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1 RELAXATI ON OF LAYERS The invention relates to the
formation of a |layer of wunstrained crystalline

mat erial intended for electronics, optics or
optroni cs applications, and gore particularly 5 the
invention relates to the production of a structure
conprising said |layer. A layer is terned "strained"
herein when its «crystalline structure is strained

el astically under REGAKAGTCHr OFh IE&dMRSessi on, with the

resulgtnd hatyddsi AP ﬁ@f&&@ Par gpet fsrﬂngt%#zsg@n% i‘%gxr of

different fromthe nomnal lattice paraneter o

WoitstainfchtC bt et bine mafee homd nintepged céoparanstepnics,

d@ftla:smabgr Io@trbﬁ}ilf&ﬁ I 45p1iddtisss Pa%ﬁ@EtI\%ré’WEBrtﬂchlérly
and in nDno%%ystalllne condi ti on.

t(?l(?nt ?’I&g?n ?io?afgrlaltfst el Fredec APt SEOR ePdx " StSPCture
cCompstirsdimgediaiid ltayed.attice paraneter of its

consty t §ry§£alk Hata t%%lne ’Ub%%antlallyh its
|dent|ca oits non1na | at ticé paraneter us, ‘ah

costtedildee | aylerudiasre siabl stradredysteldoyraphix  under

tehisueiur gLwhen | éoﬂnﬁré&@i@z@t ed, {0 &ernals Sk esHEs
h as thermal stresses. IS possible to find such
ISHEACR nBATPROEPE | U r GRS AT M N waliGiS e dgPn  the

nbhgnbabrigatios ardmddermabveristsi $dngPitt@@ri0 Material,

I of .materials 25 such_as siljcon,
t%%?ﬁ%n.d%? SéﬁbtﬁféfoPaB?ﬂgggr fgprodﬁ%%gﬁh%%AzﬁﬁQ& its
lpayére cpagbincbeed Wieot her iItypedudfk neloam abad i inisits

m%HBWQyEQaHQE%bS%%Rdﬁtléﬁer in the sane wafer on a

bul' k _substrate constifuted by another crystalline
mat efPalCHELafter posiageh baf termesy etcorgpl et Meene Taveed”

ogubstypderantedne hayersnd n IUGR j2CONLLLMNALEON, &  its
"bu%t% | ayer'’ derstood to be a transition layer
CRAPCA HERPt s Fﬁ@Stﬁiﬁﬂpge p&rdfetierl of the |ayRstantially
iflenmkdaM tb tihat nofmihh® lattice parameter.

Thus, an unstrained layer has a stable
crystallographic structure when it is subjected to
external stresses such as thermal stresses.

It 4is possible to find such wunstrained layers
directly in bulk wafers. However, the fabrication of
bulk material is limited to a small number of materials
such as silicon, AsGa, germanium, sapphire or others.

To produce unstrained layers constituted by other

types of materials, it is known to form such a layer in

the same wafer on a bulk substrate constituted by another

crystalline material by interposing a buffer layer
between the substrate and the layer.

In such a configuration, a “buffer layer” is
understood to be a transition layer which adapts the
lattice parameter of the layer formed with that of the
substrate. Such a Dbuffer layer may thus have a
composition which varies gradually with depth, the
gradual variation in the components of the buffer layer




10

15

20

25

30

35

substrate. Such a buffer |ayer may thus have a 35
conposition which varies gradually with depth, the

gradual variation in the conponents of the buffer

| ayer 2 then being directly_associated with a gradual
variation in its lattice pa?arreter bet ween t he
respective lattice paraneters of the substrate and of
the layer forned. An exanple which can be nentioned is
thve) f bedmyi o reftdfy aadayetaodd SwGehf romsadduwbk variation
3 1L eon jsuhstrate, vig, & » SHEe, Ul d aVer Daving 8, ¢ice
ger mani um conposi tion that ~“increases pr oggfesm vely
RFetaRiedt tsh e s iihst reaths tarat- end SiiGd Heaylarye rTHe v f er

| ayerdn Capakbpus heikseddrD PEOGNES i oh@qUnS rhded o rmation

qIiyer const |qtg§,e‘d b% materi al s whi.ch do not exist or
rel ;aé’?irsto' tFe BGPR forhvlkusiféron suhifgsee via a

sidisanbadéeus layént egrairey sai dge tinsh  @h neGnlpR)ENS it @hat

- uctar-on-insulatoyr _structures,

D b2 o RS PR St Pt PREL F A%t fiibsiate and the

Sdégpriasieng t he unstrained |ayer on an electrically

i nsulmafd ng , ,d,knsul at i terial i

conpri sed giu%g%l;b:ul Egggﬁstrg%g &gtﬁ%ﬂagg a%gslegigs?g produce

uaghseraes, 13rexarprELtoedodst i natentp bs t Whékh ajer not

ek9¥eh oas rareligyekigh SMOZHr K134t er posed bet ween

t he tfnStt ai ned. 20 | ayer and. a subj acent bul k ,
substPALESTsucht T8 cBRdFRTGGHGWSUI P ol "SEUATH egaid
unaveabeeder ébgetsi cal iand/ or ephicahdproperdbhesnsulator
Wt . Sstructures, therehy inproving the
Sggg?gﬁ‘l%ar? de %f bégg{é r(r:pognncc{eun(fctso% rauuest ]'laﬁycflhe Sﬁﬁéltclj:%irﬁe gthen
CPapELs1pg A tdwni congliear onedn- layelrat om | ayrer édectrically

ihypieakhy prgdueed b¥ahayerih§ﬁgégﬁﬁgfroﬂé@ePQQQr being
wafer to a receiver wafer, the donor “wafer possibly

CHBPREGSEA RTor RdipsiRstrafir n(such amfarotaonpr sebagrate,
fhuf fetahpyer ard constibrepih@Xxiaal thnskraizned | ayetn 3Q a

Said | . transfer techni ques conprise a wafer
lavyer 5@“§1éz or §3ﬂh? gnt%rposed etween the unstrained
layer and a subjacent bulk substrate. Such

semiconductor-on-insulator structures have better

~electrical and/or optical properties compared with bulk

structures, thereby improving the performance of
components produced in the unstrained layer.

A  semiconductor-on-insulator layer is typically
produced by layer transfer from a donor wafer to a
receiver wafer, the donor wafer possibly being bulk or
composite, such as a wafer comprising a buffer layer and
a sub-epitaxial unstrained layer.

Said layer transfer techniques comprise a wafer
bonding step, the donor wafer being bonded with the
receiver wafer, then a step of lifting off part of the
donor wafer to leave only said transferred layer on the
receiver wafer.

The donor wafer may, for example, be reduced by

chemical-mechanical attack of the back portion (for .




10

15

20

25

30

35

bondi ng step, the donor wafer being bonded with the
receiver wafer, then a step of lifting off part of the
donor wafer to |leave only said transferred | ayer on

the receiver wafer. 35 Then?onor waf er may, for

exanpl e, be reduced by chentcal-nmechanical attack of

the back portion (for 3 exanple by polishing,

gri ndi ng, chem cal - nmechani cal planarization, chenica
satagtp gy, 991ecp@bEShh@qjcwgrxndﬂﬂgmL ehejiusilrgechanical
P18GTHYIGUES HNOWN B8 i POh | Shep&?%(n%r ancgeo_L teitvceh bagkmical

or by cutting the onor waf er .
G4 ARat PER) at UEHBIZ oRRCRRI CRES S- ]tftP"Ue @@t “poilhgh-kack

dretfuy quer dieriedk Snabt (Cdchghehs Wt@af@ﬁ after

e (o vy o0 erpl L {fpence B L0

aTed:lanbhmgye dateedal Sndot VICSIL® t adibdi tion"khywn to the
- Pi | e, 10 Kl _uwer Acade C Publlshers
gﬁd %;der%%(;p eeRhi %Ee SFEFPLEANSFETINYG 2 1A r® oft

t@nsthalﬂé@rksﬂqaiﬁ&kﬁﬁza“@oﬁp@gmt@nddn@mlwater Technology

N@Q@Eﬁbﬁbn9x§ Ruffrer pddayel; Usdg 8 é%hjﬁgéire Colinge,
Réec ni que is described in International patent

PERMAE RYB1AS0EsS, PR PAOweRrer S1dai d unstrai ned

|ayeR1ﬂéﬁﬁﬁﬁﬁuéeﬁbﬂlQﬁ%défeﬂﬁﬂﬁﬁrw 18¥ReNsd v eundffained
n the | oss. g e donor _ wafer follow n

SiERhLt et "o, SHB7 5 (BBfel SYUFRTERig) 2 buffer
legehlni qwenbor ant r aa‘ts:ﬂrefkraqig areahnsiqed netks Si estayeed  in
Igfee&ngfeepﬂaﬂu atégtaggg)\ﬁcggﬁph' beﬂ %%/5'9%9” the

onor wa VEre ossi ble recycling.
HoweerEVeai d SPédye unstarsied dmn @mw%e:peté@lmlque is

'lgﬁﬁﬁﬁgneb&ﬁdﬁgﬂﬂéStéﬂd”%@%ﬁﬂt@”ﬁnaEh@dqb%'0%% the donor

i s step has to be carried out to i ncrease the
WE%SFt ngﬁglﬁg hoAP§EREIFty. However, sai d pol i shing
reduwesathe/bongs rcaamlmaﬁag@n@rdawt( | cetehaReenejusyy for

cFERSELRY: RS WBEN L8 S8R S ANY 99985 0T TRl Eldni que
allows the 1lifted portion of the donor wafer to be
recovered for possible recycling.

However, said layer transfer cannot ensure perfect
homogeneity of its thickness, and an additional polishing
step has to be carried out to increase the short range
homogeneity. However, said polishing reduces the long
range homogeneity (i.e. homogeneity measured between the
centre and edges of the wafer).

WO-A-02/15244 and WO-A-04/06327 describe a method of
transferring a layer of unstrained SiGe from a donor
wafer including a layer of strained Si between the buffer
layer and the unstrained SiGe layer. The method consists
in transferring the unstrained SiGe layer and the
strained Si layer onto a receiver wafer, then selectively
removing the strained Si as opposed to the unstrained

SiGe layer. That produces a final layer of unstrained

. 81Ge having -short and long range homogeneity using the
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WO A- 02/ 15244 and WO A- 04/ 06327 descri be a net hod of
transferring a |l ayer of unstrained Si Ge froma donor

30 wafer including a |ayer of strained Si between the
buffer |ayer and the unstrained SiCGe |ayer. The net hod
consists in transferring th® unstrained SiGe |ayer

and the strained Si |layer onto a receiver wafer, then
selectively renoving the strained Si as opposed to

amaltun§ut€inEdcﬂﬁiﬁmébehﬁyemitﬁbak pheadungs #o fidaary out
: r iined Si Ge having short and | ong range

ﬁfﬂ%ﬁ éﬁ#@ﬁu i'ng the 4 Smart Cut(r) technique and

mﬁth yasa -ngdebiear Fyavaterf iafal thel isthangedHoeveayer,

hef Ngr &4 ash €4 QEet@%pﬁﬁ%@ n%ﬁu§'m52y§%u e rrysi of
treatments, are plied, and may caus usi on % %P

IGEFREATm 1 ht Fﬁ% §FF§P&%§5§1I59¥?rrtﬁ@§sréﬁmN¢KPg the
stflecsdivdatyi vbéywdet weer t8ersinained ShnandiHdeunstrained

tr Si Ge_which_ i s necess nal henl ca
SH?%h %h %%G'ven PﬁSFSSagyra$ﬂ§d gFXngeF @l?ﬁi ,SHRiENg.
Gﬂ@@@-othaSeEEcstvaiyedatheédybm the mnahra|mmﬁssuees of

SE@%@%lQ@%&gI&Qiaiéggk%g &H§§r59?ﬁdr%qwgnfgbéf]being

Its ual i I n Its s range
aﬁaﬁﬁﬁsﬁleu tagnd A by nEppal raﬁomcaflqrhem ni:&at i lig vt @nd in

iOeEBORe abhgeO&hhaﬁﬁesglﬁ@ﬁ%@@h@g%§ by proposing a
nethg? of, forn1n

rel axed | ayer having
G0ttt FEaEe L Bt s gEhe! £)VeREE Ght Her B8 AEAaE all
ofnthaﬁeomlsadwanmaqéuc@yapﬁﬁyasmﬁgh&ﬁmgtﬂﬁaId@tﬁéﬁmﬁng a
I ng e of unstrajned crystal
CLﬁ?é%Fgﬁyandlﬁﬁv?%é{gooda¥%{ckn 84 "Honmo G ty th}rkness
hymegpneétivi on achi eves these ai ns by proposing a
met had gf ~{1L M NG 1A b?yeﬁhgfdféééﬁﬁ 3$|%jyn%gra%9§guce a

crystalllne materi al inten or e ectroni cs
SEP1CEpHrERPESCRPPIFEARFBAS, IdKaTmct BRViad Hﬁthéﬁyehe of

unBt hednelds cirfpkamenhedmbi @ 8 1S CtHY R P P d S W Gness
hgﬁéaéneity.

The invention achieves these aims by proposing a
method of forming a layer of elastically unstrained
crystalline material intended for electrenics, optics, or
optronics applications, characterized in that the method
is implemented from a structure comprising a first
crystalline layer which 1s elastically strained under
tension (or respectively in compression) and a second
crystalline layer which 1is elastically strained in
compression (or respectively under tension), the second
layer being adjacent to the first layer, in that the
method comprises a step of diffusion between the two
layers "so 'that the differences between the respective

compositions of the two layers reduces progressively

until they are identical, the two layers then forming

just a single final layer of crystalline material having,
in aggregate, a uniform composition, and in that the

respective compositions, -thicknesses, and .degrees of
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~strained in conpression (or

25 crystalline layer which is elastically strained

under tension (or respectively in conpression) and a
second crystalline layer which is elastically
respectively under
tension), the second |ayer %eing adj acent to the

first layer, in that the 30 nethod conprises a step of

di ffusi on between the two |ayers so that the

sfiefigy enfc eshdetvieenavhe sr eggectn el aldgnposiddiond ob that,

éﬂﬁéﬂ‘@lﬂﬁﬁéﬁG%.rQQﬁ§Q§a§5§Qéfs§ﬁ¥§|¥on§9$fut£ﬁ§ytﬁéeflnal

identical, the two layers then formng ju a“single
LE%gd Noay SIS c As PRSI tat @mhmblﬁéwerl@sta@ isyrain.

aggr@@w@i dhdﬁh&ﬂﬁfﬂ§@ﬂﬁ@sbfl@ﬁasaﬁ@ﬂw&ﬁrﬁﬁ tHEning the
%%Q%%%pﬁelconp03|tlons i cknesses, and degrees of 5

SPraion Rd SEwe ayér SOr€viSi tial |y sel ected so
t hat ,» taft etattitesiparandisemnat erfi akhée heft ronstintdut s8gond

SEQ%lk%@alla é¥§ré?%%|9%% rbtl%eﬁgg §3£$ eXh%%FtSnaminal

elastic str r characteri | s et h
@ﬁtﬂéﬁmﬂﬁf%mﬁieﬁiQﬁsthalﬁ@éema@érQﬂﬂ;tﬁ?dﬂﬂﬂquhetﬁenal
lbgkti;ce parameters of the first and second strained

| ayers _are respectjvely equal to the nomnal lattice
paranngP(ﬁ694h9r%@%??aﬁscdhs%?YﬁflWBlFHeJﬁin%PltaXlally
girayer pnl@hehe&igecondykayer is a |layer which is

epitax' IIy wn, o t he f| the first an
second ﬁayers ave a P§§§P iay8¥8neﬁﬁ ?IWtheﬁFas one
elegmpatt ivetbeaposespensive compoa;tubasfunstomayer is

fornEdtBEOEh§%ang%$ér tihe éﬁifgéﬁ|§¥ GbS f&ﬁgﬁgecond

fromSit y fina ayer I's formed *fr
laypr @sz! O%maﬁdfyome%wsﬁyewdbtem\gfimal h?eayeangzes oformed

Froami,sed),, t o Jar{cﬂ;ogm&*e%@%):tl&ell@ ng sipsianthal Idange o
dlfferent fr% z = (x*th, + y*th2)/(th, + th 53
(SEPRISEEN ng Phe‘]‘t hﬁ&?ﬁ@srsls@fd the % i rR&iN%yetubstaptially

dbéfrgehhefrbhmckpesadef the second | ayer;
z = (x*thy + y*thy}/(th: + thy)
thy being the thickness of the first layer;
thy being the thickness of the second layer;
and the respective lattice parameters of the first and
second strained layers are respectively equal to the
nominal lattice parameter of Si;_,Ge,;
said structure further comprises a layer of
amorphous material located beneath the two crystalline
layers;
the layer of amorphous material is electrically
insulating:;
the layer of amorphous material comprises at least
one of the following materials: Si0,, SisNg, Six0yNz;
' diffusion is carried out by heat treatment.
In a second aspect, the invention provides a method
of producing a structure comprising an elastically

unstrained crystalline  layer intended for electronics,
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and the respective lattice paraneters of the first and
second strained | ayers are respectively equal to the

nom nal lattice paraneter of Sil _,Ge,; 25 said

structure further conprises g | ayer of anorphous
materi al | ocated beneath the"two crystalline |ayers;

the layer of anorphous material is electrically
insulating; 30 the |ayer of anorphous nateri al

Qe ;s esr avpheast csor@pdfi dalte ohal, | aawpamdeidial sin that

iR Bomp i3 X BN pow éLgH%%becls carried out by

heat treatnment. I n a sec the i nvention
pr ovi'd€¥ YA gt heBOWaRI privdaeragda stvafm i olpyesi my a

=2 astriyeabhy indS MQ?éEaHﬂ@PcI?r)iSst alchiang 118485 strained
ended for electronics, 6 optics, or optronlcs
”5‘[5;& 5 chtrohe dR&r aﬁsé?ef%téd’qlry t hat CoPPIEsTirrdes Thethat

ﬂhﬂlswwm@dsﬂapsr mnyséahsgi@mlng atyegeRrd ciystahpr8esion

t II l.ayer
gﬁgg?%% %ig :fg%nt :ysﬁ’ o}vﬁ\ﬂfo&lrrggpejcﬂ%l yand
Spnt&@ﬁpﬁé§$|bh$ck3©sshaf the second |laer iss selected to
pel ast i €qd | }Srﬁtaﬁrg'cﬂied ' @e‘f@?@ﬁ@és'tq)ﬂc %I’sg’ e?ﬁﬁ%{ %%?&Yence

nder tension) by the first |ayer,
tgﬁ fE€Ss BPTEREPSBESRA IE?eﬁi|§h§ﬂkﬂﬁ%ﬁitﬁ@r behgfh the

a%h@mbﬂ@eknpfeﬁeh@ﬁﬁée@Qﬁpb@hﬁﬁnﬁﬁﬁa é@@oﬁ§f§%§@geéﬂh the
thic ess orr ndlng to a thickness for which the

§§% %?Escéﬁﬁ&ﬁ§quhéjgécéﬁ&sﬁayéﬁyﬁﬁd once
cpmelnagsen®ggtmérelen&ntﬁocmnpnsuﬁgfbha_flaﬁérlaw@th in

nbi. ne can forma uniform/layer
%ﬁ?gﬁaeg &g g?%gggagglé unstrai ned; 15 diffusing

el enénﬂéfﬁéﬁwén elismenis Ikaajl@r@ersotlnhattwot Heyers so that
rdif fof ences, hes wern Jchs, r@ﬁ@e%é%’ﬁeﬁ h@B§ﬁ9Eons of
uce unt |

he two Ia;ers i S progressivel are
t#@eﬁ?ﬁtaia BRE thid PRYEFESEHER Yoﬂﬁqﬂ§QQBﬁnbl%| ey are

itenalichayertiod awes yshglelisnecraheri@dniiadyi Ast a single
final layer of a crystalline material  having a
composition  which, in aggregate, is uniform  and
elastically unstrained, producing at least part of said
structure.
Further characteristics of this method of producing

a structure comprising an unstrained layer are as
follows:

the lattice parameter of the first layer is
selected so as to be substantially equal to the nominal
parameter of the material composing the final layer;

crystalline growth 1s also carried out so that the
thickness of the second layer is less than or equal to a
critical thickness beyond which elastic strains would
substantially relax;

further, before the crystalline growth step, the
first layer is bonded with a receiver substrate, said
structure which is finally formed thus comprising .said

final layer and also said receiver substrate; -
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20 conmposition which, in aggregate, is uniformand

el astically unstrai ned, producing at |east part of

said structure. Further characteristics of this

met hod of producing a struc? ure conprising an

unstrained |layer are as 25 follows: the lattice
paraneter of the first layer is selected so as to be
substantially equal to the nom nal paraneter of the

mat eri donsomgosi shgca el ¢d nalit| ayier ja lmmr;&ir&_lj | lager formed
o O dr RS %%arort'h%q it &%tﬁ%est he, 0 *Pl'd%‘aness

of the second | ayer | ess than or equal

criti'cahe hPeRAERS Bé)‘/@ﬁd GPmenrl e¢aseite %Qc‘}‘%ti n@nﬁouﬂﬁj the

fauhstdmy ahdey matledXalsf:utier , shajore the cr yst al l'i ne
is ponded with

growh.s t he a a
receiv nﬁ%ﬁ’?t rat eInoifa\i:‘tfi!L éS a0 k% uFBERhFeREerced by a
Sﬁliimalbllye heared riehaseaanpri sing said final |ayer and

al so.said r er strat ing is ga ried

out wg % bgﬁglé%gllag@% #%r ?rjé)glpérrll oﬁg HhdPor "Fhe” offfer T
témer hotff akendisdme morted;he t eebondi nfuttlyer comprises,

peewRehsS ehaalydiRasly AR Uridher1fold o 5k9tr‘i 1if
slgi%l\m 5r);on|n |s aerp“cfel'dltlm‘:'r

gﬁt %I‘I al s: S| 02,
BeeiRATT Y By Bhe surfabl SReR ciqe@am%ntcomm@se the
fhiirsst 1kager |s corrprl sed in a wafer at the tine of

bondi d the nethod furt bet
he. bOREnG 21 Y&t af PPnd e B CtpGocF: Ftge dpr ce

tbef filetpdetiean isf ltilfe ewafodit \My aﬂfeamaesomoit Corget Sene of
tBEe félfﬁlﬂ@y%gchbggugg” l/%]plr? I}u?,r t S FLFW?)I CrE]ec oa?r%cal

not conprise the
PoRNATiFaisPNoN&CHP) rth%ei%ﬁtQVﬁngCMBchn¢@@escal etchlan

5gLEBEiPE, cRbeNLaal cBBEDAgical 15 planarization (CVP),

sel ective CMP, chem cal etching, selective chem cal
et chi njFLor to bonding, the “method further comprises

implanting atomic species into the wafer to create
therein a zone of weakness at a depth which 1is
substantially equal to the thickness of the first layer;
and the wafer portion is 1lifted off by subjecting the
zone of weakness to stresses which are capable of
rupturing the weak bonds and thereby detaching said first
layer from the remainder of the wafer;
further, between lifting off part of the wafer and
crystalline growth, a step of finishing the surface of
the first layer is carried out to prepare its surface for
crystalline growth of the second layer;
the first layer is formed from Si;_ Ge,, the second
layer is formed from SiiGey and the final layer is formed
from Si;-,Ge,, x and y respectively being in the range 0
(comprised) to. 1 (comprised), x being substantially
different from y, and:
Z = (xX*th; + y*thy)/(th: + thy)
th; being the thickness of the first layer;
.th; being the thickness of the second layer;
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prior to bonding, the nmethod further conprises

inplanting atom c species into the wafer to create

therein a zone of weakness at a depth which is 20.

substantially equal to the thickness of the first

| ayer; and the wafer portio% is lifted off by

subj ecting the zone of weakness to stresses which are

capabl e of rupturing the weak bonds and thereby

aﬂﬁzﬂﬂﬂr&ﬁtmdcbfpashmetayebffmmetﬂmrs&ﬂﬁﬂfﬁ&ﬂe@flih@r is
r.: f b [ ] of.f .part of_th

A I 2 R S RO g e R 1 of

5§uﬂﬁﬁté of the first layer is carried out to prepare

its surfcer iy rcdystakbli @%rﬁéemftioﬁ%f stéll% $eePnd ang s

| ayer,; the first layer is formed from S Gex, the
compAgeB30tayRr S FG19Rd Sflrléﬁ“’logl Py &8 UARG OrheSEPARFate
(Is®pan .is formed from Sil X and y respectively
bei n n the r.an rlse to 1 ri sed X
bei ng)tlgubst anti %eterl (tf gs]r)’ent m fné ng‘éall T3%%% h, are
desgrtib2)y/ (irh, thetHZﬂIﬁﬁnﬂg mmmngluhetuhgcmmﬂnrxﬁtmhe of

ttquer %‘hv'eﬁlf?cbn t_htau@eraqe'ah% %@kg%ﬁogt?hh%flgﬁgggd

ayer |atti ce parane
stranFﬁeélrﬁﬁyech §ndsuﬂa§t aﬁﬂnl%ﬂa%nteqdarffe@enhe glorphalin a

nkahbucajpaa@@@f&én@é with- a@ﬁz 1ﬁ@@n{16§tfb§y%ﬁddﬁc1ng a
d fromstrained Si and nprised in

SLEPREHEE COTPLORLBH. PReHPAL 5P B80S LOUPE - (9SO1) Ot her

char Ed:galr:estl czA alm’ﬁdl argB ad\t@@;bégztivéﬂ.@ d@égﬂeb@ﬁit a
. nan imti n SCIrli

PR ERLR-o PR PaPaa ey | mEETERSR o gt et after

de§UEegnlAnaﬁGCQCdﬁepﬁewehh thef éneattsbeps in a

et hedq|,peaccoi dance 3w t b LhgsLpyenid d@J{EEé:Ht p,%%%?%' 9n a

a _str UCt ure conprising an unstral ne
msahgAd 178 $@eePetIRSRI Y1liBpridsentngention Yot producing a

particular structure comprising an unstrained layer.

The method of the invention comprises a step of
diffusion between two elastically strained crystalline
layers to form a single final crystalline layer with an
elastically unstrained homogenecus composition.

In Figure 1A, said unstrained layer 'is formed from a

structure 30 comprising a first érystalline layer

. elastically strained under tension 1 (tension being shown

diagrammatically in the figure by diverging arrows) and a
second crystalline layer elastically strained in
compression 2 (compression being shown in the figure by
converging arrows), the second layer 2 being adjacent to
the first layer 1.

-In an alternative configuration of the invention,
the first layer 1 may, in contrast, be in compression and
the second layer 2 is under tension, without in any way
modifying the diffusion step which is then carried out.

The structure 30 may be formed only by two layers 1

and 2, or it may comprise a support (such as a stiffener
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sem conduct or-on-insul ator structure before and after

15 diffusion in accordance with the invention. Figures

3A to 3E represent different steps in a nethod in

accordance with the invention for producing a

particul ar structure conprising an unstrained | ayer.

The nmethod of the invention conprises a step of 20

di ffusi on between two el astically strained crystalline

ofrayar grtco tfor mzhssiragée famabner yside | iofe dayerandi/ir the

O%ﬁerelgskh a& r%lﬂe% honpgeneous composition. In
Figure sal traine ayer is formed froma

struéfuré Sélé@ﬁprp@ﬁﬁgg&rﬁtﬁgnrcrybﬁalﬂﬁmerlagerhaQS the

cﬁb@ébt%@h%kl%%rabﬁGQ1Uﬁ@%%rieﬁﬁigﬂ Thdd epgican @§i9§x1ally

shown dla%rann?tlcall the figure by diverging

ILPFBWS™ afd S %@’Eﬁndlfcr{}%% I]r‘"ﬁéelf a&é‘lenel%%%n%alal ygrowth

ssbesaraed.in A‘.Dﬂ@fﬁ&ﬁi@@l}? ( cerepr essjeon hei HﬁyShQMel Nthe
L. conve rro the second | ayer
&Q?ac%gglth%F to% 3%9 ME# erdPvy nﬂgﬁ on the

acen
layﬁérﬁatSaedcéﬁﬁﬁguthﬁnoacbﬁngh65|avgmbwmh subkerhiest

|aye&r}s€§111h@ Qﬂﬂﬂﬁﬁ?tofb%ﬂlwéégg%g?gioﬂag@g m%yahave

secon layer 2 is under tension
bRBRI PPIAGIERe YR iU s %@‘é‘gbn\/\/ﬁﬁ@hnitéu?ﬁe@fcéﬁﬂred:VD and

MBHL . r%ﬂélﬁtﬁ&éwt uer 3PowBY ReddyiethOnl YhitWe vapor
rise a support (such as

déﬁé ?f%ﬁerapg-@9$ecui9¥-geg%”gBFtﬁxé omﬁh substrat e)
on ofe sJV@acbftMeagpdéBEntéeofOtﬂSle’@icth?pte\/\ﬁdelf@yﬁrss in

tﬁ%?p%gﬁta&qaﬁ nfig uratlonﬁégh %ﬁﬁ&% has the

erlstlc ayera%%lch
dgs gredncdasthe rsagr@rml ithiis |d@ﬁerratu~1a1 faei nghea tgrrmmess

o§UQ§k¥aé§1t§&E§iﬂ?t'@ﬁ%ﬁh &Q?akaWQf beMYe 13y e 5t 1tlcal

char acteristics o an epitax rown ayer on t
thigkpess sﬁS&qW@rlltYhend%@m@n%@ a3§r owk h §u@§fcrl@ne of

d{ryste@ntésne pf o ohndnli@ AP taxikakel ayghafBYehavess the
respective materials composing the two layers 1 and 2.
This critical thickness can be determined from prior
knowledge and publications. As an example, reference
could be made to the document “High Mobility Si and Ge
Structures” by Friedrich Schaffler (“Semiconductor
Science Technology” 12 (1997) 1515-1549) to determine the
critical thickness of a layer 1 of Si,.xGey and for a layer
2 of S8i;.yGey (x being different from y).

In a second configuration, the layers 1 and 2 have
been bonded together using known bonding techniques (see,

for example, “Semiconductor Wafer Bonding Science and

Technology” by Q.-Y. Tong and U. Gdésele - a Wiley
Interscience publication, Johnson Wiley & Sons, Inc - for
more details). Thus, for example, molecular bonding of

hydrophilic surfaces or surfaces rendered hydrophilic may
be selected, or bonding after plasma treatment of one
and/or the other of two surfaces to be bonded, followed
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10 been obtai ned using the known techni ques of LPD

CVvD and MBE (respectively | ow power deposition,

chem cal vapor deposition, and nol ecul ar beam

epitaxy). To avoid the appe%rance of plastic type

defects in the epitaxially-grown |ayer while
guaranteeing the 15 desired elastic strain, it is
desirable for the thickness of the epitaxially grown
Hyaymmvwenthenzdl anredrintg cat RTAI tkoesserssendpadi| yhermal
eleninigd as a function of differences in the

nom nal “lattice paraneters of the respective

mat edifal B ofPESI g t Heicho thgyet¥ol langére. D0amgHi £ have

k%m&;ﬁghdéalQkﬁegﬁcﬁan@Eeﬂet%ﬁﬂ1E@d éé%ﬁﬁﬂﬁé%”'to select
nowl edge i cations an exanpl e,_reference
DR LR P o e ot B BBl & Aadesing
dSﬁfushonesbehweEhledhechtﬁohaﬁﬁbe&s("ﬁeﬂ1Cﬁﬂﬁbﬁtois then
e hn .09y’ 1997) 1515- 49) fo deternlne
c§% g%@ I%% aC &énc% ]t ofl%ﬁqn k%p and In

crltlca t T Ckness of &' 1ayer
pRgtigulayer caref iSi |tajGey tx kxerrar@mh,ffemerknmﬁmmmwr)ner,

the ageerd canfhbgupatiher, éém%ﬁégfﬁstﬂeﬂngnélgﬁgan them

%gen bonded toget her using known bondi ng techniques
EELLVRAY Sanphat ey cbﬁaactrm yafer cRoR@rdgants and

iSeilened gadt3e1EechnokbagwmaPpRtuth oG aid U %&hﬁeal
Johnson Wley &

CBSASPEPRY WGH i ootabhPrs ) THOG T DG exUAbRESE To be
bepbHeduhmary benctlamgiaﬁ olyegr aphuH ias Wélﬁ@ﬁen@fcasmréa@ﬁﬁg,
RERTASealy Nl WS g D BELEEL S 0 DU o1 o
0ha61§aﬁra@@ban@c@é mmﬂﬁﬁmeﬁﬁﬁlmmydam3okbe carried out,

sGenveasd i gl ANRAl | RY Qs iREA t BRdt m?@ﬁel(l apid rﬁMﬁSical

nneallngi In the case in which the tmo ayers
aﬂa%za 8R) bSO Rt eBL @ acResHIgST | b@lﬂb%dr@%rs%ntu dugther,

beatleny w5 100MH ngateckai gues wiirdnar £ B@ﬁd§H§CQQty'te e(of

ering.diffusion b tmee the two | ayers
tl}l/\(ﬁjl gwl s Cf]:ng Nar Ty 3 5 n® %IE%Jr%I)an8§ VWJtthht F}e bonding

lapeentwlohchinis so thin that it cannot substantially
prevent or slow diffusion between the two layers 1 and 2.

The respective compositions, thicknesses and degrees
of strain of the two layers 1 and 2 are selected so that,
after carrying out diffusion, the material then
constituting the final unstrained layer to be formed is
no longer, in aggregate, elastically strained.

In particular, the lattice parameter of strained
layers 1- and 2 are advantageously respectively equal to
the nominal lattice parameter of the material
constituting the final layer that is to be formed.

In particular, the respective compositions and
thicknesses of the strained layers 1 and 2 are
advantageously selected so that, once homogenization by
diffusion of the two layers 1 and 2 into a final layer
has been achieved, +the final layer has the desired

composition.
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particular, care is taken to prepare, in known manner,
the surfaces to be bonded to snooth them and cl ean
them 10 effectively so that they have no nore
cont am nants and isolatedngﬁ{ticles whi ch may perturb

di ffusion. Chemical treat s which are adapted to

cl eaning surfaces to be bonded may be carried out,

such as weak chem cal etching, RCA treatnent, ozone

bat hfefranwing, tet ELgveehdBi calheometfiod comprises a step

@Q@lf’ﬁhsi@?h@@tﬁéént rt%%t gﬂg{?}a;%@r%oﬁpﬁ Czaréé efhat the

out uch as polishin chem
qﬁﬁﬁ%ﬁﬁ e§ﬁ5¥¥ka¢1 OF C&PERItE VEpecapositions are

gxmgxyggnmal B@dﬂﬁﬁd bonding will be carried out

wi t hqut. a bondi ng | ay the Si r. Si 3Nd type,

f or g% éseQﬁm%&?% gﬁﬁgn&qﬁf%ﬁ?q p%@ﬁ?ﬁ??%gsBetween
uharﬂay&MS|1 eagnct sﬁbShantbabhytuahev@memﬁhﬁﬂ(wf their
n%%fﬁﬁ%u%n b@&ﬁ%@%g&@%s&@%& aYﬁréu agge 1 fer%ﬁces in

respecti ve conpositions nesses an gr ees
%Sﬁtépntshe(tt% dhget scamemts 2bateessl ébed agmshal , and

Qa%@qhgc@hb%hngno%%edgﬁ@%§@0@ thegmterial then 25
cons tln final unstralned Iayer to be forned

i s Bﬁégp iH affegaPeeoBEATt i EAFE§E8t r 8HRedbY| nheat
tm@atmeutar bleptatt i ceo paraeet e rof ﬁb&@lnefre@@y@fﬁlned

dvant ageousl y respectively equal to the
chaRtlaf Rl e ShattRti Syt “EhE e et S e "t ine
pesasdi(sut i by tHetfimaltheaydesthad |Ee$w&be fiarereda |final
e@%%%h%%h@& ?%t SSReG | Y& RQposi t ndexample heat

t hi cknessés o e strained Iayers an 2
té&@éﬁ?ﬁ@ed&%be§élééfééeéo Qm%taton@eihﬁnﬁgéﬂnmatlgn. the

r@yigedichbusi ep abolghte: thma: 1Y efi% vk AN n?lrl NS, 3y ff@@l hours
ggyer 35 has been achi eved, the final ayer has th _
sired conposition. 11 Referrlng to Figure 1B, the

th@dguoapnmseshawstemaﬁréhdiwSbEﬁabﬁéﬂE%ﬁﬂéﬂiédﬁkylng
that the, .differences betwee

d 2
OPE!S%%%%%%R%ﬁnp§g¥iloﬁ?pSFElVSrcﬁﬁ@ﬁ%ﬁ%&ﬂ@n?e Hﬁe two

layers 1 and 2 are substantially identical to each other,
the two layers 1 and 2 then forming just a single final
layer 3 formed from a crystalline material having a
composition which is uniform and elastically unstrained.

In-a particular configuration of the invention, the
materials constituting the layers 1 and 2 may initially
have at least one element of their respective
compositions in common. Thus, if the composition of one
of the two layers 1 or 2 is such that it comprises more
of this elément than the other layer, more diffusion of
that element will occur from that first layer towards the
other layer to homogenize the composition of the
assembly,

As an example, consider that the first layer 1 is
formed from Si:-xGe,, the second iayer is formed from
Sii-yGey. According to the invention, their thicknesses

and degrees of strain (i.e. their respective lattice
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5 Thi s phenonmenon thus entrains displacenents between
‘the layers 1 and 2 of the constituent el enents of

their mmaterials, to progressively reduce their

di fferences in conposition%ﬁgthe di spl acenment s

between the layers 1 and 2 -tfeing shown in the figure

by arrows). 10 Diffusion is advantageously carried out

by heat treatnent, adapted to one or nore
HﬂﬁﬁﬂﬂﬁﬁnﬁruﬁﬁpamﬁmngeuQme(shexespeompuehyldusbngwmhe be

é@lé@%@ﬂtﬁ§eob9$§hog(%%ﬁdi‘%ﬁfﬁp thg d%%%%%%shgamgi _,Ge,

e final astically unsttal ned Fayor
%&aﬁ%@elIﬂﬁﬁPQEﬁ%Y%%Hn@ﬁﬂnﬁawlbetbarM&a$&nﬂ acomprised)

drePEr qitdi@riiRelie  F aP8ENn§0RGH 2h4AQG 1f0ry B0 WMt €8 rom
mn) to a few hours (h). Figure 1C shows the result

(
lBbtalned after carrying out diffusion: the respective
conpddidri,ons of, tidhe &nd tRO wAYEriSe ls@ldkbiZed@r€o that:

substantially |dent|q%] to eacEgF P&jﬁalh%¥3$2 Iayers

1 and 2 then forn1ng Juét a’si
fornedtﬁnohﬁan@ryb@athlﬂénﬁaseofathhaﬁnngtalayer 1;

CO”DOS%%FOﬁeﬂﬂbchhéstﬂﬂbﬂﬁégbagg EEQSEEEthylaﬁer 2.

unstrainéd. In a particul ar configuration of
i nver U&n e TP SA{tISN At e thasaneieiheof aylee sfirst

aadds%d6MﬂIHEﬁdﬁ§|Strdﬂﬂéﬂiﬂ defst oRe Eé@gﬁ@ﬁlﬁé%yt%qual
us | e

respec conpositions in _c
coﬁp osition gfigﬁglcgfp?ﬁémﬁﬁﬁrlggé 114582 is such
t hat Clleacdiypri s@se norid 1 obet hiskel embat thian tha oierare
%@g%FFﬁ ﬁ?lgbﬁgr§é9n ?%marJHQ?td% %nenﬁ_m%h ﬁggses of

ayer | ay aF
LrERBGeRi 28% BRe conposition of the assenbly As an

exa”Ph%ur%0Q§1d§BoﬁQa%1ﬂ§&€iéﬁﬁafaXﬁPlémb?taE@BHE%f the

from Si'l Gex, the second | ayer rom

1RVEDRyERy AECOF@?ngF%%?tiﬂ?llﬂh%ﬂﬂ ofle hgfructure 30 is
inhtdknagses aand degrees @ftrstimdidn (isliéb@ién-insulator)

SEEABEALEY® thlb! BT 108 AT TR LA eg s
and a bulk 1nsulat1ng Substrate in a first configuration
(not shown), or a first layer 1 of strained Si, a bulk
substrate 20 and an interposed insulating layer 4 in a
second configuration (shown).

This type of 'sS0I substrate 30 is commercially
available.

In this example, the degree of strain of the first
layer 1 of Si is fixed by selecting a sSOI substrate 30
with a predetermined degree of strain. The lattice
parameter of: the final layer 3 to be formed is thereby
selected.

In a second step, the composition of the second
layer 2 to be epitaxially grown and the respective
thicknesses of the first layer 1 (which may then
optionally be modified) and the second layer 2 are
selected to form a final layer 3 having, after
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sel ected to obtain a final |ayer 3 of unstrained

Sil ,Gz (x and y respectively being in the range 0
(conprised) and 1 (conprised), x being substantially
different from 5 y): then, 1§ y, th, and th2 will be

sel ected so that: z = (x* th y* th2)/(th + th2) (1)
th, being the thickness of the flrst layer 1; th2

bei ng the thickness of the second layer 2. 10 Thus,

hone deas et vidhe at v cé ayaranet € sbpf difidubiiost, andominal

198¢qRd Layers sty ained Jcoaf&%a% B2 hES E%%ge;v gl 3 ‘ia'

to the nomnal |attice paraneter o
car e Afi | b ¥R 4 hdt ﬁhean@OmRQSh¢%0nré@be@bﬁveﬁ?cond

l&W&k|erbh&@lbgﬁe@rtbl%@|Sﬁh{@%ﬁes§§§ppé eﬁ§%£?¥§15g%owth
ur.e shows _a particu ement ati on

oFnite AEAroh AL A Cas6Crn Whi ERetREO Lt FURTEFEta0%0 bY
seéecmnmghallyna sSSOordsia nedishl i cgre ondnRsultaoor,) its

tﬁﬁﬁgégg%e b§ Lﬁ%ﬁéngéélqgaatglrséh ﬁgS%.%Ir:%kalnglISt

i'nsul ating substr¥ t
lé&ﬁﬁlg&ra£$%ﬁ {9t s oflla ﬁ&mwe)hayépllowéd by a
s&hb@bn%@éﬁ,oﬁi&&&fﬁsﬁ&@sbyah%a%ot%%%tﬂ% tnhﬁ{pgﬁggr§ance

tin er 4 in a second configuration
w%ﬁﬁstg?pé%8F“§S€Prsﬁbé§%%ﬁ%e%&V?% %o F%?EFP?HGQSSllzGez

cauadl Bbl ebthinthis exanple, the degree of strain of
jLst a of Si_is .fixed by selectipg.a s

t he r
subs?r ateni’zfdllé:(“'EL t%‘oécﬁreo et S5 HEP Je@o‘?gsﬂhw ey may
aThe Ikmtg@edepar@ymﬂemmuﬂwsflaal ﬂe@yee:rdss thebecrltlcal

st 30; se I .Sec
tgg%gggistél onhﬁ{ ﬂet secgn Q:Itog{;/&eern ngl ?am a more
thrBwd W@%m@gmtlwlttmgczﬁeggetratlphe ifsj rs@lected
thayenidkhubichnimy, thense pntd anal d yfl%_mﬁ' fdﬁﬁi)a ai‘é’yer 3

%he second Ia yer. .2 are 35 selected to forma final
ayBPS rRIDE g,S&ﬁﬁgﬁz 1s greater than the critical

thickness. A second layer 2 is thereby obtained with
plastic strain relaxations (dislocations, stacking faults
and/or other plastic defects); thus, the final layer 3 is
of poor crystalline quality.

Certain conditions for epitaxial growth, such as
those described in “Strain Relaxation Kinetics in
Si;-,Ge,/Si heterostructures” by D.C. Houghton (J. Appl.
Phys. 70 (4), 15 August 1991) can, however, produce
crystalline growth of the layer beyond the theoretical
critical thickness; reference should be made to “Defects
in Epitaxial Multilayers”, J.W. Matthews et al (Journal
of Crystal Growth 27 (1974) 118-125), which describes the
physical phenomena - appearing beyond the critical
thickness, and the influence of deposition technigues on
the appearance of such phenomena.

From the structure 30 thus formed, diffusion in

accordance with the invention is then carried out. &As an

- example, it is possible to select a temperature of about

1050°C for about 2 hours.
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13 honogeni zing the two |ayers 1-2 by diffusion, a

nom nal lattice paraneter equal to that of the first
layer 1. As an exanple, if the conposition of the

second layer 2 is selected_to be Sil_yGey, sinple
epitaxial growh 5 of the décond | ayer of Sil_yGey on
the sSO substrate 30 by selecting, in accordance with
the invention, its thickness by reference to the

t hi ckiierwesf Ihetdi BBt wel apew belieaalr ediadponshi § dyther

fol | f ff
sl ol LDy 2 SLBLeughep, oy 1 TUBLOT Benyson.

FFREL Siagerthe doldwstingl mé@rsil _, Ge, could be

obt ai T‘J.Qd eﬂ?b@akﬂhl' a r SoL C%fOf 2t 8 GQPesi i of: Od & of

%i? 5 aﬁl al so be gui ded I|n1tat|ons as regards
ST |€éIStFﬁF s rypﬁaﬁ&&pe i PagekdAdentrat fondgnor

sofr f@eeoflOnore 15 than a predet erm ned I|n1t|ng

SO S 2oLRSGer DRI AT M I donor

sel ect orma‘lay
sgpistrege iL§ gte&h@rSKHannEHelayem|dal t hi ckness. A

second, |@X%El%g'%f&h%h%bﬁoﬁgka%ﬂ§§aW%tao plastic

strain rel axations (dislocations, stacking faults 20
and/ ¢f) ot REYSHRALEING defeettdy . athust t¥rcondal elayeically

stsalﬁédpgaye@rystalllne gquality. Certain conditions
such as those descri bed in

for Zg amg row,h,

"Strarh ReF&RSEP8n 1R AEFPESaRRe Wifh ghg/ gnvention.

heteFmSUractaAeséh@wsDeC uHﬁEght@@n@iabﬂmad BY PAysdonor
t howeye produce

Cgié?éFﬁlﬁéftﬁﬁﬁh ¥) Ste &?%?1(%y%n g fH%o%%&F%Eﬂ (x

béﬁpﬁuéalthﬁlgﬁﬁégso K@ﬁ@pemeed$hbqla MeomadesEd

"Def ggt | Liel sj t

al Jourﬁg'béﬁk%ggéééﬁa%;%5¢ﬁ¥§#'?%% 4V%T%gk%§ggsl% it

1{hi eh Eé%ﬁi%égbﬁhéaée pﬁ%]&)éhﬁl%en@nemfﬁmaealcay\@r (as

dbgyned tdisoes) tisal at@dﬁﬁaﬁi& sapdtrt-Becl n]t haenﬁgh@&n in
Qsi tjon tec es t he appearance of suc

Fgﬁgn e .'Froﬁﬂ ;b%ﬁf‘?ﬁ:t %KS ﬁusSJf%‘?né‘@y thus, for

edampLS}oheiﬁormed by epitaxy from a support substrate of

‘bulk monocrystalline Si and, in aggregate, has an

increase in its Ge concentration through its thickness,
S0 as to gradually modify the nominal lattice parameter
of the Si of the support substrate and that of a SiGe.
The buffer layer is arranged so as to further comprise an
upper layer of relaxed Sii.Ge, (w differing from %) having
a predetermined lattice parameter and having a thickness
which 1is sufficiently great to be able to impose its
lattice parameter on the subjacent strained first layer 1
without that layer 1 substantially influencing the upper
layer’s crystalline structure.

Regardless of the configuration selected for the
donor substrate 10, said substrate 10 has a crystalline

structure which induces elastic stresses and a low

- density. of plastic defects in the strained layer 1.
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accordance with the invention is then carried out. As

an 35 exanple, it is possible to select a tenperature

of about 1050C for about 2 hours. 14 Figures 3Ato

3E we show several steps in.a further particul ar

method in accordance with tH I nvention, conprising

the followi ng steps: (1) epitaxial growh of a first

thin layer 1 of 5 elastically strained crystalline

mat elSiidlcepra danor legtfigee phOamEe@)ehoridiaig B more than
4. ©GeIMRYa tSUDSTH A eS:.ZO t‘!’!’lé r‘mé?@rgé’fo%?légpégr @Becégs{?&tute

t he strai.ned |ayer 1 ting o

S&dk &l afded g {upr c]ryjsﬁ aW‘i‘%eSW@Wﬁd o‘ﬁn%eiée’é%lﬁ@lon if x

iel asta Tty thahr ainednbiay®y 2n (RhgHdSUIONiFNx is less
3G ordance with the invention. Figure 3A shows™a
War ef-"consti t ut ed by a donor substrate 10 and a first

stralhed fimysr dtodised 1&exr( R H%knﬁvwmi&gé&&slpng@rmed
9 (t@lwaé@ﬂ)s& s&réegn% %s,f)c)ryst%ﬂ”l% CO“f' ff;s'fﬁ’c as

he donor strate SBird
e@éﬁﬁﬁﬁspﬁ@nﬁ E@ﬁféﬁOW@yéﬁcbaqu@@fDﬁe@P@boﬁﬁp endaMBE.

SUprttﬁ%ﬂﬁﬁéﬁ@ﬁbﬁﬂ@tt§h@W®oﬁﬁt Rigur £5 34) . 1T@% that it
buf f er hus, for 20 exanpl e

gy ﬁdsﬁsggﬁpgéi‘ilﬁ’r &ﬁ%tﬁ{ﬁpoi&bl%ﬁ@ﬁﬁat & Qf th@‘m Kt has
sobabenystalli neobstand, lLntaggeegat propastads | ALALESE to

trat th h_ its thick
chB:i15a 5 SRS Tabl .4 ot L DLSKICS S 80 88 oo
ﬂﬁeSBDWDflnhElguppoBB substrate and that of a SiGe. 25
The pyf E?Evleﬁ}ée %LX%rt %ﬂg%%l ft%eaa'gr%l(r}g& rhfe%yeq?rﬁpréj*_s the

an upper |ayer o rel axed
aPP%ﬁif%lCﬁavPﬁg 1atgraadt epdiasdd d attinse piefeniter ard is

phaﬁw@baet Rocknress il dignsdd Foei @Rt LY 19R83t it (D] 2
o # g LQF E its_ lattice, paraneter on thé subjacent
5% affed-Fif PeFEyEPrle Gsﬁﬁ?hﬁﬁfaﬁﬂat | ayer 1
subsRegérdlihy iafitiencl nghtib&nepgervalues for layers of
Si;_xGey, reference should be made in particular to the
document entitled “High Mobility Si and Ge Structures” by

- Friedrich Schidffler (“Semiconductor Science Technology”

12 (1997) 1515-1549).

For other materials, the skilled person will refer
to the prior art for the critical thickness for elastic
strain of the material selected for the strained layer 1
formed on the donor substrate 10.

Thus, a layer of Si;_,Ge, (x in the range 0.10 to
0.30) epitaxially grown on relaxed Si has a typical
thickness in the range about 200 A [angstroms] to 2000 A,
preferably in the range 200 A to 500 A, in particular by
adapting the growth parameters.

Once formed, the strained layer 1 thus has a lattice
parameter which 1is substantially close to that of its-
growth substrate 10 and has a lattice parameter which is

substantially -equal to the lattice parameter of the
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| ayer's crystalline structure. Regardl ess of the
configuration selected for the donor substrate 10,

said substrate 10 has a crystalline structure which

i nduces el astic stresses and a |low 35 density of

pl astic defects in the straifed | ayer 1. 15 Since Ge

has a lattice paraneter which is nore than 4.2%

greater than Si, the material selected to constitute
Wt asitnedl dedydraydrich ids tthusbst farmed imdeccoedshoa with
e X nvchtSl ler than w, and is in conpression if x is
less 5 than_w. The first strained layer 1 is
advarft&dyeSusty Fbeied bording @dndrhsubsppat sutGtiate 10

warystrald ireecgrew @ub%&t(ﬂ&t%s 20gpi taxy usi ng thgl known
technj ques of LPD, CVD and MBE. It. is preferable to,
depoéeg%gﬁe PR L 750 FhatCRtLonRY ha%tpeé’ subst ahe¥Biry 2@
boodisnantlayrckmesst deathatorid dBisthsubsbanturadaes to be
nt .. Nntrinsj roperties andfor,_to,. facilitat .

b%&{&%?jg %%kdiélég y%\na?fﬁatehe Pégéi Ve T AUt 2 ay?ﬁsehavmg
DIRGIMT o FPRRIF el SR) atToamppberht tesipaxattiioe ofrtlé¢ higher
tehpardedrkayer 1 or the 15 appearance of internal

plastic type defects, it is preferable to keep the
t hi cﬁfhé@s don amRifr fOBBLBH & k39eh caf ShPekAss$isNg

méglr iah@fsw@l sthial }bbndRB@@lr diuéwgi&r}i,tif@al ;semtpihkiiﬂfazr bif the
es I ayer 0 | X , rererence_snou e \

o RGE RRE Sarer Kl Br banihe 5 tohefe hEo0nEE b ot o R ins
SMebility Si and Ge Structures" by Friedrich Schaffler

(SR Bapdushan; 56! Tachng| QoY 1997
1515- 1%%8);.. PR her Y ea g%i.a sef}gt%%va;’%ai(ﬂee"dlgplé’r Jofpauced
by | Fepepéfringo ahempei ofpaFtefor ofheSEPitial by thermal

okhiekness dor t@leasthfradd Stdabl obodfieyMterial surface
téelec ed for the strained layer 1 forned on the donor

GhEPFaFB" B Fhvs: a |l ayer of Sil _xGex (x in the
range Gtp t of Qr3arepid axhal | 30107005 OBol ela@XBEn8ed is

aH@gn%a&¥8£§?§ carried out prior to bonding to render the
surfaces as smooth as possible and as clean as possible.

The bonding operation per se is carried out by
bringing the surfaces to be bonded into contact. The
bonds are preferably molecular in nature, expleiting the
hydrophilic properties of the surfaces to be bonded. The
bonding surfaces may also be plasma treated.

The bonded assembly may be annealed to reinforce the
bonds, for example by modifying the nature of the bonds,

- such as covalent bonds or other bonds.

Thus, annealing may accentuate the bonds, in
particular if a bonding layer has been formed prior to
bonding.

More details regarding bonding techniques may be
obtained from the document entitled “Semiconductor Wafer
Bonding” (Science - and Technology, Interscience

Technology) by Q.Y. Tong, U. Gosele, Wiley.
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thi ckness in the range about 200 A [angstrons] to 2000

A, 30 preferably in the range 200 Ato 500 A in
particul ar by adapting the growth paraneters. Once
formed, the strained | ayer ﬁ thus has a lattice

paraneter which is substanti glly close to that of its
grow h substrate 10 and has a lattice paraneter which

is 35 substantially equal to the lattice paraneter of

t he Fefamsmaitrediqyey i ctnés tle basfenpkyd in bonded,

L HARYIC & M2 8 o R PR 41 gure 3B shows

bondlng of the donor substrate T0 with the receiver
substii® SRins Bef bhe Béraitndayean lopts oblaks seepeptially

dUMQ@ﬁM&da db@ndtﬁg b@ﬂ@in@n @drdeast(sere ofint hgat¥Wlcular,
nd be carrled ut

0 sai d
%f?g/%|0§§&r 'ha\?ﬁeﬁﬁ Yoi MACAGPRFGHER: | BY AFSARBPBRE o
fMemmemaﬁ@malds)at hlgher tenperatures. 10 Thus for

exanghe, ,for %g%_e%en%?é% 1, SLOk %{It;% NgL o?hre URE by

t he bondlng parti curar
d@@ﬁpﬁé@%cﬁ%elb@ﬁﬁe@aﬁifQﬁnﬁdemenQQ(Emb$tc@heaﬂﬁsat a

z8he AofSi anngeggnqﬂ@@{t@nt her agyadt agﬁeg%kxte 10, by
uced 15 by depositing atomc species of SI02 or

ﬁyp HeérRaP'®g%Ydat i on of the surface to be bonded i f

t he ShﬁFaC&onkhegﬁbf ﬁ%@%ﬂé@§ Shnoﬂ S%ﬁ@w@P pﬁﬁﬁaféggzone
surfaces to_be bonded i adyant ageously carrie

B eARFARIES LeRGRMCEo T Rnddi s ReNag e rEEREens aving

weaBethdadopassittiieraind asatdl eanaksbpasisi ﬁﬂee_ngTheapable of
in i 0 e ed ri .

R o Pacar el OnBE, 8o SRiFAbLETTalhnly 0B LAy i

Sﬁpéﬁéﬁéblyuﬁﬁlééutaﬁrmﬁlnapd/@; @%ﬁhénﬂpﬁé ehergy.

hydr opBi | zenBr oper t hes iefedhe gy f a8 t G418, bopdgtd by
25 bondi ng surfaces % al so he plasna treated.
R

. Th
l%ﬁiassﬁaadaag@ ﬁbF?eﬁé§sbén nEaPeQOPerrépﬁﬁsrééetHQ

The implanted species may be hydrogen, helium, a
mixture of the two species or other, preferably light,
species.

Said implantation may be carried out before bonding,
before or after forming the strained layer 1.

The bonds in the =zone of weakness are principally
weakened by the choice of the dose of implanted species.
In the «case of hydrogen implantation, the dose is
typically in the range 10 cm™ to 10Y cm™?, and more
precisely in the range from about 2 x 10 cm™® to about
7 x 10'® cm™.

Detachment at said zone of weakness is then normally
carried out by supplying mechanical and/or thermal
energy.

For more detaills regarding this Smart Cut® method,
reference should be made to the document entitled
“Silicon-on-Insulator Technology: Materials to VLSI, 2™
Edition” J.-P. Collinge, published by “Kluwer Academic
Publishers”, pp 50 and 51. '
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bonds, for exanple by nodifying the nature of the

bonds, such as coval ent bonds or other bonds. Thus,

anneal i ng may accentuate the bonds, in 30 particular

if a bonding | ayer has been formed prior to bonding.

More details regarding bondlﬁg techni ques may be

obt ai ned fromthe docunent entitled "Sem conduct or

Waf er Bondi ng" (Science and Technol ogy, Interscience

35 Tedhreal oglptdanyhn@rX Tong,thé Cosete, o¥V | eyakddss, the
rrj.n Qnce enb

BRaor- A h i o6 8 &y Bl *IRESE bt Enet0 i

Ifenﬂlfﬁéfted #rerad g rhusiassenvi dabley stowriserd/edhyhie 1 oon the

Ridding fQnees-fseeg. in particular, 5 WO A-04/006326,
here%y |ncorporated by reference, for further

det aifiig)Shim%nE erhpLBREAt at#ER, dhe PPddEhiag, i sabrasion,

CMENOVRTIA by sadetigcliing atxd &astoPar thehithe dandfing, used
gubstrate 10 at _a zon ,of weakness res nt in the

ShoT sd%st%%leciﬁblﬁ§ 190+ suppiryi G 5L Sdnecd
(o indainresenitnotoSholbnhdisga meerﬁmdmnznﬁlfﬂﬂgatlon of

rg@ﬁghggl tQUEH%gg%%%%%QSSUEEgge havi ng weakened

hérein weak ‘b bei ng capabl e of being
r upt B¥@niReroasdui t abi el dvnmt metespelgyramovals employs,

atuppkhed, sHchers tdedmaly a%@h%ktﬂ%%ha%h%ﬁhcﬁﬂerQ¥ch in
ﬁgﬁzone of weakness may have been forned b

y
BALIRG SfoMmtbesydere¥itht BeCheéPd6Rdr Meabstrate 10.
The Rﬂpbaﬁbﬁdv&ﬂ@CIG& WEWﬂthdbﬂﬂﬂéﬁﬂhliwﬂllﬁﬁra removing

i xture of .the WO eci.es or oth erably |ight,
nfsSeded, Qi ddr" SR TS L vBLRRRES g, 2
whekoessbarwdi nep cbetmeé outaffteer tloe nehgpt kg sitirfdiivey off

th@yggngr EU%sQQQ@% he. the zone of weakness are
princi pal |l weakene y the choice of the dose of

|np|§ﬁtéwnﬁﬁ§§qﬁpf carrylng out chemical etching and/or
chemical-mechanical etching.

As an example, it is possible to selectively etch
the material or materials of the donor substrate 10 to be
lifted off, using an “etch-back” type method.

That technique <consists of etching the donor
substrate 10 “from the back”, i.e. from the free face of
the donor substrate 10.

Wet etches employing etching solutions adapted to
the materials to be removed may be carried out.

Dry etching may also be employed to remove material,
such as plasma etches or by sputtering.

The etch or etches may be preceded or followed by
mechanical attack of the donor substrate 10, such as
grinding, polishing, mechanical etching or atomic species
sputtering.

The etch or etches may be accompanied by mechanical
attack, such as polishing, optionally combined with the

action of mechanical abrasives in a CMP method.
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25 In the case of hydrogen inplantation, the dose is
typically in the range 1016 cn2 to 1017 CM2 , and

nore precisely in the range fromabout 2 x 1016 CM -2

to about 7 x 1016 cm 2. Detachnent at said zone of
weakness is then normally 39 carried out by suppl yi ng
nmechani cal and/or thermal energy. For nore details
regarding this Smart Cut(r) nmethod, reference should

be néde toft keidocueehtignest etk removing materlal from

| T | o VLS|
ZF?a d3 d?&%\.}ﬂéﬂ%@é Ofo Sﬁg g)rgg}ésegaﬁo?he&l K?X?Ne?le in
m@ad&ﬁ%entpwmlgmts ,bpp 5@ and 511 arg vm egonstitute a

1detiachiRat, aEhbhe1%@%%t9%nme@&@%§§1nﬁhetepth@ﬂaltypes of
remai.ning portion of the donor substrate 10 iIs

CRETOVEHSSo B3t o Gt aT ATEHPY Tl SPPAFnedPEyEAta df, in
atdhe rdaecel wethsthst rate o0 .05 thien llslkrleﬁg ibaghni ques

such l i shi ng..abrasi RTA, sacrifj

oxi d'Rte%%n%?m e%ocafrl%%ﬁl r'?’gln u%%Jdté)éY oh8 &C‘?C}Féance with
t@@nbmw&mﬁewnlﬂﬁ/alﬁﬁtdnﬁcﬁmxaxnbdnaayéreinéﬁrSengGey is

cgfrrgg@dloﬁg 'BEGBEQE%u.b%Ei %%@EI on of roughness,
curi n% defécts, et vant ageously, finishing

mat efalthee fFdwar é-rﬁylet?ysl igtstemstedtundar eienskon (i.e.

liel}ﬁci.‘i: vemgNest cahaft 61),, ithe COEBLAAL 18Pl 20ther Wb B&cted
gﬁ Eanl cal means. Al ter Rat ively, a further

SPebfiftitqal +8r PehBPPRGSSHRPertal - mﬂthﬁuﬁreéFééhﬁEﬁP w).

and @®bhbegtieatzgpeidf thks. ﬂm@mmerfam higs ciad reé@fbHedsion
op t st.e f i.ng of f nor substr

Ft l:econh% s{% g grr;%err}g %Eﬁ cﬁél’n 2Ca € efERP ﬁ& ai@/%lf 2 1is

sehenrtedl smed:ﬁm cht éschintpr Asergiexanple, wt lis smaller

tRassi/ple to selectively etch 20 the naterial or

mat erials of the donor substrate 10 to be lifted off,
USInE §n Cheier- 5§Ek@om99§1h%@ﬁ§d thicknesses and lattice

parameters is determined in accordance with that
explained above.

Alternatively, the second layer 2 may be epitaxially
grown on the first layer 1 before bonding, bonding then
being carried out at the surface of the layer 2. This
produces a structure 30 having, in succession, the
receiver substrate 20, the layer 2 then the layer 1 (in
contrast to Figure 3D).

Referring to Figure 3E, a diffusion heat treatment
in accordance with the invention is carried out, to form
a structure 30 having a final layer 3 of 8i;-,Ge,. Said
structure is a SiGeOI structure in the case in which the
receiver substrate 20 is an electrical insulator or a
sufficiently thick bonding layer is comprised between the
layer 3 .of 8i;_,Ge, and the receiver substrate 20.

Once the final structure 30 is obtained, finishing
treatments may be carried out, for example an anneal.

Electronic, optic and optronic components may then

be produced in the final layer 3.
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That technique consi sts of etching t he donor

substrate 10 "fromthe back", i.e. fromthe free face

of the donor substrate 10. 25 Wt etches enpl oyi ng

et chi ng sol uti ons adapt ed t% the materials to be

renmoved may be carried out. @ry etching may al so be

enpl oyed to renove material, such as plasma etches or

by sputtering. The etch or etches may be preceded or

fol | Owed by m8PemegHamixdall ajtackh obtéps ddnamy kind may
%Stkf@tgaﬂ'gleau%ﬁtason %ﬁ@dfﬂg?lp%ltr% r&%’e n?(ﬁ f}f‘éf& to

et ch |n%ﬁg tom c species ~sputtering etc r

Fageres lrmy Ao @it ctpani eeh bys neehaarcal ga@wahkof sachayer

oa.ss Patd sbEng4cept | wlégyltesfgpl 8edavv'1tafgzetﬂﬂ%f 3&@&%@@ sic

chani cal abrasi ves in CWP net hod

O§a| teéﬁh|5H8§6F89VFeﬁ%Q%FﬁF%%§eﬁﬁfIa¥F%ﬁ¥%ﬁen@oﬁG@e or

Sd@Eest rlatyedd ane mggeagedafbystym rfd exappbe isn Hdheform a
I cu ut do not in any way constitute a

Hﬁl%§§a§F g rrece |nveﬁt|on extending to all types of 5

techﬁb@uesrehantcanﬂﬁsmnvnlth@ dooor Lubstedit eclOstiained

1ageekdance, v bhtehes smeihog; of Rl nvent 'é%[ﬁjerﬁ?sf &L 1 BBher

to Figure 3D, epitaxy In accordance w th

tyReantalormatehlabtongushr aisnetl I ayepr2 IgF Ve Ktymeyalkoys,

-ogatki edheut cr@retdea%ebﬁﬁt@m\ées 10 lf the first |ayer

1 |sIstr ned undﬁ lﬁensm is smaller

t han-®) , ﬁe SE¢ShE1aer aV§r§elg&F€HSS§9 tﬂ%?ert ¢lher
cbonstahpeessi anayi ke addedgreakﬂf tBamndaying elements or

q ly. rs is i.n ression

%9883 \“n'r?'%th /a J:%Ié%%?tgcji\%l n gb(s)élc&ﬁldccl%ayera:‘éer under
CQBSSéEéétéénsoWhh@]n |JIS|§0t§nd<eI tsenmuant(malely yloger or,
mS P8l EQE’CJ.EU@QJ:‘MI TRehCchoLER -hLt FAFRBS! g'fogs’ or less.

t hi cknesses and l[attice paraneters is determned I'n
accordance with that expl ai ned above.
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20 Alternatively, the second |ayer 2 may be

epitaxially grown on the first |layer 1 before

bondi ng, bonding then being carried out at the

surface of the layer 2. Thi% produces a structure 30
havi ng, in succession, the rlecei ver substrate 20, the

|l ayer 2 then the layer 1 (in 25 contrast to Figure

3D). Referring to Figure 3E, a diffusion heat

treatnment in accordance WLAIMShe invention is carried
out a ure y \Y yer

1 RQhadTbaR Bl B8 P o foefact Pout P LSha e Rened
CHSE A1 WK e tard a0 indiided Eebselaceronics, apptics, or

.O@th@rmdéalapgt@w@dwn@r ghasHEELel epyl Y nt *Hh%K: b@;@' A8t hod

ayer co se etween the layer 3 of Sil
‘?’f@‘é&p gﬁ?&%t réat €5 BHICENER tﬁ@“??h%}ng a first
C‘delsmatlm’leleSOlase@btﬁhnceld 14 nléilfﬁsftg.catlrlqm RERbLSnEEy DBAder
an_annea

d f ct
ﬁéqrgﬁbnggomﬁég %?goﬁ%g%eﬁfk ﬁﬁmpfﬁgﬁloﬁg rqgu@edSFﬁond

criyethilddinel ayleryey: 2@hidme os rr@rl@se:chtadﬂJyal grovided  in

cShpRe safi cANY (& nge%%c@&%@l e &ﬂfé'f egeﬁgﬁ\g,g] t h:%e{l Qé‘éond

structure 30 (refer'to %h
leyetaxPaingr IR ta Fayekr E“'JofflSS('Se bRYSEGeGn ofthat the

memhbaxyc@ﬁpﬂlé@yera Ofst%tﬁabﬁeddﬁfﬁlsrh&ﬁ Yletwen the two
lsuccesswe @ | ternati Si G or. SiGeC
PSER ki STer ther S TEFHCSr C Rt uson o PGy rf Gepective
combbisliiayened sfrutheretwahelayesentre@ue@slQpré@rﬁﬁﬁlvely
t ai d 2 of Si ar SiGe

“gFg% gg?%gdgﬁ%b %?ﬁStég%ggfl%es Perléﬂl eh g%yers
thep- \,f@lferIFgVDUlS)’ﬁpeaalsllayzsle mne@ olameefr cpyistatwmllme

mARERR kAl $avifgl Ne eyl Jdtne | angise é’(ﬁ'@?&s and

other constituents may be added, suc
18] kAt s W1e GBS I SORBREAREPAEN ontbLCkAFBBAS) n and

debeekayepfunderralh CoFsi d:éHeat 1t Whi e i $ 5&%3 Orlnltlally
| ower artlculaaly,

substantially Q
S%gﬁgéﬁaraf?on QﬁtTﬂéﬁﬁiq usion, e materlal then
constituting the final layer no longer, 1in aggregate,

exhibits elastic strain.

2. A method of forming a layer of elastically unstrained
crystalline material according to the preceding claim in
which the lattice parameters of the first and second
strained layers are respectively equal to the nominal
lattice parameter of the material constituting the final

layer.

3. A method of forming a layer of elastically unstrained
crystalline material according to any preceding claim, in
which the second layer is a layer which is epitaxially

grown on the first layer.

4. A method of forming a layer of elastically unstrained

crystalline material according to any preceding claim, in
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21 CLAIM5S 1. A nethod of formng a | ayer of

el astically unstrained crystalline material intended

for electronics, optics, or optronics applications,
characterized in that the nmethod 5 is inplenented from

a structure conprising a first crystalline |ayer

which is elastically strained under tension (or
respectively in conpression) and a second crystalline
Wheydr whiechfissel astd caldgorsl r dbgedsi nhaconpiesdieddst one

U Jrgspectively Qgﬁ Si Qﬁf t.ne secand 10 | ayer
eﬁhéla Qﬁgg%ﬁlio QL%%éig é% lead%ﬁhgt fﬁmmlﬁ%thod
conprises a step of diffusion between the two |ayers

550 A hadthde gtf Fer-pAGES Deturan $@eei§§1pfgél}!§sunstralned

o§gﬁlons of the two | ayers reduces progressivel
C&rYP H& ot diFslt ARGAINNG He e, P¥PeSE T | %i%it@r in
wﬂidﬂuﬂhé(fim@@ ﬂa§érar§Iﬁﬁﬁmédrﬁﬁmﬁagﬁfoéx, the second

|| t |
EEE At 1o T St nan oS B TRt chapsY) tFoharmed
fﬂl@ﬁbl@ﬂessﬁﬁz,, andandegr essmictsitrediyn éindeihwaHeayerrsye 0
%B%p&&%gbﬁllfo sel ect&adyso; dhat , %i}ﬁ%?9+%;g§ﬁﬁgtaﬁgfally

mat eri al then 20 constituting the
dishgeenti Arafgiegaind: exhibits elastic strain. 2. A

zimet hedcaf ioyﬁtmg,auhgyertg el astically unstrained
crys%gll|ne mat er i to the recedlng cl aim

accordln
ﬁ%?%%gtﬁ%elg?%?%%eﬁir%ﬁe¥%?sfb¥ Eht¥$F5t and
seconﬁzsbeam@eUhéaybrskﬁéssr@spemé|y@&@n@qu@yefp t he
m ar ter of _the ter
a@gns %BE#E?v |#aq§: ePargﬁe 3%tﬁ%ﬁ giirst and
Sﬁ@@ﬁﬂngSﬁraay@@ o1a£¢a§t|a%ﬂl)raﬂmamummaiy eqysilal tonethe

nﬂﬁiﬁﬁnahagggggdbggahgtggyO@raﬁ ﬂﬁgg claim in which
the second layer Is a layer ichis epitaxially

grown on the first layer. 35 4. A nethod of forming a
6l. ayqeﬁrnsltfhoei aﬁﬁ_ | E8tthingngt naveed o rCrand Al ddme yrehest Ahined
acc rfi g o any. g&ecedln Claim in
CETYsS e eri according to any preceding claim, in
which said structure further comprises a layer of
amorphous material located beneath the two crystalline

layers.

7. A method of forming a layer of elastically unstrained
crystalline material according to the preceding claim, in
which the layer of amorphous material is electrically

insulating.

8. A method of forming a layer of elastically unstrained
crystalline material according to the preceding claim, in
which the layer of amorphous material comprises at least

one of the following materials: SiQ;, SisNg, S1ix0yN,

9. A method of forming a layer of elastically unstrained
crystalline material according to any preceding claim, in
which the diffusion is carried out by heat treatment.
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22 which the first and second | ayers have at | east
one elenent in their respective conpositions in
common. 5. A method of forming a |ayer of elastically
unstrained 5 crystalline material according to the
preceding claim in which He first | ayer is formed
fromSil_,Gex, the second |ayer is forned from

Sil _yGey and the final layer is formed fromSil_, Gez,
x and y respectively being in the range 0 (conprised)
tp 1a(cC I.sed i ff
1dr30mAy 91@3510%1 2>f Xgpﬁcﬁlgglr‘?gfth )néﬂtfﬁ CtX”ﬁWZ)C trnﬁ)r s(?L ﬁ
QMﬂﬁﬁﬂﬂaﬂédéssﬂ%ﬁtqﬁ#?Qd r§ﬂywé@éﬁln€thQaW@mnglnhended for

diiceknesieof thepseeand | ayer; Q&Qﬂ&ﬁid@speﬁﬁbY?catlons,
attice araneter of the first and 15 secon

DEEGTEF 128 &t ddp SARFEISE e dds ﬁo&wén%@rhe@ﬁ

|attice parameter of Sil_zGez. 6. A nethod of forn1ng

- | f el icall d II
T S

axtyis¢la 1dding stleyetur ehfant hies Gﬁm$HUEnﬁikyl ayeaniokd under
t%%%ﬁ%%pugogatf%éé%d OféﬁfdJ?FnSQRPrggglE Cr¥§t%|%%nethe

| ayers ormn ayer o él ast i
S§rSNFai Fede T 25Sc r@;ﬂsa(smqadelmafﬁ%mame@cé@r mm@ﬁaﬁ&m (or

rRispeediiRg 16/ auxﬁfdiei:nte\“i@l‘éh t | ayer Plfrﬁ{miﬁ 8Y3 and so
tgg&erlal IS, ectrlc % |ns tln% hod of
SrmT§ a1y %kﬂe%ﬁ % Ehe c§FFHTEN ﬁuﬁf %ﬁ#eCted to be
o€r yshal | omdemateet i al ﬁ@ﬁ@r@hm@ tithidihqyecedheg ebéaéfence
| i.ch I of a rphou naterlal ri ses, at
e Rsg R Bl B it S AT eI S 0B oG e the
agex@Oplly. ©f alawpehdd @bmp@samggiduiayecoud éba@tleakiythe

agaéhbqyneef 3e1&h¥st 2l '¢ac}§pc§%ﬁ?%: f heC G itnglggeény once

prece I Ng clalm In usi on I's car
C8EP1B§heb® It Faat ner@an 280rmo 2 AUREEREE ofayRBdWEIRg a in

aghireghtee GeMPhis$iragnan;

diffusing elements between the two layers so that the
differences between the respective compositions of the
two layers 1s progressively reduced until they are
substantially the same, the two layers then forming Jjust
a single final layer.of a crystalline material having a
composition  which, in aggregate, is uniform and
elastically unstrained, producing at least part of said

structure.

11. A method of producing a structure according to the

.~ preceding claim, in which the lattice parameter of the

first layer is selected so as to be substantially equal
to the nominal lattice parameter of the material

composing the final layer.

12. A method of producing a structure according to either

one of the two preceding  claims, in which crystalline
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el astically unstrained crystalline |ayer intended for

el ectronics, optics, or optronics applications, 5

characterized in that it conprises the foll ow ng

steps: crystal growing a second crystalline | ayer on

a first crystalline layer wich is el astically

strai ned under tension (or respectively in

conpression), so that the 10 second | ayer is

gelcasth ciad | §lsér akpededn coaneesshan fae tli’ﬁme&tsisve:bﬁ/ the

ry t I.Qn) t ir ayef th

S%%% 4 eggggﬁntﬁgysé%%ﬁ% Ié%&é S sé%%é% o U% ?ltlcal

PH@k@ﬁ§§r of baveefler eridel ¢thi ckrdssstitche reteﬁen@e would

stlbis&knes$ 169" kespanding to a thickness for which the

15 assenbly of elenents conposing the second |ayer and

the assenbly of elenents conposing the first |ayer,

1\%(:@7; methbaed ft ogedheringan f@wmﬁtmfgea?kayﬁg to any
iC gate, s unstr i ne usin

°8Fenet t?lt?e?g&rwéen t R& SERG gye? ‘th%ﬂ"r%h‘ r>Comprising,

el"enent s
bgifpfrer ebites dontatedn itrtse gesweht|ﬂbeppnnm3ktﬂmnstbé therst

l%ﬁ%rlﬁﬁﬁﬂ§eisr@ @ﬂ&@?séﬁﬁﬁ¥r5ﬁgucgglﬁnt rdéﬁﬁ%}“ﬁ%lch is

substantially the sane | ayers
fﬂﬂéﬂlyaﬁﬂﬂﬁﬂiaHﬁqﬁﬂCQ@@@#S%ﬂgaséi9sfapﬁﬂnéaﬁﬁﬂeﬁnﬂ also

shavi rgcajgercenpesihten which, in aggregate, is
uniformand elastically unstrained, produci ng at

| east part of said structure. 11. A nmethod of
1pr oducmaghad s bifugttsd@oer di ng: dur-thhe §@c@f@£ﬁ@i R® the

n h the I ttlc ataneter of the rst .
of &Rt AP 1 o VB oo BARLHE, Fe ey cet i e Foa =
bprdingnlaskr| forineé par amet emdyfort Hdemattdramlof the faces
+60RROBLAG4he final layer. 35 12. A nethod of

producing a structure according to either one of the
two preceding claims, in which crystalline 24 growh

16s a sec€rsd i ed Qiﬂocﬁﬁzitrhjit at fg&ﬂd@t@i&l&esa%c@ér&ﬂ@g to the

Seco ess .t han uaI to ? critica

o ST BB i O aohe CD8RRAP A JAgRTY Comprises at

least one of the following two materials: Si0QO,, Si3Ni.

16. A method of producing a structure according to any
one of the two preceding claims, in which bonding is
molecular and .is then reinforced by a suitable heat

treatment.

17. A method of producing a structure according to any
one of the three preceding claims, in which the first

layer is comprised in a wafer at the time of bonding, and

‘the method further comprises, between the bonding and

crystalline growth steps, lifting off the portion of the

wafer which does not comprise the first layer.

18. A method of producing a structure according to the
preceding claim, in which the portion of the wafer which

does not comprise the first layer is lifted off by means
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substantially relax. 5 13. A nethod of producing a

structure according to any one of the three preceding

claims, further conprising, before the crystalline

growt h step, bonding the first layer with a receiver

substrate, said structure mﬁlch is 10 finally formed

thus conprising said final |layer and also said

recei ver substrate. 14. A nmethod of producing a

odt rarct deasdcoondi g tthe héolﬁaoed:egi ngedidraiqnes n ghioding,
di r o] I in o]

O one Ak o t heP ot hraPaln e PLadl PR Ehr kB ican

efshiRgret hod of produci ng a structure according to the

preceding claim in which the bonding | ayer conprises

t .20 |eas e of the followng two materials: Si02
18 318 megiooh bt RHGIBF LR 0BuSTHEE U RITRENE or i Figpim

1o afiyrthere ofotmbeikwagpr epedong ebai msndmgy\/m thplanting

in I I an s t.hen rei,nforced a
agSRD 3ol IS Aok WSLIGN MRE B B aeng, of
wgaknegst wte acdeptdhnghtichanys enksbénthelifir egual to the

tﬁ&%%ﬁ@b@gdﬁfﬂﬁ@ fh?s@hﬁ%ﬁekhegﬂisfn hgi@ﬁ IS rtlon is
nprised in a wafer at time of bondi ng, and 3

1E£&CHe R U e st i,z vsefewveeaﬂ@%mwgswses

whiiyat akki rapgbaat |a>f5trQ@:9&ur|1|rzfgt itHe Qfdait f@ozﬂ@étéz@@ @Hiereby
rise the first, Il a

waf er _whi c ot co
ok B S cnt R ot ot t%p]r%%u lfges SPHOR: e acEBRITE S 00Fhethe
w35epreceding claim in which the portion of the wafer
whi ch does not conprise the first layer is lifted off
by means 25 of at |east one of the foll ow ng
2f eciniBeielsod goifndd rrducOMP, aseltentdtureOMPccehdhngalto any

oﬁéCthgacféﬂﬁ§t“Wﬁ qhen eal fﬁkEHéPg c ﬁglsthEtrﬁgkween

roducmg a structure accor in to clalm ,
EFEH%r o&dniast ngt FhPorafe n§rYFRpLaARRn@rowth, a

step of finishing the surface of the first layer to
prepare its surface for crystalline growth of the second

layer.

21. A method of producing a structure according to any
one of claims 10 to 20, in which the first layer is

formed from Si; ;Gex, the. second layer is formed from

- 81;-yGey and the final layer is formed from Si:_,Ge,, X and

Yy respectively being in the range 0 (comprised) to 1
{(comprised), x being substantially different from y, and:
z = (x*th; + y*th:)/(th; + th;)

th; being the thickness of the first layer:

th, being the thickness of the second layer;
and in which the lattice parameter of the first strained
layer 1is substantially equal to the nominal lattice

parameter of Sii_.Ge,.

22, A method of producing a structure according to any
one of claims 10 to 21, in which the first layer is




atom c species into the wafer to create therein a zone
of weakness at a depth which is substantially equa
to the thickness of the first layer; and in which a
portion is 10 lifted off by _subjecting the zone of
weakness to stresses which2&re capabl e of rupturing
the weak bonds and thereby detaching said first |ayer
fromthe remai nder of the wafer. 15 20. A nethod of
formodki figom  sttradtede Siccandi nigs t compyisede iaf x| atrEined
LAt 19 f. I I.si.ng,. bet n lifting off
Sng?éLrltC%gfl%{nhel%wa %rto%g?&%r%g{égﬁ i(%e growth, a step of
finishing the surface of the first layer to prepare
its surface for crystalline growmh of the second 20
| ayer. 21. A method of producing a structure according
to any one of clains 10 to 20, in which the first
| ayer is fornmed fromSil_, Gex, the second | ayer is
formed from25 Sil_yGey and the final |ayer is forned
fromSil_,Ge,, x and vy respectively being in the
range O (conprised) to 1 (conprised), x being
substantially different fromy, and: z = (x*thl +
y*th2)/(th, + th2) th, being the thickness of the
first layer; 30 th2 being the thickness of the second
| ayer; and in which the lattice paraneter of the first
strained layer is substantially equal to the nom na
lattice paraneter of Sil_,Gez. 35 22. A nethod of
produci ng a structure according to any one of clains
10 to 21, in which the first layer is 26 formed from
strained Si and is conprised in a strained
silicon-on-insulator substrate (sSA).




