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It is sometimes useful or advantageous to form, in tﬁe
same wafer, a layer of a first crystalline material on
a substrate of a second crystalline material having
different nominal lattice parameters respectively,
while keeping its crystal structure, at least in part,
relaxed and/or  without an excessive number of

crystallographic defects.

For this purpose, it is known to insert a buffer layer

between the substrate and the formed layer.

In this configuration, a "buffer layer” is understood
to mean a <transition layer that matches the lattice
parameter of the formed layer with that of the

substrate.

For this purpose, such a buffer layer may have a
composition that gradually varies through the
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involves often  lengthy, difficult and expensive
processing.

Another technique of relaxing elastic strains in a
formed layer giving a similar result with substantially
less processing required is given by B. Hollander et
al., for example in the document entitled "Strain
relaxation of pseudomorphic Sii-xGex / Si(100)
heterostructures after hydrogen or helium ion
implantation for virtual substrate fabrication” (in
Nuclear and Instruments and Methods in Physics Research
B 175-177 (2001) 357-367).

The process described relates to the relaxation of a
strained SiGe layer in compression, this layer being

formed on an Si substrate.

The technique employed comprises the implantation of
hydrogen or helium ions through the surface of the

strained layer into the Si substrate to a defined
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3 depth. A crystalline perturbation created by the
ion inplantation and located in a thickness of the S
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the SiGe |ayer causes, under—-a heat treatnent, a
certain relaxation of the SiGe layer. This techni que
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or optoelectronics. The objective of the present
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subsequently integrate this relaxed or pseudo-relaxed
layer into a structure for the fabrication of
components, especially - for electronics or

optoelectronics.

The objective of the present invention is to succeed in
carrying out this layer dintegration by providing,
according to a first aspect, a process for forming a
useful layer from a wafer, the wafer comprising a
supporting substrate and a strained layer chosen
respectively from crystalline materials for an
application in microelectronics, in optics or in
optoelectronics, characterized in that it comprises the
following steps:

(a) formation in the supporting substrate of a
region of perturbation at a defined depth capable of
forming structural perturbations;

(b) supply of energy to cause at least relative
relaxation of the elastic strains in the strained
layer; and

(c) removal of a portion of the wafer on the
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to the rel axed strained | ayer, the useful |ayer being
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Further features, objects and advantages of the present
invention will become more clearly apparent on reading
the detailed description with reference to the

following figures:

Figure 1 shows the various steps of a process according

to the invention.

Figure 2 shows a wafer according to the invention from

which a useful layer will be taken off.

Figure 3 shows another wafer according to the invention

from which a useful layer will be taken off.

The present invention involves:
e 2 sourcé wafer in which a useful layer
comprising:
- a supporting substrate; and
- a strained layer on the supporting substrate;
e a receiving substrate that forms a support for

the formation of the useful layer.

In this text, and in general, a "useful layer” will
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refer to that portion of the source wafer being forned
on the receiving substrate. A principal objective of
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reﬁ%xe orlpsgggo-ralaxed bef orehand wi thout a buffer

| ayer. Shown in Figure la is a source wafer 10 .
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flawd e chrd avient Of 466 WPYKRCEh¥aS8Fai ned | ayer 2 and

having a first lattice paraneter at its interface

with the strained 5 layer 2. The first |attjce
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mend el arl Attitte parabettéeroflayke . material of which it

is conposed, so that said material 30 is in a rel axed

state. The upper layer furthernore has a sufficiently

$hoge ithiFdkness o be abl@wss mpsy i t8 P&CEPFEeng to
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t he supporting substrate 1, the latter consists of

Wéa”ofh&g @XStdl1ine material WO 2004/ 027858

PCT/ 1 B2003/ 004793 6 having the first lattice

?QrgnF£§£t configuration of the supporting substrate 1,
the latter is a pseudo-substrate comprising an upper
layer made of a crystalline material (not shown in
Figure 1), such as a semiconductor material, having an
interface with the strained layer 2 and having a first
lattice parameter at its interface with the strained

layer 2.

The first lattice parameter of the upper layer is
advantageously the nominal lattice parameter of the
material of which it is composed, so that said material

is in a relaxed state.

The upper Jlayer furthermore has a sufficiently large
thickness to be able to impose its lattice parameter on
the overlying strained layer 2 without the latter
having a substantial influence on the crystal structure

of the upper layer of the supporting substrate 1.

In a second configuration of the supporting substrate

1, the latter consists of the only crystalline material
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I n anot her advant ageous configuration, the supporting
substrate 1 is a single-crystal substrate. 5 Whatever

W b@4/027888 gur at i on chosen for the supporting BCDEB2063/0®4793
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single thickness of a cry stﬁlllne mat er i % such as. a,
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éj&gr]?ea@ nd SR CHAUCEOF A GE ST ¥%\§%ﬁ§$ 027858
PCT/ 1 B2003/ 004793 7 Each thlckness of material of
thb gﬂgﬁﬁfed aygl, 2. farthgrpene advanhageouslasthasiay

st an const ant
strained in compr6351on or in tension by the supporting

substrate 1, that is to say it 1is forced to have a
lattice parameter substantially different from the
nominal lattice parameter of the material of which it
is composed and therefore to have a lattice parameter

close to the first lattice parameter.

Advantageously, the material chosen for forming this
strained layer 2 has a second nominal lattice parameter
that is substantially greater than the first lattice

parameter, and is therefore strained in compression.

The strained layer 2 furthermore advantageously has a

substantially constant composition of atomic elements.

In a second configuration of the strained layer 2, the
latter consists of several thicknesses of materials,
each thickness consisting of a crystalline material

such as a semiconductor material.
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conposition of atom c elenents. 5 The thickness of
material of the strained layer 2 directly adjacent to

substantially has the same properties as those of a

strained |layer 2 according to the first
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certain material properties; -_it constitute
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bayehdseomt he sateited teveval; accprdpag fRe the first

Res$LBLLLtYopf substantially greater renoval of
material, 1 nplenented by selective material renoval
nmeans such as sel ective etching, than an 25 adjacent
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relaxed loategial may al so conbine 30 several of these
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t he strained S a general " structure nmade oft
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egioakll siF ahmesk sint earN:=2004L02%858elective material
@%ﬁkbg%ooééggg?gssu%h as selective chemical etching
performed by an etching solution, so as especially to
preserve an adjacent layer from the material removal;

- it has the possibility of substantially greater
removal of material, implemented by selective material
removal means such as selective etching, than an
adjacent layer, the latter then representing a stop
layer during selective material removal, thus being

protected from the material removal.

A thickness of relaxed material may also combine
several of these functions and may have other

functions.

In all cases, the strained layer 2 has a general
structure made of strained material, but it may also
contain one or more thicknesses of relaxed material
which have a cumulative thickness very much less than
that of the strained layer 2, so that the latter

retains an overall strained state.

substr at e RCT/IBE2003/004793
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What ever the chosen configuration for the strained
layer 2, the latter is advantageously fornmed on the

WG appoe18ss1g substrate 1 by crystal growt h, sSucPCEEB2003/004793

epi taxi al growth using the krown techni ques such as, 5
for exanple, the CVD (Chem cal Vapour Deposition) and
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Euture bondingito theifeceiMinite PHishicate s (as shown
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relaxing or internal stresses of plastic type '
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thisokhess Uepeadsvapueésci pally on the material chosen
for the strained WD 2004/ 027858 PCT/|B2003/ 004793 9

For example, in 1IV-IV materials, Ge has a nominal
lattice parameter about 4.2% greater than that of Si,
and therefore SiGe containing 30% Ge has a nominal

lattice parameter about 1.15% greater than that of Si.

Moreover, it is preferable for the strained layer 2 to
have an approximately constant thickness so that it has
substantially constant intrinsic properties and/or can
facilitate the future bonding to the receiving

substrate 5 (as shown in Figure lc).

To prevent the strained layer 2 from relaxing or
internal stresses of plastic type appearing, the
thickness of said strained layer must furthermore

remain less than a critical elastic strain thickness.

This critical elastic strain thickness depends

principally on the material chosen for the strained
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| ayer 2 and on said difference in lattice paraneter
Wi th the supporting substrate 1. A person skilled in

W badsme1ss&i || refer to the art in order to knpeu/iB2003/004793

value of the critical elastic strain 5 thickness of
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Sibstrate 1 at a defined depth, a
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u

ns
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such a region hess 3 ¢ ﬁo é‘f
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‘73@12@04/ ﬁ@ﬂﬁ@@d PCT$1|1kB2i0®3VIm1437>93 hy 10 the region Of

perturbation 3 and the strained layer 2.

A region of perturbation 3 1is defined as a region
having internal strains capable of forming structural

perturbations in the surrounding parts.

This region of perturbation 3 1is advantageously formed
over practically the entire surface of the supporting

substrate 1.

This region of perturbation 3 1is advantageously and
overall formed parallel to the surface of the

supporting substrate 1.

One process for forming such a region of weakness 3
comprises the implantation of atomic species in the
supporting substrate 1 at said defined depth with a
defined implantation energy and a defined dose of the

atomic species.

In one particular method of implementing the
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i npl antation, the atom c species inplanted conprise
hydr ogen and/ or helium Such a region of perturbation

w@2doanemsss by i npl antation 5 therefore has i ntBCTEB2003/004793

strains, or even crystatlldyraphic defects, exerted by
the inplanted atom c species on the crystal lattice
‘ad) moentt ivo, t heher egi oM of T RDativd8tedo FHERETSS

i &I a! o (jr/g:%ngegggmt herefore capable of «creating
crystal |l ographic perturbations in the overlying part
of the wafer 10. In particular for this purpose, it is
adviant ageglsn tor AsSrearbytoot 3 Suihabl byapdplantation

ropri at el aramet erj ze tre for: ,aidingyen
ﬁﬁ% &ar ance of th%n%éer aglr bat i %%1?%8' t he Ctjr_ansi ti or(}1
tayeraldiogreahsicng deffecdisspl asersse oPyt hégg implante

pertur b%é@{g 20 iRt he thansitdan dayedjdediombhehe
region weakness 3 towards the interface with the
stgtomef IpgyémrPating Scausing at | east relative

rel axation of the strained |layer 2 after the

appear ance and the di.splacenent, o er Bt Lons, s
DEcIhe ARFRTOB} ectIGEBF Sieh Weﬁ% rr(g]ﬁ%) i%%%er ef ore
tpeathuse atrieasilogtathie rebaxhtioatb$nt he &prai rd'e
N he strai.ned l.ayer o.as to forma rel axed
%Y?Jéi{%nog HaérferO%Z't%Sff]a%ﬁzzs,l%é heat treatnent is
advant ageously carried out so as, if it is

?HpFQPEE@Efgy par-anelier izetdhodd supplhy =sulhitaigents to
energy to cause these structural rrogl gl CatéPanSéteSPized
FAFEY | 8ltera haatd tePdat neht RSt OPF *part ¥ c U ar® be
cacpiRchoutodt a tenperature or several tenperatures
substantially below g critical SEMPRLALIYS ARAE M Cih
the transition layer 4;

e causing the displacement of these perturbations
in the transition layer 4 from the region of weakness 3
towards the interface with the strained layer 2; and

e causing at least relative relaxation of the
strained layer 2 after the appearance and the

displacement of the perturbations.

The main objective of such a treatment is therefore to
cause at least relative relaxation of the strains in
the strained layer 2 so as to form a relaxed strained

layer 2'.

Thus, a heat treatment is advantageously carried out so
as, if it 1is appropriately parameterized, to supply
sufficient energy to cause these structural

modifications.

This latter heat treatment must in particular be
carried out at a temperature or several temperatures
substantially below a critical temperature above which

a significant number of implanted atomic species would
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a significant nunber of inplanted atom c species would
WD 2004/ 027858 PCT/ | B2003/ 004793 - 11 be degassed.

fromthe internal strains inh +he regi on of weakness 3.
5 Principally for reasons of mnimzing elastic energy
e dédeesssidr.ai ned | ayer 2, these perturbations appear
inthe transition layer 4 in order to be displaced

towards the interface between the transition |la ert q
Bimals £ heoa®d! sEF P hed! PayerD ¢ aPBREY PR hsotef Fhed by ©

Pagt i af Ghat alh-eghaphnc tpkanesi odpeh wralindswg Bt
the interface between the transition Ilayer 4 and the
strained | ayer 2, these perturbations 15 then cause
Bt ihensdilinelBdd veaselraxatf onirofmieliagt ied astiai RESFAYL B

ftralned Iay rééé Jhegg %ekﬂ%ﬁﬁu§%&§bﬁ% 2bekng AR Rl

tlce m sma Stralns etween respectlv h
hoam ki drattd v pariameeter ofo thfe dardiicad torerRe the

§1t1£@£f]§9el QY& e tihes TBterdral 1@fyetrhe4 2@nd the
upporting substrate 1. Such relgxgtlog quelastl
host |

§?¥é¥%%d I6& straf heldd IR 2 a 5gﬁfﬂﬁﬁkxf

byythe1 appeasancelofnecrystal | ine perturbations in the
perlphery of the 25 strained |ayer 2, these possibly
being, for exanple, in the form of dlslocatlons W th
ppbanatenvdngf@nemﬁﬁ shtarhscat beheepnt éhfeader At lofon

?g}C4SE§£§f@%if§€raIﬁ§§ §%9£909 :¥%é§@Mﬁ@¥turbatlons

axation o e strained may al so lastic
HoeonpRAI by t ke Bppeat B Of IHERASLPE. t9§ elasti

crystak ;ideteetstirnihbe tihivekness wfessaixklayer , stsueins
as traversing disl|ocations. 35 SU|table tre

s
ﬁﬁ&“@heﬁa%%lﬁar}?%ﬁl%%t PRSBRHE? to- T Teduce’ \gsnunﬁ%?e
ok spbesevdeheat aalFaratexanpl ga ransiudtabbé thheatmergrial

g?y Q$ ca £é§9e8“ layer 2 and of the material of the
supporting substrate 1.

Such relaxation of elastic strains in the strained
layer 2 is mostly accompanied by the appearance of
crystalline perturbations in the periphery of the
strained layer 2, these possibly being, for example, in
the form of dislocations with parameter difference
strains at the interface and of atomic steps at the

free surface.

However, relaxation of the strained layer 2 may also be
accompanied by the appearance of inelastic-type crystal
defects in the thickness of said layer, such as

traversing dislocations.

Suitable treatments may then be carried out in order to

reduce the number of these defects.

For example, a suitable treatment may be carried out

which allows the dislocation density to be increased to

crystal | ographi c perturbations arBCTDIBa03®4793
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s which allows the dislocation density to be increased
to WD 2004/ 027858 PCT/ | B2003/ 004793 - 12 between two

wo 2ovun21868 val ues, the two limting values defPCi/MBpoes/004793

di sl ocation density range i@ which at |east sonme of
the dislocations are annihilated. 5 For this purpose,
Bcheatnt reat nehti ey beataesi edheut tvahiléRiEdngaivorss

o0 el edy, SUERsasyt hahgeaduanhagaous! yieast
8§£gn§85?%rﬁ%gggggeg?ﬁrbatFong Ln,?he abovenenti oned
sparsifi bhe | ayaloatimy L 19¢dddd 2RAat s

eventual |y obtained is a relaxed or pseudo-rel axed

| ayer 2' whose nominal lattice ara er L ed r
S tdis AIAPRTf 6 e f r R HBRbnias oo Segrise o
panametier ofitdeedrow hhsubstratiell, used hoguchnas that
int ermedi at e, buf fer, | ayer. 15 Howeuer,PREL Pbn DL  the
£ W@Eﬁ8§§8gsé éF%%%{%%Iﬁfr stralnéd ngterial may be
fabovenienttheed et axesi 5t ¢ai T |ayer 21. 20 These

t hi cknesses of material were conprised in the

strai ned |layer 2 before the elastic relaxation_o '
Tayerll asfsa 1Ml de parameteri sy ?aajﬁ}%dgﬁ% 2 Oketkea

dif f esentqofrcamxiclie nesterof 2'he shose nedomayel 2lapsice
Such t hi cknesses, of material mple, inal
(ﬂ%ﬁﬁﬂ%%er:Fél3%%3,a%%l%ég%rﬁggggg%gée%?% the nom
destriiqet iperaoktehe o$ecbrd geonthgsulsitsatef 1¢ hgithout an
strained,. _l.ay 3 ing the overall relaxation of
tﬁﬂ?%ﬁﬂé%lﬁg% $g§§Fr2?a9%Eése t hi cknesses of materi al
are then subjected to elastic strains exerted by the

%Hﬁkﬁﬂﬁgingmﬂgtebka|mdﬁ@ED%M&bkﬁﬁKEéﬁUSobeC@ﬁestically
strai nhed. 35 However, these thicknesses erdial. i neq
RISt HFe 1 SOl AP h?‘&‘ﬁ?l%sénvgr%?/ rrn%gﬁg?gss?tt han -
tihaterof2't.he strained layer 2 so that the latter
retains an overal

These thicknesses of material were comprised in the
strained layer 2 before the elastic relaxation of this
layer, with a lattice parameter substantially different

from the rest of the strained layer 2.

Such thicknesses of material were for example
originally relaxed, as described  above in the
description of the second configuration of the strained

layer 2.

During the overall relaxation of the strained layer 2,
these thicknesses of material are then subjected to
elastic strains exerted by the surrounding material

relaxing, and thus become strained.

However, these thicknesses of material must have a
cumulative thickness very much less than that of the
strained layer 2 so that the latter retains an overall
relaxed or pseudo-relaxed state after the elastic

relaxation step.



10

15

[N
(@)

25

30

35
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rel axed or pseudo-rel axed state after the elastic
rel axation step. WO 2004/ 027858 PCT/1B2003/ 004793 -
a receiving substPeL/EB2603/®4793
pl aced on the surface of theswafer 10 on the side with
the rel axed strained layer 2'. 5 The receiving ,
Subfstrrdtng Stoorsitgunet e$ca mechaniedalingsuppertirate > 1s

?pl’if fc! gf %rH: | Sté’lﬂr}%é 0 O%Jp@%twéf& usefilh {1ayegs qd owben

protect it from possible nmechani cal
§3th9e§f§é§x@@1rr}sﬁgaﬂfl@ﬁ1 tagebufside. 10 This receiving
substrate 5 may be nmade, for exanple, of silicon or

uartz or .other t es of eria recel V|n

St F5CEIB1TG af Eﬁéﬂt%m’%r.w%ﬁ. S nfo IRETAREST
condpaatt WdfTidienmafesttOngndocanppbng ths vaefal layer
agnq>anJP%£?%f%pto Mich ther€ s %@%@Bﬁégﬁgeﬁéﬁlbal

er” bon |'ecul ar ‘adhesi on) et ween t he
r&ﬂxaaﬂamcsmbgwréﬁ@mstéﬁdovﬁélﬁafer 10. This bondi ng
technique, together with alternatives, is 20 for
exanpl e described_in the docunent entltl

TS CRRRICHEY RS TBERdiPng2Y( 86 BREE a 8rT§éﬁﬁ‘8Ile5gy,Of
|t erss eceubeehnolrogyhebyt@¥s dongaaadidl . Cosel e

and Wley. 25 If necessary, bonding is acconpanied by
a suitable prior treatnent of the respective surfaces
tThderboatleing asdbet rbyesUpplyi ag tekéedalbenergyging it

;%Hf)ongf?{lﬁéf‘?g Lencacheal & eahoent eal rieda gyt Auringg

strength of the bonds ta
intr eaged. OPelibendi AgeRayianso b r ei i biited Wrae is

bondi g Jayen y | ngeeted Q%d@%themméeﬁléﬂ anditdwe on)
receivin 35 subst rate g}e Thi s ?ondl n

e
APt (18 atr 95EaSH "on & VO LRSS V\Bngu??gcé £?o be
bonded. WO 2004/ 027858 PCT/1B2003/ 004793

This bonding technique, together with alternatives, is
for example described in the document entitled
"Semiconductor Wafer Bonding" (Science and Technology,
Interscience Technology) by Q.Y. Tong and U. Gosele and
Wiley.

If necessary, bonding is accompanied by a suitable
prior treatment of the respective surfaces to be bonded

and/or by supplying thermal energy.

Thus, for example, a heat treatment carried out during
bonding allows the strength of the bonds to be

increased.

The bonding may also be reinforced by a bonding layer
inserted between the wafer 10 and the receiving

substrate 5.

This bonding layer is applied to at least one of the

two surfaces to be bonded.
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- 14 Silicon oxide (also called silica or Si02) is a
material that may be chosen to produce such a bondi ng

wo 200e1027858 bei ng possible to produce this by or¢TEB2003/004793

deposition or by thermal-oxidation or by any other 5
techni que. Before and/or after bonding, a surface
dimni s nexioper atdlan maaliedarsiilédaourrsuéhlas, $or 2

a et.chin h Cqﬁnkﬁﬁ! pQldrs hi ngo ENPR
Wé?lgﬁéa)EQ%%tma tb%r%%%%%%tﬁg} Smoot hi n perat?o dg
Gnoee t hétr ebeli v ngeessbstkat €05 RESIBeRN e@y aoxide

&E?ééi%&c@( b?elg@f%me&qaqn bheaoppesi be shde dFmonmother
axed strained layer 2' is renmoved, the useful |ayer
a5°e HBishg the remaining portion of the wafer 10.

Several knomn technlques for renoving material may be

| 0 rempval I que,
@%F ;gfh ? knomn§%% tﬂgseSEE?%Pgd #ﬁnﬁﬁhlng
@@éritﬂhﬁlamdescb®pb3anrxﬂd @htchswdy BE-f ot isfagrie,
ggchn“%ﬁf Wﬁﬁéﬁidﬁ%ﬂﬂéa%awlkal nabeLi sied tiamp, heat

es) conpri ses: | ant ati on, ore bondlng
VW¢$¢m¢ﬂ§-ﬂébéﬁ%iﬁﬁjm255§G§§Pﬂ§9e®§er8Fl8?on1c speci es
(such as hydrogen or heliumions) in order to forma

regi on of weakness at dept h ose to,
%%%?hij“ihéﬁc§&ﬁﬁpﬁ o?agﬁg? §° g#tz? Shon |ng taﬁ%%e .
ﬁ@gtﬂ@nobfm&ﬂbna&ieISUUh as ahbeabpandler sigehdmioralthe
treat ek, syppl ner, rdera -
E?%%ﬁegbgg e?acgnggg hrSyR f%n%ve% T Jdde ay

of the in two portions
Bnbehegrtmﬁcwemﬁlnmmﬁkﬁé@@ﬂiﬁUWéhﬁ5§EU@§ﬁ9 1Phe waf er
10 is subjected to a heat 35 treatnent durl-ng or
after inplantation in order to further ake

PegroRl ok PRk TSNS 15t “RBEHOYI of ﬁﬁﬂ%neﬂi.ng
thbsopayerial rernoval, the region of meakness IS
formed between the WO 2004/027858 PCT/ 1 B2003/ 004793

A first material removal technigue, called Smart-cut®,
known to those skilled in the art (and a description of
which may be found in a number of works dealing with
wafer reduction techniques) comprises:

e implantation, before bonding with the receiving
substrate 5, of atomic species (such as hydrogen or
helium ions) in order to form a region of weakness at a
depth close to the implant depth;

e then supply of energy, after bonding, to the
region of weakness, such as a heat and/or mechanical
treatment, or another supply of energy, in order to
bring about detachment of the wafer 10 in two portions

in the region of weakness.

Advantageously, the wafer 10 is subjected to a heat
treatment during or after implantation in order to

further weaken the region of weakness.

In a first method of implementing this material

removal, the region of weakness is formed between the
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- 15 supporting substrate 1 and the rel axed strained
layer 2', or in the relaxed strained layer 2'. In a

wa@ emenzlsset hod of inplenenting this material BCT/IB2003/004793

renmoval , the region of weakmess is forned in the
supporting substrate 1. The regi on of weakness may be
foppedt tuy | egbetrafeerl dwt nhbeomedpxele Ferimasatt s

bayet: 3ip 10pd N dNe.pardd cil g cageofzsai d second
et hod of i npl enenting material renpval and in the
case of formation of a transition layer 4 by form ng

@nregio?ec@ﬁ%peﬁ@ﬂm%@ti@ﬁ S?Tpheméﬁgim@ of hiveakneissrial
na e for 15 substantia at_t sa ation
FRECYRYi ontiot ﬁﬁﬁ%qﬂixﬁﬁ(ntf&qﬁfscaﬁfyiggrggg 1A fre
suppvaninal sybdtrentsank. techni ques, such as
inplantation of atom c species with a defined energy
and with a defined dose of the species. 20 In this
Bhet iregian cdsevepkeepagiey dic weakieds gargd Ye 2fter

ForBE: sHbst antd abd yr @tbiheosareydid e, as the region
of perturbation 3 is fornmed. 25 Before or after

i npl antation, the wafer 10 could be furthernore
subj estedphotacheat treatnenf hawidg twoonfluncetbeg, of

namely of .further weakeni region. of ak
éﬂgﬁs¥ePE%? erm?é 5&?%9 %%goé ?aiﬁg |59ert§§ Sggééus?f
doregt 0nnob fweakimewssisl ¢or keder hdt Qwoul Arhgve at Region

puble.fiagtlon of wRakeByRgnt Be GuBRAELENGaySHbSEbahed
therein and of relaxing the strained Ig er 2. 35 A £
sebehdnihe &tV alatr ekBPal SHeChAPHAE EBmFHT se8® Teg+on ©

@Eﬂﬁ&b@@ib? Bhebyﬁdﬁrﬁ§Bﬁﬁl@UMBﬁkbﬁﬂﬁﬁ{iaiBy byebsame
orming at |east one.porous_lLayer by _anodizatiop ‘
“RHPAR Pﬁa'a?Bh%ca§pégPé§?%8Flé9 8?ya§9ﬁgF bLlesicn
por eefonatingen¢eghni gue, astldescr idsld,nedr doggnploé, ithe
dgeugeat

In this particular case, the region of weakness could
be formed substantially at the same time as the region

of perturbation 3 is formed.

Before or after implantation, the wafer 10 could be
furthermore subjected to a heat treatment having two
functions, namely of further weakening the region of

weakness and of further relaxing the strained layer 2.

Thus, a region of weakness is formed that would have
the double function of weakening the supporting
substrate 1 therein and of relaxing the strained

layer 2.

A second material removal technique comprises:

e formation in the wafer 10 of a weak interface
by forming at least one porous layer by anodization, by
implanting atomic species, or by any other pore-forming

technique, as described, for example, in document
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A2; supply of energy to the weak | ayer, such as a
wore@harzissal treatnment, or another supply of eneCThIB20031004793

order to detach the wafer 16 +n two portions within

the 5 weak layer. In a first nmethod of inplenenting

thi 8 saver8@lA2renoval, the weak | ayer is forned

bet wegn EP _%fugggghb@gysqgsuﬂg;ewga@ngaygﬁ rehaxeds a

strai ned or within the rel ax d stralned
magbpncal | hraaseeBhd et HIPGTeH nprReht Phg TS

pRLeL ab dé@ﬂ@wa’chet\h@fé\@amlaxyetwd>3p<f>mrmmls|wu1tnrren the
sup ortin substrate 1. 15 To forma weak | ayer

i hW@¥RE- supporting substrate 1, the porous |ayer
|s advantageously formed on a sllce of a

?ﬁl ngl e- CfrySt al AL %rd al, ¢ th 9“9‘{\151 Orfna’élerlal

Iayer of "non- porous cryst al e naterlal haV|n% th
sebevant i altihe t heeghme leyet celi)ar 4RETER adStiESor the

ts‘&g o§lth98 s seankied Oéhtldoﬂhbhe_cdl@rx@ldﬁ daveredntayer
ortlng substrat then(%gﬁfl gzof t he

§Ivc@r Wﬁéhlﬁo %%sr?%@%? and- He ¥ordus Si | ayer.

25 The first and second non-limting naterlal r emoval

t echni ques aIIom;r | bL Le of

ditbs fanticaC " Ypol Eit gﬁ ?h mé%g ggxﬁh%hegglfecﬁﬁfaﬁégl

alesovalll, ovw:}tmeweehovlea:b/@or tisorf @fmache in30-heaf 6FPPOTEH1I

%%bs%%%%@ hn another process as, for exanple, a
rocess according to the invention. Thus, a strained

Iayer 2 and possibly a portion of the supporting

%léb?ftofr%lbl% l«e];%rkdﬁ%r ﬁQt kbqrtfhllaly%% mﬁy;pbet 135 sebstmede 1,
prererabply after e sur ce o e [ g £
s 4851 1RYS Thdén AP ﬁ@&ouﬂ Enomh ?eglﬁfgug

GONS1 184 Be -+ dr yus d1g ﬁathen&talth&ndhorsecond growth of a
%@?nlcal_PEC%%QI%gkoﬂgteréfﬂs{§¥fﬁﬁg PhQEESSal, having
substantially the same lattice parameter as that of the
slice, is carried out on the porous layer, and the
supporting substrate 1 then consists of the slice, the

porous layer and the non-porous Si layer.

The first and second non-limiting material removal
techniques allow rapid en bloc removal of a substantial

portion of the wafer 10.

These techniques also allow the removed portion of the
wafer 10 to be reused in another process as, for

example, a process according to the invention.

Thus, a strained layer 2 and possibly a portion of the
supporting substrate 1 and/or other layers may be
reformed, preferably after the surface of the

supporting substrate 1 has been polished.

A third known technigque consists in using a chemical

and/or chemical-mechanical material removal process.
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WD 2004/ 027858 PCT/ |1 B2003/ 004793 - 17 For exanpl e,
optionally selective etching of the naterials of the

carri ed PCI/IREOOINY4793
a process of the "etch-back' type. This technique
consists in etching the wafer 10 "from5 the rear”
lFbat Ie&atn@lsay fopamonha 1fr es flace igfe t e chsmsporad ngthe

strate 1, e t@o r gbaidemot/Bat be
k% I 6n of otfhe vvafgglrl(i% wf%?gﬁ b desi red t(r)m"eepmay
Ehernedepvt ngs b sa raf ecsss 19f \i@%e etiHP A ngYP

ehghi Q%&%llﬁhbo%r%"l%ﬁ'sedlﬁ Oetbﬁlngﬁtﬁél alafetro e "from
renoved nmay be carri ed out . grg IE} QE the
ERer i 6P out LRAC order TP o SP¥mOVES™t ma et aff suc
Rhapor tehghisng sekasputlt,erimgordér The éﬁw@hmgi oper ﬁﬁi‘-éhn
per atl ans y..furt nlyy. chem 08 kee
glhé]gt Foctem’ cﬁ@otrh%hch)?%PD gc?&&é&erﬁsca Z%éHT he P
etchihrgrepeiaingnsopsbpekat Pons may be pr eceded or

foll owed by nechanical attack of the wafer 10, such as
| appi ng, polishing, nmechanical etchin t erlng
gfet apbRhengpetiigyd f@CﬁH@get§HEH§18Bgra?n%§ﬁj& the
@Reratiizons cayebecacceapani;ede byrneetiamical attack,
such as polishing optionally conbined with the action
of mechanical abrasives in a OCM process. 30 That
jldﬂthﬂhqlmayMﬁkHo]mbthalrltdlQuﬂeShr@@dﬁé tpefsvE Ve

qﬂ%%na us, he,engir ﬁ'xsrgﬂﬁ¥ﬁ9 BY chusl shesheater@ans,

Chém cal “hechan nmeans. In"a first nethod of
inpl ementing this material 35 renoval, the etching

GRES ald AN Y ORerAti ANSoAr 8peeathbsd muy Jarasetroore be
preserve on the wafer 10 onl y at .least.a portion gf

{HELY el akBETSER A nedT ayef 18t NETEEEdnd net hod For O~

i ceenihiend ckhi.s material WD 2004/ 027858
PCT/ 1 B2003/ 004793

The etching operation or operations may be preceded or
followed by mechanical attack of the wafer 10, such as
lapping, polishing, mechanical etching or sputtering of

atomic species.

The etching operation or operations may be accompanied
by mechanical attack, such as polishing optionally
combined with the action of mechanical abrasives in a

CMP process.

That portion of the wafer 10 that it 1is desired to
remove may thus be entirely removed Dby just chemical

means, or by chemical-mechanical means.

In a first method of implementing this material
removal, the etching operation or operations are
carried out so as to preserve on the wafer 10 only at

least a portion of the relaxed strained layer 2.

In a second method of implementing this material
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- 18 renoval, the etching operation or operations are
carried out so as to preserve on the wafer 10 a

w@eootiozisss of the supporting substrate 1 and t hECT/EB20034094793

strained layer 2'. 5 Thisighird techni que makes it
possible in particular to nmintain the high surface
feradidly, anchd heetdthokinesspevai fonni by obpehetserai nede

| ayer t hat were .abl e t bt.aj_n rhg 5l b rtion
%E?%//‘s%%‘i‘z gt ovﬁ%.asldt%ﬂ?grseescétrﬁfr%eéﬁt é%ﬁn?%ggg épe ap%opose
@6 exkanphesoiminhesupseseht HoanRehte BGt2FREy 546 n6E
ig‘l}/@py way constitute a limtation, the invention

ex encﬁ ng to any type of technique capabl e of
renoving the material froma wafer 15 10 in accordance
Whid e Process AGCofdiag o ddresikleyent irent ivideey dro
the material removal techniq en_fro t -
Tﬁ?%%ajt%cﬁﬁieq jg& or” 'r6m ot ﬁg?fgﬁgv\%ntdecﬂiﬁ? qﬁ]sa,%knzeoSS
an $6ofacey fomnitshe ng tasioted quevds Zadvait agesusiape to be

| out._.an, t. el Ltnsuch as optionally
@gf“:ré%rt?‘?%eéﬂrcjh '103 e cshi ng,@%l\/P pol i shing, a heat

treatment or any other snoothing operation. 25 In the

PRELECHL Ak CRSENhNGMAE CAra pPRbbbeadokst kerarplpsoriti nighe
substrate 1 remains after oge of these t‘§chn

BEERCREr fPeH UL, ANd FHSY 199 s dest? 'Y no?ytéo ret 'agl‘u;‘ée
thilgmiesicdeal l@yer iofehheosuppoenidngy subserat 6 vPe idf

be advant ous.t 0 i M oshihg Stepr
g%%ﬂp?%?%gc%%ﬁ%%% i Ve Jg?rgﬁ\:;{n%g 0 ?ﬁgglp?%iréﬂi ﬁ%lg porti on
o0 the suppordting subshrdthe 1PRPERSST espedtdiy t he the

rel axedostrained layer 2'. In the latter particular
%gsg, ggorel axed strained |ayer 35 2' nay be obtained
which is uniformin thickness and/or has a good

suEfacerf ivHshmapreevent i pgmavsubstetttriiaiue nambeenof Lrom
defects, from appearing, SHCh 8% ¥eLk:h2hdfRelecnniques,
a surface finishing technique is advantageously carried
out on the active layer, such as optionally selective
chemical etching, CMP polishing, a heat treatment or

any other smoothing operation.

In the particular case in which a portion of the
supporting substrate 1 remains after one of these
techniques has been carried out, and if it is desired
not to retain this residual layer of the supporting
substrate 1, it may be advantageous to carry out a
finishing step comprising selective etching of the
remaining portion of the supporting substrate 1 with

respect to the relaxed strained layer 2'.

In the latter particular casé, a relaxed strained layer
2' may be obtained which is uniform in thickness and/or
has a good surface finish, preventing a substantial
number of defects from appearing, such as work—-hardened
regions, as is sometimes the case with mechanical

finishing.
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regions, as is sonetines the case wth nechanica
finishing. WO 2004/027858 PCT/|B2003/004793 - 19 It

w0 g00tkz71858l SO possible to obtain a portion of PEEIB2003/004793

rel axed strained | ayer 2- wdieh is uniformin
thi ckness and/or has a good surface finish by
Earm$|n@h@mtalsel@m&mu@letdhvngbbﬂlnh@ redederny of the

aln d e I | stHaR
F% axe ﬁe%c%a%%ec%r r%%&{ J?é)rm{lizjlrﬂgtl?ler tWozrless

ﬁnﬁ/@hln@a@peTaﬂﬁﬁﬁ% isvskPEengfaBlakt i v  GHChITRY ardt

Qéﬁ&b@ybéf&ﬁ/c@ﬁﬁgﬁn&@gﬁwsréiaﬁd I§t3.da&s1erce<1ayb& i ,t hghe
end to obtain very thinr Iaxed |ned | avers éarled

EACAPT GREBEISWhaT 2 STOBt dfded it R ord TETS ©
stieucture 20 conprising the rece|V|ng substrate 5, an
15 active layer 6 and optionally an inserted bonding
layer. In a first method of inplenmenting the materi al
Tbaolakterohhy Atnkehsngacperefopnof iphel FElaxetective

g&&ﬁﬁﬂ d_lay %rtggugarﬂ§ Rieseruedoushe racgtd vies | @yerr&d
then c nS|st at leaSt the portion of t he Q;Ifxed

§0r &hge@NCayér 023‘33125 VoA Sebbnte et ibds pfatned tayers

pnpl ementing the material renoval, only a portion of
the supporting substrate 1 and the rel axed strained

| ayer 2' are preserved. The active |layer 6 then _
canshsls ofséhe prieservied S@giorad onnof thhe end 1is A

%%DBF%%FEQZ%UQ§&&%%h:&nfngh&h§egga@§ﬁe é%%%%k@%@ lyean

I S caSe mai ni ng portion of the
gappaetlhgyesub@tr@n@ ortayo >Ur@nbel§§?éFﬁ€d bgpding
8ds t-in part, 35 by the subjacent rel axed strai ned
Hayer 2'. In one particular way of using the structure
20, one or nore crystal growh operations may be
gar ki ed reut reRhotihe fstirplicticet2@g the material removal,

only at least a portion of the relaxed strained layer

2' is preserved.

The active layer 6 then consists of at least the

portion of the relaxed strained layer 2'.

In a second method of implementing the material
removal, only a portion of the supporting substrate 1

and the relaxed strained layer 2' are preserved.

The active layer 6 then consists of the preserved
portion of the supporting substrate 1 and the relaxed

strained layer 2'.

In this case, the remaining portion of the supporting
substrate 1 may in turn be strained, at least in part,

by the subjacent relaxed strained layer 2'.

In one particular way of using the structure 20, one or
more crystal growth operations may be carried out omn

the structure 20.
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W piormEd y be carried out,

WD 2004/ 027858 PCT/ | B2003/ 004793 - 20 Once the fina
structure has been achieved, a finishing step nmay
such as fi ni shi ng PCT/IB2003/004793
treatnments |ike, for exampbe, -an anneal i ng operation
in order to further strengthen the bonding interface
Bnbet weenft hel usefutthayena$ laven t heh teced vingi inishing
substrate .. Iln.qne .parti ho i ney in
#Fﬁctmﬁlye Of%,loé]r? qywhaet e%/ée]fcy%%% gtgrrcﬁcgﬁr%@ %g (Q%lti?%éd,g
omeabmenbselille, epbt agersrhey e Yrowh bR tPRETVRFEY 11

1Qekn IBe E§§Ehg£ tB%?eQ?@H@ﬁntth§0nBoﬁdﬂM@|eﬁnoérface

materials that can consti ute%h structures in bstrate
KGEYERBNtHY USBitEkentaEiorP G @?eoc%%%eja%%‘b? dr RS th

5 the invention will be given. In particular, |ayers
made of materials of the Si and SiGe type will be
exam ned. 20 As expl ai ned above, Si Ge containing 30%
Ge has aarnomihak hathpdeoparnamptethabstitudtrye edl er and

Sig, . | ai Si hayi ngmare
g@%ﬁﬁ&g?EEQESS s A 3R Ned) | aysrai%Rf Sidse hayingma

_ concentration and forned on an S
SPPPOrEIrAgM3UbRE r A ewn 1oy e’ AT olfti ate for
i npl enenting a process according to the invention.
Prefered processes for. fornm ng useful |ayer _a LNg
30 t &the G5Wenton HHE pr%%%‘%?%r&ltﬁ n ??fggf OFF%%Q%%E (_Jf
exarpliass Exarml e danw thneefienénce the Fi gurectares hi g0
rel ates t the case in.which th fer.s10 conpri “to
@#esﬁﬁo§iq%bpﬁngFﬁgnéﬂEﬁgﬁagéilg g%g ‘a straineJﬁg?
ltyeerinZemadenofi Bl Geehaviag- a defi ned Ge
concentration, with a thickness less than a critica

%88&;%&%%%34&5;&éé%g%ﬁg%g§3§%|gggf%g%&%)bgm%he Si and

SiGe type will be examined.

As explained above, SiGe containing 30% Ge has a
nominal lattice parameter about 1% greater than that of
Si.

A strained layer 2 of SiGe having a defined Ge
concentration and formed on an Si supporting substrate
1 may be appropriate for dimplementing a process

according to the invention.

Prefered processes for forming useful layer according
to the invention are presented in the following

examples:

Example 1: with reference to Figure la, this relates to
the case in which the wafer 10 comprises:

e an Si supporting substrate 1; and

e a strained layer 2 made of SiGe having a
defined Ge concentration, with a thickness less than a

critical end-of-strain thickness (described above).
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The strained SiGe layer 2 has a typical Ge
concentration of greater than 15% The strained Si Ge

wo 200e02B58dvant ageously has a density 5 of deP@DiB)03/004793

such as dislocations, of 4 eds-than about 10° CM 2.

The respective typi cal t hi cknesses of a strained Iayer
Zheont @i e e dl 5%6GE6eandlafern st ai hed | ayer typirgl = Ge
ﬁ%eh@kgl@léﬁ"’/&g‘f pLecal oungl, 260; nm and around 100 nm
thus remarnin SPowt eir respective critical end-of-

el astic-strain thicknesses. Referring to Figure |b, a

@%@'%Qr%ﬁn@@rgg@@ﬂléybﬁ3ZSadﬂéhiéwéﬁmblm hde Si density
supporting substrate

b l.antatio fo 2
SpedFedioh ALy 8‘r5 I—%lgll%@:rjange's o? IJI% '_@J;g Pam™
anérghés used are ((~~ typically between 12 and 25
keV. 2 0 The inplanted H or He doses are typical I y
bet ween 1019 and 1017 cm 2. Thus, for exarrpl e, a
Sheainepelcajare 2 yRs adontlz HitRp 5% ¢, 2 Ft\ﬁFPPeBelayer
@re&QHﬁ%qnlg%usﬁgéf(ﬁe theqi npkang, %tkhlaedoseagér 2

around 3xl| 6 CM2 at an ene of araqund 25 k
TR 21PaRJeXiitplcE 307 AT PP %% T“ﬁy@lng argonfiaﬁﬁlonélm’

%%%BG%eM£ldMHd KE&@WGfEéIEdrEGpHSElVE forti8e 1t med-of-
@ﬁ%ﬁ \QII ﬂ of Saround 2. OX1016 CM 2 at an

3)} cof 5Péﬂn5 3\7 “The inpl antation depths of
the atom c species are typically between 50 nm and

0 5 The thgn aof ghon @Et@@b&ﬂi@ﬁt Bon s
%e%er?ﬁéﬁ %ITI%g@bgga EU|%%iﬁheat ptreat rrenlt n
Fanmieculiar the Sdi sPIRRE Harx Gt i’n the MpLantation
tdansidiien lp@)éei@34 @R a@ausgrdﬁsl ocatl ons in the

rel axed strain layer 2' to WD 2004/027858

PCT/ 1 B2003/ 004793 22

The ranges of H or He implant energies used are

typically between 12 and 25 keV.

" The implanted H or He doses are typically between 10

and 107 cm™®.

> Thus, for example, Zfor a strained layer 2
containing 15% Ge, it will be preferred to use H for

"2 at an

the implant, with a dose of around 3x10*® cm
energy of around 25 keV.

» Thus, for example, for a strained layer 2
containing 30% Ge, it will be preferred to use He for

-2

the implant, with a dose of around 2.0x10%® cm™ at an

energy of around 18 keV.

The implantation depths of the atomic species are

typically between 50 nm and 100 nm.

The formation of the region of perturbation 3 is then
followed by a suitable heat treatment, in particular to
displace perturbations in the transition layer 4 and

cause dislocations in the relaxed strain layer 2' to
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di sappear. The heat treatnment is carried out in an
inert atnosphere 5 However, the heat treatnent nay be

we200niozgmssout i n anot her atnosphere such as, fPCT/IB2003/004793

exanpl e, an oxidizing atnpgphere. Thus, a particul ar

heat treatnment to be carried out for 10 this type of

aedespclly.is perforned at tenperatures typically

bet ween 600C and 1000C for a typical time ranging

fromabout 5 mnutes to about 15 m nutes. For nore

et ai heahs tegar@snsuch Sexperimsit alovts %%chﬁpqué§ert
W ll be nade to the studies carried out by

B. Hol | ander et al ecially int docu :
BAETITRd TBEr aPRoF el BRGE ?%%n%fT%Q%uggno pﬁrﬁg@ out. An
éﬁbthé££atmés§hefd0@hchetﬂmosfwmcbaamglaften ropdrdogemg
é ﬁalun1|on i nplantation for virtual substrate 20
Fabrile

i%on (in Nucl ear and Instrunments and Met hods
in Physics Research B 175-177 (2001) 357 - 367). In

apot her case; of1 formdng a-dLghat ofo Q:%tdgﬂaidcprbtﬁ for
according to the resent i nventi on, Q{ gen or

PBigs m’r?@l affed’¥h aldodd dteEisTR cﬁr?er'la%usres

@?ﬁ)lb&yi}arbé*@?@ehs 600 @C(H)fcﬁaIIE(BJWtﬁothe tygriratli dnime
a. regLon of weakness n e

AP IO t%%“a% ‘%%% Bt 8 ?Ceé.%oﬁ‘flé’%ftgg

perturbation 3 and a region of weakness to be forned.

hIS region of ,weakness mnl}e d.hps hayvent woe fyaethomsa 1
nanely causi ng ’nt ef hal stralns capabl e of form ng

teystatiéne perftairdsas onslliln fife 8¢€El yiAg FP%nS??YQﬁFS
§Erk§¥§roﬂtaQQz0E bebngssubti citerdd y %@@Kcﬁ@ld?taﬂh the
waf er in two portions aft I su&&l n% gggéggblc
ARCBREN paciitdiilar enbbbf fRntS14*8lib8Bqent Phes

tEeateent Wil (1 haye Hdre toma fuunctriesnsa b er elhaxineg etheor
2004/ 027858 PCT/IB 003/.Q047 ai ns,,j e
E[?éFﬂed faJer 3 g%an qugth 93, - 23re8kh SubBiihee
fabrication” (in Nuclear and Instruments and Methods in

Physics Research B 175-177 (2001) 357 - 367).

In another case of forming a region of perturbation 3
according to the present invention, hydrogen or helium

is implanted with a dose of about 10Y7 em™.

This particular dose 1is in accordance with the
formation of a region of weakness using a Pprocess of
the Smart-Cut® type and allows Dboth a region of

perturbation 3 and a region of weakness to be formed.

This region of weakness will thus have two functions,
namely of causing internal strains capable of forming
crystalline perturbations in the overlying transition
layer 4 and of being sufficiently weak to detach the

wafer 10 in two portions after supplying energy.

In one particular embodiment, a subsequent heat

treatment will have the two functions of relaxing the
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W0 b@402mesi tion | ayer 4,

weakeni ng the regi on of weakness. \Watever the
particul ar nmethod of inplenentation chosen 5 to form

rel axes, at |least partly; 2B order to forman Si Ge
rel axed strained | ayer 2'. Referring to Figure 1lc, the
seceind ngirsubstie at et 5ainddat taghed £o £RE waffer TH0 thgy

consi st of .any erigl sWehsas silicon or quartz.
7§§§%Qif' gﬁ%ﬁﬁﬁgﬁgyeﬁ igegdvanfageously i nserted
between the rel axed strained layer 2' and the

FESei Vi NG hel B Stbisduiate st Hdwerabyinalkdng tatt,i qposgidsies

in particular to produce in the end (it f. G&, .
FP ghir e 10)° 2= STl o 26 oi 7 He Sdh or S T e
typelakbe, i nsullatzort parglest ion dndetrhitso sfpwet e PGe

t hen bei t.he Si yer. 20 Referring to Figure |d,
5%ga%? ﬁ%%%”ﬁﬁ%ﬁ#gﬁgb % ques for renoving materi al

may be carried out. In particular, selective etching

gheLhes R MY he qA% caldiedneut rusengiggchimgstrate 5
soFutions havi ng 'subst anti al select%vity @4th £§§§§%i
pbtasrlmd §0chlgs SIS i thsT¥ofBPFSPhg %At 4'@ast® one of’

thenf 95 | oW nepreagpapndscz. KOH, NHACH (ammoni um
hydr oxi de), TMAH, EDP or HNO3 or solutions currently
under study, that conbine agents 30 such as HNG3,
ENO2151HR202bohiFi nbi2 S04y 2 SARY  GHBGOIH GRRES R0, 1agerted
xplained,in c 23539 SR page rcelnim
EF?@?egi?%%tf%%%xgﬁegFgg%%%ggg?gctive t chi ng Sg. 7
rakesrite pdssitblas ey ﬂ@ﬁ%&%galFeﬁ§FﬁPﬁ§epoPiiBﬁr FCPhRT
t%ﬁ%%ltdhﬁgd%tbsctr{eatﬁn% t(@ibg rrtem’a\redcwi th respest 1@ a

e rel axed straine er 2. etrain (o]
strueture 20 ?ﬁetﬁ§e§ﬁ$¥l8§eﬁlég§ﬁgnggégéig ?ng?gg ?E?r
ehchjigtioh the rabaxed stataimeed?) apben2'being the S10:
%g934027858 PCT/ 1 B2003/ 004793 - 24

Referring to Figure 1d, one or more known techniques

for removing material may be carried out.

In particular, selective etching of the Si may be
carried out using etching solutions having substantial
selectivity with respect to SiGe, such as solutions
comprising at least one of the following compounds:
KOH, NH,OH (ammonium hydroxide), TMAH, EDP or HNO3 or
solutions currently under study, that combine agents
such as HNO;, HNO;, Hy0,, HF, H2804, H2502, CH3COOH and
H,0, as explained in the document WO 99/53539 on page
9.

In a first situation, the latter selective etching
makes it possible to remove a remaining portion of the
supporting substrate 1 to be removed with respect to
the relaxed strained layer 2' to be retained on the
structure 2, the useful layer 6 then consisting, after

etching, of the relaxed strained layer 2'.

the Si Ge strai ned | ayRCT/IE2003/004793
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In a second situation, an Si etching stop |layer is
pl aced in the supporting substrate 1, making it
w@omsiises t o preserve, from sel ective chem cal PEL/mB200304793
5 of the etch-back type,-amqgS- |ayer overlying to the
stop layer, the active layer 6 then conprising in this
case the relaxed strained layer 2' and the Si | ayer

:gverl y| ng té) tsh%u%%g@ I ayaq{ S]_LO g’{lg}]%géapslt@}ﬁerlg@é/rfqrs
Xarfpl 87 ective chem cal
etatidg 1Im qtﬂestl @Hpﬁﬂptbvé oﬁébértra‘frﬁe abovBa&LeRi ng*

1§(9§§1£k5wstgefp%rers'e@9et o i gur §elgctﬂv§t ruehtic@12@tching
onprising the 15 receivVving gstrateS nd an Qgtl\{,lee
‘P%yélh% ¢ sCh dRs nEHpe'Thé‘“ac%’Jrv sy er” & conpld ses at

é@@@tl@ﬁ@rpofhéoﬁcﬁivetEEyQMGE m@baxe©m®mnaunedlmayémf

opt i naI ly a ni parti
?S?hghguplb ti9%G gubst? ra% 1f% depengﬂﬁg I{o}ge th 9% e
oe¢hogind rendwalstenplleyed.- Exanple 2: with reference

to Figure 2, this exanple relates to a wafer 10

substantially the sane as that of 25 Example. 1, but
ToEt heppoFay ¢ hohaidi FRE &bt ant %l 13Ae %’ﬁ[ma%ee nd the

Layert ofe t PBeml kAL Ned cBii el h&yeﬁuegbﬁoﬁtéﬁpmegslayew Q@f
therefore consjsts olf the strained SiGe |ayer 2A and
the PePuXedt Gy EH YBC™0 This strained | ayer 2 has

a thickness of less than the <critical thickness of

kipe L OFo LDoTuastlan 1q above L rthigknessiha ) Gen

°The %strained has “substanti al |
theesaneg cisnetlrba‘t::r@t@stif5csaa§1 t e stadiined Sy ayer S
ofr sExagpl e 1. The relaxed Si |ayer 2B has a thickness
very much | ess WD 2004/ 027858 PCT/ 1 B2003/ 004793 - 25
than that of the thickness of the entire strained
rayerctdvesod hat thecsipraiseed diayeealtr ehai rom@mon of

gﬁgrgﬁke relaxed strained layer 2' and optionally an Si
layer, remaining portion of the supporting substrate 1,

depending on the method of removal employed.

Example 2: with reference to Figure 2, this example
relates to a wafer 10 substantially the same as that of
Example 1, but furthermore including a substantially

relaxed Si layer on the strained SiGe layer.

The strained layer 2 therefore consists of the strained

SiGe layer 2A and the relaxed Si layer Z2B.

This strained layer 2 has a thickness of less than the
critical thickness of the SiGe in question - above this

thickness the SiGe relaxes.

The strained layer 2A has substantially the same
characteristics as the strained SiGe layer 2 of

Example 1.

The relaxed Si layer 2B has a thickness very much less
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wab@4iopsbement ati on of the renoval

strained structural property. The relaxed Si |ayer 2B
has a thickness of about a few 5 tens of nanonetres.

substantially the sanme as that of Exanple 1. The
creation of a transition |ayer 4 and an additional 10
pdyantpgeass theattirealgmntof that cartd rsubstannedl fyyer

dentl C hose_ of . Ex a aseffectvelala
Iasc"tq cgg‘? F%‘I Caxt Ji;ajtrhegls ragie%edyl \a%é%gzi in order
tbrzﬁnmeniastrreica)mdilspm@pﬁédyl ayer 2A' (not shown), and

rghQQ%éc§1|Ya drabpi ngst herhelkaxeds!| ayeapdbria few
er to forma s rai ned rel axed | ayer 2B (not shown)
tﬁ@slﬁafﬂéﬁr‘nqﬂ?ﬁé’#%V| ng a lattice paranmeter close to

that ofpidersubiasentr ekaxedr ShGeal 200 Afters t e wifhen

10 has bee bo ded to a receiving rate 5 at the
StYPaFARY 7 1S4y 6t afB%% Vi OI% Exg%g\ni%hgut an

i nt er medi ate bond| ng | ayer, materl al may be renoved

In%rg g ?ﬁ g?rg % ahggtﬁgﬂm?a&%ghﬁ'QHﬁﬁenﬂeﬁﬁiﬂﬁﬂﬂhal

ove. nafi npl enmenti ng t
ﬁdtfentage@efﬁm\}fa’:lat |ttre|a§—“@é1§|rre€h?6 ref Qi n° WS h‘Iaenattslt‘ﬂafw

PALLE 9P, 0f & henodel X et sigial ned Haayerh2Aeffand the
strained SI layer. 2B, and th rraterl al

[
then subStamtiEdily t Relazpnga S HHLES d{es %']%edﬁ’ in
5&@6@' eolfoMhat rslobtai pedaimed hleay;eald 15" alsel uUhe)
0 (like that shown in Figure 1d) conprising the
9e| ving substrate 5 and an active |layer 6, the
act ive | ayastﬁc&ily:oaSufsttnmggoftfleher%h”a@@]eélagﬁrI dyerin

%%de?ng Off al, | eassctral%%l R4,y of o fdie ZE@" a’{(r%it Sk16ewn)
R and optionally of an Si 'l aye

ﬁéﬁrallﬁfrfg?moiib?@n eV inthed s UgddrtGengPs ﬁg‘ﬁ%{e Qose to
dependicngnens tihea E&pvat 1 axed hosenpl oyed) . WO

2004/ 027858 P | B2003/ 004793

After the wafer 10 has been bonded to a receiving
substrate 5 at the strained relaxed layer 2B', with or
without an intermediate bonding layer, material may be
removed using one or more of the known techniques

described above.

In a first method of implementing the material removal,
it is desired to retain at least a portion of the
relaxed strained layer 2A', and the strained Si layer
2B', and the material removal is then substantially the

same as that described in Example 1.

What is obtained in the end is a structure 20 (like
that shown 4in Figure 1d) comprising the receiving
substrate 5 and an active layer 6, the active layer ©
consisting of the strained Si layer 2B' and of at least
one portion of the relaxed SiGe layer 27’ (and
optionally of an Si layer, or the remaining portion of
the supporting substrate 1, depending on the removal

method employed) .

process i s PEBEIB2003/004793
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- 26 In a second nethod of inplenmenting the renoval
process, it is desired to retain only at |east a

weoroaiozissof the strained Si |layer 2B, and theCT/IB2003/004793

material renoval is then 5 gubstantially identical to
that described in Exanple 1 wth furthernore an
additional step of renoving the relaxed SiGe |ayer

2A' . For this r 0S sel ective etchin of the Si
PRy 2b&SCP0d cRF P gtlﬂghﬁ@egg%ung%% or- t e or3dEss,
sel est Id‘é%lebdhttbg reatiSi Galwi tat rlespdcta tEUDISIlOTSLFCﬂ‘I e

ggzg%gggj{ogbogﬁggrls g %\E yHeR2: %@%ﬂé&h&%i vid yrdn

I'S second
snplseaemawgyt héept@;@@%s Lot fdatr glepeadrsdce N a1

becomes A | EhCiAhai Suatha saepbi fé€e reotvheg the
relaxed S Ge |ayer 2A involves the disappearance of

Selacedr alCaet®es, 2Buch as 20 dislocations with
paraneter difference strains, which may be confined on

he r.face and appe befo di ng
Pélﬁ%ﬁf GPRE |ht§ﬁf§g§ %% ﬁ$ﬁ% tranS|t|% avat 2°
abter edr apagatsiong oéoﬂhé1opertf@rrbmhqmgeleﬁuqq:fée etching
%ranglhlon % MerrésRégtTh%orehgxeds§bg€ Layeg Zéolbbﬂén
I ne

preserves t{'he stra Si ayer 2B fromthe OSS'B "
semactiaiab def8ctsOz : &sGPPHng fPERPFREVPAY LI clFar 2°OU

Aegled,of relaxation enployed in the process

accordlng to the invention. 30 This sacrificial
technique is therefore particularly suited for

abt aimisngsddbridheneiitb@ sf r anpeamShtiayeth@Bprowesh, f &We

sLidctural defects. o35 Wt Lscontai nedcip the end is

Fiké own I n |gure
conprising the rece|V|ng substrate 5 and an actlve

lsayer 26, gﬁﬁfQQE'%% l-ayer-f o.6engigk nael the involves
stralne layer 2B'. WD 2004/ 027858

p@¢/|gggﬁgﬁ@@@¢@ge of structural defects, such as

dislocations with parameter difference strains, which
may be confined on the surface “and appear, before
bonding, in the wvicinity of the interface with the
transition layer 4 after propagation of the

perturbations in the transition layer 4.

The relaxed SiGe layer 2A' thus preserves the strained
Si layer 2B' from the possible structural defects
resulting from the particular method of relaxation

employed in the process according to the invention.

This sacrificial technique is therefore particularly
suited for obtaining in the end a strained Si layer 2B’

with few structural defects.

What is obtained in the .end is a structure 20 (like
that shown in Figure 1d) comprising the receiving
substrate 5 and an active layer 6, the active layer 6

consisting of the strained Si layer 2B'.
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- 27 Exanple 3: with reference to Figure 3, this
exanple relates to a wafer 10 substantially the sane

w@goohztssof Exanpl e 2, furthernore includi ng BCT/IB2003/004793

substantially strained Si& layer on the rel axed Si

| ayer. 5 The strained |layer 2 then consists of the
stiabTed3Si GeitH ayere2Ancehea eFagedeSi3 | ayeis 2B%@ple
the strained Si | ay Fhj ray | ayen of
ﬁ%@ataess 1 1%er”t elrckln(gssgh%%t%nn%ﬁaell_rycfci% c%ln@te(t%isck ess
Bfatpiee Si Ge | FuyUdSTinOne abbvelWhieh Phe RgHantially
LEL axesy STjEfe sty.Ained, iawer AA-has ssubstantial Iy the

same 15 characteristics as the strained Si Ge |ayer 2
of Exanple 1. It will be advantageous to choose a
thicknessned tdeer | ayete?Acgnentes ¢harhorstequiaied 0°o16e

he typjcal. thicknes 20 beh, shruct ugal , defect sce
i\ﬁﬁ%ﬁr’r}ﬁ’g heartt Eékei(?}tselrf%\%ée%\wh‘f% The transt?tai1 on | ayer
dayatt®f. propagation of the perturbations in the
transition |layer 4, are likely to be confined

therein. 25 Such a strained S G |ayer. 2A wil | thus |
Bhésepysaihed Lavaxed &S| éye?mazlsl%%dt%@(%‘eﬁsai%%“ the

Si-Gei Lavern 26589 o anynst suct ui al gdebects, daipéng which
overall relaxation of the strained |ayer 2. 30 This
§88rP#7Ri BF1¥€ehni que is therefore particularly

suitable for obtaining in the end an Si layer 2B with

w structural fects,,Th el bk 2Bnbassame
&ﬁ?ckﬁéggl{l/%?y ?r%%%gl K gggt h‘gﬁgtgﬁghf%igg%ess of _the
ehbirretstiathed | ayer the setaarrd hed s ai ey ayer 97
EQ%QETQ n overall strained structural property. The
rellaxed Si |layer 2B has a thickness of around a few WD
2004/ 027858 PCT/ 1 B2003/ 004793 - 28

It will be advantageous to choose a thickness of the
layer 2A greater than or equal to the typical thickness
at  which structural defects appearing near the
interface with the transition layer 4, after
propagation of the perturbations in the transition

layer 4, are likely to be confined therein.

Such a strained SiGe layer 2A will thus preserve the
relaxed Si layer 2B and the strained SiGe layer 2C from
any structural defects during overall relaxation of the

strained layer 2.

This sacrificial technique is therefore particularly
suitable for obtaining in the end an Si layer 2B with

few structural defects.

The relaxed Si layer 2B has a thickness very much less
than the thickness of the entire strained layer 2, sO
that the strained layer 2 retains an overall strained

structural property.

The relaxed Si layer 2B has a thickness of around a few
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tens of nanonetres. The strained Si Ge | ayer 2C has
substantially the sane characteristics as the

wa@eooaiozmses Si Ge | ayer 2A. 5 However, the strai neCT/Bi2@8/004793

| ayer 2C i s advant ageoust y28 t-hi cker than the strained
Si Ge |ayer 2A. The strained Si Ge | ayer 2C represents,
Hghong nkbopattesul ar situation, the major portion of
the thickness of the strained |layer 2. The

i mpl ementati on of the renoval process IS

Bubstarrind ySidentprar £6 tHat B! hlzf e TREME

O £aldiriaf iast hanshti garbayes diead ayeadtitional
advant ageous heat treatnent, which are identical to

those of Exanple 1, have the effect of: - elasticall
Helaxd g tihe strained ISager 12Adm 2Q0ier deivang apermsSa Y
rel axed strained | A of .shpw); - elastically
S A nE‘ tnhechreel a;%)eégglegycse%&g Eaz order to forma
stra| ned rel axed |layer 2B (not shown), the latter

%n haybng.a |a§1tG'ece pajaret er clagedgwenddat of thee
acent relaxed Si Ge; and 25 -, el astical. IO¥] rel §X| NG,
@%Jet%‘flﬁeﬁrnedsFﬁyéFlQ@ i n th6r dePA3 B f oFRA”: 3 8 axed

shiaimned |layam2Gtr fneledshewa). 2 . After the wafer 10
has been bonded to a receiving substrate 5 at the

rel axed strained layer 2C, wth or 30 wthout an

Thé er imgdi cates thomidimg dfay éhe maeseval neyogess r ehbved e

usi o r fohhe knewn technigues odescribed
Eﬁko)sgar?ﬁlalol r??éet%t?ftet%log Cmpl enment i %g the materi al
renoval, 35 it is desired to retain at | east a

fﬂétEQQaQIoﬁhgf Eekééﬁglﬁﬁbﬂlﬂ@@ehawehﬁﬁAantimﬂltlonal

strained SI layer 2B and the rel axed SlGe I C
aﬁaa@heg%a%nhéﬁat r RBELTeR s th@?%“@h traentlaFﬁ {:ﬁg £o

§BH§ea§ftm\a§mpI@SXEr ittt ithebxdeifples DL WO 2004/ 027858
PCT/lBZOQ§/OO %ﬁy ielaxing the strained layer 2A in
order to form a relaxed strained layer 2A' (not shown) ;

- elastically straining the relaxed layer 2B in
order to form a strained relaxed layer 2B' (not shown),
the latter then having a lattice parameter close to
that of the subjacent relaxed SiGe; and

- elastically relaxing the strained layer 2C in

order to form a relaxed strained layer 2C' (not shown) .

After the wafer 10 has been Dbonded to a receiving
substrate 5 at the relaxed strained layer 2C', with or
without an intermediate bonding layer, material may be
removed using one or more of the known techniques

described above.

Tn a first method of implementing the material removal,
it 4is desired to retain at least a portion of the
relaxed strained layer 2A', the strained Si layer 2B
and the relaxed SiGe layer 2C', and the material
removal is then substantially the same as that

described in Example 1.



10

15

20

25

30

35

WO 2@ei0Yissy)

- 29 \What is obtained in the end is a structure 20
(like that shown in Figure 1d) conprising the
substrate 5 and an active |ayer 6,PCTE2003/004793
active layer 6 5 consistinggof the rel axed Si Ge | ayer
2C, the strained Si layer 2B and of at |east one

portion of the relaxed SiGe layer 2A° (and optionally

S th e e
Qhpborsl iy et aih e Ghn, gggaf%@w -bbe (11K

at'e on the renoval
methodstenpl oyied) Figliren édéecéﬁﬁpﬁéﬁh%%l ofhe  receiving

'EHB&@P?ﬂg'ggakaea%ak%wfﬂe repvab, thel acdeseredyeo 6

preserve on l east a  portiagn of t str [ [
FayetsoBg a‘h% the reftaxed S%ﬁéeqlaé{;‘?éf Hive ka¥ned
gat epiyal removed dheat bewgt 1@6MIMm acbﬁ yehiedartlased
to the seco netho of [ e rl@
PéﬁBVEFYSF ?% g %9 1 %% r the

ampl® i ned”in t e end is a
stnatching 2poftike pmat t@i@omqnpq:itgmge fpstrate 1,

ﬁg 52%89 %h@héeﬁéﬁq b0 20 suhstdaged .and an active

Pe active ayer 6 consisting of at |east the
portlon of the strained Si layer 2B and of the

ﬁﬁl axed R d ayitrefd . 4N allf\ghiélﬁiermﬁrhpd gie material
I npl enmenting the proces is 25 desi F kn o

ERIMPVAL /| ddst 18 :6ﬁ§oF °t et 7t Gxed g? é?aég%gk

%&uaad otfhetr[ﬁit EtlrallnéérYﬁMal lawer t ABh suldstidim i aplgxed

same as desgrib 1 ich met hog of
ﬁ% AL | %%;bovéﬁl :ﬁ%#%ﬁ%%grn%$§8®an addi t i g%ni
smeptehtnehbylngdﬁmél§ﬁﬂalﬁéﬁ Sthpayeecoyg 2gret

Y RURRORG. ! AELLYEs € S DG Dlof ond iad S
arried out using solutions conprising at

| east one of the follow ng conpounds: KOH, NHAOH 35
o Amypy di sxhde) EFMH,enEDasoraHmanmtng@ Wt ogike

current y under stu co s gph as
hghr tR0z e foath, o7 oot ake F0. "

Smm@arhhe Eehaxbdaﬁléethayeﬂazgr it a%b%t%ﬁthesﬁﬁﬁer 6

consisting of at least the portion of the strained Si

layer 2B' and of the relaxed SiGe layer 2C'.

Tn a third method of implementing the process, it is
desired to retain only at least a portion of the
relaxed SiGe layer 2C', and the material removal 1is
then substantially the same as that described in the
second method of implementation above, with furthermore
an additional step of removing the strained Si layer

2B'.

For this purpose, selective etching of the strained Si
2B' may be carried out using solutions comprising at
least one of the following compounds: KOH, NH,OH
(ammonium hydroxide), TMAH, EDP or HNO3 or solutions
currently under study that combine agents such as HNOCsj,
HNO,, H,0,, HF, H3SO4, H2S50z, CH5;COOH andegO.

Since the relaxed SiGe layer 2C' is an etching stop
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w@aootiozisbar [y uni formin thickness with a

WD 2004/ 027858 PCT/ |1 B2003/ 004793 - 30 layer, this
nmet hod makes it possible in the end to obtain a |ayer

roughness. Thus, it is possitble in particular to have
a layer of 5 very small thickness while maintaining
g@q&rl ay€tiis qtmalthbyﬂ. Wilats | §tohtes siddld ninhetendend ato

ruﬁ}grﬁézgﬁ ti%ﬂ?grfgowﬂl QnE'QHrﬁhi&Qnese with a

PEC&i Vi ng ~10 su strate 5 and an active
Ilayversu@fatcheraughveSaner 6 constituting the rel axed

G lQM?rlgcboséﬂbP@e paphi-eybaraetBotaghk U§I1Kydﬂmbf
structure 20, V\,hat ever _t he strgcture 20 oé

GIRE Yor SHere @1€§PP§?er§hﬁé§ bB2 4T bR O t he° mafer
](?Jalil:ﬂ:@/h_ as the epitaxial growth of an Si Ge | ayer or

of a strained Si |layer, or other epilayers consisting
of an alternating succession of SiGe |ayers or _
stirai nesl Sbthayeds im tohedendt ol of ms& mwgltirkayet (like

S WhSun 201 h" FDGuPEN SONual: i AXRY ¢ thEeseatedving

I's docunent, r constituents be added

therdtetes o hend ear BER1 VR tRYS cdr bd%beco?}%%h‘ﬁ atP¥Rs ©

| dbiidie dhavely ikheduestien ssubsiaptiatty. | ess than or
equal to 50% or nore 25 particularly with a

concentration of less than or equal to 5% The
pIres&m parmaniul@rr insthatd ldfmidsédigt dha strachedeSEEGe and

S@Yagﬁ el:[o oqaegersétr UPPOLL | ”Qosuﬁéﬁéﬁgdl bug eéken%re

eri a such as materials of th e
ldpiMyorrd | may  aeondrofranbhy thsf whEehi Alry, SUEr nafy th

;)é?%ﬂéﬁ &%ﬂwpgfoénh%ﬁbﬁgﬁ%ﬂ@ﬂﬂﬁﬂ @@gﬁegkraﬁhaﬁ Si
can

ed usi ng process accordi n% tin
pkagent oF nQ*é eF oﬁplééyﬁféF 5PBSERBIRYr Gt Pes‘?]ﬁeﬁéﬁ g
obtadded af t eF takes offfayers or strained Si layers in

order to form a multilayer structure.

In the semiconductor layers presented in this document,
other constituents may be added thereto, such as carbon
with a carbon concentration in the layer in guestion
substantially less than or equal to 50% or more
particularly with a concentration of less than or equal
to 5%.

The present invention is not limited to a strained SiGe
layer 2 and an Si supporting substrate 1, but extends
also to other materials, such as materials of the III-V
or II-VI atomic family (of the binary, ternary or
quaternary type or having a higher degree), that can be
employed using a process according to the present

invention.

Nor are the structures finally obtained after take-off

limited to structures of the SGOI, SOI or Si/SGOI type.

| OWPGTITE20037004793
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wa2ookoomsess for form ng a useful

l[imted to structures of the SGO, SO or Si/SGO
type. WD 2004/ 027858 PCT/ |1 B2003/004793 - 31 CLAIMS

waf er (10), the wafer (10)3conAprising a supporting 5
substrate (1) and a strained |ayer (2) chosen
respectively fromcrystalChhadSmaterials for an
application in mcroelectronics, in optics or in

opt oel ectroni cs, characterized in that it conprises
he Pobtews ngost eperming (&) FEPAALI oPYST t K rom @

HEBQrttF%)?UQ%%fgkgfﬁ%) Qﬂﬁlacb@gm@elﬁé pﬁrtauﬂﬁnnumng
efined de cap 0 rm ng uc
EELﬁaFBE?I orlg;) (b?ngupﬁl y %ﬁ‘ aéﬁ‘e?l‘jgy %ycausztzzsa Iéérglés%ten
kekakbvevel ¢l axmdmon afryiheldliast i cmasteaidksin foe an
strained.| ayer n eno or t4,on
B‘f)p ﬁgagé?%r G‘TO) )Oﬁe% grg%%?tge s?{ae t%%ttgcg rtedl axeldrl
sprakenedtkayecs ( 2t1)1ar@¢a“eerl%%?r uln | Eyar {6) CHE g Thet"
ffgggpgr&ﬂqgng%&on of the wafer (10). 20 2. Process

g a useful layer (6) accordin
p

0
precedihg EPaRATIehaiActtéli Z8PHOT Rt %i)?étt tattel elsr ©F

aek%5h$% 6%'%é@th@ﬁa@ﬁohh¢3$tﬁalﬂedefﬁyed d@)th doapagle
st ep t akes ce.across .a transition layer 25 (4)

a
§§p§|°§f“llﬁ§ F‘Eéug‘é@fﬁ% BT periirbati'on (3) fromthe
strai ned |ayepl{2)pof FEndrocess tepstord npastuseplptive

er (6) accordin ' erpeegedinged 1
ﬁ%gaﬁfglgﬁanchri%%ag?ﬁ% %ggéﬁg% %ﬂetreglon of & oY
pentuebation (3) is formed by inplantation of atomc

SDeC'g% 4re5698§83ff9r pbetbAgod aﬁgfuhféayeno(6¢n the
accor

to th recedln cl aim r cterlzgj
S’tlt“ié? %{Sjeat‘b‘?n §pé@|lé‘gefirrp%1 arr?tlélﬁ% gr?ﬁ'rl se? {
leastiipatiyyx (6) being the remaining portion of the
wafer (10).

2. Process for forming a useful layer (6) according
to the preceding claim, characterized in that the at
least relative relaxation of the strained layer (2)
during step (b) takes place across a transition layer
(4) separating the region of perturbation (3) from the

strained layer (2).

3. Process for forming a useful layer (6) according
to either of the preceding claims, characterized in
that the region of perturbation (3) is formed by

implantation of atomic species.

4. Process for forming a useful layer (6) according
to the preceding claim, characterized in that the
atomic species dimplanted comprise, at least partly,

hydrogen and/or helium.

5. Process for forming a useful layer (6) according

to one of the preceding claims, characterized in that

| ayer (6) froPCEIB2003/004793
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hydrogen and/or helium 5. Process for formng a
useful layer (6) according to one of the preceding

w@bkaunosssgharacteri zed in that WO 2004/ 027858 PCT/IB2003/004793

PCT/ 1 B2003/ 004793 - 32 -td®e -energy supplied during
step (b) conprises thermal energy so as to further
HH@K%ﬂeEZﬁ é@ﬁ@%ﬁ@doaueﬁnghete@trannymm@tiﬁe%ttéﬁﬁ@él

f f
%ﬁ?ﬁ%@la a?oéﬁh tg%%fs oL, §9f M Ag QIH%%a%loanﬁf 423

precedi ng cl ai
sthariact éni zed shrehaed iﬁyeart%brnnre |ncludes bef ore

step (c), a step of bonding a receiving substrate (5)
to the wafer on the side MAt the s |ne r
q-2). PE@C?SSPr’%vés%OF&%n? ofni%§ faty gﬁe‘ﬂﬁr I gé gor@“{%
accondi pg the tﬂ@dyca_e@dlagaﬂtsa,l m;ha:lfmta@memcte@lm ghat
that the bondin IS precede appl igadhon e
igf aUThBRETAEE d?%ﬁ“@& at $e§% o%ggéf Pﬁ t&o aé%s
mmqu 15 bendedi gy Srocesstd ofS¥ ofai h@eawaéém 1Pay&n

ac ordlng to cedi,ng ¢haim characterized
é t%a th bgﬁdFEQ%ﬁ§§gr |& §e§of silica. 20 9.

Process for form ng a useful |ayer (6) according to
pne of, Jhed hfee preredyna cth@m m@éact éni zectdming
that it furthernore includes. t kng ntathﬁlqt & he
¥ ni S n@rECEsiEsr r céa1But SHaFﬁg strfac 9east
125n@ngg ofsitdie tiwo faeesdea bbybonded. 2ol i ®rlocess Flor 2
formn usef e 6 ordi t ne,pEsthe be
?%ﬁﬁliﬁeiﬁﬁ?ﬁgggléﬁ%sieg %rgg eri ze |r§M§ g? F? "
Homdder nore i ncludes a heat treatnment in order 30 to
strengthen the bonds. 11. Process for form ng a useful

| ayer (6) according to one of the preceding clains
Ehar akterdzediPh ﬁw&w1n9-ébepa@gugt§ﬁy§5) Qﬁt a88Baing

conprises the diofgratdienof characterized in that the

bonding layer is made of silica.

9. Process for forming a useful layer (6) according
to one of the three preceding claims, characterized in
that it furthermore includes the implementation of a
finishing step carried out on the surface of at least

one of the two faces to be bonded.

10. Process for forming a useful layer (6) according
to one of the four preceding claims, characterized in
that it furthermorge includes a heat treatment in order

to strengthen the bonds.

11. Process for forming a useful layer (6) according
to one of the preceding claims, characterized in that:

- before step (c), it comprises the formation of
a region of weakness (3) din the supporting substrate
(1); and

- step (c) comprises the supply of energy into
the region of weakness in order to detach the useful

layer (6) from the donor wafer (10).
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W@B0oen0ZI8§y | Nt O

35 a region of weakness (3) in the supporting
substrate (1) ; and - step (c) conprises the supply
the regi on of weakness in or deCT/IB2003/004793
detach the useful |ayer—-(8p fromthe donor wafer
(10). WD 2004/027858 PCT/1B2003/ 004793 - 33 12. ,
Procemsodears f boni igraingefaul usafer {6yeacddr digfgFondngd
the preceding £la) Meichay ackatkzedoLn thatid handegiar
0 mmﬁnss|sfjwm&2y|m)mnm|m1ﬁ atom ¢ .
spetdeset 5wedknPppcass thefeflolm ndra detdr &fer? (B C
ageording to the preceding claim characterized in
that the atom c species inplanted conprise, at | east
partly, hydrogen and/or helium 10 14. Process for
farm rgpecusefol Ifayering6)a acsefdl ngayeo eihercedrdhed
wo precedin | aj s ar a ri I th t the
%8gi‘%ﬁe ofP Mo éfr%éﬁghe %ﬁég‘iré‘%%gfwﬁgrtﬁ’tr’ ba?i@%% §3)
ateni ocatrediswbstanipakeyg atonbel Sane 21151685 At PR the

H@&?é%éﬂiﬁndﬂé& frocgss for formng a useful |ayer (6)

according to the preceding claim characterized in

that the region of weakness and the regi on of
pertupphatéon €3y 2Qrariend ok nedesubstlantiral {§) atcthbeding

same,tj nme apd he _sane .neans.for_forni : ;
PaarohetT 1P eRY o tuE paRTRaTRAnS A et PERA PactOP 2sa i
abeor dithg tregG@leai mdfl, vhakaeseri zed i FhehatraHeon of
regi . 25 a ss 4.5 Jf0r ned, Ly arasif igatien ebme
gggggg?giho%hégﬁmgggr%f%%Y¥Qa7. Process f8{ formng a
pséhtl inaylee ysjermcebiding to one of the preceding
claims, characterized in that 30 step (c) conprises
&g?efggg%§§%o%%ghhgﬁa&ggftal%%%%u? ]E8&5!0P6Pfagg8rding

to the preceding claim, characterized in that the
region of weakness and the region of perturbation (3)
are formed substantially at the same time and by the

same means for forming the regions.

16. Process for forming a useful layer (6) according
to Claim 11, <characterized in that the region of
weakness is formed by porosification of a layer in the
wafer (10).

17. Process for forming a useful layer (6) according
to one of the preceding claims, characterized in that
step (c) comprises the chemical etching of at least a

portion of the wafer (10) to be removed.

18. Process for forming a useful layer (6) according
to one of the preceding claims, characterized in that
step (c) comprises the implementation of selective
chemical etching of a portion of the supporting
substrate (1) adjacent to the relaxed strained layer
(2'), the relaxed strained layer (2') forming a stop

layer for this etching.
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18. Process for formng a useful l[ayer (6) according
to one of the preceding clains, characterized in that

wW@20080Z85§ c) conprises the inplenentation of SECEDR2083004793

chem cal etching of a portjon- of the supporting
substrate (1) adjacent to the rel axed strained | ayer
(R ) prckeskelmxedr stained hapdnl( 2'ayefor ingaaclT @pn9

|ayeQB;§%3}g%2f§%%%bqgg Vﬁ%%_ 4/ 027858 cerized in that

rocess for form ng 1
weef nkliager s(c@)alacdorlehyﬂ} {3’ bnECoBPTERES priecelFAyCe

ﬁcécaﬁl% 5{5‘1{ + 284y 'ﬂnt hatat thed edtﬂxe@orsﬂsfmmdthe

ayer I ses a chem (:alh etc{n n cshtorp
maﬂlﬁf{tﬁéﬂo@t epl (e ohpriseS ERECE | n%ﬁ enent at| on toF
Sel 864 vgtgggﬁé@allae}eghl ng' of :trheorldetrax‘ecd stemgivisedthe
| ayer (2') in.order ve,t portion overlying
ff‘?fg/ttlﬁ)é1 sOcV) lly&)’}‘@r% 2%%e gogss ?%r forming a useful

| ayer (6) accordlng 10 to one of the preceding

fd al 5 oce ar a]fcgfrkéﬁqlhg %haﬁsefﬂe Pa%ﬁ‘é#' Eayelccoeking

consi s ast a portion of _the reI axe chat
‘fsQraDﬁe@fl dyer p2gedizy PHateds FORTRIGFAENGER ulef

fgeﬁséﬁﬁlafdﬁéﬁ'ﬂg é@n&@s@ﬁeo@faglabﬁstlat@ortgon of
char act er |

I ze n that the ést?f | ayer (6) consists
Bie tel 8 huddd 8RS féd Fa (2') and a portion of

t he supporting substrate (1) remai ni ng after step

22. Pocesfor form u l@yerad®rai
é\ cor%ﬁ‘ﬁ %o ?Jﬁe%ﬁfg&@gl g ¢ %Jl’c\?nl %ﬁgggct g?l zed in. o
thabneheof reraiming |ayef 7of Qflrﬂaf@l}ﬁ?érzteldngl%uBg?Fat@e

\%%gf‘%f 15 élal d @(yn%{@té' el axegk st&ained é@/aelrne(cQ)la@
. sfor ormrlﬁ%auseful | ayer (6

{2’ bne’ﬂf@\‘ eherprlek@di g cFapmsSY %&%r%?ga F‘ﬁ

Fond Dol pdessr af terestep (c), a finishing step carri ed
out on the surface of the useful layer (6). 30 24.
Process for formng a useful layer (6) according to
pne ofrbhespr ecedifngrcinai ns, uehirhctlerezed G)n #Raprding

to the preceding claim, characterized in that the
remaining layer of the supporting substrate (1) 1is

strained by the relaxed strained layer (2).

23. Process for forming a useful layer (6) according
to one of the preceding claims, characterized in that
it includes, after step (c), a finishing step carried

out on the surface of the useful layer (6).

24. Process for forming a useful layer (6) according
to one of the preceding claims, characterized in that
it includes, after step (c), the formation of at least

one layer on the useful layer (6).

25. Process for forming a useful layer (6) according
to either of the two preceding claims, characterized in
that at least one thin layer formed on the useful layer
(6) has its lattice parameter strained by the relaxed

strained layer (2').
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it includes, after step (c), the formati on of at | east
one | ayer on the useful layer (6). 35 25. Process for

wo eoomioergsa useful | ayer (6) according to eitheeT/mH2003184793

two preceding claims, charagterized in that at |east
one thin layer fornmed on the useful layer (6) has its
F@“'? oPaL ameLer f_%tﬁ@n%eda bystheirelaxed (st ratoedding
ayer (2"). WD 2004/027858 PCT/ | 2003/004793 § %% 26
PPo@é%sOf-o*?hEF O FR FRAH USeF T ay et (B eSS bty TES
one of thee precegdorgiabai nebsahartact ekizediisn tnhaaie. of
i gportlng substrate (1) is nade of silicon; 5 -
ai ned layer (2) is made of silicon- germani um
27 Process forrefiored ngaaeusefid) |agermy®) &dcoPdingon-
%grggg of the preceding claims, characterized in that:
- tﬁe supporting substrate (1) is made of silicon;
- the strained layer (2) consists in succession of: /
7:2'@EB§§§SOF0§{{Eﬂﬂ¥?dm§ihi@Q@i@ﬂfr&HﬁQMﬂ (45 @2Aprdhing
a thickness of relaxed silicon
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thi.ckness of relaxed silicon (2B); / a thickness of
strai ned SI i con-germani um (Sgcg
ained

a thickness of silicon—germanium
(2R);
v a thickness of relaxed silicon (2B).
28. Process for forming a useful layer (6) according

to one of the preceding claims, characterized in that:

- the supporting substrate (1) is made of
silicon;
- the strained layer (2) consists in succession
of:
v a thickness of strained silicon-germanium
(2R) ;
v a thickness of relaxed silicon (2B);
v a thickness of strained silicon-germanium
(2C) .
29. Process for forming a useful layer (6) according

to either of the two preceding claims, characterized in
that step (c) comprises the removal of the thickness of
strained silicon-germanium (2An) adjacent  to the
supporting sﬁbstrate (1) and relaxed during

implementation of step (a).

30. Process for forming a useful layer (6) according
to either of the two preceding claims, characterized in

that step (c) comprises the removal of the thickness of
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30 29. Process for formng a useful |ayer (6)
according to either of the two preceding clains,
that step (c) conprises thePCEM2E/004793
of the thickness of strai silicon-germani um (2A)
adj acent to the supporting Substrate (1) and rel axed

during . 35 .i.npl e"fﬁi at | t .4 F0Cassof 06 £
fro%%%%éj aSlulslg:f%ﬂll ayerét?%%ec%o%%ga JtLrgqgleeither of the
taswempr@édedi ng cl ai ns, characterized in that step (c)
conprises the renoval of the thickness of WO

2004/ 027858 PCT/ 1 B2003/ 004793 - 36 . rel axed sili .
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Rrocess ber ther mirg apmsefdind ayerin(6) oczordiewnizedton
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mat erial §:o13 .68l axed ofsRsaHde1gkaxed silicon-germanium
silicon- germanium w t a germani um concentrati on
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l(@%ait_ 'of_Si‘dHeC%m,r@tinbi@aSEy@mt(Ey;|Stra! ned to have a f
attice paraneter close to the l.attice_paraneter

the rel axddCsfr a?‘ﬁedf?%?ter ReFHLY 1§%§§gg ?oc%cgs }}oaa]re .
foaind N parsefatle  aylerso B)o adeorlditrig cet pagnaesert é the
pr ecedi cl.ai ns, -characterized in that the receiving
s]ffg”g %%CE]gSt(IS—]) n:% r%%g%rogbsi)l'i con or quartz. 20 33.
Process for formng a useful layer (6) according to

ope of pthe fr eeedi pg chahme, whanact eayaed (bn tdhatording
| east one of the layers enpl %/ed dUEI n% %he. rocess ., .
&/ t RBENOLe thfc RIS Tt bont T aCBarpohStt==d 0
coms entdativang sybssanktal | y5) esiss t hadeoroquallion or
50% 25 34. Process for form ng a useful |ayer (6)

a8 ding to one of the preceding clains,
characterized in that

33. Process for forming a useful layer (6) according
to one of the preceding claims, characterized in that
at least one of the layers employed during the process
furthermore includes carbon with a carbon concentration

substantially less than or equal to 50%.

34. Process for forming a useful layer (6) according
to one of the preceding claims, characterized in that
at least one of the layers employed during this process
furthermore includes carbon with a carbon concentration

substantially less than or equal to 5%.

35. Application of a process for forming a useful
layer (6) according to one of the preceding claims to
the production of a semiconductor-on-insulatozr
structure, the thickness of semiconductor of the

structure comprising the useful layer formed.

36. Wafer (10) intended to be used .in a process for

forming a useful layer (6) according to one of Claims 1
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chanagterigegrdn thpdrit conprises a supporting
substrate (1) having a first lattice paraneter and an
overall relaxed or pseudo-rel axed | ayer (21) havin Eﬁ
secondafattlceoparanebedla@d to thae ipreoedinmt chbrim,
Fﬁérggger uhfer lLayer. t37fUM&rmC(IJ€O)lT?€?]lQRf€fE nNg $&gion

reced |ng Claim ~ characterized In
bmphemnbetmm (Besim Flegi DHPPOFCiHEr tHHSSR (3) “in
the supporting substrate (1). 10 38. Wafer (10)
according to either of the two prec%glng cl
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39. Structure comprising a wafer (10) according to one
of the three preceding.claims and a receiving substrate

(5).



