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'NETHOD FOR SI MULTANEQUSLY OBTAI NI NG A PAIR OF

SUBSTRATES COVERED BY A USEFUL LAYER This invention
relates to a nethod of producing concurrently at

| east two structures each conprising at |east. one
useful |ayer transferred to a substrate for

applications within the fields of electronics, 5

optoel ectronics or optics. According to the state of
the art several layer transfer nethods are known .of.
One of themconsists in inplanting atom c species

—~under the surface of a source substrate, so as to

create 10 a zone of weakness which delimts a-thin.

| ayer. The next step-is to bring into contact the free
face of this thin layer with a support substrate,

then to detach said thin |ayer fromthe renmi nder of
t he source substrate and to transfer it to said
support substrate. 15 For a description of this nethod
reference can be nade to docunentdation relating to the

“met hod known under the registered trademark "Smart
“Cut". This type of nmethod generates a renmi nder of

source - substrate that need to be recycled so as to be
reused 20 during a future transfer of a layer. Thi's

i nvol ves WH%lFﬁBMU&TﬂWW%@%IW A RIRAF

be | ong an t t he
material s qi*' O—rake—t e as dﬁFiAfERt-on

them 1In addltlon for sone extrenely hard material s

such TR$sSi Lieont Lok birdaatidie abor gnansiened Jrecyebifging
steps - can_prove to be very long and fastidi ous.
%%FH@FGPE&& aty JhRaFsdy Wé@ h68THEtkEEEN Sofch naem@PYyising at

§§§g I{eBoﬁg 9 Eltagé Eai?‘s%ég n%g:}d n§U|sq#k9§t) ate for

accordlng to aV|ng via nolecu
dPpathastionsa swmthensubsmmateﬁﬂﬁkﬁﬁtsuwbortelectronlcs,

_Sgggéigéﬁréﬂfcs or optics.

According to the state of the art several layerx
transfer methods are known of.

One of them consists in implanting atomic spécies
under the surface of a sburce substrate, so as to create
a zone of weakness which delimits a thin layer. The next
step is to bring into contact the free face of this thin

layer with a support substrate, then to detach said thin

~layer from the remainder of the source substrate and to

transfer it to said support substrate.

For a description of this method reference cah be
made to documentation relating to the method known under
the registered trademark "Smart Cut".

. This type of method generates a remainder of source
substrate that need to be reéycled_sq as to be reused

during a future transfer of a iayer.
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next step is the burning-in nmethod and/or etching via
chem cal attack then the polishing of the free surface
(or rear face) of this source substrate until a thin
| ayer of desire thickness is pbtained on said support.
15 1t is to be noted that such a nmethod inplies the.
destruction of the nmgjority of the source substrate on
each structure made, so_that it is not economcally

vi abl &bt 4% Iesn PRé1FREEHI afngonsiftiehing (qrerations
Har dayeset 9oRE Lhansierned Ié%eﬁﬁ%%iﬁM§SF Othe cost of

Finally, in the particular cdse of i con on -
Iyl e orid hpeused etoahlskeha:themformr i s@ ahtayemeofspent on

thICk lic cover in a buried yer. of silicon

Feadn ety i el e S iE g Sie g prsuch
fﬂéI§incoﬁh%d¥ﬁﬂaéﬁObhéﬁ%ﬂdﬂéﬂéﬁﬁiadéd99¥6§bm9n l&teps
present for 25 the silicon material that was used fo -

fCeEmPgave tor Rssfierved angy emd Agdittliddmalsl-y, over and
above ?ﬁ‘:h%f Orf%l%&tt Qng sfe%cyrﬁ;éﬂ}?(%il bl]&%n t éfl S namely

also difficult ranst er ver ayers
feasiold of(Banthi ekwesateh | @e-k had 11030 ormanm“iﬁdl%s:or)

100. ,_using the afaorenentioned Smart Cut  ty
%ﬁfﬁ&glmﬁﬁndléedgwl%h@t Rift Stay SAYIPPan8PRi?Rd T s “\H&FCUlar
aaM@516%m@%§&hﬂkgfgusgtﬁa5&1éﬁt@'ésgﬁﬁgor@ugubgtréee the

3 exanple, a treatment carried out to Sstrengthen
E}@ﬁ@l n@tﬂht ésf ades botweéngt-hins Itt¢ﬂ|:1vpdi ayielld/anrd ¢hehing via

sulst nat Thi pro of tran ferr n
gm ayers él?ﬁ%%%dtzl&al |? Arse ex?st%s # %E)Tsu%face
$ubstr@mes,fa|c|@ whoEh tihtis . BSuﬁoéedssta:trabﬁ own@il a thin
ggrtal n _thickness_in particular of the buried silicon

8RFd8f FBPiERafPrEXD85Am St RET2EPgAsPBr FRAY §YBPOSE -
siliconthag sdefecis, ndbheq! ahher suke NP AldnddeifiPI €eS0the

(Iif a hi gh t enperature thernal
estruction of the majority of the source substrate on
each structure made, so that it is not economically
viable, notably when the material constltutlng the thin
layer to be transferred is expensive.

‘Finally, in the particular case of "SOI" (Silicon on

Insulator) type materials that comprise a layer of thick

silicon covered in a buried layer of silicon dioxide

' (S102) and a transferred superficial layer of silicon,

the same problems relative to recycling are present for
the silicon material that was used to form said
transferred layer.

Additionally, over and above the aforementioned

recycling problems, it is also difficult to transfer very

thin layers, that meaning of a thickness of less than 100

lnanometres (100 nm), using the aforementioned Smart Cut

type method. Indeed, the thin layers transferred this way

have numerous defects, such as blisters, due to, for
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10 treat ment is_also used. In this regard, ref er ence
can be nade to the article by Q--Y. Tong, G Cha, R
Gafite.au and U GCosel e, "Low tenperature wafer

direct bonding", J. Mcroelectonech Syst., 3, 29,

(1994). During the thermal treatments, for exanple to
15 strengthen the bonding interface, known as
"stabilising"” comng into play after detachnent, a gas

eEappdgred & n PIERETSHTdI FGLIAEEY f RYE. IER t IS TERSERS g the

- blinek ngOh nreebateaberhe thijckress QEyEQea%E?Q§k§%§%%ort

|l ayer i's great and fills the role of a stiffener.

Bhbeheatgse of a thin SO substrate in which the
.thi t he

transferred | r_and/or_the_oxide |layer a

o or etbie ore iR R AREeEE e ey phEibelay s of
gobd akea iplaca sandsliha depasssoy teidsriéoetNein which it
occurrence of _poor bonding. 25 Further, it is also

RAoNAREeds thet fifd docunemtta D 148238, iphRertReular of

LR aphaiLgn S £psSoRf %Eq . SPESE es.andithe 5 , th
dg?acﬁnent st eps cclr)eat(g'JL e g%ts and that 1f£ese apgl ©
prencitpakky cbagent rat edidncohe hasi diebictdhe dlmyedatter

0.be transferred. The thi,nner thjs layer is the
BOSPE TTE TR 097 170 beT ARproRERs WS Gt g thermal
SEbasHbaLr Ak a6t .NUn SiERNS RigdF@NSFEFEFEHcE can be
|l ayer froma first substrate.4 toward a second one, is

RABAN tor dha herdeelaehty ER-OX-8670n®21G- HoleverR- t RREiteau

3{1801?35@888%PO"LQ{'«”’CLBpiQESQL‘Petwa pal 8oL 1ongingr, J.
strucfures 1A’ one st ép. FST8l §0° known, ~as per the
HbcunoehtctUSneSh 2002£ 06834189, a(ppoeess, which consists
in inplapting hydrggen i.n both the front_and the rear

facesPoF1aIsoliPBe toFBEElat & TEAEIREd Sy afPloxi geample - to

Le¥&hqgt hdn OLHEr pbaddali ner el amdial | 0 PLRABSiising”
Two receiving substrates are
coming into play after detachment, a gas is created in

the bonding ‘interface. In the case of a thick 30I

. substrate, the thickness of the transferred layer is

great and fills the role of a stiffener.

In the case of a thin S0I substrate in which the
transferred layer and/or the oxide layer are thin, the
aforementioned absorption and stiffening phenomena do not
take place aud the degassing leads to-thé occurrence of
poor bending.

: Furthér, it is also. known, as per the document
WO 01/115218, that the implantation steps of atomic
spécies and the detachment steps create defects and that
these are principélly concentrated on the inéide of the
layer to be transferred. The thinner this layet is the
poorer the quality will be. |
| A process of producing a S80I Substrate, comprising

steps of transferring a layer from a first substrate
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then applied on each of the opposite faces of the

. source 10 substrate, then the detachnent is conducted

alond said delam nation planes, in order to obtain
jointly two SO substrates. 4However, this process

needs to hold said source substrate by supporting

means during the step of 15 inplantation Thi s

ort _causes ol Jutjion of _at st ,one of 't

S peo DA A LA o < e P LY
o1t henpresence tafi sCRAMBNANESeWhirGlt anem wrdeshtabhe two
in the continuation of the process. The purpose of
Pﬁﬂ§slﬁﬁeﬁﬁﬁ@ﬁtugeﬁol@v@ﬂ@oﬁéephe 20 af orenenti oned

| nconygni gnees.angd tQRLavi de,an genomi, MELAGALLOT us-
the transfer of ayers, I|n1t|n e nu er o sour ce

QObQVD&Besleo be qgm@aégﬂi EhﬁchhleomsﬁSbn itrhe implanting
nvention relates to a of produci_ng
%‘é’HEBBFanLPybﬁFhI &Rst fé%‘él Pngf L&fr GERGY éécefésoéaé‘h source
SABRELaLRY RbydRR6 1 PNgn USEEHLE hayer, tﬁﬁﬁséﬁﬁéﬁdt50d%flne
substrate for applications wthin thé fiel
@Wectd@&ﬂmmmat¢m@euﬁcﬂmnhlc@wor D@¢$E€ln@f=¥WQ&nﬂﬁhﬁ§ are

%Eg%?%g% tbﬁgl%gﬂzﬂfm%hoggéé? rlseE%??%C?E ghe so%rce

sebpedaot, rani@rﬂ theorRtasihignd usef dbnbayeed alond said
transferred to a support substrate; b) form ng _
FBRBNERAHRERNEISTSS /t HE | PEiRfe bP O@é.adnus:éﬂﬂthay*evo SOT
ofpthe structure of rank 1, via the inplantation of -
atom c species, so as to deflne two |ayers, terned

"f r ondouseéu) Ithiﬂ"gﬂm¢ésﬁeanea§efut05lkﬂybr%glﬁhesource
re usef ul . | ayer bei | ocat ed between_sai front

ﬁ%g? bF ot ayePYand EHY orTe%%%stﬁﬁféngc) AgherT WP a ©F
stbiéephogosubstiad esapporthecdu£es the pollution of at

least one of the two front or rear faces of the source

substrate, due to the presence of contaminants which are

-undesirable in the continuation of the process.

- The purpose of this invention 1s to overcome the
aforementioned inconveniences and to provide an economic
method for the transfer of layers, limiting the number of
source substrates to_be recycled. |

 For this reason, the invention relates to a method
of producing concurrently at least a pair of structures
each comprising at least'one useful layer transferred to
a substrate for applications within ‘the field of
electronics, optoelectronics or optics.
According to thé invention, this method comprises
the following steps consisting in:
a) preparing a structure termed . of rank.-l,

comprising - a wuseful layer transferred to - a support

-substrate;
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- sur

surface of said front useful | ayer; d) proceeding to
the detachnment of the stacks of 10 layers obtained in
step:-c),. along said zone of weakness, via the

-application of stresses, so as to obtain two

structures known as of rank 2, the first conprising at
| east said support substrate. and said rear useful

| ayer . and _the second conprising at |least said
stiffé&ni ngforsisgbst r #PBCardf s#rd esst eefdle | byeide of

Acser difwri o anyakt erfatjye f | %ﬂenW§PtE%?k the via the
cycle of operations as described in steps to'd) 1s
toplbateépeat edfusingnas @pstardd ng sst rast ute atefigast two

ne of the structures of r 2.and _ysing_ stjffening
ARe8Pat cLS5BbHnG LT nodd e  ARdCEycl By es Wbeful
QREEAY, ORS1d S:er&pﬁ.ﬂiteeﬁhlatia*@ﬁsﬁseM§elo&ﬁ@@b‘labeltﬁééhr said
one of the structures of follow ng ranks. Preferably, 7
trertr aAstedr tagespendt FeAdorusPeptapubebnpterses a
bond'e? SFSﬁhe%Eﬁgu%ﬁfgéif ﬁgniéghﬂgtggtgl%‘gg)%ﬁgt%ree
contact with the sSuppori substrate, or oné . or

sevEpak PAt epfddifatet| ayefslbebapgrinserted between the

useful . layer and . the support supstrate. Al_so
prefe?ébly?r?ﬁ%egﬁ%%r%ﬁgegﬁ%réﬁF%ﬁpTﬁnEt86 dhe jgtafks of
bapdtBgobthensti iherRitRy SYDStA1Rdify COM NIz Gh& 6| YeakdBss,

into contact with the free surface of the front useful
Yagertheor applieasionn 9t etpeseaslayse B ngoi rddrtied two
t I ffening Sstq at ng. f .
gtp?%%\ggg &Ejﬁz’tnf r%sﬁtbgsgf% &Ik% I%’ye?lflg %&%%ﬁtt a%(%ﬁursjrsyl,ng at
tdesaf spedentipgrad bordsdnptis ¥ha sambecwaar wsh@sl obayer

5 According to qther adyant ageous and non-restrictive
%%%ra%?%rig??gggofc?%@r?ﬁ%%%tiﬁﬁ, f%ﬂ%ﬁ aPdhe optiffening

Sopbt AL andtbeidntesARdi 8Lyl aVpets Made ih a

naterigiording to an alternative of the invention, the
cycle of operations as described in steps b} to d) is to
be repeated using as a starting structure_at least one of
the structures of'rank 2 and using stiffening substrates
and, if need be, this cycle of operations is repeated at
least once, from at least‘ one of the structures of
following ranks. |

Preferably, the transferring operation of step a)

comprises a bonding step, the wuseful layer coming

'directly into contact with the support substrate, or one

or several intermediate layers being inserted between the

"useful layer and the support substrate.

Also preferably, the adhering operation of step c)
is via bonding, the stiffening substrate coming directly

into contact with the free surface of the front useful

~layer, or at least an interposed layer’ being inserted
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chosen from anong silicon dioxide (S Q2), silicon
nitride (Si3N4), high permttivity insulating
material's, dianond 10 and strained silicon; - the
interposed layer is made in g material chosen from
anong silicon dioxide (SiQ2), silicon nitride
(Si3N), high. permttivity insulating nmaterials, and
i anmond; 15 -_at _Jeast one of the elenments from N
SRS be s St bR fhe | S C BN mceubatacs of

- ane thentusefuull avekrd.s made in a sem conductor

material; the support substrate conprises at |east one
| ayer 26famaeaisiouns laohoskhe f ridmramaty singtohongdiingcoks via
%@l%g&HEQe,d%%%q@nre, di anmond, gernani um quartz,
yttrium ~ stabilised zirconia and an alloy of silicon
car bi decordihg std féendngadubst sateusonnpti e -atedtedsttive
one | ayer ,of material chosen from anmong silicon, :

SPPIECH SCdPbiGE, Odaphfi LBV eaiARBnd adENmancaf ofugorpined:

LA 2o AT PNy mavorias

silicon carbide;

rhbernalf romo sewnkr ehldamong ciddicen, (Kid.) ¢ositacbndeitride
sapphi.re, dianmond, germanium silicon-germanium I1]-V
égﬁﬁ%‘dndsh%\% PP ¥ ol adoi g JBRbREH #yS t o ddamond
paft kewhaheal LefnaLhpve, the support substrate is in :
single-crystal or pofy-crystal silicon, the useful

| ayer—in sthgl eimyrtadedi lliagmr, tibe made in a material

- chosen from among silicon dioxide (8i0;), silicon nitride

{SisN4), high permittivity insulating materials, and

diamond:;

- at least one of the elements from among the

- support  substrate, the stiffening substrate and- the

useful layer is made in a semiconductor material;

| — the support substrate comprises at least one
layer of material chosen from among silicon, silicon
carbide, sapphire, diamond; germanium, guartz, ytt:ium-
stabilised zirconia and an alloy of silicon carbide;

- the stiffening substrate comprises at least one
layer of material ~chosen from among silicon, silicon
carbide, sapphire, diamond, germanium, quarfz, yttrium-
stabilised zirconia and an alloy of silicon carbide;:

- the usefﬂl.layér is made in a material chosen
from among silicon, silicon carbide, sapphire, diamond,
germanium, silicon—germaninm, ITI-V compounds and II-VI
compounds; | _ |

— according to a particular alternative, the
support . substrate is in single-crystal or. poly-crystal

silicon, the useful layer in single-crystal silicon, the
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7 stiffening substrate in single-crystal or
poly-crystal silicon, the internediate |ayer and the

interposed layer in silicon dioxide; the useful |ayer

of the structure of rank 1 is; 5 obtained via the
creation of an initial zone of weakness on the inside
of a source substrate, this initial zone of weakness

S ting said useful |ayer, fromthe renmai nder _ of '
R BHbePIRLe ihY Bieagpridatran oF @Rk crystal
SOUrGRSUbSid af O Of QS & SHPPLPT Endubskr ahe L RR W A ayer
10 detachnent of said remainder along the initial zone

dn siddlaresstioxigleinitial zone of weakness is created

via the i | ant ati qn .of atonic specjes or is orou
zone; _Q'hegp‘ghé]rsg ol e dtlé%y%’%ﬁlé‘ffé‘ér%f O?hgan%ssi is
ioptenhieen ieC (iR e elodpon sfadhngikhezbakl QW RGakness
description of several enbodi nents of the invention.

PR $heddsedidst iodn & sovneer shbedred ey o tiie dmiddied zone of
M. [ i.ch:  Fj g 0 re dja o
R R N e e e S T
pifoduice nggaursia ustibseratepprvsa nghe uspplichayen of this
transferred to a support suybstrate; Figures 2A to 2C
SPETGFagT IR tis PR nGR N &THIT | BD8REBAPNEHST Vi

HReabBhBad represeat ednlal nddy FAOHEStRA 1i6ikGal zone of
according to which a structure conprising a useful
rap&negpansferred to a substrate via an internediate

| ayer is pgﬁalned' Figures 3A'to 3F are.dla?ggggd via the

iIIusfratlngetﬁ%lta? f%?%ﬁtogtgﬁg BF°3 fPr
empodhient oaf ofhetomt Bogdpetied00pr 0dugi pgreapcHphent Iy

at least a pair- of structures according to the
inven@FBﬁF characteristics and  advantages of the
inVention become ' clearer upon reading the following
descfiption of several embodiments of the invention. This -
description is in reference to the annexed drawingé in
which: | | |
- Figures 1A to 1C are diagrams illustrating the
different steps of a method of producing a structure

comprising a useful Jlayer transferred to a support

'_substrate;

— - Figures 2A to 2C are diagrams illustrating an -

~alternative embodiment of the method represented in

Figures 1A - to 1C according to which a structure
comprising a useful layer tfansferred to a substrate Via
an intermediate layer is obtained;

- Figures 3A to SF are diagrams illustrating the
different steps of a first embodiment of the method of
producing éoncurrently at least a pair of structures

according to the invention;- .
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8 Figures 4A to 4F are diagrans illustrating an-

al ternative enbodi nent of the nethod represented in .
.Figures 3A to 3F; and Figures 5A to 5F are diagrans’
illustrating the different 8teps of a second :
enbodi nent of the nethod according to the invention.
The nethod according to the invention is carried out

froma firs Mruct e r med_of
Cboa met 1 oF13hEHS] 402 U e | GLMGERRL (8 0RLeatipa an
slceessitVeest epbodfiRehnk! ustr ated i meEhgdr esebphekenkted in
or 2A to 2C. ._Figure 1A shows a source substrate 1
#hEsEeFNSRdEC RES a zone of weakness 4 deliniting two
parts, i. qn f.ul yere d I;
of this so%rceﬁigﬂég sﬁﬁaﬁé or re§$ diggrgﬁga EQESt}%tlng
that dafd@kiren tofs tielpiss oﬂ%ﬁ%d&cﬂincﬂ)nerﬁdskddirﬁleﬁheofl ah@smethod
this zone of weakness 4 is naned "initial zone of
REGRRESRY . tPhEhgohP¥ENEhBStrate 1 has a face 13,
termegythgeth BBOQECB§8§ wWahepnksihpkapded @ EQFBicq out
into contact with gupport substrate 2 which wl
ﬁeomeSerﬁmxbﬂzﬂaﬂrucmduantégeouslylftrEEEmﬂﬁcxpf rank 1,
supstrate is chose fromanong s nduct

FHPRHERS Tkt aEro Ehss e ThoatBary SheeRRor feBhods  whose
g@@bé@@iv@ngtb@st hedigldhofra@decinorigsres 1A to 1C or

toel ectronics or optics. 25. By way of exanple,
%grE@yQCLIustratlve it could be in silicon, silicon
car bi ppAi r a [ Nk . .
SI|IC%§ %é?ng%lﬁ%oﬁ% gegg%ﬁgghnds or ??evﬂ SgﬁﬁﬁhnEE?lde
hdd- ¥ campountls wanénesspdundsl ofii whightene pafrttshe i.e one

elene belon to the colum 111 e riodic
Faorel 35 e Seertio, TeHe iBHRGmmLY, Chcliids fgpurce

- SXBEPLLre 9%1}' o tphde. (GaN) g8l IdodpiahSRNIHe of this

AsGa) or indium
escription and in the claims, this zone of weakness 4 is

named "initial zone of weakness".

The source substrate 1 has a face 13, termed the

- "front face" which is intended to come into contact with

a support substrate 2 which will be described later.

Bdvantageously, the source substrate 1 1is chosen

from among semiconductor materials, notably  those

commonly used for applications in the field - of
electronics, optoelectronics or optics.

By way of example, purely illustrative, it could be
in silicon, silicon carbide,lsapphire, diamond, germanium,
silicon—-germanium, III-V compounds or II-VI compcunds.

ITIT-V compounds are compounds of which one of_the
elements belongs to the column III of the periodic table
and ‘the other to  the column V, such as for example,

gallium nitride (GaN), gallium arsenide (AsGa) or indium

‘phosphide (InP).
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phosphide (InP). 9 I1-VI conpounds are conpounds of
whi ch one of the elenents belongs to the colum |1 of
the periodic table and the other to the colum VI,
such as for exanple, cadmumtelluride (CdTe). 5 The
source substrate 1 can also be a conpound substrate,
that nmeaning a substrate conposed of a solid part,

f in silj which 1] butfer |ayer,
for cxanBie N1 Eon 58 SUAETRTCS 125 . WAbeDr ity (b’ °he

- alkiestsaltcaomtd we erhedibeihn tihe oflOthai pealodoBetable

of weakness 4 can be obtained via inplantation of
andnithaspetnes. thetBgpreskioh Vitmpl Wttat £6n BT atsRFE LIS,

'éQSﬁkﬁﬁ"teﬁgggidgnxaﬁg ardment of atomic, nolecul ar
or Species, whi ¢

1onic “can introduce these species
i nto aThd madercal ,subdtracarad nuanof atsocerd r & | epmpbund
these species |located at a predeternmined depth with .
FESBEEECP TRE DBTIAHoR SORPAEESES, PRI dit ot GR 1T
phrat oMt ey speehB el Nisaid 1Seuhce osubglilat e1ie6amk bgusfer
carried out for exanple using an ion 20 beam
Lapeant éproexamplasia BihgeenoacimphantelSiPeef erabl y,
this jnplantation is catried Lo . t.
vor o Brererkry Teng [ Biretopttietenie SEREIEY,, e
isibydrogemneX hef | aBa@nspeci es casnbebe obtained via
advant ageousl y used al one or conbi ned wi th hydrogen,
SHRAANDBL A8 GF e2h@8ES FPBFL@Ranpl e helium. This |
i pl appati Qu resuits | RippeRhERGibA 1BE VOLURB: Ofpkhees™
source substrate 1 and at an average depth of o
pears r adiyn pfnbdedions, dthe steintiical roAecoflaweakmnesgonic
4 which extends' substantially parallel to the plan
RoPHeS 0 FPORD {508 197 CrRturbel IS er Mo Lot bnfiace &
mety¥eehlf hewith a maximum of concentration of these
speciés located at a predetermined depth with respect to
the pombarded surface 13. ‘ '

i‘The implantation of atomic specieé in said source
substrate 1 c¢an be carried out foriexample usiﬁg an ion
beam‘implanter or a plasma immersion implanter. '

Preferably, this implantation is carried-out by ion

bombardment. More preferably, the ionic species that is

implanted is hydrdgen. Other ionic species can be

advantageously used alone or combined with hydrogen, such
as rare gases (fo: example helium).

7 - This implantation results in creating in the volume
of the source éubstrate ]! and at an aﬂeiage depth of
penetration of the ions, the initial zone of weakness 4
which extends' substantially parallel to the plane of the
front face 13. The useful layer 11 extends between the

front:face 13 and this zone of weakness 4.
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-frbnt face 13 and this zone of weakness 4. 10 For the

carrying out of this step reference can be nmde to
t he docunentation regardi ng the nmethod known under
the registered trademark "Snmpgt Cut”. The initial zone

- of weakness 4 can al'so be constituted by a porous

| ayer obtained for. exanple as described in the

~docun§86t§r 0 849 788. In this, case, .the us

11 | Fre A7 S BH (305, CPndPaaoiiit sURaT s soan be

ashs asoa dRCharictaknsuppent ragdribyy gener alduhdds kaown

thi ckness of at |east about 10 300 mcronetres.
PRefsr bRy rrgipseEsdstradeBarsft "anyrsi hyFe-crystal  or

pol y- %E%StQE;&i%E‘CQﬂHH§t°6 "HESEkﬁEsgft%” %%59 | 0y Lhe pe
af orenenti oned applications. I'S support substrate
cansbetatsdnghe laa)gﬁrrcsm | diayés siistirede Choserxkdmgrle as

rom SI|IC n rbi de, .
SRR Pat ST p bR dofmrar R b S 2880 Tpi'Bhis case, the
ﬁéébuhl§§9e%l&Qoﬂbaobléigédcslé @pﬂtaﬁyalloy of
silicon carbide. The support substrate 2 has one face

20, téhseguphert2gubsipatef dcactahprehai Berheehded sppport

ei h a 13 o supstrate 1
%ﬁén{gikgl' eﬁéggﬁ &dqﬁﬁsF% u%%{€§3é$% %?}og g%gﬁiSabout
BOOthEcUSﬁéukehayer 11 is dlrectly bonded onto t he
support substrate t hat neani wi t_hout

i nt er REAFaF 2P 25 P&yéﬁs %BO%E%E@E%ﬁst %WﬁsskBﬂﬁ?nﬁrV§tal

&ﬁfbbﬁ ~BULs¥hE s@%h%%ﬁb@%t%@h%ék%&la&fQﬁﬁxﬁlHﬂ§§jbi§ the
thermal annealing step, the detachment of the

a2 tomémderideed] gpglitetionsi al zone of weakness 4.is

car | o Lot 8 L NS B0RLLER b 0BT o8 L8561 0 Paf 8F05011a
substrate chosen for example from among silicon, silicon
carbide, sapphire, diamond, germanium, quartz, yttrium-
stabilised zirconia (Zr0;(Y03;)) and an alloy of silicon
carbide. _

The subport substrate 2 has one face 20, termed.the
"froht face" which is intended to receive the front face
13 of the source substrate 1. |

Then, as represented in Figure 1B, the front face 13

of the useful layer 11 is directly bonded onto the

support substrate -2, that meaning without an intermediate

layer. Advantageously, this bonding is carried out via

molecular adhesicn.

After a possible thermal annealing step; the

‘detachment of the remainder 12 along the initial zone of

weakness 4 is carried out via the application of stresses
{see Figure 1C).
To do this, one of the following techniques is used:

the“ application'-of stresses of mechanical or electric
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To do this, one of the follow ng techniques is used:
the application of stresses. of nmechanical or electric
11 origins, chemcal etching or the application of
energy, for exanple the useldf a | aser, of
m crowaves, of an .inductive heater, a thernal
treatnent in an oven. These techni ques of detachnent

wn Led in the and. wi '
DR S vl T A R E oSSR T R S
&IOQHE‘eﬁeﬁmpD@blt@l%d uaaeo&tr@ctllarsext ercﬂEdnﬁfcrroaﬁikreJe of an
reference 5, conprising the usef ul | ayer 11
ﬂP&ﬁ@ﬁéﬂ%uﬁq%¥%¥su@péherm§éb§ﬁﬁ@¢@e@t|§Jthw@ oven. These

G I R L

jrolentalnt chast v eid. notw b ﬁégurﬁbedAanaﬁQ Tut- totiefrf eletail.

the |latter at at one i-nternedi ate | ayer
SRel" Fauabboiont: adeherné CORLEARIayer 11 and the

supporrhesubstit@re 1 Mdd ther sapBnkfof,  reference 5,
sinplification reasons, in Figures 2A to 2C and in

Frgiirésism ttdres iyl oheyent einddicatsderggert @ hasupport
Qgggtgg re?en%eghu vgtgﬁggausly, each of these

rnterme e Fayer§ 3are made in a material chosen

from a:mgnge3| | i zmn dchXI de 2011 GO2ate Sidn CORlternative

nitride S|3N9% % permttivit i nsul ati ng
FEberiaret ahd BFa Bod| phighahas Beesi BPantavhdpscribed

‘@Ethnkﬁ gedsaig Layee ght a&%%ge@o%hécwte@r 1H5€fléllt at

l-ayer of relaxed silicon- germanium (Sl Ge) t he case
hhese tohner elafermeybatd 28venmt e nedi atneelra}aelr PoFwadre the

BELEE] GADRP1 P ARG L, Lo TE RS HEEC %) O e

~obt ai ned vha shesi cabrpbampmgfieﬁbmbﬂugéabanyap@ﬂr Figures

hase or_any ot her_, technl%ge known to t hose skill ed
$ ﬁe%ﬁtan%aFF|539ﬁﬂ?s to 5F only one intermediate

layer 3 has been represented. _
. Advantageously, each of these intermediate layers 3
are made in a material chosen from:among silicon dioxide.
(Sioz), silicon nitride (SisNg), high = permittivity
insulating materials, and diamond.

It is also possible to have an intermediate layer of -
strained silicon on a useful layer of relaxed silicon-

germenium (SiGe). In the case where there are several

intermediate layers 3. the latter can be either of the

same nature or of a dlfferent nature

This 1ntermed1ate layer 3 can be obtained wvia

~chemical plating techniques in vapour phase or any other

technique known to those skilled in the art, carried out

‘either on the front face 20 of the support substrate 2,

on the front face 13 of the source substrate 1, or on the
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substrate 2, on the front face 13 of the source
substrate 1, or on the 12 two front faces, and this
prior to these two substrate$2 being applied one -
agai nst the other. Wien this internediate layer 3 is

~an oxide layer, it can also be obtained via thermal

i dat i 0 0 h t her t bs
%§b q%kgﬂ%ré%%ggtlégaoghﬁ% %) g’lﬁ%erﬁg |att%ﬁa5%#£g ates
belieg abpdiiked oncheghriests mm%amh@fr t he upper
internediate . layer is honded to the free surface of

the stb&lr &héS1 igterdedddithy [pyerprefidr 851 pXiidg laver, it
ehegulsar b%dhtﬁﬁéirhedlovﬂ El@@rﬁ@ﬁ 9% 48t SoAl BErBﬁE' \6?: the

enbodi nent of the nethod first structure of rank
peherenfethe, tive S@bsamﬁéescdnprlélng the source

: b h d di
Phyer 1BrEaBertiGehat ey PhEmitrs it kI qRe | 3 Fere

abdachatns that f:0d4d ow,urtflale:evvo&ﬂ the anﬁf&ﬁxf edhtiefmediate
respects to a structure of rank 1 signifies that a

4a¥rEl iPapepdrd trafhbfefreq FYrdasapRér fhesguberapse 1 or
[ t hod Y I b nStep

N ERBLTE PR ERUREEARES ia; BT pANa L gaRLRdenS PR ng

to anBthdﬂuenbodinﬁhtth¢s r&inaﬁnﬂﬂxxb| ernbbHémEngures, the

th f ul 11 be t f dt th t
beEeb o 51958 e LS i r ek bag PerhiEATEeY ) 4

Bbt Bi0Ed WAL dihd Ntiee Medivate |§M€£t§at£| ayr aﬂiéfb\uts@ful
3Cillustrate a conplete c cIe of 25 steps of a first

EABBEI fentaef The retifrddresticdili hyves 3t henseRel | BRtween
@hgﬁmnng for the obtaining of a pair of structures

each conprising a useful layer transferred to a
substIatEheAgesam1pelseemmd1d&qym&aEﬂatefqu@wpfthe word

Me?gﬂgﬁér?eaﬁ in respects to ‘a structure of rank 1
signifies that a useful layer is transferred to a support
substrate via a method comprising at least one bonding
step, with or without an intermediate layer 3.

According to another embodiment . not represented in
the figures, the useful layer 11 can be transferred to
the support substrate 2 via the aforementioned BESOI
fechnique, with or without an intermediate layer 3.

Figures 3A to 3C illustrate a complete cycle of

'steps of a first émbodiment of the néthod according to
the invention allowing for the obtaining of a pair of

-structures each comprising a useful layer transferred to

a substrate.

' As can be seen in Figure 3A, a zone of weakness 6 1is
formed on the inside of the  useful layer 11 of the
previously .obtained structure 5 of rank 1, . via the

implantation of @ atomic species according to . the
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'30 forned on the inside of the useful |ayer 11 of the

previously obtained structure 5 of rank 1,, via the

~inplantation of atonmic species according to the 13

previously described techni gb@ for the obtaining of

"the initial zone of weakness 4. Two | ayers are thus
defined, nanely, on one hand a front useful layer 110
%@v@%utsil‘f/ Qidwerrhand @e&ﬁﬁiqu@s%w dryesbid2bhigabed the
etween said front useful. layer 110 and the support
sobstiedt g€one EﬁeWE@MM@mSné .step illustrated in Figure -

‘3B dh ff (
Che. 1188 S =150t P ARG LPPBn THEBAr |Gy eridband @

¥iranondsagul 1IQveref enablandy odi reké kandimgh¥hd a rear
nol ecul ar adhesion. Finally, the last step illustrated

_Pﬁepfuuéurl@Y% lbhstxaateth W@t%%llﬁ@l% froppeuseful layer

quagggE@he %g%r%tgﬁﬁétrgﬁ | gyers obtai ned during
t

e previous s ong $5id “Zone of weakness . 6,
Vi a ampbléaﬂﬂonlo@ stepsséépstﬁaaedondlﬁggumetB@ consists
t echnj ques known those skilled in_the rt and
bPe@Hbg§F99d§séFﬂE%&“ﬁBEnFP S%FF%eFﬁéqust & 4rge serface
190 suructysries Frand Ssdmred Hyeranki@, ar@ibkhusonding,
obtained. The first structure 51 conprises the support.
E@e§abgbﬂatbyzdaﬁaCthbondanguﬁéaumOﬂayéﬂaxzedhﬁélphe
secon uct r '
subst P APEL 4" ante LR one SBe et DEuPhbar 1O | Fiaprg, 3°
bensoted hhatprtola@euﬂelfgulwﬂtaayemelldmtscthﬂiwe ofl the stacks
sufficient thlckness so-that after the detachnent step

055 lege rewe RISEMAd | AYe+Rd 1tbeaRd eF30ushtshised #boRot Said
hane any defechs ar bpistens. . JHe thicknpessypf theesses,

two useful Tayers 110" and 120 can be identical or

dctbedeny tactbediaghndquhe depwh ob thpbansatiéadofn the
g@g g% nk%eviously described jointly with Figures 1C and
2C. '
Two structures 51 and 52 termed of rank 2 are thus
obtained. The first structure 51 comprises the support

substrate 2 and the rear useful layer 120 and the second

structure 52 comprigses the stiffening substrate 71 "and

the front useful layer 110.

‘It is to be noted that the useful layer 11 must have
a sufficient thickness So-that after the detachment Step
the two useful layeré 110 and 120 cobtained do not have
any defects or blisters. The thickness of the_two useful
layers 110 and 120 can be identical or different
according to the depth of implantation of the atomic

species and therefore of the localisation of the zone of

weakness 6.

it is then possiblé to ':epeat the dycle of

~ operations that has just beén described, 1i.e. the
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speci es and therefore of the localisation of the zone
of 30. weakness 6. It is then possible to repeat the
cycle of operations that has just been descri bed, '

.i.e. the 14 creation of a zohé of weakness, -the

adhesion of a stiffening substrate and the detachnent .

al ong the created zone of meakness to at | east one of

EQ%a%E %pt%%es 5lgoné % Sgr t%ﬁg](gdﬁégﬂgn. of a
til, “Hccordi t hé 5 Si |on one or two pairs

@fc istrendhigr eslb@sft riaaek add thes pl@@:bjchmemf eﬂmcge&h&l Lreated

512, 521, 522 (see Figure_3F) are obtajne

FEPFeSIntRRMETT gute 3P, 1ERSt 18k ‘?%c%h%ét&mtt‘ﬁ%s 51,

usefdd layero11Q.4 ,5ubj g6t %@leho Iht3peEr 3&&(955:(9{1’1% hes the
10 creation of a zone of weakne$s 6, vi'a I mpl ant ati on

sﬁtata(bnrp@,sp@r@ea esr sowas pao wef Phe @Irtga:rumf off legwk 3,
t ful..l
SR E S B CRRas e (e St iR or2F anked. Figfzbs 3m

reterpneendd, and a front useful: 15 Iayer 122 and a

rear useful layer 121 are obtained. The next step is

to adhér @SBy esendiony Vi af ko uPRr tAGhdsivit aface 140 of

.ghbf f,emieny %%trr g % tQ U NEAd PNt o f age, %éQat%nt BE the

ront use Fayer 112 and & stiftfening substrate
tveaheohr@ni facenks00bf wekdknesar @sefik Lam@lamﬁﬁtlQm of
the next st

‘ dinFi
AR SRRt e A B Rt ARe B et Pad Sl "y 111

- 4he Zonecnt weaknessafesolasg.to obtain four structures

of rank 3. The two structures 521 and 522 of rank 3
i ssuelf r ot bar stipelciete 52 dS§hnkR FeFfddtrvelyth the

coppEiseet g sthffener dd.pnd-dherear, ysgf Uirdayeltserul
111 for the first one and the stiffener 72 and the

lapat mgéfahdlayeeanzgseful layer 121 are obtalned

" The next step is to adhere by bonding via molecular
adhesion a stiffening substrate 72 to the front face 140
of the. front useful layer 112 and =a stiffening substrate
73.to the front face|150 of the rear useful layer 122. '

As represented-in Figufe 3F; the next stép is the

detachment of the two stacks of obtained layers'along the

.zone of weakness 6 so0o as to obtalin four structures of

rank 3.

_ . The two structures 521 and 522 of rank 3 issﬁe from
structure 52 of rank 2 respectively comprise = the
stiffener 71 and the rear useful layer 111 for the first
one, and the stiffener ‘72 and the front useful'layer 122
for the second one, whereas the two structures 511 and
512 of rank 3 issue from the structure 51 of rank 2
respectively comprise the stiffener 73 and the front

useful layer 122 for the first. one, and the support
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for the second one, whereas the two structures 511 and'
512 of .rank 3 issue fromthe structure 51 of rank 2 30
respectively conprise the stiffener 73 and the front

‘useful layer 122 for the firs% one, and the support 15

substrate 2 and the rear useful layer 121 for the

- second one. It is then possible to repeat, if desired,

| gﬁssexggg 0% e Pﬂ?ééf&pnfa3§@§tﬁfsfbmh@e%cond

escri 5 using as the starting structure at |east
one.of the structures of rank 3 or of the follow ng
ranks taln | at e nd this, until,

Iayer§ %5n§§8Pr8858ﬁP3 EOSEGE?PEfelFe§8ﬁ1599h|EPﬁe§¥Cle

EOV@G\!\Wt@ﬁ:e@n exbrateygke tul dakesythiti bddie described
transfer of a poor quality useful 10 layer, that

. HeARDngE tthedefEetsing bt stersre Fiagur ésash tenaF of the

mkk8§£gggg|%%i¥ &ﬂn§t5¥ fe@%gnégigoﬁﬂn%hfaﬁﬁé ggtalned

ngui'shes it sel fron1 one uescri

Latek! gndi ttl?u%n ,Quiresi 13AHe Beful t hayerat tteasfeoned onto
|nterposed Iayer 8, respectively 8", is, 15 inserted .

BePUBERTERE SEPFem i SRR SR VAL, Whidh ot PibFy P3cle

Rod1ahedisaflul 1 ayefe f@EéﬁQféf ot 48 Eerb%Mﬁ%tﬂ%ful

In the figures, a single I nt er posed Iayer 8,
bepﬁrrepheSemeaulngrw15hn@bféctat@onbleaSens 20 Th|s

i nterposed | ayer. 8 or 8", can de for _exa via, .
cheni caf! ﬁ?%t.ﬁ%* X apoﬁE pﬁ§§%1 Ty ofﬁ%rnghg§5?atlve
phibd DgeheCchni gue lﬁ@t\m)d avHihosedsdd e dmed het @1 from

The interposed gégers 8, respectively 8", can also be
%1139? aPRed Agisgréedati o tofy thEt st F%g‘éﬁ?%g 3BuBet r3 elI?lthat

NESRACt Lual vi {3 %&‘ééd Phatjng gan {4 fch puign,
elther on tﬁ StI?J]; ner prior to fts apl&%[catl onto _
ihecuseful bayeeen the stiffening substrates 71,
réspectively 73 and the useful layer facing it.

It is to be noted that in the figures, a single

interposed layer 8, 8" has been represented for

simplification reasons.

This interposed layér; 8 or 8" can. be made for
example via chemical plating in vapour phase or any other
layer plating technigue known to those skilled in the art.

The interposed layers 8, respectively 8", can also

be obtainéd via oxidation of the stiffening substrate 71,

- respectively 73.

This plating can be carried out either on the

stiffener prior to its application onto the useful layer,

- or onto the latter, preferably prior to the step of

implantation of atomic species purpbsed to create the

zone of weakness 6.
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"substra

or onto the latter, preferably prior to the step of

inplantation of atom c species purposed to create the

30 zone of weakness 6. 16 The interposed |ayer 8 or 8"

is then bonded to the Ilayerlfacing it, preferably by
bondi ng via nol ecul ar adhesi on. By way of exanpl e,

the interposed layers 8, 8" are 5 nade in a chosen
mat er imgle fir fﬁgggﬁs' |, CONg d.OXigde & ( § y hSh kGO
nitrido S SN O ghi%a%(%?n' et tSS ig 0 at?%éﬁé& Bo ‘the
rfatveri afsciagd df angnkfdmeitlhe bgsebwhéiegt here arcdecular
several interposed |ayers 8, 8", these can be of the - _
ggﬁgsﬁg re 'or of 10 different natures. Figure 4E

shows gihatat her skikhhgne! {Rel Srdidr@ddan hopded ontgr are
the front useful |ayer 112, that neaning w thout an

MAgder phied | apesenFolRt ekt dirtes ofmpamk @'Jair@lt hgd oxide
_g%%@%ﬁgg'éﬁlf%%&wlﬁﬁFgﬁhx t“g&hé@§g{quﬁglsgégr%ﬂ%tivity

nprise a ener, I"ayer -an

iintelposed mayeriafsgunas BAamen8F show a second

enbodi nment. of ‘the nethod of the invention which

di sti hBui SH8s FEseI f"H76m HF onéfes&ed ] o AtpyPosed
WabBrEl giiregrdA tR4F iant gt 20 pReONEGRANHchPE or of
starting structure used is the structure of rank 1,
fleféeennt Bafureaprising an internediate |ayer 3

i'nser t n_the useful layer 11_and_t suppqr t
FE0uPS M el al 8o, L S AEF SRR Zant s Pl bect 1y
bah@egosatto | ayper 8rohs useddiet wagart heisfi ftherer mé2ning
and the front 25 useful layer 112. This interposed
ValRrul apsipferReseadnda¥@fure and is obtained in the

| S-anel’\@ﬁ(rass'tlﬁd}?cﬂeeé’i gusl yadeseribed imterpesedned, of

| ayers 8 or -8". . , ,
which only two, zreferences 521' and 511', comprise a

stiffener, a useful layer and an interposed layer.
Figures 5A to 5F show a second embodiment of the

method of the invention which distinguishes itself from

the one described jointly with Figures'4A to 4F in that,
~on one hand, the starting structure used is the structure

‘of rank 1, reference 5', comprising an intermediate layer

3 inserted between the useful layer 11 and the support
substrate 2 and in that, on the other hand, an interposed

layer 8' is used between the stiffener 72 and the front

useful layer 112.

This interposed layer 8' is of the same nature and
is obtained in the same way as. the previously described
interposed layers 8 or 8". |

Two structures of rank 2, references 51' and 52' and

four structures of rank 3, the first three references

:  521, _522' and 511', "are obtained each comprising; a

stiffener, an interposed layer 8, 8' or 8" and a useful
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Two structures of rank 2, references 51' and 52' and
30 four structures of rank 3, the first three

references 521', 522' and 511', are obtai ned each

conprising a stiffener, an 1hterposed |ayer 8, 8 or
8" and a useful 17 layer, the fourth 512" conprising

~the support substrate 2 the internediate |ayer 3 and

ﬁ%gi%seE%| f%%%&hl%lz"% h%%z@%%%é%%%‘%% tCls@iR rate 2,

fol T ow, expr essi re a s eni-ng

- shbstingkemedtiata usgkul 35ahdyéhe eﬁedmﬁaéeaertﬁélcase
“where_t he |s cl ose contact _between t tif
e Cre ot Be L f R e Mg ase S FhaY | il 0

eRbekResed Ie&fel% 8 s@ﬁ.f@enhﬁg Rigseta thetyvean Iah@@eful
In the different nethods whi ch hav ust been 10

dagery b@@coﬁﬁ@3§ﬁﬁré§ﬁ(ﬁﬁg%twh¢%%l Bgbser ghese contact
ESE Lan tt]%ea”s}’tfﬁﬁ of sufstpat 1 ﬁgﬁﬁsaﬁd the case
anlc suppor and al' | ows hment o
Wheraseétll lexymr oheomhherpubedralae_\/én‘or& whBéh ot 8" is
i ssues, The choice of the nature of the stiffener 71,
presept ?%tﬁgﬁgnageﬁn the final targeted application

for the ehtai nedreteHet unethdhe Stihitani AEveUbSLEAt €Been

- 71, 72, 73 can be chosen from anong the given

@ﬁéﬁpﬂb@dforthehee%Eb@@NO%ut'J'§ttrl§tf§n2~ng THe i fdteq'enrefers
n ri 2 nd t
ter%gtﬁgé% aI ngfgggobgggﬁlﬁg ot QF§ %eagghgﬁglcal

pappo@t ahduaumbas abrt breeddtathranh oyckhe aobeftihelayer

.nethod for a S|ngle source substrate 1 to be recycl ed,

- Epophhbet ABpsha

fof EOBcBRBA cLEndSEBRFerci al | v

feasibhe -Lbap.tBe FrRLhAdsLkBOYR EﬁetE€1§E@h@r0ﬁ1th$2 73
art which 25 needs the recycling of the source

- debsndat eohor téach figtaluctiamgatraht etbp Moexbiver, fpon the

SAEL: heReLLLhan,of the cycle. the

The stiffening substrates 71, 72,. 73 can be chosen

from among the given examples for the support substrate 2.

The different methods which have just been described
and their alternatives. allow for the obtaining of at
least one pair of structures at the end of each cycle of
the method for a single source substrate 1 to be recycled,
so that they are more economic and commercially feasible

then the methods known to the state of the art which

“needs - the recycling of the source substrate for each

structure created
Moreover, upon each repetition of the cycle, the
operator can choose to apply stiffeners of ‘the same.

nature or of different natures and comprising or not an

einterposed layer 8, 8' or 8". This results in the

possibility of obtaining concomitantly the structures

comprising stacks of different layers.




10

15

20

25

30

operator can choose to apply stiffeners of the sane.
nature or of different natures and conprising or not.
an 30 interposed layer 8, 8 or 8". This results in
the possibility of obtalnlng €onconmitantly the
structures conprising stacks of different |ayers. 18

- Finally, depending on the paraneters of inplantation

of . a%@ﬂb@i%DGQb%%ndhhg'%nakﬁ% PasSiR:e 0 %r§%b§a%tatlon_'
zone of weakness '6 so that the rear useful [ayers
020 atbrti corspeRilesar elveiy ehise, Hoesiddanpie ereate a zone

K | 0,
Phe TEaRGRBouT, 5 (T R LraT | SyeFer Falbkel fogr 111 or
&@ﬁe@&@ca&a%ﬁothﬂdz BbrlZampne AIGhid&akeriedhethan 50

thi ckness of the front useful |ayer associated with .
nRapmgtethe §9|ﬁmémewh@ﬁﬁéﬁ ¢§epp@§§@@0uagagn§€0ﬁﬁ useful

?%g@@@ tl}%s *l%'vre]sg Io % g%? %f tf@z 10&1%% much
rival annealing trea out deform ng ‘nor e
tbmcherlngmwékﬂthﬁeknesm the r ede wﬁﬁaﬂtlayeequ layer
transferred rear useful |ayer is,obtained h t hi nner

BRAACEBEPE e Wbt Hrdled Cdnthie t 6t35FEH%FtWhHﬁ et hBg§seed

95a1h§9|@BtéinBQSOEh@teak9V§ﬁsts§ gHch @gtébesﬁegrbf the
Cat 15 net hod Addi tionally, the steps of

thpraal atdamrreofing ovireatypedi ewithruteddwinroing heor ‘the

GEPELEENTY PRl PrORr=fRerbil | hyara ot ofcrhy. laver. B

vheneasribe ﬁﬁﬁﬂ:uﬁﬁéﬂ&llaﬁ@é& 129 abtéZiewhhmhﬂMEtﬁlnner
20 not directly subjected to the |nplantat|on have

Yhte cartf Bef obteipefkedtid thre %ﬁﬁeﬂ&%hu%mea%%tb%ds of
iﬂslaﬂsgéfﬁﬂenifeé&%ﬁ@bngsg Ele@ IRRFLT abhiGhkDeERAA  cut

the detachnment zone than that of the front |ayer.
Betloodli s- t he description of an exanple of the met hod

25 acgandl g LeaLne BventLOD T M TELELENSS Lt aromic
species carried out on the substrates of rank 1 or higher
concentrate the defects in the front useful layers.llO or
122; whereas the rear useful layers 120 or 121 which were
not directly. subjected to the implantatioh have a zone.
with defects linked to the implantation and to .the
detachment extending over a lesser thickness in the
detachment zone than that of the front laver.

1 Below is the description of an example of the method’

accofding to the invention making reference to Figures 5A

to 5F.

Example 1 S
The structure of rank 1 used here is a structure 5°

of SOI.substrate type comprising a support substrate 2 in
single-crystal silicon, an intermediate layer 3 'in

silicon dioxide Si0, of a thickness of 20 nm and a useful
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Exanple 1 The structure of rank 1 used here is a

.Structure 5° 30 of SOl substrate type conprising a
support substrate 2 in single-crystal silicon, an
internediate layer 3 in sill2on dioxide SiQ2 of a

t hi ckness of 20 nm and a useful 19 layer 11 in
single-crystal silicon of a thickness of 1.5 um The

- RexkStep bl nglheqecegﬁﬁltgg of i pr zone A  weakness. & o
via the inplantation o rogen ions. base on 5 an
ﬂnﬁlamtatlon ener gy of about 150 keV and an
inpla%%ation osetof bout 6 016H+/ c usef ul £
| ayer 1150 1'8*thEt P edtTd D & ethFE?ﬁ &ngf O %mzcﬁkﬁN ©

- @eskhbbener vid ichcabRbledthRiShnalrehe¥shah iSnlsi 68Red on

covered in an interposed |ayer 8 of silicon 10
ahoxilapPIgindEtofora t ARekEEss O8f ik and>Pherkethe and  an

glﬁ%jﬂgﬂg}iEEPﬂl ocﬂgsé h%fogﬁofﬁ ai%’n@ﬁs/cq% f%aifj usgful

taneously, a palr substr

' 52yeraﬂé0tmasthbsacmedteahefcycthloknéhe oﬁeEatnmns 'S
t hen yrepeated u 15_as a startjng.structure_the '
- SO S&BQt rat e’Stolfj%ﬁ]@g“h%r 27?L refer +in gppdlepgrystal

suriasss hayerbgen prepar @@ltek@@saaoniayé@efsﬂ Jayeilicon
112 has a thickness of about 0.6 m.crons and the rear

dsexige| a%@z 19f of atbhrbrAess of aboutnmp0agds then the
' 0.8.S ener n; si

BEL PR LT dEhA% Ao LoD W BIBE 418 BAL gy, que.

8' o$1mu1hank095$ypfa2ﬁamﬂ1éﬁOsﬁhnaﬁatées$oItmm’Sﬁhd 527

" substrates of . ra references 521' and 522', are

bt aF e ARbetre spectlve useful layers Il and 112,
%50321;]15& égt:@@hwtth@aaﬁemt%ﬂsﬁsoftrﬁebpth_te;@ea@ted using
as a starting structure the SOI substrate of rank 2,
reference 52°', _

Once the surfaces have been prepared, the £front

useful layer 112 has a thickness of about 0.6 microns and

_the rear useful layer 111 of a thickness of about

0.6 microns. In using a stiffener 72 made in single-
crystal silicon covered in a layer of silicon dioxide 8!

of a thickness of 20 nm (20 nahometres), two S50I

ASubstrates of rank 3, references 521' and 522", are

obtained whose 'respective useful layers 111 and 112,

after detachment, have thickness of about 0.6 microns.. .
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CLAI VB 1. Nbfhod.of produci ng concurrently at least a

" pair of structures (51, 51', 52, 52') each conprising

at |least one useful layer (1.10, 120) transferred to
a substrate (71, 2) for app?@cations within the field
of 5 electronics, optoelectronics or optics,
conprising the steps consisting in: a) preparing a

~structure. (5, 5') ternmed @fpfmpk 1, conprising a

useful layer (11) transferted to a support substrate
(2); 10 b) formng a zone of weakness (6) on the

N de of d | th t
a0 uRRh g Do e fzngSHFe?g&%@%.uZ%gr?o

@ﬁeblfn%ttr\mzﬂtﬁééﬁfs 5(11,1%1'1,2092 tsznpdeééhoebm}gw%mhg at
ayer" and "rear useful er the rear useful Iayer
(e26F benhag reedreéd Q%Y%@tmzﬂpsaljcﬁqrorﬁrmrﬁdayép a

CHBRk e3P SOl AP et SRR, (2,00 00h00 g o

eflesairdnficent csefelediayeiiddlQ); dptpespeetimy: idirhethe

detachnent _of the. stacks of 20 |ayers obtained in
§tEBScyonstshgndaitftizone of weakness (6), via the

appllgﬁtbQQE fri$ly €5 S86ruSLLAS 39 obtrai R MR of rank 1
structures known "as of rank 2(5 51', 52, 52'), the

- Eomprifhhy B1'Ys<onprlayey éﬂlbeasan§i9¢r§@pﬂurta support

.and said rear useful layer (120) and the
%ggég %8 Sé% 52') conprising at |east said

- stiffeni mgrmSulsty atend 7d) avdksakd fleontorusedall ihayes of

(110). 2. Method accordlng to claiml1 for producing
sohdurseRtlly At al Lphi pE dfhest Fieirese (9f1 rasu I, via

) ]’::‘}]fg J_mg%églgst%%k o@%ton%’sgggl 1%ea%§1%%npar S&ié‘ﬁu@é two

east useful layer (11 1 122

tapasferidd,td28), termed "front useful layer" and "rear

useful layer", the rear useful layer {120) being located
between sailid front useful layer (110) and said support
substrate (2); ' '
¢) adhering a stiffening substrate (71) onto the
free surface (130) of said front useful layer (110);
d) prdceeding‘ to the detachment of the stacks of
layers obtained in step c¢), along said zone of weakness

{6), via the application of stresses, so as to obtain twd

structures known as of rank 2 (51, 51', 52, 52'), the

first (51, 51'} 'comprising at . least said support
substrate (2) and said rear'useful layer (120) and the
second (52, 52') comprising at 1least said .stifféning
substrate (71) and'éaid front useful layer (110).

.2[ Method according to claim i for producing
cdhcurrently several pairs of structuﬁes (511, 511", 512,

5127, 521,’521', 522, 522') each comprising at least one

useful 1aYer (111, 132, 121, 122} transferred to:  a
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structures of follomnng ran

_accor Fng t

21 substrate (2, 71, 72, 73), characterised in that

the. cycle of operations as described in steps b) to

d) is repeated using as a starting structure at |east

one of the structures of ralk 2 (51, 511, 52, 52')

and using the 5 stiffening structures (72, 73) and in

that, if need be, this cycle of operations is _

sepeatedat (heasty onge, f179{<n adhd Raste ON& PF J_Ehethat the
s (511, 511", 512, 21,

52’Ple52qﬁ osgzatszm) 23, deechodedcder d$1nq>$ obg| amn 4) is

r [ d that the ransf rrjn
%ﬁ?%%ﬁ 0 q gsaﬁ c%ﬁﬁ%%gg% EErBS%HFﬁg 1)§%%eone of
umef gl rhayerreGl b cafikng disrnectlly ,i m2g seent aeld Wstihg the
the support substrate (2). 4. N@thod according to
EFaifArE1e6 ft%%&%r{ 73h erdt ¥hehalansierreag. be,

QpeLatd of, st rise bondi t on -
O o P e ey Ty 4 26 Regf Bo=f"Ecom
bétd@@ﬁtth@nmsefuthbaw@mupthye&ndxﬁrﬁblrmmxmgtranks (511,

37 eur ofdc:cPAPRE, Sehar A0ier S6a«| H2CRAE the adheri ng

oper agi,on @éthaQ §b@@r@ingStM|@lBQﬁd&n@r bhecharacterised

- stiffening substrate (71, 72, 73) con1n8 directiy into

tonthet ?htFH@S¢?§§1§9rPﬁ@@atemaoofla ep180) cefrrhees a
H508% gsgﬁ:\ég layer (L erlZFJ)IL}S ?Ig%\{?nihgijrectly into

any one of the previo
@hatactewntbdtha shapothesadberang ¢peration of 25

te ondi n eas!t opne |nte osed | aye
ot £ e R R T St he R T het bl FERF Gt ersed
ﬁmbsﬁéatEhe(EiangﬁerfﬁﬁgaB§e£Q€16ﬁ86f5§fé§C§) €4 r;ses a

140, 150) of the front useful_ layer (110, 112, 1
n§ER R0 ERor BNy PE oPeVeFal hdndesmnslintey davezs (3) -

19@9:11 Ctigfd d”bE'E%ehheufPé’”%f&dls eapLied out Yhad the
wolecular adhesi o
support substrate (2).

5. Method according to any one of the previous
claims, characterised in that the adhering operation of
step c) is via bonding, the stiffening substrate (71, 72,

73) coming directly into contact with the free surface

{130, 140, 150) of the front useful layer (110, 112, 122}.

6. Method according to any one of the. previoﬁs
claims, characterised in that the adhering operation of
step c) is via bonding, at least one interposed layer (8,
8', 8"} being inserted between the étiffening substrate
(71, 72, 73) and the free surface (130, 140, 150) of the
front useful layer (110} 112, 122%.

7. Method according to one of the claims 3 to 6,

characterised in that the bonding is carried out via

-molecular adhesion.’
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22 8. Method according to.claim4, characterised in
that said internediate layer (3) is made in a materi al

" chosen from anong silicon dioxide (SiQ2), silicon

nitride (Si3N4), high permi22ivity insulating

"materials, dianond 5 and strained silicon. 9. Mthod

according to claim®6, characterised in that said

i ntergosedybaygl Bcdtaird)tdScAads i4) achaﬁa@téetsed in

chosen from anong silicon dioxide (Si07) |, l'icon

bheti dei(Si Bhag rmadlght pedaiveti vidly lﬂsmﬁdﬁlﬂgl aomaterial
Lal.s, and di ano

eeh” Eheprlelil g el i Sonkt S st efotgeoe

l(eastt,)onendfh t Bermekeaeaty firgmlaming thetsuPPLEl diamond
substrate (2), the stiffening substrate (71, 72, 73).

and eheadsefupilager-15 (11 110, 120, 111, 112, 121,

122) bs mage} fyd aSLHLY! Lt%oelaghewta' h&}ac%@£DQQd in
accordlng to any one o the precedi ng Ta :
thatac&arcﬁ seatierpolsad t haysuppdt substd’at e1(32) made in a

I t I f | ch
TRRAAD sPhrced ddTbor earD d%ﬁirgia%h. AN LS

' 9§tﬂaahunhla9@aéz (gL A ym stiahi | E%%ﬁl%k&%@ﬁya @ﬁ@u@atlng

alloy of silicon carblde 12. "Method according to any
pabeblatpe prdcddpmgndel ai ns, characterised in that

the stjff u r at 5 (7 3)..C [
Ieastﬁgneqﬁggg?éo%%ﬁgigin t%oég ‘?Eitééoﬁgﬁguﬁgg8ﬁhlng

sihigep canbrdetesappliiren dhadondt geemmbi uahe of the
guartz, yttriumstabilised zirconia and an all oy

%t?t%%hs chF B deangny NEFﬁodSHEEBFaln@upﬁt5ﬂ§eoné26f the

§B§f9é§§§9'%%bs%@a%%a'ﬁﬁt charactsri sgd ithet Ndethe layer
useful Tayer (i1, 120, "111,7 112, 121, 122) i's

fade |h1@,nalé9+allbhoseh12 121, 122) is made in a
semicondﬁctor material.
11. Method according to any one of the preceding

claims, characterised in that the suppdrt substrate (2)

comprises at least one layer of material chosen from

among silicon, silicon carbide, sapphire, diamocnd,

germanium, quartz, yttrium-stabilised =zirconia and an

alloy of silicon carbide.

12. Method according to any one of the preceding

. claims, characterised in that the stiffening substrate

{71, 72, 73} comprlses at least one layer of nmterlal
chosen from among 31llcon, silicon carbide, sapphire,
diamond, germanium, quartz, yttrium—stabilised zlrconia .
and an alloy of silicon carbide. | |

- 13. Method according'to any one of the preceding

claims, characterised in that the useful layer (11, 110,

120, 111, 112, 121; 122} is made in a material chosen

from among silicon, silicon carbide, sapphire, diamond,
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fromanong. silicon, silicon carbide, sapphire,

di anond, 23 germanium silicon-germanium 1I11-V

conpounds and 11-Vi conpounds 14. Met hod accordlng

to any one of the preceding 28| ai ms, characterised in

that the support substrate (2) 5 is in single-crystal

or poly-crystal silicon, the useful layer (11, 110,
Y2Omahtilim, 11211 12dn- é@gﬁahﬂuﬁanEQ VCﬂMéﬁﬁguﬁds'ﬁﬁﬁ I1-VI
the stiffening substrate (71, 72, 73)

SORFIBNESyst al  or pol y- cryst al S|I|con the

TR Sl o B

- cdaamg, orcmaufactmmeemeﬁnnghael ales, sehasaet ghbsedas (2)

t.hat, the useful layer (11) of the structure of rank 1

g &6tﬁ%ﬂﬂﬁ?ﬂ%?%?ﬁﬁtr%%tP%hyo?ryaﬁalnﬁ#ﬂapoﬁonéh@fuserl

wegkress1{4) om theoipnsi de; of ﬂusourfﬁ 151§E?St£§t%1ngle—
(1), this initial zoné of weaknes's separ at’

savatadetalicayer thel ptifdenthg sebeitrdee (?zz),hmf t7Be in
te (1 Vi a t ap cation_of t |
3HEEE-SHBEHRR: S oo itk SObbbre™ subGer 4fs Seppdiate

Lhgar (B2 detiacheenhtefpsakcd &a?arnder §12) gallong Lheicon
initial 20 zone of weakness (4) 16 Met hod accordlng

#6C¥L4Pm 15, characterised in that the initial zope |
of weqkne | vj [,opl anpt on_o
atonlcgsng?%ggd %ﬁﬁ%%%%%%a%%okggnds 0 aﬁ## 5precedlng_
chatwst echeeddteri2®d hit theti nite alhséf)tﬁlli‘ o yeeak(ess of
éﬁg i% a _porous .zone.

sTructure of rank 1 1is obtalned via the creation of

an lnltlal zone of weakness (4} on the inside of a source

“substrate (1), this initial zone of weakness = (4)

separating said useful layer (11} from the remainder (12}

‘of the source substrate (1), via the application of this

source substrate (1) onto said support substrate (2) then
via detachment of said remainder (12) along the.initial
zone of weakness (4).

16. Method aecording to claim 15, characterised in

-that the initial zone of weakness (4) is created via the

implantation of atomic species.

17. Method according to claim 15, characterised in

that the initial zone of weakness (4) is a porous zone.



