|  METHOD FOR SI MULTANEQUSLY OBTAI NI NG A PAIR OF
SUBSTRATES COVERED BY A USEFUL LAYER Exanpl e

enbodi nents of the invention relate to a nethod of
produci ng concurrently at |east two structures each
conprising at |east one useful layer transferred to a
substrate for applications within the fields of

EESEODD AIORS S TMATENECBIS LN ICRT 25N 10§t i7c PATR 0¥ GlUREIRATES

the state of the vera t er nethods
are known of. SELE By A bg% B | anti ng

atom c species under the surface of a source
substrate, sq as, to create a zone of weakness which

del s S THIM TS Thethextrgieay ol 1 ladrs nige i At Bethod
of CYHAGL: L fasa-dacsof, this tﬂﬁgskayg& W LB Botures  each

support substrate, thento detach said thin Fayer from
comppié s ingmaiatderlesfsit heorspureeeSwbst tayer andrtnsfeansfierto  a

[ sai d ort, substrate. Fqr a description.of .
sunehr st e Gy THP R R Bh R iRad el o totiment aftBritronics,
optrelatitagntiast e wpithed known under the registered

trademark "Smart Cut". This type of method generates a

r etECREEATGE tSodihce stlisstafat ¢ hatt neederalpdayer transfer
meth8ay¥ched $Q.as 1,¢ be reused during a future transfer

of a layer. 2 This involves polishing and fini shing

op€nat icdnsthdnat comapi bes | ong iapd acastlgy ,a @snimichpeitiee $ ounder

t he ¢Qst of. the materials used to make themas to the

the, spx §5enCio THEME | TR T BN, SPofSsbife W@ yzone of

weakaedsnaiterdral 8esughts as shhhcam £ bi gge &+t step is to
_af orenenti oned recgcling steps can prove to be very
bripgngndmd $eEaer oibe Atsehefacayef thldnsferimefhydri svith a

supKBPYN RfbstAMR! Y 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 can 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 recycled so as to be reused during

a future transfer of a layer.
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"BESO " (Bond and Etch Back Silicon on Insulator),
according to which after having bonded via nol ecul ar
10 adhesi on a source substrate& onto a support
substrate the next step is the burning-in nethod
and/or etching via chemical attack then the polishing

of therhkige fHﬁ&fG@ ( ace of .this source

substrate until a thi H85}£§§%n Wi v %Eﬂﬁes§®§¥atlons

oBhéFn@Gﬂo@esdlcmgsmp@r tosthylt aiss m@meﬂ@t@g that cost of
Q ﬁagg%hog |an| s the destructl on of the majority
the soeuré sﬁﬁ@i e BHke ehRAMs ARG erBibne sgpent on

thhemltIhSa@@it@@@nogbgagbm Yk 0 Ly

material constituting the thin P%@grlg hggd nd2824508 such

t#anSidicea I%a’é?b‘éﬁm Vidie ZGfEIrEmbhy;Loant heecycling steps
| nsul ator) type

s )
ﬁ%%%rlé%igt at conprfﬁ%o% I%?grg%?gfﬂFBRS silicon
coverématherbmayedIﬁﬁ&ﬁsﬁérSmEtﬁ@&CHQXkﬁ%wnU%fﬁ)namely

#ran ed superficial l|ayer of silicon,

sanéﬁ% obl eFﬁF?veE¥%hre%?@kln@lhieopregentlﬁsnlaﬁor)
tdeaidigpncont ghiah that

transfegggd | ayer . Addltl%%g e?x%ﬁ{ abgﬁg tfiglecular

|QNﬁQPr¢%0§ubshgapeobhewsa|gupgbﬁﬂ5§hbstrate the

i C tqdra f . thin | ayers, that neaning
of Xg: tﬁjlc% ngLss o$§ Z)s%mt Jfbom%ﬁﬁgncﬁféﬂ% etodring via
| n:itn)emmaulngatttrmclaf eherentiongd1 SBREHoCYr type fq_:%tehogurface

I,ndeed % th|n | ayers transferred"this way have
ﬁﬁﬁér%%%rd Ef's, *8udh s Brvgcer ssuldslerabe fortidl a  thin

exgapl 6f acbheal FRAL KGAL rengthen the
bondi ng i nterface bethEﬁ ?%lgE%ﬁ%%1Cf % tPport .

suppor t Itsdsticatles mhtsdpmmhkemuﬁhtaamétﬁbﬂlﬁ%pmﬂéé the
g%%g{:{ﬁg?géﬁ %f v\ﬁnQOOd %u 1t|yt yotal Sgeexslosérscg o;uggtrate 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 leYer of silicon dioxide

(Si02) and a transferred superficial layer of silicon,

.the same problems relative to recycling are present for

the 'silicon material that was wused 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

_nanometres (100 nm), using the aforementioned Smart Cut

type method. Indeed, the thin layers transferred this way

have S numerous defects, such as blisters, due to, for
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Is noted that below a certain thickness in particular
of the buried silicon dioxide, for exanple 20 nm the
transferred | ayer of silicon Bas defects, the latter
being all the nore so if a high tenperature thermal 10
treatnment is also used. In this regard, reference can
bexammae, t oyt b T

1R h@r@éﬁh@ﬁ@ ¥Eg&1¥d 2019, ture mﬁ?EFnatpggt the

Gafiteau and U Gosel e, ow tenpera
mq:rgy igterfdee olee*eeeenethlsyshm Bay@9, a6d994)k. support

Ryring. the thermal treatnents, for exanple to 15
strengt en the bondi ng |nterface known as
"st abiThisi ng'robtem NGsi Rt @y af i pr vdeta L ers of

gj?sé:\s creat ed |n t he bondi ng |nterface In the c
tHiTk SOl sunert gt s, fowe SOHI chimdwadfeshein which it

tiransdedd e@hg‘@y}% g d the rol e of
stiffener. l @ %a§§§% Q%1ﬁ$lc%&§ SudbtRat it Hlar of
\Mhechbtuldreedt raméﬁepnedd&ayteﬂeandﬁon: t beapyide boayeam, the

af orenenti oped absorption and
st %Pgeyr?%%ge pheﬁgﬁﬁnango El’ﬂoflc?%kélagﬂ aé‘@fﬁﬁ@strhethe latter
tedagsi agll eads wrlhesgCCUErence; ePQ?gkgm)tﬁékmal

Further, it is _also known, as per &e doc
61P#tEORE, ishal xhaigeml abtathon stgpsdof r&tE@mance can be

: t te defect d
BASE <5 e D SSVECHPIL SECPRprcte SEleela ol ey,

‘that these are princ
ahdt He Gbagée, tdLbe teapsienied whrert f@h'}'@e%ft Hirkiing”, J.
oorer the quality will be. A process

Aﬁf%]ﬁ?%gﬂﬁg%ﬂﬂeg SEubstr atéy dér?ﬁl‘ll si ng steps of

transberih§g ankayehdhem a ﬁ.rhé i I §%%V‘m’g>§% to

a second one, is known fromt d%cunent
Hovengrhen htbepb@@eie@gdcnestemﬁacae,m kGowht akN "W A S ng "

é%mlﬁér%ﬁkgnﬁiay ggge d%tachment a gas is created in
the bonding 1nterface._ In the case of a thick 8So0OI

- Substrate, the thickness of the transferred layer 1is

great and fills the role of a stiffener.
In the case of a thin SOI substrate in which fhe

transferred layer and/or the oxide layer are thin, the

- aforementioned absorption and stiffening phenomena do not

take place and the degassing leads to the occurrence of
poor bonding. |
Further, it 1is also known, as per the document.

WQ 01/115218, that the ‘implantation steps ef atomic

-species and the detachment steps create defects and that

these are principally concentrated on the inside of the
layer to be transferred. The thinner this 1aye£ is the
poorer the quality will be.

A process of producing a SOI substrate, comprising

'stepe of transferring a layer from a first substrate




It is also known, as per the docunent US-2002/068, 418,
a process, which consists ip inplanting hydrogen in
both the front and the rear faces of a source
substrate covered by an oxide layer, in order to
define two del am nation planes. Two receiving
towsulbty al@sorad exddien apphbefl ehoeacheOlokNReARPEPLE 867 921,
faces of the source substrate, then the detachnment is
Howgoieduct Bt al M@C@ﬁsd deraninedt | dm pltanesbta inorkdier pairs of
Qhtaj j-| SO substrates. However, this
st procé%? ﬁgé S Hﬁ%ﬁd sai d source substrate by
suﬂmoﬁmlajan%kﬁnwhulm@ p@e shepdotuménplaspanbano68 418, a
.S sup prt causes  the, | ution of at |east aqne

PrOtCﬁéStm Toht COPSAehS 18 egm@flapﬁéngoufe&s%r%@%%t & eboth the
frofe 4 thee PFesenegcet eentamigits M Lh-H € covered by an
undesirable in the continuation of the process. The
oxigeafivelanbiodi reRes Seekletfd neyvertometdreination planes. Two
i caqnvenience o, provid n
e Y o e sfred Pl o Tof ke gposiee
facehke n&nbmmaﬁ santce substrates tohde reeycl 8dtachment is

Accor to, a first aspect of the present invention,
congligted & e adREEROBCbE OPr BdadrAy ddncFdent Fy obtain
joifk1heRgb s3TPaLLsRIagkkUCtures each conprising at

| eaSt one useful layer transferred to a substrate for

apppPiedeirons Miltshi norheesti elnegfs el eet r bwilels, said  source

Iect oni cs._or g tlcs the s
Subggkgﬁstlné Yin: éu PBF 9|ngmgngﬁrucaﬁféngernéggof PERR  °f
implan€@BRbLSI rrguﬁ Q@ﬁgﬁ@fﬂ ayekell ansd epbelut 9ol SHPPOFt least
substrate; 5 b) formng a zone of weakness on the
onej pdj ddhooftuai 8rassf (it |ERAF bRCERe OSt MG LYRUEBSE r gHRstrate,

dueltowﬁ%é'B%e%éﬂ%é”%fIEBHtgﬁ ?Eﬁgkcw%ﬂgﬁﬁ%ﬁf S&m@ésl?able in
define two ayers, terne ront use aye and
the"ecentiggefibn of the process.

The example embcdiments seek 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.

According to a first aspect of the present invention,
there is provided 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, comprising
the steps consisting in:

a) preparing a structure termed of rank 1, comprising

a useful layer transferred to a support substrate;
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5 layer", the rear useful l|ayer being | ocated between

said front useful l|ayer and said support substrate;

c) adhering a stiffening substyate onto the free

surface of said front useful layer; d) proceeding to

the detachnent of the stacks of 10 layers obtained in
step ¢ al d zo of akness via the o

appl i c%\ |onﬂ?)?rn !Pesageggn Z\ﬁ %B‘Fél Sn ¢ the inside of
swuét wsesudnomyas off r‘@lﬁ\ek %trhb;@ufﬁer S$£ CRAPL 51 Ny al the

rﬁ‘ 1ar§§g suppo t substrate and said rear useful
yé fdtthe ¥ c@ritd”@d?rprslpﬁqﬁsat Beasessafe define two

slaj:ém; NG: e fefe $ UDFARLE id t useful, er
Accor di ng to an al ternat | 9§gg at hjégy(%gentl o‘% lheay useful
chrver” of tperaeronseds lddsore bk iny stepstd) betdden. said
i St usin starting structure at

ean%t gﬁseéﬁj)?ai%ﬂ r%c?ﬁ‘gssﬁ?p?ﬁﬁks‘ibﬁﬁﬁa’&@r ng

stl f f eni ng esittestinag e§ 2@ i#Tn iirfg NP PLard hi %t%ycél?e free
erations is repeated at | east once, from at

Sélg Ao Sitfctueinbflayeri ow ng r anks.

Pref ergbl y prihedy: fegri t

conpri ses a bondi ﬁgl%:tep, 1CH%e use%{mq yecr’Ecg%e grages of
dievese| )p}qtrﬁlél%bnlracﬂ@\pt b) t halsnppesstidsuhstd a®, w@ikness,
Q e termediate | ayers being inserted
b(E;Lt%\/vgt(Eelrrl}ét\réil F L}sder]:ﬁoq af&r HPIHRS supfiSor 2SsUlsst PRtein two
Aksucpneter ablgwn t he agherimg operaid op; Pl s

ia _bondi,n the stiffening substrate cjérr%%ghg’ﬂlp%)lsj'n% at
5P ht § 0 Ght HEPF § hsﬂhétraéé and aveldf rede fuserflul layer
gsef uthbaygecopl ak i nterposed |ayer, bein

i nserted 6 ggtweenot e stl fenrélttngas g:t gaeldanoeli enlng,
W’éét-"é@'ﬁﬁaéedofsatltiefrbn@nhsuﬁeﬂullaly@y&er

_ Advanéggggg , the aforemsnt| oned bondi ng may be via

alternative of the 1nventlon, 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)
Qomprises 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 wvia bonding, the stiffening substrate coming directly
into' contact with the free surface of the front useful

1aye;, or at least an interposed layer being inserted



nol ecul ar adhesi on. According to other advantageous

and non-restrictive charactegristics of the exanple

enbodi nents, taken alone or conbined: the

intermediate layer is made in a material chosen from

anmong silicon dioxide (Si02), silicon nitride (Si 3MN4),

high permttivity insulating materials, dianond and
betypgeq] fdef 371 Feoming haupatsrpeseldl ayer frecnude fiapa of the
frdﬁgfﬂgéﬁuﬁﬂygygk fromanong silicon dioxide (Si02),

ilicon nitri'de (Si3N4), high pernmittivity insulating

mtpeiwaal@qmlm,anbhd sdtoterestt omedf bbhdiebemmy sbe via
moi% 0 é% n t he support substrate, the stiffening
SUbstTate and The useful layer is made in a

semc:dmdmigor f@t estiddy: thevaHpRgEbusUbShHHAt @on-restrictive
conprises at |east one layer of material chosen from

chagipsite Siticon, 8 Iiheonegarpilge, cmzepitentes, dpdeondglone or

o qr@gplunl quartz, yttriumstabilised zirconia and an
alloy of silicon carbide; the stiffening substrate
cowprlsabanlﬁuﬁﬁMedmateIk@@&roisnmaéeiah ehosenprfimdmchosen

| re, di,amon

| L sili b
o T ™ T2, S5O P B G oS8 c M A AR

hlg@|p@¢mﬁtﬁh41@@nlﬁ@UDégﬁmgtH@t@%@%@% | ay®dmd: s "BHE s rained
a material chosen from anong silicon, silicon

sildgepiide, sapphlre di anond, gernanlum

|
si Li cony 0444 ¥%§8gpquﬂﬁar ot berné?aterl?%echosen

conpoun&s accor di ng partic
fromupqummmg silidtooat edisxidesi lei¢crysiblceti nitride (Sij3Ng}),

NI N I AT P
i n-singke- ge%stabn@r oROYeC M ShRnt SiAAFORndME the support
internmedi ate l'ayer and the interposed |ayer
substrate, the stiffening substrate and the useful layer is
made in a semiconductor material;

- the support substrate comprises at least one layer
-0of material chosen from among silicon, silicon carbide,
sapphire,, diamond, germanium, quartz, yttrium-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, quartz, yttrium-stabilised
zirconia and an alloy of silicon carbide;

- the useful layer is made in a material chosen from
among silicon, silicon carbide, sapphire, diamond, germanium,
silicon—-germanium, III-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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in silicon dioxide; the useful l|ayer of the structure

of rank 1 is 5 obtained via the creation of an

initial zone of weakness on tthe inside of a source
substrate, this initial zone of weakness separating

said useful layer fromthe remai nder of the source
subskEat e, Vi li,cation of this source
subst.raten%nt%%;gz}jier §gp66}t5%UEEFrSF¥SFﬁ n V¥ aPRgy-crystal
deidthoent the daite rensiatderlalontatdech8i thakrgeBe0f ayer
weakness; th(g, initial zone of weakness is created via

thé S%ib?%%t 1?%h98f atomic species or is a porous

zone; O hergzhat | $L dvantages of the 1 ,

i nventi on becone%flggr Z%y%%o%%?é%‘& I ll'%gc‘*%ef |%€Ii F@n% 1 1is
cﬁkﬁﬁimﬁdom%&fthevcm&htémhoﬁﬂﬂﬁﬁSﬁﬁﬁti&p EBNBNLEOReakness
pJescription is in reference to the annexed

dr awi ngs™ T “witch? ¥PutresSHasteale atblai apiamsl zone of
IWdalaidal | sgpdheri R dhlhengplrySt RS, f#&?tgﬁg lmainder
produci ng a structure conprising a“usefu ayer

tHansheér reerEer a Sisiorate, subder atee  Ripguriesa %r 0 03C this
A HA0E AR L ust LN al ternative enbodi nent ,
of the method ‘Hé%r e‘é@ e%'ai nrgi 2BPEPY| re%u%%lf%teicthen via
astectimeg tt cofhisalida sématctdse 60BREI SIY anWseful zone of
M%%%Ee%rqnsferred to a substrate via an internediate
["ayer i°§ “obt ai ned; Figures 3A to 3F are diagrams

illustratipget Bg4+dihf erent f .a first :
enbodi ment of the ngthog%%fC§%8E%?%ﬁﬁ§1 § COreh§enty the
afplleasetioparf efosticucwcdss aacdrdiangdrddeone;

:PYEQP?Q?FHZ %ﬁé gé%ér%@%&%s4F g£§ dlggégggages of the
inveption become ' clearer upon reading the following
description of several embodiments of the invention. This
description is ih reference to the annexed drawings in
which:

- Figures 1A to 1C are diagrams illustrating the
different steps of a method of _producing, a structure
comprising a useful layer 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 3F are diagrams illustrating the

different steps of a first embodiment of the method of

producing concurrently at least a pair of structures

according to the invention;
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alternative enbodi nent of the nmethod represented in
Figures 3A to 3F, and Figures 5A to 5F are diagrans
illustrating 5 the different8steps of a second
enbodi nent of the nethod according to the invention.
The nmet hod according to the invention is carried out

froma firstrisfuresd W B0y pd'srd ecgfgaddr r -
oht ai ned for exanple via one cgﬂfr t he net%sdsfy\ﬁ%%graglng an
NSt e ediangnt usef at edei et godesrepreoet€ed in

@ qadd 32Go Hgure 1A shows a source substrate 1
whose inside  Has a zone of weakness 4 delinmiting two

parts i.eaone Fiupefdd sAayes bF and tde Jeiml ndeiylerating
g&)}ﬁ:h S source 15 substrate or rear part”. I'n the

i G5 ofStR s 0fedcpiepringn eapdimertie «f atlms, method
LRis raang ¢f, weakness 4 named "initial zone of
vveakness%. '(I')he g%&rce n;]tulbs Tate 1 has a face. 13,
t er me@hehae thdomicdcacE ngMticc it lies dimtandash t Ds COMBried out

%%% contact with 20 a support substrate 2 which wll
b& estri bebStat T E U AV ERt a%ed?}'sl)ﬁ, t héegBgrceof rank 1,

sbbathatie ¥okS ehaseNe frRAR anmpRg %ﬁﬁigﬁggu9&gﬁhods whose
materials, notably those commonly use or -

Sppreeatvenstiepst rd i eldustratbdctinorfiogires 1A to 1C or

ggtgﬁlgetronics or optics. 25 By way of exanple,
purely iflustrative, it could be in silicon, silicon

car bi Begusapa rehows aedsbu g MBALEFrate 1 whose inside
silicon-germanium 111-V conpounds or I1-VI conpounds.
195.9 uffis "er&NESFplinde LANikANEh taise ArtHe i.e one

SLETED SRR Soie TS Wl Y% BEL AL o
Bxawprate gt | urmadi t pede .(GAN) | thal |¢om anseriel® of this
&ég%%gp§qo£ngﬁgnlnpgggpgiggmg[nE%is zone of weakness 4 1is
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.

Advantageously, the source substrate 1 is chosen
from among 'semiéonductor materials, notably those
commonly used for applications in the field of
electronics, optoelectronics or bptics.

By way of example, purely illustrative, it could be
in silicon, silicon carbide,'sapphire, diamond, germanium,
silicon-germanium, III-V compounds or IIwVI compounds.

III-V compounds are compounds of which one of the
elements belongs to the column TII 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).



10

15

20

25

30

9 11-VI conpounds are conpounds of which one of the
el ements belongs to the colum Il of the periodic
table and the other to the c8lum VI, such as for
exanple, cadmumtelluride (CdTe). 5 The source
substrate 1 can al so be a conpound substrate, that

”Eam'EHfV§UQ§ﬁb@hﬁd%° eéoﬁ%oﬂnﬁgléﬁ RE Ln 6% ¢Qf the

exanple in silicon, es ab ayer
é%éﬂﬁ&i&rbel@m@@ntgthﬂucmd@ﬁhcﬁﬁ OﬁHXH&Ip@riﬁdﬁc table
I{ t glt atlv odi ne t, the_ 10 initial zone of
ness obti it n&ﬂ) T Vipl aCt i 88 dictat FPEPLe.

'smiml&ﬁn t'léme_l_La:XJpjeﬁS&cppe jmplantation of atomc

speci es" neans any bonbardnent of atom c, nol ecul ar

or ionilde sﬁé’éﬁr% fhbekreas i At r@@ilmcealtﬁteséispem eempound
m of concentr.ati

TP rare TRy Sheatithl, & ML ELIACT FORBRRREN A4 4 Solid

t hese speC|es a prede
p@mectfoo et:henlﬂm‘rbahdesh}sﬂtbﬁpe d3. whheni npl &t at | BAffer
atom _c specie n sald source substrate 1 can be

g&r‘f e fclﬁ PG WSiGRY APTRAP LYY bEkeR) -
i mpl am:%lbr@fln@ ptasr@ 'Mt.s' AN tleMRANERS - o %s&gﬁaﬁw, the

- this inmplantation is carried out by ion

WBi&iplef 7%t y, of he Wemltne speciles ddmt be olpladmtee]  via

h b
A RpdNPERRR R g g s B i ned i th hydr ogen

ant ageousl y used
such TBE aexpaeesga&es"&hwlaﬁﬁﬁﬁﬂdh'“Hﬂlﬂﬁtoﬁﬂhs species”

nglantatloh?results in creating in the volune of the
UotPte S0PstPARAGIBAHACatOhn AVeFhge depiecwiar or ionic

RO b h oniords’ CibetanCI TS pararrel PBoPRESyl ayo @
Brteréadeo frohh facemasinfive wdef lsdodc@yue:rralzhoe»(t emls these
Qﬁé@f@g &ggated at a predetermlned depth with respect to
the bombarded surface 13.

' The implantation of atomic species in said source
substrate 1 can be carried out for example using an ion
beam implanter or a plasma immersion implanter.

Preferably, this implantation is carried: out by ion

bombardment. More preferably, the ionic spe01es that is

dimplanted 1is hydrogen Other ionic species <can be

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

This implantation results in creating in the volume
of the source substrate 1 and at an average depth ‘of
pehetration 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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front face 13 and this zone of weakness 4. 10 For the
carrying out of this step reference can be nade to the
docunent ati on regardi ng the met hod known wunder the
regi stered trademark "Smart Cut". The initial zone of
weakness 4 can al so be 5 constituted by a porous

dovument. £ B46-¥oR0 T s ERLE STRE dutmaayeen be

Mades dot athed &mmm@mtaxyonTheegawmg siRst matt®od  known
ac&i as_,a nechanlcal support —and thus generally has a

e Jie s ekRd magly “SPmank F@het res. .
Prefergld y iditSaronsbhbut e Ofwééwné gl g- cryst a'aJhQ&Z be

pol y-crystal sem conductor materi al ten used Iint
W%%eGYaGpIp@éDU@nslaﬂ$ISOQmppned stibst reataerd e  as

i.ngl SOl osen for
g%%ﬁ%ﬁéﬁ¥fgﬁggﬁ%ng Sit lﬁ%ﬁ§ka1$l %%S}%QHBPHe 1s case, the
wmﬂuh daydiramind,s @drtmitieiviguadgZapkttri um
stabiljsed zirconia (Zr@Q2(YQ3)) and an all oy of
silicORe CHPROFE. SRS tWddhford aaibstaate MeHmn ol faepport

48d tenn®d dhera40 v frgat {age’ Mhich |§f|Q%?n§SQSEO about

receive the front face 13 of the source substrat
$ﬁ@nml§§0m§§¢é§ented in Figure 1B, the front face 13

of the Iay 11 i s dir.ectl ded onto the
suppor %g%l ?h&iqﬁ££%WE% oapyaﬁlngle crystal
Dﬂtpb&?db&@%t&i|§@Mﬂdoﬁ&b@ﬂ&@9ﬁ@@éﬁﬂalth@eﬂoﬁgbagﬂﬁSthe
ilﬁrrled out via nolecular adhesion. After a possible

erfFrhhABar ABPdLEptione - detachment of the _
o S6SS SeppLRmacEckatt 3 e oL MEISSLAL o
substrate chosen for'example from among silicon, silicon
carbide, sapphire, diamond, germanium, quartz, yvttrium-
stabilised zirconia (Zr0,(YOs;))} and an alloy of silicon
carbide.

‘The support substrate 2 has one face 20, termedlthe
"front face" which is intended to receive the front féce
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 bbnding is carried out via
molecular adhesion.

After a p0581ble 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 techniqués is used:

the‘ application of stresses of mechanical or electric
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30 (see Figure 1C). To do this, one of the foll ow ng
techniques is used: the application of stresses of
mechani cal or electric 11 origins, chem cal etching
or the application of energy, for exanple the use of
a laser, of mcrowaves, of an inductive heater, a

therpalstreat in, se hni ques of

detag%n%nt argEE%gMn to:gﬁgse s% cfﬁﬁ fgﬁpaPF SRFTIY.

Wiet motanipd edeshei hek | afany fluskher slet aiilcrowlR@¥,CaBf an
sed. r conbi ned. The structure terned of

al one
rla%‘iucitl}l%f 5?8%85 52 WRPiLi hgephBenefill amyeveni These

tf Steh BHELd L syhstr
obt ai ned. 10 F,;ﬁ%ﬁ?ﬁgé%% %%%Igﬂék%a#é ;%%%e skilled in

dfteramti 98d wABddinmenioeofddsier itethoth wahghfhashbeeretail .
r th Figu 1A to 1C but differ to
t#§é951?§%a§‘& ataa‘nel%ﬁs?o%ﬁen?ﬂternedlate | ayer 3
|s | nsird edsbetweenet heermsaf Ubofl aymill and t8erence s,
ort substrate 2. 15 Al the sane, for

ﬁ 135104 | bher ¥866H, Lavem glt esrapafesred dnd & nsupport

EhyasRA 1 o SR Yo ng iy ernedi ate | ayer 3 has
been represented. Advant ageousl y, each of these

i nt er fddivetess | agérs 8o arx rradﬂ]ms*ca:arw ereal chosepnative

nmon on di gxi de (Si02), silicon nitride
(e@%?ﬁ?ﬁ" r% é’r# %Wﬁﬁq\ﬂﬁd Wh%%l}vaﬁ iPREMel @1l ¥, daparibed
& md gulrle d S.I.Pﬁ't%o IROFRID| 8 #0: hayve 'Igi_e{é?dir?t@hat at
layer of strained silicon on a usefu ayer

LERSke PR | LBERIMGELARAI LAY GB) il theerhse Wweeémeen the
Ean e R RE 5T e TR SRS R rerent
nat ur 811Thihe isater, mediratsd rcayiefi chtciath heum neth irBgures
2A to 2C and in Figures 5A 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.
(510,), silicon nitride (8i3Ng), 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-
germénium (SiGe). In the case where there are several
intermediate layers 3, the latter can be either of the

same nature or of a different nature

This intermediate layer 3 can be obtained via

~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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chem cal plating techniques in vapour phase or any

ot her technique known to those skilled in the art,
carried out 30 either on the £Eont face 20 of the
support substrate 2, on the front face 13 of the
source substrate 1, or on the 12 two front faces, and

thive Miricort tfaddeseahmo taulstyat®s +HekRYsaPRIELL ANS rates
ainst the other. Wien this internediate layer 3 1s

ancoRPdePPayer ope agadnglts ¢hise adhtesi-ned via t herma

oxi dat ygAnotKone Ak L heq:5+@t her, of the two substrates .

1or 2. Irr espective o%dﬁgv%/%t E%Sfie%t e3fr mediZat é”iléf?er]sa@r' it
R adbpabgedb et eal s urfiacesdf okh@atpper of one or the

wes
[ a ayer js.bonded_to the free rface of
Itﬁ%ﬁ%gggkrgﬁg gw rsuégFﬁélgﬁﬁ ilt O¥pref er abl f/uvi a

mol ecut areapBesio8. ok0 iy t PRe N t@frldlis @l t Lv
eégxodi nment of the nethod a f?rst strr uctlure 0%15?%1 % were.
et ed el 5'theg 5 fresyt aFH&dacenppisitthe t hwrsour determediate

; er..11 _and the inte di ate
ISL%E?%%%?%% E(ZE{V\%%nfl:?%ergnur%gcieno%hghaeggﬁggfﬁgﬁ 1 or
dndfatiaigrsl t hapré Ddtow, y thita was Uechit aansfresedn. i n .

respect,s a structure of rank 1 signifies that a

usef uI%tI a)%g‘P i%n(%rgﬁsfgi‘:l'%d aid- e rafdpey t embagimente of . the
wisit odTekhogh 0Pt uRG vale | 8aSt-QNE Bond L 50
wi th or without an internediate aner 3. %%§%£%%§§iﬁb’ s
Phtaidaskr CemBBEE ABat Tt gepresersuwgstimtd he, f itger esseful

theysef yl Jay 1, ransferred to,. the support
su%éatrate 2an\%/{| Z&% elgfé%}:g%g% fa'gn %Og ltné%%eéﬁel’)etween
whem.or without an internmediate layer 3. Figures 3A to

3Cillustrate,a conplete cycle_of 25 steps of a first

enbodi Nerft DAt Her Hit IR aedoFdrigst hathdaldvent itgre word
dklrawsFe rireid"t Ne nobt-akpbgsof +8 P P ucture 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
technique, with or without an intermediate layer 3.

Figures 3A to 3C illustrate a complete cycle of
steps of a first embodiment of the method 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 is
formed on .the inside of the useful 1layer 11 of the
previously obtained structure 5 of rank 1,  via the

implantation of atomic species according to . the
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structures each conprising a useful |ayer transferred

to a substrate. As can be seen in Figure 3A a zone

of weakness 6 is 30 formed oh®the inside of the

useful |ayer 11 of the previously obtained structure

5 of rank 1, via the inplantation of atom c species
aeroevtbnglyo delberiBedprasiioisd ye dgser ihRd SRCHHOME of the
for.the, obtainipng of the initial zone of weakness 4.
Tlv%lpa‘fljer%O%?eogh‘ﬂ%aﬂ’é??‘ﬁe@i; nanel y, on one hand a

front meef uhvhayer ot and r

usef ul Iayery120 Iagg%ekg{%e?%%ﬂsgéi g%ﬂag t l?glefcgr?é hgnd a
| Byt pE@fadd Lhgesuppldlt asubsbnatiehe®. otherf chhowi ng rear

SISl bR, od' B ELNCE 20 onetste, Lo AN D0,0,

sdi @ dridnthaisedpbotayibddP;c&i A, bondi ng, 10
preferably by direct bonding via nol ecul ar adhesi on.

Fi nal I%7e tﬁfé%r%jtn%tf‘efpe@ | ihlgw*ar@*aeﬁnim Hluger8C3B consists

GONS RS i ogeedt g Wi t det nt, of the |
st acks olfrn;f %/er seg%%}g%%dglﬁ%l‘?%%g?ﬁngE%vF%%s]%g?%p,surface
dl3dng ®hi dsazdnefobnteaknessl. 6,1aicr applg,catyn Obonding,

stresses,, 15 acgording to the techni ques known to
PRSCOTaHIN B (LS DA T VIOURT §L ot arkn

~ LointIninently Fi gHees1d6h anck o2C o TR St UiGs Ploddd sc

52 ternmed of rank 2 are thus ™ obtaine
§PPFatlPe 181 omgrddiayy thitisupper tiet2@hsebst odt ecle amdacks

e S : er, . 120 a the second structure 52 |
%Em)lral%zererséjtﬁ%yé%él?%eﬁl}iﬁéngug:gﬁ RESFOUInF ePhe Gt saild
mepbul dfayewedlfesst ks toribe nghgdithaiohheoysefdl resses,

11 myst have a sufficient thickness so that

| ayer
ﬁF%ng%ﬁg &théﬁngﬁph§ﬁgﬁes known to those skilled in the

art and previously 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 comprises 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 layers 110 and 120 obtained 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 1s then possiblé to 'repeat the éycle of

operations that has just been described, i.e. the
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25 the two useful layers 110 and 120 obtai ned do not
have any defects or blisters. The thickness of the two
useful layers 110 and 120 cah%be identical or
different according to the depth of inplantation of
the atomc species and therefore of the | ocalisation

ofredeiaonecdf a3zoeakness wealdeds, thafk PORBIU B 00 2
rege t the cycle of operations that has just been
delsth peingi Sebstrate 4andy shei dstethaersnelohy the created

weakhess, esi 1 ffenin ubstrate, and
t he detacﬁ%%%?éggéngg?ﬁgéc?gggédOnfbﬁ%@o %ﬁgﬁﬁgggPr?s 51,
dt2 | edstragre Df ohebsthuctfir esef]l, un%219f Ak Rn®rlto the

k%%éhaéﬁothe until, according to the 5 situation
one of TW p&iFs OF UcPErES offr afkugturesspeét ixank 3,

refarancese Sidre bdice 52811522 105661 WS 3Fce AFEqure
obtai ned. As represented in Figure 30, #ﬁ% %%%tﬁfggge 3F)
PR SPtaHeediseful |ayer 110 is subjected to an

oper atj on eat,ion of a zone of akness
vi a inpléﬁ%ﬁ%%ﬁn%%ga?édﬁ§%ﬂﬁ%i% ’ ggeagrPg%d Gie g40 of
ithgr weeful layer 110 iandudjbard usefdd dpyeicdd?. oA the
si_m_l ar neéfod is used to continue with the structure

ST PR, Ot efereee Sf “rdkBeFfof ugtt ulmplsntafdon of
222mard spd@ads Useh Uhs! ayerqdei arg 9@5?25&%%58%23%\&&% 111

step is to adhere by bonding via nol ecu
SPPf Peditrgts wssiidt dagznt dthe front face 140 of the

front ausefpl (Laye and_a stiffeping substrate .73

to the front %gceﬁiééggf ?ﬁe PEaf ukf uFoT aydpe 1 7%1thg the

ASroepresemedrenkFigur eeferenke NgXt shep 4 Sfrhat useful
the two stacks of obtained | ayers al ong

tfach t of
?%gg%zgﬁg 8fqd\/\€aﬁfﬁ8§su§e§é‘la§atyﬁr06{2éi @rfeo@itained.

StrUQTHéS&e&E 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 steb is the
detachment of the two stacks of obtained layeré along the
zone of weakness 6 so as to obtain four structures of
rank 3.

The two structures 521 and 522 of rank 3 issue from
structure 52 of rank 2 respectively comprise lthe
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 énd
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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rank 3. The two structures 521 and 522 of rank 3.issue
from 25 structure 52 of rank 2 respectively conprise
the stiffener 71 and the reaf>useful layer 111 for
the first one, and the stiffener 72 and the front
useful |ayer 122 for the second one, whereas the two

ssulstnaes 51inandhebi0f fank,B ia??é@ ipomebhehe second
structure 51 of rank 2 30 respectively conprise the -
sti¥fener 73 and the front useful | ayer 122 for t he

first P@elsaﬂﬁeﬁh§o§99?95tt eg%bsaratesﬁga %E%ncycle

rear useful layer™ 121 tor t EEond "oné
pb%sﬁ@lee tbrﬁepemeraﬁlml rtﬂﬂa,t t hascyfhet Qfeehhedescrlbed

opgratians that ., has just been described 5 usin
:ﬁﬁ% %hﬁg dar %Qﬁe&%ﬁrq%ﬁﬁﬁeoﬁﬁio@eﬁﬁé one of the

satrmoctwﬁs ob£r aakk3 Proef okh%hfemfcﬁ\@!&& ”%énks obtained
obtained later and this, until the useful” | ayers
thadifet edt@dtbihto uats&bgheat@afedchl@em cknassfabové onto

| r I d result in the transfer of
TGRS U ) AL o R A et cvele
oiefudet sresubti sitrer she Fitgares AA 60 4F pbbﬁstqu%tﬁté}n useful

| ternativ enbodi ment of the nethod which
%ﬁlngﬁ¥§ﬁé§QQQﬁ§q Firidmdetfetoheoreskr3bRes § oi nt |y

W th Figues 3A4R0 3F,i N fhat 4 tust%%t%t ong i nta?i?%?r?gtlve

| ayer 8, respectively 8", 1Is i nser bet ween
sty ﬁlleﬁ@ Slﬁas’fth%ltle@tﬁcld whespedulsxtéJnyguE&kma;d ithelf from

f e o be noted_that in the
#lﬁgurlgense a%e scljﬁlg Pﬁ%%FLgsé’&tﬁlaférg@e%" 3hakopdén in that
aEphasemtednkor1n$b&@bb%UCalégerQﬁso&%sp%gtl@%ﬁ g", is

|ntergosed | ayer 8 or 8" can de for  examplée via'
CRBRFEEF pl RETEIHh vager praééfeningy othéstrates 71,

respectively 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 layer 8 or 8" can be made for
example via chemical plating in vapour phase or any other
layer plating technique known to those skilled in the art.

The interposed layers 8§, respectively 8", can also
be obtained via oxidation of the stiffening substrate 71,
respectively 73. |

 This plating can be carried out either on the
stiffener prior to its applicatioh onto the useful layer,
or onto the latter, preferably prior to the step of

1mplantatlon of atomic species purposed. to create the

zone of weakness 6.



10

15

20

25

30

| ayer plating technique known to those skilled in the
art. The interposed |ayers 8, respectively 8", can
al so be obtained via OX|dat|%ﬁ of the stlffenlng
substrate 71, 25 respectively 73. This plating can be
carried out either on the stiffener prior to.its
appllcmheoﬂmm@r@d§@ﬂlmﬁ¥éﬂ éaﬁ%ﬁB"(HsoﬁﬁgntBSnded to the

tter, preferably prior to the step of |nplantat|on

of 2¥EBni J%a%‘b%%l elst puppeded abd vor bat ebohding0 ziome moftecular
mg@ﬁ@§§§ 6. 16 The interposed layer 8 or 8" is then
bonded to the layer facing it, preferably by bonding
vi a noBecukar oﬁadévemgmle Bthaytnrtfer@c&m €afds 8, 8" are
|nt rpased |l ayers 8, 8" are_ 5 nade in a chosen

?.aﬁ f Po %‘Fr%% dAaGeddildi d%cde apeng2)siliqanodioxide

nig1o4e (Sk3Mkonhi tti i ns
natef?gls and dlangﬂﬁgﬁ{%étheM%ase ﬁheﬁtq%Lergermltthlty
é@V%%%ﬂt4®@em®bgéual$ay@m@ @jaBbndt hese can be of the
same €h{ f 10Hgffe% nt nat ures. ure 4E
shows e S5 f NS 72 TS 1H r@é@lyseﬁﬁ déd oRfErrosed

tlhae_/e‘nsonB us@'\‘ul dhayer ddR, ddabriegms NGamd LR r8N oy of

(d%é%ﬁ osed Ia Four structures of rank 3 are thus

gLt gfa WE?%Mlch only two, references 521' and

511", FGQIYd S8ra shkiss us nd an

i nt er posed | ayer . Flgures A ?o §§£q%%%%% sééong directly

bepsgchenntof the frethoduséfuie layent ile whicBht meaning

ui_sh itself from the one described jointly
Wl%h EI gl??]eg% PR fv‘—J 17¥%8%at, 20 on one hand, the
star t @ rst stetutarysechs s v Shr UStAr & pf E:Beglilied of

RIS P A TS T
; prise a
stiffener, a useful layer and an interposed layer.
Figures 5A to 5F show a second embodiment of the
method of the invention which dlStlngulSheS 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 57, comprising an intermediate layer
3 inserted between the useful iayer 11 and thé support
substrate 2 and in that, on the other hand, an interposed
layer 8' is used between the stiffener 72 and fhe 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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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 bétween the stiffener 72
and the front 25 useful |ayer 112. This interposed

| ayer 8 is of the sanme nature and is obtained in-the

SBdfRe WAYL RS, fbhetRr 6Yboushy 9esGhibede s'ﬂl‘p%r eS€dpstrate 2,
| ayers 8 or 8". Two structures of rank 2, er ences

e ghpt somedhate 3barenr 3sﬁﬁdctbeegserda&I§yBr flhé.

first r ef 1 and 5 are
obtmr%ﬂ 3%%\6%%%%%§%ﬁ%§ |ffe%ﬁms %%ﬁef&k&%’ the
mgge:re@sl@h drdBeranc asmsefemlﬂ(j shdpera tleheftalrd huseful
%ﬁi r|S|ng t he sggport substrate 2, the
HiedP AT RTPAYEFS 3tARd CPRE A Thske 121clppet gentact
desGiddit | PRcaRE i Firanks that Eﬂélﬁﬂ%fhﬁela %§§?09he case
"adhere a stlffenlng substrate onto a use ayer
a§§es feﬁétca@réemerteeltmes@duslayieaseBconBactor 8" is
% % and the useful layer and the
ere at east one interposed |ayer 8, 8 or 8"
is prIesemhéaetd\Etéﬂ*eﬁére:m nétides di fh ecent hABEOgSst  been

-%plch .hav Juat been 10Q described, the expression

SRS S Ser SSTL6E ﬁﬁi‘fngyﬁ@hﬁtrate" refers
@bsbh§t et_t{?he dEt SsdSs - 4E|eh al gfécltgop At @%yechanical

al l ows™ for etachnent. of t Iayer from
ﬁﬁé’P@@rﬁstami & fflroora viluc HHeg d@a@meﬂ’rheofh’oheeus;éfmhelayer _

r t|ff ener 7 2 73, 15 depends on the
H]l% {5 g%t% &5 8:§tm| St tthel S Bt ned

st ruct['hleech'ﬁfie:estdffft@fézl ﬁﬁtﬁi&@td@t@% Idsi flfandd EAN PL, 73
éhosen from anong the given exanples for the support
GBSPAat e O  HHe diinelentangeheds wpbdh dedvien usfor the

8688 HesC Lkt ture.

The stiffening substrates 71, 72, 73 can be chosen
from among the given examples for the support substraté 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,
80 that they are more economic and commercially feasible
than the methods known to the state of the ért which

needs the recycling of the source substrate for ééch

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

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

-possibility of obtaining concomitantly the structures

comprising‘stacks of different layers.
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20 and their alternatives allow for the obtaining of
at |east one pair of structures at the end of each
cycle of the nethod for a sﬂﬁble source substrate 1
to be recycled, so that they are nore econom c and

‘commercially feasible than the nethods known to the

st at e Mifnd hey ardepdh@ingSoneeds pheanee¥eki B 9hptih8tation
%Hfrce substrate for each structure created.

DVIPLC uBBRCAEER rAdpets t 6RO OPOBREbEYCIte, afrate a zone
epenat.or, can ghogs I tiffeners pf the
nat ure 3} of dl??e?g%? %@%u%g%ugndsgﬁhprfé ?@Fo?ﬁﬁgtlll or
a2 BEint eeppsethingayefoB, eBample 84. tFHickneesUl ssd Nthan 50

the ssi bi y of tai ni ng concon1tant|y t he
3?3% Q%%ﬁPYSﬂrék%ﬁ%%%s Che %ﬁ%g%P%%¥lP§y§F§nt1Bserl
anﬁﬂgm HeNeOt NGe ORlFRe cPRLRMEL]S S Pi2'g9|@@fn'é¥b much

of aton1c species, it is also possi‘ble To créaté a
bickest. weBhmesshéckoeskat dthe tlear dsehtl Iuagee‘ﬁsl 1ayer

e.ver exanp
%%gfééis ess %han %O‘%y %H W?lcahéf%d%ressed
agalnemghhoamhmwﬁruM§ déﬁﬁyin |dﬁﬁ”é% JGE%E%¥|é%%p of the
ﬁferences 110, 112 or 122, are nuch thicker. The
F FER‘ﬁéssa%‘flef‘iHéngro‘%ﬁe@’é%@%t IW?OU*%\sﬂ@Cfloafﬂé@g\M pAr the

he st i #.f K [ t i
bB@ﬁrQﬁnb o$t 1 HigReL Aahi ¢y ersr%t g%a%ﬂr;ll ayer.

| ows the carrying out at a Ia
tﬁénﬁﬁeraﬁdeaieaug tisediudentayét hast cd:affaczrrtécmgmneh titeinner

rring ,of blisters on the rear .useful |ayer
PREH PoPdal bel dtiied iUE) PR oBES) Hashmids mstivads

ihpbanodtdohe obt altiad dnkbectiasdaig-mi tdy t ReMeENOLS cut
of inplantation of atom c species such as the Smart

gthod5 method. |, Additionally, the steps of
;%L?%g?gg?g?gilgt orﬂl—Fe %e%&lsesofa ipﬁ%n%u L1200 108 atomic
species carried out on the substrates of rank 1 or higher
concentrate the defects in the front useful layerslllO or
122} whereas the rear useful layers 120 or 121 which were
nqt directly subjected to the implantation have a zone
with defects linked to the implantation and to the
detachment extending over a lesser thickness .in the
detaéhment zone than that of the front layer.

'_Below,is the descriptiog of an example of the method

according to the invention making reference to Figures 54

to 5F.

Example 1

The structure of rank 1 used here is a structure 57

of SOI substrate type comprising a support substrate 2 in

‘single~crystal silicon, an intermediate layer 3 in

silicon dioxide SiOg of a thickness of 20 nm and a usefdl
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concentrate the defects in the front useful layers 110
or 122, whereas the rear useful layers 120 or 121

whi ch were 20 not directly subfected to the

i mpl antati on have a zone wth defects linked to the

i mpl antation and to the detachnment extending over a

| sger tHi cknessingléherydehachoenicgoned han thatafss of

th front layer. Below is the description of an
exahpf® of the method 25 according to-the invention

maki norgef efsnce Q. Fi .es. S5A, to s Exanpl e, 1 The

structure of rank 1gﬁsg§ﬁh reéps acgg?E%P%reo ' 9300 of

St st ratela ypee compl astagiansupphytireybat iahe Raksed on
[|.ngl e- .silicon, an internediate |ayer 3.in '

TP EREREEERiS M d | nPeknedot 2b5hm 457 & and  an
usgfldntlridayeloskl b Siwghe- & SHed* £i?l con ofe B userul

thickness of 1.5 pm The next step being the creating _
O D o of° thBEkreeeaedi af thethhpkamsat ¢Hn26f nm.

hydr oggy, | gnsspased an. i npl ant.atj on_ener gy of

about 150 keV and aﬂggnp?%npﬁﬁ{qééﬁ%iﬁé oﬁnab%ﬁggle crystal
G1i0TeH / eamerAdr ean usef ulntémyesed2Qdveed higs efeasedicon
f. a.thickness of 20 . Now a stiffener 71 is applied
g%ogﬁng egéﬁgst%é %iH¥%5g855V%réHfiﬁoannmhtépﬂosgaen the
kayechiieof ailoneOrhel & dHoXi 6,31l & £ Ckpess of .

20 nm_ and then the detachnment along the zone o

weaknes8ug tpaepsisdived owmair Sifmdukmomnisty, SQI palt afid 527

avbsthategroQinryy. and 52' are thus obtained. The

cycle of the operations is then repeated using 15 as

a st afbengystlieuct Or ehtheB@atsiudss rag etBénr aRlpedted using
ggfqgeg%%r%%hg structure the S0I 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  SO0I

substrates 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..




Once the surfaces have been prepared, the front

useful layer 112 has a thic% ess of about 0.6 mcrons

and the rear useful |ayer 1 of a thickness of about

20 0.6 mcrons. In using a stiffener 72 nmade in

single- crystal silicon covered in a layer of silicon

di oxide 8 of a thickness of 20 nm (20 nanonetres),

two SO substrates of ralkA3IMSreferences 521" and

522', are obtained whose respective useful |ayers 111

and 112, 25 after detachnent, have thickness of about

0. 6 .M CMRRSoA2Q £ GAIdVR ihg |%%ﬁ6ﬁ&£€n@1@d§@lﬂgast a pair of

concurrently at |east a palr of structures each
StréG@EFﬁ§|ngﬁﬁﬂlleﬁ@ﬂpéhélagefﬁﬂila%@@Sttraﬁgﬁerm%@f@b alayer
traﬁ'é?%&ﬁ:@tﬂe tf Ory anQI!J]%E?g{:Qn%oW t :ﬂ tégxet q{\llﬂ'gln t{l field

el ectronics, optoelectronics o conpr|3|n fe
of s@épstconscstln@pt@elagtpOBpasln@:aaﬁﬁnuﬁurexm@ﬂﬁBdng the
c of rank.l, .conprising a useful layer transferred to a
SteRipSoPE t8hBEer df%8: b) forming a zone of weakness on

the)inspdepat-inal & dseistutayeerfbyt be stactur ec8bprising
rank 1, via the'inplantation of atom c species, so as

a upgiHef LAECLWSTPAYEESreeitpe@ STPEOET @y@ﬁawat@yer" and
"rgar usg ayer’ h e | ay.
IOQZted %ﬁ&g neéa? D%rgH{ ﬁé%%§$£$ayer g%% s§ &%e of said
useﬁumpmayesubitmaEESUﬁudnﬂngidﬂ;faﬁk|Ifeﬁimgtsab$mpaaﬁtatlon
to,the free surface of sald front useful

Ia
of QR EIRE e Gt Sk RE anel o oS LAt of Lo ks 4" Eront
use@lt aiBed ri'n S{ELP' ar ah 988y $ak d2ene QﬂwM@%ﬁﬂ?sésef&P layer

the application of stresses, so as to obtaint
beiggr utparbed khewneas osaidnkf2ontheusefsi cbaper5|agd said

e support substrate and said rear useful
Supﬁéﬁ%rg§%8§?%geéecond

c) adhering a stiffening substrate onto the free
surface of said front useful layer;

d) proceeding to the detachment of the stacks of
layers obtained in step c¢), along said zone of weakness, via
the application of stresses, so as to cbtain two structures
known as of rank 2, the first comprising at least said
support substrate and said rear useful layer and the second
comprising at least said stiffening substrate and said front
useful layer.

2. Method according to claim 1 for producing
concurrently several pairs of structures each comprising at

least one useful layer transferred to a




conprising at |east said stiffening substrate and said
front wuseful |ayer. 2. th@gd according to claim1l
for producing concurrently several pairs of
structures each conprising at |east one useful |ayer
transferred to a 21 substrate, characterised in that
the cycle of operations as described in steps b) to
subdit reg erepgat st tust ngedsia shartt itlge syclet ufe cate dagdsins as
one.of, the structures of rank 2 and using, the
desGh RGN Ty SETRCE f o8afl (1T thERo= FFandsdnfeas i Starting
striyth@e Oft operxt ioNs &6 repeatedcatirkeasty angdk X rHM using
at | east one of the structures of follow ng ranks. 3.

thevstidd caddwr ditigatorrdsaiandl oy thatcharactesd sed ithis cycle
of 'bg)%ghattq%ntsr E}L%sfr%rgéa'{%cp %eLJI' eltéa% oc];ncsé egfragm CAPILSES She of
bondi ng step, the useful 1ayer com ng |rechy ifito

thecentractt urwist lvft e idupporgt rsubst.rate. 4. Met hod
accordin oclaiml or 2, characterised in _that the ,
trdnsfe .tﬁiﬁ@do&e%&%lm%ft%t @Eaasn corfift i sescharpeharmged in
tha%t eRheONe rahs¥eVeialy | BheraRdial € Jrayeigheiald comprises a
inserted between the useful |ayer and thé support
bonglipst redtar, stheketivsed udccoringcepiagy ddmeadflyt hento contact
. Rr eyi.o | ai haracterised in that the adhering
Wltgpgﬁgt#§ﬁ%8?tg%ggsc %F%' via bonding, the stiffening
Sulist r aMethonl ngdirdetd ytd ntbaigmont agt A tBhihecteeesed in
surface of the front useful layer. 6. Method according
that, Eﬁﬁ on&3BF T ERE1PFevPBEE 2L I s O cR&RRCt 87 segprises a

bonhhal tRecpdherdng operatdn.of si ef&e%§at¥iala ers . being

~bonding, at least one interposed layer being inserted

inspetedehetheest ihkenisprdudubsieat enandheheubrests snbateate.
of .t he nt, usef ul 7. Met hod_.accordin

of °t he %%%ﬁﬁg §C98rgF£%Z%%?5%9%5W§%d3$nt?%aPr?ﬁ%ggsog aims,
chabesdeRgsk8 cafrtBRdtoutheVi @&dhering operation of step ¢) is
via bonding, the stiffening substrate coming directly into
contact with the free surface of the front useful layer.

G. Method according to any one of the previous claims,
characterised in that the adhering operation of step c¢) is
via bonding, at least one interposed layer being inserted
between the stiffening substrate and the free surface of the
front useful layer.

7. Method according to one of the c¢laims 3 to 6,

characterised in that the bonding is carried out via

molecular adhesion.



nol ecul ar adhesion. 22 8. Method according to claim
4, characterised in that saighinternediate | ayer is
made in a material chosen fr anong silicon dioxide
(Si02), silicon nitride (Si3N4) , high permttivity
insulating materials, dianond and strained silicon.
9. Method according to claim6, characterised in that
saitd i ntMEjoskdatayeding tadeliaima 4t ehaabcchosead in that
fromanmong ..silicon dioxide (Si02) , silicon nitrjde
sai 0y SR ERER R E pe T | Pty e T Uikt | g EERAd sChangn From
amocAmenUi cdf. Malhiatk ageendi NG 10 j@h OAG:Pf gk siN,), high
preceding clains, characterised in that at |east one
PeIgi GttHe I Yereht 31 14k b anBA§erhe lsuppotiamubst rane, tsheained
si1SHSSf ening substrate and the useful layer is nade in
a sem conductor material. 11. Method according to any
oné.of tMuethprecediowid at o clehar agt echsesetaridad in that
Ortéi bstrate conprises at |east one |ayer of

.the %%p .
521 G SHSs e 5 om Rfbitg TP oRate s pil c6RoggPbifgem among
silse@pphi r@iodiagaondisaphMani 8M i GYATt Znitride  (SisNa), high
- yttriumstabilised zirconia and an alloy of silicon
pergaithilge tyl 2nspdefdd Jadedediing a0 casy diseacafd .t he
pr egedi | ai racterised in that the .
st??fenﬁ%&h%u s?&%%% C ﬁf%esa%X | €A%t 8Ee Fgﬁerpgﬁcedlng
claimser i elachosen Jedmiamuiat shti denstsi bhéon fcarid deiements
sapphire, dianond, germani um

quart z, _ .
OB (FNUA sEA6T | FIRIPEE r SOISE Tt -antBP| oV ifingofubstrate
andChbl dserdd. 1MGEROY SAREOLTLA0 Al O ANY AR Ao B rerial.

preceding clains, characterised in that e useful
| ayér | ¥elthdd | mcgorddner i dlo clrosen dmeom afionghe preceding
cla%ﬁgtC%ﬂarghkg%gge%aﬁgiq%&n:%%ﬁghéégpogéaggggtrgge comprises
at least one layer of material chosen from among silicon,
silicon carbide, sapphire, diamond, 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
comprises at least one layer of material chosen from among
silicon, silicon carbide, sapphire, diamond, germanium,
quartz, yttrium-stabilised zirconia and an alloy of silicon
carbide. |
13. Method according to any one of the preceding
claims, characterised in that the useful layer is made in a

material chosen from among gilicon, silicon carbide,

sapphire, diamond,



germani um silicon-germanium 111-V conpounds and

Il-VI conpounds. 14. thho%Baccording to any one of

the preceding clains, characterised in that the

support substrate is in single-crystal or

poly-crystal silicon, the useful |ayer in

single-crystal silicon, the stiffening substrate in
gergiapglugt, crystitonrapolyninyst all ISHVI campmgcheds and  II-VI

' ryredi ate | ayer and the interposed layer in
com?ﬁpﬁg%ﬁ di oxi de. 15. Method according to any one of

t he 4pr ecedihng o mparest eshgedonhd that the preceding

yseful |ayer of the structure of rank 1 is obtained .
clagmg i heheFeatebhsed dm Lhefi athgomegonteakitessrahe 1s in

sinkle-cRsisde10fo @ geuyCe Subshrale ccfrh,i S¢hai tuis%lfuﬁonfayer in
of weakness separating Said uséfu ayer fromthe
singépmicadeitadf sheicour cehsubstiffeninvg astibetrate in single-

application,of thi our.ce substrate onto saj.d support
cry&ﬁﬁ%tfgiep?%gnc€yggait§ r1'of‘gﬁj i&anﬁﬁpﬁ&@Feal fr and

thet hateirpokieal 129ae ah weakress dilt&idd¥et hod according to
claim 15, characterised in that the initial zone of _
weaknes¥et§ods eCE@TAELAS h& 9 npiEnt 22%9n ©Bf Bheni preceding

cla§ﬁ§9ie%ha}gc§¥§HE%@ aﬁ%Prqﬁﬁﬁ;tqu ai@%éﬁ#l layer of the

characterised in that the i1 nitial zonhe weaknhess IS
stracporeuscfZonmssnk 1 is obtained via the creation of an

initial zone of weakness on the inside of a source substrate,
this initial =zone of weakness separating said useful layer
from the remainder of the source substrate, via the
application of this source substrate onto said support
substrate then via detachment of said remainder along the
initial zone of weakness.

16. Method according to claim 15, characterised in that
the initial zone of weakness is created via the implantation
of atomic species.

17. Method according to claim 15, characterised in that

the initial zone of weakness is a porous zone.



