne
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15 silicon. 16 The substrate is preferably a p-type
crystalline silicon substrate wwth a 17 <100
crystal l ographic orientation. The substrate can be
conprised of SiGe or GaAs. 18 B. buffer layer is
formed on the substrate 19 Referring to figure 2, a
buffer layer 20 is forned over the substrate 10. 10 |
The key buffer layer (e.g., as disclosed in
applicant's docket cases 2 CS03-054 SN 10/ 763, 305,
CS03-054CI P SN 10/ 865, 433; and CS03- 055 SN 10/ 755, 501
3 which are incorporated by reference) is conprised of
. one or nore conposite |layers 4 preferably conprised
of Si, Ge, and/or C. For exanple the buffer |ayer can
be made of one 5 or nore layers of Si, SiGe, and/or
SiGC. 6 In @&aﬂ&pﬁgcri%ftmﬁ B?tl@@&%ﬂ[@ﬁnb(ﬂhﬁelﬂb‘f fer

| ayer is conprised of one or 7 nore conposite |ayers.
The conposite (bi-layer) layer is conprised of (a) a

| ower silicon- 8 germani um carbon |layer and (b) an
upper silicon-germaniumlayer. 9 10 Aspect 1 - Buffer
| ayer (e.g., CS03-055 ) 11 For exanpl e, referring to

Figure 2A-1 (e.qg., 03-Q55) .t he, buffer.
i's ’ conpri se djc}ﬁeg‘BWS %Scﬁm%‘?gﬂ“égng Rsreeent | lé’y “?ﬁi’ Wkerived in

conposite layer is conprised of a 13 |lo
dtailj netramer e Bmaesomspyinagening. dhe eézﬁnlg}ﬁ gwpodiments of the

silicon-germani um | ayer 24. 14
present invention provides a method of forming a strained semiconductor on insulator

substrate. Embodiments of the invention provide structures and methods of fabrication of

semiconductor substrate structure.

A. substrate

Referring to Figure 1, a substrate is provided 10. The substrate is
preferably comprised of silicon. The substrate is more preferably comprised of a crystalline
silicon.

The substrate is preferably a p-type crystalline silicon substrate with a

<100> crystallographic orientation. The substrate can be comprised of SiGe or GaAs.

B. buffer layer is formed on the substrate

Referring to figure 2, a buffer layer 20 is formed over the substrate 10.

10
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15 The | ower silicon-Germani um Carbon | ayer is
preferably conprised of: 16 Si wth between 62 and
79.5 atom c percent % and nore preferably between 75
17 and 79.5 atomic percent % Si; 18 and Ge with
between 20 and 35 % atom c percent; and preferably
between 19 18 and 25 % atom c percent of Ge ; 20 and
Cwth between 0.5 to 3.0 atomic %C;, and nore
preferably between 1 to 2 21 atomic %C. 11 | The

| ower silicon-Germani um Carbon | ayer 22 preferably has
a 2 thickness between 20 and 500 A. 3 4 The upper
silicon-germanium | ayer 24 is preferably conprised of

5 between 65hamrdy 8OtalOyEr Qe 8RtloSd in BPpslRapt edekalkhyes
bet ween 65 and 80 atomic 6 percent Si; and of between

c%@s 334 585 (M BM0S, @gdjﬁ@sﬂ(n% §R- 10/36HUB3URREICS03-055 SN 10/755,501
[i'con- ger mani um [ ayer 24 preferably has a thickness

“g-b%ez}rg\%%%g%er ! :'bgf r@%@er@ie)g gsrcggrg)ifécp | r(])ng 81(‘) HJ Jo?r{pols@eylggfers
PRRTABE RO TPt B Statpats PEL Ty granyt e f%hp‘% Reslade or one

| ayer 22A, SiCe la
or m%re layers of é SiGe, agld?or SiGeC.

In an aspect of the embodiment, the buffer layer is comprised of one or
more composite layers. The composite (bi-layer) layer is comprised of (a) a lower silicon-

germanium-carbon layer and (b) an upper silicon-germanium layer.

Aspect I - Buffer layer (e.g., CS03-055)
For example, referring to Figure 2A-1 (e.g., CS03-055) the buffer layer
20A is comprised of one or more composite layers. The composite layer is comprised of a

lower silicon-germanium-carbon layer 22 and an upper silicon-germanium layer 24.

The fower silicon-Germanium-Carbon layer is preferably comprised of:
Si with between 62 and 79.5 atomic percent %; and more preferably between 75
and 79.5 atomic percent % Si;
and Ge with between 20 and 35 % atomic percent; and preferably between
18 and 25 % atomic percent of Ge ;
and C with between 0.5 to 3.0 atomic % C,; and more preferably between | to 2

atomic % C.

11
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13 24A, Si GeC Layer 22B, Si Ge 24B, etc..Si GC | ayer
22X and Si Ge layer 24X). 14 15 Preferably, the
conposite |l ayer are conprised of a |lower silicon- 16
Ger mani um Car bon | ayer and a upper silicon-germani um
| ayer. 17 The | ower silicon-Germani um Carbon | ayer is
conprised of with 18 between 62 and 79.5 atom c
percent % Si; and of between 20 and 35 % atomnic
percent 19 of Ge ; and of between 0.5 to 3.0 atomc %
C. 20 The upper silicon-germanium | ayer is conprised
of between 65 and 80 21 atomic percent Si; and of
bet ween 20 and 35 atomic percent % Ge. 12 1 2 Aspect
3 - Si G gr adedoeantienhr@drmaniuBud irbon laggreX? preferabéy ltps a
CS03-054) 3 4 Figure 2A-3 shows a cross sectional

iMbigWsObet@Benemoaet S®nA. for the 5 buffer layer (200
(e.g., graded Sil-,,Ge, layer 20C where the Ge

concentration lowers as 6 |layer n increases). Figure
2A-3 shows: 7 1-1 Substrate 10 (e.g., substrate is Si)

8 P Graded S f. . 20C | i o

nunber of - !efgppgy é‘&?‘@sé‘%&%ﬁ %1151 e %sy El\%ﬁ ?Sgg%éfe?ag gfa%mrﬁrg?d of
bgt%re%r? Igg /JnrdaS%talto(?nqc %ggce\ﬁ@ i, ; ore plz(efelrab>13)/( %?;t\gr(e%n %9 and 80 atomic
percent Si; and of between 20 and 35 atemic percent % Ge .

The upper silicon-germanium layer 24 preferably has a thickness

between 20 and 500 A,

Aspect 2 — buffer layer 20B
Referring to figure 2A-2, in another embodiment, the buffer layer 20B is
comprised of between I and 5 composite layers (for example SiGeC layer 224, SiGe layer

24A, SiGeC Layer 22B, SiGe 24B, etc..SiGeC layer 22X and SiGe layer 24X).

Preferably, the composite layer are comprised of a lower silicon-
Germanium-Carbon layer and a upper silicon-germanium layer.

The lower silicon-Germanium-Carbon layer is comprised of with
between 62 and 79.5 atomic percent % Si; and of between 20 and 35 % atomic percent
of Ge ; and of between 0.5 to 3.0 atomic % C.

The upper silicon-germanium layer is comprised of between 65 and 80

atomic percent Si; and of between 20 and 35 atomic percent % Ge.

12
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I I 12 13 and -ormGe SiCGc layer 30 (Sij_,Ge,) -
optionally SiGE 30 can have a unif concentration
(non-graded) layer 40 14 15 In an aspect, the buffer
| ayer is conprised of a group of one or nore 16 Si Ge
alloy layers (portions) (1, 2,.. n) denoted as
Si(l-x,,)Cex,, wherein Xn is the content of 17 the
elenent in the SiGe Alloy n layer. The Ge
concentration Gex,, decreases as n goes from 18 1, 2,
to n. The Ge concentration x decreases in subsequent
SiGe alloy portions (e.g., 19 layers) denoted by xj,

X2, .. X,, ; wherein x,, is the fraction in the top
SiGe alloy portion 20 furthest away fromthe substrate
surface 10 ; wherein x | is greater than x2 ..and

z’l‘sgectﬁ IKAN Sfaded Md&ﬁﬂaﬁon Bﬁli‘i%fr PJ;@PWC wer esnms&
out between 0.000 1 and O. Ina preferre

aspect, (layer n=1) xE is betmeen 0.0001 and 0.5 and
2 nore preferably between O 4 and 0.5 and x" is

865\1\622 dO 00(5)1; guteCiA— ghows h (10%s sc&m%alexfzgx{r %P e enqgc;d{\{%grﬂ for the

buffer layer (20C) (e.g., graded Si; xGey layer 20C where the Ge concentration lowers as
layer n increases). Figure 2A-3 shows :

(1 Substrate 10 (e.g., substrate is Si)

(1 Graded SiGe Buffer layer 20C is comprised of “n” number of - Si;.
wQem layers where X is atomic percent/fraction and where : X 1>Xx2> xn
and

1 SiGe layer 30 (Si;Gex) - optionally SiGE 30 can have a uniform Ge

concentration (non-graded) .

M

1 layer 40

In an aspect, the buffer layer is comprised of a group of one or more
SiGe alloy layers (portions) (1, 2,.. n) denoted as Si(1-x,)Gex,, wherein x, is the content of
the element in the SiGe Alloy n layer. The Ge concentration Gex, decreases as n goes from
1, 2, to n. The Ge concentration x decreases in subsequent SiGe alloy portions (e.g.,
layers) denoted by xi, X3, .. X ; Wherein x,, is the fraction in the top SiGe alloy portion
furthest away from the substrate surface 10 ; wherein x1 is greater than x2 ..and x,., greater
than x,; preferably wherein x is about between 0.0001 and 0.5.

13
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4 5 The buffer layer 20C is conprised of SiGe |layers
(I to n) wherein the 6 Ge conposition increases from
the substrate 10 surface towards to Si substrate. The
total 7 thickness of the graded Si Ge | ayer can be
bet ween 300 and 1000 Angstrons, and nore 8 preferably
300 to 500 Angstronms. 9 Aspect 4-buffer layer 10 In
anot her aspect, the buffer layer is conprised one
| ayer of Si-Ge 11 wherein the Ge concentration changes
in the direction fromthe substrate 10 to the upper
12 surface of the SiGe |ayer. The Ge concentration has
a first value at the interface with the 13 substrate
and havi ng an s@egttedvabere, (Byet Bl ) sulsftaoecenf0.0008 dndfofeand
(Site) layer. The first 14 value of Ge concentration
nta)@é PGt PBEWEHAD 41:hE 058HAN Gk, Y d@eenfON0 18%3 01 @d ridie
15 ‘caoncentration in the Buffer | ayer (s) increases

p§%%g$ggﬁggg%g@@%hd§%rface and decrease 16 toward the

The concentrations ranges can be as
describe for the aspect 17 shown in figure 2A-3. 18
14 | forn1a SiGE | ayer 2 As shown in figure 3, we

o 2 Sl 70 08 Bt S B e
Ge composition increases from the substrate 10 surface towards to Si substrate.  The total
thickness of the graded SiGe layer can be between 300 and 1000 Angstroms, and more
preferably 300 to 500 Angstroms.

Aspect 4-buffer layer

In another aspect, the buffer layer is comprised one layer of Si-Ge
wherein the Ge concentration changes in the direction from the substrate 10 to the upper
surface of the SiGe layer. The Ge concentration has a first value at the interface with the
substrate and having a second value at top surface of the buffer (SiGe) layer. The first
value of Ge concentration being larger than the second value. For example, the Ge
concentration in the Buffer layer(s) increases towards the upper surface and decrease
toward the substrate 10. The concentrations ranges can be as describe for the aspect

shown in figure 2A-3.
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10

11

12

13

14

15

16

17

18

19

20

21

5 Msfit dislocations will preferably format the
interface between Si."'CGcj. 6 layer 30 and S
substrate 10, and sone threading dislocation will be
formed in the SiGe 7 layer, which is not desirable. 8
9 In order to decrease the nunber of such threading

di sl ocations, novel 10 buffer |ayers 20, ( such as

di sclosed in related patent applications CS03-054,

CS03 | | 054CI P, CS03-055 which are herein
i ncorporated by reference) can be placed between the
12 SlI,,Gel-, layer 30 and the substrate 10. Because of

the thin buffer involved, the following 13 oxidation
step §.s possfiobhea SYGEdayera buried isol ator |ayer
wi t hout inplantation. 14 15 16 The conposition of the

cCompos: 11 on NeLRSE T ARE (1 Bk ASPE L PEAE P pbel ittr ayer

conmposi tion ‘ne f1na

hi.ck I s.chose ch that.it is 18 thicker than
P e R e 30 il Dt YT | mowi 11 be partially
relaxed. (Fig 3) 19 Critical thickness, in

het er oepi t axy, nmeans a certain val ue exceeding 20
whi ch, the heteroepitaxial systemcan not maintain its .
coher ence, iMéfif dislygaticpepalt prefergldy fonm abthe ideréacapstiween Si,Ge,.
di sl ocation fornms to relieve elastic strain in the
Syt Bnand 5i fubttrge (I0ehakad)e tHie@iing disbrcatoanwilhedo®eed in the SiGe
conposition of between 20 and 100 atom c percent, 2
|aRre wméleispoed@ralley between 20-25 atomic percent %

and preferably a thickness between
In order to decrease the number of such threading dislocations, novel
buffer layers 20, ( such as disclosed in related patent applications CS03-054, CS03-
054CIP, CS03-055 which are herein incorporated by reference) can be placed between the
SixGe|x layer 30 and the substrate 10. Because of the thin buffer involved, the following

oxidation step is possible to form a buried isolator layer without implantation.

The composition of the SiGe layer is chosen according to the targeted
Ge composition needed in the final SGOI wafers. The thickness is chosen such that it is
thicker than the critical thickness and the film will be partially relaxed. (Fig 3)

Critical thickness, in heteroepitaxy, means a certain value exceeding
which, the heteroepitaxial system can not maintain its coherence, i.e., some defects, for

example misfit dislocation forms to relieve elastic strain in the system.
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10

11

12

13

14

5

16

17

18

19

20

3 2000 and 10000 angstronms. 4 In an option shown in
figure 2A-3, the SiGe layer 30 is a non-graded 5
(constant Ge Concentration) |layer. (See e. g@.,
CSM4-054) Layer 40 is forned over layer 6 30. 7 8 D
oxi di ze the buffer layer 9 As shown figure 4, we
perform an oxi dati on processes (or anneal 10 process)
to oxidize the buffer layer 20 to forma buried
isolation |ayer 22 preferably 1 | conprised of
silicon oxide and oxidize the SiGe layer 30 for form
an oxide layer 38. 12 The oxi dation process is
preferably performed in an oxygen containing 13

Tak RERBOIEGalayar d0MAE Bt LbRpeieRL @betiah 20000 C0 dibic percent,
oxi dation process is preferably at 14 tenperature

bl SR p&f&%l}%e&- 2@126 faﬁfnﬁ@ b¥rcati oW Nid b3S ablyanicksess between

preferably perforned an oxygen contai ni ng

265&3&9“ﬁ@§3?é%31@e oxygen contalnlng at nosphere can be

rse n xed mnth 17 Ar, He, and other |nert
gases. 18 1

I the Sice ce TrgpepiSp Hudifh ?35&%55 G SRR e
TGOR PEREBr OISt 08 St O e 4@ Lyined M ayer

33onp03|t|on in the final SGJ wafer, including pure Ge
n

D. oxidize the buffer layer

As shown figure 4, we perform an oxidation processes (or anneal
process) to oxidize the buffer layer 20 to form a buried isolation layer 22 preferably
comprised of silicon oxide and oxidize the SiGe layer 30 for form an oxide layer 38.

The oxidation process is preferably performed in an oxygen containing
atmosphere at a temperature greater that 1000°C.  The oxidation process is preferably at
temperature higher than 1000 C, preferably around 1350 C and is preferably performed in
an oxygen containing atmosphere.

The oxygen-containing atmosphere can be comprised of O, mixed with

Ar, He, and other inert gases.

It is also possible that Ge composition in the SiGe layer 30 can be

increased because of the selective oxidation of Si in the SiGe layer. Thus tuning the
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10

11

12

13

14

15

16

17

18

2 isolator wafer. (Fig. 5) 3 The buffer |ayer 20 has
defects preferably concentrated at the 4
substrate/filminterface that facilitate oxidation so
that the buffer |ayer oxidizes nmuch faster 5 than the
Si Ge |l ayer 30 surface. The strain relaxing defects are
concentrated at the interface 6 region when the Si Ge
buffer layer is grown for exanple as describe in
CS03-054, CS03 7 054CI P and Cs03-054. 8 9 E. The oxide
| ayer is renoved 10 Referring to figure 5, the oxide

| ayer 32 is renoved preferably using an | | etch.
Preferably a wet etch is used. 12 13 F. upper

osiati onegioars theye Getdmpdtikteinghe fimg SGOIfwderr mchidinggpure Ge on
form an upper sem conductor |ayer (e.g., Si, 16 SiCe
@[at&ewgfaygri%, A0 is formed on the SiGe |ayer. Ve
preferably ormthe upper 17 sem conductor |ayer

(e.g., Si, h@%él%r er! AMBE HedOs gﬁe'fé}goi?@orﬁn’éh&a%éd &lthe

process The upper sem conductor layer can

sﬁtggg e/fsl Ceafﬁ%ﬁ:utg?t%laﬁta‘t)e ?x%;aatllogié% héig Qk bﬁ@gﬁ%es 0X c%% B‘xuch faster
t@@ﬁb%gﬁ{]a’%ﬁg S re. {}‘g%—:\ gtgzgn g%%?él\@e&gcrt%?re concegg‘ated at the interface

region when the SiGe buffer layer is grown for example as describe in C503-054, CS03-

054CIP and Cs03-054.

E. The oxide layer is removed
Referring to figure 5, the oxide layer 32 is removed preferably using an

etch. Preferably a wet etch is used.

F. upper semiconductor layer

Referring to figure 5, we form an upper semiconductor layer (e.g., Si,
SiGe or Ge layer) 40 is formed on the SiGe layer. We preferably form the upper
semiconductor layer (e.g., Si, SiGe or Ge layer) 40 using an epitaxial process. The

upper semiconductor layer can be comprised of  Si, SiGe or Ge.
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10

11

12

I3

14

15

16

17

18

19

3 aSiG with Ge conposition higher than that in Si Ge
Layer. 4 The upper sem conductor |ayer can be
conprised of Ge epi to form 5 strained SGO (Si On
Insulator) or Ged (Ge On Insulator)wafer. (Fig.5) 6
G formdevices 7 Referring to figure 6, next we form
devi ces on the an upper 8 sem conductor |ayer. For
exanpl e as shown figure 6, a transistor conprised of
source - 9 drain regions 56, gate dielectric 52 and
gate 54. 10 11 H Non-limting Enbodi ments 12 In the
above description nunerous specific details are set
forth in order 13 to provide a nore thorough

under st andi ngbr@karhfie, the es@nberhioviucion uyel danwiclcompeised of a Si
obvi ous, 14 however, to one skilled in the art that

e?hﬁyél* t8 SR stiaie8 BOPRaRBRYTIREupPERGhH i EduMblt A PeHcah BES@mprised of
5 details. In other instances, well known process

4 GE \xﬁﬁ’ithbI&ﬁl})oggﬁﬁ it EOhh A e fAdiGe !L@g&r der 16 to not

unnecessar scure the present invention. 17 Unl ess

Cange. 18" shom BvBE R e B et KRR Y e W orm

I
range |8 sho rete approx

as. if rd about. or_a Xi mat e 1 ceded the
Fainet shET S 0ot & GRIEI e Tt et y o
enbodi nents of the present invention just 2 descri bed,

t he ﬁ?ove description and illustrati ons show not be
t akerP-as | i mM¥™hYPY'AES scope

Referring to figure 6, next we form devices on the an upper
semiconductor layer. For example as shown figure 6, a transistor comprised of source -

drain regions 56, gate dielectric 52 and gate 54.

H. Non-limiting Embodiments

In the above description numerous specific details are set forth in order
to provide a more thorough understanding of the present invention. It will be obvious,
however, to one skilled in the art that the present invention may be practiced without these
details. In other instances, well known process have not been described in detail in order
to not unnecessarily obscure the present invention.

Unless explicitly stated otherwise, each numerical value and range
should be interpreted as being approximate as if the word about or approximately

preceded the value of the value or range.
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10

11

12

13

14

3 of the present invention defined by the clains. 4
Wil e the invention has been particularly shown and
described with 5 reference to the preferred

enbodi nents thereof, it will be understood by those
skilled in 6 the art that various changes in form and
details may be nmade wi thout departing fromthe 7
spirit and scope of the invention. It is intended to
cover various nodifications and simlar 8
arrangenents and procedures, and the scope of the
appended cl ains therefore should be 9 accorded the
broadest interpretation so as to enconpass all such
modi fi cati omvéentle shidt) af emBdiacitaopBeprsant andntion just
procedures. 11 12 13 14 19 Wat is clainmed is: 1. A

deRtibad ufabbabadseab i Annafingeai sRREYE hef betlmtds dinfiting the scope
structure; conprising the steps of: a) providing a

o?ﬁﬁ@?}ers@l{t%vemiglﬁ %éﬁﬁeg%g@h@agit r layer on the substrate;

ormng a r on the buffer |ayer; d)

bt or | ayerToge P AeRio DR RERT Fhr fpRiSAGad Beribed wit

ri f . silicon oxi nd. .an.oxi I r qr g
rgfgrggcel t?) %’9@ ;g"efesr’ged Iez% Odll%)ﬁ(bll’lg ?he?eo \ 1?w11?f§(la gneders?(;/o% byemgse skilled in

the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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oxi di ze the SiGe layer for forma oxide |ayer; said
oxide layer on top of said buffer layer. 2. The
nmet hod of claim 1 which further includes: renoving
sai d oxide layer; and form ng an upper sem conduct or
| ayer over the SiGe |ayer. 3. The nethod of claim!]
wherein said substrate is preferably a p-type
crystalline silicon substrate with a <100>
crystal |l ographic orientation. 20 4. The nethod of
claiml wherein said buffer layer is conprised of one
or nore conposite |ayers; said conposite layer is
conprised of a | ower silicon-germni um carbon | ayer
and a upper silicon-germanium |l ayer. 5. The nmethod of
claim1 wherein said buffer layer is conprised of one
or nore conposite |ayers; said buffer |ayer contains
defects and the defect in said buffer |ayer cause the
to oxidize faster that said SiCGe | ayer
\QHL1§g3§g¥g§oxidation process 6. The nethod of claim

m) éneé%}#;)%fzta?récag e;egllc%lg}lc&or sgﬁ%g;sg?r §t§1%Fure comprelsmg the steps of :

conprised of .a | oner S|I|con Gbrnanlun}carbon Iayer
and a ahB%@Fh%5?§ a‘@ernanlumlayer sai d | ower
silicon- GErnanlun}Carbon | ayer is conprised of with

bet weef®) Exmai a 7ok layeionti he petstaiit % Si; and of

bet ween 20 and 35 % atom c percent of Ge ; and of
¢) forming a SiGe layer on the buffer layer;

d) performing an oxidation processes to oxidize the buffer layer to form a
buried isolation layer comprised of silicon oxide and an oxide layer and
oxidize the SiGe layer for form a oxide layer; said oxide layer on top of said

buffer layer.
2. The method of claim 1 which further includes:
removing said oxide layer; and

forming an upper semiconductor layer over the SiGe layer.

3. The method of claim 1 wherein said substrate is preferably a p-type crystalline silicon

substrate with a <100> crystallographic orientation.
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between 0.5 to 3.0 atomc % C, said upper
silicon-germanium |l ayer is conprised of between 65 and
80 atomic percent Si; and of between 20 and 35 atonic
percent % Ge. 7. The nethod of claiml wherein said
buffer layer is conprised of between 1 and 5

conposite | ayers; said conposite layer is conprised of
a |l ower silicon-germani umcarbon | ayer and a upper
silicon-germanium |l ayer. 21 8. The nmethod of claiml
wherein said buffer layer is conprised of Si-Ge
wherein said buffer |layer has a varying Ge
concentration in the thickness direction of said SiGe
4. aPemethod af claitt & wherkesdid bkffoyeaisi cogpaséd ¢fahe vaose @tnposite
the interface wwth said substrate and having a second

Vahyes: adid EsthpositBlSkNRLEmlisciaifd 1OMEd Bicohayahani&Aicdrbon layer
first value of Ge concentration being |arger than

saj - I ncentration. 9. The net hod
b e T RSP

eln sald buffer layer is conprised of

52?‘ ge %%}?8”8 Iro? cigirrﬁ Wé\l%kel&gyai SR ?éye? ?Slcf%g%ée%daﬁ 0'(1)1)8/& Inggeg{ozhposite

rise erein-sai
have a varying Ge caoncentration. i he thi,ckpess
s S DB P RetFaly it the dglett s GHE G A £ the
having a first value at the interface wth said
simEer lare tapgdiadasty thal sdd Slrllaye dysing saif QRIdAEH) RIRES s
of said buffer layer, said first value of Ge .
G dhe ewsthodof elaim bhevherpin spidybyitarhaisr Saompsisebridng aF merefomposite
Ge concentration. 10. The nmethod of claim| wherein
sdagbrdpuf fer | ayer is conprised of a group of one or
said composite layer is comprised of a lower silicon-Germanium-Carbon layer and a
upper silicon-germanium layer;
said lower silicon-Germanium-Carbon layer is comprised of with between 62 and 79.5
atomic percent % Si; and of between 20 and 35 % atomic percent of Ge ; and of
between (.5 to 3.0 atomic % C,

said upper silicon-germanium layer is comprised of between 65 and 80 atomic percent

Si; and of between 20 and 35 atomic percent % Ge.

7. The method of claim 1 wherein said buffer layer is comprised of between | and 5

composite layers;

said composite fayer is comprised of a lower silicon-germanium-carbon layer and a

upper silicon-germanium layer.
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nore SiGe alloy layers (t, 2, ...n) denoted as
Si(l-x,,)CGex,, wherein x] is the content of the
elenment in said SiGe Alloy |ayer |ocated at the
substrate surface and with decreasing x in subsequent
SiGe alloy |ayers denoted by X2, .. X ; wherein x" is
the fraction in the top SiGe alloy portion furthest
away from said substrate surface; wherein X, 1is
greater than X2 ..and x,,., greater than x,,; wherein
Xn is about between 0.0001 and 0.5; x | is between
0.00 1 and 0. 5 and x,, is between 0.0 1 and 0.20. 11.
The nethod of claim| wherein said buffer layer is
SCOAPficBRd 00flan URRIOT sa@nigufedt 1ayeDik Cobpiadalf ISOYrel vayeadis said
(1, 2, ...n) denoted as Si(l-x,,)Gex,, wherein xi is

t I?)ﬁff&olﬁifﬁrh%s vaa@r% t(ﬁ@ccﬁﬂc@ﬁf?aﬂhn i thS BHicknets@reBlidPYf shRYBGe layer,
Iocate at the Su strate surface and with decreasing

é?eg&?]f%fﬁﬁgn %vﬁ?% Qh 9¥alh@¥tqﬁ§wgc?ﬁ9é gﬂg@é&%g{rstmgy ahd having

ractron 1n to

&%éq%ﬁ salterel T R Of GRS, SRS SRR sapsppuration
; wherein x|, is between 4 and 0.5 and x" is
b@@wgéﬁgerdhms%wcw alue of 8 FRUHBY of claim
wherein the oxidation process perforned in an oxygen
% dhe aicHiod gf eleimb prisran geidpuffegiapytissorumied ebower mage SiGe
The method of claim 1 wherein the upper sem conductor
| ajley lawrs onp SiGedlqflagerSire copprisedyd Bi-o Wheram stid &i(rreadloy
Si A wafer; the upper sem conductor |ayer is conprised
Oflayars ivea V‘Myﬁx’(g Ge cenamasiohiiothehhighess dilwnon hédaid buffer layer,
Si Ge Layer. 14. The method of claim 1l wherein the

URRRIGS&M &RREUE h&lind AYiad vhiSe QARG RI: @ith GE&deMbstrate and having

a second value at full thickness of said buffer layer, said first value of Ge concentration

being larger than said second value of Ge concentration.

{0. The method of claim 1 wherein said buffer layer is comprised of a group of one or
more SiGe alloy layers (1, 2, ...n) denoted as Si(1-x,)Gex, wherein x; is the content of
the element in said SiGe Alloy layer located at the substrate surface and with decreasing
x in subsequent SiGe alloy layers denoted by xa, .. Xq ; wherein x, is the fraction in the
top SiGe alloy portion furthest away from said substrate surface; wherein x, is greater
than x; ..and x,.; greater than x,; wherein x, is about between 0.0001 and 0.5; x11s
between 0.001 and 0.5 and x, is between (.01 and 0.20.

1 1. The method of claim 1 wherein said buffer layer is comprised of a group of one or

more SiGe alloy layers (1, 2, ...n) denoted as Si{1-x,)Gex, wherein x; is the content of
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to formstrained SGO or Ged wafer. 15. The nethod of
claim1l wherein further includes form ng devices on

sai d upper sem conductor |ayer. 23 16. A nethod of
fabrication of sem conductor substrate structure;
conprising the steps of: a) providing a substrate; (1)
said substrate is preferably a p-type crystalline

silicon substrate; b) a buffer layer is forned on the

Si Substrate. (1) said buffer layer is conprised of
between 1 and 5 conposite |ayers; said conposite

| ayers are conprised of a |lower silicon-

Ger mani um Carbon | ayer and a upper silicon-gernmani um

| alyeglement if sHidrSBGeShIGey Ihpareocatud di e shbftfaer sukfayesnd wiYh decreasing
perform ng an oxi dation processes to oxidize the

bufif 8libdeq@t iR A8y Mydrs dehbte@dy ks 0l:at IverdidXefs the fraction in the
conprlse of silicon oxide and an oxi de | ayer and

e;;gsﬁ% atnt p SHich fmé@travJ grfrd‘nq E QuRthESulrAX ek her®h x, is greater
ving sard

s oxi de | aye formng an upper
J
ﬁg%‘a‘n ngn 8# N agfll:e%%rgﬁa )X,e{l%'h%rg%[ 1sG€et\Lv ed' 4 ar]t% 0. S%H(E én is between

udes
Sep o5 g =210 vever

[2. The method of claim | wherein the oxidation process performed in an oxygen

containing atmosphere at a T greater that 1000°C.
13. The method of claim | wherein the upper semiconductor layer is comprised of a St
epi layer to form strained SiOl wafer; the upper semiconductor layer is comprised of a

SiGe with Ge composition higher than that in SiGe Layer.

14. The method of claim | wherein the upper semiconductor layer is comprised of Ge epi

to form strained SGOI or GeOl wafer.

15. The method of claim | wherein further includes forming devices on said upper

semiconductor layer.
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sem conductor layer. 24 18. The nethod of claim 16
wherein said buffer layer is conprised of one or nore
conposite layers; said conposite |layer is conprised of
a |l ower silicon-Germani um Carbon | ayer and a upper
silicon-germani um | ayer; said | ower
silicon-Germani um Carbon | ayer is conprised of with
between 62 and 79.5 atom c percent % Si; and of

bet ween 20 and 35 % atom c percent of Ge ; and of
between 0.5 to 3.0 atomc % C, upper silicon-gernmani um
| ayer is conprised of between 65 and 80 atom c percent
Si; and of between 20 and 35 atom c percent % Ge. 19.
1&he nreeiddad faricati®i & stmidvheibrsubhitdfieturs eoposin tieateps of;
| ayer can be conprised of a Si epi layer to form

strai ngph sl idngweduBitiatd;he upper sem conductor layer is
conprised of a SiGe with Ge conposition higher than

that in SiGe layer. 20. The nmethod of claim 16 wherein
the upper sephcaRdWSHAL: ik Bﬂé?éra&%ﬁ pg‘?};fyéﬁgﬁﬁﬂiﬁ@g}i&fn subBrate;
epi to formstrained SG  or Ge wafer. 21. The

nmet hod of fabrjcation of sem gonductor substrate
structﬁ}%fm-SﬁfY?é?%ﬁm@%eﬂgFgﬁgug$mﬁh) providing a
substrate; (1) said substrate is preferably a p-type

crystalline silicon substrate w.th .
(1) said buffer layer is comprised of between 1 and 5 composite

layers;

said composite layers are comprised of a lower silicon-
Germanium-Carbon layer and a upper silicon-germanium
layer;

¢) form a SiGe layer on the buffer layer;

d) performing an oxidation processes to oxidize the buffer layer to form a
buried isolation layer comprised of silicon oxide and an oxide layer and
oxidize the SiGe layer for form a oxide layer;

) removing said oxide layer;

f) forming an upper semiconductor layer over the SiGe layer.

[7. The method of claim 16 which further includes forming devices on said upper

semiconductor layer.
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a <100> crystall ographic orientation. 25 b) a buffer
| ayer is fornmed on the Si Substrate. (1) said buffer

| ayer is conprised of one or nore SiGe alloy |ayers;
said SiGe alloy layers are conprised of Si-Ge wherein
said SiCGe alloy layers have a varying Ge
concentration in the thickness direction of said
buffer |ayer, said Ge concentration having a first
value at the interface wth said substrate and having
a second value at full thickness of said buffer |ayer,
said first value of Ge concentration being |arger
than said second value of Ge concentration, c) forth

18. BhGaethay of clei thehbuinf edaid BRE jaye) ispembasad afgnanr more
oxi dation processes to oxidize the buffer layer to

fggﬁb@ﬂquﬁﬁﬁ i solation |ayer conprised of silicon
oxi de and ‘an oxi de | ayer and oxidize the SiGe |ayer

f Osra]gcf PR OB L8 lc@l}{gﬁsed &ta !o%?@wh@gn %hﬂar@%rh@drllxﬁy@%g and a

orm-ng an upper em conductor [ayer over the S
Sﬂf%% g ge¥10es on sai d upper sem conduct or
I&%@? g?ﬁ% hoﬁibf cIa|n121 wherei n said buffer
| ayer, is of one.or, . %%
et oy Gy DR cistngnam: Oy B0 bl oFtaa i of Wph heBidh 62 and 79.5
wherein x[ is the content of
atomic percent % Si; and of between 20 and 35 % atomic percent of Ge ; and of
between (0.5 to 3.0 atomic % C;
upper silicon-germanium [ayer is comprised of between 65 and 80 atomic percent Si,
and of between 20 and 35 atomic percent % Ge.
19. The method of claim 16 wherein the upper semiconductor layer can be comprised of a
Si epi layer to form strained SiOI wafer; the upper semiconductor layer is comprised of
a SiGe with Ge composition higher than that in SiGe layer.

20. The method of claim 16 wherein the upper semiconductor layer can be comprised of

Ge epi to form strained SGOI or GeOI wafer.

21. The method of fabrication of semiconductor substrate structure; comprising the steps

of:

a) providing a substrate;

(1) said substrate is preferably a p-type crystalline silicon substrate with

a <100> crystallographic orientation.
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the element in said SiGe Alloy layer |ocated at the
substrate surface and with decreasing 26 x in
subsequent Si Ge alloy |layers denoted by x2, .. x" ;
wherein x,, is the fraction in the top SiCGe alloy
portion furthest away from said substrate surface;
wherein xi is greater than x2 ..and x"_i greater than
X,,; wherein xn is about between 0.0001 and 0.5; x| is
between 0.001 and 0.5 and x" is between 0.01 and 0. 20.
23. The nethod of claim 21 wherein said buffer |ayer
is conprised of a group of one or nore SiGe alloy

| ayers (1, 2, ...n) denoted as Si(1-x")Gexn wherein Xi
I s t hebromufatlagdr is fondedbe et Substsad. d Si Ge Al | oy

| ayer | ocated at the substrate surface and with
decreasing x in subsequent SiGe alloy |ayers denoted
by x2, .. xn{l)whed Bufferdfiyer $ dobpribédsttdrernr inord Sicie adlop layers;
SiGe alloy portion furthest away from said substrate

surface; wherein XJdissGOLEAL BYers LBRBrpAsed FEVLOE wherein said
greater than x,,; wherein Xi 1s between 0.4 and 0.5

and x” is between s i A0k On 88 Abind BE ROl he

claim 21 wherein said ayer has a’ uni

concentration. 25.. . The thod of .cl aim 21 wherei .
upper sem conduct ldf[g)slse&?eg gﬁn Bgsaécg%%ﬁﬂggr’ 8?18 g’% Cglnée@ﬁatmn

epi layer to formstrained Sjd fer, the upper

seni conduct or | ay&pVing 33-’6% F““§ é‘Ht\ﬁ%Fme‘zga%i“t%‘ %Pdtesﬁlbi’%te and
conposition higher than that in SiGe |layer. 26, The .
met hod of cl ai m 2haviRgaersend valugphill tisknesoplnaid yter layer, said

| ayer can be conprised of Ge epi to formstrained
S or Ged waf effirstvalue of Ge concentration being larger than said second

value of Ge concentration,

¢) form a SiGe layer on the buffer layer;

d) performing an oxidation processes to oxidize the buffer layer to form a buried
isolation layer comprised of silicon oxide and an oxide layer and oxidize the
SiGe layer for form a oxide layer;

e) removing said oxide layer;

f) forming an upper semiconductor layer over the SiGe layer;

) forming devices on said upper semiconductor layer.

22. The method of claim 21 wherein said buffer layer is comprised of a group of one or
more SiGe alloy layers (1, 2, ...n) denoted as Si(1-x,)Gex, wherein X is the content of

the element in said SiGe Alloy layer located at the substrate surface and with decreasing
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x in subsequent SiGe alloy layers denoted by xa, .. %, ; wherein x, is the fraction in the
top SiGe alloy portion furthest away from said substrate surface; wherein x, is greater
than x; ..and x,. greater than x,; wherein x, is about between 0.0001 and 0.5; x1is
between 0.001 and 0.5 and x, 1s between 0.01 and 0.20.

23. The method of claim 21 wherein said buffer layer is comprised of a group of one or
more SiGe alloy layers (1, 2, ...n) denoted as Si{1-x,)Gex, wherein x; is the content of
the element in said SiGe Alloy layer located at the substrate surface and with decreasing
x in subsequent SiGe alloy layers denoted by xa, .. X,; wherein X, is the fraction in the
top SiGe alloy portion furthest away from said substrate surface; wherein x; is greater
than x; ..and x,.; greater than x,,; wherein x, is between 0.4 and 0.5 and x, is between
(.01 and 0.05.

24. The method of claim 21 wherein said SiGe layer has a uniform Ge concentration.

25. The method of claim 2 1wherein the upper semiconductor layer can be comprised of a
Si epi layer to form strained SiOl wafer; the upper semiconductor layer is comprised of
a SiGe with Ge composition higher than that in SiGe layer.

26. The method of claim 21 wherein the upper semiconductor layer can be comprised of

Ge epi to form strained SGOI or GeOl wafer.
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