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1. FORVATI ON AND TREATMENT OF A Si Ge STRUCTURE The
present invention relates a nethod of formng a
structure conprising a renoved | ayer of sem conductor

materi al taken from a donor er, the donor wafer 5
conprising, prior to renoval, a fi rst Iayer formed of
Sil ,Ges and a second I%¥er of Si | on the first

I ayer ( xEORMATERE ANR) el REAETERYT |QF=tI‘h Jr%ﬁpéJCtT&JFlE
and x eiengprafidifer amedt o yielahesnet h@dh@@nwﬂ sfd@ning a

the Lol owl ngosteps in sucesssion: 10.8) Lipl atbing o e,

atom ¢ speci €s 't a” zone of" vve ness®
s@l@@@@tllaéyertakb)l bémgimngat hdodomnor waéfer tbha rdcepyverwafer

V\@fo%brl‘é)lnﬁl"ppﬂ)figﬂ t erE@}no@ g/ or, meghani Cﬂv%geﬂf%xmed of

det ach 't he renoved | ayer romthe onor
§lt1hc§ezoﬁ§ of? \iEFHESslalgr t péafilngCehe Chefeedfirst layer

|€m$r -E@%tpetcktﬁ%equ havely rempdl mgRfe theo 1, and x being
rftf CUtS; techm que whi ct% i s, well” known to f 11
||8&eB rs r eXanplE W%@?%h@l%@cﬁh& ollowing

reltrepal metshedelssmascrl bed 20 in United States

d 05347, wh t
St 00 r & e R st er T O askt oot 15" ot a AU ©F
by the stwaghngss dfertewetlfltrrset deyard 1Styeprid) for

trealy ng $ ey rr?gtTQ:\'f:?éj dEF ﬁua‘%ﬁféﬁ%J‘aas dte %J_C%Fa{feeﬂ

out to lift off defective zones and to reduce
surfAce rORHNERY priffaimpal | yar?%/sQﬂtlfﬁ*@:fffﬂb]rﬁ%]ar men'x*g;y to

out Step?de&)acﬁﬂdtlﬁé réheviRi QkRRSS o hendeheabkVaafer at
zone is |caII bout 150 nanoneters (nm for
hydrogen rﬁocpe Q‘fg KAS5H. As an example, it is

possgilbl e ﬂmamnfgortrhm&@nmemllayaﬁ Jolishing or

chemi cal 5 ﬁ;sh Jﬁf)p'f%g?&zaéérﬁ Miseghafcalsna e cute

mechani ¢ca order i m nat e surf ace
r baghnegse uh@lﬁbr igt wpd Loknowor it ctih@I lskilgiddipginspn. One

def e6bi¥e FONGH 103 1ME BOBAT RY AdhARLOT HBPREA Wit R KP-ibed
blnlﬁkdted States document US2004/0053477 in which the
crystallographic structure of +the second layer is
elastically strained by the structure of the first layer.

Step d} for treating the removed layers often has to
be carried out to l1lift off defective zones and to reduce
surface roughness principally resulting from carrying out
steps a) and c¢}. The thickness of the defective zone is
typically about 150 nanometers (nm) for hydrogen atomic
implantation.

As an example, it is possible to perform mechanical
polishing or chemical-mechanical planarization (CMP,
chemical mechanical polishing) in order to eliminate
surface roughness, and/or steps of sacrificially
oxidizing defective zones. |

Since bonding in accordance with step b) is
conventionally carried out via a layer of electrically

insulating material, a semiconductor-on-insulator
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35 conventionally carried out via a |ayer of
electrically insulating nmaterial, a

sem conduct or-on-insul ator 2 structure can thus be
produced, such as a Sil . Gex/ i | Gey on insulator
structure. As disclosed in U82004/0053477, a step
subsequent to step d) can be carried out to lift off

t B TRENBFRT 561 56T tHOrPBPITRRAL | PYER| ager, Handsx/SiiGey

r ehaiifnisng a@nky stihacsaeend | ayer on the receiver wafer.
an be

Thus, Si . n. i | .at.or ructure

e ucha LGS s iy oD B T B il e a ot to

pertepord) ofanhebé i rcsirizyler octn the tarfti effdHuthe remaining

EE?% byel Y byl rgele Ct%gfefheﬂhﬁﬂ% e ELeRiNg ;! ”iny the
I'tabl'e etching ag ents ective em cal etc

cafcPadt Heverd Cﬁ?oﬂh@erﬁﬁ@l‘f@éswraeﬁﬁﬂay’ébuwtﬁ a‘@lge,&h on

SEh%@@ﬁtGHa%tEMcﬁhEEOHEnt98 pggaa&ea ri sk of damaging
it (which could be the case If onl¥ a_single palish

ver e t 6'BeOPgrAtd@odtor HHE Hovvef! §@Peéﬁmﬁ%nlng portion
cbemﬁ&t &h@ﬁltnglﬁ?éBSSiatrat Q% @étﬂie@fQ@ﬁfaéEjﬁ@chLvely by

h A
naEAERE L AR sBRReRR R, SEBEY RearS SR e agents.
eﬁehenglvenuﬂnsmm@tbssapylng H&ﬁucenthEheseﬂETeproduce the

d
(QUEPEDS MU SOUT PRI PSRRI s oo
déféétsaorﬂh?dqecsfl‘ﬁamﬁ‘él%@céﬁd (vipieh el epe the Case if

SYREHSS] ¥engrli 95 Oh POLESPLNGe aRdrr £88NHEA] | et ching
render the post-detachpent finishing step (as wel | as

the whoPESBFrt heSFeRBVAVSpr GEERGFEY) S£5ANGRY dBffiEsitates
apdiegonpptpakhyiexpeosi veheFurettJa;elrlmr e sxﬁlf%ms:,al typlcally
et chi ng.can |n SONE Cases hres % W t at That
e Rk R nater e bonfip R SRHEET ¢ HegRsry Tha
;mmep@naalqnlﬁomawmnﬁzngnaEEathe rsicess sefr vt heo bordiung  the
lgé(@ér e SI gﬁtn%?;%k JHEH a%%hl@“%&éé%é&ﬂégpéaﬁ% locally

fromt the resulting struct

t PEET THRN PROGRMP I DN FRING t rdat plentCOil A g:g@ate through

(§éf@¢@§do§|}k<b£@§ PR tRsubat&ky Biyasture conprising

S o2 However, the successive actions of polishing and
chemical etching render the post-detachment finishing
step (as well as the whole of the removal procedure)
long, complex, and economically expensive.

Furthermore, chemical etching can in some cases
result in problems with at least partial unbonding of the
bonding interface. In particular, it may delaminate the
side of the bonding layer, i.e. attack the layer where it
crops out from the side of the resulting structure. An
example that can be mentioned is HF treatment cof a sS0I
(strained silicon on insulator) structure comprising SiO;
buried under strained Si, or H;0::HF:HAc treatment (HAc
being the abbreviation for acetic acid}) on a s8i/SiGeOI
(strained silicon on SiGe on insulator) structure, where
the layers of SiGe and buried S$i0, are liable to be etched

beneath the layer of strained Si.
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buried under strained Si, or H202: HF: HAc treat nent

(HAc being the abbreviation for acetic acid) on a

sSi/Si GO 35 (strained silicogn on SiGe on insulator)
structure, where the |layers Si Ge and buried Si Q2

are liable to be etched beneath the |ayer of strained

Si. 3 Thus as regards the quality of the fina

pr oducENUEh& T cERPREIBbiREN MRt B Y 08 tHap final product,
sahkestaglioEy. oﬁnelabaeaaatnagsmhh@h g@ﬂkgfbet@ﬁytsaged

to overcone, that Eroblg FD ge to di CQ%
et chi né SgenFETBLE I HEFC CSH& r?éﬁ"rlsfcgﬁ G @b come
behter ponbiehl edouHiwever , t@haﬂlbuﬂenlth2|53tmhlng agents
sahLehact Ay Slaok byy bRl bOCHEALA §mr011ed
duration of the roce ure, it oes not con‘p
sBPveveRe ptbﬁten$@iuab@@n1h%1|mﬁt /$§Eﬁ%fﬁ9t@%ﬁLn$kﬂpe by
\A@ugatgﬁﬂhglb$ @L@l\ﬂr%%%%g\m%é‘ @%rals@oho €1 phar (i?rdélﬁ:lure,
ac

bondi.ng i nter grlor to_etching render th

i hteff EenﬁBréoWE% E?%ﬁtS?%V%hEB?c%¥°%b%ﬁt%f dq%a¥hP§tl°n
end, aApﬁﬁttHetaghmﬁﬁloﬁtahhthbbgl?e@b bm@a%m@@h would be
carri t_at ou 00C or several _
Bn e B8 b M i T £ pREEE o WRFERing o
!seméer khe%n1whemfapﬁodmnmmgr@sfﬁlams|tocahemncal agents.
|f§UL$EQrbnatrHC Br%hdb§aﬁﬂ en%u%E% l%i@q%éeheat Jreatment
transferring heterogeneous ers . Gex an

SFRTNERG fakt abwcth b%%a tqream%ﬁt'f@aségveéaito hours

dééﬁy§eb§r@ﬂ¢1§§gé@yer havi ng the highest Ge content
t he | owest Ge content

20 towards the yer
t hus %Wﬁﬁ%@ft&ﬁﬁﬁhn i goPhe L Pbntent Wvdr Fhvn when

- tpwodayEns aaBdItHw&lhhﬁnphMSI£ﬁ$uB@@oﬁjeetrueabre, is not

f th I I
TR e, R Trre TS R B R R e

i feadt StakGeiheln 28csubsegbert retathi tgezmemd tenges Ge to
ti he [ u ly LLabl e, t
ST Aam TUEORLay e, DR TP TdERREEY G5 ontent
i SORELS cmh@n yavYehe RasEneihdha héoyéééndGﬁay@nt%nt thus
fﬁﬂ@ﬂq@ftéth@inﬁggn%?te thee GeY ntaditk | dvarf tnal +§801ayers

Str&Ctgég % e phy51cal and electrical properties of those
two layers can no longer be differentiated.

If the two layers become essentially identical, then
subsequent etching can no longer be selective.

Further, it 1is frequently desirable to avoid any
diffusion from one layer to another. This is particularly
the case when the second layer is formed of strained Si
(i.e. y=0) and if a final sS0I structure 1is to be
obtained to fully benefit from the electrical properties
of said structure (i.e. increased charge mobility).

Thus, the treatment temperature is limited by the
diffusion of Ge from one layer to the other (said
diffusion typically commencing at about 800°C), and low
temperature reinforcement can thus only be partial. Thus,

the delamination problem subsists.
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30 obtained to fully benefit fron1the el ectrica

properties of said structure (i.e. increased charge
nmobility). Thus, the treatnent tenperature islimted

by the dlffu5|on of Ge from dne | ayer to the other

(said diffusion typically comencing at about 8000,

and | ow 35 tenperature reinforcenent can thus only be

parti aPneTRis, oft fdeddraififarron Sprichlm shisig kiginafion at

Oﬁﬁealsmi@f oifhe HeNRIHd iy 1S anird dalanidmptddn #tnishing
ﬁeS|de of e bondi ng | ayer when carryi ng out
|

PR eEﬁEﬁPgal etching. A further aimof the
| nventhonfmstfteﬂr r educeof hecheb dimvahltdmn econdm credste the

ﬁﬂrQEﬁBﬁ '%dﬂéﬁ¥6“%%§tafgﬁ& t%%ﬁﬁa ?gag&%%@m%ﬁké“hfter

r
e renovéd ers, and par _
\MStﬁpt he) us@aérlﬁéch@\ntca@n pbhlet shiempved stldl)l’elf%brt herd  in

akaQEchhﬁr'n%%”“d%%ﬁéhéé’F%fEWCGtﬁe 108t r Y&t Unschanical
such ,as a sem conductor-on-insul ator structure

cBﬁ%FF tAg-a renmoved | ayer including a material which

is |esssstabl eukbBBrShimsuehtas s_hﬁz@nrta@nsllsortoslgﬁaaduce a
Aﬁggt gtlll further aimof the inventionis
t

t
GEREPL PUSH 11t efi SFTEEERATCERE 88rﬁﬁ§ulf%°r Stricture
tcempthgih@earenmmw@d;ﬂﬂyer/&ﬁaﬂmdmmgaanmatethal which is
'E¥§Qt§9gb%é EHaHr§£ uéh %é”@%?afﬁé&og °£rt§féé'”9
e renove ic ted"ihto th
whol e & ersfal Sr*mtlﬁodf@ﬁphﬁyu n@lmh@f Sr?ﬁqet Covepfion is to

t eshnbgue+1n,20 Theapf esent Envﬁ@ﬂé¥héﬁnBsE@rQY@E%@”Edurlng
t hese  probl ens by proposing, in a first aspect

nefFREie? CherhPRgVed st?¥Rfure conmprising a rem)ved
I a%/er »f hflﬁ:ﬁiﬁé:lond.liﬁlt 06 f MBt 19X | a_lnvteaita‘rbrf r o atSOI’]@fopose a
er, the i sin r for .
RE e Pephranst, ERRah 60 Bhe " s el vBr, Savel  oRd ayadily
fmh@gﬂr@lfeﬁ Ilnyz@eyth@n wihiod ef | rsmo*lfayenne(bh,ocy employing the
y. the range 0 to 1, and x being
rentﬁ# tQ@E?ﬂqéﬁe

rom met hod
The present invention aims to overcome these

problems by proposing, in a first aspect, a method of
forming a structure comprising a removed layer of
semiconductor material taken from a donor wafer, the
donor wafer comprising, prior to removal, a first layer
formed of Sil-xGex and a second layer formed of Sil-yGey
on the first layer (X, y respectively being in the range
0 to 1, and x being different from y), the method
comprising the following steps in succession:
a) implanting atomic species to form a zone of
weakness beneath the second layer;
b) bonding the donor wafer to a receiver wafer;
C) supplying energy to detach removed layers from the
donor wafer at the zone of weakness;
ad) rapid thermal annealing ({(RTA) carried out at a
temperature of about 1000°C or more for a period

not exceeding 5 minutes;
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conprising the follow ng steps in succession: a)

inplanting atom c species to forma zone of 30

weakness beneath the second Ig¥er; b) bondi ng the

donor wafer to a receiver wafef; c) supplying energy

to detach renoved | ayers fromthe donor wafer at the

zone of weakness; d) rapid thermal annealing (RTA)

carrfbd offlettihve 3steiper af ulréSo ARG NBORRE (gron of the

rm:re I_or ﬂiitaﬁtifqipéjyelgloe%s eXSESsk Aot & m@ttg@édnc%ﬁ Jiél?er.

sel ect i etchin e renmminj ng. portion of the .

first PEJEF ROUPHISe 1o THe-SETOHF | ajerPeqifention are
pessifibllécelsar act eri stics of the invention are as

follows: 5 p . d) i ' I [

the range From shout’ 1500CED SbuftiSoctirart dpmlh the
10 seconds tengboufrd0 LdrordsiO08tep ) iabasdrriledC C for

out at a tegpelatupesebonalowt 11L00€ kar sabayhs10
seconds; 10 step d) is carried out in a reducing

at nospher%; St&Pepdl) is carriicd otbti mGa PedbeRgrature of

at mosphere apbuar gonoagdrBydedges 00 EBcanagduci ng
at nosphere g%gargon' sacrifi.ci,al oxidat,i on of

15 |
portion of Pt it Fﬁyercﬁ§r&39riéﬂu%utiﬂ%tméenaieduClng

step c) andasmepphdyg; plasma activation of at |east
one bonding rf,ace i I ut. prj st ep X
20 a heat ﬂ%gt %n?sofsja%lgdte%é% a'iLbngu% Olgeoél%lﬁﬂeeasm?%ph?re
reinforce thé bemdiony iandl sbydzegead ot  aft el strgducing

b); the atgpsspRectessi gphapted during step a) are
constituted by a single atomc¢ elenent; 25 the atomc

speci es i*npPaRfeédiairingxsfepigy of a portion of the first
layer is carried out between step ¢) and step

d);
¢ plasma activation of at 1least one bonding

ot

surface is carried out prior to step b):;

®* a heat treatment of more than about 30 minutes
to reinforce the bonding is also carried out
after step b);

* tThe atomic species implanted during step a} are
constituted by a single atomic element;

e the atomic species implanted during step a)
comprise two distinct atomic elements, step a)
thereby constituting co-implantation;

e after step <), the methcecd does net include
carrying out mechanical polishing;

e after step e), the method further comprises
crystal growth of Sii-yGey, on the second layer to
thicken said second layer;

¢ the second layer 1is formed of elastically
strained Sij-yGey;

¢ the donor wafer further comprises a third layer

of Sii-xGex on the second layer;
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conprise two distinct atom c elenents, step a)

thereby constituting co-inplantation; after step c),

the net hod does not include carrying out nechanica
polishing; 30 after step e), %@ he method further

conprises crystal growh of Sil_yGey on the second

| ayer to thicken said second |ayer; the second |ayer

i s forned ofthel danwal Fefest Campad sSis §GsPPPregt tHegostrate
donor waf er rhufbRes eIt ses, aat Bitd kayder ftructure and
Sil ,Ge,t onth S%Fond | ayer; 6 t he donor w%ﬁer
conprises a®s st TRt e PO e dOBPTbEf RIS IS lavers
Si Ge buf f er ost Blict,Gee ahdermatihd i wiaytertiss rastam@® layers of
conprising ficst layers f Sl _,GCex a t] j

t he second ngéﬁgegfgg}gggéiia%ﬁ%ﬁI%%d%@§§g§é%g§4%¥gfaty ot
enabl e a pl ueabivaysoto benmedesfrombthandener gmmphewatfer;
same donqy WakRr1aR3Ch{ ayefaPhegt 52l ned Sik YER¥KeY than
thicker than the Critical equlltbrlun1thFckness;

prior to sté&pebFritheaketABYLLRELREr tROAPPREEE 10 a

step of foOfE'kmgratQOI’!ﬁié];g 1h ey et h@NmRe cdoFr t Heaf fomprises
and/ or on the receiver_wafer thg bﬁndiﬂg | ayer g
conpri si ng AnS&FBctHh dA i st BPTAGRY miPEPFalr s (e donor
as Si 2, Sidberonn8/XoyNrA, ther reexdmelre walfed,n the bonding

| SeEon e LS ORI N, gt

proposes the _ ‘ ormng a

to the formatéphadf sudeniesonduesor SanNinserat 88«OyNz, for
structure. gygﬁﬁgé.characteristics, ai ms, and

advant ages of the invention becone apparent fromthe

f ol | owtig Sgsioaideede 201 BRs G i BeFsRdorsRaster rée invention
| ppbpoEss athengsef okheadet hedhogi ven tymiayy of ducture to
It€1t n eﬁa l e, and nmde ﬁntp Lefgrencg %o thg ‘

A LB RYT A Ghi QST ACURT ERECFT G Lo FEE EGF | FERpgture-
di agr ansriofiet hehdrfteeenst stepsaims, and advantages of the
invention become apparent from the following detailed
description of preferred implementations of the method,
given by way of non limiting example, and made with
reference to the accompanying drawings in which:

Figures la to 1f are diagrams of the different steps
of a method in accordance with the invention teo form a
structure comprising a layer removed by Smart-Cut®.

Figures 2a and 2b are diagrams of a first variation
of the invention.

Figures 3a and 3b are diagrams of a second variation
of the invention.

Figure 4 shows the results of measurements carried
out by secondary ion mass spectrometry to determine the
concentration of germanium in a layer of strained silicon
taken off in accordance with the invention, compared with
concentrations of germanium in Si (unstrained) calculated

from diffusion constants taken from the literature.
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of a nmethod in accordance with the invention to forma

25 structure conprising a | ayer renoved by

Smart-Cut(r). Figures 2a and 2b are diagrans of a

first variation of the invention. Fi gures 3a and 3b

are diagrans of a second variation of the invention.

30 Figure 4 shows the results of nmeasurenents carried .
out byF3g¥ERdar BHOTF nasSOBpetttbiet FFudy @t el ngermanium

t be f reeAeeNtdd f O intder MNiaUMd e bayeindfraSitdal Nedlicon
silicon taken off in accordance with the invention,

cGRFar8d Awi- el €L O c EREPALFENS 1EEC88r mani um i n Si

(unstr @aheed) ©allcat abedmpdssft roMm giethuslisono £omrskeanisvention
t n om t [jterature. 7 FEigure 5 shows a

A AT PE U of AR P TG PPuoraRe TS removed by
compfritcCan®s formedlapdr of st r dVnemasébiabn orandlilpy, in

aphayebu@hskhalbpgdssiki con. There fol | ow exanpl es of
met hods of the invention 5 and uses of the invention,

based BAIPEFEr &ar erfoved BRovSrarfliai (Rythedmed ofempving a
}:)f@@slzvllﬁ@te@*illm f@{]métﬁl'@?_, sii_?_xc;@?miﬁu;nﬁricﬁi Ard ,Ge.) and
I gures 0 e 0] a I rsS L NO oT renovin a .-
£ PSS qaRyhr 14Y8 By Rodt R 105 GaR I 1P th RhECRoA]§ (0711
aadd }0=ax$ecdncdn ayeiordf ovareslr 010 Si Loy Geynkiferwhihetm to a

yrgcégirél ﬁgge¥ 50%) nf 58(’%§dg8€8rW%Bejﬁhéoin{rgation.
transfer themio a recel ver warer , N accordance
wi t h tRéguneentd oshowsi gar eddmoshowsexr ddfor compeisigg the

CPﬂPE{:Sil%%etrhelfifB%heBay@f 3iforard. Rl Sie XLEXoRRd 1ayer 2
the second layer 2 15 fornmed of Sil _yGey to be
r EAEVRE. CAsSisvEBnViEhtiDiENCSE donor wafer 10

i ncl udagg isS kboxGextgenani, sesha ddosURSleat €18 including
f rrreﬁgj of Si_on MicMher t}gqs,ﬁbe%ns_{orrrecﬂ,%go. whi ch
XBITPre: PERSR Gitih, oS B Ter SATTRAT Y 1ok i whic

oth&i&e hasotbeshrowfy ricadposed efxazpla fier enystayewmsxowth, a
PRect kAo Ll SOMFT o SUBL Bl bHE, dogpngea o
Silisfpsentit d ayerabout Tn0@artdcatl athe thhier badéer structure
may have a gradual change in its Ge content from 0% at
the bulk Si substrate to about 100 x % at the interface
with the first layer 1 formed of Si;;Geyx (it too is
preferably formed by crystal growth). The selected
thickness of the Si;.xGex layer can be about 1 micrometer,
for example.

A second layer of 8i; Ge, is formed on the f£first
layer 1 formed of 8i;,Gey. In a first case, the second
layer is grown in situ, continuing on directly from the
formation of the first layer 1. In a second case, the
second layer 2 1s grown after a brief step of preparing
the surface of the first layer 1, for example by CMP
polishing.

The second layer 2 is advantageously formed by
epitaxial growth using known techniques such as CVD and
MBE (chemical vapor deposition and molecular beam

epitaxy). Thus, for a first layer 1 formed of Sig.sGep.»
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with the first layer 1 forned of Sil xGex (it too is
preferably formed by crystal growmh). The selected 25

t hi ckness of the Sil _xGex | ayer can be about 1

m croneter, for exanple. A sétond | ayer of Sil_yCey

is formed on the first layer 1 fornmed of Sil_xGex. In

a first case, the second layer is grown in situ,

céndi fui sRFOI dtaeex | § feomeehef3Gtieimed o ofithe v = 0),
fiar sledodyen aker "Pla@rl%%‘:@“%lﬁ@@)estsh%n SEfONhAAY &f rdm about

rown after bri ef ptepari the surface
oﬁogh@nﬂﬁF§PmPa%éﬁ o p Pu xggﬁlé S?ncb% £88MPER| ng.

The seGandnl ayeit 2the adwashageetshy dfor el dyn 35 the two

epi_t axi al usi own .t ect nlques S
R yeﬁéEI(qﬁgxfgaﬂs %éﬁgq EOS|tnb Iiégﬁgr bedm thus
eptmaxyﬁd Thus,tHeor ﬁiﬂﬁtrsﬁayayerlltﬂnrue@d@& its lattice

'SFQEQ%%E% 8.3u it 380000 4 &Y €{ lf% ﬁ 3 rﬂ't%ed%rowth

a sec nd ayer having a ness

t fg ﬁﬁﬁ@éefrr6ﬂ?lu§b@l}tVln90GtAﬁ@§terréWéL (@&)a&tewab%‘maﬂgm A Said

C@HFE@H%QV @Q@':alﬁsV%ﬂré h?éné:hﬁa COACERALT ahbaR 0l SidiGbn in
I N e WO

fferent, the seco
| Gher 23 Loy Hus RSt sFatd i})?ylel’fedjf|3r§tgf7395?rl 82 Mhat of
rehderfiirts lattircea amiramt;ﬂresguh@tamilmid }bppdﬁ]ittlecaiase A

to,bal Qfibls Aromh . substrale, Lhus GLVkAG.T oo chick a

ern dstic St aitn ernal rains are
t éageke i &bohe aanuntlbicsll|@qmulrbnﬁumhet@d¢kwe$ﬁ, could

tB§u§@C%q3|x%3ﬁ@Lron2 dJ_S Qﬁéatsﬁ:aﬁ_ﬁa'lﬁ h@ﬂe of:hlEQﬁeEEr %tf that

conpressive 1 n th 0 p03|te case.
f &Ly §oHFEdRCOHE | ay@nlnzlha%at 16R f&ﬁlf?é%ﬁtetlbo ofhi 8k:-yGey

aanlelgMEr ,cAPRYe cRuskl tﬁéﬁécﬁgwﬂd bicunythkeKkPE8S, Reference
ou

se rel axat of the strai,n.in the th SS
CPHoRLe RS FaiE, £oakias OREaNT e i ol Hrity S
0&n&i Gey Gayruand/en” oyl drd:adsdzcﬂefsemtaiftl@rbe Semiconductor
d nce haul e t.h ocunment
en??%ﬁé% TEE% Siggyr 5 g%9g72 1%2% 1%%9 %é%(ﬁ)re details

fPact urss
Fr$@@rﬁthgstha$fSeb]@@@n1conductor Sci ence

Technof Qayyed?2 (499 Dhel 5131134 ahOr caREe detaldSositing a
strained material at a sufficiently low temperature, it
may become possible to form said second strained layer 2
with a thickness that 1is greater than the <critical
equilibrium thickness (discussed below).

Referring now to Figure 1b, a zone of weakness 4 is
then formed in the donor wafer 10 beneath the second
layer 2. In particular, said implantation can be made in
the first layer 1 of Sii_xGex {as shown in Figure 1lb).

This zone of weakness 4 1is formed by implanting
atomic species the dose, nature, and energy of which are
selected to determine an implantation depth and a degree
of weakness. In particular, the implantation energy 1is
determined so that the zone of weakness is formed beneath
the second layer 2. For a first layer 1 with a thickness
of about 0.5 micrometers or more and a second layer 2

with a thickness in the range from about 100 A to about
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20 regarding this subject. However, in the particular

case of depositing a strained material at a

sufficiently low tenperature, it nay beconme possible

to formsaid second strained ﬁhyer 2 wth a thickness

that is greater than the critical 25 equilibrium

thi ckness_(di scussed bel ow). Referring now to Figure

i §00a fronkof evpmRhesabauts Z00neh ferhedzphet RE dwrdmess 4

vwahber b0 heneat BeihReseeetht 11aYer A2.add Lt GRS A, more
said i Ian ation can b de in the first layer 1 of

SPRItEER1EA Vs REWAP PHtFEBB erb). 30 This zone of
weakness 4 sekamnped, by 4 ITDJ; a@foisrs];gbl@t Ot% clapeaines Hiterogen
dose .nat ure, and _energ ich are

ASBBrHT e U o afPE PR ddbt ne St a20cdvideeigeton volts
wdakiies$o 180 paf tandll at, at Wesienplrantkat | pangaeBgy 18 atoms

r y4 akness -iss . f gryed
bg%ga?%ﬂ%%xfhe seég%n%f ?Qﬁogg/éﬁ # £ |E§?Xlg$ ?tomS/cm’
vﬂ“?ﬁeaplaﬁ“tél@h‘é§§13/ofatab®%lt epeBIHi @rforﬁétCé%% 0 Jﬁ%‘feaaﬁd at a

adé@éo?%fo'%yct&ﬁt26 wi thiea 5&@%7@@ img hlﬁimbégﬁﬁtaftri@ﬁ‘ depth
u (0] Or . exanpl e apou

noukng et cpPolliknoks P8 s0un' Botf APhme paroLRsd.

about aﬁﬂﬂoﬂaanﬁ,abouﬂKSOOOpramntarspartd@téfmiylﬁ@ the
ﬁgﬁﬁiaggog atomfglgﬁgggggnége ad??%eégl toa%n %%9% the

o0gen Speci €s ergy n range

- kkboeghress oremetasing kel ﬁﬁMBOvaeandfatwaaE@seS|rﬁ after

thersangens. x 3016 atons  pes SHH [EcCenkd chment

(atons/cnR) to 10 x 1016 atons/c nore p tlcu
aFOaﬁh%ﬁ%$gysoPaﬁbéa@1301R§We§n@Oaﬁhﬁsed@géa@ﬁt§5§ut @hus,

- X140%6 abessibral)o Aé‘el@@{:arﬂcﬁ-tﬂn@ﬂéi'ﬁﬁtﬂ@ Aol ct Rpecies,

order of 1000 A _to 5000 A i s obtain
HEFBONEPI O TP IR STt s° g %’é’ﬁﬁpﬁﬁﬁgaﬂ% he bR nPEnGTIon

abonanosheei éseare gadj.ustredcheo naaenbfecbhempﬂamghmasm it

ARPEL-00, Ao Ne.FORE0" Weaknsas 4 el LeldeLaciTBOt ory o

act,” the degree 0 chment roughness IS
rﬁ@lm@@tythank@@tthaheseepaﬁmﬂﬂmnkﬁ Thpsantatipy (see in

Posst PLerd L sl @8Fos9sh MPLANLLAY @O £s speci es,

In the case of co-implantation with helium at about
1 x 10'®/cm® and at an energy in the range 20 keV to
80 keV and hydrogen at 1 x 10'%/cm® and at an energy in
the range 20 keV to 80 keV, it is possible to obtain an
implantation depth of the order of 1000 A to 5000 A.

Referring to Figure lc, a step of bonding a receiver
wafer 20 with the face of the donor wafer 10 that has
undergone implantation is carried out.

The receiver wafer 20 may be produced from bulk Si
or from other materials.

Prior to the bonding step, a bonding layer may be
formed, such as a layer comprising Si0Oz, SisNg, Si0yN., on
one and/or the other of the respective surfaces to be
bonded. The technique used to form said bonding layer may

be deposition, in order to avoid any deterioration of the
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such as co-inplantation of hydrogen and helium or

argon or another inert gas. In the case of
co-inplantation, it has been noticed that the zone of
weakness 4 is often 20 thinnetOthan in the case of

sinmple inplantation (see in particular FR 04/09980

for nore details). In the case of co-inplantation wth
héltirgangt 1abdde sSEoentD LGNV Zarftt @tarce@ngsegieih dhefusion
rangend0 rkeX:t 9,,8¢ keV and hydrogen at 1 x 1016/cn®

and at _an energ |n 25 the range 20 keV to 80 keV, it

i s posSFBPE £8 GHEAPANEN thenmehsiastonaded K bfintfr contact

onwdern afhel QRO A tutn 2OO01 A, aReieastngnteo offi giHee shﬁsfa’i:es to
g;)Q&%g gaa rec |%er %@ er_ 20 mnéh thg face of Krow

or*Staf er®1o tIE? tORE Y und¥t goRESPAPF ANt A58 i koD
caechedquas ﬁﬁrTherfaca\n&eamﬁmg aﬁdmﬁﬁépﬁmmnﬂucedch as
fg@g]bghg E%C2 eﬁrgﬂkQ&Pefogﬁhgrhékﬁaggﬂﬁgg E8l&ﬁfons, or

ng step, a bon I"ayer suc
a®FB$&EE - conpri si ng SlCQ S|3N4 Suxcyhz on one

and/ or Bbﬁsl%hgér%et heyr 8ePeaii M@ S URfaGes drk bei ¥ place
bonded. Th hn| ue usSed .to f.orm sai d bondlng

| a
nBY Mp&eqH 8§| PHA: nigm bR dPkPoidfF Rt the hydrophilic
debeuier afi eachf ot hehdOtwst sarAsce s tbebsepondetiayer 2
or anycongequent diff in the flr lLayer 1. . .
Pri or % br|%%vﬁﬁ ?%%Sﬁg%%l&grQ&ﬁﬁﬁ iﬁ%gggﬁn%ﬁﬁlvatlon
mpthmﬁa@mnbpthammndmngasuréaseson@aﬁ pheosutbagescrying
tQut5bQﬁdQﬁ$de%hﬁ ?@ Aﬁ%? aPI@@Qr%geu%h@%rﬁn%ﬁhdlng
techni ques for surface c ning and preparing, suc
strtanfese? %%IGﬁioﬁ@lnéféﬁéﬁcoﬁﬂﬁhﬁpﬁg Saruyibds, OQﬁ high

Ot&ﬁﬁaéraﬁQﬁgl nglemr se @y metcarrirgd oyérwc&bsrf I r1asma
cul ar bon m@i:I taking i nto account
eq

| ace
t%‘éth‘ﬁﬁb%u FF‘B R 5P ttHhe% wo shiFfagas 1 @fter
kaw@ﬂm@danu:aft&&saemaﬁs&mexﬁ@ bahﬁyn@ﬂeﬁﬁﬁ§mnls about

of Lone_or bot h bond| urfaces ust r|or
to c ér’y?%sg %%u%lr%g,me\%ﬁrch pririci pal I"ipaei | onaSt frg-asma

f@@m;efb@n@mﬁ@ple, be obtained from an inert gas such as
Ar or N, or from an oxidizing gas such as 0.

Optionally, a low temperature annealing heat
treatment (800°C or less) may be carried out prior to
bonding, to further reinforce the bonding interface.

Figure 1d shows detachment of the removed layers at
the zone of weakness 4 by supplying thermal and/or
mechanical energy sufficient to break the weak bonds at
the zone of weakness 4 and thereby to detach the donor
wafer 10 into a first portion 10’ comprising a remainder
of the first layer 1”7 and into a second portion 30
comprising the other portion of the first layer 1’ and
the second layer 2. Said thermal energy may then be
sufficient to cause, at the zone of weakness 4, thermal
effects on the Ggaseous species which are enclosed
therein, causing rupture of weak bonds.

Detachment may be carried out at temperatures in the
range from about 300°C to about 600°C for a longer or
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15 interface to be reinforced w thout carrying out

hi gh tenperature heat treatnent. In particular,

pl asma activation can be carried out so that in the

end, after bonding and afterlfenoval, the bonding

energy is about 0.8 joules per square neter (J/nR) or
more. The plasma 20 can, for exanple, be obtained from
ashiorder gasmgucﬂe@@dw depending froiReet ok ziogg whether

9a%,cS $ehRS R4reki 8@l by, nhaghow tenperat ur e
anneal ing heat treatnment (800C or |ess) may

carrleésmﬁn;ﬁ¥%mp¥%' bBhdi &aﬁ%¥fYﬁtﬁ%rr@&Qﬂ@ﬂ%ﬁPImed of
tlse Jgp;@gji nghd nts@[ ,8ee. 3% Figur@ssikﬂ@%od&f@ﬁme@ht heat

removed | ayers at t he kne
SRS TRE T e (et SRR St U B RAnP SR e N0y G 10 600 °C
t dobr eakpdhieodveak bONdS nattest he Zdhemdhuteakness 4 Zandours,
tﬁ%&%bﬁ %81 %tléﬂ‘:'i the dopor cwpker 10 into a first

sing a remai nder 30 of the first
Iayer Eﬂheanddﬁﬁﬁ@hﬁle@écoﬁé pSRErge B0 owonid i iy tihe heat

OEB@&tEﬁ@Eﬂtl on Lfr ddMaeiit! Stmd @yebcdurandri diiitSeciéessarily
Sai d t her nal ener gy Hgy then be sufficient

){5581%@“’159 tFOZHNe 8F WeakiBs s A MR Ga P8t §f  the
oﬁohbe gafe®u303pe0|es whi ch are enclosed 35 therein,

causin Hyre of weak bon S %ﬁ hnentena b%b catmert
carried” at ?%ﬂ%@r%?ﬁr@ e &y”réﬁgg fr out

300¢ be a;bafume@O@@tf cﬁolddmmgerdedxacmnersjworwjeihdumeremovmg
p@ﬁéoQafggeeQQbﬁgth%sﬁ%&%ﬁf%l %ndﬁ¥gﬂuyhet&5%ac ment heat

errper ature 1s ow or an exarrp for a ayer
{ 5EBAtRERbYEAS BaRsd GArCiSd owkk and Silthygsy canryigg out

pQééh’@L@n&Q CaBEYaObndeafnidh t RRAIENL a®k amore time and
grature of, about 500C to about 600C for a

eri od
ds5ess a0 Y s PR HL Bt %oﬁﬂglpmﬁﬁg Further,
pahéi eghathynagt pab@mbnG%Cth\éhehndﬁt acireantl1d’s mﬁj‘tréc&ds the

weRateS ELBEuarnr, sSEERM TAYPER dy UM e ORIy fRpssible
repataibyapbst i ok igfarttee d@nocpth@terspwles, which offers
the possibility of carrying out the new heat treatment in
different atmospheres.

Heat treatment can also clearly be carried out after
the wafers have Dbeen physically separated (and removed
from the detachment furnace). Said heat treatment can be
carried out in addition to, or instead of, any plasma
activation carried out prior to bonding. In all cases,
the heat treatment for reinforcing the bonding interface
6 is carried out at a temperature in the range from about
350°C to about 800°C, in particular in the range from
about 350°C to about 700°C, more particularly at about
600°C, maintained for about 30 minutes to about 4 hours,
and is carried out so as to reinforce bonding
sufficiently (and thus avoid the risk of delaminating the
side during the selective etching to be carried out

following removal}.
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In this case, and optionally, a new heat treatnent

may be carried out follow ng detachnment, w thout

renmoving the wafers fromthe furnace (in which the
detachment heat 15 treatnent Rads been carried out) and

wi t hout carrying out additional operations which

woul d take nore tine and woul d necessitate using

appr opiinat eaegarpgaane. Fuither, thehe revanbiag, por fpbhowing

ofaccherdrner, wafarm 105y pr@l€ﬁ5§tth%her emeA fildst b of

secqnd Iayers 1' and 2 agai nst possible 20
cHRAFORAATS, okP@ant 8ONBANEt het NEBEERER: WhFRRALSf f eblRermal

t Benpedsinki | {RTA) oflsatwhng:amﬂletdle)mev\aheat ﬂeﬁ@ﬂiﬁmre of
[ i.fferent at t trea nent can a

clogBl B R THRNE TR S o3 etgee about 5

pmisiutalsl.y separated (and renoved 25 fron1the

det ach Qh_f#@ﬁagg%t?§@fgr tJgat; ?ﬁ Q§ A reduClng

Carrie out I1n a on to, O i nst ea
aétMpaphenecarTidd aut apr idmaPHsEwdi 71 argoal |arxsﬁaslé3drogen

t he aggbntggahgent for reinforcing the bonding
interf ied oyt _at a tegg%;ature in

;
range Forﬁ“ab%"iﬂm@@fssﬁﬁl oR3hodtays CRRTP&AL |O<HH dretween
i abbhe rieogE®d r and ahﬂMItSSQ@OPG ahotit alBRAE, 1T®r eeconds to
p i.cul,arly at .about |nt |n d f.or

R b 3P0 E6ohe%a PSSR ors “Tartl GUOTLd: A0k bout
rébnkereedbonding sufficiently (and t hus avoid the

sk of, gl aghpatLag.Lhe 3 QW | §g-Lhe 55 Qtierature
E éq oW ng qn

etchlng to arrle out r enoval
avBbFHanée rwltt et il oh, US| BeRRgibet hmﬁsence of

WD Qrapeirtdhout ke Preeedndd $fefeint I enfitddie td€ions.
bﬁnduggyinterfgﬁe rapi d thermal annealln RTA)

B i et 0O SatPSE Rt ehpEPARUFEdof( 580 ofXRpPLe, the
fdocampeti by thatrtgesomet cexcadeterabDtied “Dibdtieson of Ge

Sal d . RTA.Ls,preferably ¢ n_a.red
a nosphgpex %ucﬁln§9an 93 ﬁ%gphgggﬁgflgrégﬁranfﬁ% oxidizing

hydpbgehs” or (Brgomlal ofe. Applied Physics, vol 88, n° 3,
August 1°%, 2000) that heat treatments carried out at
temperatures which would cause diffusion of Ge from the
layer with the highest Ge concentration to the layer with
the lowest concentration would tend to homogenize the Ge
content over the two layers and thus the physical and
electrical properties of the two layers would no longer
be distinguished. Said diffusion is undesirable in the
context of the invention, as well as in the majority of
conventional methods, in particular because
differentiation of the layers 1 and 2 will allow
subsequent selective etching of the first layer 1' as
opposed to the second layer 2 to be carried out. For
this reason, known methods, as described above, have been
carried out using techniques that remain below 1000°C,
and more particularly below 800°C (see in particular
FR 04/09980).
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10 As an exanple, said RTA may be carried out between

about 1000C and about 1200C for about 10 seconds to

about 30 seconds, in particular at about 1100C for

about 10 seconds. Said tenpetdture of 1000C or nore

IS a tenperature 15 which is not conventionally used

when in the presence of two layers 1 and 2 having

di f f er @owe@ercorident Rppl beent hasf agrried hawt beeseries of

r%%gaalezsedoﬁs&sql fq, /exaipd ghed Ne i, d @‘éuy@ﬂ@zmzl\ﬂ si wafer
Giglione et al entltled "Di f fusi on "of

Sﬁﬁr%éé%ngsﬁ?ﬁﬂ%ﬁ%ﬁaﬁﬂéﬁ\ﬂﬁq%¥|ﬁeFﬁ%P$e%ﬁd showing that
oxih@i Zﬂlrﬂiu%ﬁoalntﬁﬁmé"dlﬁﬂﬁbl@ nakeotméppl hed sBYsl &% more is
vol ” ust_ 1st, 2000 thqvbheat treatgentf th
c&PFu é"& SW 5 et AR Shhi teurar, the
ditbpdsicentofhd@e fleowntheatkedyerhat t RTRheahi gllaestrlﬁed above
c en i t ayer, W e ; - ;
coABoneiEh 3 | SakRTeinits Mtnct® LAPEELncisl atffusion
cortErenolbe fhestwdalvayels and thassﬁﬁ@n§h9§V@él2and

el ectrm%hrer QPeIHIRS 8f skheekwo,d ayes$1 WOUbEtAPned by the
| onger. e distinguished. Said diffusion is

uﬁBgEFFQBIe in the context of the invention, as well

as in rthe mejaGfirteymedfts cosventhenakdmeidtodsn iskructures 30

t I 0 diff t t f the.l s 1
BaCh T L o sLBB eqUdnlc BeiTeeve e th g of OHBe 1o
fobSalhayeaftéradetapp@sgdrEmowbd segend [ldyemd2 Z.0 b the
C@&ﬁtg + Ot €ﬁ¥ é%ﬁ re@ﬁgnf1§%@M1%?g@oPS’w§§ formed of

descri bed above,” have been carried o
t 8ehniograsnikat (lerfi nXbel @w2 10608, W35 amp%r g00 A thick,

pandli ear kycbghow [RAC Qs%é nepafpbhcWar stFRined silicon

04/09980) 13 However, éﬁBILcant has carried out
-a %e?re¥ of ét%ﬂ@e@a%na?PPt 1B sthifhed
yGHyé SiaB¥dida SbfV\/aﬂ&E g&farphptufeSquﬁ neld jsuéirs the

h
e PR hent ERCa05eTor MbrE T & TGt tad bt ke S of
Mabepfnpasehafarllér In particular, the Applicant

hoe ST sty Lol F g RscrL bed abogn e ot 1
representing the first layer 1’ and a right hand portion
2 representing the second layer 2 separated by a vertical
line 12 representing the interface between the first
layer 1’ and the second layer 2.

The “y” axis of Figure 4 shows the concentration of
germanium found by the measurements.

The measurements were carried out by secondary ion
mass spectrometry on three samples after they had
undergone heat treatments at temperatures of 750°C, 800°C
and 850°C for four hours; the respective results are
shown by diffusion profiles 62, 63, and 64.

In accordance with that observed in the prior art,
it has been observed that the higher the temperature 1is
raised from about 800°C, the greater the diffusion of
germanivm in the thickness of the layer 2 of silicon

subjacent to the layer 1’ of Si; gGep.z-
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between the first layer 1' and the second | ayer 2.
Figure 4 shows a series of results obtained by the 10
Applicant. The neasurenents were carried out on
structures 30 each sinilar té4the structure 30 shown
in Figure le, obtained after detaching renoved | ayers
1' and 2. In the context of this study, the first .
| ayer ¥1ioWas formed 335015 ZOMRFErSfEi urﬁll(ﬁfléSl% pryfiles

and 1wag sakagut t%%r%ttl@aq‘i aﬁdorﬁ hedéﬁﬁon%rlo%)i@'édz Was the
fornmed of strained sili con (i was about

269 CATERIECRY TheCahgiiets @ft tEh]e %P’ébﬁl%@ P@énféls&on of Ge
sh@mltlngexps@bedndeat qubnthme wie@dts Sannilres-f rad tdeidizing
fre% surface 20.the. fi Fgur 4 s o 3

ye
GPOPAREsar e Soueftr L A P isR TEnds gt odidh ndSnen
flAus_JUSIta)lé’f 120w1)d, almlvghic}naadspudm o a21ayer of relaxed

r t ar
vggﬁﬁggﬁfbﬁg r epr esent [ ng tfﬁﬁpl nlfﬁerf ace "gselon e-prOflles
{Re.fipgy 28 |a3¢éfre 1'thend theainsec o9y eintegrRieing heat

a%h:@a@fneﬁtgureﬁt 4 ;showsttike cosssatseties ofr gebreni Wmwooc,

by the neasurenents. The neasurenents were
cggﬁ 8d¥86t% $rs gSBHBaH}tPoE CnEeSCEpRELPBRetry On

thr ee Banptespattevelheychashr 80y undies ganeahevdd diffusion
ures.of . 750C, _800C and_85

e nts t er
g% ours ézihe%ggspgﬁt |E\l/réd r é:g&l tgbﬁF%Spgﬂgel\ﬂgbot%eoretlcal
ddifﬁssmnprm@fekeﬁz 5B3, Thd 64, Intaccandalnee s¢¢m Tthat

tgﬁﬁseﬁﬁﬁigfgg'Te%geG%“dgéE?éund'fnhgﬁebEQESH? &%@ 2 of

e tenmperature 1s raised from
aEBH‘PlB@@CSlt e tgr chtsdrandfe W9 ushenisfegérfinlgmyith the

tb@ré'ﬂl 95_{)&%8101‘ 1hh%hlea)é%ht%x<&f oH |’dh@"1hea%ﬂ§de@dé@iﬁs tiide by
Eell%}é 1' i 0. 8CGeo0. 14 Fi urel d
é’%l&aﬁ‘ftus‘f pHS‘fﬁ Eapetfated tﬁé‘&@et%alal yecon

fmmadatse pr @\fl dedenaxéhe StDC Uil by M:Lcafleglemﬂe ein Ge
ognénE Eé% %Bgcgmaguréhgﬁtgeégﬁ f%eé%y becomes

uan um V\E?% I ni ner oxrar zing
even greater with distance from the interface 12 between

the two layers. In particular, from a depth of about 10
A below the interface 12, the differences between theory
and the measurements become substantial. Said
differences are summarized in the table below, giving
ratios between the theoretically calculated Ge
concentrations and the Ge concentrations measured by the

‘Applicant:
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5 anbi ents" (Journal of Applied Physics, vol 88, n 3,
August 1st, 2000), in which a study of a l|ayer of

rel axed silicon/Sic.85Ce0.is_was carried out. The

di ffusion profiles 52, 53, 54°were then found after
integrating heat treatnents at respective
tenperatures of 750C, 800C, 10 850C for four hours
into the calculations. By respectively conparing the

meagihed diffus)omp M@gtf&ﬁs 6223(53%n<ﬁ:4t1%}ﬁ’s &0 Angstroms

,orresponalng thegretical drfifuston profiiey 52, 53
bHeat; can be spbh%that substlant{@l 1y less G 4 ARED
f ewed tinanthe ssecond | ayer 2 off 15 strained Si| with
jiabagoe fromthe interface 12 with the firgt |ayer

+ ha cohtext of tho macilronmnt e nmMMAa hy

t Fa
I II L9 LAY CUTTU UYN \v A | L9 LAY LA YAv T mmoeTrTLTItr I TTUAU O L¥J L9 LAY

AHpkitcant than jh/2he theoreti|cai6 case of a sdo@id
yet + ﬁ N r%] axed Si. This dilffference in Ge
concentrati on etmeen t he meagurenments and theory
p866ITEs 20 evenl greater with distance fromthe

interface 12 between the two |ayers. In particular,
froma depth of about 10 A belowthe interface 12,
the di ThererdestpeRneen t R&dmeerand ke nEhSAF¥nentad  the

bﬁ@@%réﬂbﬁtén&hmthesaiadse divf f prepeeseate e dndetdtarried
he t g §be|OMI iln 25 rati s bet en the

in
tﬂ%%ré?u ¢areur &6ifc 4y R ides 62
cendeﬁﬂratFamshﬁeasarméabmrbhentApmlmcanmmdkswﬂaﬂnrhad not

2304600810 220 AOMISIE 250 08! 971 FERL 21 prorsac

t veachenesatsu@sgenthie ldivf figlesricam betaweehat herphlugey for a
a@Qm%f@ + PERSLRCRRNYS kP tﬁﬁecﬁ%%lgEa&E'%%g“%ﬂﬁs confirmed

treatnent carried 5 out at were smal | - see

t headli £hgsiddd fpsdn e o2 khd?82s REEt KEAngg substantially
NBasHESRNEAML 08n 8 Sanpt eavhir&hahady wotc,

In contrast, the Applicant has shown that the
diffusion profiles 62 and 63 tend to be closer to the
initial profile (after epitaxy) than the diffusion
profiles of the prior art (i.e. diffusion profiles 53,
54y

Referring now to Figure 5, the Applicant has
calculated the diffusion coefficient “D” (in square
centimeters per second) (i.e. the y-axis) as a function
of the temperature of the heat treatment carried out on
the samples (the abscissa represents the inverse of the
temperature “T” in kelvins multiplied by 10000).

Points 83 and 84 respectively show the diffusion
coefficients found from the measured diffusion profiles
63 and 64 of Figure 3. Points 73 and 74 were found by
Griglione (see the above document  reference) and
correspond to diffusions found after respective heat
treatments at 800°C and 850°C for four hours.

It can thus be seen that the diffusion coefficients

in the second layer 2 of strained Si1 are of the order of
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under gone heat treatnent produced a diffusion profile

whi ch was substantially identical to that produced for

a sanple treated at 750C. The Applicant has thus
confirmed 10 that the diffusi 8 profile does not

change substantially between anbi ent tenperature and

750C. In contrast, the Applicant has shown that the .
diffPigsitomgs of¢wels BRamndne? tsaPad baver oderft galmxed Si

i réit]E !t?lle @re?li)ite:.qrﬁtﬁ@_%%eﬁnatﬁhrt( é&ﬁ)sig_e?fatibﬁ.di ff]ch_S: on ég

prof i 0 prior ar i.e. diffusion profiles 53,

54) . Rgggr F?ﬁ&ﬁﬁﬁwc’%&aﬁi“&ﬁr &Y5 then PRI Nt THig show that
caheuldtfetigien dbf f Gsi A coefddidiendly DFedhdedquar €he case
centimeters per. secend)- (i,..e.. the y-axis) as. a..

oAl ST b e Coterdrara . Tna g dihhe case
carriediot on itsheofanptbsx¢dheéiabsci Bsatrdpraskmest heat
t he LRyeh t&peLat e FathPekehyl h
mul teiapl ?eggbg‘fal %C% . Poi %?seégpgn%tggegeé\é ?t%irve hyar1 those
sREWERELAPRL LI BAeAcEaRf FEIENPS FBUABAEROmM t he

geasgrﬁggdiﬁ%ﬁ§%@ﬂn@roﬁhb§3 égﬁrﬁéd?ﬂ@u@4-Kﬁgﬁi%&%ﬂbé&ature
ol N an wer e oun | | one Sge e ,

2oL da Endtie ] A araTe, oL BEabEAEntl® with the
dihfrastdos, f eurd @d ¢ ethuespiotdns: igatd theat dert sirafluence
8Q0C.and 85 or._ four .. 11 can.thus be seen_that
CRA R APl iy {8 R G8DChEUSRGRESILIEE 2 of
oftsainedediSisamachf lowerotden ¢hate whiiclr adutsk have been

| quetcthaprbfl ensegendy! ayer 2 of relaxed Si at the
t enper atures under consideration. The results obtained

by theCappYiRantothush&ws haen t hRBudi fpesionreduee post-
| SeSHERRESE NOLYusRENSEd hRidhe €aSesehed@five Setiing, and
NP2 Ol Py SIS SOl Sho ot e eeng b WL Ch 1o
carobbemoutiah dehpeiatuies dughey shbd sdbsetive etching.
conventpRatlr-usBl G IS AT soed. Sy Jygegea oo
t Hee npishnheabieigy REIRPtist abronrduateswioh thise implantation
conditions, as seen above (co-implantation of H and He),
and/or by fracture annealing at 600°C, to reduce the
roughness.

Further, RTA can result 1in encapsulation of the
oxide layer by smoothing the layer of SiGe on the wafer
sides, as described in FR 03/02623, which further tends
to limit delamination problems at the interface at the
time of selective etching.

Optionally, it 1is possible to carry out, prior to
RTA, sacrificial oxidation of a portion of the first
layer 1, which will then have the effect of reducing the
thickness of the Sii,Gey to be lifted off by etching and
further reducing roughness prior to carrying out RTA.

Sald sacrificial oxidation 1s «carried out at a
temperature of less than 650°C, for example. The
thickness which 1is lifted off may be around 500 A to
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i nvention, and has thus denonstrated that its

i nfluence on the diffusion of germaniumin the second

| ayer 2 of strained Si is nuch |ower than that which

coul d have been deduced from-the prior art. 15

Carrying out an RTA can thus both reduce post -

det achpent roughness prior to sel ective etching, and
s&@ppcﬁemﬂBF%égﬁﬁ@l&e gReubondidf ifnt erdaeendsngi nion  the
DF@Eb&ﬂés@nb@ @ﬁb?%bﬁé&h@ﬁgdﬁ&kﬁﬁ §aydrsEPectlve

etchin 0S me ughness

Vi te BES el bas ity BOFAD. SUAPEEd Tn dihafdefe: IS
tb@tﬁmpbamyamemvadnubtobﬁslnaa fdemlaboveained Si;_yGey, on
(GQ- ta H an d/ o y f .
a%%ggﬁgkggatggggegtfo regggg%PﬁéTQfouéﬁgessEgé ﬁer?lLTGeY
RYAveanmpgstheni heensdpstuhatrken by eheta25.oxi de | ayer

by SnD@BhBQQeEgﬁvgﬁ%eEeﬁBvé'gﬁe0§1¥h@e“@f§§ersidessefébtlve
described in FR 03702623, which furfhef tends

|Fhﬁﬂleéﬂaﬁﬁﬁaﬂpanmﬁﬂoﬁ%aﬁ@%ﬁ@ﬁﬁu@qﬁn%ﬁ#Q&mpﬁﬁm%qﬁ; agents
taaapeédsebe@hbvmaeb@mamg peRkkaRal Iy, it is possible

to cart¥ out, rlorfto 30 RTA, sacghf|0|al OXIq%%;OH

of a portfon gt Phel+FPEt SH3/RHE 1 Ehihi TR lAV&ET
hﬁvemeﬁedﬁf&ﬂﬁaxﬁedeﬂucungethgr=th]cknEBSleftmhm possible
S| . tQ..be fte y in r

rE uc‘%% rkfc%ﬂu hrP1I ?g czér& &@Bﬁ/&b&}r@%‘i or HNA
séHF/HN@x/dizodmt@amem@VIest@@rme@dd@@t oat the 33 rst layer 1'.
tenpefﬁtgéfe8£1b§§§ BEaQbééchonfb%%%@%hethEh%lee and the
thi ckness which is e around 500 Ato
19511889 B¢ %?%%%V%ﬁlV1550953999R93Q026%5end|ng on the

t hi ckness ekahpeer sfbunicogckntstthayekhlch h@yﬁhyﬂsblected

bR TLEENTE 1 i 320 2 et ToS g o+ B3

-|nsuIaTM$ stchmhgrejmﬁxnmanﬁﬂi@ctl$ecstralaeddStb yﬁﬁy rate

|ve renove t
c%@@@he@t@hthgcwcﬁje’fb@pfﬂﬁd out using chem caI

agentsrn g second example, the first layer 1’ has a Ge

8? henibe, gaﬁgpggkﬁﬁgea%%u%p%t%ﬁ%u_ &ax, 800 A to

concentration of 20% or less (i.e. x < 0.2) and the
second layer 2 has a Ge concentration of more than 25%
(i.e. yv 2 0.25); it is then possible to use TMAH or KOH
to remove the residue of the first layer 17.

Carrying ocut RTA, optionally combined with prior co-
implantation and/or plasma activation and/or low
temperature heat treatment for reinforcing the bonding
interface and/or sacrificial oxidation, having
considerably reduced the surface roughness and non-
uniformity of thickness in removed layers 1° and 2, thus
allows selective etching to be carried out which 1is
substantially didentical to the prior art, but also
dispenses with the disadvantages which could arise, such

as the necessity to carry out prior mechanical polishing.
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adapted to the materials present. 10 Thus, in a first
exarrpl e, the second layer 2 is forned of strained Si
(i. y =0); it is then pOSSIb|e to use HF: H202:
CHSCOO—| SC1 (NHAOH H2Q2/ H20) 18or HNA ( HF/ HNG3/ H20)
to renove the residue of the first layer 1'. A
sel ectivi t}g of about 40:1 between the Si Ge and the 15
sSi mayubéhgehi s¢én e cANEHEEEONPHRGPOHE Cagive sk &1 &Y RTA
OBta]Qﬁﬂﬁﬁntfﬁlé@ﬂfﬁ@i@ﬁtnEM Q@e&%b%%t oHB@hs encountered
CH3COOH H2Q2/ HF i.s 4:3:0. 25 andfog :1: 5. The
ef”&FrPnﬁdfgfenﬁlellémﬂifl?@&fjpym%i:FSPSE’lea ’Pget he rate of
et chi nginkllliys t ¥pheal bycabagt Bfm riees furfa800 Adver of
20beet he.vvi h oou§/H2 [ HE as nd
gnﬁll thgl’f‘P’{h’%fcl'_% er 1t Q%reatggntéongé%t r%%?r%l%} may
Zﬁ%ldnpwl esslértavex StObﬁzr)lganUOthblf’seC@ndsm@wer guhast of
m%e%?%ﬁeniﬁ%' O Pn M t kan %%04’1 | hEveY Be@n25ple to

it ist ossi ble to use TMAH or 25 to renove

| tﬁéffé§ﬁdue of the first layer 1'. Carryi ng out RTA,

optionghky redHINeda iy tRin@N 160-bé MRlkahtiakiced ang/ ar high
plasma_activati d/or .l ow %errper ature heat

L FBBPREALUFG: FOPRROLEPRUCRhe SEER H§  ITHOSE addie  bonding
ahdterfsaer bhd¢bal bgxifdahkae, almawarlgn’go orogidderabdarry out

r d e cedo ne 0 or of .
| BPRRC e S e o PUSInoBE BU0GROTS IO TG 0T one
sebeghneesetsuﬁnm@umq)eaéaeru ettlmativd chAtrbing has to be

sggﬂggp Q}nggthggntl cal to the prior art, but also
di spenses wth the di sadvantages which coul d arise

such 38Phonmblnecassfipato TYFRRbudLOMtEr REERanicRiitaxy,

pﬂbtsékﬁﬁplé8MBEUb§:h@UD r el @eCidag dikel kerdittg thicken the
carr| flc ent to

( st
o%%?‘&% ‘ESY%BI %nET’éIH% uA e?ié%IalU\? h>ttgatrel ami nat i on
nment i ohed abowedahkitsal withf i ne estetdng ofrat:lnetsdnf a@:xf the

I Sil - b
BiFErlong, LFRFRE bl B8 SRR M oA ERh, K donor
avafer df0 mampriaesi ntio welcketsisé oGe mbmld rt@ver@r@@ﬁal a

apifsﬁolayer 1 formed of Si;-yGey, a second layer 2 formed
of strained Si;-yGey, then a third layer 3 formed of
Sii-,Gey. The 2zone of weakness is then formed in
accordance with the invention beneath the second layer 2,
for example in the first layer 1. Selective etching of
the 8i;4Geyx can then be carried out after RTA, in
accordance with the foregoing, to produce a final
strained 8i,-,Ge, /Si;,Ge, on insulator structure 30 (as
shown in Figure 2b) with a second layer 2 formed of
strained Si; ,Gey and a third layer 3 formed of S5i; yGey.

Optionally, the second layer formed of strained
Si .yGey can be rendered thicker by crystal growth.

Optionally and alternatively, a second selective
strained Si;_yGey, chemical etching step may then be carried
out.

When x = 0 (i.e. the second layer 2 is formed of

strained Si), chemical species based, for example, on KOH
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di ffuse. The method may optionally be term nated by a

high 10 tenperature stabilization step to close the
bonding interface and/or by fgrnace anneal i ng or RTA

to carry out final snDothlng f the strained Sil_xGex

| ayer if the roughness subsisting after selective

etchlng has to be further snoothed. 15 Opti onal
f|ﬁﬁta§§9§ﬁhlh@?%%%hd%kepb%%ﬁﬁta&ymnoﬁkﬂﬂle%ﬁﬁﬁpélﬁBEr TMAH
or t@VB)aneanyne caémmml@wt thytdizloSJﬁ%the geeond (ethylene

f.or ned ned acc r danc
wEtRn e R Co ROl SRV SR ~EheT ERvaA [T i dii yed - In
nawatto cEisgyr eshe2asenth®@bl ayde zloﬁormeaOo\ﬁafse:rraJ:ﬁaed Si acts
, c IO l;, @i
AR $%5 ALAUEET RRELEEAR AR r L 5 rommea
obPfst PainEex Suﬁrcy@e;thet hénretthphamneyér 3ttarked &f SiGeOI

Skl R ¥reTh® ZQNR B WEAKNESS thfst %%%al‘ﬂre@ed ddtionally, a
accordance with the invention beneath the second | ayer

212¥57f G SkERpPET; Fit kel PestInoeron . thse| TGeRle Said new
gt;iﬁramgeaf theSi |pé$§§ﬁb§ n ttfﬂl%lﬂl beh@ﬁiﬁgedaogtcﬁjéﬂnme
[ accardance with t rego rqduce :

P hareRufotor ey a8y S hRY: £igel dRveE 1 wnien
shedcalirea89 basn shommdin Figure 2b) with a second

| ayer far f Stoaipe thir :

| ayer % f%r%&g %fégﬁsgééx ‘g%pthe 9?¥eﬂ@?ﬁg sggbngrlng to
| Byerresr padapfl Sbr aithed dogpolr- w@éysrcd@ emreridersed prior to

thbgkes1by £r Yxﬁﬂ%lll%@%‘ﬁ‘ hs+@ptkanal | ¥odPHising alternating
alternatlvely a_second selectlve strained Si CGe

y
cheRPEallagieds n2st FnmadCt héPrbel Barfioragd 38% o fti1«Gex and
WeBoxd= hfdre. 2mbe gsgongc| aymy, 22es Fermed 0bf strained

%ﬁ.&ggﬁ( SIO%%’a hem cg! ro§f0| &R b%iﬁt(efé%r,mﬁfa l & 1nvnentlon

- hgain oxtihee) , be'l'M@;HrrCLEelt ranet t[fylomantri'W| gamby diancdejafer 10,

R e e Sl TS T P RS
fgﬁm@ﬁnbmgspegﬁh@@ sf Bkeesdonor wafer 10 to prepare it for
a fresh removal. Thus, for example, a first structure 30A
of strained Si:;yGey on insulator and a second strained
Si;-yGey on insulator structure 30B will be formed of the
same donor wafer 10. That type of removal is disclosed in
United States document US2004/0053477.

In a particular case of the invention, each strained
layer [“2” in Figures 1la to 1f, 2a and 2b, and “2A”",
“2B7”, “2C”, “2D” or “2E” in Figures 3a and 3b] of the
donor wafer 10 is thick, i.e. its thickness is greater
than the critical equilibrium thickness (thickness from
which elastic stresses start to relax) without relaxing
its elastic strains. This is rendered possible by low
temperature epitaxial formation. As an example, a layer
of strained S$Si deposited at temperatures in the range
from about 450°C to 650°C on a growth support formed of

Sig.gGeg.z may typically reach a thickness in the range
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5 only as a stop layer protecting the third layer 3
formed of Sil_xGex fromthe first chemcal attack. A
Si GeO structure 30 (not shown) is thus obtained.
Optionally, a layer of strai f&d Si can be grown on
the SiGeO, said new strained |ayer possibly then
havi ng a crystal l'ine 10 structure of better quality

t BERM: FETUY s30 | By ef ol Ghhingh whePwl r8ady béamidscheylaxing

I&naohalwgyvgklghbeae@f t he |nvent|on referrlng to

Fi gures _3a ag e donor r 10 conpri ses rior

to re VEI“LC }an‘ay%frr%%rf t FECE ofPr itdiugg formed, care
ahtistnatieng takénrsindtayets 1laxckBd 1G 1BertEihor nethiting
0 .7 and econd layers . 2A, 2B, 2C 2D 2E
f%?ﬁégfgfﬁsfer ai Ae% %gl I léey < pI ur altloty o%‘ % emov eal?OSltlon
steppeshtuhe)i nient i bhe cambskemebs carrézonoutsfroand in

tBsrgﬁaﬁlggnongn%néso, wh%ﬁh L eooyple fhen Rep Bgltﬁng the

recycling t remal ni ng portion o
dé%?r %tat@m%paizebm TR LT ®shtpedypdd relaxing
Thu@ Sﬁgglgganple a first structure 30A of strained

i nsul at or. an nd strai_ned Si

o T DB R B A R R a2 sma
deobi vaaien 116rl6fhattcbypmr®d1mgermm Il giseda@sedhbave) is

250001 20 S\l 65 doPTED US04/ QUS3ATT. LguBa)  onwsent

par r cas I hvention, each str
[tqmmahawrg@r @§ IJ@&so than 2aband 2890 °4hd Feuther; ZB‘t least

"3 boggﬁnerla%%r'dEFﬁﬁ%ﬁé@%ﬁﬁbaﬁgtéplanshgﬁ d¥N5H02 is

waf er 10 t hi e. Its thickness 1s greater
tﬁ%ﬁa%%g%w%umf%ﬁ%ﬁcﬂ. ¥ uREhi BkneBStit haﬂékﬁ%%%s to be

f}bnlﬁ’xﬁlaie&\d"ll G ied a%hy@rStdﬁsﬁQ%l%b$Etlct Qné@éﬂiéélwélil‘%gquently
r_e x1n ts elastic rals |S|sre ered

bey‘L 1% ?gﬁﬁer ?Eﬁl Hitaxita FSEﬁéPu ofe p$lastic
aant:ezxam{)l e,Asa Iaayebmpdfen@hltal t'ned Dlasleposddtedvattion, post-

té%%ﬁ%ﬁﬁ S h@a&he fr M a OUt é%é%hé?ocT (as
%&tﬁ or rre %

a gro ort
t@pﬁ@wmﬂirm%} t hRokness qancrtm range ZD afd’mtaqeously

abotly 30 i+ 0 B MeWiel heuhp8RhduSEr 3PS 181 &1 Nthe | Rhick

one vvay or _anot her.
strained layer is deposited in the case in which no

bonding layer has been provided.

Clearly, the skilled person could readily implement
the invention when minor species are added to the S$ii.;Gey
and Si;,Ge, layers, adding, for example, doping species

and/or carbon in small quantities (about 5% or less).
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If such a thick strained layer is thus forned, care
must be taken not to exceed a certain limting 5
tenperature (which is close t$ t he deposition
tenperature) in the subsequen 1treatmsnts, and in
particul ar treatnments which are between depositing the
| ayer and detaching it by Smart-Cut(r), to avoid
relaxing the strains. 10 I'A2RIS case of a thick

st_Lr aignegety®r oft maamlnlgas;nastﬁ@@wgél @Bm@frh@ﬂnlyoa removed

di di, b
oI PVERd oS R Tt BRI R Rarhranl PMRperidclr & Sl gater,
t hhp abouir 180€erFurdrherisatg) egstioroneo bardiovg Il ,ayer £irst
g gb@l %%R:En 95“ al esu%l?icﬁsa S%é? 111<§ }g formed on the
A Surfaces o ge

At a eousl oridad SR Ghe of . .
bohdel, leaed Ifafy@r Dif1-ghieal edtrix haseechivelysbgieat iy the

h@lai%@g o(iees. 1 af 51%1 detachnenids to- 18t aFpohhe) el %%tel Gnethod
strains.  As npl ement to plaspa activatiofn, post-

d@P@EﬁhﬁthhEE? FP%%?W%H? %feﬁstéﬂp§P%f%?%lqﬂ(as 20
da§5CUSS€d.n@ﬂ@\tﬂ:)lr@an dentiad rigkdds tad@tmgeousiohe of
bei n? ower ha}[j ge ten$ Iagt#re at which the thick
sYParheas| B5erard Haposfreddi W2YR%’ case in which no

bohdi ng Ibayﬁhritgasthkaaeekmrmrowacfect t0 earlepeitvies skifleired
pefson ¢ r | |

mgaor sp (%’t:&! g)lyq‘% a%ﬁe to thrateetéa%{i}1 t%g fyr%g;%mla % from
|bly%r@on<aadwaa@erf@t exanpbee ebpitgkepes! es and/ or

c@rbon insgyRl | gHaRhELT eSadADOUnP% Qadr8ss) - bt at  a
CLAI M5 1. met hod of formng a structure conprising

reFRBER L 1L e0Tof 2BeRE coffifttor OFat BPFEI G¥keR fH’%Wr%\d not

d@:ﬁl@éed\ﬂﬁ@rS mihetr&onor wafer conprising, prior to
v a.first 5 |.ayer for of Sil.xGex and, a
Ehond | S5aFFarRed iire OF 1ol FRyRF T rnParFigReg® the
(ﬁ;rsft rbespectayebypbeeagtd nthdesecangeldyen. 1, and X
being different fromy), the nethod conprising the
follow ng steps in succession: a) inplanting atomc
g%ecﬁe§QﬁmaﬁyqﬂEﬂqﬁhgdoﬁccordlng to the preceding claim,

wherein step d) 1is carried out at a temperature in the
range from about 1000°C to about 1200°C for about 10

seconds to about 30 seconds.

3. A formation method according to the preceding claim,
wherein step d) is carried ocut at a temperature of about
1100°C for about 10 seconds.

4. A formation method according to anyone of the
preceding claims, wherein step d) is carried out in a

reducing atmosphere.

5. A formation method according to the preceding claim,
wherein step d) 1is carried out in a reducing atmosphere
of argon and hydrogen or in a reducing atmosphere of

argon.
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10 weakness beneath the second | ayer; b) bonding the
donor wafer to a receiver wafer; c) suppl yi ng ener gy
to detach the renoved Iayers éE t he donor wafer at
t he zone of weakness; rapi 8t hermal anneal i ng
carried out at a 15 tenperature of about 1000C or

nmore for a period not exceeding 5 mnutes; e)
s@-ecth ve VM P of M HeOH enBFRPAGLPGr t £6n GFvome of the

]fpnc@t:e!day@r a$a3ﬁl9‘?sedh_é@elhe §ﬁ@.@ﬂﬂlb@wr ozlﬂdgtléh of a
or mat,1 on tno ccording ta the pr.ec clalm
WREPET RosPap HOF e et At ot AP CemSU At a/ T (P ©

r angle sttepmdabout 1000C t o about 1200C for about 10
seconds to about 30 seconds. 25 3. A formation nethod

accordlng to the preceding claim wherein step d) is
cdrri éd darmation ermprilzedr eaotondpny te00EnNYoncabst the

?ré%@@ﬂﬁ A-aitnd, OrRL O n@hﬁ%ﬁaa%ldiﬂdrp 8PYQRE jeast
recedlng cl ai ms, 'wherein step d)

cSPPu@BHS&PglﬁuéfaF@daélﬁ@réﬁﬁﬁsﬁHErErlBK EPf%Fﬁﬁthn
nmet hod according to the preceding cIa|n1 wherein step

d), is aca ied . qut in reduci n nnsp re _35 of

2P gonFand Tt agen L el e nebonaface of e

apgened28g @laAmBormménnﬁnmmha@aacmmHHUmpnm afiyopee than
r a LeiR Sk I

oéb%g€|8§ @?ﬁgt@go?#lggﬁng?% F%fé?&iaye%lﬁf é%ﬁpexfrrled

o@ﬂtbéfﬁEénS§¢prb) and step d). 5 7. A formation

met hod according to anyone of the preceding clains,
m@erein | asma activation of at |east one bonding

str f dee TS NOsk r PEd BRA™HRT or2 t & TS IEE, i@cgrdppg' to the

forsaéd Ong Netlladeh, aceRe deng ttheanjese afrddignerr ecedidiyried
clai g wherei n_,a _he t t%eat nt of nDre t ha

b
30%hi Rates F@ FBTH o Le?fhéd BoHd T 5% %I 5o Eg?ngﬁge from

about 350°C to about 800°C for about 30 minutes to 4

hours.

10. A method of forming a structure according to the
preceding claim, wherein the heat treatment is carried
out at a temperature in the range from about 350°C to
about 700°C.

11. A method of forming a structure according to the
preceding claim, wherein the heat treatment is carried

out at a temperature of about 600°C.

12. A method of forming a structure according to one of
the three preceding claims, wherein the heat treatment is
carried out after step ¢} and continuously with step <)

in the same furnace.

13. A method of forming a structure according to the
preceding claim, wherein the heat treatment comprises

simply changing the temperature from the detachment




1

o

1

w

20

25

30

35

out after step b). 15 9. A nethod of formng a

structure according to the preceding claim wherein

the heat treatnment is carried_ _out prior to step d) at

a tenperature in the range frém about 350C to about

800C for about 30 mnutes to 4 hours. 20 10. A nethod

of formng a structure according to the recedi ng

clC&MRCTRRETS Pt hétRRatCh r Bat 1 FemRaFRFene s@lestes for

t empehatur € reatmbatr,ange from about 350C to about

700C. 25 11. A nethod of form ng a structure according

to the preceding claim wherein the heat treatnent is

cadri el maithcal aft efperatiar @ oftabottr600CcAMitRy Ac the
f 1. t ccordin .one of e

LR, B e hor e i 15 mbout

caffi €d feut aapesiodt ep epoand38omninnueasty @i hhussep

c) in the same furnace. 35 13. A nethod of forming a

structure according to the preceding claim, wherein

t he - héafretrasgh REntEoCaHpa Se$tIGRINE GRaRfiHg S He® claim 8,

t ehpeeahurted riggat herdetashoents 2 rdienpesat Ungtelr step e)

step.c) to the tenperature sel ected fo h at

S PEn e T e P hECn SPeyke geTe to about
a¢ebpACngoroabbet B8 poeceding claim wherein step c)

is carried out at about 600C for a period of about 30
mnutes to 2 hours. 15. A nmethod of formng a
stpucPureedradraf nformiabaiam Strugkerei AcCchEdhagt to anyone

t peat ppat ﬁﬁeéééiﬁgd Qutimfteryisd£Pi€) tHO altdhic species
tgggerature in the range from about 1000C t o about
1

EPbFAafBifi e hGHe® 26, A FetIBF O UGG Ry a2 sSingle
sttomidrelagentdi ng to anyone of the preceding
claims, wherein the atom c species 15 inplanted
during step a) are constituted by a single
17. A method of forming a structure according to the

preceding claim, wherein the atomic species implanted

during step a) is hydrogen.

~18. A method of forming a structure according to the

preceding claim, wherein the selected hydrogen dose is of
the order of 3 x 10 atoms/cm? to 10 x 10'® atoms/cm?, and
wherein the hydrogen implantation energy 1s selected from
the range 20 keV to 80 keV.

19. A method of forming a structure according to the
preceding claim, wherein the selected hydrogen dose is of
the order of 6 x 10'® atoms/cm® and wherein the selected

hydrogen implantation energy is of the order of 30 keV.

20. A method of forming a structure according to one of
claims 1 to 15, wherein the atomic species implanted
during step a) comprise two distinct atomic elements,

step a) thereby constituting co-implantation.
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atomc elenment. 17. A nmethod of formng a structure

according to the preceding claim wherein the atomc

species inplanted 20 during ééep a) is hydrogen. 18.

A nethod of forming a structu according to the

preceding claim wherein the sel ected hydrogen dose is

of.  the order of 3 x 1016 atons/cn2 to 10 x 1016
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the preceding claim wherein the selected
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25. A method of forming a structure according to anyone
of the preceding claims, wherein after step e), it
further comprises crystal growth of Si;_,Ge, on the second

layer to thicken said second layer.

26. A method of forming a structure according to anyone
of the preceding claims, wherein the second layer is

formed of elastically strained Si;-,Ge,.

27. A method of forming a structure according to the
preceding claim, wherein the donor wafer comprises a
support substrate formed of bulk Si and a SiGe buffer

structure beneath the first and second layers.

28. A method of forming a structure according to anyone
of claims 1 to 25, wherein the donor wafer further
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25. A nmethod of formng a structure according to

anyone of the preceding clains, wherein after step

e), it further conprises cry?% growt h of Sil_yGey

on the second 25 layer to thfftken said second | ayer.

26. A nethod of formng a structure according to

anyone . of the preceding clains, wherein the second

| &PBPTISeSt G nElit b dPYEEI AUt hi Ree <SPk §leyhe3gsecond
22ayArrethod of formng a structure according to the
preceding claim wherein the donor wafer conprises a
support substrate fornmed of bulk Si and a Si Ge buffer
s®Puct ir encidreht bt heofmirgl andssecondre ayperesrdmhP8te the
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sgggagedlamethezghlédnﬁgp@g of formng a structure
according to the 5 precedlng claim wherein after

step e), it further conprises selective etching of
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mhér@l@ﬁ@$|%6 to stepwiagrein ¢@¢mhbayer of strained SllyGey

is thicker than the critical equilibrium thickness.

32. A method of forming a structure according to the
preceding claim, wherein prior to step a), it further
comprises forming said strained layer at a deposition
temperature in the range from about 450°C to about 650°C,
and wherein the treatments carried out between said
deposition and the detachment obtained in step c) are
implemented at temperatures that are less than or equal

to the deposition temperature.

33. A method of forming a structure according to anyone

of claims 26 to 32, wherein y egquals 0.

34. A method of forming a structure according to anyone
of the preceding claims, wherein prior to step b}, it
further comprises a step of forming a bonding layer on

the donor wafer and/or on the receiver wafer, the bonding
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conprises formng said strained | ayer at a deposition
tenperature in the range from about 450C to about
650C, 25 and wherein the trea% nts carried out
bet ween said deposition and e detachnent obtai ned
in step c) are inplenented at tenperatures that are
| ess than or ,equal to _the de |t|on t.enper at ure.
LY RE GRS o AR Re-oF et T Srial such
anyoneo, pfSciMai o BﬁxmeBZfothREMply equals 0. 34. A
met hod of formng a structure according to anyone of
the preceding clains, wherein prior to step b), it 35
f @bt hekpebhprtses @it peofmébhpdingfa Bomiing | ayertmrcture
tQ@c@QHQﬁ \Nacher t RO05L0E ef s hie é %VE‘B “@{erfofﬂ{@tlon of a

bondi ng 2 [ ayer conprisin e ectric
|ﬁ@@FSPPﬁﬁcﬁﬁFePPaFn§HéﬁtoﬁssSFBQtuS$3N4 or Si XOYNZ,
for exanple. 35. Application of the nmethod of formng
a structure 5 according to the preceding claimto the
formation of a sem conductor-on-insulator structure.




