WD 2005/ 043615 1 PCT/ FR2004/ 002779 Method for self-supported transfer of a
fine layer by pulsation after inplantation or co-inplantation 5 10 Field of
the invention The invention relates to a nethod of transferring an
ultrafine film(the termthin or ultrathin filmis 15 al so used) using

sel f-supported propagation of a fracture initiated by a pulse of energy. It
has appli cat | l ticular in the fields of mcro-e i LCr O-
mechani cs, owg‘%‘wg’rﬁ@ﬁt egrated el ectror}l cs. 20 State o?%ﬁl/fe%ogﬁ%ﬁlbs
known, splitting a thin filmmay be achieved by inplantation of chem cal
species in a source substrate, for exanple of silica, to induce the
formation 25 of a zone of defects at a particular depth. These defects may
be m cro-bubbles and/or platelets and/or mcro- cavities and/or dislocation
| oops and/or other crystalline defects, locally disrupting the crystalline

quality of the terjad ; theid [ i r rangl y
dependent on t it eld 'aédr Jb d Lp%r?;te‘y% €& %f%%%gaé%ﬁgl%aj},Mm t he
nature of the sogpuwesahilst rafiter Anplanttatadamen gminhlantatiagplied to
enabl e the devel opnent of specific defects present in the weakened zone,
whi ch enables splitting of the thin film35 fromthe source substrate to be
achieved later. This has WO 2005/ 043615 2 PC T/ FR2004/ 002779 in particul ar
been described in the docunent US-5 374 564 and devel opnents thereof, such
as the docunent US-6 020 252. However, spontaneous splitting during therma

5 annealing is sonetinmes ill-suited to certain situations, for exanple when
the substrates brought into contact have
10

Field of the invention

The invention relates to a method of transferring

an ultrafine film (the term thin or ultrathin film is

15 also used) using self-supported propagation of a fracture
initiated by a pulse of energy. It has applications in
particular in the fields of micro-electronics, micro-

mechanics, optics and integrated electronics.
20 State of the art

~As is known, splitting a thin film may be

achieved by implantation of chemical species in a source
substrate, for example of silica, to induce the formation

25 of a zone of defects at a particular depth. These defects
may be micro-bubbles and/or platelets and/or micro-
cavities and/or dislocation loops and/or other
crystalline defects, locally disrupting the crystalline
quality of the material; their nature, density and size

30 are strongly  dependent on the species implanted
(typically hydrogen) as well as on the nature of the
source substrate. A heat-treatment may then be applied to
enable the development of specific defects present in the
weakened zone, which enables splitting of the thin film

35 from the source subgtrate to be achieved later. This has



-different coefficients of thermal expansion. Mreover, it is known in the
art (see for exanple US - 2003/0134489) that, in the case of a fracture
obtai ned by thernmal 10 neans, and under certain conditions, the latter
Ppreferentially commences at a |ocalized place on the wafer, which can
sonetinmes | ead to surface non- honogeneities that are reflected in the form

of a "marbl eqyo boiBR4a¢REAr ance. These irpegul arities al spcirrappsan7in the
case of a purely thernmal facture when attenpting to overfragilize by

i npl anting an overdose of a species such as hydrogen in such a manner as to
facilitate the fracture thereof or to mnimze the thermal budget

(tenper at ure- 9Hrga&»egéuiagsg@@ﬁna&cﬁi&e@p&h el Qdcifctl s Wiep _J;élf
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WD 2005/ 043615h3t PCTHIFRAIBY/ Ga2®7 90 atar ifHas tyirecegbraineft a1@Y thewnaday
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brought into ¢@féact which can sometimes lead to surface non-
homogeneities that are reflected in the form of a
"marbled" type appearance. These irregularities also
15 appear in the case of a purely thermal facture when
attempting to overfragilize by implanting an overdose of
a species such as hydrogen in such a manner as to
facilitate the fracture thereof or to minimize the
thermal budget (temperature-duration) subsequently
20 applied to the wafers.

When the splitting is produced at high
temperature (typically near approximately 500°C), among
the technological problems sometimes encountered, mention
should be made of the roughness of the surface as well as

25 the degradation of the £film transferred during the
thermal splitting. This renders the following treatment
steps more difficult (for example: the transferred film
must be polished more, there is a risk of crystalline
defects being created during the following treatments,

30 etc.). Furthermore, in heterostructures (comprising a
superposition of substrates of different materials),
another technological problem encountered is the presence
of a field of very high stresses in the various films in
contact, during the heat treatment, due to the difference

35 in the coefficients of thermal expansivity of the various



-10 and/or be the unbonding of the substrates at the bonding interface. This
Is the reason why it nay be desired to achieve the splitting at | ower
tenperature. One way to achieve splitting at |ow tenperature is to "play"
Wwth the inplantation conditions. For exanple, an excess dose of the

I mpl ant ed species may increase the weakening of the inplanted zone and
cause splittwegrevs/o04seyst enperature by pravi di ng an ext er pat/FR20643002279
Splitting may al so be effected by applying an external force that causes
the fracture in the weakened area until the thin |ayer is detached,
generally after heat treatnent. See in particular the docunent US - 20 6

225 192 (CEA)mai_:ériélérrP?!lta@@H t oot echbatt . f orrnd sQi vkdly subghieat e wanrd
given inplantation_conditions, it is not onILY t he treagnen term_}erat re
that conditi of@IFRB2ELBsefbenttiConditForRS I UEPiqT i nitof Hfe tHFF1yer,
but 25 al so t§p1dutahgobecolirkhat ta epdnpntatwtd chidgller ethaat ed i dicdlhe
thermal budget concept (see FR-2 767 416 - CEA);. as for t prQvi Si of
mechani cal en’%?wgr?gu{é. a?ﬂf”r%d g?%lfa%%‘(%h%rf‘e%%y’a ftdﬂ?’r‘f%{f%'e" eypet ool
(see WD 92/ 08B88Fkage SOFfTEDe JhuboHantsubshradtesal bréag) ipth shwoved:t hat
if the sourc tgat e i.s LOf 1l con, o] [ QOGN 1S

I npl ant ed at %né}d?%lf?@@}ugnéﬂq(b:@{dﬁéugo ?xéq%1%Ub€|E?%§rgs) %te%g%l es spﬁrﬁ]ti ng

by a nmechani cinte¢esfaecafter performng the following steps: treatnent, as

for the 35 target subsgi@te,s byna pLaggBnChend calc aghi,Vabbonge¥G-290%/ 43615
4 PCT/ FR2004/ 002779 cl eanin RCAl1 type, bonding at "anbi ent tenperature of

. . of .
the source suPSihtare EWFOSPﬂét'E%EP%e%tS e T Qb @IPgRtuTre .

10 OCne way to achieve splitting at low temperature
is to "play" with the implantation conditions. For
example, an excess dose of the implanted species may
increase the weakening of the implanted zone and cause
splitting at low temperature by providing an external

15 force.

Splitting may also be effected by applying an
external force that causes the fracture in the weakened
area until the thin layer is detached, generally after
heat treatment. See in particular the document US -

20 6 225 192 (CEa).

It is dimportant to note that, for a given
substrate and given implantation conditions, it is not
only the treatment temperature that conditions the
subsequent conditions of splitting of the thin layer, but

25 also the duration of that treatment, which is reflected
in the thermal budget concept (see FR-2 767 416 - CEA);
as for the provision of mechanical energy, it is applied
for example by a "guillotine" type tool (see WO 02/083387
- SOITEC).

30 Thus Henttinen et al. (2000) [1] showed that, if
the source substrate is a wafer of silicon, a dose of
hydrogen ions implanted at 1 x 10*7 H'/cm® (i.e. 5 x 10
H;/cm?* ), enables sgplitting by a mechanical force after
performing the following steps: treatment, as for the

35 target substrate, by a plasma chemical activation;



anneal ing at 200C for 2 hours. The mechanical force wutilized came froma
-bl ade inserted at the bonded 5 interface to initiate the splitting. This
approach, although reducing the roughness of the transferred surface (by of
the order of half with respect to conventional splitting solutions that are
“purely thermal and wi thout plasma activation), involves 10 slow and jerky
propagation of the fracture wave. Thus Henttinen reports that each forward
novenment of tWe 2bsu361%eads to the propayati on of a fradtCF/ER2ZMEOOZEY
stabilized over a certain distance after two mnutes. This type of
mechani cal splitting therefore 15 consists of introducing a blade fromthe
edges of the structure and noving this blade forward over virtually all of
t he bonded stalednirey @® REALotYeet idordimy atongmbidmet weakpaedtapaepft he

term' assi st splitiing i ) ti used, sin he _rql t he ol
(such as a thdrb? ac?ec)urlcs?gt §u;§)3rsotprgag%§1et e%t?ﬁ:g f(ratglceturté—’&%ae&e P%r%%or%‘fé:eédgg gf t he
structure to drreatimg . athi 8009Ffe Dbr f Rachonesl edbise t ongdiemrfigidlowifpgce

defects, al e fildy e sifd acerdfeed byi2ge sphbthtod Ofe tBfel NbBokEhm 25

- crown defect (non-transferred zone, at the periphery of f1na
product)5 forinseminee telifiddate dhoarlPdidithg energy too |ow with

respect to the rest of fHhe iqpsréace; andnblght ReduimRfuehé orcdghhaeks to
start off the 30 transfer, lack of _unifao m?y (l.ow frequencgy. r ghneis) of
the thi cknesLhf thHetFRIALFTFRI ?‘a"ﬁ§?8?rég’¥ oF %t?’&%q%rogugaﬁg P
fracture waverésgsdct edto MeRdiafrtaldnal t kgl divtiegul aclutyidnst S thad 3arstarts,
whi ch t hen necesslitafzﬁg tgﬁatrre t%itr\{\gugooﬁla%%?émgc ix?gg{gn Ooézl./n(\)r%%ye% such
as pol i shi ng,plﬁﬁ ch f%no r P !

10 slow and jerky propagation of the fracture wave. Thus
Henttinen reports that each forward movement of the blade
leads to the propagation of a fracture that is stabilized
over a certain distance after two minutes.

This type of mechanical splitting therefore

15 consists of introducing a blade from the edges of the
structure and moving this blade forward over virtually
all of the bonded structure, as i1f to "cut it out" along
the weakened 2zone; the term 'assisted splitting' is
sometimes used, since the role of the tool ({such as a

20 blade) is to propagate the fracture wave from one edge of
the structure to the other.

This type of fracture 1leads to the following
defects, at the future surface freed by the splitting of
the thin film:

25 - crown defect (non-transferred zone, at the
periphery of the final product), for example
related to a local bonding energy too low with
respect to the rest of the interface, and to
the introduction of tools to start off the

30 transfer,

- lack of uniformity (low frequency roughness) of
the thickness of the thin film transferred, in
particular due to the fracture wave assisted
mechanically, thus irregular, by £fits and

35 gstarts, which then necessitates treatments,



-general ly sought to avoid, - difficult industrial inplenentation, given the
use of a tool which acconpani es the propagation 5 of the fracture, which

i nplies an individual treatnment of each structure (or wafer). Moreover, it
has been found that, if the thermal budget is too |low, the transfer of the
thin filmis of poor quality, whereas if it is too high, fracture of one 10
of the substraDexomey3eascur in the case 05 a heterostrudCr/FR2004/002779
therefore clear that in theory there is a narrow wi ndow for the operating
paranmeters (of course linked to the conditions, in particular the doses

I npl anted, the nature of materials, the annealing 15 tenperatures, etc.);
now, this narrowness cosfathtutes apaQibhawyg,congiich nt ikor isndusibweser

expl oi tation. Most of thelslerdrl;vvbagks 1g\rgof%und in the case of the
splitting of a thin fil AR atASnBgeABouSCsthSiPate (with a single
conponent material (SO difficelanpedustiialspinplemenioitidre tdivehi itiwei s of
course al so determ ned e chaige af th ' S i ' ed. It
was i ndi cated above tha?gﬁyé?oaeﬁgibg S@%E?‘a ,|°§%?r?%ﬁq§ﬁtree % E’Eﬁp%gﬁletrﬁ%lpt i ons
have beén proposed, in 26 pgditi EUREEVUEG. i iptieh | AFPRARSUMT CaRBiNAEaA may

even be nmade of two di f {eegbhenehgli eaknspeei88urdhysrAgarual et al. (1998)
[21 found that the fact of inplanting

bot h hydrogen and, hel | um enabl ed t he
30 total inplanted déiFSAVS§onsttolBE PEGHc P b pardint | T dhBSt Gﬁﬁﬁ"@zﬁ
di fferent rolmsigatayed pcyrswgethanddaelsiferi of hehdydhdagenFilm eftacbEs with
the Si-Si bonds brokef.%)i thg ri I§ taéti an, to cre t? ?4: "\é&?”ds reséulti ng
in a high dé-?%cf]fyq%? b t el'ef ?gge ef&ct’® 0r°% 1%1‘% ot *#h o?dgl’:' 35 of
3-10 nraqternefl Htdef ectwbafraptat el eayt ypegcumherdesas W 20085643645 6a
heterostructure. It is therefore <c¢lear that in theory
there is a narrow window for the operating parameters (of
course linked to the conditions, in particular the doses
implanted, the nature of materials, the annealing

15 temperatures, etc.); now, this narrowness constitutes a
heavy constraint for industrial exploitation.

Most of these drawbacks are found in the case of
the splitting of a thin film in a homogeneous substrate
(with a single component material (SOOI, for example).

20 The splitting of the thin film is of course also
determined by the <choice of the chemical species
implanted.

It was indicated above that hydrogen is generally
implanted, but other options have been proposed, in

25 particular by implanting helium.

Combination may even be made of twe different
chemical species.

Thus Agarwal et al. (19928) [2] found that the
fact of implanting both hydrogen and helium enabled the

30 total implanted dose of ions to be reduced, apparently
due to the different roles played by hydrogen and helium:
the hydrogen interacts with the Si-Si bonds broken by the
implantation, to create Si-H bonds, resulting in a high
density of platelet type defects of a size of the order

35 of 3-10 nm (termed H-defects of platelet type), whereas



--PCT/ FR2004/ 002779 hel i um whi ch does not act chemcally, leads to the
appearance of a lower density of larger defects (size greater than 300 nm
approximately). The heat treatnments envisaged in that article are 450C for
20 min or 750C 5 for 20s, which necessarily inplies the drawbacks nentioned
above in relation to splitting at high tenperature. This hydrogen-helium
conbi nati on hwe Als043en studied, in a &ore theoreticalpaEFR2004/00Y779
Cerofolini et 10 al. (2000) [3] , who noted that pressurization of the
defects was greater with the inplantation of heliumthan wth that of
hydrogen, and that the heat treatnent could have different effects

according to ﬁélpldr@npen@:tdﬂeddé@osaat ageeal élﬁ@nb@&mpn 115&@@5&6 | epds to a
15 reduction in the nunber i -H bo dsé nnecﬂ'{mga cf e ,300C- 450C
| eads on t he THMRIERT T o°§n ‘?n &&de PH" i‘ Fgeﬁ/ne eefaesc ne &g

above 550C t enrsatierst eadn 300 etuceppirakimankéy)agdiie hbakeverephatenist i cl e

does not de I cal cI t e a 0 NREr, oof
obt ai ni ng thidén*%? %nié;%f 9%05 g([lql'ua l%% '{%{3 %ggtmljc% é{r thogq?fr?aggorr?%too%t he
state of5the &urfadds, forWHlChDderreaI@ﬂ%sﬂY Anippjlaes ofthehe idmasiveicks is to

al leviate the, ﬂfdﬁ@&ksa98§8r' ke aPé’i’@thi”etBar tdpulariing the | puemti on

relates to a nmet hod of transferring a thin filmthat can be carried”™ out at
| ow t enper at e e FREHERr to linmt the high nechanical stresses when using

material s havi ng lar 01 g 08 dr@g%@th@fllwaﬂémBﬂnﬁti&ﬁr eSS )alddrabeean be
30 effected caol veI lim e defects cit bov urin
splitting of % @r M p%\#?gfﬁ}:é?afby‘aﬁp@\]fenfqyng ?E?%’fdﬂgnbf %tthe
fracturied wavealln (@tdmr) weﬂds whan alytee ahathepreassntloatient odbttdien, for
a rmoderate %%%ecégiﬂagigggaggrhquhQ%ﬂét%ﬁpféﬁ%é%%bn of helium than

with that of hydrogen, and that the heat treatment could

have different effects according to the temperature

chosen: annealing between 150°C-250°C leads to a

15 reduction in the number of Si-H bonds, annealing in the
range 300°C-450°C leads on the contrary to an increase in
that number, whereas annealing above 550°C tends instead
to reduce that number again. However that article does
not deduce practical conclusions therefrom as to the

20 manner of obtaining thin £films o©f good quality (in
particular in relation to the state of the surface) for a
moderate cost.

An object of the invention is to alleviate the
drawbacks described above.

25 More particularly, the invention relates to a
method of transferring a thin £film that can be carried
out at low temperature (in order to 1limit the high
mechanical stresses when using materials having large
coefficient of expansion differences), that can be

30 effected collectively and limiting the defects cited
above during splitting of the thin layer, in particular
by preventing jerking of the fracture wave. In other
words, an object of the invention is to obtain, for a
moderate cost, thin films of high gquality, thereby

35 avoiding at the same time the drawbacks of a heat



--35 avoiding at the same tine the drawbacks of a heat WD 2005/ 043615 7

PCT/ FR2004/ 002779 treatnent at high tenperature and those related to the
utilization of a tool for assisted splitting, and those related to an

-addi tional treatnent for reducing roughness after splitting. 5 Presentation
of the invention To that end the invention provides a nethod of

sel f - support eazoes®3msof a thin filmactording to whi ACT/FBR2004003T9r ce
substrate is prepared, - at least a first species of ions or gas in a first
dose at a given depth is inplanted in that source substrate wth respect
to a face of that source substrate, that first species being adapted to
gener at e def egtsatiént atstiiffleneempsrappréedrnid thdééantrelearidacto withe t he

source substrate,. - a heat.treatnment_.is applied.to that, sourc ubstrat e,
at a given te"%’bjgjrja%%tf’]em? o?faagiatvéeTo‘ralltF%, agglgg’etdo Spclrl‘gtattler,lg’su rs@a%?’f’&%l y at
t he given deptélaedute ean28ddbbkenad tveatmenthéor reduicangngoulghnelssr nal

splitting of [P T g T - a pulse of energy is applied to that source
substrate sdaggggo %%é%i the self-supported splitting of a thin film

deliniteéd between the face and the buried weakened 25 layer, with respect to
t he remai nderppdgdiiea iy C6F S Sinwdieioe! f - supported splitting nmay be

defined here as being a conplete and virtually instantaneous splitting,
simlar to that obt ai”?%dtﬁﬁta Gk ehéé’c"'e}“rté%’neﬁ’l’fo‘é}é%% @ gh® }é‘ﬁ‘éelo%t ure,
but possi bly seUificetbiyrted oadramdfmtt of t shawvhig t diflel | ewcandikignd tef

fracture wave ifh_there Is atool, it cones at nost into contact with the
substrate and™th&*film without followng the splitting
10 - a source substrate is prepared,

- at least a first species of ions or gas in a first dose
at a given depth is implanted in that source substrate
with respect to a face of that source substrate, that
first species being adapted to generate defects,

15 - a stiffener is applied in intimate contact with the
source substrate,

- a heat treatment is applied to that source substrate,
at a given temperature for a given time, so as to
create, substantially at the given depth, a buried

20 weakened zone, without initiating the thermal splitting
of the thin film,

- a pulse of energy is applied to that source substrate
so as to provoke the self-supported splitting of a thin
film delimited between the face and the buried weakened

25 layer, with respect to the remainder of the source
substrate.

Self-supported splitting may be defined here as
being a complete and virtually instantaneous splitting,
similar to that obtained by a simple heat treatment at

30 high temperature, but possibly induced by a tool without
it having to follow any kind of fracture wave (if there
is a tool, it comes at most intoc contact with the
substrate and the film, without following the splitting
interface); this is thus, in other words, the contrary of

35 an assisted splitting. It may also be referred to as a



-<interface); this is thus, in other words, the contrary of 35 an assisted
splitting. It may also be referred to as a WO 2005/ 043615 8

PCT/ FR2004/ 002779 "sel f - support ed” phenonenon. Two species, for exanple
“hydrogen and helium may preferably be co-inplanted, as described in the
application FR2847075 or the application WD 04/044976; 5 the inplantation of
a plurality oospesoesisan be concomtang or not. The hesdT/FR2G4ronet79
tenperature is advantageously chosen to pronote the devel opnent, of
crystalline defects in the weakened area without in so doing |eading to 10
spont aneous thermal splitting. This tenperature will be sufficiently |ow
not to generatf NPl edt MARERSNddi. are too high in the substrate

assum ng that the source substratge and/ or_any. tgrget subat {_laﬁle i ncl ude
materials having very i TH& St f‘?’é‘?“%ﬁ% BYCESPENsPBA. EAFETr sMEE why
t he met hod | orefgmisier et hodoodopilahngdat aasrelddsweilyed owirenpehat ur e

(not greater than C.in e L1 /. tz heter r re, for
exanpl e) . Acca@pgllnéa%%(%4 héﬁxR‘:}%\‘/}g(r???’on,th flteﬁé rgg%[}rlg}é‘%l&lob ai 8225639%'
propagatd on ofhea sitflanfpforored $F aca urelupdl weye, o&f t epeches| arasr has been

initiated by -I‘F@htplg e applied in a fragile area (this pul se being
| ocal or gl ocgdz}f ; . To obt ar‘;sn d’?ﬁi s phenonmenon, inplantation conditions
(dose, energy, natur &h§f Rt spEepemenguriameratdiiter 18f AVFREROROMNERAY (i f

there is norehddh 0b8) pablo8 ielealdate: IGRidritonst | BriBealephd gkrkbes
substrate of the

of species), Jrr?‘rpltgl:’?trrg{”gg g’tq@ pgé:lﬁ%s]r é‘l'lnté{‘{i]“et) 03??3 gf‘éiplp ﬁg;hge%cﬁé&l lrjréﬁlt | E%/or
exanpl eLtheat dp@atarsyys Wohedmadeepltic temapl eTshapitrgpefrativeredi w111 bbki on,
e, 20,70 P, S oL LML SRS SRR, conc,
formthe fragite fpeahilgh i En the substrate assuming that the source
substrate and/or any target substrate include materials
having very different coefficients of expansion. This is
15 why the method is a transfer method occurring at a
relatively low temperature (not greater than 500°C in the
case of a silicon/quartz heterostructure, for example).
According teo the invention, the fracture is
obtained by propagation of a self-supported fracture
20 wave, after the latter has been initiated by an energy
pulse applied in a fragile area (this pulse being local
or global). To obtain this phenomenon, implantation
conditions (dose, energy, nature of the species, current,
order of implantations (if there is more than one) and
25 relative positions in the depth of the substrate of the
implanted species (in the case of implanting a plurality
of species), implantation temperature, etc.) and
appropriate treatment (for example heat treatment) would
seem to enable shaping of the distribution, the
30 morphelogy, the size of the crystalline defects
(cavities, platelets, microbubbles and macrobubbles and
other types of defects) that form the fragile area. It is
precisely the work of shaping the fragile area that seems
to enable the result of sgelf-supported fracture to be

35 obtained.



-precisely the work of shaping the fragile area that seens to enable the
result of self-supported fracture to be 35 obtained. WO 2005/043615 9 PC
T/ FR2004/ 002779 The invention consists in pronoting weakening conditions
close, in their nature, to the conditions obtained in the event of thernal
fracture, without going so far. The additional energy is then provided by 5
I mpul si onal awe f008m4361senergy at the end2of or during tIPETHRBA004002ZTTENT
and i nduces the propagation of a self-supported fracture. Self-supported
propagation of the fracture wave neans that it is not necessary to assi st
the propagation 10 of the wave by advancing a tool or repeating the
iﬂitiaﬁli OP energy pulmee Asfentidbn gmvﬂﬁj’ﬁts;]ealvrmurlq)ﬁn}oﬁlﬁ@ i meerktelf 'mn#g sh
that the fracture wave is propagated, .over t ol e_of the sur t he
T EHo GBS Fa SHETCs

wave in |ess TRRATHFIO%%c éven EBFIEheNBFUEF  of “One I | 19 seé’o peeds
15 greater thab\té.ﬂﬁ)em $h the divenet evfS tipetaB00ranmtubae pra$h|oblte goyiing n of

the self- suppg ?{_or Tﬁglfﬁa!(‘@g?&hg?) Ehggbgrelgte%e 29 %%i[w n) has

the buried d Resear c er mani-um ~but “applicabl
shown t hat unmub%itﬁn%llppdﬂtlédonr aef uprepgyY c@idi th@n@nﬁheofdeﬁ‘él dprgmg

defects (m crogd aghkse C%\fletattﬁém Pl gh&! efrfqudd T Rebbhespagret ghubbt e
etc.) is estimafed to be from0.03 to O.035 per square mcron, their sizes

are of the or%*f?)?ulffp‘?’ét%dsﬁ%?’éuﬁ?crons and the area opened up by these

defects, as a per Cent@@ﬁf-‘ﬁuﬁ&ﬁt@rﬁé}i abrdbagteacefl dhe cviaf efracsuest iwmted to
be from 25 to 32% These val ues characteristjc of thE akened are‘_é1 m ght

seem si m | ar PoPChaFBRFerFsti®c Rl RECTRAFY i FOt AESLF r @HOPR i Ned by
t her mal 1oreansef butheli ff:&vent bi/r oaddvehosagobtai nedlaf tcar wegleaniimg t redet ment

that 30 ”ecesfﬁ%é‘ia?&@:‘fs' gn)*epﬁhfé‘écales actype gxlg%f’%ﬂl'n%h £83fure! U

per cent age of € area o 'S"Tor & of 't he or
the 1nventlon is that the fracture wave 1is propagated

over the whole of the surface of the wave in less than
1 second, or even of the order of one millisecond (speeds
15 greater than 100 m/s) for diameters up to 300 mm.

Cne possible origin of the self-supported (or
self-supported) fracture stems from the nature of the
buried defects. Research (on germanium, but applicable to
silicon) has shown that under self-supported fracture

20 conditions the density of defects {(microcracks, cavities,
platelets, microbubbles, macrcbubbles, etc.) is estimated
to be from 0.03 to 0.035 per square micron, their sizes
are of the order of 7 to 8 square microns, and the area
opened up by these defects, as a percentage of the total

25 area of the wafer, is estimated to be from 25 to 32%.
These values characteristic of the weakened area might
seem similar to characteristic wvalues noted if the
fracture is obtained by thermal means, but different from
those obtained after weakening treatment that

30 necessitates assisted mechanical fracture (in which case,
the percentage of the area opened up is more of the order
of 10%).

At least the condition cited above as to the area
opened up is preferably applied (it seems to be the most

35 important; i1t seems that it may be generalized to a range



--of 109.). At least the condition cited above as to the area opened up is
preferably applied (it seens to be the nost 35 inportant; it seens that it
may be generalized to a range WO 2005/ 043615 10 PCT/ FR2004/ 002779 from 201
'to 351), where appropriate conplenented by either or both of the conditions
as to the density or the size of the defects. O course other effects or
causes are nowoO fos)akeided by this intermeetation, and i NPQBRFR2004/60271%e
chemi cal nature of the bonds in the substrate may al so pronote the
occurrence of the phenonenon of self- supported fracture wave. In other
words, the invention seens to consist in 10 pronoting weakeni ng conditions

close, in thefromatziee, t& ﬁre COW&l—léﬁé)nSap;f&tcﬁjﬂ%d:d nm@l@mwdtwm
fracture, without goin

The addi ti onal ener t hen prOV|ded by
i mpul si onal d%ﬂ???%noﬁfg8ﬁgr8$ the ﬁﬁgg EéOBﬁpﬁis.?e%%Fhiﬁﬂﬁ%ﬁma
obvious for dbzé¢hefpehsodes&ctsed in the art to arrive at such condltlons

enabling a sel f-suppo Eed Lﬁgg%urgt?l de5|f(r¥a%b d e%i% evgguggst hg re%tt

m ght seemin itself obe reme e person ski Fed 11 the
art, seeking exclugedvedy 2bhifse 1ﬁ1e:§nptr§t@ftﬂ4¢ebhaan@allrf regrbienlargtibehave

been incited:foni{sayi biy %%rfeheoﬁu*éﬁér%d@rfn e XA Sty mhHCTLAR NI

the thermal budget 1 nput to the inplanted structure bonded to the stiffener
substrate. AREPRRLEpefBSn SEEETCS t IRE arthSwuPBeRavPersBenCdbl E8lf verify

25 that, by isessssted thecthes mpavodudget, the force necessary to propagate
t he bond| ng wave was ] ndeed redu&ﬁ Egiowever he would n have been abl e
tt

to observe the sel f-PFopEEEE e¥OF AVEREheRoRERDBS, CORSIST ghhduced
only urdber paptomotbngyweéakenshyeconddlttonascifsesedenbehedy. daturar,t il ar,

the person SkﬁﬂeegohaiEQSngr%btained in the case of thermal fracture,

without going so far. The additional energy is then
provided by impulsional addition of energy.

It must be emphasized that it was not obvious for

15 the person skilled 1in the art to arrive at such

conditions enabling a self-supported fracture to be

obtained, even if that result might seem in itself to be

extremely desirable.

The person skilled in the art, seeking to improve

20 the results of mechanical fracture, might have been

incited to fragilize the substrate more, for example by

increasing the thermal budget input to the implanted

structure bonded to the stiffener substrate. And the

person skilled in the art would have been able to verify

25 that, by increasing the thermal budget, the force

necessary to propagate the bonding wave was indeed

reduced. However, he would not have been able to observe

the self-propagated fracture wave phenomenon, which is

produced only under particularly favorable conditions

30 (see below). In particular, the person skilled in the art

would not have thought to continue weakening as far as an

ideal point that precedes the moment of thermal fracture,

as under general conditions of implantation and of heat

treatment, that point is an unstable point that it would

35 be hazardous or futile to seek to achieve. In particular



-woul d not have thought to continue weakening as far as an ideal point that
precedes the nonent of thermal fracture, as under general conditions of

i npl antation and of heat treatnent, that point is an unstable point that it
‘woul d 35 be hazardous or futile to seek to achieve. In particular WO

2005/ 043615 11 PCT/ FR2004/ 002779 in the case of fabrication of

het er ost ruct uywgs2008@M35¢180 thi s unstabl e qpoi nt, and t her eporarR2bEY/GRTTIRI
fracture of the substrate, often | eads to conplete breaking of the final

product linked to the sudden releasing, at the tine 5 of the fracture, of
the stresses of thernonechanical origin stored in the bonded substrates.

Accordingly, pRdeak e éﬁefamwt%hl | sl h@tei»agtﬁﬁ&tﬁ@abd R jexpect ed
that the continuous force necessary ropagat e the fracture wave woul d be

| ess. 10 ThustRS papstabilgr BRE-Rioul %Inﬂa\ti eﬁ&éoﬁﬁ otﬁ}eecFW’émFéastﬁc%et hi nk
that sinply psel engi Bgbsbeavepkenteg aenaal thco(np\leltet IRe-claukii Oy @fft )the

foIIowedbyte plication. of force woul d |
sel f - suppor t et" 7% cPﬁ?‘guc‘ﬁ\a%énki@ Fﬂnggst Suaﬁsn gF?F(’JHgl’ % time
applicat$on maf tiee gliodaadtuiicher ol sheck$tné$s@somrﬁj tétexrmjor@cHaodiadailz ed

(laser, mc“ﬂﬁff@d{}ﬁ?gﬁdt{ cgﬂgr&rérg%é;cg Sﬁ%%o?t Jdhis pulse is preferably

| ocal i zed, ageous y app noved briefly with a 20
smal | anplitude. Thi sheefaidinglof éﬁér@}’- i oSikly ahagamissgn apiléddi dnt he

i medi ate proxh i y-Of wbhita MiJLdekpreted! ithdedche 0BbYt BnPORL T Gy Lder eof
preferably to a peripheral portion thereof. This pulse may also in

particul ar cORRFRESFY at02PNOPAYG Lt e EFAF CREBYI"EVEn ‘(‘?‘&%d eR&npPiEESappl i ed

by a |aser pohse) 1ﬁrpa@t@z§h@a@ahestwcaﬂai (HFe exadphe objkbe i viemiReisdine

vicinity of the ak ne an e t her eof r easons of
5|an|CYty of ?nﬁ nt q iTB praT%nglng t e)weaﬁenlng annealing

{over the prlor art) followed by the application of an
impulsional force would lead to a self-supported fracture
wave.

15 In fact, the impulsional energy application may
be global (thermal shock, ultrasound, etc.) or localized
(laser, mechanical shock, traction force, etc.).

This pulse is preferably localized, and
advantageously applied by a tool moved briefly with a

20 small amplitude. This addition of energy is
advantageously applied in the immediate proximity of the
buried layer, limited to only a portion thereof,
preferably to a peripheral portion thereof.

This pulse may also in particular consist of a

25 localized thermal provision (for example applied by a
laser pulse) or an external stress (for example in the

immediate wvicinity of the weakened area, at an edge

thereof) .
For reasons of simplicity of implementation, the
30 fracture may be obtained at around room temperature (0 to
50°C), for example by application of a mechanical shock

localized to the border of the assembly. However, this
particular embodiment is not limiting on the invention,
and 1in certain situations it may be preferable to
35 initiate the fracture at a higher temperature, for



-.30 fracture may be obtained at around roomtenperature (0 to 50C, for
exanpl e by application of a nechanical shock |ocalized to the border of the
assenbly. However, this particular enbodinment is not limting on the
*invention, and in certain situations it nmay be preferable to 35 initiate
the fracture at a higher tenperature, for WO 2005/ 043615 12

PCT/ FR2004/ 00ROH4boswsaeps e around 300C. | tizhas been obser visOI/FR2004t002779ner gy
pul se has had all its effectiveness for initiating the fracture wave when
the latter led to a very localized opening up 5 of the interface at the

| evel of the fragile layer. Thus a shock provided by a blade type tool, or
nmore gener al | gxanpe td@sindmdyye. force, induces t he propagation of a

sel f-supported fracture very . effect velf! the conmpl emanta reahgent i's
carried out in 10 tH& fB#*h &eef’heoéﬁﬁ? %‘atl Cot “0& t FESHEY "b}g%?, Fe
|atter is | edsad hallt heté heerfﬂaéctmmlgmsmetfessanylt:batmhgaltrhet hé&racauter e.
The surface staje Qﬁeﬁh%né“tl%tt %gzﬁ Ié)cj.i med af Loy ié&éi‘{feé?aépgifgﬂ‘fhgq“ency
and Iovv-frequency roughness oved“over % he prior art- 'S resul t
is partizul ar¢§ menmh@eﬂatﬁer ath@ﬂeowefweéqlﬁnctle% fragpaet lavkar ®hts the

absence of fractys V\@l&?méa hg ASTNRL thale 1HhS1, T 88UbrksS genakgd1lo the
e conte t

fact that, int xt of I nventi o the racture wavé propagates
cont i nuousl| y, 8120 WRREHET) cF¥Re ad@Bfirhi hn@uﬁ?ﬁhlt;h%ﬁk’é’ﬁéaaf:éﬁér LahAch

woul d facili t@épf.tg@ 1oy ot 1 OF e tmyﬂ@ﬁéd’tl&rew eferential area within
t he weakened | ayer), IS obtained in th e}P Ci art. .Under

;
standard inpl ant ati orfF gﬁ?ﬁt?%‘i’lgle‘ﬁgn%ﬁ?ﬁﬁl SREREIERCof-§4 CHFT BPHetof 5 x
10 10lGi@t/ cnghd r dorm20ofo 3 keplirasibhconf - aSi phebraselhudygapor the

fracture phenpnan i obseryedngh! Veher DRELAN OANIAIINT ndt¥dlaty Wibeh 1t

obtain the fracture.

The surface state of the substrate formed after

fracture has high-frequency and low-frequency roughnesses

15 improved over the prior art. This result is particularly

pronounced for the low frequencies, in particular with

the absence of fracture waves. It is assumed that this

result is linked to the fact that, in the context of the

invention, the fracture wave propagates continuocusly,

20 without jerks and within a highly weakened layer (which

would facilitate the propagation of the wave in a

preferential area within the weakened layer), compared to

what is obtained in the prior art.

Under standard implantation conditions

25 (implantation of H' of the order of 5 x 10 10 at/cm® from

20 to 300 kevV in silicon - Si) the self-supported

fracture phenomenon is observed only for narrow operating

points, which it may be difficult to - reproduce
systematically.

30 On the other hand, under different conditions, in

particular, the operating window to obtain the self-
supported fracture phenomenon is wide, which means that
this phenomenon is observable for a wide variation of the
parameters for obtaining the fragile layer (parameters of

35 implantation and of the additional heat treatments, in



-systematically. 30 On the other hand, under different conditions, in
particul ar, the operating window to obtain the self- supported fracture
phenonenon is wi de, which nmeans that this phenonenon is observable for a
‘Wi de variation of the paranmeters for obtaining the fragile |ayer
(paraneters of 35 inplantation and of the additional heat treatnents, in WO

2005/ 043615 hgo¥e0dhkddd904/ 002779 particulzar). This is theCTaRRS004/002779
exanple, when the inplantation is a co-inplantation under defined

conditions (see below) and/or when the tenperature profile of the
addi tional treatnent includes adapted 5 phases. In the context of industrial

use, it is inpordaniiato, MG d hesmet Rod ddigged feS axihg14dl 1 fbhen the
i naccur aci es ~ and varlatlons of the op eratlngpgaraneters whi ch

i nevitabl e, OFMRIARGREIPH priftic®, tRP5IHPLEARERRYGBINeSEICL L haei%i@?dt he

use of the me¢dredlid ondat ¢hes Ofbe\lvaofwrS,ankQ/d’xat hetieh haghwaf Qrembyérmﬁ.ﬁfe, as
I s standard praqéjce I n ﬁﬁ m_c | ectroni,cs i ndust

S.,been
possible to RePi¥ye ¢t B ¢ & @ﬁtérf%{l é‘r\‘cﬁé}cfe re? Wgre%a
bat ch ofs waf eplsaged. wafl et s usnngxa waf endusaniplll aseonitodls IJ.rnlperttra@tt

discl osed |0 YP0URRENe hedodn,Bhsa Noked LhAL Lbecl! T seGsspk O

i npl ement the 0d Ccorresponds” s e timto
the prior artamdntuﬁt;aﬂxvnﬁtuﬂf weshgs, opetar énag E@I%mﬁﬁ?%ﬁtlwhﬂQh' aagpect

of the invent'&é»l£m$at5§rceﬁ99@se§na BEERQESOf £n2Q Lalkkeatiadahdal ch of

substrates including t low ng_ steps: - inplantatiion of eadch of the
substrates, -2WeREeH Y Fhéaﬁﬁﬁuo%ftPﬁem§GB9ﬁ%ﬁ%% bateheat e, wafsrs,

applicatd on ofaemer gy haHl Sesfe&t Nt aRgeus! Yad oieacdtfladhe §1d@@ti@é esn
(collective treatment). Lt seems that, it shoyd, be nofed fhat, accarding
to verify that it was possible to obtain the fracture
over a batch of wafers (25 wafers) wusing a wafer
manipulation tool like that disclosed in WO03013815. It
15 was also noted that the time necessary to implement the
method corresponds substantially to the time to implement
the prior art methods.

In other words, according to one particular
aspect of the invention, the latter proposes a method of

20 fabricating a batch of substrates including the following
steps:

- implantation of each of the substrates,

- weakening treatment of the substrates as a
batch,

25 - application of energy pulses simultaneously to
each of the substrates (collective treatment).

It seems that it should be noted that, according
te the invention, the substrate is weakened and the
weakening "energy" does not need to be maintained up to

30 the moment of application of the energy pulse. It may
even be added that provoking self-supported propagation
at high temperature is not recommended in the case of
heterostructures, as the stresses arising from
coefficient of thermal expansion differences, that are

35 released at the moment of fracture, could 1lead to



-to the invention, the substrate is weakened and the weakening "energy" does
not need to be naintained up to 30 the nonent of application of the energy
pul se. It may even be added that provoking self-supported propagation at
*hi gh tenperature is not recomended in the case of heterostructures, as the
stresses arising from coefficient of thermal expansion differences, that

are 35 rel easggpabh ¢i@ment of fracturejgqcould lead to w@qgﬂgﬁmgﬁaﬁﬁg 14
PCT/ FR2004/ 002779 %reaklng of the substrates. It is worth stressing that,

according to the invention, under certain conditions of inplantation, t he
| npl anted area i s weakened very strongly without 5 generating purely thernal

splitting, angrggkgﬁgv F 9k %%%%rghgg anneal i ng tenperatures (no splitting

observed after annea ow tenperature as defined below); on
the other hand, self- §Gpp@ﬁtéﬂ0%f§p|t&wﬁfan§guﬁmtat e8CBPrdiiRgl etaddi§ on of

i mpul si onal e&ﬁﬁrﬁ)&tﬁ%ﬂ(?h uHiaas dereantealichesl ot tivpilemeltidn t hehe
weakened interface, for exa npl e). The consequences of this_are sjignificant:

the operati ng fPhaBke6s t‘f\%e%nné-zﬁ i n§S_kepSHay VY vePYTRPESY t NELHBRYum
limt fos theQQME&htdﬁgﬁpﬁfEBy tﬁemmaLM§@&ﬂut¢n@ﬁnewarmhis puemedfdack a
long way (or eyen no. l.on |sts) this. s entirel avaqr.abl e th

i ndustrializat 68 (r}f Ihegﬂpsgésgg q%mé)reerﬁ SEiE aélé“lgs &1‘%@1 %%[ 8%%%% t he
sel f- support edteracZarke eﬁhbaeseahengrantuiemmxﬂmp&rqﬂmmagaﬁe dePined

| nst ant aneousiy 1304 W(SI}POH‘;;]?G] 9615 PV‘E odhe wopke %;E poLi @r %?:ﬂftttl'i‘l waf er ;

it is not necessary ‘for an enetrate he“substrate and
the future th#ﬁlﬁﬁﬁﬁﬁd\Hﬁ(ﬁﬂmﬁiﬁd%d@h @ﬂn@ftH@HW%&%OW%%Mﬁﬁ%ﬁQ%d Bychhe

splitting tooks The sethasupROr tewbdk agdr &1l sQetleqar by 26néNPrOYRSEnLAE
t opol ogy of the surfaces exposed in this way (for exanple with | ower

roughness (espBEREIEPFeat fPGnSxample) .
The consequences of this are significant:

¢ the operating window of the annealing step may
be very wide: the maximum limit for the duration of this
15 pre-weakening annealing is pushed back a long way (or
even no longer exists); this is entirely favorable to the
industrialization of the process,
¢ there is no assisted sgplitting since the self-
supported fracture enables the fracture wave to propagate
20 instantaneously and without jerks over the whole of the
area of the wafer; it is not necessary for any blade to
penetrate between the substrate and the future thin film,
which avoids damaging the Jlayer transferred by the
splitting tool. The self-supported fracture also clearly
25 improves the topology of the surfaces exposed in this way
(for example with lower roughness (especially at low
frequency)), and avoids crown defects, which renders the
whole of the thin film usable, including its periphery,
¢ the fact that it 1is no longer necessary to
30 introduce any tool is also favorable to the
industrialization of the process and to collective
treatment of the substrates by batches of wafers.
In that, at the latest at the time of the heat
treatment, the source substrate is placed in intimate

35 contact via said face with & stiffener or target



frequency)), and avoids crown defects, which renders the whole of the thin
~filmusable, including its periphery, the fact that it is no |onger
necessary to 30 introduce any tool is also favorable to the

i ndustrialization of the process and to collective treatnent of the
‘substrates by batches of wafers. In that, at the latest at the tine of the
heat treatnent, the source substrate is placed in intimate 35 contact via
said face w twoembsioi@aper or target WO 2805/ 043615 15 POCTRROGKH/@O2D79
substrate, the heat treatnent contributes to inproving the energy of
bondi ng between these substrates. This target substrate or stiffener is
advant ageousl y chosen from nonocrystalline or 5 polycrystalline materials,

such as silicometrsedphithe | Refor tirEdadantor contrhbutesmod dmpareriplous
material, like for exatr}g%ek_fi n,the formof fused silica. According to one

particularly artegEo WHAL BIRE TR i DS Y B W al ity of species
are 10 inplanted cor@ioms t anthyget ot hedhstsmtelhi somay astvahfemgeous! ysbe

co-inpl ant atign, of fydregen andoheliim = Adugnt a0gaHSEYy o816 0GCASE oOf
elium in the "case o rogen-hel'rum co-1npl antation; hydrogen may be
i mpl ant e ( predkyebystahline forrgriveis, asuehaasvelyirow 03 @opPhitgpisal |y

of the order ofreideied01o: HinBhe BS2HIBE ahNafbefnblial nixdiadan axpehits a

hi gh efficacy for creating a weakening |layer. At. The level of that |ayer,
hel'i um may befPRpPERIREE a1l dFhe | TV ety FeRfélosel 193 ypically of the order of

1016 He/cn2, or a fewcekdittp HalcnRlone Wigaritheuseurse suistamtiagedas been
bonded to a éartg@% su tg te,.the |owte ergtur .heat treatnent (the
temperature i%s® Tt R e58Cs RS RNT™ t 0 SobPaRh3go5d Qb1 iTHIS T fE

bondi ngL o nt erfmcks)téeds t henebhiténoly?25 alH owatthdheispl i ttThgsof amy
ultra-fine aﬂQﬁMﬁﬁQ&S@Eﬁgf& be co-implantation of hydrogen and helium.

Advantageocusly, in the case of helium, in the
cagse of hydrogen-helium co-implantation, hydrogen may be
implanted (preferably in H' form) with a relatively low

15 dose (typically of the order of a few 10*°* H/cm?), bearing
in mind that hydrogen exhibits a high efficacy for
creating a weakening layer. At the level of that layer,
helium may be implanted at a relatively low dose
(typically of the order of 10 He/cm?, or a few

20 10 He/cm?).

When the source substrate has been bonded to a
target substrate, the low-temperature heat treatment (the
temperature 1is nevertheless sufficient to obtain good
gsolidity of the bonding interfaces) has the effect of

25 allowing the splitting of an ultra-fine and very smooth
film (roughness of the order of a few nm), initiated by
an exterior pulse. The advantage of co-implantation is
obtaining maximum weakening of this area at the
temperature sufficient for the sclidity of the bonding

30 interfaces without this meaning having to reach excessive
temperatures that heterostructures would not be able to
withstand and without either being obliged to use very
high implantation doses (which 1is a known means of
limiting the wvalue of the temperature necessary to

35 develop the weakened area).



--film (roughness of the order of a fewnn), initiated by an exterior pulse.
The advantage of co-inplantation is obtaining.nmaxi mum weakening of this
area at the tenperature sufficient for the solidity of the bonding 30
*‘interfaces without this neaning having to reach excessive tenperatures that
het erostructures would not be able to wthstand and w thout either being

obliged to usgoRise4Isngh 1 npl antati on dages (which is a KTRR2603703779f
limting the value of the tenperature necessary to 35 devel op the weakened

area). WD 2005/043615 16 PCT/ FR2004/ 002779 The two species are
advant ageously inplanted at the sane |evel but one variant consists in

of fsetting the inplaMatigy Rigldileas. aJ@eati\oan%@@o@%waylmam&nbed in
any order, but it is advantageous, in the case of 5 sili gon substrgte and

hydr ogen- hel | the CIATSpl &R -at Pdh, ohe VAE1RRES SPaﬁFétFoanﬁl SEtEABIdEERer
profile fi rstlmpmﬁ@odlozatpfeasnemﬂrrw om:edspgctesa nfaydr pgedmphahiceth

c0|rrplantat|on|na3|llco ubsir ate, treat neN eratuefrom
200C to 400C Thy*BE ERGSEN. ot e L L Va&&t?ﬁer % i sp %@Ferftﬁ 3
mat eri al5s chossenl:fcronm s8vs ttoaitel cind shaddoges vhel dus, conmmpéaylsaallbnne;.t

polycrystallipe ﬂﬂ?{ 'I;q%)ﬁ %qﬁ- fro |V
semconductors a par |c[ﬁog&f |C|alé%% e 1's sHm’%ﬁtbut it may

al so be 15 ger mani umIsy ECTGe ar| é?@StI whegy M%Q@-%t‘é@l al byfiregenthe

L=V fam | yhOf 3 ol - Yo - r;mb%h%la%l%&hchlﬁs -£38.5910 1 LRR, sﬁbstfat@sulaat h¥8t
mat erial such as ferro-eléectric materials, for exan;p e Li Nb03 and Li Ta03.

The heat tredt ANy ARSI R T | 300°G 5o iR o MaY REIFO3STe tine of

that tregatnent, as is ﬁ(hre eyaipte dissdsesade n ;Eger@;Q@I’feQ@le_@{ appl i gati on
No. 02- 293049 file Eec enber. 10, 2002. 1n,f enper range

dopends pri MRS RESTIos 28 A S AP SRR e LR B oTs

monocrystalline, polycrystalline or amorphous. Thus it
may be chosen from the IV semiconductors; a particularly
beneficial example 1is silicomn but 1t wmay alsc be
15 germanium or Si-Ge alloys. It may also be materials from
the III-iV family or II-Vi materials such As-Ga or InP,
or in insulative material such as ferro-electric
materials, for example LiNbO3 and LiTa03.
The heat treatment may also have a profile
20 adapted to reduce the time of that treatment, as is for
example disclosed in European patent application No. 02-
293049 filed on December 10, 2002.
In fact, the temperature range depends
principally on the nature of the species implanted and on
25 the nature of the material constituting the source
substrate, and on the nature of the stiffening substrate,

especially in the case of a heterostructure.

General description
30 Aims, features and advantages of the invention
will appear from the following description, given by way
of non-limiting illustration with reference to the
accompanying drawing in which:
e Figure 1 1is a diagram of a source substrate

35 during implantation,



.25 the nature of t
nature of the stif

he material constituting the source substrate, and on the
fening substrate, especially in the case of a

het erostructure. 30 35 Ceneral description A ns, features and advant ages of

*the invention wl

| appear fromthe foll ow ng description, given by way of

non-limting illustration with reference to the acconpanying drawing in

whi ch:  Fi gungoloososseds agr am of a sourcevsubstrate dur ilRgr/FRpé@E02T90n, WO
2005/ 043615 17 PCT/ FR2004/ 002779 Figure 2 is a later viewof it after
putting in intimte contact (bonding) with a target substrate; and Figure

3is aviewof it
source substrate.

advant ageousl y oxi
i mpl antation treat
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Specifically a start I's made by inplanting.the égém eC|es

hydr ogen, furtther?¢ @ HWhPHA ghe RQ|Q%ﬂmple by bomb

with 1ons or

10 gaseous species.

This implantation involves, at a given depth,

implantation of a first species which is adapted to

generate defects, for example hydrogen, preferably in the

form of H' ions. In a preferred embodiment of the
15 invention, this implantation may be a co-implantation of
two species, for example hydrogen - helium. In the case

represented, the two species are implanted to the same

depth,

but alternatively it is preferable for the first

species implanted to be that whose profile is deeper, for

20 example the helium before the hydrogen.

first

Specifically a start is made by implanting the
species, i.e. hydrogen, further to which the helium

may be implanted. However, the inverse order of the

implantations may be preferable, even 1f the two

25 implantations are not made at the same depth.

A buried zone 3 results from this, weakened by

the presence of defects.

The weakened zone 3 delimits, within the source

substrate, a future thin film 5 and a substrate remainder

30 6, that is to say that which remains of the source

substrate after splitting of the thin £film; this

remainder will be able to serve as source substrate for a

new implementation cycle of the procedure.

35 which

Figure 2 represents a step during the course of
the source substrate, containing the buried



~-may be inplanted. However, the inverse order of the inplantations nmay be
preferable, even if the two 25 inplantations are not nmade at the sane
depth. A buried zone 3 results fromthis, weakened by the presence of

‘def ects. The weakened zone 3 delimits, within the source substrate, a
future thin film5 and a substrate remainder 30 6, that is to say that

whi ch remai nsywah 2005043618 cCe substrate afteg splitting of POF/RRDIN4/H02709 this
remai nder will be able to serve as source substrate for a new

i npl ementation cycle of the procedure. Figure 2 represents a step during the
course of 35 which the source substrate, containing the buried 9 WO

2005/ 043615 13eReEAERZGRAD02779s Wwpakead Eonee 3, faSephacadly idsinaee 4,
into intimate contact with a corres ogdi ng f ace o% a target su‘%?trate 7,
typically by 8PPEEEEmIIEtUIAr CRERGFRGENMATSs & 3Gn Rt oft ti""s’v'%tar‘FatS strate
stiffener. 5 A, hesgpildagaynint dsrédermapptudrwhonkdingl,| whase thenonbomand,
enabl e devel ogmeg%‘ f0 hg \éﬁag%nhng of the buried layer 3, and on the other
hand, when a bgn ﬁg Step as taken pl ace, enabl e consolidation of the
bonds bBt ween sour ceAslissttr dteeatmentar et thebstappkied Owhibeh pardtli,cubmarly,

the tenperat uggeobohiigyheatond (2t BA 1 5nEl0S8R EHEMINR ARG O the

t enperatures _sui or' deve %Fl ng the weakened zone. This treatnent is
advant ageous| Pugdedi by 3t &NG efPertduretleHsEFNCronvhere fangending

2000C-4000C, peepenaty Yeakénf poarkhe dramie 300KEo BRADG o 0b£a tHe abdiRdls
typically chogen of a few hours, for exa hour Thus, the thernal

le 2 )
budgots Lt onpBFAYEEE. SRRAFFoRUBEEFeFeanBY FAUASE: FUPESTRES i stic. in Figure
3 thereibs represent edotrbe pairejicaflard@,sptheét itegpefratheet hhh fihim 3héatom t he

remai nder of Eggatment is chosen from the range of temperatures
guitable for developing the weakened zone.

This treatment 1s advantageously carried out at a
temperature chosen from the range 200°C-400°C, preferably

15 from the range 300°C-350°C, for a duration typically
chosen of a few hours, for example 2 hours. Thus, the
thermal budgets (temperature-duration pairs) are
industrially realistic.

In Figure 3 there 1is represented the step of

20 splitting of the thin film 3 from the remainder of the
source substrate, by means of the application of an
impulsional provision of energy, preferably brief and of
limited amplitude, for example in the form of a shock or
pulse.

25 It is for example constituted by a mechanical
stress represented by the arrow 10.

The splitting obtained 1is self-supported in the
sense that, in particular, there is no movement of a tool
along the weakened layer.

30 This local provision of energy is here limited to
a part of the buried layer, represented in the form of a
corner effect corresponding to a shock applied by a tool
such as a blade on (or proximal to} a portion of that
buried weakened layer; but it may be of any other nature,

35 for example a couple parallel to the plane of the buried
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~source substrate, by means of the application of an inpul sional provision

of energy, preferably brief and of Ilimted anplitude, for exanple in the
formof a shock or pulse. 25 It is for exanple constituted by a nechani cal
stress represented by the arrow 10. The splitting obtained is self-supported
in the sense that, in particular, there is no novenent of a tool along the

weakened | ayewo #fos/bliz@s! ocal provision afg energy i s herepéi/r2e6l/0027792 part
of the buried |ayer, represented in the formof a corner effect

corresponding to a shock applied by a tool such as a blade on (or proximal
to) a portion of that buried weakened |ayer; but it may be of any ot her

nature, 35 foge &%&q@aela QU] B é&hsi}fa ratagl%anenpf thBe ful edr V@
2005/ 043615 19 PCT/ FR2004/ 002779 akened advant ageousl )&eﬁppl i.ed | n
of

the form of aPUpbSEsefofmatml PnaﬂbﬁraFmE%FP@EdeBYBVlWPﬁu@ Loft
the inventionpft hened acavenhtibe, t MiHe f!Eb.ﬁ’eV\/FbEhthé t1eed fb.)lmt h&ehlch is

sel f-supported splLittin |n th uried akened zone (in cti.ce
subst anti al | ygﬁf%ﬁar}? Y ha %evﬁ =61 18 n REERS he

conventi®nal wea)llceme@nsa,om t h:omut prtadtamengs@lest\amewkkw ylamapriovhae a

parti cul ar tr:‘?&‘ﬁgﬁ@%ﬁ%&gh@ﬁ@#%@%ﬁ V\%r?EELeHﬁH wdtn Hestanty 'n (rggarse”)

pol i shing after ' ' _ noti n tha since sp |t Ing is
sel f - suppor t esloluthere, | ¥ihbonkak tph@ydgat ikgen nn¢¢¢%seam tpaprovafieaa

fracture wavephiapbidf QSREI@hEnSUTSACEMBY afur Allbd Nalrang¥idigRd Neigg i s no

novenent of any tool along newy creat ed surfaces (or relative novenent
bet ween t he t%\)&bﬁ?)a%’é%%% N CREERES) dPOF - HHDurEEET SRIDEGINF e F§ AF

degradatd on ofottie &wﬁlarges thlalts f beade V@pphtthﬁgefmeseﬂ&v-%@p&rtsédﬁmoth
surface state,. i nduced bg X lsel I:E) gugg%ztledlr;sp g:tl nagndTh%ar%ur Ce:
substrate 1 nESSHDt Bni§ Eﬁf propag
fracture wave liable to generate surface waves, and that,
since there is no movement of any tool along newly
created surfaces (or relative movement between the two
15 parts on each side of the buried 1layer} there is no
degradation of the surfaces thus freed, which therefore
have a very smooth surface state, induced by the sgelf-
supported splitting.
The source substrate 1 may not only be of
20 silicon, but more generally of any appropriate known
material for example a IV, III-V or II-Vi semiconductor,
ferroelectric, monocrystalline or polycrystalline or even
amorphous. Thus the source substrate may be:
s another semiconductor of column IV of the
25 periodic table of the elements, for example of
germanium,
* a semiconductor of type III-V or II-VI such as

AsGa or InP, in particular,

e an insulator, for example of niobate or
30 tantalate type, such as LiNkO; or LiTa0;, in
particular.

The target substrate may be of a wide variety of
materials, to be chosen according to needs,
monocrystalline or polycrystalline (for example

35 semiconductors, for example from among the same materials



--20 silicon, but nore generally of any appropriate known material for
exanple a IV, Il11-V or Il1-Vi sem conductor, ferroelectric, nonocrystalline
or polycrystalline or even anorphous. Thus the source substrate nay be:
*anot her sem conductor of colum IV of the 25 periodic table of the

el ements, for exanple of germanium a sem conductor of type I1l-V or [1-V
such as AsGawor20bsb43eism particul ar, anzonsul ator, for exvpPR20@E00RTObat e
or 30 tantalate type, such as LiNbO3 or LiTa03, in particular. The target
substrate may be of a wide variety of materials, to be chosen according to
needs, nonocrystalline or polycrystalline (for exanple 35 sem conductors,
for exanpl e faomEaponthd heovase rm:mrtiralt%)V\QﬂoeﬁéM&EelSaﬁoﬁpﬁoﬁ@ (for

PCT/ FR2004/ 002779 .as for the fource substratei even be ama[: qnatjf ;lor
exanpl e typesSHH RtSsSYPSP pofy e t Rds ¥ Wﬁ?/r?)r] 15 cuFar™be:

crystal line nmeriallasudie as sapphire, of fused sili ca or of anot her
glass, a sinple stiffenip o] e oxid m crons

t hi ck, deposited by anyg 9\6%2%??%1?& ﬁ%gé\/ﬁ@%c ﬁ{:a‘uéb gﬁthgg% ttedly no
Ionger corresponds t@ aoéuﬁésﬁdr géﬁl%b@%‘rQfean@f-h@ﬁegﬂ-?sérrepr esented in

the drawi ngs). It IS-matglagibngttﬁ%n&hg qagfe@t %@QSEE@. ?maxsf b&ilgest an
I nternedi ate substrate fromwhich the th Imis_ later fransferred onto a

final substrate. 15 Exafpl es€%o |“ﬁﬁ%9ﬂsat i GFilc}chcor@I?H@S%Be‘a fik¥%t any
enbodi nent of the invenagppRopriate known technique (this admittedly no

longer corresponds to a bulk target substrate

10 of the type represented in the drawings).
It is worth noting that the target substrate may
be just an intermediate substrate from which the thin

film is later transferred ontc a final substrate.

15 Examples

Co-implantation

According to a first embodiment of the invention,

a substrate of Si (~700um) comprising a layer of thermal

Si0; on the surface (for example 145nm) may be implanted

20 initially with helium atoms under implantation conditions
of 70kev-1 x 10'® He/cm?, and then be implanted with
hydrogen atoms under implantation conditions of 30kev-

4.25 x 10 H/cm2. The deeper profile for the implantation

is thus performed first. This source substrate may next

25 be Jjoined to a target substrate of 8i (~700um) by
molecular bonding. A heat treatment around 350°C for a
certain time (for example 2 h} 1is then applied to the
structure. If the heat treatment is suitable, for example

as disclosed in the European patent application 02-

30 293049, the window for obtaining the self-supported
fracture phenomenon is of the order of a few hours (i.e.

a weakening annealing from 2 to 6 hours). Then, with
scarcely the commencement of insertion of a blade between

the bonding interfaces in the form of a shock, self-

35 supported splitting at the location of maximum hydrogen



~a substrate of Si (-700m) conprising a |layer of thermal Si02 on the surface
(for exanple 145nm may be inplanted 20 initially with helium atons under

i npl antation conditions of 70keV-1 x 1016 He/cnR, and then be inpl anted
‘with hydrogen atons under inplantation conditions of 30keV- 4.25 x 1016

H cn2. The deeper profile for the inplantation is thus performed first.

Thi s source swigsignpaioasgBy next 25 be joimad to a target SPOBFRAOE/@R7H
(-7004m by nol ecul ar bonding. A heat treatnment around 350C for a certain
time (for exanple 2 h) is then applied to the structure. If the heat
treatnment is suitable, for exanple as disclosed in the European patent

appl i cation Ogo@er938dfont heavkndew s obhakhéngothe kel fhinppolhedt
fracture phenopenon i s _of the order so"{/’v'ia(atrg ew_hours a. weakenin

i.e,__,
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i nsertion of fmblaieabedrneeof thgdrogeinng damt erieliasm i nithether msauraeshock,

sel f 35 supported splitti at .t he | t.i of Xi mu e
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thin fil® of s&lfosmppoheedargelitubsyratie.e Thus tdmyelabd alandii hvasd—

i npl ant ati on n | Ln thesoy ce Raidal e der,the
condi tions of%%?ﬁ%ﬁ%nd?%%%%éB se f-suLprorqte spILiﬁ%tiang, |rp e._ a
conpl et e and BERRIIatH3R antheoldiespl F¥EFRETewW tWREE contSedoFIPRSE b5i%ne

propagation ofnihpafEdChiEr ¥wR¥EaigebE- SHPRAPLEGionkN lend Widlah il ,ai d of

an i npul si onal_ ener addi tion, i ch_had _in particuylar thé advantage of
avoi di ng surf‘ﬁ]@ecﬁog%ﬂdbpaPﬁﬁﬁ%Fu&QE. the aggparage ﬁlﬁlora‘tvé’ 108y isélﬂfifé'%? of

sur f acelo oughmedsl af 1 @is f r actalr e ofcoapat &dingo phpgresst veraxieimicimentos
ol rshing, THESFEtghnsedohrebRotts atberhirer oF PhiSreas roog oo a iogh
frequency (bydetarhrerfior cBeriamsescohyrhisef tiielis otupnlsiocnslt ¢p3Q taigst r ons
RVB, and at | ow{{&aueiCyed P¥er less polishing.
The roughness of the surface transferred measured
15 at high frequency (by atomic force microscopy), of the
order of 45 to 50 angstroms RMS, and at low freguency (by
profilometric method), of the order of 10 angstroms RMS,
of that transferred surface are substantially less than
those which may be obtained in the case of H-implanted
20 alone (32keV-5.5x10'H/cm?) followed by a heat treatment
at 500°C (roughness at high frequency of the order of 75
angstroms RMS and roughness at low freguency of the order
of 26 angstroms RMS). _
According to another embodiment of the invention,
25 a substrate of 8i (approximately 700um}) comprising a
layer of thermal Si0O, on the surface (for example 200nm)
is implanted initially with helium atoms under
implantation conditions of 70keV-2x10‘°He/cm?, and then
implanted with hydrogen atoms under the conditions of
30 30keV-3x10*°*H/cm?. The deepest profile is thus implanted
first. This source substrate 1s then joined to a target
substrate of fused =silica (approximately 1000um) by
direct bonding. A heat treatment around 300°C 1is then
applied to the structure for a certain time (3 h, for

35 example, or more if the weakening treatment is adapted.



~profilometric nethod), of the order of 10 angstrons RMS, of that
transferred surface are substantially | ess than those which may be obt
in the case of Hinplanted 20 al one (32keV-5.5xl 016H cnR2) foll owed by a heat

*treatnent at

500C (roughness at high frequency of the order of 75

angstronms RMS and roughness at | ow frequency of the order of 26 angstr

RVB) . Accordi

wO tovsaasdiser enbodi nent of 2zhe invention, BSTHARIODE00221%
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of the surface
transferred, measured at low frequency by profilometric
method (of the order of 14 angstroms RMS at low
frequency) and by atomic force microscopy (of the order
of 75 angstroms at high £frequency} of that transferred
surface are substantially less than those which may be
obtained in the case of H-implanted alone (32keV-
5.5x10°°H/cm?) annealed at 400°C for 2h wusing the
progressive mechanical splitting method at -~ ambient
temperature (roughness at high frequency of the order of
90 angstroms RMS and roughness at low frequency of the
order of 40 angstroms RMS) .

Germanium on insulator

The above information may be generalized to the
situation of a source substrate of solid germanium, with
the following weakening parameters: dose 7 x 10 H/cm”2
with an energy from 30 to 200 keV according to the
thickness to be transferred, and annealing at 300°C for a
certain time (typically from 30 min to 1 h, i.e. an
operating window of 30 min).

After this heat treatment specific to these
implantation conditions, the density of the microcracks
present at the level of the implanted area is estimated

t hod
rce



~of 75 angstrons at high frequency) of that transferred surface are
substantially |less than those which may be obtained in the case of

H i npl ant ed al one (32keV- 5.5x1016H cnR) anneal ed at 400C for 2h using the
20 progressive nechanical splitting method at anbient tenperature
(roughness at high frequency of the order of 90 angstrons RVMS and roughness
at | ow frequeweyzoné/ioidses order of 40 angstrons RVB). 25 GaITYRRRE0I00E779

i nsul ator The above informati on may be generalized to the situation of a
source substrate of solid germanium wth the foll ow ng weakening
paraneters: dose 7 x 1016 Hcnr2 wth an energy from30 to 200 keV

according to ﬂcheb_éof'&‘Bﬁlen@fSS it deotsaps ﬁ:ersrq@@,reartdlﬁwal tﬁ@lﬁt s3e8€ for a
certalntlma(t%plé Lg (E)imSOénntog i.e. eratl }/l\nndowof 30
mn). After tHi r 8a8FEntC s pectPi tsguﬁﬁgsénlq]?%{) nt"“effl }'1 toAgFRi ons,
the density afpdriel mupr ber atiese IefueEsenids ab phadeenerligeofof heheé mpbaated
area is estimted ffV\QEZOOSI 043615 romPgIg FR20 4400%%%9#10 g%tgr cJJ_rsntg)_cg3 to
0. 035 per sqlfalfe n?cron Yl?ielr 57z68¢ “Mare o e or 88 quare

m crons,5 and athe atka opeahdnafé by atlrase d@fyect AR I persem.ége of tohe
total area qfy éﬂ?cﬁ’@zfl%ftlésfbi%%%ﬁeho wieel [ characheci sid C\%ﬁ%a%ehhe

weakened area may appear simla characteristics observed

fracture is dBren®edlY t héal riyffsemenal f FEPRNtEReSA (WIS aidfd@Taf Ber a

weakeni ng tf@u@é&ﬂ@éﬂlﬁ €805 med® BN, 2gMceh- i ABl (@8, AL 1AGSI §r¥1§ﬂ1é@cﬁﬁ”' cal
fracture, in which case, these values 10 are |l ower: for exapple, the area

opened up by %%S%%H&%M%ﬁ%ﬁ?ﬁ%ﬂ SR VRaA! 16966 FH@SFOV&Iluﬁlsea of
the wafir. 1%:% | isweron ifeul ak@imple, the area opened up by the

microcracks represents less than 10% of the total area of

the wafer.

Silicon on insulator

15 In order to open the window of the process it
may, for example, be preferred to implant a higher dose,
for example at 30 kev - 1.10Y H/cm® and then to apply
heat treatment at 350°C for 30 min. It is possible in
this way to obtain a 1 to 2 min window for the appearance

20 of the self-supported fracture phenomenon, nevertheless

without leading to thermal fracture.

AsGa on insulator

The following conditions are applied:
25 - implantation 5 x 10 at/cm?; at 100 keVv
approx.,
- annealing at 250°C for from 3 to 30 minutes.
The self-supported fracture phenomenon may be
observed when the weakening annealing is conducted in a
30 window from 3 to 30 minutes.

References
[1] K. Henttinen et al., Applied Physics Letters, Volume
35 16, Number 17, 24 April 2000 ; pp. 2370-2372



~In order to open the wi ndow of the process it my, for exanple, be
preferred to inplant a higher dose, for exanple at 30 keV - 1.1017 Hcn®
and then to apply heat treatnment at 350C for 30 min. It is possible in
‘this way to obtain a 1 to 2 min w ndow for the appearance 20 of the

sel f-supported fracture phenonmenon, nevertheless wthout |eading to thermnal
fracture. AsGxOX0s/0s3sst or The fol | ow ng4condi tions are EPRFR2604/082779
inplantation 5 x 1016 at/cnR; at 100 keV approx., - annealing at 250C for
from3 to 30 mnutes. The sel f-supported fracture phenonenon nay be
observed when the weakening annealing is conducted in a 30 window from3 to
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25 PCTI FR2004/ 002 G?EI (Jj.s.'hth %o 0df sel f-supported transfer of a thin
filmaccdording toRkhi #P6-22 a source substrate is prepared, - at least a
first species of ions or gas in a first dose is inplanted in that source
substrate at a given depth wth respect to a face of that source substrate,

that first species being adapted to generate defects, 10 - a stiffener is
applied in intimte contact with the
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~source substrate, - a heat treatnent is applied to that source substrate,

at a given tenperature for a given tine, so as to create, substantially at
the given depth, a buried 15 weakened zone, without initiating the thermnal
splitting of the thin film - a pulse of energy is applied to that source
substrate so as to provoke the self-supported splitting of a thin film

del i mited betwoeeapod/uscimce and the buri edsweakened 20 | aypEIT/FR20W/002EPect to
t he remai nder of the source substrate. 2. Method according to claim1,
characterized in that the pulse of energy is applied to a small part only
of the buried weakened | ayer 25 3. Method according to claim 2,
characterized in that the pul se of energy is applied in the formof a

| ocal i zed thermal provision. 4. thhod ding to claim2, characterized
in that the pulse of energy is applie he formof a 30 single novenent
that is brief and Of1anMéth0@|kﬁhdselﬁp@hppdrbgdnﬂzmmnsﬂéra ¢Hola Bhimet hod

according to fg_ ﬂ'l rgc%,oxsalq{g:q:toer in that the |ocalized provision of
energy is applled in the ormof a shock in a peri pheral zone of the buried

35 weakéned layarsowre0sspensats 26 PCIPFRRO04/ 002779 6. Met hod accordi ng

to claiml, chaggcigrieed Eﬂrs{:h ?e&'ﬂ@sceﬁt £ghkedreggsgynpyl §S‘2rls§ éBEle' ed
gl obal l'y to the substrate. according to any one of clains to 6,

5 charact eri zed*?niPRARDERE ﬁ@l&?%Qs%ﬁﬂﬂqgﬂf%ﬂsE¥aQ%wﬁkr%Iﬁ%%e%t ﬁB§P equal
to about 300C. WitWetBegeatCadiNgfaeCbai Mhat Ried esuBStrate, t BAktt he

bul se i's appl i eg; al, T g0 gL ALY €q, 2 NeLhod accor di 59 Lo, any one of
10 - a stiffener is applied in intimate contact with the
source substrate,

- a heat treatment is applied to that source substrate,
at a given temperature for a given time, so as to
create, substantially at the given depth, a buried

15 weakened zone, without initiating the thermal splitting
of the thin film,

- a pulse of energy is applied to that source substrate
so as to provoke the self-supported splitting of a thin
film delimited between the face and the buried weakened

20 layer, with respect to the remainder of the source
substrate.

2. Method according to claim 1, characterized in
that the pulse of energy is applied to a small part only
of the buried weakened layer

25 3. Method according to claim 2, characterized in

that the pulse o©of energy is applied in the form of a

localized thermal provision.

4. Method according to claim 2, characterized in
that the pulse of energy is applied in the form of a

30 single movement that is brief and of small amplitude
applied by means of a tool.

5. Method according to c¢laim 2, characterized in
that the localized provision of energy is applied in the
form of a shock in a peripheral zone of the buried

35 weakened layer.



~10 characterized in that the heat treatnent is conducted so that the area
opened up by the defects is from25%to 32% of the total area of the
weakened area in the substrate. 10. Method according to claim?9,
fcharacterized in that the heat treatnent is conducted so that the density
15 of the defects is furthernore from0.03 to 0.035 per square mcron. 11.

Met hod accor dvooheosdedsm 9 or claim 10, 26charact eri zed IpCI/RRROM4B2 TRt
treatnment is conducted so that the size of the defects is furthernore of

the order 20 of 7 to 8 square mcrons. 12. Method according to any one of
claiml to 11, <characterized in that the stiffener with which the source

substrate is pl aced ig |Niétlﬁ@dea§@6i‘@§ﬁg ab latast Bt therasbeenie@f ihhe

heat treatnent, a tar rate, the 25 heat tr at nt ting to
ot ovi ng. € heHinaFRE CEREEG) 168 RESTBhSBISE batr AR Lot SABERbIY abor di ng
to claim 12, wHeradisytatesd. in that the target substrate is of an anor phous

mat eri al . 14 Met hod7 asﬁ rlrgé&ga&gm%lﬁ'lg] rge?gg} O%‘s%i ;%ft Zceﬂa:. % i ?uEBa% t he

source substrate is of’ i'cCon an e TS | sed Silica.
15. Method actwuiahprized ai bml12fhekar ddieer i pelisei nishateprieiacar ggt 2

substrate is f y§g Hdd ee al RY N addare material . 35 16.
Met hod accor di nfet 0 alm15, ¢ cterized WO 2005/ 043615 2 7

PCT/ FR2004/ 002779 i n 9c hdﬁetﬁmdta?@@?dwﬁsttpat@a@ ot sfhpedfteryzedeiRod

according to @ut e ¢f urel@u@ a§>§1qed1@t GhinaGietfdeaedtdre that the first
speci es i s hydrogen. acc rdl ng9to claim17, charact er| zed 5 1in

that the first speci egs |1\§e o%%%o’é p81Y18ne\Gh Ft &S Hi R €o cl ai m
18, charmct erdizathetigrizwml imethat sthepémiags tiredumpErent 2 abndudosd &b t he

order of a f%%ﬁ%”éhe afg% opened up by the defects is from 25% to 32%
of the total area of the weakened area in the substrate.

10. Method according to claim 9, characterized in
that the heat treatment is conducted so that the density

15 of the defects is furthermore from 0.03 to 0.035 per
sguare micron.

11. Method according to claim 9 or claim 10,
characterized in that the heat treatment is conducted so
that the size of the defects is furthermore of the order

20 of 7 to 8 square microns.

12. Method according to any one of claim 1 to 11,
characterized in that the stiffener with which the source
substrate is placed in intimate contact, at latest at the
moment of the heat treatment, is a target substrate, the

25 heat treatment contributing te improving the bonding
energy between those gubstrates.

13. Method according to claim 12, characterized
in that the target substrate is of an amorphous material.

14. Method according to claim 12, characterized

30 in that the source substrate is of silicon and the target
substrate is of fused silica.

15. Method according to claim 12, characterized
in that the target substrate is of a monocrystalline or
polycrystalline material.

35 16. Method according to claim 15, characterized



~ 20. Method according to any one of clainms 1 to 10 19, characterized in that
there is further inplanted a second species, in a second dose, this second

species being adapted to occupy the defects generated by the first

species. 21. Method according to claim 20, characterized 15 in that, in the
case of inplanting two species, the deeper profile is inplanted first. 22.

Met hod accor evoaoés4368 M 20 or cl ai m 2127 char act eri zed pioT/KloE40027¢ econd
species is helium 23. Method according to claim?22, characterized 20 in

that the second species is inplanted at a dose of the order of few 1016
He/cnR2, |l ess than the dose of the first species. 24. Method according to

any one of clig ¥hat k@e %argel&ars@@tsermt@dusnonshe&l&a@nsource substrate is
25 prepared froma materi al osen fr nlsenlconductorscgydﬁgnsulators

monocrystal | i ne, poly 3ry§F§#¥1 e?or°H P%h&ﬁ% gt 8PFal A1RE¢t Ho
accordi ng toiel,aictaZzécterazadt eni radt thetmatsthepecueee1suhyﬂmagen|s

prepared from a nateggalbkgngpogggardl Qﬁ% %%e Soggndugﬁ%£$ %@izg@thod

according to claim?2 characterrze arce su e 1S mad
fron15|E|conanthathh@dfaaebrdpngleﬁ aBahwﬂZ¢9e@haﬁaﬁtetyped in that the

substrate is nmade of jger thod aggonding tonglak a
characterized WO 2005/043615 28 PCT% H§4/0027799%n t hat the SH%SI%%IG IS

made of AsGaimdhafktHRl HEESFdPRECEESaryP ol ANGhi a8 & tdpse@f the
characteri ze@drgert bat at hewheat® tyea®nent is performed at a tenperature
chosen in the range 200G 400C. 5_30. thod according to C|Tln129
characterized in thaf ti¥ RFCQFFERE it RHY oPREd At SlReMSerattRe
chosenilion thaoangea30Xe 3T, in that there is further implanted a

second species, in a second dose, this second species
being adapted to occupy the defects generated by the
first species.
21. Method according to claim 20, characterized
15 in that, in the case of implanting two species, the
deeper profile is implanted first.
22. Method according teo c¢laim 20 or claim 21,
characterized in that the second species is helium.
23. Method according to claim 22, characterized
20 in that the second species is implanted at a dose of the
order of few 10 He/cm?, less than the dose of the first
species.
24. Method according to any one of claims 1 to
23, characterized 1in that the source substrate is
25 prepared from a material chosen from semiconductors and
insulators, monocrystalline, polycrystalline or amorphous
materials.
25. Method according to c¢laim 24, characterized
in that the source substrate is prepared from a material
30 chosen from the IV semiconductors.
26, Method according to claim 25, characterized
in that the source substrate is made from silicon.
27. Method according to claim 24, characterized
in that the substrate is made of germanium.
35 28. Method according to claim 24, characterized



~-31. Method according to claim?29 or claim30, characterized in that the
heat treatnment is conducted for 10 approximately 2 hours to 5 hours. 32.

Met hod according to claim, characterized in that the source substrate is
“prepared froma sem conductor material of type IlIl1-V. 33. Method according
to claim 32, characterized 15 in that the source substrate is prepared from

an insul at orweeen4feiom t he group consizgti ng of Li NoG3 pomiFRR004/RERT9.

in that the substrate is made of AsGa.

29. Method according to any one of claims 1 to
28, characterized in that the heat treatment is performed
at a temperature chosen in the range 200°C-400°C,

5 30. Method according to claim 29, characterized
in that the heat treatment is performed at a temperature
chosen in the range 300°C-350°C.

31. Method according to claim 29 or claim 30,
characterized in that the heat treatment is conducted for
10 approximately 2 hours to 5 hours.
32. Method according to c¢laim , characterized in
that the source substrate is prepared from a
semiconductor material of type III-V.
33. Method according to claim 32, characterized
15 in that the source substrate 1s prepared from an
insulator chosen from the group consisting of LiNbO; and
LiTa0,.



