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BACKGROUND OF THE INVENTION

For applications in microelectronics, high carrier mobilities are
desirable. It has been found that electron mobility in strained 8i/siGe
channels is s1gn1flcantly higher than that in bulk Si. For example,
measured values of electron mobility in strained Si at room temperature
are about 3000 cm®/Vs as opposed to 400 cm?®/Vs in bulk Si. Similarly, hole
mobility in strained SiGe with high Ge concentration (60%~80%) reaches up
to 800 cm®?/Vs the value of which is about 5 times the hole mobility of 150
cm?/Ve in bulk Si. The use of these materials in state-of-the-art 8i
devices is expected to result in much higher performances, higher
operating speeds in particular. However, the underlying conducting
substrate for MODFETs and HBTs or the interaction of the underlying
substrate with active device region in CMQéiare undesirable features which

" -limit the full implementation of high speeataévices. To resolve the
problem, an insulating layer is proposed to isolate the SiGe device laver
from the substrate. Therefore, there is a need for techniques capable of
fabricating strained 8i/SiGe on insulator materials.

There are two available techniques for making SiGe-On-Insulator
(SGOI) . One is via SIMOX as reported in a publication by T. Mizuno et al.
entitled “High Performance Strained-gi P-MOSFETs on SiGe-on-Insulator
Substrates Fabricated by SIMOX Technology,” IEDM, 99-934. However, this
method has several limits because the oxygen implantation induces further
damages in the relaxed SiGe layer in addition to the existing defects
caused by lattice mismatch. And, the high temperature anneal (51100°C)

needed to form oxide after the oxygen implantation is detrimental to the
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het er oj uncts Sg T (ﬂlegl/aﬁ“ge duréﬁ%&h(?ﬁballcér?a&?‘ Benodul ating 1.3-1.6 umlight
at 300K. The use of 30%to 50% Ge is suggested to achi eve absorption at
the desired 1. Bed.fGbrédptic applications, SiGe/Si heterojunction diodes are a

good choice for demodulating 1.3-1.6 um light at 300K. The use of 30% to
50% Ge 1s suggested to achieve absorption at the desired 1.3-1.6 um
wavelength and low defects such as dislocations in the SiGe layer is
needed to enhance the photodetector sensitivity. The state-of-the-art
technology to achieve SiGe/Si heterojunction diodes with high
responsivity, low noise, and fast response is to form a 100-period SiGe/Si
strained layer superlattice. However, the alloy then noilonger behaves
like the bulk material due to the quantum size effect. The net result of
the quantum size effect is that the abso;gtion occurs at wavelengths
(1.2-1.3 um) shorter than expected. Thereéé;e, a bulk SiGe alloy with
desirable Ge content and low defects is neéded to fabricate photodetectors

that would absorb lights in the range of 1.3-1.6um.

The invention provides a method capable of transferring a low defect
SiGe layer onto a desirable substrate using the etch-back method but
without any additional heavily doped etch-stop layer. The key feature of
this invention is that a SiGe layer serves both as the layer over which
the epitaxial strained Si/SiGe is grown but also as an etch-stop layer
itself in some specific etching solutions. In other words, the SiGe layer
is a self-etch-stop in this case. As a result, the process of fabricating
gstrained Si/SiGe on insulator or a SiGe/Si heterostucture 1s greatly
simplified and the quality of the strained Si/SiGe or SiGe/Si
heterostucture is significantly improved.
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| ayer, snoothing the surface of said relaxed Sil-yGey epitaxial l[ayer to

provi de anesalthasgan reagd g Hkicon;te farpea metabiligide@gndbout " 0.3 nmto about 1 nm
root mean Squ@&?diﬁ% smoothed surface of said relaxed Si;.yGey epitaxial layer on said first

substrate to the upper surface of said structure including said second substrate, said step of

bonding including the step of annealing to form sufficiently strong bonds across the bonding
interface to form a single mechanical structure, whereby during said bonding said intermediate
agent layer is converted into a metal silicide which includes germanium.

According to a second aspect of the invention there is provided a multi layer substrate
for use in forming integrated circuits comprising:

a silicon substrate,

a relaxed Siy.yGey layer on said silicon substrate, said relaxed Si;.,Ge, layer chemically
bonded to said silicon substrate, and

a strained epitaxial silicon containing layer on said relaxed Si;.,Gey layer.

The invention provides a method capable of transferring a low defect SiGe layer onto a
desirable substrate using the etch-back method but without any additional heavily doped etch-
stop layer. The key feature of this invention is that a SiGe layer serves both as the layer over
which the epitaxial strained Si/SiGe is grown but also as an etch-stop layer itself in some
specific etching solutions. In other words, the SiGe layer is a self-etch-stop in this case. As a

result, the process of fabricating strained Si/SiGe on insulator or a SiGe/Si heterostructure is

[RALIBO016923.doc:AVC
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Si/SiGe is grown but also as an etch-stop layer itself in sone specific
etching solutions. In other words, the SiGe layer is a self-etch-stop in
this case. As a result, the process of fabricating strained Si/Si Ge on
insulator or a SiGe/Si heterostructure is [R\LIBOQ 6923. doc: AVC 12 MNAY
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Si Ge/Si heterostrucure is significantly inproved. BRI EF DESCRI PTI ON OF THE
DRAW NG The invention is described in nore detail thereinafter relative to
non-limtative enbodinents and with reference to the attached draw ngs,
wherein show. Fig. 1 is a cross section view of the first substrate with
epitaxially grown graded Sil-xGex and relaxed Si 1l-yGey | ayers;

[ R\ LI BOQ] 6923. doc: AVC WD 02/ 33746

[RALIBOO]6923.doc:AVC



4 12 MAY 2005 PCT/GBOA /04159 Fig. 2 is a cross section view of t{iﬁ'&mt
sem conduct or substrate shown in Fig. 1 bonded to a second substrt Witk h
or withouWem/3378ul ator layer; Fig. 3 is a cross section VCLERMO#R iy st
substrate shown in Fig. 2 thinned by grjnding and polishing fromits back
side; Fig. 4 is a cross section view of the remainder of the first
substrate shown in Fig. 3 after the step of etching and stopping at the
graded Si 1-xGex |ayer by a highly selective wet etching process; Fig. 5is
a Cross secti omigi @wsofa tivessr esrdian injesi df e xfinsyererirenducter sybpetatehed
away and LhemSid-Eey bay&da sdnokbeshanktibstadat€hethcat wirtitdhankg dinsulator
pl anari za._Fi %Q_(OVP) process; and Fig. 6 is a cross section view of an
epi t axi al grown strained Si/SiGe |layer or a p-i-n photodetector
epitaxially grown over the smoothed Sil-yGey |ayer fromFig. 5. DETAILED
DESCRI PTI ON OFFiRHE3 | NVENEE@N Féves ienbodivneh tthahf sstwpydstrghe BowedBri bed in
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30 and 40. Substrate 10 may be a single crystal material such as Si, SiGe,~
SiGeC, SiCetc. suitable for fornmng epitaxial_ |ayers_thereqn. A 1
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Frank- Read nechani sm descri bed by LeGoues et al. in U S. Pat. No.
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reference . A ft¥hd*$ & CFB?srgrfﬁ%hgng‘FlaeHegpﬁép*%%ééﬁ%g%g& sLELiE8

Si/8iGe layer or a p-i-n photodetector epitaxially grown over the smoothed

si,.,Ge, layer from Fig. 5.

DETATILED DESCRIPTION OF THE INVENTION

The embodiment which will now be described in conjunction with the
above drawings relates to the formation of a layer of monocrystalline
strained Si/SiGe on an insulator material (SGOI) or a SiGe layer on 8i
with the ald of planarization of surfaces, wafer bonding and a selective

wet etching process using SiGe as the etch-stop layer.

Referring now to Fig. 1, a cross séé;ion view of a partial
embodiment of the invention is shown compfiéing a subgtrate 10 and a
plurality of layers 20, 30 and 40. Substrate 10 may be a single crystal
material such as Si, SiGe, SiGeC, SiC etc. suitable for forming epitaxial
layers thereon. An epitaxial graded layer 20 of Si,.Ge. is formed on the
upper surface 12 of substrate 10. The upper surface 22 of graded layer 20
is substantially relaxed or completely relaxed. The relaxation may be due
to a modified Frank-Read mechanism described by LeGoues et al. in U.S.
Pat. No. 5,659,187 which issued on Aug. 19, 1997 and is incorporated
herein by reference . A method for forming a graded S;Ge layer 20 is
described in U.S. Pat. No. 5,659,187 by LeGoues et al. Layer 20 as well
as layer 30 (to be described below) may be formed in a UHV CVD process as
described in U.S. Pat. No. 5,298,452 by B.S. Meyerson which issued Mar.

29, 1994 and is incorporated herein by reference. In layer 20, the
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the rangeifd eEmRROUbLANF 2R BOARML HAEARIMLAT I8 A%eLofiQer of
8i, ¢, O, and H or a combination of any two or more of the foregoing
materials. One example of a polymer of Si, C, O, and H is SiCOH which is
described in U.S. Patent 6,147,009 filed Jun. 29, 1998 by Grill et al.
entitled “Hydrogenated Oxidized Silicon Carbon Material” which is
incorporated herein by reference. The deposition temperature for forming
layer 40 may be below 900°C. The thickness of the encapsulation layer is
in the range from about 5nm to about 500nm. Encapsulation layer 40
functions to protect upper surface 32 of layer 30 or to provide an
isolation layer.

In Fig. 2, a second substrate 80 is bonded to upper surface 32 of
layer 30 or to upper surface 42 of layer 4di Prior to wafer bonding,
surface 32 of layer 30 or surface 42 of léjéf 40 is polished by a
Chemo-Mechanical Planarization or Polishing (CMP) process to smocth
surface 42 to a planar surface having a surface roughness in root mean
square (RMS) in the range from about 0.3 nm to about 1 nm. Substrate BO
which may be a semiconductor such as Si, SiGe, SiGeC, sic, sapphire,
glass, ceramic, or metal and has an upper surface 90 which may be polished
as above to provide a smooth upper surface 90 having a RMS in the range
from about 0.3 nm to about 1 nm.

For a further description on polishing to reduce surface roughness,
reference is made to Serial No. 09/675841 filed Sept. 29, 2000 by D.F.
Canaperi et al. entitled "A Method of Wafer Smoothing for Bonding Using
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The top surface 42 of layer 40 shown in Fig. 1 is turned upside down
and brought into contact with surface 90 of substrate 80. The two
surfaces 42 and 90 are brought together by the wafer bonding approach.
The bonded surfaces or 42 and 90 are annealed at a temperature in the
range from about 20°C to about 500°C for a time period in the range from
about 2 hours to about 50 hours. Another embodiment uses intermediate
layers such as Ge, or metal materials which either have a low-melting
point or react with silicon to form a siliclde such materials may be
tungsten (W), cobalt (Co), titanium (Ti) etec. to achieve high bonding
strength at anneal temperatures in the range from 100° to 800°C. The
anneal can be either a furnace anneal or:a;rapid thermal anneal (RTA).

Fig. 3 shows the removal of the majority of the first substrate 10
which is in the range from about 600um to about 750um in thickness with a
grinding or a combination of grinding and polishing process. The remaining
layer 70 of the first substrate 10 has a thickness in the range from about
50um to about 100ym. ' '

Fig. 4 shows the removal of layer 70 such as with a wet etching
process in a solution of ethylenediamine, pyrocatechol, pyrazine, water
(EPPW or EDP) at a temperature in the range f£rom about 90°C to about 120°C
or in a solution of 20% KOH at a temperature in the range from about 70 to
about 85°C or in another organic Si etch solution of TMAH (tetramethyl
ammoniumhydroxide, (CH,) NOH). The etching selectivity of Si (100) to



achi eve due to inplantation of H and annealing at 500 to 600C to |1r2deec9

layer traRsdfismeelNe top surface 42 of layer 40 shown in Fpgy/GholB4issr Ne
upsi de down andS brought into contact with surface 90 of substrate 80. The

two surfaces 42 and 90 are brought together by the wafer bondi ng approach.
The bohded surfaces or 42 and 90 are annealed at a tenperature in the
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exper i meht%l F9 Wét W BRPH-0 be in the range of 50-1800. The etchi ng
selectivity of Si (100) to Si1l-xGex (y=0.2-0.3) in KOH is experinmentally
determ ned tophe bnsidig ewg,@o&,f secdaBn128Q, oARdside ﬁwﬁloaguﬁe%hs@aﬂ vty of
Sle I(E]'O?%]et ?g%:{g%i )lgxc-;:e%lﬁ(s}li%c ure a%)ter app;ll.-ilr\{ll.ar‘llgaI IaSCNEXBfe'orcleggnétaélpl Xo ¥n§ dNe gd to
step-graded Si,.,Ge. layer 20 The structure has relaxed S8i,.,Ge, layer 30 on
tbp. The chemical-mechanical planarization (CMP) process is used to remove
the graded 8i,..Ge, layer 20 and to adjust the thickness of the transferred
relaxed $i,.,Ge, layer 30. A final touch polishing and cleaning is used to
smooth and clean the surface for epitaxial growth of strained Si/SiGe or
for the deposition of a layer of n' Si as needed for form a p-i-n

photodetector.

In Fig. 6, a layer 60 of strained Si/SiGe or of n* Si is epitaxially
grown or formed over SiGe layer 30. For the epitaxial growth of strained
Si/sicGe layer, an optional epitaxial SiGe buffer layer 72 over layer 30
may be needed before the growth of the s:f%ined si/siGe layer 60.

It should be noted in the drawing that like elements or components

are referred to by like and corresponding reference numerals.

While there has been described and illustrated a method for forming
strained Si or SiGe on SiGe on insulator (SGOI) or strained SiGe/Si
heterostructure using wafer bonding and wet etching, it will be apparent
to those skilled in the art that modifications and variations are possible
without deviating from the broad scope of the invention which shall be

limited solely by the scope of the claims appended hereto.



prior art of U S. Pat. No. 5, 476, 813 which issued Dec. 19, 1995 to H.
Naruse by a m xed solution of KOH, K2Cr207, and propanol is used fpp MAY

sel ective etching of silicon while stopping at Si Ge | ayer. However, a m;gq'rl
| ower selectivity of about 17 to 20 is achieved. In our invention, EPPW
KOH or TMAH has a nmuch higher etching rate of Si conpared to Si 1-yGey
(y>0.1), as a result, the etching proce$s stops nicely at the rel axed

Si 1-yGey without any additional etch-stop |ayer such as the p++ Si Ge

et ch- st ogladMbescribed in U.S. Pat. No. 5, 906, 951 which issued May 25,
1999 to J.O Chu et al. Fig. 5 shows the cross-section view of a Si Ge |ayer

on insul ator @ArmetBofbiRéFArind el Q& Site ldlefohd RsulaPPhyd NGiGE/SVP process
step to renove the step-graded Sil-xCGexlayer 20. The structure has rel axed

Si 1- yGey hetgipstructere samptigipg theweepe REni cal - mechani cal pl anari zati on (CVP)
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| ayer 30. For the epitaxial growth of strained Si/SiGe |ayer, an optional
epi t axi alto Be@alug of x at an yppsr surfacegldhe praded SueGeypitaxal IagEded before t he

growt h of thesxﬁB&ﬂing%ﬁe sorfact Fsal E¥RkeP S, GL, @Q%Lﬂ @é‘r‘ tcflﬁﬁ)eﬁi.le' Qi draw ng
that |ike elenents 6r conponents are referr to % 't ke ang cor respondi ng
r ef er enceouphness an e ralfgelfont fteuel.8as tvebputdess rods edansguard (RMEY,at ed a net hod
for formng st retu' ned Sit or. SiGe on Si Gﬁ on idnsul at.or %SGOI é bOfr ts\t}_\l‘riai ned

Si Ge/ S het ePBEHVEASHP ARG ERABP T TEHAC I SRUPURES BPERPAGIOSFRCRAYIPE pe
appar ent a shfadetogghnsdsiih Itl%daﬁgf’b fidi aBdult 013Nah to@duf 1 BALRMBSnd Bl int@fdediateONs are
possi ble without deviating fromthe broad scope of the invention which

shal | be 3g$1t FAYEREPIAIISHIG 2 1§tk setected dioun Bie 2fip condsting o Phrridbandangoger 12 vay

2005 8 ClfdYhat can react with silicon to form a metal silicide, and
bonding said smoothed surface of said relaxed Si;.,Ge, epitaxial layer on said first
substrate to the upper surface of said structure including said second substrate, said step of
bonding including the step of annealing to form sufficiently strong bonds across the bonding
interface to form a single mechanical structure, whereby during said bonding said intermediate

agent layer is converted into a metal silicide which includes germanium.

2. The method of claim 1 further including the step of smoothing the upper surface of
said relaxed Si|.yGey layer on said second substrate whereby additional epitaxial layers may be

grown.

3. The method of claim 2 further including the step of growing an epitaxial layer of a

material selected from the group consisting of Si;.yGey, Si, SiC, Ge, GeC, and Siy.,Ge,C.

4, The method of claim 3 wherein said Si;.,Ge, material is selected with a value of y to
provide a strained layer or to reduce the bandgap of SiGe to allow absorption of light in the

infrared range (>1um in wavelength).

5. The method of claim 1 further including the step of removing said first substrate.

[RALIBOO]6923.doc:AVC



1. A nethod of preparing a relaxed SiGe layer on an insulator and a _Si Ge/Si
het erostructure conprising the steps of: form ng a graded Si-xGex éﬂlMMkmal
| ayer on a first single crystalline sem conductor substrate, formng a

rel axed Si 1-yGey epitaxial |ayer over said graded Si1-xGex |ayer, wherein
y, the germanium content of the relaxed Si 1l-yCGey epitaxial |ayer, is equal
to or substantially equal to the valuedef x at an upper surface of the
graded Si 1-xGex epitaxial layer, snoothing the surface of said rel axed

Si 1-yGey epitaxial | ayer to provide a surface roughness in the range from

about 0. m ro nean, s I, selectin cture
havi ng a uppgﬁ ﬁ‘r"&é’i % ‘?? S eggedﬁg’%ggs%%t c ‘g\ﬂasﬂfgstf e Ra5r f ace
roughness thiskdeb€inthegagé from a@b@wo 1 @ dbdui 0B detdtmiRNB yanslagey
internediate agent |ayer_conprising a netal selected fromthe group

consi st i §EuGErefpresd opisaidfirsePstithier nmetal that can react with silicon to
forma nmetal silicide, and bondi ng said snoot hed surface of said rel axed
Si 1-yGey epitaxial layer on said first substrate to the upper surface of
sai d strdcturdhe nmthwdiorﬁglai;aildv}sie&imandemabsnﬂatmhéayesaf aimsteepl wfecteldivthi the

includin t he st.e a to r Sffl t tro ds 0SS
e bonaRHYP PR SERESLeRoR PR S dige Rdumef b e St i et S
during sadydr &0sacH Met @aktdaw,nternedl ate agent | ayer is converted into a

metal silicide which includes germanium 2. The nethod of claim1l further
i ncluding the step of snoothing the upper surface of said relaxed Sil-yCey

| ayer ongsal dTﬁ@ﬁﬁﬂ%d%?@l%’ qtv&e\‘\é?ﬁﬁa@?lémﬁpgﬂ%tio N&er RPoHAN Ald dnf¥fldar gy be

grown. 3. The ne aim?2 furt g the step of grow ng an
epi t axi alterhpeyasureoh the ramget feam abomé()@%ltedbbmtcﬂ@()‘t(he group consi sting of
Sil-yGey, Si, SIC, Ge, GC, and Sil-yGeyC 4. The nethod of claim3 wherein
said Si1l-yGey material is selected with a value of y to provide a strained

| ayer or ot o rqdyeRtHdde®fBRNEJaheadin &lilHrst Suttrhte ReRIFtIn®theGrodp ght in the
infrared range (> min wavel ength). 5. The nethod of claim1 further

i ncl udi n§o® m§t°§§1 §1Ge SIS niCeEras and 5P substrate. [R \ LI BOJ| 6923. doc: AVC
12 MAY 2005 9 6. The nethod of claim 1 wherein said relaxed Si 1-yGey | ayer
on said second substrate has a thickness in the range fromabout 50 rim

t o about 12000 Themethodexf elaim nexhebgin sdié steppEsmoathing furthee incbidaetheorepoéi d fi r st
SUDSTT At @peical-Mechanical Planarization (CMP) to smooth said surface of said relaxed Si.,Ge,

layer to provide a surface roughness in the range from about 0.3 nm to about 1 nm RMS.

11.  The method of claim 1 wherein after said step of forming a relaxed Si.yGe, epitaxial

layer further includes the step of forming an encapsulation layer.

12. The method of claim 11 wherein said step of smoothing further includes the step of
Chemical-Mechanical Planarization (CMP) to smooth the surface of said encapsulation layer

to provide a surface roughness in the range from about 0.3 nm to about 1 nm RMS.
13.  The method of claim 1 wherein an insulator layer is formed on said second substrate

for the formation of strained Si/SiGe on insulator and a conducting layer is formed on said

second substrate for the formation of p-i-n SiGe/Si heterodiodes.

[RALIBOO]6923.doc:AVC



7. The nethod of claim1 wherein an encapsul ation |layer of a materi al
selected fromthe group consisting of Si, Si2, Poly Si, and Si 3N@ iﬁ
formed on the surface of said relaxed SiGe |layer of said first su gt Al 2805
8. The method of claim7 wherein said encapsulation |ayer is formed and
annealed at a tenperature in the range from about 400C to about 900C. 9.
The method of claim1 wherein said firdO-substrate is selected fromthe
group consisting of Si, SiGe, SiGC, SiC, GaAs, and InP. 10. The method of
cl ai m 1 wher eiThe amihdd of elaimfl 3 suileimhsaidinfulatohkyer induddesmitagal stlegedfrom

Chem cal - Mechani cal .Pl i i on t nopt h said surface of sajid
ol axed Searganproiiet S0 s S LIV Gie BV iR e kRS by om
about 0. 3r tHchbAbAAAHA ofitwo FPmdRaid hteribfte Nt hod of claim 1 wherein after

said step of formng a relaxed Si 1-yGey epitaxial |ayer further includes
the step of form ng an encapsul ation |ayer. 12. The nethod of claim 11

wher ei n id i £ LLE i q .

Cherm cal TRechany Bafodt a1 3l 9 sdrREbHEaEye RENTE Redily doped s 1 pr
encapsul at-ifoly $iayer to provide a surface roughness in the range from about
0.3 nmto about 1 nmRMS. 13. The nethod of claim1 wherein an insul ator

| ayer is forned on said second substrate for the formation of strained

Si/ Si Ge Q8. i NTUE aefiod VT dlafin ¢ 9 Wehefdin £8d In8MBlor 1aFer i0 TorRRd OF apRdddss ehead
substrate for the formation OfQ;PI)_I_n SiGe/Si heterodiodes. [ R \L I BOO ]

6923. doc fimyche zraumeopngmeof FECY D, FRE R WY CYD andespin-amtoghiifiedsn sai d
i nsul ator |ayer includes a material selected from the group consisting of

Si2, Si3N4, Al203, LiNbC3, lowk materials where k is less than 3.2, or
t he conbilidat i dhe ofettod®f olaim B avheexiirdsandinsulatal Byerlis forfied atre telngatraddre @i them 13

wherein sai d_.conducti |.ayer i.pcl udes heavily doped p+ Si or p+ Poly Si.
16. The MEASHSETLE oé]%é&ﬁlclt%%&ﬂﬁﬁgﬁﬁsai d insulator layer is formed by a
process selected fromthe group consisting of PECVD, LPCVD, UHVCVD and
spin-on techniques. 17. The nmethod of claim 13 wherein said insulator |ayer
i s forned3at dhepodaf glaamil wheren s3id segend pubsirats dselestsd dranpthgigeRp 900C. 18.

The et hag §lingloksn é“"&‘?dé b 151835 HAS G0N SHAR! §ualt3, SRLOG A PLiQM the
group congs?sltngr?g dfﬁ%’, [9(}:(3‘&1 g}gﬁc Si %’ﬁ%’ﬁé 1(r9fllg, ’sappﬁ)?’re, 51 ass,
quartz, LiNbQ3, and PLZT. 19. The nethod of claim1l wherein said step of
anneal i 9! nCLIlﬂg%lsetﬁo %rfrc’:rﬁlgmtlrv&%trer{r?ggid step of annealing includes thermal treatment

cycles to form a strong bond at said bonded interface, said thermal treatment selected from the

group consisting of furnace anneal, rapid thermal anneal (RTA) and combinations thereof.

20.  The method of claim 19 wherein said step of annealing includes an anneal ambient

selected from the group consisting of air, N» and Ar.

21.  The method of claim 19 wherein said step of annealing includes the step of heating to a

temperature in the range from about 100°C to about 800°C.

22.  The method of claim 5 wherein a highly selectively wet etching process is used to

remove Si substrate of said first substrate.

23. The method of claim 22 wherein EPPW, KOH or TMAH is used as the wet etchant.

[RALIBOO}6923.doc:AVC



cycles to forma strong bond at said bonded interface, said thermnal
treatment selected fromthe group consisting of furnace anneal, rgp ﬂAY

t hermal anneal (RTA) and conbi nations thereof. 20. The nmethod of claim 13)05
wherein said step of annealing includes an anneal anbient selected from
the group consisting of air, N2 and Ar. 21. The nethod of claim 19 wherein
said step of annealing includes the stdp-of heating to a tenperature in
the range from about 100C to about 800C. 22. The nmethod of claim5 wherein
a hi ghl y24el edhe methpdwétlagh CRiwhgrejpr the ess etcking feHPR W, KiOFhoEM3IH subst r at e of
said first substrate. 23..Th of claim.22 wherein EPPW KOH or TMAH
is used a&"R “’iﬁé‘ﬂh&fé‘ﬁ%ﬁf?m?ﬁg‘{%tﬂ%%@‘%‘%g@t AVC 12 MAY 2005 -11 24. The
met hod of claim 22 wherein the wet etching in EPPW KOH or TMAH is at a

tenperature in the range from about 70C to_about 120C. 25. The net hod of
cl ai m 22 2aher dhpmsHiod ol elapn g2 whresHbsabeemeh ChamosMerkaniqahPolishimg (CMIDI udes

renovi ng; Sal ?‘é]?tﬁr‘ S) X tQ: i S y1-yGey
rel axed “:t?cgd%? ovi ér%ﬁg?n%%f%%gégﬁi"ﬁé%ﬁgef %@ p? P%ﬂhgﬁg%(%sgg Sgry}’%%f geqaaxggut

1nm 26. tdpevieasosothhess|inithe r2@zeviiven ebout .3nml taxeboit Snt- yGey | ayer may be
epitaxially grown on said top surface of said snoothed rel axed Si1-yCey

| ayer. 27. The nethod of claim 24 wherein said step of epitaxially grow ng

sai d rel ased $hd metiRM of bRIE L2 iwhetcide fel Ke@ B NG} ra%'a rhdy Ké‘d}ﬂﬁiailﬁﬁﬂo% dnange
from about, 50nmto about 500nm 28. The nethod of claim?22 further

i ncl udi n§2if (P Virfape of sayh wpothdaplaxeskSistGeailayétl Si or  strained SiGe or
deposition of a n+t Poly Si layer on said snoothed rel axed Si 1-yCeyl ayer.
29. A multi layer substrate for use in formng integrated circuits
conprisi 8g:  dheileihodof slabs 24 athereirasaidstepxeftcpBatdial ey wingywid whaxsdBd.,6&/ i con
substr at

said rel axed Si1-yGey |ayer chem call bonded tqo said silicon
subet r at vl figeSoPia g TR wthronpe BmoBReoionry spayBoRf cai d
rel axed Si 1-yGey layer. [R\LIBOQ 6923. doc: AVC
28.  The method of claim 22 further including the step of growing one of strained Si or

strained SiGe or deposition of a n+ Poly Si layer on said smoothed relaxed Si;.,Geylayer.

29. A multi layer substrate for use in forming integrated circuits comprising:

a silicon substrate,

a relaxed Si;.yGey layer on said silicon substrate, said relaxed Si;.;Ge, layer chemically

bonded to said silicon substrate, and

a strained epitaxial silicon containing layer on said relaxed Si,.,Gey layer.

[RALIBOO)6923.doc:AVC



