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WD 2004/ 027858 PCT/ | B2003/ 004793 FORVATION OF A
RELAXED USEFUL LAYER FROM A WAFER W TH NO BUFFER LAYER

" whhRoedsesgnt invention relates to the fornmat |I;Q:r.mg£00§,004793
useful layer froma wafer, the wafer conprising a

FORIBTLON OF 2 RELAKER { YSEFF e &AFQE/ RO ROFEER r‘@%é‘@t PUFEEY LAYER
FIT SFLYGHA UG IRLE I A3 0T AN ARPILERLLOML | B2 B
mcro% rontcs, I n optics or oel ectroni Ccs
tqﬁe§11tlex%aY%1fI§Vém ES s'aifartotb‘@ " Irféf%ﬂs(e&ompr-l%h%g a

Csﬁ:bt&it&bltlan§ndira£ et @i nels wsyéjlal tlﬁo%eﬁm GeRpesedvdias ili:om
ttIC aranet e stantla y | entlc S
T RAR T bt or Pfhar PR CToPRE PR 1R
E&ﬁa’@ﬂéﬁtmnldﬁe fat eptaES iox iis oppRIEGHIANLES -
equi librium Conversely, a "strained" | ayer refers to

|.ayer. of a 5 cr s,talli_ne mat.eri al 0se G t.al

I R e, g JRoREy D ot 1 e G i
mlyprteﬁ;!snm mduerigl clofstetigr O\M:h ,isuctmpssshi haxi &
9L Re ?%?H}né 5% 'etsébéé"%ﬁﬂl%%. r%%&c&?ab%o its

subst ant i rent romt e Nnom na ttlce
ﬁ&f“&ﬁé%e#aBFl?wEarwtr?&trerqftﬂt ig §% svhethheR sl

@raraﬁlua@f agepusth® feateridl then soye vafler, formyem

_g ui‘l b St crystalline naterial on a substrate of a
second ¢ cryst alline material having 25 different

nom nal lattice paraneters respectively, .while

k@ﬁﬂéﬁgelﬁsaﬁ“%ﬁ&@hné&“UP&}Hf%réﬁéﬂseﬂétah? PHdr of a
rel axed and/or w thout ap excessi VE Eu Eé

EF‘y@F%]rJrJd'(f‘r aphptetictlect ¥h03® FGEYERP plﬁ%ﬂ)@ urey s
kheshital iynserdradnbaf f &n | eyresiorbetoweendnt heospribsssiatre

{]Q:.LSG EP%%‘%% Sta%r%aa‘thl N thig confi %g&@&k aage erf er

ayer 1S fo nmean a tranSition
FREEHELNG hd that atdd ce3spprimialor t8f e SPBP
vifhetdad 6fohheheswsiihate.lattice parameter of this

material.

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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For this purpose, such a buffer |ayer may have a
conposition that gradually varies through the WO

weldédi37:6858 PCT/ | B2003/ 004793 - 2 thi Ckneslsc #9&31094793

gradual variation of conponents of the buffer
then being directly associated with a gradua
Vﬂ[ifﬂ{deﬂls I mhiet sydaahubilc ergpdmateh enfbebwpenebhe of the
Iy t i p t h e ang, of
5 PR ol SYER PRI, SPeBths S RRERLC I,
FHuedUGRTASEAOn VAR| AbPela abht eht PEGHIFTST iRsiTte gen”tne
\Mﬁsgﬁutdﬂe astknver phedmet&rs hef stha etibsheatentedt of
(¥hénf%g%gg g@g@ step 10 changes in conposition. The
formation o uch a.variable conmposition takes a |ong
time and is often conplex to inplenent. 15 Moreover,
to mnaymkazlasd t pagensit e C&Mﬁp:@éﬁ O&roalﬁn:ﬁl Csllzdlef e sa
ckness o sua a
e, PR s R S TR oA AP Bs B EEsion
prod@bei origef edchtlze bmohéentayerrtﬁesemtenuw step

idheRlgeesinft&ipbdengtdy, difficult and expensive
processing. Another technique of rel axing el astic

‘strains in a forned layer giving a simlar result

\mndwﬁﬂﬁmatabhiaﬁiysuaﬁ hesarpabressbmgosEglon etlakes a

OFN e Bup il d andel, ehghes 0T ExARALE [0 Lhe

arn | 5xatron o pseudonor phi c
Sl|_XG€. / Si (100) beterostructures after hydrogen

?Ior'é_@kriablfn ten mﬂn"ﬂfﬁ%@ﬁt qlttisoraérsylt i fdﬂa&rﬁslﬂﬂ][ca&jx%phic
ricati ucl ear _a struments.an
GBEREEE | Phenyulisinanseatbna Bt Woot§ hsually
35?9367yypﬂ¢ﬂ&kuwha§m§edegne|@@@ aaﬂeaﬁésma@rpné

rel axation of a strained SiCe Iayer i n conpression,

this layer bein 35 forned on a ubstrate.

The pr%ductlong of such a fer ayer é%erefore
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. Hoéllander et

al., for ezample in the document entitled "Strain

relaxation of  pseudomorphic  SijyGey /  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




The techni que enpl oyed conprises the inplantation of
hydr ogen or heliumions through the surface of the
strained. layer into the Si substrate to a defined 3 -
depth. A crystalline perturbation created by the ion
i mpl antation and |ocated din3zathickness of the S
gubﬁgrate | ying between the inplantation region and

i Ge | ayer causes, under a heat treatnent, a
certain rel axation of the SiGe layer. This technique

erefo makes it possi bl e, S | e atom or
r cﬁf‘iﬁrl}ﬁpﬁ’&ﬁ I Pghl‘?rlhtc(feﬁﬁ‘égs%gtph@atl@ﬂ P lRdGéan gand

lqdameddlnoa pEetkioe gLl X athel @i medobayfle 11Vidd between the
t%ggeglate guffer%ﬁﬁ er._ This techni qgue therefore

s efs to be 1e5 %§1 eH&Pel 6T CAHFBTRNEPdGTY @ heat

ﬂI@S@meN‘pensImthhanréhaatatwbhchfItl’lfé] @deé L&ger formation

of a buffer layer. It would be of interest to use this

techni que to subsequently integrate this relaxed or
HPeeudechel queed Heapéore nhakes ist pd@kitﬁ.‘ﬁe f afy tsheple atom or

t onent 0 el ectronics
I%gggggﬁ %@ﬂf%%ﬁ?ggg %' %BJGC |ve 5 e%% Pgdofelaxed
Cﬂheppﬁwﬁﬂamﬁlanv@ntﬁqnmeds tayersutceedth i hncarmadingeoubut fer
1his | ayer integration. According to a first aspect

the present invention, there is provided a process
for formng a useful layer froma wafer, the wafer

1HOIDELSht R %ﬁ%&%FBkggsé&PsSt{ b anda ahnp ped layer .
chosen respective rom crystalline mate | Ys §81 4n ©°
igpprrent | apdi Aesai @X@@neew othes, thatopthick ornqlrmdes the

ropheel &L1r0ni SSrreLharagterized in that it conprises
the foll owi ng steps: 8%) formation in the supporting

substrate of a region of perturbation at a defined

I@eﬁbtﬂl&'@f@mfe i9keborm g S yetur ?échrpl ! urtl?)atshgggquently

% supply of energy to cause at [ east
EF%S@aftei orfidf t Felakadt i er stpsauds- mﬁlah@dstl@yqxed into a

skayefireaAntbr the fabrication of components, especially for

electronics or optoelectronics.

The objective of embodiments of the present invention is to
succeed in carrying out this layer integration. According to a
first aspect of the present invention, there is provided 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 enexgy 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




(c) renoval of a portion of the wafer on the 4

opposite side to the rel axed strained | ayer, the

useful |ayer being the remaining portion of the

waf er. Further preferred enbodi nents of the recycling

process according to the inveption are those given in
Accordlng to a second aspect of the

?ﬁ&ﬁfgﬁﬁ Fh@%nt?cﬁpetq$eﬁée i STHRIGPIdéaYan apt ivestnénlayer

fing phecessaifrangl pert gh arusgé ulardayer, according to
the first aspect of the present invention, to the
production of a sem conductor-on-insul ator structure,

R hehi chressrodfd searﬁmmﬁtuﬁwr of thee Strasldllify process
usef ul fornmed. The source ma ers

|
TP Bk OPAhe BT SR Gren SRdeiaine 2 to s

structure which are given in Cains 37 and 38.

g.to_a t present, i nvention
AREPaThE a P U b SRPEF PRl EheRPT oo WeBdtippg there
iﬁrGeegsdé@ramoapnkm}ataousefuh bf@@ﬁss aforfdirAgng Oa t Bige ful
1falyest pect; of L he, 141vention, terized in that

T yEcoﬁ%?lsegn g%pﬁ%ﬁt NG T TRt %r%ESVP?ﬁf%F?llpg?ntlon’
anﬁhec@rpduaheoeroénd anmcmqndﬂdtorrehaMEghumtor structure,

tﬂ%eHgfbﬁﬁgé%ngln tﬁ HEE%EQQ & S Con%rla &rg omprising the

par anmet er an 0es not. inch
ysgyet  layggcdedinpag- to a fourth aspect of the present
invention, there is provided a structure conprising a
waf er, accordlng to the third aspect of the

ThAv &P G WagRas anz e ciongitaga stibist layer bFurdiieg-off, and a

skeatuiRs, wabLeCck Se aqu,eadmnéfa&%fs o Lhg py esent

i nvention wi Il becone nore apparent on readi ng
the detailed description with reference to the

atebl@MNGof LIHRESE aspldt Eng&§p¥e§EHEBlﬁJgifﬁgﬂloHEére is

Ste s of a process accordi ng o' the I nvent i on.
PEOEH%V% 3 WrRgrer 1aeeried g be PheﬁrJrvemtnnm¢e$soﬁ@v%ﬁqﬁmlng

aa usisaful l-gyer Wh&&oﬂﬁ%nbak@e O{Ee F%ﬁygte §5559¥B of the
anot her wafer according to the invention from
invention, characterlzed in that it comprises a supporting

substrate having a first lattice parameter and an overall
relaxed or pseudo-relaxed layer having a second lattice

parameter and in that it does not include a buffer layer.

~According to a fourth aspect of the present invention, there
is provided a structure comprising a wafer, according to the

third aspect of the invention, and a receiving substrate.

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:




which a useful layer will be taken off. The present
i nvention involves: a source wafer in which a useful
| ayer conprising: - a supporting substrate; and - a
strained | ayer on the supporting substrate; a
recei ving substrate that forggs-a support for the
formation of the useful layer. In this text, and in
general, a "useful layer”™ will WO 2004/ 027858
PCJUneB206BH0H 483 varibus refepis b@ & hatodi@kt keBofidd@o the
%Sggﬁgogafer being fornmed on the receiving substrate.
principal objective of the present invention

consists 5 in formng a relaxed or pseudo-rel axed

[, r.on_the receiving supstrate fromjhe i
BoRS 2 BhShe e o A F e aP2r SRR g vRer b i which =
Yeistl paverywili tleetakdn aififed | ayer of the source
wafer. 10 The strained | ayer had been rel axed or
pseudo-rel axed beforehand w thout a buffer |ayer.
Sivae iSn shiogyar entBhés vefsgurceondimy td t@docamtiengidn from
difen BVRBLEEN.1 43, THE, 1afer .10, Consi sts of a
supporting substrate and a ‘strained layer 2. In a
first configuration of the supporting substrate 1, 20
e phattff iy AtRsgudgsSuRstrate conprising an upper
| ayer nmade of a crystalline material (not shown in
Fi gare #)sosuch vadea Semidehdactos funtiereal colmisiggan
interface,w trained layer. 2 and having a first
lattice ﬁ%ﬁ% f%?§%§ %igtfﬁF%ff%%% with the strained
25 | ayer 2.stFrénkfrbiydrabhi tee parmnretengofuidieatpper
| ayer is advantageously the nom nal lattice paraneter

of the
. a recelving 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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material of which it is conposed, so that said
material. 30 is in a relaxed state. The upper |ayer

wounbdrergser e has a sufficiently large thi cknessmbdsbfaies
able to inpose its lattices paraneter. On the

overlying strained layer 2 without the latter 35 :
mafengt@ shilstmodtiian ioff lthencouonet nefer aeipg formed

BhI Ul W 10finhheulidPelcd ayer of the supporting
substrate 1. In a second configuration of the

supporting substrate 1, the latter consists of the
anpyincistlaldojeetirat eof atha\P2@4Ht03ingE8tion consists

Egébﬁgﬂ%g/ﬁoof‘gl%:ehd(s or!) \éieﬂglot-gglgi}é@tuééfdli C&vyer on

araneter. :1n another advantageous configuration, .the
EhppoiaceAyingubairsirate | Srel sithEl SN al'@5tbst rate.
55%’%@1 euayekheaﬁi@]rgf i perlaidean shoseasforpdhel ysupporthieng
sfra 1.t atter Y% eously has a crystal
%F‘F?J:Er%eﬁ g‘a\kﬁetrhog {:%G\BN Sc?eur%:g,%l%t 3’%%9\&& ructural defects,
such as dislocations. 10 In a first configuration of

the ?Efﬁﬁﬂﬁﬁ iéﬁ@ffﬁbdtﬁgenl@F}le@oﬁfi@Eérﬁﬁ#gﬁ}éx&ﬁ

i C ss.of a_cr alline material such as a
é%ﬁ‘?%%}‘?dﬁctwa?ﬁﬁﬂf‘e?iba‘fffcef\éifﬁgrnateri al chosen to form
this strained | ayer 2 has a second nomnal lattice

r | $5sybstantdaldsy wliehf erendcddingheo
??é@?eigtg%ﬁgf%a?%ng?e%.Q#%gkgtfgiﬁga Iayé? 2 foPned
tRe tHsendig8tical ly 20 strained in conpression or in

tension by the supporting substrate 1, that is to say

Lt is forced to _have at.tl ra te d a
b ot arl oerrEs oF ¢ roRtRARTEReEpse 1 o
parainscedayert Be material of which it is conposed and
therefore to have a lattice paraneter 25 close to the

:Argtfifggié%%f&%h%QFig%'of the supporting substrate 1,
the latter is a ;meudo—substréte-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
léttice 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 uppér layer 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 crystél structure
of the upper layer of the supporting substrate 1.

Tn a second configuration of the supporting substrate
1, the latter consists of the only cxrystalline material_




10

15

20

25

30

35

Advant ageously, the material chosen for formng this
strained |layer 2 has a second nomnal l|attice

wobaiRise§ that is substantially greater thggriBfesn04793
first lattice 30 paraneter, and is therefore strained

in conpression. The strained |ayer 2 furthernore
‘achrdmigatjpousi ysthdstaicsupstametiad.l y const ant
conposition of atom c elenents. 35 In a second
configuration_ of the strained |ayer 2,

%Fe Iatteg.n
GhsPRe e %ﬁ%&ﬂﬁﬂgePHPc%ﬁ¥§§@§rBFlﬂ%ie @l SUPPREEHY

thitckarass tohsistdinglefcaystybtaldstmataaterial such
as a semnm conductor material. W 2004/ 027858

PCT/ 1 B2003/ 004793 7 Each thickness of material of
thateveai fde | egefigiratiophethised atRfant By esHEP§ThaRYa

' %ﬁ%&agtéalﬂ y @Sl abter CQHﬁ@ﬁténgﬂfy =i g crystal

ement.s. he thlckne s of materi i.ned
SIS, Sulhe ckness, ol mher ol oluthe StiaLpes
swueporti disleedsitarst.e 1 t hen substantlally has the

sane properties as those of a strained |ayer 2
according to the first uration.

fi 0, The
%ﬁ%@%ﬂ@%%ﬁ?%&ﬁ@y%%awﬁr
H&&eéralcbﬂsi&ESShﬁﬂuﬂedflayersﬂnghy behiatkneeast obnea

Gleyst 51 19 I8 1 ohEnCOBSL | LUl R Blct 875%a At oS

to bée formed on the receiving
substrate so as to achieve certain materia

PhepRetkesal | ¢haiStyd Woesm ahSIsOQtiaM&fd dayiemrg?2 has a

sel ect,i ve of materi cantli.e
32F86b! VEming ey ate e TBL S Ale 0 Al Lol ap ot 1y
chidéfecant ef ot 2@ ipstf éah*éuc%;pamﬁmtt@m ng sol ution,
so as especially to preserve an adjacent Iayer from
the materi al .repoval ét ?as th 0ssj.bilit

orme

TBst SHEPAPPY gf E¥Ter didn A eicalny

strained in compression or in tension by the supporting
substrate 1, that is to say it is 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 1is substantially Qreater than the first 1lattice
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 consisfs of several thicknesses of materials,
each thickness consisting of a crystalline material
jsuch as a semiconductor material. '




renmoval of material, inplenmented by selective nmateri al
renmoval nmeans such as selective etching, than an 25

wodh@fenks | ayer, the latter then representlnqwﬁgﬁhggmuﬂm
 ayer during selective material renoval, thu

protected fromthe material renoval. A .thickness of
r@ﬁxe&mr%gslsalomsﬁa@lﬁt@%};ow Nehe 30t sEMRIR lllaﬁzeﬁ:helse
ons and. may have er gtions. a :
PR RS Y ahte s SSSPEIRIbY o RRSERE
- stompPrétl omted ialomibuelétemey. al so 35 contain one or

rmre thi cknesses of relaxed material whi ch have a

C%F t|jve thlckness very much | ess than, a& of thf
ai ngpsr 9f JptEtdelin I&P@ers’”raeit% sTaN°ET
mi\meel:llysadmmmrt Statiche WHi2(0(G4c02%86B the supporting

PG£/£§§QQ3iOQ§%93S % é%n@@%ﬂﬁgv%g tgﬁe ggﬁgnpropertles
confi guration the Strarn [Saye

A6y AMCEGe 8lis Py SkEPABAORYRE 2sappoFding HbsHe aFéri
Q)bngﬁ_g§f@ﬁlcg{ovwh such as epitaxial growth using the
known t echni ques such as, 5 for exanple, the CVD
(Chem cal Vapour Deposition) and MBE (Ml ecul ar Beam
Epet adypnteghinb§udeving cbt simalls udini cknstssaj tiedr ph§aed 2

W%EQQ?QlQﬂIQ§ﬁﬁ%§&$§neauﬂ9fé r Of oy Peabkogeaphi éne of
dgf ef%t such as for exa e 10 point defects or
&REe BJZJOO"Hé’Fgects such as d| slocations, it i-s

advant ageousohet thoose tite teyst alplalrne ot ehieal sctove

F}Qg égeP%u? Afdd Nh SURS AL vin ngu%ts‘w‘?ragﬂé aé@eéjs to

e vicinity of its’i ter ace wth t
8@ b@??l?ﬁ}’t@l}lﬁsmﬁ‘éﬁélq} %ﬁ‘é’%ﬁﬁésed so that there,l S
15 a suff4 cbgngtt_m;m | adidtfopr exg:}fezbeau\f:ﬁrg t Belectivst

SRARETE. SEnmeCPErT] cEopar Seott BYf PEVBRCLI qneceria®l
rgpoeal | ynﬂiﬁetsweeﬁu&bouﬁso 5od ewidi whowhenised patching
PB¥formed by an etching solution, so as especially to |
preserve an adjacent 1ayér 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 matérial 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 layér 2 has a general
structure made of strained material, but it mayralso
contain one or more thicknesses of relaxed materlal
which have a cumulative thickness very much less than
that of the strained layer 2, so that the latterx
retains an overall strained state.
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20 al so have hi gher values. For example, in IV-1V
materials, Ge has a nomnal lattice paranmeter about

wo 2804 d@rgat er than that of Si, and theref or & 88003004793
contai ning 30% Ge has a noginal 25 |attice paraneter
about 1.15% greater than that of Si. Mreover, it is

pmft@vabl Q:]'feOf chbeest r@c'bmd;drambnz fr haee sbrained

FOXI t ant, th| a
eji‘y cogg?ﬁnﬁslﬁirlns 85%£ %Ogéegngybrt%%n
mmmw atsabsheatat ut e ktmn@rrﬁgt@b e Seei §PRY 2S
SHaThkALE ér&@ﬁh S'&@‘.Mig' I”i:hFl Gdwnl Gechh@ gResv efiicH hes,

rai ned | aye axin internal,stress
FO IR LYy bbe abBa (s TiERE Ygouh BrASeLSHIR TR
@Emawmeﬁb¢mmam'BmamtEﬁmta*mmrnﬁuhniqna$n | ess than a
critical elastic strain thickness. This critica
el astic strain thickness depends principally on the
SHELR PRSP { BFETHEEG tharieRed WBLDOBY, G0 788gesS1ve
RGhbkB26D 3804833 ogRaphayede 2oy @ucbakd dbtf exengke

R‘&a.h%t hLf& o%”%&%epﬁ\é"dtg EQ&ﬁS U - bls ”911%%955{‘:%1‘?5,

erson s ["ed e art

' @ftdérs taévmww@ Vel uehedse Hdrec ranSéaﬂléPastn?Eeg%?Ja? n

tft mrﬁlédne%eofs ¥k rls’aubtstbatethq vanld mﬁ fsﬁf:a{:lil@d

rain ar med, on eria r

a por t4 g”g EE?raﬁ&lflténcéyfﬁfa tFﬁgaggréﬁﬁéd e

BayﬁorﬁnngnauMEMMathaé)aarﬁchmste@,pawahha%rthere is

§UQ§§‘E§{‘H§H f%'r %h@lhaﬁlk@e%‘rﬂ;e YPethktn gheWLhrspbetsnde

and there has internal elastic strains in
é@ﬁﬁ?%s’é‘?Sé‘r?c(’iﬁvﬁnn?’@h%‘?‘%nlatﬁéf:& PRRYC S yure I b, and
once the wafer 10 15 conprising the strained |ayer 2

§a7 DERIPOUUSET, 21 oE80L0N Sl AR DAL Fnbs i

I ned
ﬁgp@ﬁalkythq§w§ﬁ9|ghop§y ¢5% and about 1.5%, but it may

also have higher wvalues.

For example, in IV-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 1c).

~ 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 stréin -thickness depends
principally on the material chosen for the strained
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WO 2008625445 bation 3 is defined as a region

bei ng bounded substantially by the region of
perturbation 3 and the strained |ayer, 2. 20 A region

internal strains capable_of formng structur ¢f)1932003/004793
perturbations in the surrounding parts. 25 This region
Qfayeer tmrmﬂi A Jdis! advefdageausiy flatmbde @agmmeter

3%t L§ %a "ilppofhl%%t 'sﬁgs?.’}:"é ace of the supportl ng

su Str "on~of peéerturbation 3 is

dd\rensage sl Lyedndn :*,@eo\ﬁéfrtalwﬂflorrr@‘cﬁrpa@al e 56CtAB
%Eﬂceoofm&]ﬂeth@liﬁé)%é | 88 spbsErataal. DAStpLocesain

for \
RIEERFS | B et BAF - CPbo BT, 1% net a5 SeaDrTt | & gge
stibstined eldyat - aifd et med depthaterial auskd | ey the

ivpLbabt Atd WnreReLgy and a defined dose of the atomc
species. 1n one particular. nmethod of inplenenting the

WO 2004/ 027858 PCT/ 1 B2003/ 004793 - 10 inplantation,
Oheeat fovneds pethes siaiaridedl epepr isethbyefogen hawd/ ar

H%Lcw@% agglggn}neacg Lfa(}ft%fnt%ﬁ_wr Rati 98, 3oL pBd ey its

i mpl an ore has”internal strains,
g¥enth cpyRerateyr bpﬁné dépsetereehast ddtBynehe elastic

istRhband edh esspRChESIi®NcdMa cgr.ystal lattice
adj acent to the region of perturbation 3. 10 These

internal strains are therefore capable of creating:
Befsrednagriaphi Bipwre ur bait i oasdi nonge  bhver | yrAGT part?

%mbP%i’i@H efhd OstbRiRadt naykar of Afad hbéerPUp.eaa@cecu,t &S
a vanta eous to ca r

ABBtOpr Pat Qpﬁtﬁﬁpﬁﬁﬁ?%rlze‘%tﬁ?‘g‘iﬁm EBF supporting

substrate 1 at a defined depth, a transition layer 4
being bounded substantially by the region - of
perturbation 3 and the strained layer Z.

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

perturbations in the surrounding parts.

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

substrate 1.

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

supporting substrate 1.

One prbcess for foiming 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 enexrgy and a defined dose of the
atomic species. |

In one particular. method of implementing the
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ai di ng the appearance of the perturbations in the
transition layer 4; causing the displacenent of these
20 in the transition layer 4 lf(flqngdygo”gs
regi on of weakness 3 tewands the interface with t
strained layer 2; and causing at |east relative
Ampaxettatdoref the stamdicnedpkayes 2inplpateghecomprise
ﬁggg@é&p%d@gg hBe; ukli spl acenent of the perturbations.
25 The main objective of such a treatnent is therefore
cause at least relative relaxation of the strains
Buchtdnersgicai nefl peayerrb2tdonad tforfiednbm bephseihtion
Theplasd |yl 2 - 530.Thus, 3 Beabidd gat mept 'S even

advant ageously carried out so as, If d
555%%%@Wlﬁaraﬁ%%féwrzeoexetr&egiupawy tE%ferf&?Je?Rte
etendy $eecialiseord heise stysicilur Bdttinmdiddjeatnons.o 3se
;[er;fo:l gbtft %er@ﬁ%aﬂg@tﬁm must in particular be
carrie a

enperat ure or several tenperatures

~substantially below a critical tenperature above which

@hesgni fheaainunbersiofs | nplant ege2d e SRRt Woi d
WO 2004/ 027858 ,PCT/ | B2003/ 004793 a]tt on% d asseg,le
ThERt 1% c al S F&LAPPEGP AP c B%ﬁ‘ﬂﬁ% %8s are created
@ve:xﬁy:hn@ pﬁtérnal tls¢ neifes ilf.t he region of weakness 3.
Principally for reasons of mnimzing elastic energy
in the strained | ayer 2, these perturb tlons %Oégs }r
im Pﬁ’étl‘%‘%]aﬁ%%l#C?’bntff’afyeﬁ’“@%’?'oﬂdérl?o B e
toney dsut he snierdlaceahét weerobheatelns parametay:ezecﬂ
9@%5@ t1(%033_Lt:rai ned | ayer 2 along paths defined by -~

* aiding the appearance of the perturbations in
the transition layer 4:;

* causing the dlsplacement of these perturbatiens
in the transition layer 4 from the region of weakness 3
towards the interface with the strained layer 2; and

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

displacement of the perturbations.

The main objectivé 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 27.

Thus, a heat treatment is advantageously carried out so

' .as, if it is 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 seve;al temperatures
substantially below a critical temperature above which
a significant number of implanted atomic species wou}d
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crystal | ographi c planes. Upon arriving at the
interface between the transition |ayer 4 and the

@ﬁ{#ﬁéﬁ&%layer 2, these perturbations 15 then cause

8 el ative relaxation of elastic straPQEB2pP3{0p4293
strained | ayer 2, these T elfaxed strains bei ng mainly
Latty L smat ch strains between the respective
ﬁ%h%%gﬁsggitice paraneters of the material of the
strained layer 2 and of the material of the 20
ERBOT tlorg 1S skt al Bodrapghieh pre&ltambi;om@f agd asteédted

rai in the strained layer 2 is no ni ed
2ot e Thidal Bra%Hs A AHe Zdutollst, NeAteaupan oo
peri phery of the 25 strained |ayer 2, these possibly

Q@ﬁﬁgi?£PI y &M RisdnB o hgif £him Blg ‘EE%%Q@@téﬁﬁﬁgyMiﬂ1
rameter difference trains at the |nterface and

f
nPErtRPY WYShe 1888 shFT HUPa B S0 REVET tie
rt@aaxatlmm Hydhd sty airded tayees dhsml;ac&lds@oberds the

%ﬁ%@?ﬁ?@é q?@l}’wéethe %Bgeak’:ﬁ {119;“ orl n%.'a?%&' Cal YR&d the

crys ects 1 n the ness of
§raf-P%@er1§Yﬁ§ d? s1 B ot N5 defiipgs) ebst r& éfﬁ%‘ﬁ‘f axr

IRy staehodyeasard ipgdnest in order to reduce the nunber
of these defects. For exanple, a suitable treatnent
may be carried out which allows the dislocation

donsi eyrivipe Phcitdgsdatesiyer 2behreprgbie transition

EgyéfBZOQ%HOQ§@9%tr%3ne@eﬁﬁ?éﬁ @WDtMEEbtmﬁgtM@bHESons

de |n|n di slocat
RO (P 98ngB T r SIChPREA Ut ToLORaEoP L Re  oLestic
dtsbb@atimnSharetzﬂnnddIlﬂmai 25 ﬁ@esehmglpuﬁgogéra;ps

BS%# rgaf et 1'5‘%)&1*2;% Cﬁ\&éh?@cf?“stfm'n%h ib%thééhorelde
to the material used, such as that adv S%eoug?%h%%

E?@He?ibl‘f%rﬁ?lf'wlpe}?ﬁpo%ﬁ | RASANST /% Fe © bb
brandiet i onrdiayer Zayer 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
4
which allows the dislocation density to be increased to




10 In all cases, what is eventually obtained is a.
rel axed or .pseudo-relaxed |ayer 2' whose neom nal

' paranmeter is substantially different fromt
\ﬂggﬂiﬁog‘fsssl attice parameter. of the growth sub%qy]??@3’i““793

vvithout an i nternedi at e buffer layer. 15 However, one
ck Li Yeudt §fn§]€§' tvﬁ!lhé“s
%found ?ﬁ%‘ﬁ% reY L%% Sf’ﬂé‘% neg F m‘ﬁm

ﬁﬁe‘é@mﬁ. @kﬁé§§e§a%¥0rheﬁeéﬁlé‘w \Hé‘l“@ec&ﬁp?"' B Fﬁ ?ﬁ%s‘c
Honad red thayeisodefiene the stmdtilateal.axation of this
layer, with a lattice paraneter substantially
different fromthe rest of the strained |ayer 2. 25

5 Swh thicknesoss. ok epdr italaieest f BpY eRgnpgpEried out

QJH:,%”&_H Vel R0+ ASt kleses i berh abeyad | nsﬂidﬂe as that
ption of the sec

cri conf.i gur at

$£“ﬁ€@e°Pﬁ§%ru§ed35°Df€?% i 8?5%5%8&1 axarlloﬁhgf

téhevetneaitheded ayems2a tionhégeexr M cknesses of materi al
are then subjected to elastic strains exerted by the
surrounding material relaxin a thu% become olaxed

10 S fildeFasss, HM@Y el s BHERE'Thi% of Smét & ar
15t grsricd reCHRRM at iage it hi Zknesisoseer ynamickell edotEASR
&%&%F%feth%s %&&%ta%gl%fyzddgffgréﬁétfEBﬁ LAkt §fominal

n-overa or pseudo-rel axed ta%
diattdr cehpastmetér of dihexarowihscupstygredos/ 0% ;’é@ an
RGHek-R2093t004 A% 1243 . Referring to Figure 1c, a
receiving substrate 5is placed on the surface of the
wafer 10 on the side with the relaxed strained | ayer
HoweFeFhe rmeei \img sulsst ridticiBeseest i tafi esekpstically
usg%ﬁ?\'eﬁalmatéyfﬁ’frﬁaf UL | Eb &M | ¥n SERONBe Lk S PO riske

'ayer

15

layer 2

20 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.

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

layer 2.

30 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.

35 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.
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to be fornmed and to protect it from possible
mechani cal stresses comng fromthe outside. 10 This
wioemwed/eeissy substrate 5 may be made, for exanpb@Erisd§osnos793
silicon or quartz or otherlgypes of material. The.
receiving substrate 5 is attached by bringing it into
i Refemtingonbactiguireh 1de wafercelif®iagd sdrgbrang 45is
Ot a8 P00 L ARGIALERS Lcﬂew?gf{& I¢'én e side with
advantageou bondi n ecul ar adhesi on)
bER Gl A45e ﬁ%EéFQ?ﬁg“§ﬁﬁ%trate 5 and the wafer 10.
Thi s bondi ng technlque together with alternatives,

PRt e ATG (SRR 8 O ”%f“%*%%l&;&,
| PR e‘%ﬂ:fél‘Fé@ﬁth ooy tcg Yurperl hhe wseiygsédiayer

aﬂd bV { @¥red? 3 nkif taep@§§@<§w ithEdinn@oksiBLE afpatdrataly
nggable EIO % of, the respective surfaces
t3-be” bonded gn 5 th t hermal energy.

Thus, for exanpl e, a heat treatnment carried out during

%@%d&vﬁhbo%bwﬁﬁ r§rg,%tylwbgf mkBe, bPBf’Sezﬁé}ngﬁ% of

i ncreased. Thé bondi ng may al’so rel nf orce by a
b%’r?d‘ﬁ?d’ Py STt AR t G’Eeft\)(BEﬁ ‘P d3FEP110 and t he

receiving 35 substrate 5. This bonding |ayer is

ety B TR Rt HRoabhr Dagtos B0 i

SNt ohonde (Wacdal Tidd sthe cHader silf2pnds Gprrying

rmiterl al tb@aﬁdﬂﬁj’ b%p%'i@ﬁ@ﬁnl;o Ql.rrdeWJ.&blCh @h&mdl g
to produ e th| ox

ng po by
O]\é’ tf"%ﬂufﬁ#'yby Wta%&rma S48t i o O&re%y 3%ny Bth Slo
thegiwsiequiéhe Be¢ oekv iyl /sobsafcabe  Hoardd rihe aaderf é@e
finishing

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

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

and/or by supplying thermal energy.

Thus, for éxample, 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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operation may be carried out such as, for exanple,
et chi ng, chem cal - mechani cal polishing CwW, heat 10

5 or any ot her snoothing operation. % e the
recer ving substrate 5 has ?een bonded, a pcf ?903994793
the wafer 10 on the opposife side fromthe rel axed

Shigied Javer 2.8 rempred. Jhadusehyl Laysr 415 G

€ remai ni ng por Several
wﬁbwaectmﬁtque@fm ¢1é¢ﬁﬁn eP REQIUCE SHEp e Ponding
egpboyedr 20 i pelssaBler i pemy@é ttaﬁhnl};q;ue oxide

GO T BBt pEPSHOr Sk Moy Be Foudy | 5 aer

heaebergusf. wor ks dealing with wafer reduct| on
techni ques) conprises: inplantation, before bonding

With the receivin 25 substrate 5, of atom . sp
Pstiere asariﬂ/c ROFEERT T ond) FRTHFder MR g}lﬁ%s

opgi o oof meakrt@ssmtr:aed depth miabseat o tthe ignsemie,
dephiyg, th@ﬂeﬁi!’t‘@@i—ymé:gh eLgY. @éifsrhl gndlmp to He

regio ness, such as a heat and nechani cal
B@eﬁwtn@ﬁt angr opRf oS HEPPY OBF By, in order to
bring about detachnent of the wafer 10 in two portions

qrgcth%h[eegl on_ of. vveakngg,?raé%v%ntﬁ goysly, bheqd@f era

IS SUbj Iée(:(%eejdvjtng aSH rrent Url -nNg or
pérision mdl arhtaatvalfed nlbreerthe oppaifer sicgkdromehe
f@m% oft P8 AkReISyekn2a f_Lsr SEnBRLNOG Y heEhaNER ey

IS, material ~ repbval, t n of. weakness is
‘%&Pw Eg?mé@ﬁa%ww%d&’f’oﬁ 8%% F*@ﬁe]r83®03/.004793 i
15 supportl ng substrate 1 and the rel axed strained

é@y&f chvﬂlr ’E{l: ﬁure%l apsd ShfajiRgd rrla@é?c&ai ma'yn s

<econd ementing this materi al
?I@?&ﬂbﬁld,- the region of weakness is formed in the

®
A first material removal technique, 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 technigues) comprises:

¢ implantation, before bonding with the receiving
substrate 5, of atomic species {such as hydrogen oI
helium ions) in order to form a region of weakness at a
depth c¢lose to the implant depth; _

+ then supply of energy, after bonding, to the
region of weakness, such as a heat and/or mechaniqal
treatment, or another supply of energy, in order to
bring about détachment 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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supporting substrate 1. The regi on of weakness may be
formed during or after formation of the perturbation

weoi/n33sssl0 | n the particul ar case of said sp@ﬂﬂﬁ 03/004793
met hod of inplenenting magerial renoval and in tﬁe

.case of formation of a transition |layer 4 by formng

aswEgmringofsupetrat batli and, tideralegiedn frateakindsser
TR, B A ORY JOLSUbelanially fled hp sare | ocation as
the region o perturbation 3, carrying out
substantially the sane techni ques, such as

i Irpl ant ﬁteicom?fmat}ecbdﬂc rSijeCjinﬁﬂeMehbin@ dietd e chzaarign
ang, J_t ine ose .of t speci_es n thi
par Owg&lfa?tlggsel%gt Te ré)gi of- 0 n%akﬁgssf%ou?% anhe The
fOmROFtinBsearrtizatey Jat the sane tine as the region
of perturbation 3 is fornmed. 25 Before or after

“igpl antation,. the wafer 10 could be .fyrthernore

A R %, ML TR Be hS9PHEE | HBE TP AnGr GHiEeT
farsiefionh $Lrthe pasakdaitngnt hayeredgi-on of weakness
and of further relaxing the strained |ayer 2. 30 Thus,

3 re%'bon of weakness is forned that would have.  the
SublF8Sf UPRT Ff I wedsni 7§ t ARG upfitithg Medhinst r &fe
impiementirand meft drdladxi ngmbkel st sad neich  [teer case3504
. At egi al . te Lgqu ri : .

FOAOE OntOE | &) cLSRIRL b TINCHLE BOIRPLATHG @ gegion
P8r RPREUERAY I0as 13, ofdieparegdon| af evedkneafoMaraticor ormpd
Isirblsafﬁﬁtﬂglla_,I O?tc ri]:mecwfﬁe Qgcbt/i@gyggt ¥tefe regiclm of

re-formn chni que, . as SCri Or . ex e.__in
BOE CHERT L W) 2D047027558 BB TR D ToRFe3 1Y IR° £B7G
g2ohA8gue,; such as implantation of atomic species with
a defined energy and with a defined dose of the

species.

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

of perturbation 3 is Fformed.

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 technigue 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 pqre—forming
technique, as described, for example, in document
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supply of energy to the weak | ayer, such as a

nmechani cal treatnent, or another supply of energy in
“%Lﬂ% tn%sdet ach the wafer 10 in two portions with

t CBak Iayer. In a fi st_nethod of |anPé}?€ﬁ?q0?{@“4793
this material renoval, the’weak |layer is fornmed

t pporting substrate 1 and the rel axed

gtt%}\g%gg Fg%eféi 10 2", or within the rel axed stral ned
| ayer *2' SUpRLa @Rcomrbt Hodted Werlt elfimgSiHt s

rfﬂicefdnabal I epByaheni heo:weékof}@éhefsmﬁalfwrcﬁlﬁdehﬂrghe in

TGRS ok, 13 I8, Bt Lausty e

|@ad@‘lamt&ageousl y for med on a slice of a
si ngl e- cryst al material, then a second grovvth of a

st al t
b etmnciiaety mRERS e SFur trebotne et e has [ RErRgiE0
tremovslli ce thes c@erarki eo[tzquatr onig hefporeslis bayeeen gnighe
t%ﬁﬁgd%%@ﬁgrgbﬂgkf%@$tiagﬁdl Qegeﬁgﬁéaskﬁrginébelayer

or ous er an non-porous Si | ayer.
2 TRE FFF@“ ahé éf@ééﬁﬁdn%ﬁrﬂrfﬁq |lﬁéjeEa?er| al renoval
‘techniques allow rapid en bloc renoval of a
bst an paQr of h T t S
350 ool PeGrihe TRiBiLa or crbacBirRy TI5NR PO THE
Femesased tlhﬁ atftthetayecdss fpymeforin e‘k}é%'plsélppé’rtlng
Resesstaccording to the invention. Thus, a strained
| ayer 2 and possibly a portion of the supporting

~ substrate 1 and/or other layers may be 35 reforned,

Moefferabk ywed it era e wsidhfiac hef stprorisingerubistgate 1,
SRS bbebes 114}%'& @Lese% lnlténgggusﬂz tfwnw RevA saakei gge

cons StS N
Gh et HieFEYRER c%?latﬁﬁ%%h althﬁ%nﬁvaﬁecan&ce%%m\}b of a

2094027358 RGHpB2083/ 004/&3311ine material, having
substantially the same lattice parameter as that of the
slice, 1is 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 surxface of the
supporting substrate 1 has been polished.

A third known technique consists in using a chemical
and/or chemical-mechanical material removal process.
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- 17 For exanple, optionally selective etching of the
materials of the donor wafer 10 to be renoved may be.

'“ﬁﬁﬁmy@ﬁgﬁut using a process of the "etch-ba

Thi s techni que consi sts i_nlftghi ng the waf e%@ixﬁgfg%793
5 the rear” that is to say fromthe free face of the

SHPPOT &1 Aeh13UDSTLat 8ndi11 N 9Edes vy t R @Afgt Ooket aha
that portion of th mafer%go m?%ch |% desired t% ke%@
IR t e S &lvi g AT A0 et D8t ERTMRESSTRY P
e¢tzhiiegl sokutsons enaicedst oft hiee 'heitar-balcs™t bype-

Re %%@%&%980%- e%eitﬁ Chhag wAR¥rah 90 "Feom

carried out Tn order to remve e qg%eri |, su&ht S
pER& et ChERRt ot Ss it t 8RY ndIM5 thife Bi%hi ngceopS ati'on
ofuERtdhossbrayater theinobedbe iankheclad cal matain

_ g'tl[}gaﬁtlt :Pgocrg%mncaalf P r*]f%tf%'r elloe %lr{i%%he.{? Cc?ésir%ge?%e keep

peration or ‘operations my be prece or
fo! | ' ORedechyvine etsdalatgt Pack of the wafer 10, such
as |lapping, polishing, nmechanical etching or

tteri of atomc¢ ecies. .25. The et chi

B oEFER st erariy e BRI A B B, to ehe
medieadiad al tatbackemaiech may pel £3hiirf optti-onal |y
conmbined with the action of nechanical abrasives in a
CWVP process. 30 That gortion_o the wafer, 10 .t hat i%e
i EHChARTt BaYr BhBYePRafa Fhted bt ent rdtdFL diovisd' By
jisd mahepighn) sumans, plasby ehenimwalomegudterdhgneans.
In a first method of inplenenting this material 35
removal , the etching operation or operations are

e iaf¢héne Speaation ppEsePeEabIPThanal B EaRre &
least a aadticen of. she rehaxedeshemicw | ager 2'phdiw-a

seelce%@grogﬁérpggalof i mpl ementing this materi al

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 is desired to

remove may thus be entirely removed by Jjust chemical

means, or by chemical-mechanical means.

In a first meéethod of dimplementing - this ‘mate;ial
removal, the etching operation ox 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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WO 2004/ 027858 PCTI | B2003/ 004793 - 18 renoval, the
etching operation or operations are carried out so as

0 erve on the wafer 10 a portion of the
“éﬁ@g@ﬁ%ﬁ%g substrate 1 and the rel axed st r ai HedB2003)4793
2'. 5 This third techni qué8makes it possible in
particular to i.ntain the high surface_qgual it
BREOVALcknbe  SRFTDI (SPOPIERE sPFal MBI TEYE 2 T
wersiadl eut oshess divt aivredrdeiremgitia sradeysidl agpevkinn

1¢ TheseupbheeitEChn HULs ane RHORPREFASx8H ABPLFnddD
éhe present docunent, but they do not in any way
guSftitute a limtation, the invention extending to

any type of technique capable of renoving the

LS LA & rom i%fee%a%éslagti 25GaAanceapt {Buide to
process according to the 71nvention. Watever

. . , {1 on t he
FaiBERED A8F0VITh cERRTRRR BHBLERYf PBM tiMesEliRkRess
uachohales, oDy erraihed kapswn 2 edlat guees, abkd @ be

%BEE?ﬁgéfédgiﬂﬁ g@stgg@g&&gﬁgd%t%qvantageously carried

out "on thea ve'la ch as optionally selective
chem cal etching, CWP polishing, a heat treatnent or

&A¥s Ot Jﬂﬁfeénﬁ@é}tﬂi@]é%p%&@]tc ip_?ﬁpogéd' Ast t@galﬂﬁlés'bCiﬂ athe .
case in ich a portion o e . supporting su r
Porarit dRadrin oot CHeSe™ (oehrih Y HAY Bdaatifude
sarlimatladbiibn, antlei finvenk$oueskteddingt too anyt divpet %

' '@a\e{o%r. f oteh U mat WIS akeomh, al fa f@y
Egégﬁggﬁiag o&g%thggsﬁgp%ﬁ{1gﬂ%6nfinishin£;st%p 2
e8P sRRAECEMRRY | Vatht AlengPHPCEHe 2FERBF Mg “Hor t1%n
ohvémei gupporti ng substrate 1 with respect to the
rel axed strained layer 2'. In the latter particular

case, a relaxed strained |ayer )
Whatever the material removal technique chosen from

these three technigques, or from other known technigues,
a surface finishing technigue 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 fhe case with mechanical

finishing.
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35 2' may be obtained which is uniformin thickness
and/ or has a good surface finish, preventing a

Lal nunber of defects from appearin such as
“@%@%@ﬁg%gened regions, as |sS sonetinmes the 882004793

mechani cal finishing. WD-2004/ 027858

RCT/ | B2 0 3 05aq It | s RAssl Rire d1
g%?é#% gggérgﬁgﬁ 8?5?#é?erélazgﬁggﬁngi ed | ayer 2
wisileners shprirgdniayerhRikHbash BhdibE Has 1R fhogkness
%ﬁﬂf/aeﬁ lﬁéﬂi sh @woagréwimegutfinﬁehealiy veaetghhgg ot
t rel axed strained.layer-2' 6 the t ogpr i SiHg
TSR PSR AT RS chBY RRRGeq 1 ained A8hoE ORPY | i
btk nicombnis bperatstons Ianesl iorg thel etchieg BRER Y
ar@ _particularly advantageous if it is desired 10 in
the end to obtain very thin rel axed strained | ayers
2'. In all cases, what is obtained in the end is a
gheudabker 2Bweohprigiing vherabielyi MyStisnr 486°6H1 48R
%@cﬂgﬁbvgrgangtgkﬁﬁH}l tiLnakhyestsi Dgett edsbeadi Aga

aayer.In a tirst method of |jnplenentjng the erial
ABNGUE| SPooiiPy Rt FBa¥Er B oY LY HE AT SReYEES
gtrained layer 20 2' is preserved. The active |ayer 6
"then consists of at |east the portion of the rel axed
strained layer 21. 25 In a second nethod of

Lapl ehknt¢arphevhaterisl ohtadded! , 1onl¥he 58t i 6f of
Fhﬁuéﬂgﬂ@rtbn&oﬁaﬁbﬁi et%%e @etagwﬁllg ebabxsd: t:-S:ter a nean
ayer 2' are preserved. .The ive_ |l ayer e .
58¥§Y§tsl%ﬁe§lwé p?@gerQﬂa OQﬁgiHor??onyoﬁeéﬁﬁgh Honding
3apporting substrate 1 and the relaxed strained |ayer

2'. In this case, the remaining portion of the

supporting ] i )
In a first method of implementing 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 ox
more crystal growth operations may be carried out on

the structure 20.
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substrate 1 may in turn be strained, at least in part,
35 by the subjacent rel axed strained layer 2'. In one

é@%ﬁsr way of using the structure 20, one or
“Fclf{? Er owt h operations nay be carried outPQS'fﬁm?“H@O”%
structure 20. WO 2004/ 027858 PCT/ 182003/ 004793 - 20
ce the f structure_has, been a | eve
i ity T 08 S HEYCHHS o P9 ShoghrbTel quEindshings
f$irems hnarbg Ozt’trlemariém el ideerifdr cakansiueh a5 dimeshing
O%Egéﬂﬂé%@s'ﬂlerdﬁ%rté%éﬁﬂﬂéhe%nSEEEQQifﬁﬁ16ﬂ¥%é¥a%ﬂlﬁg
|%i§gfaﬁg 5 between the us gg % rface
g sEBEERSE e stferag& e b i Bgr nﬂhetlﬁ’ §55F
LhnﬁuyEMhahgtmaeﬁulelaﬁeraﬂdan@hahevee0¢imamgr&nhaﬁﬂ§tgo
tai ned, one or nore 10 epilayers may be grown on
the wafer 10. In the rest of this document, sone

exanpl es of materials that can constitute the

St WieUpasthibul guesdtimua Ry iurmhgnenéatstﬁzmcmfrea Zm,oee@s
REAALNT LRe 12108 L IVEN4 O ddn RE OIGEN. o:N more
par dalar, e AR of “mat BriAlI'S 6f the Si ang
S!E(;elat’?ﬁé WYIbQ)eJWnpﬁeﬁheZ@aﬁ%r ebbl ai ned above,

Si Ge containing 30% Ge has a nom nal Iattlce

t er about 96 eater, than that of A
B ahsq agEr Shof Caree MAGPREMY acfilfed RFIss OF
m@ﬁ@&melatlmhaandchornE@n@mlantS| shpporstimgtyybst r dfe
%{3»0 1e@r¥e%tE‘E£ohm2ern§ ?rBQe@spra%E%§§1ng to
é%corélng 0 re

e I nvention ed processes for
ﬁ%ﬁhﬂﬁ§905é$®ﬂﬁﬂdyéﬁ §é¥6Peding 30 to the invention
are presented in the fO||0MAng exanpl es: Exanple 1:

\%Jikgg%lcuigg? gyg£§u£§déa %E%e&?gf£e§ft9he 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 implementing a process

according to the invention.

Prefered processes for forming useful ldyer according
‘to the invention are presented in the feollowing

examples:

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

¢ an Si supporting substrate 1; and

e a strained layer 2 made of SiGe having &
defined Ge concentration, with a thickness less than a
critical end-of-strain thickness (described above}.
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the case in which the wafer 10 conprises: 35 an Si
supporting substrate 1; and ' a strained | ayer 2 nade
of SiGe having a defined Ge concentration, with a

WORRK3ES8 | ess than a critical end- of - straiR€T/IB2003/004793

t hi ckness (described above?l WD 2004/ 027858

PCT/ 1 B2003/ 004793 - 21 The strajined Si Ce_| a%er1 2 has
alhg/pi eaFai@ed coReBnt r VSR of gr 88Fer & hafiYB59%%8™ The
ségraienedaide dAypreateadvanhah®dusly has a density 5
of defects, such as dislocations, of [ess than about
101 cm 2. The respective_typical thicknesses of a .,
Hheni sie@inggefiGe AaHes| Ai AFVABIBLES 53 145y
| gy edleect) GO AsNGid0cieiane asbuhds@5@ham aiput

--aﬁaund_zloo nm thus remaining below their respective
C

t F8al' end-of- elastic-strain thicknesses. Referri ng
to Figure I'b, a region of perturbation 3 is 15 forned

ifhd NesPlecs YPROLLLNEA SUBRL Edids sk hyod Pl einteilriean 1egfer

tom c Species ch as Hor He. The ran f I
ipl CHRC2SRER G eigﬁsegear@ndtyﬁca?l ysgﬁ%ﬁegg f% ar]fdl_%S
keditad@ifpe30bphanted Hronnde2fdsws and ayginch|3gp nm,
$ng 2881401 {neM 2 e 3pdbtisye f OF 1 XD énafud-
g&hst\g?g%ﬁ%gﬁ ggergg_%é 25 cont gienll)ng 15%A) Ge% it will be
prlarsdifeat ¥t udd ¢ ¥ESSethe inplant, with a dose of
around 3x1016 cm 2 at an energy of around 25 keV. >
. for exanple, f a_straj.ned |ay eaLAl BRI NG
%&% TP R gﬁgﬁgepﬁéfe.rar elrae%{l%%usdgaﬁﬁ%rr_bgso the .
ifirpiredt inwkhe i dowRLETt it FvSEreke0d 6P¥ mPPLAN LT 1on

RE@¥mOf Sk I3 ke¥s H or He.

The ranges of H or He implant energies used are

 typically between 12 and 25 keV.

. 114
"The implanted H or He doses are typically between 10

and 10Y7 cm™2.

» fThus, for examplé, for a strained layer 2

-containing 15% Ge, it will be preferred to use H for

the implant, with a dose of around -3x10% cm™?® at an

energy of around 25 keV. _

» Thus, for example, for a strained layer 2
containing 30% Ge, it will be preferred to use He for
the implant, with a dose of around 2.0)(1(_)16 cm? at an

energy of around 18 keV.

The implantation depths of the atomic species are

tlypically between 50 nm and 100 nm.

The formation of the region of perturbation 3 ;i.s 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




10

15

20

25

30

35

The inplantation depths of the atomi c species are
typically bet ween 50 nm and 100 nm 35 The fornmation
§ e_region of perturbation 3 is then followed by a
WORMBT38 heat treatnment, in particular to &CIABH004793
perturbations in the tr ansi% ron | ayer 4 and cause
%lslocatlons in the relaxed strain layer 2' to WO
063Y0Z 7858 PCT/ 7B2003/ 004793 - 22 disappear. The
heat treatnment is carried out in an inert atnosphere.
hEowaygr . theadigaic treat negirimy katcanm edirputinert
agoth r atnosphere such as, for exanple, an oxidizing
@@Hﬁ?@ Thus, a partlcular heat treatnent to be
taweved, othef dreat:LOthrlela$mBype ngfy wae ercakriies pewtorifed
Shot FIPL AR r e WRIGAI LY, DESVCERRONG il P0G 10y
a typlc ti rangi ng from about n1nutes to about
FEMEFPRR%Es. For nore details as regards such
experinental 15 techniques, reference will be made to

&HSS?téKHé¥%lC%?EEI gagukrgyiéénﬂ*yl g@dgérfieéjmut for

éspeci al ocunent entitle frain
Felax4vpen of Baéadonidt pAec PSifiormed, 2t BppRppjtures

beb ﬂé@ﬁﬂy Weltwes afdoeic hadr onmyD “gr fchela ugpioral time

RERPER AR PROLE UGt ReCHBRE Th Rperes |

Research B 175-177 (2001) 357 - 367) In another case
{% rf ORE-09 qydiggian ogsperj_tégat}atsl ons@ch aC@Qthﬂﬁerﬁﬁél |

e present |nvent|on ogen or heliu
RPIEANEE  wi TR AT RER S bole 19 G 2thgn; tfudies
O@ffiﬂﬂléﬂtdﬁﬁeBlSHbmlaﬁdardahcebmtdspbh&alﬂgrnﬂtlbme
% S}?r gi O logle\épakgg.?% HSE‘EQaﬁaﬂé}Feéf’ _SfeeuBBﬁorphlc
and a a reglon of
51i.4Gey / 51(100) heterostructures alter hydrogen or
helium ion - implantation for virtual substrate

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 oI helium

is implanted with a dose of about 10%7 cm™.

This particular dose is in accordance with = the
formation of a region of weakness using a process of
the .Smart-Cut® type and allows both a region of
perturbation 3 and a region of weakness to be formed.

This redion 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 oné particular embodiment, a subsequent heat
treatment will have the two functions of relaxing the
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30 perturbation 3 and a region of weakness to be
formed. This region of weakness wi'll thus have two
functions, nanely of causing internal strains capable

WERHR2HShg crystal line perturbations in t hePGRIBRIVGOGHFI3

transition 35 layer 4 and 2% -bei ng suffici ent ly weak

to detach the wafer 10 in two portions, aft

SGEBLYS ngliendyy. ATFadREDarBvesl af efBYdi f“’éther

siwhgeaLeftthaeabgibh eaf Mmesdkmidd. have the two funct| ons
of relaxing the WO 2004/ 027858 PCTI | B2003/ 004793 - 23

strains in the strained |layer 2 and of further

eakene hotheh@arsdicohasf mﬁéék%e@%.“’\ﬂ?&f“@\?éﬁtﬁﬁ’é chosen
ar FbeM! ate rehedtebni Mpl,epen] atliosickoseraibetolépem

ransition.la he Si ai_ne dic
orataEsL b oaeBYEL rhrs0F SRR PO A g Fice
rreﬂaxe@l siradinpddlbager22: . Referring to Figure Ic, the
receiving substrate 5 10 attached to the wafer 10 nay

consi st of any_mmteri al ch as sjli con o% qgg%z.s
RRISFHNG oG nE99Rr 1% advEnt AGESHEIRP | RYE
Iaememtm tied aneflest L Qi meg lapeis®' ofingnyheaterial,

ggggl 1Jc§n5895§ £,5, thereby making it possible
I'n par ar t 0 produce in the end (wth reference to

Fi gure |d) a structure 20 of the SG or Si/SGO
hﬁp981bpe ﬁdﬁﬂﬂn@toﬂayét quest i sdvantaykoessyr ucheeeted

BREMRT k. i o, aehRlR PP o0 che Eeduieihd

ving materi al
ﬁalysmaaizmrﬁr,l ethexaby | nalingi sl ﬁpsssl@l%cwv@aﬂéﬁrlﬁ@r

oI ?Sgﬁée"gy ﬁﬁe glgdchnwgtg?reﬁéréﬁciégtftpi\g?ﬂe 1d) a
S | S Vi sSuns | 1 VI W
fhrarae s?&cﬁ’fag §o§ﬁp oR§ Si’:é'?ﬁ%#fctlyr?& hI eds U‘g%g&gf

Eheqﬁ;@bhmmngncmmiaumisructure 20 then be:.ng the Si0;
layer.

Referring to Figure 1d, one or more known technigues

for removing material may be carried out.

In particular, selecfive 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,0H (ammonium hydroxide), TMAH, EDP or HNO; or
éolutions currently under study, that combine agents
such as HNOs, HNOz, Hp02, HF, H2504, H2502, CHgCOOH and
H,0, as explained in the document WO 99/53538 on page
9.

In =2 first‘ situation, the Jlatter 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'.
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KOH, NH4OH (anmoni um hydroxi de), TMAH, EDP or HNO3 or
solutions currently under study, that conbi ne agents

w&gmﬁsgs HNO3, HNO2, H202, HF, H2SO4, H2S
and H20, as expl ained inhe document WO 9%%9%3

page 9. In a first situation, the latter selective
etching 35 nakes it possible to renove a. renaining

rtlon of ortin substrate 1 t be .rennve
B It et eat Sr PRl Aedor phE $ep® 3=9ER o
pétapdedion tie sippothing 2 subkbrasef ulr | ay@iings t heh

PBB%hﬁié ngmﬁ%%rv@t cRi-o4. s@fte&{‘fvé eLRXRL- S féitcﬂleﬂa
ayer 2’ 004/ 027858 - PCT/ | B2003/ 004793

QT L dten P LS BaCKoF e S e?&hllﬁ‘éegt Gy SEAyEPI; ° ehd
skapetlayer t highe uppore ﬂ@y&eurbﬂ rake tempmksimgiin this

ggégi Qh@ tli%cl%&%ﬁers“&aﬂq e%CtifVeaﬁée:E‘P%a'sletﬁ éhg

back t | ayer overlying to
sveplyyerto the aEPPv Y%‘S/er 6 then conprising in th| s
case the rel axed strained |layer 2' and the Si |ayer

verI t%xthe s% gllaga%lde’tl1 Thed%t% ggggraggytﬁgr

exanp "S&Tecti Ve chem ¢

seEptigrs mTtﬁJ@SIalorﬁ@h;Jﬂ@yslfon@JQﬁtloﬁlheeWé &hi ?n%

8RL UL ARS < tRBEBRT EHButMfd gure Id, a structure 20
conprising the "15 receiving substrate 5 and an active

| ayer 6 is obtained. The active |ayer 6 conprises at
Redstrione porkiqurofldt he StGectwtax2@ stmpinsdd aylkes

g%c%i?& tiQpaklysan § .40 lgxeracffyg'niQﬁépor@'oﬂs

upporting substrate 1 ependi ng on the
PRt Df renpval enployed. Exanple 2: with reference
to Figure 2, this exanple relates to a wafer 10

Upegpugl Ly heceamRys cLletioh 25 BiAmLE ot

I n St an
tlag el Jteﬁ@xgtir at:ﬁ@dngﬁdeaywe%‘ and optionally an Si

layer, remaining portion of the supporting substrate 1,
depending on the method of removal employed.

Ekample 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 gquestion - abqve_this

thickness the SiGe relaxes.

The strained layer 2A has substantially the same
characteristics as the strained SiGe 1layer 2 of

Example 1.

The relaxed Si layer 2B has a thickness very much less
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The strained |ayer 2 therefore consists of the
strained SiCGe layer 2A and the relaxed Si |ayer 2B.
30 This strained layer 2 has a thickness of |ess than
WO4/R78Bi cal thickness of the SiGe in questPEKIB003/004793
above this thickness the 25 Ge rel axes. 35 The

strai ned | ayer 2A has substantially the sanme
dimachaki st the dhickaeser af nkle spelqeypdrasngd 1ayer
Exanmpb e that Thehe eboxathed layef 2B twrmiast hirckoessall
ve%%inu§h %1151M912004/027858 PCT/ 1B2003/ 004793 - 25
H {'fat Sof ?fh hPERREES of the entire strained
IThgerelaxedoSt hhayaheBthas medNigjaess pEt abpat an fev

awlable nsis@iingd structural property The rel axed Si
| ayer ,2B has a .t.hi cknﬁ‘ses of about 2.fen S Oofye

onePPEERer At 100y @hent!i i 6ﬁm8?'a?heplf°ecr$osvsal Brocess.
issibisfient isUbsttemt isahbyats hehstarme dampde bf Exanpl e 1.
The creation of a transition |layer 4 and an additi onal
10 advant ageous heat treatnent, that are substanti aI
ITPeNntGreaE 19D Phod et HINBEHR el‘i‘ferhévémldhé”“efi'?i F:L%’?a
eld&shltegeblys r eieaotl ngrédenaty,ai nddtl ayes 2Abishanbidbiy
}gen%mf‘ re' %rf};';” n;glét s axeéa%fﬁ&w@f and

Fastlca ra ni | ayer 2B |
or der = toexmtmca@lém diedeaingl é;k)@d $’fa‘§ﬂelrneE’B'1a(Yﬁ6t %Phowﬁ)

b&eekatbefofrmean HAavRg atkatbégel ppsame'ernekoshotn) ,
gt of the subjacent relaxed SiGe. 20 After the wafer
#8%as been bonded to a receiving substrate 5 at the
st r ai nedela twxed Lyayera2Bingwithie orelagiechd@yedn 2B in
bRHEL Tedi §B§mb9ng{:9é31r!lé1:yefelé§%toerla§)er”@3§ bgnot eBRYSH)

usi ng_L one or_nore of the known techni ues
the “latter then having a lattice parameter close to

- that of the subjacent relaxed SiGe.

After the wafer 10 has been bonded to a . receiving
substrate 5 at the strained relaxed layer 2B', with ox
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 in Figure 1d) comprising the receiving
substrate 5 and an active layer 6, the active layer 6
consisting of the strained Si layer 2B' and of at least
one portion of the relaxed SiGe layer 2n' {and
optionally of an Si layer, or the remaining portlon of
the supporting substrate 1, dependlng on the removal

method employed)




descri bed above. 25 In a first nmethod of inplenenting
the material renoval, it is desired to retain at
wbheagdoaggsporti on of the relaxed strained | ay@firBfyosn04793

and the strained Si |ayer B', and the materi al
removal is then substantiaﬁ y the 30 sanme as that
described in Exanple 1. What is obtained in the end is
a structure 20 (like that shown in Figure Idé cess
G SSRGSt Aeth et A iy 1eEGREE P EPS HHP AT REPFTRS/
liayers @estifedatbi vetdayesnBy 30 corsitsta pyprofionhef the

r A i 2B a QRvRAr 1 508heh
%%g%%gﬁgxgg %?%%Efﬁiér%%g'Q%gngakgg?%%nglLVqu an Si1
SRt ansiaihe Tem ity tortin B CHRE s PpareTRY”
sihst r agecdarmdepengh ngdant i heaX emheal ofhretéooiving the
%gﬁggggdgﬂ g%agqgg& 27858 PCT/ 1 B2003/004793 26 In a
Ssecon mEt RBdOf i mpl émenti ng the renoval process, it
is desired to retain only at |east a portion of the

T B e e
en, supstantl a lgenti c a eScrli A
EREARHFE O A BRI ROPE S SHHE C%§tvgp%gf:h?ng
péNDBiAg t hithr etespedtSi Go | Sxer 2¥h Fog tehi $olution

B%p%ginie' eghine, BLLbbBE Of (Lhe.S{Bdpy e l@bout
carried olUt using Solutions for the sel ective etching
&f L8P&k-with respect to Si, such as a sol ution

conpri sing HF: H202: CH300OOH (sel ectivity of about

:1000) . 15 1n thi econ ' i ' the
Spotidt sl hiL8ad SRR UITERAN (o |iHY GFteta)
satakedchabe ISutsir éﬁéaéhvﬁib%ﬂQﬁe%lﬁ?qaéﬁé?éalSiGe

| ayer 2A'" involves the disappearance of structura

ge;ggt?:ﬁagggg:f%?sr%tz Cri»' Sé"ﬁ?.%%teidog;sﬂy deprarﬁ'r'mi%rvolves
the disappearance of structural defects, such as
dislocations with parameter difference strains, which
may be confined on the surface "and appear, before
bonding, in the vicinity of the interface with the
transition layer 4 ~after propagation - of  the

perturbations in the transition layer 4.

The relaxed S8iGe 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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may be confined on the surface and appear, before
bonding, in the vicinity of the interface with the

n |ayer 4 after propagation of the
Wﬁ?ﬁdrg%& ons in the transjtion layer 4. 25 PffAB2003/004793

rel axed Si Ge | ayer 2A fh&§7preserves the strained Si

'E%%r%gg ”»9@1{ Rgef’e etsrl = aét ok ‘iﬁ aly de{lﬁa Sexample

r esu r xat] on
éﬁél‘ﬂé?éd’c@ e L g d@e§§baéeBFa¢%JgY tge. r?éffi%één‘f’i’%h °%p
Fhibspsacr iof i cimirtheehpigue ing1tbenef one pabbtentialyy

ited fo btalnln t he tr d Si |ayer
fgralﬂf?h %ﬂ%?ﬁc%ﬁrgh d%?fggé&iéé lakg i s obtai ned
in the end |s a structure 20 (like that shown in

Eh@uggréﬁae&ol@yéxsIznghghecbﬁgmén@f s srai gl 8pde
the active yer .6 SIStI

an act|ve : g
TReSE PAS e & §e31aa~§€r Saaiovip SBomrdsnmgtiaiheldstte
REYLL BAOO3/ 004793 - 27 Exanple 3: with reference to
_Figure 3, this exanple relates to a wafer 10
substantially the sane as that of.
Fhis héFW%ec{ NERNFd g D Ss (b TRt e |RP1%n;1%F§? nbhaw; Eae
tayeican dHieckreisaxed Shel ayee.id Jiresisiarai medveaybicR
%gen C nS| ts of the strained SiGe |ayer 2A the
Faxe §§3r 2B and the strained SiGe |ayer 2C.
10 This stralned | ayer 2 has a smaller thickness than

the s&fidifcal thieknesa OﬁaEhesﬁbéﬁﬁﬁ’hﬂllQSt ths, abmye

e S Ge reI xes. The str | ayer. 2A has
S RT S o heSs s 18 LERIPRRL cPnge LiPuEr  ne ©
Brempled .Si Ge | ayer 2 of = Exanple 1.

It will be advantageous to choose a thickness of the
layer 2A greater than or egual to the typical thickness
at which - structural defects -~ appearing near the
interface with  the transition layer 4, after
propagation rof the perturbations din the transitipn
layer 4, are likely to be confined therein.

Such a strained SiGe layer 23 will thus preserve the
relaxed Si layer 2B and the strained BiGe 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 layexr 2B has a thickness of around a few




10

15

20

25

30

35

It will be advantageous to choose a thickness of the
| ayer 2A greater than or equal to the typica

“&ﬂ%&&?ﬁ§§. 20 at which structural defects aﬁeﬁﬁﬁéﬁﬁgpﬂﬁ
€ )

near interface vvith_ttgg transition |aye
propagati on of the perturbations in the transition

r. .4, _ar i.kely to be confined therein. 25 Such a
LEYE ot nafbfict LEE!

ai ned ayer 2A will thus preserve the relaxed
Si layer 2B and the strained SiCGe |ayer 2C from any
sheUst i plededand s1r e aver ablbgtedrdiatilgn the tse@e
sirai ned.l ayer 2. 30 This. rifhcipl,deelni que is
F%%?%gﬁ?és é??i%ﬁl%ﬁ?jﬂxgﬁﬁggb%éégdgkbbtaining in the
end an Si layer 2B with few structural defects. The

gshw@ldtﬁ Stiihhé ay@faizﬁcpafi@ tlmt}@@n_ egf yer ygmmfal de&sﬁz 1y85
a e . thickness o .entire s ined | ayer 2, so
FR%@‘??}&@& gFﬁeﬂtﬁfW}serdqgl?St %F}ﬁ%r air?'over al | “strained
structural property. The relaxed Si |ayer 2B has a

gﬂé‘?k@‘é‘ﬁéir?éd ar eupd afgu: Wo2004/:022888ts, in one
CT/ | B2003/ 00479 - 28 tens of nanonefres. T['Ele the

BEFRIGHEA LS @lhuafden2c HdE sub¥tant i BPEY Phe Sane
. thaclamdser bst the esrdhmedctingenedd. Si Ge | ayer 2A. 5
However’, the strained Si Ge |ayer 2C is advantageously

thicker than the strained Si Ge |ayer 2A. The st ra,é}ped
Bhee imprementst bpr esdnt $hej nromevaly o BFRFEFE Ul &Y en

Siub 4HHtQR1 1N 8Bt DEa P k@ALObEt Bgampdd kness of the
strained |l ayer 2_ The inplenentation of the renoval
process is then substantially identical to that. of
Erxanptentd.onl HIThe toeestitonnolagerr 4nangi an paJaFioPahd

v a0difl08al heat treatment, which are identical to
those of Example 1, have the effect of:

- elastically relaxing the strained layer 23 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 tTo
that of the subjacent relaxed SiGe; and

- elastically relaxing the strained layer 2C in
‘order to form a relaxed strained layer 2C' (not shown).

Afﬁer the wafer 10 has been bonded 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.

iﬁ a first method of implementing the material removal,
it is 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 substantialiy the same as that

‘described in Example 1.
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advant ageous heat treatnent, which are identical to

t hose of Exanple 1, have the effect of: - elastically
WOMUOZTE8 t he strained |ayer 2A in 20 order PCIIBHOHPGTI3
rel axed strained |layer 2A29 not shown); - elastically

“straining the relaxed layer 2B in.order to forma

strai ned rel axed | ayer 2B' (not shown), the latter

twhae havigh@aankat tinceripar anet &5 @l osterutcdureh0 oflikre
bjacgnt relaxed. Si Ge; d - 1 i ¢abl Yoo8d pd

MRS AR, 0 Ser i) el Ve

stTai ned 1"ayer i n 0

) . m a felgéfd 6
subatrele |yand 280 gABIVShbWRE 6AFERE IHS ety

Rassbeethdyrdad d &l xReriswicay 1agubstcat etbe ast thigned

rel axed strained layer.2C . with or :30 Wt t
St S Nen g aﬁglna’ifné%l aGart At 9 éﬁl%%a%bgﬂgrjéﬁg%%%d
$36agleper 022 hofendf ophoneidwh afecii HuekayHos i belf

éé%fnjrrlg‘ ?Jﬂtﬁ%&a meschod 1pf i SHRRRRhG Ngstibst rater i B
renoval , 51t is desjred . to retain } | east a
BEPERSHIDON hEe FETaRRH %%W%%@&Pﬁayss 2A, the

strained Si layer 2B and the relaxed Si Ge | ayer 2C ,

d the i vaf i ' taphbal hytéheal
e hsotral ' Recl Ao | oty ARRLD) Lt oee
PETPYEROOSE 0G4798esired) LRhRTISSTIBt HAHed Ph 158 SEnd?
pSreish reet Uhe 2Qrblinke sthatayehows'i narfd guhe kd)axed

onprising t receiving _.,substra d ctj

gég‘gr é?y%het%f:t’i vet}?eaye a%r@%&ongri%g?ivgg o?ﬂ‘taﬁe bi¥ng

sebaketkiSilGy | aysmtdCal t He stihe nesecmd | ajRthod Ghd
?{nﬁgémél@ﬁ%%; QF\@ RQELEPR OoferidR1r elrakedmp e CGe. | ayer 2A
a opt 1 onal

y of an Si |ayer, or the renaining
portion of the supporting substrate 1, dependrn& on
tthetr aspvatatetHodrentoyed)d. 130 d nshresowind 2@t Rddkef

itﬂgte%wnngihheFEB&J%iaid) comprising the receiving
substrate 5 and an active layer 6, the active layer 6
consisting of at least the portion of the strained Si
layer 2B' and of the relaxed 5iGe layer 2C'.

Tn a third method of implementing the process, it 1is
desired to retain only at least a portion of the
relaxed SiGe layer 2C', and the material removal is
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 HNO3,
HNO,, Hz02, HF, HzSO4, HzSOz, CH3COOH and Hz0.

Since the relaxed SiGe layer 2C' is an etching stop
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removal ,. it is desired to preserve only at least a
portion of the strained Si |ayer 2B and the rel axed

wo fg6/d29¢gr 2C, the material removal then bgljcgt%]s%&smmws

substantrially i dentical to he second net ho
i npl enenting the materi al Ténoval of Exanpl e 2. What

| $2 008 21 PR | Re‘cﬁ@de%k =3 altstg;yggm% 20n (khke erIchato

shown in Figure 1 nsmg he recewug}g
sBB5 it 1§Yaﬁdp% SRt FPEEOBT P HATTES) %EP B
cbmlmnfageofomhﬂmt the portion of the strained Si.

tﬁlyr o net hlg%dPC%f &B(cl%lgh%rl @geﬁa@g th@r of

enentln r ocess, it is
dE_TY¥ eFTEd L etlamkwsy aml@astﬂaaﬂb@w:@% aPOFlhelaYer
rghaxad,.Si Ge | ayer 2C, and the material renoval is
then substantially the sane as that described in the
second net hod of inplenmentation above, with
firathersropetatmedchdint itbralenst eis of ﬁ‘émwwgatﬁ@ (like

Sﬁlﬁé’ﬁ nedowh |AYyerri 3¢e2Bid) FQ’!orrH}':L%lﬁ I pase, raRlastihye

hi ng of the strained Si e carried,out
Qt?'lgd: g&ﬁuél GRS EEMAS iRy l&é’erl gzsf: §néCbivEnaayer ©
f o1l shiitng 1 og npoa neksl: a>xREHS 1 SEU TG 35 2Cdnmoni um
hydr oxi de), TMAH, EDP or HNO3 or sol utions currently '
under study_ that conbi ne agents such as HNG3,

Hop Pneqpartpacer mpaidpd ofi3eetrd ahe HoEUokiUree ZPhea“d
riHzeedrSi GRel ayerulGird S @M ecsmﬂum@dst opn¥0 or more

2004/ 027858 PCT/ 1B2003/ 0047
A 5SER e deY B R oo 1t Re el T dVorad s the,
pfarrntt{aecwhér Igyouhhlfgfrrﬁnnsmﬁcllﬁ@gs Ak t ﬁfaa Isbwadipface

e%& othus, eb&lh?e?@séb@é&‘dl%gpfﬁﬂ il Are Sroshave

I t hi ck whi |
RN I R
girrdect tpef@0n (4 irkdtilayer 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 question
substantially less than or egual 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 8i 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 oxr Si/SGOI type.




that shown in Figure Id) conmprising the receiving 10
substrate 5 and an active layer 6, the active |ayer 6
constituting the relaxed SiGe layer 2C . In one

particul ar nmethod of using the structure 20, and

what ever the structure 20Cobiidd ned, one or nore 15

epi | ayers may be grown on the wafer 10, such as the
epitaxial gromh of an SiGe |layer or of a strained Si

1} ayeProagssotiver fepmiayers usefsl staywy of farm aht eafat i Ngthe
w§ﬂ£§e§§h89191n§ﬂéﬁh%ﬁ%%%&§n8rs&ﬁéﬁ¥a@8d %%d:%y E%fngd layer

order to forma ayer structure
chesrcontkrateit ivayer s fppeserredtahl ins s rd@mmreams, for an

aggﬂ%tqeﬂstl&Hentalmep&ﬂ%ﬂﬁgstherﬂo Fbcsas or  in

carbon with a carbon concentration in thé [ayer in
ORftRESECE RO ER st ataralctyriesd than Watequdl tord0¥%ses the
£6DIKi48 Pagdd.cularly with a concentration of |ess than
or equal to 5% The present invention is not linited

to al®t rf@iReEIS G Yhgy SPPRoBHN G uBPtEapporal kg region of

pSthishhat &n 1, a bW fxdiends deylg‘?z 32010 9Fhes Bler 't@l.létural

such as materials of the | Vor IlI-VI atomc famly
PYOMIPREIBRSYary, ternary or quaternary type or having

a hi gher deggnee) ort hahesgn bg eémis%yetétusurégs@ relative
I ocess accordi n to the resent i nventi on. Nor

AEHE 2 F&EuF §5’F3r’“?1a‘1tlr§1185th1f*r?%’& éf:fféim?%k]éy@ffﬁ and
||nlkﬁdJﬁﬁw&h&U@Euhe®dgﬁlbﬂeo§$£hefﬁﬁleﬂr Sh/gﬁglopp081te
p - . rocess r1or ormng a usef
Sﬁ%yetro fﬁ‘tﬁn I:?j\ﬁé‘leéir strafgpedatarevonhs siegi W slcﬁjyp%rt i PRyNY
tizulehe At A raishraf newtk kayer. chosen respectively

fromcrystalline materials for an application in
m croel ectronics, in optics or in

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

perturbation from the strained layer .

3. Process for forming a useful layer according to either of
the preceding claims, characterized in that the region of

- perturbation is formed by implantation of atomic species.

4. Process for forming a useful layer according to the
preceding claim, characterized in that the atomic species

implanted comprise, at least partly, hydrogen and/or helium.

5. Process for forming a useful layer according to one of the

preceding claims, characterized in that




opt oel ectroni cs, characterized in that it conprises

the followng steps: (a) ferdration in the supporting
substrate of a region of perturbation at a defined
dept h capabl e of form ng structural perturbations;
tiid) nquﬂ)euﬂpleeergyrtmgcau@@ am | eagdr iselsatthé@mal energy

el axat i A el as c sty s in the_ strained
{a‘li‘/%r% it %(e c) h'e?'jl’“rr?tl)l\:?a atf'oar °8n °df %thﬁe SHafers ol the
Sttﬂ;neppbsyte side to the relaxed strained | ayer, the
useful |ayer being the remaining portion of the

wafer. 2. Process for formng a useful |ayer according
¢t Prolyesspfer et my ngl ainﬁefﬂwaﬂawberiaedoidﬁﬁdwab the af the

Pfé%¥%ﬁn5e|%ﬁa¥§§ rekg%fg ég}lggdth§ st F@ed ay%&rthermore

during step ace Acro8s a frandition Iayer
indpigeat i Mg fore r%igﬁfmn(gf, per statbabiforbddomgt e receiving

sidrahned {ayefe %anEOCﬁStﬁt OL; §Or.Ng 4 uggﬁsﬂlneldaxg{(er.
according to either of e preceding cFalns,
characterized in that the region of perturbation is

7foppeeedy icBp! andatingn of jatem Céﬁ REGi es acéorg:[ﬂ)gcegg the

for formng a useful "|ayer according to the precedi ng
PRcEiiid c FaPaRt ePREACEIE {308t Hhethabnitbespweidésy step is

prle@féhéﬂt}@?j Mﬁpi@cagioﬂ &Sty Rahhl Yy IWANROGeN .andior: one
ocess for formng a useful |ayer

Pr o
Ofa&@ﬁrﬁ‘f’?]gfatc@soﬁé Bt Reledpr ecedi ng cl ai ns,
characterized in that -32- the energy supplied duri ng

8stegﬂ§%% conprlses thermal energ so as to further
‘f ab *hefPEl LOATHBA & PhRefstr arHeTi n BRECTE4T%| Aed the

preay@ing 6c1RIOCEEBaf Nt frokBHNGna thsef Whd aV&Iaia6C qra%eg is
to o e aof the preceding clains, characterized in that

mace ¢ re includes, before step (c), a step of
bondlng a receiving substrate to the wafer on the

skde w th the strai ned I%¥ Process for formn
GREFLT Ty P RERSr Ui WY 10 &ﬁ@erpre%%%@gcta. pe of the
thwhar@GEeedzmﬂ tTa inxgt dﬂuiabesﬂiﬂ@dSI@pth§t 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 according to one of
the four preceding claims, characterized in that it
furthermore includes a heat treatment in order to strengthen

the bonds.

11. Process for forming a useful layer accerding to one of
the preceding claims, characterized in that:

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

- step (c) comprises the supply of energy into the region
of weakness in order to detach the useful layer from the donor
wafer.
12. Process for forming a useful layer according to the
preceding claim, characterized in that the region of weakness

'is formed by implantation of atomic species.




preceded by the application of a bonding |ayer to at

| east one of the two faces3te be bonded. 8. Process

for form ng a useful layer according to the preceding
claim characterized in that the bonding |ayer is

made of silica. 9. Process for formng a useful |ayer
1accqydipg.t o qne the three preceding clai
charébferfzeéginﬁgﬁgkgitafﬁF ﬁ%fngﬁgerinc?ﬁﬁ%gﬁfﬁ% to the
Preaptéiment al fon ofcharécmsiviedy st ephear riled aubmbe spheies
sy {ace ebndlibeast f twp faces to,be bhonded.
ll%. Procesggf%)r for mgﬁgsg pug‘s%ﬁa’rmﬁ%?/%?gee}c@élﬁ ?ﬁgjﬁq&um‘
one of the four preceding clains, characterized in
1hhaprddessf Yol hes ppRy Inghudes a fieat L ted 0

ordé? ffsstrengtheﬁgifhesbonds. %ﬁé 5%€§gégﬁ$6%)%lther of
ther MO Prearsengl clajes, sdwordiagited oire ofat tde region of

wdieeed N6l aigik, Ghakast erkzed. | t...,- bef.are
c), it conprises thg ?orn%%{oge%?ugﬁﬁggpon g%e 1b8Rtea
S‘é%%%ﬁ@%é‘lilﬁ the-hsuspBetPhigtsdbsthateaterand - step (c)
conprises the supply of energy into the region of
akness in order to detach the useful layer fromthe
1 ¥onbFOcoRt efor1 X0l Bgess ORI Hlor ARWEF a LRETdipgyde the

peealigynglhom} hehafiaced:89 chatMme chad adfnZe¢ LBakness
Hpat the region of weakness is formed by 1nplantation

At HWont eILPectbsPeradubataonpr gresstagect grbisgniially at

thesefarle [tayer aaciCokdithg &améhRcaPs £ AGGIndl Mhe regions.
characterized in that the atom c species inplanted
conprise, at |east partly, hydrogen and/or helium

16L.4 PrBresessof ofodningi Aguse fisefiulychay gabcaefaiditROct 8im 11,
eith clains, characterized in

r_of the two preceding, ,
HREE PR T hgitn GF WeiknBSe Uhdof ha'regren ¢f formed by
pgest.fiibation < @ Lagat edh tsubsépstj ally at the sanme

point in the wafer. 15. Process for form ng a useful
| ayer according to the preceding claim characterized
17.n Rrivgesshé&orediooning weakeess layer according to one of

the preceding c¢laims, characterized in that step (c¢) comprises
the chemical etching of at least a portion of the wafer to be

removed.

18. Process for forming a useful layer 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 adjacent to the relaxed strained
layer, the relaxed strained layer forming a stop layer for

this etching.




-COnSl

and the region of perturbation are forned
substantially at the sanme-sive and by the sane neans
for formng the regions. 16. Process for formng a
useful |ayer according to Caim1l, characterized in
that the region of vveakness is formed by
or | cat | a e h 17. Process
ot ot el i et odalih 1 3Rt Fhecne of
tb?ec@eﬁcrﬁgii@lgai ﬁisaimmar abeeptizedibean t Hat shep (e relaxed
he I of a | .
e warer T be T ampve g s b Phof 1By g 1n
tidef uttdray €) aceomriiifgst o tbae Bﬁpletﬂ'r@eltpl:emedlcr@ selectlve
cfedidi ohanagt ¢l 26d LA.Lhah SLeR:{& 582 obd& o
I mpl ement ati on of selective chem ca etc ing o
THBTES dhe BPTEIR SYSPoYiRhdcsirbst Peere ladjedcent to the
rel axed strained |ayer, the relaxed strained | ayer
formng a stop layer for this etching. -34- 19.
2Pr ofEE ForiForiftAgnd as@Fai vl ayavenccoFaPding oneonsd of

tid1ep pERLARIGN 16k Ak "B cheParactigelzed ithathabhet BEeryl layer
relaxed _strained |ayer conprises a chem cal etching

C%It%ﬁtlsa%ra‘én]&qsﬁ atlﬁ%ﬁtlé%”eﬁf( Ele cotpricsesttigned layer.
[ n’pl ementati on of selective chem cal etching of the
]?xed st r%l ned |l ayer in order to renove the portion
TRASG t79%t HETELBD Payerfuboleribcedscretimortfi iy of
cmafsul 1l ay@r aGcoeHhrg-tdeariena ofn tdmatpregedin@rui layer
s, G ?EaCteil zed in that the useful |ayer
ESASTEL § St TPE3ERY & PSriesn La¥eF he 2Pe 3x88r53ccr‘r}al%dthe
surgyet ing 2dubRrracessrémridfiamgnhpgea dtsef uk) | ayer
according to one of Cains 1 to 17, characterized in
that the useful layer consists of the rel axed
225t r @roneess ayfer afgknAnpgorsi abedfult NBaysxUppoEstdlithy to the

Lrat ft t 2 P f
o AUIRUGRT L SIS AL 1, 1P (R): 22 Locess, ol oo

' th@l aﬂUlH’POChaJn@C$lﬂIstz_‘edel nishatriheed st’galt[heng:ella){eﬂ efrained

laé)%? supporting substrate is strained by the rel axed
trained |ayer.

23. Process for forming a useful layer 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.

24. Process for forming a useful layer 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.

25. Process for forming a useful layer according to either of
the two preceding claims, characterized in that at least one
thin layer formed on the wuseful layer has its lattice

parameter strained by the relaxed strained layer.




23. Process for formng a useful layer according to

one of the preceding clain&~ characterized in that it

i ncludes, after step (c), a finishing step carried

out on the surface of the wuseful |ayer. 24. Process

for formng a useful |ayer according to one of the
2 precrdispyrel afcrﬁnm@har ast i zedeirn hhabrdind Rel HQ@Sef the

after step (c), the formation of at |east one |ayer
p]b‘?{:ecdtjré‘gugie‘?ﬂ‘llsf ChpBRCteis.zepr dRekRa%or forning a usef ul

| ayer accendisigpbetBid hebsetatd heid wWadpr egediingon;
cl ai ns, q%racterlzed in that at |east one thin |ayer

forned on"theétdéersd 1axper has™34s Afapii teen werafARt BF-
stral ned by the rel axed strained | ayer. -35-
rocess_for_formn eful |ayer according to one
RGOS r B di g BPaf niSe CHarAYEE! REERFd 7% L one Kot cthe
pnsammﬁm o su)sthatecieriradeinfrisdd:d con; the strained
| ayer is de of silicon r mani um 7. Process for
form ng Ao eraPoT ey baEFtrhg comaHs of Tacon:
precedi ngtied aitws i neharageter tdzeﬂmtm tihakucddsion of:
supporti ng #gst ate i s made, of silicon; the strained
| ayer consi’s es'ifc8§s§?:5?1“b?d 1L 1CARtIGraesigr
strai ned $id ichoakgessaiti welaxéd tdililakegss of rel axed
silicon. 28. Process for formng a useful |ayer
according to one of the preceding cl ai s,
28charrackeri fed ifnrmhag at hee BWPPDstdng sedhisddiabe tioS one of
f.sili stralned l.a onsists in
el 8880 lo sifthy \qHRepnels e o Shakd
si licon- g:elerranppmtlr@ shbskneiss dfs metlaxedl Hiliceon; a
t hi cknesst §t raie?ﬂeq silicon-germani um 29. Process
for formmg SCHEEIN PaFer 4 gt PEIREPRoPL t he
two precedianghttiaidsss, oﬂfhatﬁéiilﬁ—:l’d Eedlbﬁn{gatnaﬁﬁ&ﬁ (c)

compri sesy Lnen [ IR o8 LG5 11ESS, of strained

V a thickness of strained silicon-germanium.

29. Process for forming a useful layer according to either of
the two preceding claims, characterized in that step (c)
comprises the removal of the thickness of strained silicon-
germanium adjacent to the supporting substrate and relaxed

during implementation of step (a).

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

comprises the removal of the thickness of




ger mani um adj acent to the supporting substrate and

rel axed during inplenentation of step (a). 30.

Process for formng a useful |ayer according to either

of the two preceding clains, characterized in that
rSt8RA 6) 11 6O irSesed e8PV Ab1 Sfedthe 1 LRI §KNass, qb) .

-36- relaxed silicon strained during inplenentation of

step (b). 31. Process for formng a useful |ayer
3BCCPFSHG RO rAfingt Be ukb¥el Piegedi Ngce A iRy to one of

characterized, in that at |east one thin Ia¥er f or med
thih THE PEEFERIPAYEr? 1Gmp P 8E8CEer i 78ss inpABat opt hgast one
tHil |1oWiehg foBhed | 6 Sthd elsaxed QkyPseusingralsaxedirsikisOone

er mani wth a er mani um concentrati on

ngt&’eo%f’m@%g é’ﬁﬁﬁgl?]os‘that of the strained |ayer;

-si |l icaexed | eastppardol yret saédedilachaveg@natibinCewith a
géorarameter close ta the lattice %srarreter of th

e

“I388 CSPPETmet ok PP TeE TPFobesS Y For mimhgta Of the

stusdhed lLayer; according to one of the preceding
he. recei vi substrate

_claimns,, characterized in that ,

i s nade o s%i ggﬁsgr R . S%’f’f‘lﬁ c%gsnl? %€ f 8r ni-Algttee
raragettul ¢laoser accotl ndatoiose wframkher pretediheg relaxed
sﬁq)agingg,lg aracterized in that at |east one of the

ayers e ﬁoyed during the process furthernore
i ncludes carbon with a carbon concentration

BZSU%:]EO%%EEalflo}l |f8§1§b1§51ag Qgeft?lquf%;lz%‘]rg tsacl)g/g:or?gﬁ'n]gprtt%ﬁgosnse of

for formng a use | ayer “accor 0 one o
ther epeelbartirgl afhsinscharhetartiezededn ithatthat |tHast reneiving

sscrhbe 'fy%{aaeegpls%q%oqug%n%lﬁzs process

furthernmore 1 ncludes carb a carbon
concentration substantially |l ess than or equal to 5%

333.5-Pr%@QE.EC§B}:9@o%iI?g PL oﬁ?éﬁﬁlf ofaJeq_’r m Q(gc%dliiﬁgl‘go one of
| ayer according to one of the preceding clai o The
ther gigeerdnd oflatisentordiieroeredninnsbkhat ot Sergtt yme, of

tHehe 4JGkNes3 09Ed during the process furthermore includes
carbon with a carbon concentration substantially less than or

equal to 50%.

34. Process for forming a useful layer 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 wuseful layer
according to one of the preceding claims to the production of
a semiconductor-on-insulator structure, the thickness of

semiconductor of the structure comprising the useful layer

- formed.

36. Wafer intended to be used in a process for forming a
useful layer according to one of Claims 1 to 34, characterized

in that it comprises a supporting substrate Thaving a first




l
’

sem conductor of the structure conprising the useful

| ayer formed. 36. Wafer inmtended to be used in a
process for formng a useful layer according to one

of Clains 1 to 34, characterized in that it conprises
ta sipporchiamgcsemistadat &nhavhmg aiff i rceipr3dest ;a 3%upporting

teri in th £, rises_a s ortl

Ssd%%%&hte ﬁgg% EFE% Fartiee 3F%¢qf 3ﬁ overall
r@l@re&i | oxr eba&w@bmelpseddolazﬁéxaxedvliagera haevecr@da lattice

|ncIu elghgdgfe ?gsgféé%%%ﬁgw erig%%orgﬁgge¥o Theé -

preceding claim characterized in that it furthernore

3% NS aacrc%ga%?% PELd urhatdQni Bl o@%%%wged in

substrate er accor ing to e|t er’
thittecddi g teraneme inHardget er ikzedon nof hertiurbation  in the

ggkhnghgnggbgﬂygt@des a region of weakness. 39.
tructure conprising a wafer according to one of the

three preceding clainms and a receiving substrate.
38. Wafer according to either of the two preceding claims,

characterized in that it furthermore includes a region of

weakness.

39. Structure comprising a wafer according to one of the three

preceding claims and a receiving substrate.




