WO 2005/ 043615 1 PCT/ FR2004/ 002779 Method for self-supported transfer of a
fine | ayer 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 also used) using

sel f-supported propagation of a fracture initiated by a pul se of energy. It
has applicati | ticular in the fields of mcro-el I 1 Cr 0-
nmechani cs, oﬁﬁﬁéghgﬂﬁﬁ?%tegrated electron?cs. 20 State ofﬁﬁtéﬂgb@ﬁ%qug
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 Lal; ' ' [
dependent on t Dec Apfa 2 Bicabty-hvdrog S WE 3

nature of the soupgkssubshrafeerAihpabntacabneotr vayitpéanbetdppl ied to
enabl e t.he devel opnent of specific defects present in the weakened zone,

whi ch ermabl es splitting of the thin film35 fromthe source substrate to be
achieved later. This has WO 2005/ 043615 2 PCT/ 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 sonetimes 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 sgilica, 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 diglocation 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 substrate 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
preferentially commences at a | ocalized place on the wafer, which can

sonet i nmes lead to surface non- honpgeneities that are reflected in the form

of a "marbl egd; arance. These irrggularities als llgﬂfb g the
case of a purg‘f E%ﬁﬁ@rﬁﬁf acture when attenpting to over?r agl |zg)%g§/#7g

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

(tenperature- duratl ubsequent pl i etg?to t he

splitting is B&Eg 3’% é:rrd%ﬁ@ ca???/u‘ﬁ%’a"r e@%p? X\g??rat%g?y
500C), anong ahae deemilmpn&gitcsal tpeobbEpns ssm:metasre*shend@mumemd,UMt bon

shoul d be made.qQf the roughness of the surface as well as 25 the degradation

of the filmtransferred during the thermal splitting. This renders the
follow ng treatnent Erwpyvemor e sgiofftisagious( f grpleddmple: dweinganshermad film

must be pol | Spﬁﬂ\eﬁ%%ﬁ% efke@orhétﬁ%%ésklﬁlf sEEL)ééha't'd ”@er%{r?‘:é%tﬁst&‘gngr eat ed

during the fo at nent s Furthernmore, 1n heterostructures
(conprising afozupzAp®diet |“6?¢betfkﬁjtﬁ§m$i~‘t@tﬁﬁ R FYEhenin Rt ePNERSY, hadfot her

t echnol ogi cal deree&emtemf@l%&%@less dfhe R AseNCcey -msfoﬁil eﬂagre&vgerylbl gh
stresses in the various filps in contact, during % heat treatment, due to

the differencéS3¥nayn hbn cBE?f P&itent e of f?ﬁe?ﬁﬁmpéﬁpé}%r vi 29037 0LR&468) i ous
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i nduce the degradation qf the het erostructures if the thermal splitting
occurs af a t BRBBFat ur 8°Hi gheP9%han c'aerc'fr"‘?]tl?caIC011‘{311’1}6%“&'uret hi statter

degradati on npyeftypnetdl/lyy beoifhiences at a localized place on the
wafer, which can sometimes lead to surface non-
homogeneities that are reflected in the form of a
"marbled" type appearance. These irregularities also
15 appear 1in 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 thereocf 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 wvariocus films in
contact, during the heat treatment, due to the difference

35 in the coefficients of thermal expansivity of the various



5 breakage of one or both substrates brought into contact and/or be the
unbondi ng of the substrates at the bonding interface. This is the reason
why it may be desired to achieve the splitting at |ower tenperature. 10 one
way to achieve splitting at |ow tenperature is to "play” with the

i npl antation condi tions. For exanple, an excess dose of the inplanted

speci es nmay weakeni ng of theg inplanted zone ﬁﬂ“’é
splitting at |'ow ?enpergsfure by providing an external 5 forc pPIt?I ng

may al so be effected by applying an external force that causes the fracture
in the weakened area until the thin layer is detached, general ly after

heat treatnent. See_in particular.the do nt 225, 192 It
i s inportant f"@tﬁgtlgltshatplq‘%?éa Pver?ong@ﬁ a’ltJ]iua%d JVen Jr?f%*%%%ﬁ%n
condi tions, i tlegsadat-ioon! yoft hethe eah%atots&mrpetatrase tiat ‘c]meldi themsai he
subsequent co [ of itting.o b
duration of t%glg‘ttr%ga onctsc?lfvé]iéé ?SEFeEFg%?gg q%1erma %%&éggal
concept (see ERmpe7@Tu4E6 - TBEA); degyafletivhe prww st@'pl@falliﬁfchabﬁcathe
energy, &t is I oR&appl g BNk g é” P 100l (368

55/ 08%s8" %%%Eé%@ G TRBEARR, ot Ssubbty 000) T1] showed t g\gﬂ
the source suBSG/afe l’i% fab%*ﬁ’é}ﬁo%fﬁlggl pEofshea rStteshyalk bR PeRging
implanted at % %ol@KceH /cn2 (i.e. 5 x 1016 H2/cnR ), enables splitting by

a nmechanical force after performng the follow ng steps: treatnment, as for
the 35 target substrafrglsbyl% PHR e SARGR c¥PYact Fvabdvn; beynIEFa5LU3E25 4

PCT/ FR2004/ 00379 evel ede @@qutta%lattYQ@wehOIt@kdﬂ)@r&ttL@l@l ent tenperature of

the SOUL&® substrate 8ggoxkﬂf Eg &uiggftégilttlng 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 1in particular the document US -

20 6 225 192 (CEA).

It 1s important 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 alsec 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'" H'/cm® (i.e. 5 x 10%°
H,/cm? ), enables splitting 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 nechanical 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 w thout plasma activation), involves 10 slow and jerKky

pr opagati on ?ﬁ%fﬁﬁgﬁéﬁﬁ?ure wave. Thus Hgnttinen reportspkhat Euﬁ&f&nﬁﬂf“ﬁrd

novenent of eads to the propagation of a fracture
stabilized over a certain distance after two mnutes. This type of
mechani cal splitting therefore 15 consists of int roduci ng a blade fromthe

edges of the tructure_a Vi | ade_f or ver V|rt a| 1 of
t he bonded st T Ut 8£ ?‘&A{ID tyc‘% hl?on anga?g W% n% et%m L{:zollnee fhe
term ' assi st ethspl s¢treg’ ssbstoaeei nestosethe S|tra:1ege1he $1db@tmit¢ he amubl
(such as a 20 S 1,0 propagatke._t f edge. t he
structure to ?ﬁ%g%f%%é a'I':h 20@ E)%g %grf ?%CJLO?%I ea S tom%ﬁﬂ%gpg%w' ng COJ
defects, at theilizede s@méacérbmeed byplede sphniseriteg ofat t Heha hiboridedn 25

- crown gdefect (0pp ééaE‘éffﬁiggaEQ”‘é eag ik @téﬂﬁrl phery of the final

product), for exarrp related to a oca g energy too low with
respect to the rest of TiheSi APPEPAcH, and-hpigh heedueiBdudticonr HIRRRES to

start off theyr3@ntr aRgheferreli@@ardfadii f19F ndt ytﬁéowraeeqwq»alrpwss)
of the thickness of the thin filmtransferred, in gartlcu ar due to the

fracture waver&3BFStedt© ne%%\ﬁ‘?%%%??alt heRL1Fr BEI aFOLBY1PTS s HRRE 358 R art s,
whi ch then negeselyatesrinagat aRat mlt%ﬁooéiﬂﬁﬁﬁlécilmlm904imx7&s

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 if to "cut it out" along
the weakened =zone; the term 'assisted splitting' is
gsometimes 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 £ollowing
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 tc 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 starts, which then necegsitateg treatments,



.such as polishing, which it is however generally sought to avoid, -
difficult industrial inplenentation, given the use of a tool which
acconpani es the propagation 5 of the fracture, which inplies an individual
treatnment of each structure (or wafer). Mreover, it has been found that, if
the thermal budget is too low, the transfer of the thin filmis of poor

qual ity, wherQgsadolsiaberiss t 0o high, fractyre of one 10 of pphagrubsbsayes may
occur in the case of a heterostructure. It is therefore clear that In

theory there is a narrow wi ndow for the operating paraneters (of course
linked to the conditions, in particular the doses inplanted, the nature of

materials, the annealin t epper r.es,. C.).; 00w this @ rrqwg
constitutes a heavy co%’s“gc?lai nggf ogjtcilinl%sjtnﬁ’al ‘é’?%?}gl tajtt}% ongglvbs oefs‘?%]f"lese
drawbacks are found in tgemesmdd yofsoudie $3¢l iavdidy of a thin filmin a
honbgeneous substrat e i in @_npgpe- phak 1680 qif }apl e) .
20 The splitting of the%ﬁ%%ﬁm ?Ig&% _coursghglqg%le. gg#éém‘ ng&v%i ?ﬁe

choi ce of the chenical 3$Feciafs aitpRlanthbdh [acoREPaImER ¢ k] RIPRRAIAHEED

hydrogensis generally iggpl gRkedsruty,d hegnephi ongpave Beenipioposesh in
25 particular by inplanting helium_Conbination may even be made of two
different chem cal spedi%REMEls Agsam STWtULEoes) WafeWound t hat the

fact of inplanting boubréydepgentanmhdhalddann esahliednbhe 130 tid atnéphant ed
o ol 2% hpbes STicsy 3Rparend v sue 1o the diiferell polss ol eyed by
the inplantapbén, ghaldteat evBirddbonfsit r esukbon@iiigh,a fagturdenst tyneof
plateleiotypeogef§ﬁ&§ OLu%s Eé egftég%orgggur in the «case of a
heterostructure. It is therefore clear 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 exploitatiocn.

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 (SOI, 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 two different
chemical species.

Thus Agarwal et al. (1998) [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 S8i-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



35 of 3-10 nm (termed H defects of platelet type), whereas WO 2005/ 043615 6
PCT/ FR2004/ 002779 helium which does not act chemcally, |leads to the
appearance of a | ower density of larger defects (size greater than 300 nm
approxi mtely). The heat treatnments envisaged in that article are 450C for
20 mn or 750C 5 for 20s, which necessarily inplies the drawbacks nentioned

above in rel aW&Q %%giéttl ng at high temperature. This @i%l?ﬂ)%ﬂ/bﬁﬁ?b“m
SO

conbi nati on has a een studied, in a nore theoretical manner
Cerofolini et 10 al. (2000) [31, vvho noted that pressurization of the
defects was greater with the inplantation of heliumthan wth that of

hydr ogen, and,that the at treatnent coul d have dif;f er ent fe ts
according to Pﬁ lP@r‘rpe‘fvg i-‘ d%ﬁ%selﬁot fheal i n&mblca\%é’ri 1@8&%5 Ieala to a
15 reducti on Bppeheangeberf ofa Slewebonittmsiannealfi niprget hedefieatge 860%=450C

above 550C 1 ouhE rag) {30 DCall ki ke VT Sime IS PRIERLLEY, |

above 550C te 'natead  to reduce agai ne
does not dedeowipegeti cial thmt| astondet Ia\meef*lr-"(ﬂﬂcasfwb £he A nENN@B0dE

obt ai ni ng thigati | ”§ng gmcqyal hIa}éeEerlﬁ??'”' Bled N ft%hat | §Pa18atRE.

state of the surface) for derate cost ect of e invention is to
al | evi at e t hemegtampgaeks Qi&‘(ﬁl béd ab“@l@tlﬁl I\/biFfé p&PLi&tiagl y,at hehigh
invention rel %E%F;e&@.t@rem?t hod of transferring a thin fil m t hat can be
carried out at owterrperature (in order to limt the hig mechanj cal
stresses when using nafefi al¥IRaYERGIELF YR %@?‘ﬁ%’?]é?ﬂ 6’Iasexﬁéﬁ§| oReen

di fferences), sthatie@gn ne éomfxfeeccnﬁble@ilcﬁmt i M@hyeﬁndblyl niddmp1hei defects

cited above durin tt of _the thi artlcular by

prevent g jeﬁﬁlnggg?BPL t?ﬂctd@%’mﬁ9@egln€% 565”9 surization of the
defects was greater with the implantation 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 of 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 vrelates to a
method of transferring a thin film that can be carried
out at low temperature (in order to limit the high
mechanical stresses when using materials having large
coefficient of expansion differences), that can be

30 effected collectively and 1limiting the defects cited
above during splitting of the thin layer, in particular
by preventing Jjerking of the £fracture wave. In other
words, an object of the invention is to obtain, for a
moderate cost, thin films of high quality, thereby

35 avoiding at the same time the drawbacks of a heat



wor ds,

those related to the

t hose

whi ch:

an object of the invention is to obtain, for a noderate cost, thin
films of high quality, thereby 35 avoiding at the sane tinme the drawbacks of
a heat WD 2005/ 043615 7 PCT/ FR2004/ 002779 treatnent at high tenperature and

utilization of a tool for assisted splitting, and

related to an additional treatnent for reducing roughness after
splitting. 5

Wﬁgﬁ&?‘% of the inventior, To that end thedmERijdMe2779
sel f -

provi des a net

supported transfer of a thin filmaccording to

10 - a source substrate is prepared, - at least a first species of
ions or gas inafirst dose at a given depth is inplanted in that source

substrate

speci es being

create,

applied to that source substrate so as to provoke the self-supported
splitting of a thin filmdelimted between the face and the buried weakened
25 |ayer, witEresspdatiog ofe thendPV8RLioR t he source substrate.
Sel f-supported splittireg ¢t bendefined ;heearasn d\&.@e@oﬁmr@éﬁléﬁ]dof
virtual ly instantaneous splittin simlar to hat bt ai ned b Si
heat treatnen@e&t“ﬁ@ﬂﬂ%ﬁ?epenﬁéﬁgFé Bos§% EﬁhﬁceBCSQ lea "o
wi t hout which:

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 1is 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 into 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

h 5
no AEATTERT o gefeih & SR tEsuh8, URRd ThE1abaR, of  EBE, |
intimate contamuhmzatudmao&o&r¢@Q@Hﬁnraagﬁlstadh@@ﬂuﬂUgmgnwnndsthppEied
Lo that SOUr C@3URAS Al an Yadi CERSLALAN Ce LT - BagLyRy b blEnnggs2s ! o
u 0 weakened zo

subst antia
initiating th@ﬂﬂﬂmwﬂﬂlkﬂﬁlmgtlng of the th|n film - a pulse of energy is

y at the glven ried W t hout



it having to follow any kind of fracture wave (if there is a tool, it comes
at nost into contact with the substrate and the film wthout follow ng the
splitting 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 - supported” phenonenon. Two species, for exanple

hydr ogen andFWg@gﬁg)r‘ tpreferabl y be cg-inplanted, as ﬁ?&fﬂzﬁﬁ%dﬁ d he

application he application WO 04/ 044976; 5 e i npl ant | on of
a plurality of species can be concomtant or not. The heat treatnent
tenperature is advant ageousl y chosen to pronote the devel opnent. of
crystalline d kened area without in so doing |leading to 10

spont aneous t %? Ts‘é%??]f’f?% arﬁ"l?gm?% Erature will be sufficiently |ow
not to generate rrechaJchmaépsd:Iesseﬁorhekampie hedrbiggh amd fe lsiulst metye

assumng that_the s C bst 1 at. an ar at e,  nclyde
matgrl algs halT h e@%ﬁj{/ydl fk? grenc{ cgné}%%%:tieéihtsyo eggéﬁgggﬁgamlﬂ‘ i's #% why

t he net hod |sapp11<am‘si@gl MR 2RAT @t uon nghat applitatioel WO -0 A IRttt ur e
(not greater gpan 5 ;?PahEaEESn cgge thﬁéﬁkﬁh% qua t 75 el sOStc{)aH'Pt e, for

exanpl e)” According e 1 nvention ractare 1s tal ned
propagati on ofonceel tarvbppbried-fracture 20 wave, after the Iatter has been

initiated by an ener%@uhéﬁtaﬂﬁléﬂnér& atétﬁﬁ@i—é@uf‘ée%s( tdt e 1M
|l ocal or global). To obtain this phenonenon; inplantation_conditi ons

(dose, ener gyShagaenr §°oﬁ’rtq‘fl§’tsepet’cki‘%sde‘é%¥?@ﬁ?nt Gﬁd&rYﬁtﬁlﬁﬁI‘@ntdﬁﬁ%ﬁﬁg (if
there i s moreiphamongloareheb aekal|uecRosttians 4o Hoe-dept Baging hao

substrate of the inplanted species (in the ca Iantln urality
of spect®s), ?Pr‘bll“é‘"f‘l”t‘ ?‘l‘%ntg‘@ﬂ%@ﬁa i LRied) ép a‘b%‘?ngﬁ?"a‘t"é tf"'égtlrré?ﬁ (for
exanpl e heat gugpiseahlpolbed not to generate mechanical stresses that
are too high in 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 1is 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 to 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 glcobal}. 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 morphology, 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 self-supported Efracture to be
35 obtained.



~seemto enabl e shaping of the distribution, the 30 norphol ogy, the size of
the crystalline defects (cavities, platelets, mcrobubbles and macrobubbl es
and other types of defects) that formthe fragile area. It is precisely
the work of shaping the fragile area that seens to enable the result of

sel f-supported fracture to be 35 obtained. WD 2005/043615 9

PCT/ FR2004/ 00%732%[{5@9§61i5nventi on consi stsgin pronoting mﬁb?ﬁwogﬁw#elr (r)rgls

close, in therr to the conditions™ obtained in the eve
fracture, without going so far. The additional energy is then provided by 5
i mpul si onal addition of energy at the end of or during the heat treatnent,

and i nduces the propa,grgti on_ of g self-SUﬁgorted fracture, Self-sllfj%[i)orted
propagati on of the fracturt"WAREIPeafR ¥ hat®i t*Fs Mot Akt sal§A o 4egi st

t he propagati esndifiofist heloase byn adianiai ngagzuregl ab reheateogdthions
initiation ene .pul,se. Al.so, an_.J rtant feature.of the j.nvention is
é%ﬁgge s t&eopea‘gﬁ%li‘%gg P Ege&fnﬁg \Eﬁglcé: o ek o1t he

that the fract over of 't he sSurtfac
wave in | ess thanfat.sefbed, agididiemadf Emergyderisof e mpréssdahd ¥gpeeds

15 greatgr th : f di.amget ers %]fdp sihl e igin of
t he sel fgsuppgﬁPéggigbaiseﬁqlgdulﬁ%r?%d)e%%rr%%t t:}?g st ens roérgn%tﬁfgCl n% %%Igéof
the buried déhectkeaRedematimgivh gendanindycest EHppl irgepagatdonsi bfcon) has

shown that un selbpsuPRAr ted gture 20 conditions the density of
defects (m cr%%?gcgsﬁpcavi ties, CE% atel ets, mcrobubbl es, nacrobubbl es,

etc.) is estimated t8chE-PUBRPULOS (RFWaEE- iyt SFuakke nifepeiurehevavei zes

are of the orgepnef thako i& Sanst ThekeYSardnddt ha AlRa tl@eﬁfgpéx'?a@.*(oﬁhese
defects, as a percentage of the total 25 area of the wafer, s estinated to

be from85 to°820fheTh¥a¥ey ales ANANGETG | & | I t HF WeEkKRFRELRT eal E ght

initiation energy pulse. Also, an important feature of

the invention is that the fracture wave is 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.

One 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, macrobubbles, etc.) is estimated
to be from 0.03 to 0.035 per square micron, their sizes
are of the order of 7 to 8 sguare 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 cbtained 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; it seems that it may be generalized to a range



.seemsimlar to characteristic values noted if the fracture is obtained by
thermal neans, but different from those obtained after weakeni ng treatnent
that 30 necessitates assisted nechanical fracture (in which case, the
-percentage of the area opened up is nore of the order of 10%. At |east the
condition cited above as to the area opened up is preferably applied (it

seens to be t inportant; it se that it may i to a
range WO ZOOS%WQEEPCT/ PR2004] 00277950 rom 201 t 0 35?)9?,“%&?2}"'}%9
appropriate conplenmented by either or both of the conditions as to the
density or the size of the defects. O course other effects or causes are

not 5 excluded by this interpretatijon, _and in particular the chenic

nat ur e of thegBBWdSEBﬁ t h8 ségéfratggﬁﬁﬁ aFBBrogFéﬁ%Fe FHEPEEQSngﬁleggf t he
phenomenon of esehér suppathedl raet wendiavieond motthertherdsnsite onveheéi on
seens to consi st i %gepr citgg weakeni ng conditions close, in their

n t
nature, to tﬁézgoﬁgitlonggggtalhed in the case of thermal fracture,
wi t hout goi ng so far.OThe caddistsi odihenergiféstshepr proewvistsd byre npobsi ona
additi on.of e t S e J i S ho Vi o] 15
the per s8n sklgﬁjgédierti1 t]ﬁ% Eatrhttl%t o{@tf]rl %gg#isjﬁ%h taél\?;dllft}i r?gthelncgglsal{ngyzge
sel f - suppor t eghfmicadr 1aiye ofbttdincdondsenn fthwasupesyptenitiif 3é&t in

itself to be ﬁ%izn&%@el friesi @bk fredde PEESORLKI Idipthdnddie asE, saeking to
inmprove 20 the results of nmechanical fracture, mght have been incited to

fragilize theS¥EBSFL&Ce IFGCENTFOMAFRanpl e by increasing the thermal budget
input to the inplantedn Siheet Wogdionderk tigddie i fdanes sabsbrater fnd the

person %Eillegrggo%g%gauégﬁgﬁfiéugg%é¥¥¥éggﬂéiéé%)“qéfgheir nature, to

the conditions obtained 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 in 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 £racture, 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



25 that, by increasing the thermal budget, the force necessary to propagate
t he bondi ng wave was i ndeed reduced. However, he would not have been able
to observe the self-propagated fracture wave phenonenon, which is produced
only under particularly favorable conditions 30 (see below). In particul ar,
the person skilled in the art would not have thought to continue weakening

as far as an W&?@!S{dﬁgkﬁt that precedes the nonent of theyﬁm@@?@%ﬁg ~as

under general con Ions of inplantation and of heat treatnen poi nt
is an unstable point that it would 35 be hazardous or futile to seek to
achieve. In particular W 2005/043615 11 PCT/ FR2004/ 002779 in the case of

fabrication of heterostructure assin t hi nstahl e point, and therefore
the thermal fr8ctil% C3FCt R s‘fﬂ%‘tpjr%?t_el,&i‘)f Pgn%eg:fd%o% "gtr’queéﬁt'e B3k %g of
the final pretdiet dristdeasid oppbrt sudden tiedeefirs, the tthednaie Sradtthe
fracture, of the_stresses _of therymonechanical origin stor in.th ded
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e
reason o thrink tThat sinply ptolonging the weakeni ng annealing over the
prior art) fobrdgén Byorked appltheaboodeds sapstirapessi onal force woul d | ead

to a self-supported f Féewa(@?ggf?\g-arﬂé AE Rk, e ﬁe%%hor?]%ilﬁf!.f‘d i

application na be gl obal | shoc ul trasound, etc.) or localized
(1 aser, mechafifalashodioulcy aBaVen FHRed ekt LR THRE SIS TOUS eferadl y

| ocal i zed, anﬁec@%a@yagﬁp%wpggﬁté ednly fArdQlrdoygde brictily wétheas. 20
smal | anmplitude. This additiqn o energidl s advant ageous| %/%g plied in the
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to think that simply preolonging the weakening annealing
(over the prior 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
advantageocusly 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 lavyer, limited to only a portion thereof,
preferably to a peripheral portion thereof.

This pulse may alsc 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 in certain situations it may be preferable to

35 initiate the fracture at a higher temperature, for



_preferably to a peripheral portion thereof. This pulse may also in

particul ar consist of a 25 localized thermal provision (for exanple applied
by a laser pulse) or an external stress (for exanple in the immediate
vicinity of the weakened area, at an edge thereof). For reasons of
sinmplicity of inplenmentation, the 30 fracture may be obtai ned at around

room t enper at 50C), for exanpl e py application
shock | ocal |§)acgz(¥0§/0?%6elsborder of the assenbly. However, ?E partr cu ar

enbodiment is not limting on the invention, and in certarn situations it
may be preferable to 35 initiate the fracture at a higher tenperature, for
WO 2005/ 043615 12 CT/ FR&O%%QQgé?Q exanpl e around 300C. It has been
observed t hat S¥RTP e?]é?/ rﬂ had all its effectiveness for initiating
the fracture wave when hhe |l¢mr dosertveda tleay Itheal ézedgypewlsg Upsd of

the jnterfacenan Ui ovel ofcLheiligaile Jayern i@ sbaek prpvided by a

bl ade type too nore tracti on type uces
propagati on ovaae w@leh- ﬁhﬁpola@tletraedurt@ veryexyf éoriavelgd |dperiiang up
conpl e tary. kr rr t 10¢t e f o fy jf’éfip"ﬂﬁﬁ on of
a ther rra%| budogt Eﬁtggggtlelafffﬁgr% |‘—J{steq:elgésJ % a%ltﬁg t'tlﬁer 9@ (%et necessaréy to
obtain the fracﬁbpék Previgefady A dpbade tﬁéesﬁl@%pam feRfReddeneerlly

fracture has thh ﬁfa%@ttaedapyt%e Ip&ééeqqawersougheespae&p lcrrprefec!a over
the prior art his result iS particularl gronounced for t | ow

frequencies, PRLpaFvPRAFBPIWFFRCILRE ¥BEEnBELBFLEVEeYuUre maves It is
assuned that this resgl thtes ddmm%%etrrtarrﬁ)e i@@étrﬁé}@&,lsncra&elaant&ftt o the

enti g0, nELr ALt e Yevie, b opagit e QN LUOLSl .20 M LR oS, 2
latter is 1less than the thermal budget necessary to
obtain the fracture.

The surface state of the substrate formed after

fracture has high-frequency and low-freguency 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 agsumed that this
result is linked to the fact that, in the context of the
invention, the fracture wave propagates continuously,

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 kev in silicon - S8i) 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



woul d facilitate the propagation of the wave in a preferential area within
t he weakened | ayer), conpared to what is obtained in the prior art. Under
standard i nplantation conditions 25 (inplantation of H of the order of 5 x
.10 1016 at/cn2 from 20 to 300 keVin silicon - Si) the self-supported
fracture phenonenon is observed only for narrow operating points, which it

may be diffi reproduce systemati ly. 30 On the der
di fferent coﬁﬂq?@ﬁ‘?‘&ﬁﬁ parti cul ar, thglaioperatl ng w ndoev&?l E?Q&]ﬂﬁ:e

sel f- supported fracture phenonenon is w de, which nmeans that this
phenonenon is observable for a wide variation of the parameters for
obtaining the fragile Iayer parameteés of 35 i Iantatiog and of thﬁ1
addi ti onal heBRTEItFeht s, THH WHS2088F 04533 1 £ BCTPERBBOZ, 009758 the
particul ar) Tﬁhplaxstahﬁoﬁaselsf or aexaml é¢mpiaentathien i npirakirat i arefined

co-inplantatio nder_ defined |t| ons ee bel ow) d/ or_ when t.he
t enper at ur e f)?%#ﬁje oF tﬁgegdd ﬁ“’all T é/s%nt Fﬁﬁll u aotaeﬂpearqst%lf'uases
In the cont exprofiladustrighe us&ddlﬂ:msal nporeament o makiaudde reddwred ugged

vis a vig dr'rréeﬂa%a%acfﬂr?Blae%onﬁgﬂt"%rf' eqd%@%rq l”h%eolo%ltatalé‘gmg@é%ters

whi ch ar®e course. I'n I ce i S grieat” ruggeaness
aut hori zes th‘eo usekef ttre method ﬁ-’@ggbdt oles df vv\af e ft10 ¥rmdruradias waf er

by wafer, ]E?St\?éﬂ.dfa{gl act fe dnz  bBeraks 85:518%!:8:?5 {‘-ﬁHf BY-addus it

has been pOSSI e to verity t It waS possi to obtaln racture
over a batch bllie\f\ﬁat@b%e(zgfvvﬁpéﬁ)“- usi?mn@r@qxéﬁ@r el Ereat omdarsingske

that discl 0599&11:1@01‘.@9@91%%%5 udd 3P was %{ét%d’&)tﬁértﬂét:chéﬁ Yemeydesessary
to inplenent the nmethod corresponds substantially to the_time to inplenment

the prid? artraeRebdsham wrher Mr defecordi AF t%t%‘ﬂ%a’ﬁ%r Prégrace in

the microelectronics industry. Thus it has been possible
to verify that it was possible to obtain the £fracture
over a batch of wafers (25 wafers) wusing a wafer
manipulation tool 1like that disclosed in WO0O03013815. 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 simultaneocusly 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 lead to



aspect of the invention, the latter proposes a nethod of 20 fabricating a
batch of substrates including the followng steps: - inplantation of each
of the substrates, - weakening treatnent of the substrates as a batch, 25 -
-application of energy pul ses sinultaneously to each of the substrates
(collective treatnent). It seens that it should be noted that, according to

the i nvention ate is weakened and the weakeni " " es
not need to byérgﬁﬁ'ﬁfg‘gﬁi:{j up to 30 the m)ﬂént of appli cat E&Wﬁﬁﬁ‘ﬁé)%ﬂ rgy
pul se. It may even be added that provoking self-supported propagati on at

hi gh tenperature is not recommended in the case of heterostructures, as the

stresses arising from coefficient of thermal expansion differences, that
are 35 rel eas®Feakifge Afo %t SHLSFECH e, could | ead to WO 2005/ 043615 14

PCT/ FR2004/ 002779 br gaki ig Ofiothie sétbsdsa@s. tHat s WeiddraStiessiohgthkat ,
according to the invention, under certain conditions of jnplantation, the

i npl anted ar edTVENRen PR yCEFFRIGI FORALAGANSS YerETRt WA pirRl y tHPfer mal
splitting, andmphiafhiteden heea vely hiwehkenedal i fgryemmanainglgss (werspluktting
observed_ after 24 h .of annealing.at | w Lenperature as dgg@ned bel_m%; on
the ot heP han§SPE&R-10FHpBItE Ys%qetrmaﬁg d3 Eﬁ?‘{lﬁat &d*by Fﬁpleev%fbld%f’ on of
i mpul si onal erergy fsgich abthead ingnecdmpe cat uséwcknat dpiei temey obselreed
the. oper at | ng Vi Adow? o 1t 1 ARICAPRAGSs op ey PETVery B i haskartium
limt for thebeddoatli;ononf the sothsrprlewbakerifigsappeatedg sl pustiesl Back a
long way (or &YER ;e dLNYPT s XL Shaal RiSn! Sl &4 ddyer @il eq40 (Lhen
10 as a mechanical shock at the 1level of the weakened
interface, for example}.
The consequences of this are significant:
e the operating window of the annealing step may
be very wide: the maximum limit for the duration of this
15 pre-weakening annealing 1is pushed back a long way (or
even no longer exists); this is entirely favorable to the
industrialization of the process,
¢ there is no assisted splitting since the self-
supported fracture enables the fracture wave Lo propagate
20 instantaneously and without jerks over the whole of the
area of the wafer; it 1is not necessary for any blade to
penetrate between the substrate and the future thin film,
which avoids damaging the layer transferred by the
splitting tool. The self-supported fracture also clearly
25 improves the topoclogy of the surfaces exposed in this way
(for example with lower roughness (especially at 1low
frequency)), and avoids crown defects, which renders the
whole of the thin f£ilm usable, including its periphery,
e the fact that it is 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 wvia sgaid face with a stiffener or target



industrialization of the process, there is no assisted splitting since the
sel f- supported fracture enables the fracture wave to propagate 20
i nstant aneously 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 avoi ds damaging the |ayer transferred by the
splitting tool | f-supported fractu also clearly 1 v, e
t opol ogy of tﬁ’g@ﬂﬁ?@@gk exposed in this %/gy (for exanpl ?ﬁ@@&%@#ﬁ
roughness (especially at low frequency)), and avoids crown defects, which
renders the whole of the thin filmusable, including its periphery, the
fact that it is _no | onger ggc ssary . to i nt roduce an¥%tool i,s _al so
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treatment of the slsifaters dondidiceswfernafipise dubdthattest the |atest at
the time of the heat reatment, the source sybstrate is pl dinintimte
35 contact via said f&%éﬁmtrﬁéﬁg?gffeﬁﬁbégr%%ﬁgetOV[)26%%?%&?5?5 15%%
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t he energy of _banding. . hetween ese substr s.. This.targ .ate.aqr
stiffener is pé% ant agteagl‘uls nf érLarc}:sleﬁla‘slrsdm srr‘gé\kgcarl%/s %ﬁ%%& §% %é{%ﬁk&% %

pol ycryst al | i neunteiteerlizt s, o uch @se sidrmwont oansapphpheusnmpéetiadl, adiker in
the formof an gmy: S @{‘?{Healfo%rd‘%% deeXanple in the formof fused

silica. According to one particularly advantageous feature of the
i nvention, a pluralitpesorsied es tfre oD@ i npRAKLEHLegATon BAVENFageous

ot herw se. This& fBy-Adkgnt @ﬁ@owsfwerb@icﬁphi pl gmﬁﬁamﬁyofoﬁydgﬁ%sanqre

helium Advantageously, in the case of helium in thé case _
hydr oged-thel i Gfﬁlig@fl"r%i/ ant GeREPN L FSRE bgen REY bethakWidRed (Préfer aBRY |
H form wthazaveltaldatisny B4 co-implantation of hydrogen and helium.

Advantageously, in the case of helium, in the

>

case 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 wmay 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 1s nevertheless sufficient to obtain good
solidity 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 solidity 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 is a known means of
limiting the wvalue of the temperature necessary to

35 develop the weakened area).



15 dose (typically of the order of a few 1016 H cnR), bearing in mnd that
hydr ogen exhibits a high efficacy for <creating a weakening |ayer. At the

| evel of that layer, heliummay be inplanted at a relatively | ow dose
(typically of the order of 1016 He/cnR2, or a few 20 1016 He/cnR) . Wen the
source substrate has been bonded to a target substrate, the | owtenperature

heat treatnen erature i s nevertheless sufficie i ood
solidity of th@S%@ﬁgﬁﬁg'interfaces) has t%% ef fect of 25 g#ﬂ@ﬁPﬁg&ﬁP§79
splitting of an ultra-fine and very snooth film (roughness of the order of

a fewnn), initiated by an exterior pulse. The advantage of co-inplantation
is obtaining maxi num weakening of this area at the tenperature Sléhfl ci ent

for the solidity of tReeh&H@ nEPIBLERt S MR ERTROURHY s TRARTHREhaRT ng to
reach excessi ¥Be bafiBenatulesputhanaeiariesiy Wy ies: Wit doflﬂéetb@n@|ﬁ'1é0

w thstand and,w t hout either heing obli to use very ntation
doses (which FEPHARRBIACHe&TS 1é%1r#?$ g Ph@Rﬁﬂ%ﬁ?o?aYh ﬁ%@f %
necessary to 185aﬁyuﬂx¢eﬁhebueahﬂneﬂsaada;ntﬂgéaﬁa5/GABGﬂBelGase of a

PCT/ FR2004/ 002779 . The eci re. _advan 8Qus nte t the sane
| evel but oneSvarfght Sb%wgrgt a%%of %dé:tc’tqe% H}%%' rr%?a Bi1%s. The
two speci es may peefaphhheeto nmpéamtotherdebp&r|proﬁladvéntageous in the

case of a 5 silicon subs el.i ~L.pl.ant is
preferable to inplant hgef‘[’l eép%?p%&fgﬁ%gs%kg%ggég ; t_gbt EF }Z&O én
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substrate is pre a mat er i al osen rom sem conduct ors and
i nsul at fs, nonocryst a'!-"]l'li3 ne SPBISFCr y§‘tﬂaﬂ'—¥=’h’ée or &norphefsraihys of a

material chosen from semiconductors and insulators,
monocrystalline, polycrystalline or amorphous. Thus it
may be chosen from the IV semiconductors; a particularly
beneficial example 1is silicon but it may also 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 1in 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 £iled 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:
¢ Figure 1 is a diagram of a source substrate

35 during implantation,



~may be chosen fromthe IV sem conductors; a particularly beneficial exanple
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exanpl e of si EE&?Eoﬁd‘é%a@ﬂﬁ%éﬂdsl%iéﬂéﬁzQ& IS :?t':'éf@ﬁ?ﬁéce"‘@,' ewl}Pﬁ% ng
subjected to an inplantation treatrment, represented by the arrows 2, for
exanpl e by bohbiranErbIRCERC &ifs gy implapisdoian speedeBenthi sephpsantedi on
i nvol ves, at Bygkﬁgnd@%ﬁdb 2, for example by bombardment with ions 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.

Specifically a start is made by implanting the
first species, i.e. hydrogen, further to which the helium
may be implanted. However, the inverse order of the
implantations may Dbe 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 i1is 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.

Figure 2 represents a step during the course of

35 which the source substrate, containing the buried



implantation of a first species which is adapted to generate defects, for
exanpl e hydrogen, preferably in the formof H ions. In a preferred
enbodi ment of the 15 invention, this inplantation my be a co-inplantation
of two species, for exanple hydrogen - helium In the case represented,
the two species are inplanted to the sane depth, but alternatively it is

preferabl e for h speci es i npl ant to be that wh
deeper, for E%ﬁé)"l"’gﬁ he hel i um bef orefghe hydr ogen. %ﬁ/ﬁ%‘gﬁm@r}g@st art
is made by inplanting the first species, i.e. hydrogen, further to which

the helium my be inplanted. However, the inverse order of the

i npl ant ati ons mangbe preferable, even if the two 25 inplantations are not
made at the s¥RB*E8SCHh.ZMDUPi edSzHACSS 3| L85 F £BFEL H]lfs 1ReRkeREITBYE t he

presence of debeehet Wermeakersd<zpradd rde! fadd Sof Wl h&a&g@@ ggms@@ate
substrate, a future thin fllmgéand a s bstrate remai nder isto

say that whicH r ¥R LEY (RE ddaREE T@ @pp&lag HTE G| |‘t’]?‘??1‘§ S’f'mf:ﬁéof‘hl n
film this resaichd®r of Ial g faldrert.0 serve as source substrate for a new

i mpl ementation cycl e qf ggedure Fi 9 e nts.a,.ste url ing t he
course of 35 which t% et? TERbStTh: &3 (L:%?ﬁrél Pﬁ% ﬁe thPed”
2005/ 043615 12&hEC‘Elri€?2mzﬂdDO@ﬂiElemﬂakeﬂ]epmennecﬂ titee prexdegniiygi 0§ taee 4,

{ypi cal L”Etyeaﬁu%é%?“f PRt DR R ETe PR R PLER ¥ (BLLANSs

stiffener. 5 Atlpathas ebakent plgtqmenelaipiplé edonmpdhdatibn @f the beadsand,
enabl e devel o g,(a ?1f Stot'n,& m t%f tniaetal}#ébe d}:@ﬁef and on the other

hand, when a ste as taken place e conso |dat| on of the
bonds B@tween sourceM%tPﬁ’él%f%ﬁlf gefCh§uH'5Qmm3@ture of this heat

treatment 1is chosen from the range of temperatures
suitable for developing the weakened zone.

This treatment is 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 is represented the step of

20 splitting of the thin f£ilm 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 1is for example constituted by a mechanical
stress represented by the arrow 10.

The splitting obtained is self-supported in the
gsense 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



.10 More particularly, the tenperature of this heat treatnent is chosen from
the range of tenperatures suitable for devel opi ng the weakened zone. This
treatment is advantageously carried out at a tenperature chosen fromthe
.range 200C-400C, preferably 15 fromthe range 300C-350C, for a duration
typically chosen of a few hours, for exanple 2 hours. Thus, the thermnal
budgets (tenperature-duration pairs) are _industrially realistic. In Figure

3 there is rep¥Q@3IMY¥MI6he step of 20 sptftting of the t RIGI/FRIUUAOITI®m ¢ he

remai nder of the source substrate, by neans of the application of an

i mpul si onal provision of energy, preferably brief and of |imted anplitude,
for exanple in the formof a shock or pulse. 25 It _is for exanple
constituted byeakenehaniaygr se€vansapgepres¥ntaRPed hétarfty formTiE a

splitting obtained i3 $8laf11SupRANEE] dnhthtidsSense +hatue | B PRRET GELAGA
there is no venment of a tool ™ al ong the weakened | ayer._ 30 This | ocal
provi sion of Efergfei drwensiomyi t ket Face paft G1e t fB1Burfelm| Fech 1s

represented i grbhg f@gm ehea s80ENBLpRbecl Ceplespongi néint otBeshpakiagpl i ed
by a tool such as a

| ade on (or proximal tQ) a partion of tha buri ed
weakened>| ayePeafgnedt nglg‘f R bt Rer Sr‘ﬂg’ﬁﬁaél,tl Worpiﬁaﬁ’ﬁgek?scoﬁpl e
par i-' | el:l ][0 t rouhaee sofrat &?rﬁ%ﬂdej&@.ﬁll@ th Oﬂiﬁﬂf 5&33-13'1 PEHE ::E\’Bﬂgféhﬁﬁlallzizg
weakened | ayer ant ageou applied in t ormof a_ pulse of s
Anoutar anpl | EGOEI8pos PREERE Pite RathBd DGFR RECERRaRN O BHEVIIEe® o

the thin fil mpamtdieulsr f teedtbypntheosel theuppaortfadespl transfermetthenburi ed
Concekenes LoRSeL BRI | PRGB! Ll Ll an s e i cadgness Fee
been net@ssar yorghpr petdrga that, since splitting is self-supported,
there is no real propagation in fits and starts of a
fracture wave liable to generate surface waves, and that,
since there 1s 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 self-
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:
¢ another semiconductor of column IV of the
25 periodic table of the elements, for example of
germanium,
e a semiconductor of type III-V or II-VI such as

AsGa or InP, in particular,

e an insulator, for example o©of nicbkate or
30 tantalate type, such as LiNbC; 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



_particular treatnment of the surfaces transferred nor substantial ("coarse")
polishing after splitting. It is 10 worth noting that, since splitting is
sel f-supported, there is no real propagation in fits and starts of a
-fracture wave liable to generate surface waves, and that, since there is no
novenent of any tool along newly created surfaces (or relative novenent
bet ween the t on each side of e buried |ayer t[‘tfigﬂz% '
degradati on o%%@s@aﬁléces t hus freed, (?Ch t herefore %u)acve a G‘helﬁg/ﬁ?moth
surface state, induced by the self- supported splitting. The source
substrate 1 may not only be of 20 silicon, but nore generally of any
appropriate kno material for ex le alV, I'll-Vor I'l-Vi sem conpductor,
ferroel ectri c2® ﬁHbr?%?aﬁPPﬁ?%nséﬁg%%ﬁ5%kaPFiﬁ@“ﬂ? é@eﬁmQ£ﬁ§%HﬁouEggﬁhus
the source subsémple ypde: ofanglies, sesw cppdyakes)of chlhsmid Vmel, the 25
periodic table oL.ths?el ments, for exanple of germanium a sem conductor
of type Il1-\PRFEFYARTsHER as AsGa or InP, in particular, an insulator,
for exanpl e of niobate ar cr3Gtadnitialeaatmatterpal sucth & ldap®Bima, Li TaO3, in
particular. The targe} %q_:b rale éﬁyié%e Oq,f & \/gr%q:hveq{i ty.pf materials, to
be chosenh accordi ng to néeeds, ~nonocrystal l'Tne or po f@?ys'alline (for
exanpl e 35 sem conduct oEs s ifmgrl eexetpl kerfingm lawew, tHer semenpie e?f abxsidP
2005/ 043615 20 PCT/ FR20Q4/ 092479 nas-bRE the,s9urce suhstinal£) g even, be
anor phous (for exanple types of %?ags, or polyners); thdé 't ma iﬁgﬁy
particul ar be: a cryst AHPuePTRtE iknowWudednk#pphl tlels Fdnpitedkednai|ica
or of another glass, 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 onto 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

$i0; 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/cm?. The deeper profile for the implantation

is thus performed £irst. This source substrate may next

25 be Jjoined to a target substrate of Si (~700um) Dby
molecular bonding. A heat treatment around 350°C for a
certain time (for example 2 h) is 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 sinple stiffening layer, for exanple of oxide a few mcrons thick,
deposited by any appropriate known technique (this admttedly no | onger
corresponds to a bulk target substrate 10 of the type represented in the
.drawings). It is worth noting that the target substrate nay be just an

i nternedi ate substrate fromwhich the thin filmis later transferred onto a

final substr | es Co-inplantation According t

enbodi ment o%%&gﬁ\%ﬁgpo a substrat eé]gf Si (-700m cgﬁgﬁi}oﬁ‘go%??ayer
of thermal Si02 on the surface (for exanple 145nm nay be inplanted 20
initially with helium atons under i rrpl antation conditions of 70keV— 1 x 1016
He/ cn2, and then be |njE>I anted with dro en atons under Ianta,

condi tions of CBBRERETACLIEN, 1EGHs I—V‘E: he Theagedser Yr o’f*]??e P m o

i npl ant ation gischhys tpes fwf@tfsubétréﬁms $EU§CQh§EbSttrxﬁstW&mmB>@o-25 be
joined to a targft supstrate of

7001) b mol ecul ar n A heat
treatment ar ouRH-386E 8P aOfcerlTYé#f’gﬁr}re ?IF% é%\?‘rﬂﬁ“e 2™h) tﬁl%'se cpepl i ed
to the strucstbetrhtet hadeeatta eadmbitidrss smlftahée;nirehtemanﬁleel tas a

di scl [ he E I 02_30_293 h dow f
olbfgi (rjlisﬁ Itﬂetg fgéﬁg E?ggt ggﬁ'égg Plgcgth%(r)lgrrenon |%m%$ Y’%et o?%l\émré]%%)wla 19(raw

hours (i.e. anseakbtanaguannsplingihgom @itb 6ahoces)inudhen,and t helawar cel y

t he com‘rencegsgég éat?é rt| J2 of 1,{;\ebl (}% Q@% enwagge bo Catl%&f{{@&es in

t he form of supporte Sp|| ting at the maxi mum
hydr ogen WO 2®O$t®43645W2t11 ROF BRRROCS @GQ?l?@ulcﬁ)lrm’e&it rendrgy |addstient he

transfer of tnﬁl&ﬂl Iqagl LM o rtSic Ao dii2e R ﬁ-gclt QU ralSs q {YSsd

trials with co- antati on of hydrogen and ITum i n the source substrate
under the con’dﬂ@i-‘éﬁ‘él@flst heli fverRf ofvcGd@ing gqimportant variations of

surface roughness after fracture, compared to progressive
detachment. Because of this, this impulsional splitting
implies thereafter less polishing.
The roughness of the surface transferred measured
15 at high frequency (by atomic force microscopy), o©of the
order of 45 to 50 angstroms RMS, and at low frequency (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/cm2) followed by a heat treatment
at 500°C (roughness at high frequency of the order of 75
angstroms RMS and roughness at low frequency of the order
of 26 angstroms RMS). _
According to another embodiment of the invention,
25 a substrate of Si (approximately 700um) comprising a
layer of thermal Si0, 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 is then joined to a target
substrate of fused silica (approximately 1000um) by
direct bonding. A heat treatment around 300°C is then
applied to the structure for a certain time (3 h, for

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



5 self-supported splitting, i.e. a conplete and quasi- instantaneous
splitting, with a continuous and plane propagation of the fracture wave,
sel f-supported, initiated with the aid of an inpulsional energy addition,
which had in particular the advantage of avoi ding surface 10 undul ati ons,
i.e. of avoiding inportant variations of surface roughness after fracture

ol Tcting i mOOREOTMEFIST Cor 1 oss pol' hiag. The r oughneRs NI RAREENP 2o

transferred neasured 15 at high frequency (by atom c force mcroscopy), of
the order of 45 to 50 angstrons RM5, and at | ow frequency (by
profilonetri ca‘ggt hod) ,_.of the .order of .10 angstr.ons

of that . .
transferred sGffBce A& TubHHMILRT v Hhsss § t%%%ﬂ chtFray BB 8Bt ai ned
in the case otetdpetpltanked bigﬂ néane 032ke\bbadx! aihalyv ardaly onrdebyed heat

treatnment at.500C (roughne hi gh fre enc he order_ of 75
angstrons Rl\/Bbg Hnglu %&1 SS aqtl&ﬁfrl o%/ orjdne?'a d GWJaFnlast?orrs
RVB) . Accordl mgvbmemtotplelseenﬁmdenera Bhoché |mﬁérft-|smpp012&ch spbstcahg of

o1 (appr gxi abel v, 00, MR T 3410 Re | AYRLOSLATNBLIAL S Q2o The, sypLace

(for exa anted inrti matoms un
i npl ant at i on toadistfiegns obf ?Dke\/SinlmﬁHe/ﬁﬂriﬂﬂ o o hé.he i fipbadt ediwmith

hydr ogen at ons, wadse Lhe candli oBsegkadl Wkeleaxl Aot ene, Thafleenest

profile is thus inplanted I rst. ource s trate 1s then joine
target subst t&ee éﬂbﬁﬁ§é§e§| I‘ﬂ‘é?él'(%@prﬁmmattél%/ T@@@ﬁ?sby‘?uc@ﬂlﬁf&t apsAdi ng.

A heat treat n%@tll%ﬁ:(ilﬁ@d %9%3 | sudden sﬂl&l&'a' egubOr kA StHAAIAY € thir anggrtain
time (3 _h, for 35 exa% nore if the weakening treatnment is_ adapted. WO

2005/ 043815 2FipET 49@0‘?1799011%8@11%“6&‘3 Brheh gt hig- e %%rﬁEPﬁFéaféﬁck to
anbi ent  tenpegatinge, hdy wBansWerriliade eRtY FoarCepdelNSEFOM it on

the other hand). The roughness of the surface
transferred, measured at low frequency by profilometric
method (of the order of 14 angstroms RMS at low
15 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/cm2) annealed at 400°C for 2h using the
20 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) .

25 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

30 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

35 present at the level of the implanted area is estimated



. between the bonding interfaces and inparted with a novenent pulse (i.e. a
shock), self-supported splitting 5 at the maxi nrum of the hydrogen profile

| eads to the transfer of the Si thin filmonto the fused silica substrate,
‘Wi t hout breakage or degradation of either of the substrates derived from
the heterostructure after splitting (the fused silica substrate having the
thin 10 film I e one hand, and t initial Si su r Lhg had
t he superficig%)?%Fﬁﬂ?éﬁn1pee|ed fromit %% t he ot her haﬁg?aﬂ¥ﬁgwp@ﬁ3£ness
of the surface transferred, nmeasured at |ow frequency by profilonetric

met hod (of the order of 14 angstrons RVMS at | ow 15 frequency) and by atomc
force mcroscopy, (of_ the order of 7%;an strons_at thh freﬂ:enc ) _of that
transferred 58rPxc e Subdt &Rt iCad ngesrs FRANT EhBSERA ptzes

obt ai ned i n t heecase tofe Hbidgt anf ed alore £P2ked- mbcbrh8l6EHMNhannesd ed at
400C for 2h usin he 2 ragr essi.v chanjcal_splittin t hod at .anpi ent
Cenperature (PBRURHOSS R HFoFes r BUEGHED GF (hePortpied? 8 M. TOREL RV
and roughnessaatal oW fuhequerfayr ods t ieomokHetcof3240 artgst clomsa ey is2bcs

Ger mani um on | psul r Th ve. i nformati o y eral j.ze t
situation of ggsour%%% suﬁ"getar a%g%of s% %% getgﬁg?\i u%%p\%l%{}h t%léﬁfqo#ﬁoowhﬁ%
weakeni ng par ahetrecserdesac? oUtHGred cmh2n wibhéd drasteryy fisoneioaine@00
kev accor di Ngeha ey 90 tRACkNepted e halst ehad aRdadnaeal hageat 300C
for a certain tlms_iL ypically from30 mn to , 1.e. an_operating w ndow
of 30 min). Areakenhnyg Hesmtmedat reht 28P8EI f c1 onimesehirhpliamlaGsomn
conditions, thesdenglt hePhahRBall GHACHAGKS 13D WiRILMU A thgdeVRl1 0t he

inplanted area is estimted WD 2005/ 043615 23 PCIl FR20047'002779 to be from
0. 03 tolB. 0352p8r 4§WEFe nfe¥onS*#WBiE. sifRg area opened up by the

microcracks represents less than 10% of the total area of

the wafer.

Silicon on insulator

is In order to open the window of the process it
may, for example, be preferred to implant a higher dose,
for example at 30 keVv - 1.10' 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 kev
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
f1] K. Henttinen et al., Applied Physics Letters, Volume
35 16, Number 17, 24 April 2000 ; pp. 2370-2372



~are of the order of 7 to 8 square mcrons, and the area opened up by these
defects as a percentage of the total area of the wafer is from25 to 32%.
The characteristics 5 of the weakened area nay appear simlar to
<characteristics observed when the fracture is obtained thermally, but
different fromthose obtained after a weakening treatnent of 280C - 15 mn,
whi ch inpli esw'%p2 o%ﬁﬁéélltsed mechani cal fragfure, in which ﬁe%ﬁ?mltgﬁgla&.ﬁ@l ues
10 are | ower: éxanpl'e, the area opened up by the mcrocracks represents
| ess than 10% of the total area of the wafer. Silicon on insulator 15 In
order to open the w ndow of the process it may, for exanple, be preferred

to inplant a her d f.or exanple_a Kk 1.1017 Hcn? and then to
apply heat t?%gt rfént %ﬁg ?g % Rplﬁ?d gp\{IYOESJs‘f%I i‘etﬁertghls 3% o
obtain a 1 to 2 mmwmmmbefw t heMapprat agge; 26pof 108e- $eBB supported
fracture phen no, ver thout_|eadipn ctur e

on insul ator ﬁg fol I gﬁn ngé%gér’lgsfl o%ms %?e aaip i eagt%)g élf| np an a T on rédx
1016 at/cn2; at 10BngeveenppyoR7l - 2apMeal ing at 250C for from3 to 30

m nut es. The sel f pppstesdafracture phenonenon may be observed when the
weakeni ng anneal i n%ﬁl S conduct ed ina 30 wndow from3 to 30 m nutes.
References [1] K Henttinen et al., Applied Physics Letters, Volune 35 16,
Nunber 17, 24 April 2000 ; pp. 2370-2372 WD 2005/ 043615 24 PCT/ FR2004/ 002779
[2] A Argawal et al. Applied Physics Letters, volunme 72, Nunber 9, 2 March
1998 ; pp. 1086-1088 [3] G F. Cerofolini et al., Materials Science and



Engi neering B71 - 2000, 5 pp. 196-202 25 CLAIMS 1. Method of self-supported
transfer of a thin film according to which : - 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 with respect to a face
of that source substrate, that first spe2bes being adapted to generate
defects, - a stiffener is applied in intimte contact wth the source
substrate, - a heat treatnent is applied to that source substrate, at a
given tenperature for a given tine, socasid® create, substantially at the
gi ven depth, a buried weakened zone, without initiating the thernal
splitting of the thin film - a pulse of energy is applied to that source

substrate so as to Er.omlﬁﬁoﬁhg;fseéél‘ts-‘éBBBB%@éh59££ﬂ§£é§9 ot a i fidym
delimted between the face and the buried weakened |ayer, wth respect to

the remai ndercofding tsowheensubstrate. 2. Method according to claiml,
characterized in that thgupulseb%%feggrgy IS app ied to a small part only

of the buried weakened fayéﬁafy fiod ac 5F8|ng to claim2, characterized

in that the pulse of enelgyst SaapptdedsderieBecfoishef o ocaln zedfitdrer mal
provision. 4. Method according to claim?2, characterized in that the pulse
of energy i&c8ppt SdBLIATERE +OrTHSF SRUEFRGTWSHEGEReAE 2 1N GEPth D

movenent beigpbed of o ands fle SIRIdnAMRIGUEHECsuBs t MRLN0G 1ACC AL dhRIsh O Al M 2,
characterized 1n that the |ocalized provision of energy is applied in the

formof a wechamdalteshbekoererntysedepheral zone of the buried weakened

| ayer. - a stiffener ig applied in intimate contact with the

source substrate,

- a heat treatment is -applied to that source
gubstrate, at a given temperature for a given time, so as to
create, substantially at the given depth, a buried weakened
zone, without initiating the thermal splitting of the thin f£ilm,

- a pulse of energy 1is 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
layer, with respect to the remainder of the source substrate.

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

3. Method according to claim 2, characterized in that
the pulse 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 single movement
of a tool, the movement being brief and of small amplitude.

5. Method according to claim 2, characterized in that
the localized provision of energy is applied in the form of a
mechanical shock in a peripheral zone of the buried weakened

layer.



26 6. Method according to claim1, characterized in that the controlled
energy pulse is applied globally to the substrate. 7. Method according to
any one of claims 1 to 6, <characterized in that the pulse is applied at a
tenperature at nost equal to about 300C. 8. Method according to claim?7,
characterized in that the pulse is appl2@d at roomtenperature. 9. Method
according to any one of clains 1 to 8 characterized in that the heat
treatment is conducted so that defects open up an area from 25%to 32% of

the total area of the mueRk@ngdcsBadg Nd NAaSWPALT &R radler Mot agepr di ng
to claim9, characterized in that the heat treatnent is conducted so that

the densityt8f depeefallegds faperHEr nBrRESS r oht 0. TP U640, @35PpetY sqtfar ethfi cron.
11. Method aggerdidg to claim9 or claim 10, characterized in that the heat
treatnment is conducted so that the size of defects is furthernore of the

order of 7 to 8 squdre MathodonsccckZingbttrodangcom@ ngf t @lanysone 6b cd.aim 1

to 11, characterized in.th he. stiffener wi th .which the sgurce substrate
S placed | RRFEFHER G dodracrat Tn8 pEHEE:Te AR AR 2T o TBRFSr e Hont
contributingokp éqprlotiongnbhie Toprdi.ng energy between those substrates. 13.
Met hod according to claim 12, characterized in that the target substrate is
of an anor phous nat &ri ¥FEPed 2t rdSacCordiong t'o ArarArieritsthriatt¥tdtzed in

that the sQUrcg,SUPSLr abgltsa e sibhCPinAd e target substrate is of
fused silica. 15. Method according to claim 12, characterized in that the

target substrate is%of Methodocryastralingnetr appl yoreysehl Idladmset erpals, 16.
Met hod acco%ggggcéé%fgé@I?n;ﬁﬂm&h%ﬁgphﬁgkz%%eatment is conducted so that

defects open up an area from 25% to 32% of the total area of the
weakened area in the substrate.

10. Methed according to claim 9, characterized in that
the heat treatment is conducted so that the density of defects
is furthermore from 0.03 to 0.035 per sqguare micromn.

11. Method according to claim 9 or claim 10,
characterized in that the heat treatment is conducted sc that
the size of defects ig furthermore of the order of 7 to 8 square
microns.

12, Method according to any cne of claim 1 to 11,
characterized in that the stiffener with which the source
substrate is placed in intimate contact, is a target substrate,
the heat treatment contributing to improving the bonding energy
between those substrates.

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

14. Method according to c¢laim 12, characterized in that
the source substrate is of silicon and the target substrate is
of fused gilica.

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

16. Method according to c¢laim 15, characterized



27 in that the target substrate is of silicon. 17. Method according to any
one of clains 1 to 16, characterized in that the first species is hydrogen.
18. Method according to claim 17, characterized in that the first species

i s hydrogen of H+ type. 19. Method according to claim 18, characterized in
that the first species is inplanted at 27dose of the order of a few 1016
H cnR2. 20. Method according to any one of clains 1 to 19, <characterized in
that there is further inplanted a second species, in a second dose, this

second specijgsthgl Ntheadaphed $@staGeUPYsthe dafieehs generated by the first
species. 21. Method accordlng to claim 20, characterized in that, in the
S

case of inplanting tho 3FEEPES ARFPRIGIT sBP aPHpIATt a2 oALPHBY i FedP tife
Specl es haV'cﬂgrénF'gelr%ezgeiﬁeﬁanf?g& l&d $i-bpbantied fLrgiardfen Met hod accordi ng

to claim20 or c characterized in that the second species is
helium 23. Method agcoreigl tagcokding 22 cdldmadler ckadhdtertiatl inhehaecond

species is kgﬁlgntqg at, a dose of. the orgqh_%f few 1016 He/cn2, |ess than
the dose of "the’ t1Tst°PESaEFed® WATOREPhY HeddPding to any one of clains 1

to 23, characterized.imeihid ddderaots e SBSkr ate tBafd@paieddl Lot

mat eri al chosen from sem conductors and_insulators, nonocrystalline

pol ycryst al FPRefdFsantRetisds Inat8Piarked 25 avsassd °4c CHRAPREST oot i 124,
characterizedwi g/tppat the source substrate is prepared froma materi al
chosen fromthe 1[IV sem conductors. 26. Method according to claim 25,
characterized in thap. Meghsdurceosdbsdraveany rmige $F om gihs con.t2712.Met hod

accor di ng to,claim 24, characheri zed.Ln that o Lie SOyLce. subst Lat g i 5, Jade
of germani um 585~ WerTNSd accor Ing to cIa|n1§ﬂ, Char acterr zed
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 in
that, in the case of implanting two species with offset
implantation profiles, the species having the deeper profile is
implanted first.

22. Method according to c¢laim 20 or claim 21,
characterized in that the second species is helium.

23. Method according to claim 22, characterized in that
the gecond 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 in that the source substrate is prepared from a
material chosen from semiconductors and insulators,
monccrystalline, polycrystalline or amorphous materials.

25. Method according to c¢laim 24, characterized in that
the source substrate 1s prepared from a material chosen from the
IV semiconductors.

26. Method according to claim 25, characterized in that
the source substrate is made from gilicon.

27. Method according to claim 24, characterized in that
the gsource substrate is wade of germanium.

2B. Method according to claim 24, characterized



28 in that the source substrate is nmade of AsGa. 29. Method according to
any one of clains 1 to 28, <characterized in that the heat treatnent is
performed at a tenperature chosen in the range 200C- 400C. 30. Method
according to claim?29, characterized in that the heat treatnent is
perfornmed at a tenperature chosen in the28range 300C- 350C. 31. Method
according to claim?29 or claim30, characterized in that the heat treatnent
is conducted for approximately 2 hours to 5 hours. 32. Method according to
claim 24, charagderdiizedcubcé haibstirheesouremeswishe@ie is prepared froma
sem conductor material _of type I11-V. 33. Method according to cl aim 24,
characterized in thé?'tM@thg%uﬂ?é%%b‘ﬁr’é?eapg Epfledt? UM ah itAsuitat or

chosen from.4BescAuRaCoNsi shhRY 1@k LidRB: 8t denfaBs  performed at a

temperature chosen in the range 200°C-400°C.

30. Method according tco 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 ¢laim 29 or claim 30,
characterized in that the heat treatment is conducted for
approximately 2 hours to 5 hours.

32. Method according to claim 24, characterized in that
the source substrate is prepared from a sgemiconductor material
of type III-V,.

33. Methed according to claim 24, characterized in that the
source substrate is prepared from an insulator chosen from the

group consisting of LiNbO, and LiTao,.



