*159159* 1 PROCESS FOR CUTTI NG QUT A BLOCK OF MATERI AL AND FORVATION OF A

THI*N' FILM'Te In a general way, the present invention rel ates
to a proces ‘ﬂ 'mm out a bIock of material. This process can be
" npl for forgation of thin filnms. 5 Thin fil ns,

sel f - supportlng o ﬁ%tegral mnth a support substrate, are widely used in
the fields of mcro-electronics, opto-electronics and m cro- nechanics.
Thus the invention is applicable to these domains, in particular for
produci ng- conponents or 10 integrated circuits. State of prior art As
menti oned above, PROCHSE &DRt RUATINGNOUTS A BAOCKaOMYIAT PRIdEs piead f or

conponent s whose operation r qﬁpufacturin nmet hod requires special

physi cal and electrical proégﬁﬁﬁggviﬁﬁig;ﬁ$1iﬂih5ﬁﬁﬂa thi ckness which is

usually conprised between a few nanonetres and a few mcronetres. They

al so make it possible, for exanple, 20 to use materials whose usage under

the form of éﬁﬂﬂﬂ@k&é&uﬁﬁﬁiﬁte, woul d be ruled out for reasons of cost or

compat i bi |1ty withptheyoBre! aly, UeRe: pINRARMRAVA Y h Al erigls can
a process for cutting out a block of material. This

process can be implemented, in particular, for the
formation of thin films.

5 Thin films, self-supporting or integral with a
support substrate, are widely used in the fields of
micro-electronics, opto-electronics and micro-
mechanics. Thus the invention is applicable to these
domains, 1in particular for producing components or

10 integrated circuits.

State of prior art

As mentioned above, the use of thin films 1is

increasingly widespread for components whose operation
15 or manufacturing method requires special physical and
electrical properties.

Thin films have a thickness which is wusually
comprised between a few nanometres and a few
micrometres. They also make it possible, for example,

20 to use materials whose usage under the form of a thick
substrate would be ruled out for reasons of cost or
compatibility with other materials used.

The compatibility of materials can also constitute
an obstacle to the direct formation of a thin film on a

25 support substrate on which it is finally used. A
certain number of processes have been developed to form

first of all a thin film on a source substrate and then

A
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an obstacle to the direct formation of a thin filmon a 25 support

" substrate on which it is finally used. A certain nunber of processes have
been devel oped to form first of all a thin filmon a source substrate and
't hen B 13639.3 JL 2 to transfer the thin filmfromthe source substrate
to a target substrate. These processes as well as other techniques
concerning the manufacture and transfer of thin films 5 are described in
docurents [1], [2], [3], [4], [5], [6] and [7], whose conplete references
are given at the end of the present description. In particular, docunent
[1] describestoherapegsirbithiet ychafn forimngran ehbrisbtired zomestimte ptate of
10 materi al bg %onic ing#agta%ion in order to detach the superficial thin
filmfromthe p At e°FardrShf3tfie 1evel of this zone. The separation of the

thin filmfrom thersessceprsubskeat e 45 pioVvDkeds Obtled easdcrassisted, by
using a 15 certain nunber of nechanical or thermal stresses. In

particul ar, tReNEBFRiAg &l JrarweaehHire f PR r’féif}ﬂsrf@srd ah é:ﬁlémgyfblm@gt
d th I d I ihGh i [ in ot ose
ovir eryml olggeresian el Syl T, 27 L0 TSP, 8

of the species |np%ant to form ftle _ _ _
i npl enent at i canaf [7gchwhqueschoplettt reFewenceand rer arisfer rAtNg e tdma film
as descri bed iF the docunents quoted above, can be linked to a certain

c

nunber of di fPTctMtiBESSERF EREAPLIRTIPAe use of certain

In particular, document [1] describes the
possibility of forming an embrittled zone in a plate of

10 material by ionic implantation in order to detach the
superficial thin film from the plate later at the level
of this zone.

The separation of the thin film from the source
substrate is provoked, or at least assisted, by using a

15 certain number of mechanical or thermal stresses. In
particular, the cutting out of the thin film requires
an energy budget under thermal and/or mechanical form,
which 1is linked mainly to the dose of the species
implanted to form the embrittled zone.

20 The implementation of techniques for cutting out
and transferring a thin film, as described in the
documents quoted above, can be 1linked to a certain
number of difficulties. For example, the use of certain
materials with a high thermal expansion coefficient is

25 not compatible with a thermal treatment at too high a
temperature. For <certain substrates it is also
necessary to limit the dose of the species implanted
either to preserve the thin film or for economical
reasons.

30 Furthermore, the implementation of mechanical

forces to separate the source substrate from the thin
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materials wth a high thermal expansion coefficient is 25 not conpatible
"with a thernmal treatnent at too high a tenperature. For certain substrates
It is also necessary to limt the dose of the species inplanted either to
preserve the thin filmor for econom cal , reasons. 30 Furthernore, the

i npl ementati on of nechanical forces to Separate the source substrate from
the thin B 13639.3 JL 3 film such as described above in reference [7],
also makes it possible to reduce the thernmal budget for fracture,
especially in the case where the materials in contact have different
expansi on coefiimj esisch The Seapplibeat | obové nechaafentnesf drit]s oalshe
source substrate and/or_ the target suggort i s however not

al ways
possi bl e, espBeraPl y' WhERPTHE Mat &P aF SOBER ng- NRusédedr@ br PREBEE ofO%hen

the cleavage zpaethas, nekpebean1guliti girentdaseniidtd et By-40P{$1s in
i nplantation. 10 Finally, the techniques of separation and transter of the

thin film deSertdetd absve, davdlerend certrainsiamunberetficiesits ctiDns and
conpr om ses. rictions are i sed,.din particular, by the type of
o, HELPeah e LB e e L PR B LUl 2 by, Lhe e

mat eri al s use 0 constitute the s ub

the target suppostrabescan@téon wfe t harigaenisugpotite akm Rbwbheri nyspti on
is to propose a cutting out nethod making it possible, in particular, to
form 20 and ¥+%R%$ePAFHIP NS nESPRCLRdYY tWeeni filteat MahsrimdAt i erbalg above.

A further ai rﬁ@édt rEélpre' nﬂffpcfg, i %It O RERPASE acleavage zone has not

been sufficiently embrittled by ionic implantation.

10 Finally, the techniques of separation and transfer
of the thin film, described above, involve a certain
number of restrictions and compromises. These
restrictions are imposed, in particular, by the type of
materials used to constitute the source substrate, the

15 thin film and the target support.

Description of the invention

The aim of the invention is to propose a cutting
out method making it possible, in particular, to form
20 and transfer thin films, without the 1limitations
mentioned above.
A further aim of the invention is to propose a
cutting out method able to be implemented with a
reduced energy budget and in particular a reduced
25 thermal budget.
Another aim of the invention is to propose an
economical process in which an eventual implantation of
impurities, intended to form an embrittled zone, can be

carried out with a reduced dose.
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cutting out nethod able to be inplenented with a reduced energy budget and
“in-particular a reduced 25 thernal budget. Another aimof the invention is
to propose an econonical process in which an eventual inplantation of
‘inmpurities, intended to forman enbrittlgd zone, can be carried out with a
reduced dose. B 13639.3 JL 4 In order to attain these ains, the invention
has nore precisely the aimof a nethod for cutting out a block of
material, conprising the follow ng stages: (a) the formation in the bl ock
of a buried zone, 5 enbrittled by at |east one stage of ion introduction,
the buried zone deImnbmgeatikeaatt@he sheeef ixined, pané iofrenitieobl doks (b)

the f t t the | | th nb t| d f at t
seSarg[rgnl?ﬁ???%tggeﬁg%%ﬁg Jggae?§m18§ ??P@Fﬁﬁge Jb?C éﬁgﬁﬁtggﬁ'dﬁosen

from anongst khecknseriwbesrohlp t6@brikhegi BheCELOMoRing EkHbds:a thernal
treatment and/ or |nplantat|on of ions of an ionic nature di ferent from

that introduced duf®hgthRe fPmedeimgint &5, Q%ﬁ?@fpicy Sadest i pnat the
level of the ggbrittied pone: ofelbe %H%egrgacq]@' oPaLLOli dfie Al OfK AT OM @

remai ning part, e mass part e sep aratien 1m or by

t he use of a'sbeohdrmednsommfd&ﬂxnﬂnqramnleaetfbhstsm@@mfuﬁia%ﬂpﬁfﬁlon
and chosen fr0£1ggnng O thermal treatnent and/or the application of
mechani cal c P58’ bet ween t he superficial part and the enbrittled

zone. {b) the formation at the level of the embrittled
zone of at least one separation initiator by the use of
10 a first means of separation chosen from amongst the
insertion of a tool, the injection of a fluid, a
thermal treatment and/or implantation of ions of an
ionic nature different from that introduced during the
preceding stage, and
15 (c) separation at the level of the embrittled zone
of the superficial part of the block from a remaining
part, <called the mass part, from the separation
initiator by the use of a second means, different from
the first means of separation and chosen from among a
20 thermal treatment and/or the application of mechanical
forces acting between the superficial part and the
embrittled zone.
The separation initiator(s) can be located on all
or part of the periphery of the block and/or on local
25 1internal zones of the block, and are capable of
spreading into the embrittled zone.
The invention is based on the fact that it is
possible to reduce significantly the overall energy for
providing the block (either of thermal origin and/or

30 mechanical origin) for implementing a cutting out
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The separation initiator(s) can be located on all or part of the periphery
* of the block and/or on local 25 internal zones of the block, and are
.capable of spreading into the enbrittled zone. The invention is based on
the fact that it is possible to reduce sgignificantly the overall energy
for providing the block (either of thermal origin and/or 30 nechani cal
origin) for inplenenting a cutting out B 13639.3 JL 5 process, by formng a
separation initiator before the actual separation. The nechani cal stresses
whi ch can be used profitably for the separation can be stresses applied 5
from out si de RIREHFDckPYr THIWIHAI 2 stSeesdas iresbni tiato¥ hdeBlosek. t1¢ t hough
the stages arg-{ief es@bly,€askied out successively in the order indicated,
it is possible, at Ileast for certain applications, to carry out stages a
10 and b concomit dft¢ y. meloheoner ]l st agessbeand whian alcsm bbeconcosxit ant .

According to a speci i npl ementation of ,the process, intended for the
nanufactgre(ﬁr?¢h?9$i¥nggﬁt S sSPBEERbL 8t G bR af CERBSFEt |3RP

ext endi ngs15 ehosebyrpanal kak o Riclosel yepbage tacesabst he ek into
define in the block a superficial part in the form of a thin superficial

film By clos€ly Ple@e- face, it is understood a face whose nean plane is
s €7 0 QIR 020 SR LT BLLBORMY <Fc PR "R 1Y
successively in the order indicated, it is possible, at
least for certain applications, to carry out stages a
10 and b concomitantly. Moreover, stages b and c¢ can also
be concomitant.

According to a special implementation of the
process, intended for the manufacture of thin films, it
is possible to form an embrittled zone extending

15 closely parallel to a closely plane face of the block,
to define in the block a superficial part in the form
of a thin superficial film.

By closely plane face, it is understood a face
whose mean plane 1is flat, but which can comprise

20 surface micro-rugosities whose rugosity values range
from a few tenths of nanometres to several hundred
nanometres. The inventors have been able to show that
an implantation across a surface with a micro-rugosity,
for example with an RMS (root mean square height) value

25 of 10 nm, does not disturb the embrittling mechanism
and subsequent fracture. This fact is interesting since
this rugosity is of the order of the rugosity of the
free face of the film after transfer. Therefore in
these conditions, it 1is possible to recycle the same

30 substrate several times without recourse to surface

polishing.
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nanonetres. The inventors have been able to show that an inplantation
across a surface with a mcro-rugosity, for exanple with an RVMS (root nean
.square height) value 25 of 10 nm does not disturb the enbrittling
mechani sm and subsequent fracture. Thisgdact is interesting since this
rugosity is of the order of the rugosity of the free face of the film
after transfer. Therefore in these conditions, it is possible to recycle
the sane 30 substrate several tines wi thout recourse to surface polishing.
B 13639.3 JL 6 Advantageously the enbrittled buried zone can be forned by
inplantation. It iAd6RVERIePBFlEXAMS ecmanitwpednbariied ofongasasusdspeci es

enabling the i Lp.film 5 of mcrocavities in the bl ock of
mat eri al . Thi£8¥@?ﬁ1§gf?ﬁgsab égéé%érficial part to be cut out and

embrittles the bl otk oinwaleesal [foeal kxamBlegaseous SEGmBI of
under stands el enents, such as h rare gases, for exanple, in

their atonic 93D°PBP mSPEGT S éHg)anﬁétﬁQFPa Hodc W &ar af Sty flokLexanpl e

H2), in theirof omiC rfodaihidls exanphe Hiodlths hdkdPeis. | gatapig form
(for exanple deuterium) , or in their isotopic and ionic form MNoreover,
by i npl ant at i daf bres nedhs asppeadtiniigle Mt ortd nt beducitig tche spend es

rent1 oned2bougoLt ey bl Rek SUsagpbonbas genl, i fuston ctc,  rhese
together. As an ilBysthatbas efpdoiRisand®d | gndéesbahgyeslemR@ts, such
as hydrogen or rare gases, for example, in their atcmic
10 form (for example H), in their molecular form (for
example Hy), in their ionic form (for example H*, H,"),
in their isotopic form (for example deuterium), or in
their isotopic and ionic form.
Moreover, by implantation one means any technique
15 for introducing the species mentioned above into the
block, such as bombardment, diffusion etc. These
techniques can Dbe implemented separately or in
combination of several together.
As an illustration of implantation techniques, one
20 can refer to the documents quoted above. Nonetheless,
thanks to the formation of a separation initiator,
according to the invention, the doses of the species
implanted to form the embrittled zone can be reduced.
The reduced doses make it possible to lower the
25 disturbance of the state of the surface of the thin
films, or parts cut out, and thus to control the
rugosity.
According to a particular embodiment of the
invention, an implantation can be carried out locally

30 by overdosing to form the separation initiator, the
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20 can refer to the docunents quoted above. Nonet hel ess,

t hanks to the

“formation of a separation initiator, according to the invention, the doses
of the species inplanted to formthe enbrittled zone can be reduced.
reduced doses nmake it possible to |ower the 25 disturbance of the state of
the surface of the thin filns, or parts cut out, and thus to control
rugosity. According to a particular enbodi nent of the invention, an

i npl antation can be carried out
separation initiator,

|l ocally 30 by overdosing to formthe
the B 13639.3 JL 7 first means of separation then

The

t he

cor r espondi ngf$6Shn MeaR? doxf nFerRtias isgssithien t goirsegpondiingertstiag in so
far as a higgvgﬁaggkgplantation only takes place in a small 5 part of the
. Bes

bl ock of materi a

des, as indicated above, a nuch | ower dose can be

used to formthe ®enbsipbkedbianey The weparbhtonesbihyatiar seanfde §or med

in a sane

If the initiafi

19%€ i APLEREA TSN AL Rd

pl ane .as the emhrittl ed zone as_a prolongation of this 10 zone.
gﬁ@@f 965?54 Pt héR B avieethan

that of the eghritidred:gong,)ddie opraRaQaLi-an Oéeéﬂ&eépi%gat af&hoigs the

enbrittled

zone. Several possibilities can be retalned tor formng

15 the

separati on i ndlp¢¥eor.a Acesttdi Agwes adbsestcapossidi listed the Separ athen

initiator

10

15

20

25

30

can n ionic inplantation of a species which
di fferent fro%ﬁ?ﬁi fed 2% %'

n
at ‘reserved for the
The separation initiator can be formed in a same

plane as the embrittled zone as a prolongation of this
zone. If the initiation of the initiator is carried out
in another plane than that of the embrittled zone, the
propagation of the initiator rejoins the embrittled
zone.

Several possibilities can be retained for forming
the separation initiator.

According to a first possibility, the separation
initiator can be formed by an ionic implantation of a
species which is different from that reserved for the
formation of the embrittled zone.

According to another possibility, one can form the
separation initiator by inserting a tool in the block.
The first means of separation then corresponds to the
insertion of the tool.

According to another possibility, the separation
initiator can be formed by local injection of a fluid
on the block. The first means of separation then
corresponds to the injection of fluid.

According to a further possibility the separation
initiator can be formed by local thermal treatment of
the block. The first means of separation then

corresponds to the local thermal treatment.

B 13639.3 JL
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formation of the enbrittled zone. 20 According to another possibility, one
can formthe separation initiator by inserting a tool in the block. The
first nmeans of separation then corresponds to the insertion of the tool.
Accordi ng to another possibility, the separation 25 initiator can be
formed by local injection of a fluid onthe block. The first neans of
separation then corresponds to the injection of fluid. According to a
further possibility the separation initiator can be forned by | ocal
thermal treatnment of 30 the bl ock. The first nmeans of separation then
corresponds to thelfoéal atrrimdtiqreatfrehe Bet388D. 8fJikhe limwamtion

application t f. the lnvention ta.the formation of a thin
film depend?%% gﬁmgfgqgﬁpclﬁéés?kitSCéﬂfﬁbyiagﬁbeoggpﬁngénﬁad%n|n¥%§ral
with a stiffemeckhessreitheasepadwinoysdagey Coé Onhag¥en nt 3efar 6, 5trage b)
. The stiffener can be deposited at the surface of the block of naterial,
in contact withSHeisnh Pefareo Eaecu‘%ewa}tm%or%ﬁm jtlé ahqrde?m]t
techniques |tpeohral §0288 BRde iy o8 £ M d Qf ' il y it ar
adhesi on or by glﬂing %€ nggns of ggﬁ10(%1ﬁgeé g%%e??pgﬁlgﬁg Sﬁﬁéﬁn%anq,
when the thi msdyifacer ofhehgarklotlo bé Umteadblbs:Bufébﬁt&ﬁt|witm(ﬂh§¢fls
in a material,_,_suffi.cientl igid not to tear, the presence of a stiffener
is not indi sptek}llsréblfeﬁn} nttpﬁe{)?en%‘ﬁ‘ld_élru_tdf £RECTELNGXt TOa PaY L dFPAS Htayer

W th a thicknesshioiqwe!i gediday $1E4i1BeeRadeoti fixdear At +hhenheormept, of
separation

film by molecular adhesion or by gluing by means of a
10 binder (glue).

On the other hand, when the thin film or the part
to be cut out is sufficiently thick or is in a material
sufficiently rigid not to tear, the presence of a
stiffener is not indispensable. In the remainder of the

15 text, a part or a layer with a thickness or a rigidity
sufficient not to tear at the moment of separation,
will be called a "self-supporting"” part or layer.

Other characteristics and advantages of the
invention will become <clear from the following

20 description, referring to the figures in the attached
drawings. This description is given for purely

illustrative and non-limiting reasons.

Brief description of the figures

25 - Figures 1A to 1D are diagrammatic cross-sections
of a substrate and illustrate the stages for cutting
out a thin film, supported by a stiffener, according to
a method conforming to the invention.

- Figures 2A to 2C are diagrammatic cross-sections

30 of a substrate and illustrate the stages for cutting
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will be called a "sel f-supporting” part or layer. Other characteristics and
) advantages of the invention wll becone clear fromthe follow ng 20
.description, referring to the figures in the attached draw ngs. This
description is given for purely illustrafive and non-limting reasons.
Brief description of the figures 25 - Figures 1A to 1D are diagrammatic
cross-sections of a substrate and illustrate the stages for cutting out a
thin film supported by a stiffener, according to a method conformng to
the invention. - Figures 2A to 2C are diagrammatic cross-sections 30 of a
substrate andORF| @stSedtfe sUrPsttdges §lokn chiinngaBco3edags t @ maﬁhad

sel f-su ort| |y ot di a nethod conformng to the
inventigﬁ. - ?agggglég gégaﬁgbggaéggnnatlc cross-sections of a
substrate and ill ustFagarEheBN a@eSSD‘ ereWdiddpnma ol erédsnséétidns
supported by a_stiffener, accord ngéio a nethod conformng to the invention

and constitutPhg % SVRFFAAter & F%tFﬁEepF%Eés§th¢ﬁstFate@ubpingigures
1A to 1D. 510 Eﬁ&agl@ﬂlﬂe%qnmpt@w&ﬁakﬂaﬁ3 'Q”géﬁffeﬁ$F '£¥88£a99g E the

fol | ow ng description, i dentical, simlar- or equivalent parts 1nt
vari ous f|gur@smaﬁbodaﬂbéaormyngh§05$M@ rigfverenices andrbeoss t Souasng oanake

h t. shoul d
be poi nted oul>PRALE na S IS ntol| gLPbs ARPARTS cr it "PRPREcHt [Pgur os

are not represgunted DA sohoppgeneous scale, in order to

10 Detailed description of embodiments of the invention

In the following description, identical, similar
or equivalent parts in the various figures are marked
by the same references numbers, so as to make it easier
to refer from one embodiment to another.

15 Moreover, it should be pointed out that the
different figures and different parts of figures are
not represented on a homogeneous scale, in order to
increase the readability of the figures.

Figure 1A shows a substrate 10 which constitutes a

20 block of material, homogeneous or not, such as
mentioned in the preceding description. This block can,
for example, be an ingot or a plate of semiconducting
or piezo-electric or ferro-electric material. It may be
pre-treated or not. In the case where the block is a

25 semiconducting plate, treated or not, it can, for
example, be a silicon substrate.

Ionic implantation of hydrogen with a dose of the
order of 7.10'°H*/cm® at an energy of 100 kev, for
example, makes it possible to form an embrittled

30 zone 12 in the substrate. This extends closely along a

plane parallel to the surface of the substrate through
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|ncrease the readability of the figures. Figure 1A shows a substrate 1
“whi'ch constitutes a 20 block of material, honbgeneous or not, such as
nmentioned in the preceding description. Thi s bl ock can, for exanple,
ingot or a plate of semiconducting or pjgzo-electric or ferro-electri
material. It may be pre-treated or not. In the case where the bl ock
25 sem conducting plate, treated or not, it can, for exanple, be a si

substrat e.

lonic inplantation of hydrogen with a dose of the order of

7.1016H+/ cnR2 at an energy of 100 keV, for exanple, makes it possible
form an enbrivhiel 30hgondmpRriifieive §@Mﬁr¢h&?n'ﬂﬂmpk§n@mﬁs cImset§eal ong

a plane para t o] he qP§; at hr 3639. L
whi ch t he |ﬂp%%?#?%§ hgggﬁggenfﬁnpﬁgﬁtedé % ghéxaﬁb }%5;5% |n§f%e
figure the |npmplhnésdam@rdwgmeﬂuﬁabéhmﬁugheashaeerateth@ suisdlt at £n 18

which, in

substrate 10 the &REEi 'zdﬁ% o )

t he, t ext eIo |s call ed the uperf|C|aI o In the 5
f} tg PﬁiﬁﬁQ?flﬁQnﬁﬁeand a

tdsthesgpprtifaca

mass part sl6. sEbgagstéBmhoma té}ﬁbﬂpy@ié@gzeﬁet R raWRES T4 Ch@be r f ACL, OF
thin film14 on a second substrate 20 called the target substrate and

whi ch can contkinuféla 16 QndfﬁemeﬁSfparthéGthln film It can, for exanple,
be a substrate of .f sed nly called rtz. Solidarisa
<o q%‘ﬁt %ﬁ t h

the layer 14 with gh §tbs can be BgFﬁpgd

BYPTT T et f

0

be an
c

S a
i con
to

10

t he

on of

mol ecul ar adhesten,odr tas sbnm |fu1ﬂﬂe 1f4 guhesa 1 aedrite skbstrbeenegpary of
at | east one IaYer of material 22 set

10

15

20

25

30

led the target substrate and which can constitute a
stiffener for the thin film. It can, for example, be a
substrate of fused silica, commonly called quartz.

Solidarisation of the layer 14 with the
substrate 20 can be carried out either directly by
molecular adhesion, or as shown in the figures 1 by the
intermediary of at least one layer of material 22 set
on the thin film and/or on the substrate. In this
latter case, the intermediary layer 22 is chosen either
to encourage the molecular adhesion (for example Si0,)
or to produce an adhesive gluing (for example a layer
of glue).

In the case of direct molecular adhesion between
the faces of the two substrates to be assembled, the
substrates undergo, for example, a chemical cleaning
treatment intended to make the faces to be assembled
hydrophilic. After putting the faces to be assembled
into contact, the substrates can possibly undergo a
first thermal treatment intended to strengthen the
adhesion forces. This treatment 1is carried out, for
example, with a thermal budget of the order of 300°C

for 2 hours.
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on the thin filmand/or on the substrate. In this |l|atter case; the
“intermediary layer 22 is chosen either to encourage the nol ecul ar adhesion
(for exanple Si Q2) or to produce an adhesive gluing (for exanple a |ayer
20 of glue). In the case of direct nol ecyiar adhesi on between the faces of
the two substrates to be assenbled, the substrates undergo, for exanple, a
chem cal cleaning treatnent intended to nake the faces to be assenbled 25
hydrophilic. After putting the faces to be assenbled into contact, the
substrates can possibly undergo a first thernmal treatment intended to
strengthen the adhtSida fHf ceNOWmi $her edoFBAL 10Y cafri@d kpardbion

exanpl e, wth;a. I dg o] he r..qf . 3 or B
13639. 3 JL 111%%%%{;?0 gﬁowgkt hfeth orr?a?j%(;%ﬁagcfe aqg)gpa?@ﬁgl onsg?%‘?#g?%r 30
in the substranetilftoFh@Osepatranhdon friom ttited oouBOidxt efutse f BpMdthetlpalt si de

face 32 of the subsErat ,.in this case a |lateral face on the 5 figure,

10
up to the enb?PFHER ?onﬁoizf”Théﬁ§€baFﬁﬁQDna i hPERZRSr E3RSbeCPr ovidked by

di ff erent smeansguré ePRRsens ed nsy b s cot 1y onohle 1 gumeundesa the;form of
an arrow with reference 34. These neans can conprise injection of water or

anot her flui dinbfiatesol rh & 10Paoyokes i|hyert@éfferent | evetnsf the

O oo soPfra AL, A AT B 4 ied NnERTA P,

to a region abftae edgewokitheresebehcat 84.SUtlese MRGIMN d&n shempr Det he

figures wth injection of water or another fluid, or a tool such as

10 a blade, inserted at the level of the embrittled zone.

According to another possibility, the separation
initiator can be provoked by ionic implantation with an
overdose limited to a region at the edge of the
substrate. Such a region is shown on the figures with

15 the reference 36.

Evidently, the overdose can be made in other
regions of the substrate such as, for example, a
central region.

In this case, the formation of the separation

20 initiator can . possibly take place during a same
implantation stage implemented also for forming the
embrittled zone. To refer to the numeric example given
above, region 36 is over-implanted, for example with a
dose of 9.10%%H*/cm?.

25 According to a further possibility, a separation
initiator can be provoked by overheating the substrate
locally (for example with the aid of a laser or a local
heat source).

It should be noted here that the term "separation

30 initiator"” means, within the framework of the present

description, either a region in which the separation
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15 the reference 36. Evidently, the overdose can be nmade in other regions
" of 'the substrate such as, for exanple, a central region. In this case, the
formation of the separation 20 initiator can possibly take place during a
sane inplantation stage inplenmented alsppfor formng the enbrittled zone.
To refer to the nuneric exanple given above, region 36 is over-inplanted,
for exanple with a dose of 9.1016H+/cnR2. 25 According to a further
possibility, a separation initiator can be provoked by overheating the
substrate locally (for exanple with the aid of a |laser or a |local heat
source). It shosl dloeabt e®cksr esthstetdhe Qer m "sepaeat i ararIocukdrint or "

nmeans, Wt hi a rk .of, t pr. .descr.i.pti,on, _el r region in
whi ch t he seB%%Q?F%%'ggﬁgéégg%]J€ﬁ32Sﬁggggf%ggd§h€§éﬁggtSﬁ%éggdo%”é %egion,
particularly latettseagenobhachubhessppasatioan will be started at a later

stage of actual separation. arrow 34a . wth dotted lines indicates the 5
possi bility of forftfn@EEPY urdfdt Wbl s HRe ont 105 ¢ i HIGH@ LT guree 1D

shows a fisnal p&sa0.i of t§eparat ifdrnding hea tPiarhihey14 @and dd1e: passopart 16
of the substrate. The Sseparation can be assisted by applying nmechanical 10
forces, underilhel&bpnsof pressure, traction forces of shearing or

peel ing, and/or a therialybr eRLIENG: £ARa3" s DR sl 18 ONSH L 00
menti oned above, one’can
thin film 14 and the mass part 16 of the substrate. The
separation «can be assisted by applying mechanical
10 forces, under the form of pressure, traction forces of
shearing or peeling, and/or a thermal treatment. As an
example, in the conditions mentioned above, one can
carry out a thermal treatment of a few minutes at 350°C
to obtain total separation. The thermal budget used to
15 obtain separation of the parts takes into account
preceding thermal treatments which have been carried
out such as, for example, thermal treatment to increase
the adherence between the substrates. In every case,
this thermal budget is reduced due to the use of the
20 separation initiator.

Finally, one obtains a structure formed of the
target substrate 20 with the thin film 14 at its
surface.

The mass part 16 of the first substrate can be re-

25 used for later cut-outs of another thin film. Possibly,
it can also act as target substrate for the support of
another thin film of another material.

With the process illustrated in figures 1A to 1D,
it is possible, for example, to obtain other structures

30 as well, comprising non-semiconductor materials on a

silicon substrate, for example, such as LiNbO;, LiTaO;

B 13639.3 JL



carry out a thermal treatnent of a few mnutes at 350C to obtain total

" separation. The thermal budget used to 15 obtain separation of the parts
‘takes into account preceding thernmal treatments which have been carried
out such as, for exanple, thermal treatment to increase the adherence

bet ween the substrates. In every case, this thermal budget is reduced due
to the use of the 20 separation initiator. Finally, one obtains a
structure fornmed of the target substrate 20 with the thin film14 at its
surface. The nmass part 16 of the first substrate can be re- 25 used for

| at er cut-out®t ofradmbthedtt hi Rilbm TRSSiple, toj ttrans@solareras afar get

substrate for e o] r LnGfilm her. erj Wth
t he process iﬁ%%% raéé%{%% %F&%?g%E%A‘%gil ,onitgigfggésiIig$£f6$§%§%nple,
to obtain ot HEII-SI r ucanrieonBtasravel | Theonppirscagsnonesem cahnghict dre

materials on a sjlicon substrate, for ex |l e, such as LiNbQ3, LiTaG3 B
13639. 3 JL 13Trlefented |10 soaﬁébnpoéggg&aiﬂsstraﬁsfélhel ay&lls dfype

sem conduet or (4wt £5bRl Sn 1 {AsY1&¥o8j | i con or on other [I11-V sem conductors.
The process can also be inplenented to obtain substrates of the SO type
5 (silicon on insits orfol¥pelngl | i ngn s <xferexepl efof thee Proesss

par A o ML REOGRE 13k S8 B, LUy RGO 30 Bure 0t
i npl ant ation af dydrogesomt LR dose
At the time of the first stage one carries out an
10 ionic implantation of hydrogen with a dose
of 7.10%H*/cm® at 100 keV in a standard plate of
surface oxidised silicon. This implantation makes it
possible to define a thin film limited by an embrittled
zone. A local overdosing at 9.10H"/cm? is carried out
15 at the periphery of the embrittled zone. The overdosing
makes it possible to form a separation initiator in the
meaning of the invention along a length of 1 to 2 cm,
from the edge of the plate in the case of an initiator
at the edge of the plate. After mounting the plate on
20 another silicon plate on which the oxide layer 1is
adhered, one proceeds with a thermal separation
treatment. It 1is seen that a treatment of 4 hours
at 350°C makes it possible to obtain a separation which
spreads from the initiator to the whole of the
25 embrittled zone.

In the absence of the separation initiator, it
should also be possible to provoke separation.
Nonetheless in this case, thermal treatment at 350°C
for 11 hours would be required. This demonstrates the

30 significant reduction in the thermal budget imposed on

the substrates, resulting from the invention.
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of 7.1016H+/cn2 at 100 keV in a standard plate of surface oxidised
“silicon. This inplantation makes it possible to define athin filmlimted
by an enbrittled =zone. A local overdosing at 9. 1016H+/ cnR is carried out
15 at the periphery of the enbrittled zogne. The overdosing nmakes it
possible to forma separation initiator in the meaning of the invention
along a length of 1 to 2 cm fromthe edge of the plate in the case of an
initiator at the edge of the plate. After nmounting the plate on 20 anot her
silicon plate on which the oxide |layer is adhered, one proceeds with a
thermal separati o 134 atdfentWhigh i sheeantbfaf 155Er 85eFENCIoR AWM S  at

350C nakes | Eﬁgﬁ [Pl &40 pota f%ﬁﬁﬁgg tdpn Whi gl e spreads ffdom the
initiator totpt e \?a%?lle %f Cﬁ?e ng% enbr i t% ed zone. Ien tne abslenc'e olf t he
separation iniderdtiorgl ito $Shgoukd adRso Thenedgichland ocpn ovekersepartdts on.
Nonet hel ess iogethi.s case, thermal treatnent, at 350C for 11 hours would be

requi red. Thi% et YRt Fhe" S ST UHIT i taht T&¥UE%10on in the t her mal

budget inposed on pifiersubsly at e31ukesdlisng them thermayesti onof B 13639. 3
JL 14 Figure 2A, which shows the first stage of a second possibility of

i mpl enent at i GERFraHEOR nvightt it of s 3G dentt ctan o 49 geemM A thier é6t e one
can refer to jifig; AGSCTi P41 0Ns abQuELCOPESERI NP t NkRLT 1 gULR) S JH gunf 2B
. I ngo! A

illustrates fhe ormati on of a separation initiator ) can be seen
that the inidmatiort38di sonsed2clasd tbathenoeeslvenf, tthlee enbifietel édB zone

12 and that, o't Oevetrlriirg hf?i nlljrifcfs 1]?'eft free.

10 Figure 2C shows the final stage of separation
which 1is provoked without equipping the thin film 14
with a stiffener. Such an implementation of the process
is adapted in particular to the formation of self-
supporting thin films.

15 Figures 3A to 3D show another possibility of
implementing the process. Figures 3A and 3B are
identical to figures 1A and 1B, and therefore they do
not have to described again.

Figure 3C, which illustrates the formation of a

20 separation initiator, shows that the means of
separation 34 can be applied elsewhere than at the
level of the embrittled =zone 12. In the example of
figure 3C, a tool, such as a blade, is inserted on a
lateral side 32 of the structure, at the level of the

25 interface between the first substrate 10 and the target
substrate 20. For example, the tool 1is inserted at the
‘level of the intermediary layer 22 when this exists.
Because of the relatively fine thickness of the thin
film, for example lower than or of the order of

30 several pm, that is to say of the low depth of the zone

embrittled in the first substrate 20, the separation
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of the thin film214 is left free. 10 Figure 2C shows the final stage of
“separation which is provoked without equipping the thin film14 wth a
stiffener. Such an inplenentation of the process is adapted in particular
to the formation of self- supporting thipgfilns. 15 Figures 3A to 3D show
anot her possibility of inplenmenting the process. Figures 3A and 3B are
identical to figures 1A and 1B, and therefore they do not have to
described again. Figure 3C, which illustrates the formation of a 20
separation initiator, shows that the nmeans of  separation 34 can be applied
el sewhere thahnhtiaher ppyepdsf thFeuskbrihe |l oRaYED. tPn R8I kapf e of

figure 3C, a ; ade, is inserted on a lateral side 32 of
t he structure%ﬁg%l%ﬁggﬁegg?éo$bfhe 25 interface between the first substrate

10 and the target Fsuybsér dt ei20usEorteganphe, ftimalt oskpasainser twiah the

level of the intermediary layer. 22 when this exists. . B ot
ol ativel y 1R CRIEKAEEE GG nb T RERCOF | Pl Soaro et e PBugr e Br of

the order sof 3Qrsgverat tAe tRah ES1h0rs@YoRinghenkovndepthiel thaezone
enbrittled in the first substrate 20, the separation B 13639.3 JL 15

initiator spreads A#roeghioned MhrvayeEheo PISsEnea hef énbreraraeiodne 12.
Cuoure D BB geat eyl L0 pEPSaLLpRINIED, apigads [hgmideyaitietor
enbrittled zomedgds nest i orgee abddealt hespagesencendfoa sepadatéon the
implantation dose of the embrittled zone. By playing on
10 these two parameters, it 1is thus possible to control
the rugosity of the mass part 16 and, above all, the
thin film 14.
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[3] FR-A-2748851
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initiator makes it possible to reduce the thermal budget of the final
"stage and/or reduce the inplantation dose of the enbrittled zone. By
playing on 10 these two paraneters, it is thus possible to control. the
rugosity of the mass part 16 and, above qfl, the thin film 14. DOCUVENTS
QUOTED 15 [1] FR-A-2681472 |/ US-A-5374564 [2] FR-A-2773261 [ 3]
FR-A-2748851 [4] FR-A-9909007 [5] US-A-5994207 20 [6] EP-A-0925888 [7]
FR-A-2748851 B 13639.3 JL 16 CLAIMS 1. A process for cutting out a bl ock of
material (10), conprising the follow ng stages: (a) the formation in the
bl ock of a buried zone (12), enbrittl Sat | east one stage of ion 5

i ntroduction, the buried zone defining at | east one superficial part (14)
of the block, (b) the fornmation at the level of the enbrittled zone of at
| east one separatibn Anipdcatesys (8Qr 86rthyg tduwk usebdbck fdfr statreaisl of

separation ch from 10 anongst the_insertion of a tool, the injection of
a prU|d ﬁi&ﬂalc??ﬁﬁfﬁéﬂg gﬁﬁ/%P$}ﬂﬁF8ﬂtﬁFF8ﬁsof ions of an {onic

speci es_di fferent {apmehat sd i odicedn diHd ng1bbR Ryrecgding igk@aggon&nd (c)
separation at the level of the enbrittled zone
(12), embrittled by at least one stage of ion
5 introduction, the buried =zone defining at least one
superficial part (14) of the block,

(b) the formation at the level of the embrittled
zone of at least one separation initiator (30, 36) by
the use of a first means of separation chosen from

10 amongst the insertion of a tool, the injection of a
fluid, a thermal treatment and/or implantation of ions
of an ionic species different from that introduced
during the preceding stage, and

(c) separation at the level of the embrittled zone

15 of the superficial part (14) of the block from a
remaining part (16), called the mass part, from the
separation initiator (30, 36) by the use of a second
means, different from the first means of separation and
chosen among a thermal treatment and/or the application

20 of mechanical forces acting between the superficial

part and the embrittled zone.

2. Process according to claim 1, in which the
separation initiator is formed over all or part of the
25 periphery of the block and/or on the local internal

zones of the block.

3. Process according to c¢laim 1, in which an

embrittled zone is formed extending closely parallel to
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15 of the superficial part (14) of the block froma renmaining part (16),
"called the mass part, fromthe separation initiator (30, 36) by the use of
‘a.second neans, different fromthe first neans of separation and chosen
anong a thermal treatnent and/or the app]jcation 20 of mechanical forces
acting between the superficial part and the enbrittled zone. 2. Process
according to claiml, in which the separation initiator is formed over al
or part of the 25 periphery of the block and/or on the | ocal internal
zones of the block. 3. Process according to claim1, in which an
enbrittl ed zoheClespdVmtan® ehdchy @f ogéley D@4 efot 195 Isp39n3 the 17 a
closely plan of, t : define i ck perfd cial part
under the fo?ongﬁr?]@a asuggg%%%ﬁ;?l%ﬁi nﬁ%ﬁ@'m LE‘ahéfé.&ePr gégss goc%grd?%g t% claim
1, in which ssygesfhciahdthbimréitonconitant. 5. Process according to claim
1, characterised in that stages b and ¢ are concomtant. 10 6. Process
according to claiml1, in which one carries out a local inplantation with
an overdosing to 4£orprébessepacadtiongi obt cabem (36kin Imibh RQLASS a
according to claim1, in which during stage c nechanical forces are
appl i ed underaneb fp¥en @Pncemiea’t appl i ed from outsi de the bl ock, and/or
internal stresses present in the block. 20 B. Process according to claim
3, in which, before

5. Process according to claim 1, characterised in

that stages b and ¢ are concomitant.

10
6. Process according to claim 1, in which one
carries out a local implantation with an overdosing to
form the separation initiator (36).

15 7. Process according to claim 1, in which during
stage ¢ mechanical forces are applied under the form of
forces applied from outside the block, and/or internal
stresses present in the block.

20 8. Process according to claim 3, in which, before

stage ¢, the superficial thin film is put in contact

with a stiffener.

9. Process according to claim 8, in which at least
25 one layer of material forming said stiffener 1is

deposited on the superficial thin film.
10. Process according to claim 8, in which the

superficial thin film is made integral with a stiffener

30 by gluing or by molecular contact adhesion.
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stage ¢, the superficial thin filmis put in contact wth a stiffener. 9.

" Process according to claim8, in which at least 25 one |ayer of materi al
formng said stiffener is deposited on the superficial thin film 10.
Process according to claim8, in which tfqy superficial thin filmis nmade
integral with a stiffener 30 by gluing or by nolecular contact adhesion. B
13639.3 JL 18 11. Process according to claiml in which, after stage c,
the mass part (16) of the block of material is re-used, for cutting out a
new superficial part. 5 12. Process according to claim1 in which, after
stage ¢, the nass artPopceRe BlceeR BMgrater Fapip16) i’ whéchsed Her

stiffener forgdfie, superfichalsPaakeOf163n8ENehbagky 1¢ Bal383%s3 4

re-used, for cutting out a new superficial part.

5 12. Process according to claim 1 in which, after
stage ¢, the mass part of the block of material (16) is
re-used as stiffener for the .superficial part of

another block.

10
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