WO 2007/ 110515 PCT/ FR2007/000534 1 Method of detaching a thin film by
melting precipitates Prior art and technical problem The invention concerns
a method of detaching a thin 5 filmfroma substrate by nelting
precipitates. There is known already, fromthe docunent US- 5 374 564
(Bruel), a nethod of fabricating thin films of sem conductor materials

conprising t teps: 1. bonbarding a face

ions, in n@ ggb%?gﬁﬁﬁﬁgant those ions in sufficienég¥£#é§§ﬁﬁ §$ §#ﬂto
Ccreate a Iayer of gaseous m crobubbles farmng mcrocavities defining a
weakening layer; 2. bringing this face of the substrate into intimte
contact with a stiffener; and 15 3. separatlon at the | evel of the | ayer of
m crocaviti es My © fa gisitieeRtingn aofthi@af il e Hivind ) foEE Al @Fcument ,
the ions inplanted in step 1 are advantageously hydr ogen |ons but it is
indicated that rare gases can_al so be used. As for the substrate 20 in the
exanpl es consi der eBELOE aEt ¢ apdpbechnical problem it is jndicated that it
can al so consi st ofhe SeR6RNOLE! bSCEFAR 8r aRhod @ff thaetimdi£ tbhe of
t he nentg such as_germani um §I|IC§H carbide,or silicon- germani um
aIons 25 | hl{ReILpBvR TORShERES S¥APLEIBY PEeatRtEYERSby neans of heat
t[)eat meRt, but it Tﬁei@em@ro]nmd &In:eaz@y; antsomf tihe r’@:ichﬁﬁbnttﬁ mﬁu ng
about the sepa i y__applying, tjion or.not C e

treat nent, g éZ%agﬁﬁeﬁFrsgﬁ ssa(ﬁgyﬂg§§ e?a#ﬁ§8?ﬁtﬂa & Pa&§ﬁ§%55% ween
the two substemiesndndtor m@peylagstcamprnaln@othesfahﬁbWIn@eadepg forces
and/ or shear force Lyi aso cr e f refully
chosen power and re%%géf%/ eg |fr}°t%pear{>|£cél %%r%gocuﬁexﬁ{ %g% '6 0 252
(Asparlet alo¥dend tlorrpnmﬂatemt shohker gtans 3bn Thaffhoventectomepret Tasideen

tested on Su@étrékgﬁte a layer of gaseocus microbubbles forming

microcavities defining a weakening layer;

2. bringing this face of the substrate into
intimate contact with a stiffener; and

15 3. separation at the 1level of the layer of
microcavities, by the application of heat treatment.

In the above document, the ions implanted in step 1
are advantageously hydrogen ions, but it is indicated
that rare gases can also be used. As for the substrate,

20 in the examples considered, it is formed of silicon, but
it is indicated  that it can also consist of
semiconductors from group IV of the periodic table of the
elements, such as germanium, silicon carbide or silicon-
germanium aliovys.

25 In the above document, separation is achieved by
means of heat treatment, but it is then proposed, in
variants of the method, to bring about the separation by
applying, in association or not with such heat treatment,
a detachment stress (for example, inserting a blade

30 between the two substrates and/or applying traction
forces and/or bending forces and/or shear forces, and/or
applying ultrasound or microwaves of carefully chosen
power and frequency). See in particular the document US -

& 020 252 (Aspar et al.) and improvements thereto.
35 The above technique has been tested on substrates



WO 2007/ 110515 PCT/ FR2007/ 000534 2 formed of other materials, with

i-npl antation of other 1ions, light or otherwise. The defects created in this
way have been given various nanes: not only gaseous m crocavities, but also
5 flatter defects (sonmetines referred to as mcroplatelets). Generally
speaki ng, this technol ogy uses gaseous mcrocavities localized in the

substrate, at_a de? th at _which it is required to "cut off" a thin layer. 10
However, the"Br#R87 6081 5honbarding a substrate wi tRFF/OH24Y A

for other purposes. Thus it is known tozuse such bonmbardment, in the sane
field of sem conductors and m croelectronics, to carry out doping, wth
efficacies in direct proportion to the |nplantat|on 15 doses. In this
regard, varibosmedudifes oftdes beehcrdnised widdt wnphaateité@nt coEhapdes®eri zi ng

accurately tpgnscop§§gFegfe§t9é sYgh doping, i.e. to characterizing the
crystal defects or 1nclusions t at can result fromsuch 20 doping, and,

wher e possi bl e, toll#et slafiasitfg GefrEedaVidl dthép avay eveni RPAlz kiR

deteriorati oparigupanbheldl.ametS oyl ES RS %1cr<b@a{§'f'€1@§pe%ut" Fe{mced
ellnlnatlon of inplantation danmage upon exceeding the solid solubility"”,

Journal Sof APbREERE 25 PR§ERESS Vol . (FometNgies o, 15eR@vERBer 1887, ppS 4114-
4117, discuspitheplapbaatajion of ions of galliumor phosphorus, or even
arsenic, in variou subs ates i.ncl udi % ﬁ% and cone to the
conclusion that, i en?]ﬁ‘% REGHE T af ?%ﬁ oF SERBOYBEY ng T FHurd33P W eeds
its 30 solubhitchaﬁlsiéscancaﬂlthé anneahengubenmetaLunﬁ; dheepth at

i nproved el i of type. || pon5|st in particul ar of

a% PR 9 of defeg} to t of# T
di sl ocation 100 ) Tanen tH ?e0|p|t orfrec eca%%% of the excess
i npl anted SpeCIeSHOW&EEﬁJSﬁﬂkweﬂrlﬁblbéenUI® boebiegéinphey fouratrate

with ions 1is also known for other purposes. Thus it is

known to use such bombardment, in the same field of

semiconductors and microelectronics, to carry out doping,

with efficacies in direct proportion to the implantation
15 doses.

In this regard, wvarious studies have been carried
out with a wview to characterizing accurately the
consequences of such doping, i.e. to characterizing the
crystal defects or inclusions that can result from such

20 doping, and, where possible, to determining how to aveid
or at least minimize such deteriocration.

In particular, S. K. JONES et al., in the paper
"Enhanced elimination of implantation damage upon
exceeding the solid solubility", Journal of 2applied

25 Physics, Vol. 62, DNco. 10, 15 November 1987, pp. 4114-
4117, discuss the implantation of ions of gallium or
phosphorus, or even arsenic, in various substrates,
including silicon, and come to the conclusion that, if
the peak concentration of the doping impurity exceeds its

30 solubility in silicon at the annealing temperature, there
is improved elimination of defects of type II (consisting
in particular of dislocation loops) when the
precipitates, formed because of the excess implanted
species, are dissolved. To be more precise, they found in

35 particular that implanting gallium ions in silicon at



35 particular that inplanting galliumions in silicon at WO 2007/110515

PCT/ FR2007/ 000534 3 100 keV and at a dose of 1015/cn¥Z |eads to

anor phi zation of the silicon, with a galliumconcentration peak that is
greater than the solubility of galliumin silicon both at 900C and at 1100C
(the I'imt of solubility of gallium5 in silicon is hardly of the order of

2.1019/cnB at_9 r 019/cnB at 1100C); however,_16 hou al i ng
at 550C |ead§°t88$%é$}9§§%| i zation of the anorphous %ﬁﬁ/s%mé\%f%&ﬂfs is
foll owed by annealing at 900C for 1 hour, precipitates are fornmed which

di ssolve if the 10 tenperature or the duration is increased (for exanple to

8 hours at 900C), elim nating defects of 1t5 pe,I'l. J. MATSUO et al., in the
paper "AbnorH8P keVi andscitut # oAosRd ofctd Vat Foh %@ﬁdﬁ'l 6o ian@phigaieed S

(100)", A@plbﬁdtﬂ@y§h§§cEﬁtt%ﬁ%h ¥Qba1§3uﬂ“&oﬁ%%né?&Eyédjﬁéﬁﬁ“¥h§@8ﬂs pp.

2037-2039, discuss the effects of _annealing on silicon doped with gaI i um
and come to FRE2ALEBNENAR| SRSt KL UPHE 168h QY] @Pléﬁuﬁ‘nﬁ@alﬁlﬂglcﬁbﬁqta?

IT rmlbant ed wi$hpgel lahahmat.s ﬂl@%@@ﬁmthér qmntllftatopbgeweﬂlmyt Iy fot meﬁ)ant? 8
o be re precis t he un i mpl antin unin silic at
Koy ancb1015HE B AEER i D LAnBal THS FOLei0 O S8 - 6850 edtt S 00°E
anor phi zat i opr ofs . t1lpé°® Adm’i com, 1mat>cthehg>azlekneurm Ifonkeent & abiforarpesdkl ing
(2.1020/ cnB) _at y {8 entlnes anthe solubility limt of
gal liumin s"ﬂ?i c% 0%2 &°%BoC, anaef:ﬁgF% ﬁrﬁéé?. tSh100¢ 1 oﬁm% RO%%use
the gal |l i unphaser eangi tLat echiSt uidd eﬁobbmwecedbpuanneaimngsaltga)tw°tCheEor
phenonena of ti i es |1 ngGl: at . of DHARA
et al., " I\/Ec%a%?%giao q’féso %r_ma ?%Iplg?n %@é{a alggglﬁ%n %r?}m% ed GaN
nanow ¥@s", werppeeelt@hsvsp@:s thLeetdlmatlomlls gencreas2d, (ppr zoduwd.e Iteo 3
Sept erber Zé)OémuI:é‘eaéuédi'@ﬁé)foélﬂﬁnma‘hﬁ&pééﬂéé@@ galtype ip GaN nanowires
at 50 keV and 2.1016/cn2 [ed to the appear ance )
J. MATSUO et al in the paper "abnermal solid
solution and activation behavior in Ga-implanted Si
(100)", Applied Physics Letters, Vol. 51, No. 24, 14
15 December 1987, pp. 2037-2039, discuss the effects of
annealing on silicon doped with gallium, and come to the
conclusion that the behavior on annealing substrates
implanted with gallium is different from that observed

with other dopants. To be more precise, they found that

20 implanting gallium in silicon at 70 kev and 10%¥/cm?,
followed by annealing for 10 s at 600°C, led to
amorphization of the silicon, that the gallium

concentration peak (2.10%°/cm?) at 70 kev is ten times

greater than the solubility limit of gallium in silicon

25 at 900°C, and that annealing at 1100°C for 10 s cause the
gallium to precipitate.

Studies carried out to investigate the phenomena of

formation of precipitates of gallium include that of

S. DHARA et al., "Mechanism of nanoblister formation in

30 Ga+ self-ion implanted GaN nanowires", Applied Physics

Letters, Vol. 86, No. 20, pp. 203199, 1 to 3 September

2005; the authors found that implanting gallium in GaN

nanowires at 50 keV and 2.10'%%/cm? led to the appearance

of precipitates of gallium with a diameter from 50 nm to

35 100 nm, and that there was a deficit of N atoms and an



of precipitates of galliumwth a diameter from50 nmto 35 100 nm and that
there was a deficit of N atons and an WD 2007/110515 PCT/ FR2007/ 000534 4
accurrul ati on of Ga around the region of voids. Note that galliumcan be used
in the field of sem conductors and m croel ectronics for applications other
than doping, in particular synthesizing certain 5 materials. Thus M K

SUNKARA et al_.. .in."Bul ynt hesis of silicon nanow res,us
Iom#tenperathpezgﬁgéiipsagid- solid solution", Applié%§5ﬁ§§#é§bfhﬁ?§§%, Vol .
79, No. 10, Septenber 2001, pp. 1546-1548, describe a |ow 10 tenperature
vapor-1liquid-solid synthesis process that uses lowsolubility solid netal

solvents for silicon and other sem conductor materials. They propose in
particul ar &8¢RUREIRELAG SFI FRoATAHABWEPESTEYLAR §AI VPURFas sol vent,

buil ding on a Ga- Sophasgnst agfam that showset haded hae thel SracgHt €6t C
conpound, Ga%l X)Slé with x=5.10-8% which has  a nelting point of,6 29.8C
(equal to thAEMHFOBHHELOFSI | ia) . PeFTFARLPORFGRitRe TWentFIL K bhfRet of
the inventiopthert oclexpl addpigid uctivr abar20cuvdcf i eahtBOSiEONGd ddrvalhous
i npl ant ati on tgchmiﬁues, ot her than voids or gaseous cavities, to enable
det achment of**tAT A2 ms, without having to generate microbubbles or

m crocavities or nThusplat & etSINKARA | at e ti cihar"Bodbl spgthesisbodh for

gaseous. ol Staragn AR, e bet ad o s RERRE UF S, g o dhid e
appropriate peécipi tslestidn” i s Bapédedn tBlwydiars t baetfebg.j udiel ouddy

choosi ng, ool ghyeketiiahidd egobhe P! antad sage] euedd Al Bhey oy
impl antation condifions, and al so the ‘condifions of "any subsequent %eat
treat meAt, sBRBPEFaLHES| NnYRRSFoRI qUARDSPLEE piStAl-ES ST mitF BeSH cordlguence
of inplantingses low-solubility solid metal solvents for silicon and
other semiconductor materials. They propose in particular
synthesizing silicon nanowires using gallium as solvent,
building on a Ga-Si phase diagram that shows that there
15 is a eutectic compound, Ga -y Siy with x=5.107%%, which has
a melting point of 29.8°C {(equal to that of pure
gallium) .
Definition of the invention

An object of the invention is to exploit structural

20 modifications found in various implantation techniques,

other than wvoids or Ggaseous cavities, to enable

detachment of thin f£ilms, without having to generate

microbubbles or microcavities or microplatelets, and in

particular enabling use, both for the substrate and for

25 the implanted ions, of species that do not form gaseous

molecules. It aims in particular to exploit formation of
"appropriate precipitates.

It is based on the fact that, by judiciously

choosing, for a given substrate, the implanted species

30 and the implantation conditions, and also the conditions

of any subsequent heat treatment, some of the inclusions

and precipitates formed as a consequence of implanting

ions in the substrate have a melting point within the

range of temperatures at which it is usual to apply a

35 treatment such as annealing (typilcally between 50°C and



ions in the substrate have a nelting point within the range of tenperatures
at which it is usual to apply a 35 treatnent such as annealing (typically
bet ween 50C and WD 2007/ 110515 PCT/ FR2007/ 000534 5 1100C), so that

det achnent can be achi eved when these inclusions or precipitates are in the
i quid phase, and have a behavior in relation to the substrate that

appr oxi mat e l bubbl es or m crocavities. tion
proposes a ﬁ%cﬁ %@ﬁlﬂaﬁfcati ng athin filmfrom aggygg‘?ﬁzyag/orb\ré ddl ng
the followwing steps: (1) inplanting in Yhe substrate ions of a non- gaseous

species, that species and the inplantation 10 conditions being chosen as a

function of the naterial of thg substrate so as to enabl e the formati on of
preci pi t at est XYhiG nedSPn 'ﬁ’?gﬁ eHRSIFERht &FTWi PRI R GVETerhEhodbese

pLeci pibt at esler%Ldlﬂs aoﬁogix@cﬁﬁbaiatle&wdlge ainmehkl lr)ngicpmdntplI@e!seyv fahat of

t he substrate; an etaching_a.t rea strate

at the | evel®fCt 12 5%§%$V%ﬁrprEle¥?5?€§°%y nglgpﬁg ﬁubagfgg %%a§tress
under condltapprnxrmaﬁnsﬂthduaoﬂnmmnqnhuhb&e&uur|m1dﬁurdvxnuet phase. In this
met hod, and in co ngn A ngﬂ% %ﬁ cglggnga E@efgggggggﬁn_S-S 374

564, the i ons ere of e Nnot “gasSeoUs Speci €s:

i npl ant ed |Gnstane.oflhmyfNQWLgasGU¢§Dnathpencladapgedﬂub Eoﬂ&pmnn@he
substrat e, é?‘l npl antation, alone or conjointly with the species (or a
speci es) 25 contained in the substrate, precipitates having a melting point
within the range ofl)t dfdaattimss ii# whbeh ?‘tlb$§rala§ua10rﬂ-% &pl @ t ReRent s

to the substypi&ass t hiPedidsP ©hHatO Uséﬁi'ntﬁéc”iﬁb@ﬁhﬁ:@ﬁ'l% Not e
that, in the aforenentioned docunents JONES | 30 al . and MATSUO et al

the prifsencedid %ﬁ%qq%nﬁekﬁ%c?B?F%?eéslé RSP ¢ Yoo BRESHLRE Ofem and

the substrate so as to enable the formation of
precipitates confined in depth, distributed within a
layer, those precipitates being in a solid phase having a
melting point below that of the substrate; and
15 (2) detaching a thin film by breaking the substrate
at the level of the layer of precipitates by applyving a
detachment stress under  conditions in which the
precipitates are in the liquid phase.
In this method, and in contrast to the method
20 described in the document US-5 374 564, the ions
implanted in step 1 are therefore not gaseous species:
the implanted ions are of any non-gaseous ion type,
adapted to form in the substrate, after implantation,
alone or conjointly with the species (or a species)
25 contained in the substrate, precipitates having a melting
point within the range of temperatures in which it is
usual to apply treatments to the substrates, thin films
or components used in microelectronics.
Note that, in the aforementioned documents by JONES
30 et al. and MATSUO et al., the presence of gallium
precipitates 1is required only to dissolve them and
thereby eliminate defects resulting from implantation.
There 1is no disclosure therein that these precipitates
have a low melting point or, a fortiori, that this can be
35 exploited to bring about detachment at a temperature at



thereby elimnate defects resulting frominplantation. There is no
di scl osure therein that these precipitates have a low nelting point or, a
fortiori, that this can be 35 exploited to bring about detachnent at a
tenperature at WD 2007/ 110515 PCT/ FR2007/ 000534 6 which these precipitates
are liquid. Simlarly, in the aforenmentioned paper by DHARA et al., who
det ect ed t heyhobiggli,9Rp8hs0al | i um precipitates afterP&?p*ﬂfégﬁgog@gilun1in
GaN, there is no suggestion 5 of obtaining any benefit fromthose
precipitates; note that the docunent indicates as a problemthe fact that
galliumnelts at 302.8 K, wwth the result that the docunment cannot be
consi dered as.,containing even th | ight est__tegcognition that the
precipitatesw%éﬁﬁbgh%ﬁee?ﬁ%%??éagFggb??%gﬁz oﬁﬁ'detaohnent under conditions
in which they areShoilenger dol ithe Vilfdrergartonedt hepdocbye MHARA SENKARA
et al., it s b S atylat AL ORASES, t 9rexhal; 2 ticin
the liquid s?gfé,%gg% ?gﬁgg%%gr%g .6§fy MA?ﬁl1§fs§%¥ﬂéé¥§}é%eé%?}g%%?g
i ndependent | pf&fraiyrleed 160 Fabl HEf afRorFall t htReXe ewsSt Al e¥BEdmehion The
vari ous sadvaptragfousi { 8af URBS Meddiic a&?&ﬁ”%ﬁé@@egzr@%tim@at\é’@_e,r €hote
appropriate conbined, _include: 20 .- inplantation of  the ions, in practice
by bonbar dnEREE % rSPEYRBRY dACdCAEESatan PeriRLSR ethBefa%tt hePdel ti ng
poi nt of thegpneciufi takess watch3pn. gprRitigutar enabl esstihe priest pitpées to
begin to forg1in the solid phase, 25 .-.the nelting EoLnt of the
preci pi t at esPEIERYantFFEBUsINF af S Y6519 effer SPRFEIHRPChSYTar ahtRes
that, at rooniltighpesat ureccons tjreci pilat esthee pmetheitsoksd phase,bahi ch
T oorv By thg giéﬁt% Wy “B%f%o%'outse&’e%{aaéﬂn?éht 3dnaet MUAMAIRY {0
t heory "By bofbar dien , can be

which they are no longer solid.

With regard to the document by SUNKARA et al., it
has been stated that it proposes to exploit a Ga-Si
eutectic in the liquid state, but is concerned only with

15 synthesizing silicon, independently of any idea of
implantation with a view to detachment.

The various advantageous features of the
aforementioned method, where appropriate combined,
include:

20 - implantation of the ions, in practice Dby

bombardment, is preferably effected at a temperature
below the melting point of the precipitates, which in
particular enables the precipitates to begin to form in
the solid phase,

25 - the melting point o©of the ©precipitates 1is
advantageously above room temperature, which guarantees
that, at room temperature, the precipitates are in the
solid phase, which minimizes the risk of unintentional
separation,

30 - implantation, in theory by bombardment, can be
effected substantially at room temperature, which
corresponds to conditions that are particularly
beneficial from the energy point of view,

- detachment can be effected after increasing the

35 temperature of the substrate above the melting point of



effected substantially at roomtenperature, which corresponds to conditions
that are particularly beneficial fromthe energy point of view -
detachment can be effected after increasing the 35 tenperature of the
substrate above the nelting point of WD 2007/110515 PCT/ FR2007/ 000534 7 the
precipitates, which inplies that the precipitates are normally in the solid
phase and Qo0 L phase only when that is r

det achnment |gbé ?@gggggggg a tenperature at | east 15 8%%%%9? §Pb§???%g
point of 5 the precipitates, for exanple,” which contributes to ensuring
that all the precipitates are in the liquid phase regardless of their

| ocations and,their sizes, - detachnent .can eded lurality of
eveies thar vhe) Srecipd taren, nob e A S, MRt O Rt fate St
precipitatesnOMmaﬂﬂ&em15|dheotoﬂm@rpﬂasmgapdlmb tther ebk, Milgckd cohasebut es

Lo inoreast nghocaleieaken 0g aledfie davernin Waehpkhe Prect pffatesaare

confined, for € becausé of volune ~assocl ed w
successi ve ch&ngeseobepiriswe e 1Rl mﬁﬁqt%bQﬁe(ﬁhﬂ(ﬂﬁ1¢nﬂqwmglatogﬁd ten

cycl es, of O EYATRRe: pf cARCE, Whih I JTBkikhS Ve RN dheenty, eskepbng: i f

t he neltlng p0|nt I's above room tenperature, this plurality_ of cles can
consist in SRSEFAHIt hehdemsellat ﬂﬂh@ OPTEREPSGBEEF ataX e r G r B 2blqmd

tenperature Bﬁb@@enréghgﬂmééétBEetﬁEQYeleQtHShélHﬁd pakAL, sizkRe nelting

poi nt of the precipitates, can sen above roonltenper ture.and bel ow
200C, which is geneﬁﬁFP9h@8ﬂ§|d%?%dqéﬁl(Rﬁq atlr e ?Pﬁﬁg 1E¥d, © ghe 25

ions are advapt:a.geousjmatchm‘yw thén thrRpgradupreCORyE | sum C@@byﬂraﬁal l'ium
rubidi;gl pota%% lng gh n@r qdl glandgltfut a%ﬁ ou hIS | j t in no
way clarms £8UHEESREr SRENSTTE T PAL ARy OBt - 5re & a LR bt 38t ai ned
by i npl ant at pointhathhagwefa nehichg ponbtributébe to increa51ng local
weakening of the layer in which the precipitates are
confined, for example because of the change of wvolume
associated with the sguccessive changes of phase; the

15 plurality of cycles includes around ten c¢ycles, for
example, or more, which implies very significant
weakening; if the melting point is above room

temperature, this plurality of cycles can consist in
varying the temperature of the substrate from room

20 temperature between a temperature above the melting
point,

- the melting point of the precipitates can be
chosen above room temperature and below 200°C, which is
generally considered a low temperature; to this end, the

25 ions are advantagecusly chosen within the group
comprising cesium, gallium, rubidium, potassium, sodium,
indium and lithium (although this list in no way claims
to be comprehensive, as many other preclpitates can be
obtained by implantation that have a melting point in the

30 range concerned); if a melting point of the precipitates
is required above room temperature but below 100°C, which
is beneficial from the energy point of view, the ions are
advantageously <chosen within the subgroup comprising
cesium, gallium, rubidium, potassium and sodium (although

35 this list in no way claims to be comprehensive, as other



30 range concerned); if a nelting point of the precipitates is required
above room tenperature but bel ow 100C, which 1is beneficial fromthe energy
point of view, the ions are advantageously chosen within the subgroup
conprising cesium gallium rubidium potassium and sodium (although 35
this list in no way clains to be conprehensive, as other W 2007/ 110515

PCT/FR2007/092§§%07§135%&%pitates can be obtai ned by 5%2??&%85295053¥5n9 a

melting point 1n the rangé concerned); a precipitate I ol nt "above
room tenperature but bel ow 50C can even e chosen, which inplies only very
noderate 5 variations of tenperature, in which case the ions are

advant ageously chosen wi thin the subgraqup conppri si cesium and .gal | i um
(al t hough ¢ hPESTREERESR0 GAY dfai RETar8 e FEmprERei e hs TRHAS 2
precipitatesmedning pbtatneiinhavheg mamgd t icogageained)i;n Bhepraonjpitate
concer ned), - .the J a vant | UM.LORS, i

corresponds g"%lé:ltﬁ)l%acé%}g? %ﬁgtggn%e%ogr?e%ar %{%Egﬁ%%é %lé%e?g%tl,owz;l%%ec%re SO
in that its msleni ngopoi Ahosen, partiicll ariyol oes - ooy sutsty atBodenatensi st
of a sols d paktn; 34ehs 1g§a3ce%na@aeaaré' tennalilusl y ke snbstiale fap be

nerely a layer carried support, for exanple referred to as

support subsBAPECageONSAYa (RIS ucH el vidher ) SubGFeeR oFCBPBRELESI ty of
stacked | ayelgsim Raet 821 0im difikebegh iy i g st (EA W svpseialifst he
context of the 2Q invention, the substrat%%]Teeferred to s the layer jn

whi ch the pré&i pitst eSOBRECHRFEE: t hfE | LcaRTEF 2 EhstTi e P
usual Iy, alt botghinedt haetessar melt ihke poippeimshel ageeotohbiesnmd)t,i | ayer

pa{L, g@§sibly covgr%?lﬁ w th aanuchcgphﬂgeneh%¥%;, ggg.exangl% of xiﬁe), 25
- the substrate (and“tfierettt e®af 1EAT" IREPOT Y ofi* - of Whe AFor eWEnt oned
part in whi ckopresppntist estar ea f grmm)idasl advaatagesuslof of partigsiakl i ne
(monocrystal lier;Qr eyen Relychystakbli ng) MRLEMIAls melting point is
particularly low,
- the substrate can consist of a solid part, such
15 as a wafer; alternatively, the substrate can be merely a
layer carried by a support, for example referred to as
the support substrate, within a part (such as a wafer)
formed of a plurality of stacked layers, in practice of
different materials (in this case, in the context of the
20 invention, the substrate referred to ig the layer in
which the precipitates are formed; this layer called the
substrate is usually, although not necessarily, the
uppermost layer of this multilayer part, possibly covered
with a much thinner layer, for example of oxide),
25 - the substrate (and therefore at least the portion
of the aforementioned part in which precipitates are
formed) is advantageously of a crystalline
(monocrystalline, or even polycrystalline) material,
- the substrate (and therefore at least the portion
30 of the aforementioned part in which precipitates are
formed) is advantageously of a semiconductor material,
- the substrate is advantageously of silicon, which
is also of great practical importance; however the
substrate can also be chosen more generally from one or
35 more materials from group IV of the perilodic table of the



- the substrate (and therefore at |east the portion 30 of the

af orenenti oned part in which precipitates are forned) is advantageously of
a sem conductor material, - the substrate is advantageously of silicon,
which 1is also of great practical inportance; however the substrate can

al so be chosen nore generally fromone or 35 nore materials fromgroup |V of

t he periodicwbagb%7?albg35m0 2007/ 110515 PCT/FRZOO?/0%8@?%32807?66??935’ -
ey a

if the ions are“galfiamions inplanted in silicon, t are advant ageously
inplanted in the silicon substrate at ar? energy of at |east approxinmately
100 keV 5 and a dose of at |east 1015/cnR, - alternatively, the substrate
can be of gallium nitride, which is also of great practical inportance;

nore gener al Fbr,em?ﬁéssubstrate can al so be chosen from nmaterials in groups
I11-V of the periodi ¢ft ahlhe ofidide 18rel egrdlisumespecisal | G edd LnP, or

a material from. group,lll-N (f I N, . N_AIN). i t her
variant, t hesé?ﬁggpat ghce n aglesg%rg?{éﬁ%%ecﬁlsf%on% r%%r%tiea(%\l)slnft?k(l)% %#%‘h%&ﬁ - VI
such as ZnO snb2n8efref et exanphergy Pf elte liaws: arpxmtinameionsnpednt ed

ina 18 gal Liumnisteidgssubstrate, 15y @r e advantageously inplanted at an
ener gy gf at Feg]sat approxi mately 50 keVNC and a dose of at |east 1015/cn®, -

the precipitates can2é§SEREFAVEYYeonshst sybstiatespeaneds npifang@diivmt he

substrate, whiighigent ryRUERS {0 a2QoM HF M dg&:%it%a&i OfmPbrthBce:

substrate outside the layer; alternatively, if t ex are not _fornmed_only of
i npl ant ed i oRS¥ et RERRETRELY pi ACesSEBREERRS iGPMadaiEPorPe t GPORET nhF IRt ed
speci es, a spatigsatentiai ngdoupst MeI-substr ahe; pdiSodippl teblen qrartheul ar

to the %ut ectic 25 that can.mb esrved b tvx_p gall'i um and_si Ili cen, - t he
face of Yt he ?ES@?PE% t FFRTgH chtHe ?%ﬁs r&?’e Phplanfigderde o
advant ageousbyocbpoutit-N nt(doirntexrmtigle GaN, InN, AlN); in a further
variant, the substrate can also be chosen from materials
from group II-VI such as Zn0 or ZnSe, for example,

- if the ions are gallium ions implanted 1in a

15 gallium nitride substrate, they are advantageously
implanted at an energy of at least approximately 50 keV
and a dose of at least 10'°/cm?,

- the precipitates can essentially consist of the
species implanted in the substrate, which contributes to

20 minimizing deterioration of the substrate outside the
layer; alternatively, if they are not formed only of
implanted ions, these precipitates contain, in addition
to the implanted species, a species contained in the
substrate; this applies 1in particular to the eutectic

25 that can be observed between gallium and silicon,

- the face of the substrate through which the ions
are implanted i1is advantageously brought into intimate
contact with a stiffener; however, a stiffener may be of
no benefit, especially if the thin layer finally obtained

30 is sufficiently rigid to be self-supporting,

- the face of the substrate can be brought into
intimate contact with the stiffener at a temperature
below the melting point of the precipitates, for example,
which 1in particular avoids them coming into intimate

35 contact when the precipitates are in the liquid phase,



contact with a stiffener; however, a stiffener may be of no benefit,
especially if the thin layer finally obtained 30 is sufficiently rigid to
be sel f-supporting, - the face of the substrate can be brought into
intimate contact with the stiffener at a tenperature below the nelting
point of the precipitates, for exanple, which in particular avoids them

com ng into ki iR 13psG@Nt act when the precipitat espapg@rkBobh9obbgdid
phase, WD 2007/ 110515 PCT/ FR2007/ 000534 10 - this bringing into intimte

contact is effected at roomtenperaturelOwhich is also particularly
beneficial fromthe energy point of view, - the bringing of the substrate

into intimate 5 con i stitfe i f y nl
adhesion, which is aEgg'IY@%@ﬁ%ﬂg%dag%gvgﬁ&%%%ﬂ%%qggh?%FQ Bg?nggﬁégkggerials
into intinmate@tconraem; heerperattrent whichlvaritsageedsioy appriedutsrly

reinforce thebonding) irr@m t%geeh@&%?{gﬁgﬂgebwe%qehhe substrate and the

stiffener; 10 - this brln%%gg Iinto infimte contact can also be effected by
depositing a |ayer “siPei clRERIIGE G GE t Fli%r FURSFERER | f HRRRr, 1nCERaEe| ayer
:j S ?ﬂva:;r)t agg@&ﬂa&&fspﬁ@tﬁﬁdgh@pl b%&lfﬁbtbb_rfrﬁg!ta@félélhéﬁf abe, ilhzysmte@ahla)é t(r)] a
epth o sever.al hundr mi crons i s epi ia ro ayer an e
Substrate ar @O Oror ST BgBolely BPotteand oty arenTdat 2he
i dentical or matircdast reorgatdld eifitomintheacey siaaitdat;t ilteatpotpbadhenicew) ;

rt _substrate 20

havi g a cooffi & B G el DR AR, R SEgREFrean iy HPFREInt 1f Pom ¢ hat
of the epitaxha liptgrdwed Hpemweenn thehisclrstasd ca andlr itdiel e idff enenper at ur e,
for exagple |oweringythe ﬂﬁqu\'ﬂ]r?é UE B Bf Lol 16RIdAXL G dePORLLI Qg CRUSES
stresses in the precipitates, wWhith encourages 25 rupture at the [evel of
t hose preci piefdeesed phelapasddhimenta shavas et hieehemt bal thiek exahpre,

said stiffener,

- that layer is advantageously deposited
epitaxially from the substrate, typically to a depth of

15 several hundred microns (this epitaxially grown layer and
the substrate are therefore advantageously produced in
materials that are identical or at least compatible from
the crystal lattice point of wview); in this case, the
substrate is preferably carried by a support substrate

20 having a coefficient of thermal expansion significantly
different from that of the epitaxially grown layer, in
which case a variation of temperature, for example
lowering the temperature after epitaxial deposition,
causes stresses in the precipitates, which encourages

25 rupture at the level of those precipitates,

- the detachment stress 1s mechanical, for example,
enabling good control of its amplitude; it can also be
chemical (it can exploit the stresses generated by the
presence of the precipitates; selective chemical attack

30 can preferentially attack the stressed areas of the
substrate},
- this detachment stress is advantageously

substantially localized in the layer of precipitates in
the liquid phase, which avoids stressing the rest of the
35 substrate,



enabl i ng good control of its anplitude; it can also be chemcal (it can
exploit the stresses generated by the presence of the precipitates;

sel ective chem cal attack 30 can preferentially attack the stressed areas of
the substrate), - this detachnent stress is advantageously substantially

| ocalized in the layer of precipitates in the liquid phase, which avoids

stressing theor @pb79fL1blsas 35 substrate, WO 2007/ 1105367 pPERL 6620080688534
11 - the localized detachnment stress canl?e produced by inserting a bl ade
between the substrate and the stiffenery~which is a technique well known in
itself, - this detachnent stress can be applied in the form 5 of traction

forces applied to thepgubsidAte, aNdabatbifent! QNG chACSR fPESEECEEN
i nstead be bending forces and/or shear forces, which are al so techniques

wel | known PN t ABESELEBE: &hi BlafresbetyRenl sblBe BPBFFEALBY ARENsChEf

ul trasound oktAitEeawayeshothappr aptieahaipaweivedandknbinf faquesey£,- the
stiffener can be prodgced in tgﬁ sanme, material .as th%f%%fstrate; gomever,
F 8 e

the stiffener can ~aF805b8FACHMTREeSEECSRaRiany BE R et OfcexPhRsi on
signi fi éant | pfditfifaerteidn f foprehatapefl itdde sobstwate;bgt vete Ahdt e | ohe

tenperatures _th t he pr S, ~-_thi od_adyant.ageously further
i ncl udes a F%ﬁ%%ﬁpﬁg'trgggﬁénﬁﬁg%%%ie&apo %%%ggégeq% gd%%?n f?%ﬁ?g
exposed by t heddetrashwamt forasi,s whetdiod e \alg@geetisiiqies twell i kebwdes 20
steps, known;in Hhemmglnes., Lapl ati a { nqﬂy,
fabricating éhlt%r part of h?%%%ﬁ?gg%ggn?%b'é%%%%ng%tg;i@agﬁis ne?ﬁ%ﬁscan
further incl@fe neéb¥aspendned¥ , N¥FFovEHSRH| ®fanseRIropglaggappedero @Réour age

the 25pappear-apgenel,, precipitates follow ng inplantation

- the stiffener can be produced in the same
material as the substrate; however, the stiffener can
also be in a material having a coefficient of expansion
significantly different from that of the substrate, given

15 the low temperatures that the process employs,

- this method advantageously further includes a
finishing treatment applied to the face of the thin film
exposed by the detachment,

- this method advantageously further includes

20 steps, known in themselves, between implantation and
detachment, of fabricating all or part of microelectronic
components,

- this method can further include heat treatment,
for example annealing, adapted to encourage the

25 appearance of precipitates following implantation
(preferably before bringing into intimate contact with a
stiffener, if any., to minimize the mass to be heated to a
high temperature; however, this heat treatment can also
take place after such bringing into intimate contact, in

30 which case the precipitates are formed in a number of
steps) .

Objects, features and advantages of the invention
emerge from the following description given by way of
illustrative and nonlimiting example and with reference

35 to the appended drawing, in which:



(preferably before bringing into intimte contact wwth a stiffener, if any,
to mnimze the mass to be heated to a high tenperature; however, this heat
treatment can also take place after such bringing into intimte contact, in
30 which case the precipitates are fornmed in a nunber of steps). (bjects,
features and advantages of the invention energe fromthe follow ng
description govewooryaes1sf illustrative and nonlim pcngrrae0p/o0eBdaw th
reference 35 to the appended drawi ng, 2 whi ch: WO 2007/ 110515

PCT/ FR2007/ 000534 12 - figure 1 is a di aran1shomjng a substrate subjected
to ionic bonmbardnment and inside which a layer of inclusions or precipitates

has been formed, - _firgu{;ee? i1s &uQ'aara@h569ﬁhmgsﬁﬂﬁmhﬂpl%ﬂteguﬁﬂéraée
weakened substrate aftér bonding_a stiffener, gure 3.is a_diagram

showi ng t he §§§@ﬁ§¢?dfﬁ6h11@Pbﬁr?°?b§F@@ﬁn§pﬁFF%a%F%hd%f“@éFQcHﬁeﬁ?Y§Fresses

(in the for mfofmras&@t@a@m@abrsb&@&&@&)caafesahtagrrb@@@t tfbma which the
precipitates are qu id. 10&5 gures 3 r r esent steps_of the

net hod of the inventi 6gurgl CWHBe (3%@3%&9&& nB89cal | ed
a waf erp, inwbhkenpdpsn@scedtena&teenbonddngtarsmaﬁéenak such as silicon.

15 The latter subst_rg%gug_,g %ubigcgeqh ogr]faqrpugho‘pgggartggergsss% LErem

di agrammatically by arrows on- gaseous” nat'ure (1 € Speci es)
of these ionéigwrecRosditess apdlumattiion off td%tml‘%ﬂﬂet oftrepsssbsinathe

(formed of ope.ar JPrfc3ARR:es10fs @A ANdct he 2ArbEpLeaLal ian GaAnRgh!i ons,

i.e. the bonbardnent conditions prlnarlly the dose, the energy and the
t enper at ur e) thPePTERSPEKALESCRESt d1FKHEEIpitates that are confined in the

dept hwipge directi opighgegna_bl ed hg fasmmidai ofthe | A¥eh Fr&s Poeci phbat es
(or inclusions%hotho gega Lt%gg% bei ng
Figure 1 represents a substrate 1 (sometimes called
a wafer), in theory produced in a semiconductor material
such as silicon.

15 The latter substrate is subjected to ionic
bombardment shown diagrammatically by the arrows 2. The
non-gaseous nature (i.e. the species}) of these ions is
chosen as a function of the nature of the substrate
{formed of one or more gpeclies of atoms) and the

20 implantation conditions, i.e. the bombardment conditions
{(primarily the dose, the energy and the temperature) are
chosen to create precipitates that are confined in the
depthwise direction, to enable the formation of a layer 3
of precipitates (or inclusions}, those precipitates being

25 formed of implanted atoms and where applicable of atoms
of the substrate. These precipitates alsc have the
particular feature of being in a first phase, namely a
solid phase, and of having a melting point within ({or
even below} a range of temperatures considered as

30 moderate temperatures in microelectronics, and therefore
compatible with the substrate. This melting point is
advantageously below 200°C, or even below 100°C, or even
below 50°C.

The bombardment is effected via an upper face 4 of

35 the substrate, where applicable covered with a layer 10,



25 fornmed of inplanted atons and where applicable of atons of the
substrate. These precipitates also have the particular feature of being in
a first phase, nanely a solid phase, and of having a nelting point within
(or even below) a range of tenperatures considered as 30 noderate
tenperatures in mcroelectronics, and therefore conpatible with the

substrate. Thyos 2m@i7t/1A®5AG Nt is advantageously bel opcRPPR200% 76¥683RE! OW
100C, or even below 50C. The bonbardnenials effected via an upper face 4 of

35 the substrate, where applicable cover with a layer 10, WD 2007/110515
PCT/ FR2007/ 000534 13 for exanple of oxide, obtained intentionally or not.

Thi's_borbar diFgat (5auNN0 e dTaLHRA 0feq REEEHRLLALES L becaccompani ed

by conjoint or posterior heat treat ment use i mpl anted atons to
formthe 5 requir&&igrecihsmbareienthe Icei})-é?rlf@ of t’r}?%m pfesrakiand tRE free

surface 4 d%‘r’e@ g)lttﬁQefsUthrﬁ b acébhﬂhﬁlba be ridiet i bestBeiorest of
t he substrat under this la gnated by the reference n nber .
This thin fi Ly (TR Iﬂé§%hqﬂfﬁqﬁ%kﬁﬁ§§ﬁﬁ 13 r?ﬁﬁm%ft%ngoﬁWch

even | ess th&@qu@.li%dmp(ife@,lpﬁ.ftaﬁz‘é@n | ess than one tenth of a mcron.

course, the dinmensignal, pra ns_bet ween_t he rious.|ayers_pof f| ure 2
are not shown to s@%ﬁelq Exg?ﬁ f?r?ﬁépﬁgga?gnﬁn 5%@? é/ f gmn in
figure 1, theedubstr dthe ifutgoeidhin. éll]&toﬁmotli@vdrhﬁaemﬁd,t hehlle the

sel f'suppo”'r%%tp%é tl'(éu%ﬂb@r%:%\'gf Bhhekhat S 1%%%‘% S S &8§£§{1§’Egd

her ei nafter s substrate is rnatively only | ayer carr
support) wit Bvn theparaferemasy rambar I5eas']fh32'0 ‘ﬂw‘ﬁ I %lyjéﬁ stmcabb!sth@ﬁeal ayer

form ngot he subskhake &Y tRe! B¥8ErT M die LHECSHRPOLY) RlerTBl&Id atBahhat
are in practice different, what is essential for |rrpl ementing the

i nvention bePR§ [R&E O h@TpPEEHpiEEEeS 8 e OPSr 188 thnOL & micron.

Of course, the dimensional proportions between the
varicus layers of figure 2 are not shown to scale, to
clarify the diagram.

15 In the example shown in figure 1, the substrate is
solid, i.e. forms the whole of the self-supporting part
(such as a wafer) that 1is wused. As 1is described
hereinafter, this substrate is alternatively only a layer
{carried by a support) within a part formed of at least

20 two layers (at least the layer forming the substrate and
a layer forming the support) of materials that are in
practice different, what 1is essential for implementing
the invention being that the precipitates are formed in
this layer forming the substrate; the substrate is

25 preferably the topmost layer of this multilayer part
(which does not rule out there being a very thin covering
layer such as the layer 10 referred to above).

In figure 2, an optional support substrate 7,
sometimes also referred to as a stiffener, is brought

30 into intimate contact with the future thin film; here it
is bonded, preferably by molecular adhesion, to the free
surface 4 of the substrate through which the ionic
bombardment took place. Alternatively, this stiffener can
be produced by deposition on the future thin film by any

35 technique known to the person skilled in the art (for



this layer formng the substrate; the substrate is 25 preferably the topnost
|'ayer of this nmultilayer part (which does not rule out there being a very
thin covering |ayer such as the layer 10 referred to above). In figure 2,
an optional support substrate 7, sonetinmes also referred to as a stiffener,
is brought 30 into intimate contact with the future thin film here it is

bonded, pref gpabloy7hy 1@8hecul ar adhesion, to the freepcsyrhabf7408bs5he
substrat e t hrough which the ionic bonbar dment  t ook pl ace. Alternatively,

this stiffener can be produced by depositfion on the future thin filmby any
35 techni que known to the person skilled in the art (for WD 2007/110515

PCT/ FR2007/ 0 C al r Sit etcmpsThi s
stiffener ca%gg%élroduﬁéggpéﬁthgggb% ﬁéggglaﬁgggg%ﬂgeﬂéta% né sugk%rate 1
(or with thatstn:étf@neefl el abpe egseducad denstheussme |mat@n1@b @&F oxhéle of

the species 3:6eR3ht Ufsh@:%ttr'&‘%esuﬁs”(%ﬁ W Oh XA €)matdr L2 84S0 gRONSI St

of a material having_a coefficient of thernmal expansion different fromthat
of the subst FEEENSAGY FOHS titaenthatl G ubdR r BEe A8t IRHEFerofcodf nBPEBRSF S

compatilsl e wohBthialeingeathér ealymitard h fragt axshbiéenerrof cbhi saifoki nd
can be omtted if. the hin filmfinpal I%\fobtal ned i of sufficie

t hi ckness, i fA°PErEitcuPar & o™BECrafl p I EF i t hoth fHahae. ofn ’Fﬁﬁﬁﬁ“@l3 at
a tenperaturex@hnwhbnhdﬂﬁfeﬁmmmlﬁrbmt@&dﬁnm&nghbh&dbaﬁﬂa&bapﬁovmdéhe

|1quid phase,,l19 ("Q NGBVl e ek LT CALIBIL 8] o0 dgS Bl sy égg%%st“re)’

det achment stréess 2t e SEOEFESS  SE3ndSh ration, 1s appliéd, "pr y at
the | evel of wiléd Jlatyasr béapre‘me}attrm?e:s Thi Salcacad i zedféppbrcatﬁ ohho$

stress |s he b I t f ven
t he di rrenS| o%g gftC%Fl? q%] ?ép?gg %ﬂ%n r}f{f%'lvtq/{ Efu%g]ﬂq ﬁcgoty%ﬁr&%@/e%g
tenths, of aOMi leeﬁestmﬁéme&ﬁ er mc@aﬁétl\%éﬁrt e s"i’ﬁ)sif@mlé’élé\hadal SO

faces the |a%§%hout damage.

In figure 3, at a temperature at which the
precipitates forming the layer 3 are in the liquid phase
15 {which can involve heat treatment at moderate
temperature}, detachment stress, here a stress
concentration, is applied, preferably at the level of the
layer of precipitates. This localized application of
stress is here obtained by means of a blade the tip 11 of
20 which, given the dimensions of the thin film (typically a
few hundredths, or even tenths, of a micron), faces the
interface between the substrates and also faces the layer
of precipitates. Alternatively, the mechanical stresses
are applied by applyving traction and/or bending and/orx
25 shear forces, as 1is known in itself in relation to
detaching thin £films; this application of detachment
stresses can also be the result of applying ultrasound or
microwaves of Jjudiciously chosen power and frequency.
Alternatively, the detachment stress 1s produced by
30 chemical attack, for example selective attack exploiting
the stressed state of the area of the substrate in which

the layer of precipitates is formed.
The passage of the precipitates from the solid
phase to the liquid phase can be the result of simply
35 applying mechanical and/or chemical stresses. Otherwise,



of precipitates. Alternatively, the nechanical stresses are applied by
applying traction and/ or bending and/or 25 shear forces, as is known in
itself in relation to detaching thin films; this application of detachnent
stresses can also be the result of applying ultrasound or m crowaves of
judiciously chosen power and frequency. Alternatively, the detachnent

stress is pr@@u§%@7pil%§1ghenical attack, for exanplepégyfﬁgbyelabbﬁggthe

exploiting the stressed state of the area of the substrate In whic
| ayer of precipitates is formed. The pasd@ge of the precipitates fromthe
solid phase to the |iquid phase can be the result of sinply 35 applying

nmechani cal and/or_chem cal ,str O W .se, 7/110515.
PCT/ FR2007/ 0005347 136 1116 r‘ﬁeéné’eeﬁ‘ﬁaect%err?perggﬁur%gcés\r?lgb%lcha}r{n%ti‘%sang%% wbR the
appl i cati on ebrilhiestistr efsashest prreedest hem pwiededehdhem, mwitlachhevi ng

an even distrihutien L QPRES Al oy ef NS toal Iyt h Lpjlates are
in the sane satlglt e!.j.PS %I%al thinm film ?\sread\s(%nét%e%us C)ylﬁadltca)t acﬁggégfég{l}é'
t enper at ure @RELERBAt thasmrdBe thep PERCAPLGAtEENPELatDr Eheafamehetiérdi ng

temperatsure, so asth@ causg theimpregi PhEidhBsalBoG82PICaRRASBESOLEd 40
LIQUId) at tg% tlﬁ% of qgiﬁghnenp, %nd at_ that tine %qléb FurthernBre, 10
eing abl e t GBPRAGERBEUILHERERRE vEXORangRe M BRELE | FEPERBRYFFqui d,
then solid, then |dlpi dporitng Caenpefatragse the weakenitng dfaudee | ayer 3 by
(D B S0P LR ANRLET o il SRR o i MRGPLEEEIAR 83 LR 1
unacpeptablepipﬁnviﬁe@et@ahmempess&Mba%ﬂrEhati$imﬂokndgpliE@muhdemorhese
Con idhs (TRIScal i gD ALAG denes WL bSOLEHARe DT BMERL
20 stress). GSpdadyhditharheliaydd, othenedPhittht ebhien wWegkéded €hc.) can
increase the weakening of the laver 3 by the
precipitates.

However, it is clear that, if the precipitates are

15 liquid at the end of implantation or during bonding, that
is not unacceptable, provided that excessive stress is
not applied under these conditions {(moderate implantation
doses must then be used, to prevent detachment occurring
at too low a stress, especially too low a mechanical

20 stress) .

Given that the layer of precipitates is weakened by
the fact that the precipitates are in the liquid phase,
this localized application of mechanical and/or chemical
stress causes separation of the substrate/stiffener

25 combination until they are completely detached, with the
appearance of a space 8 between two parts, namely the
remainder 6 of the starting substrate and the stiffener 7
to which the thin film 5 remains attached.

Finishing treatment can then be applied, in known

30 manner, to confer on the surface of the thin film exposed
by the separation an appropriate surface state for
further use of the thin film.

This finishing treatment includes conventional
mechanical polishing, for example, followed by high-

35 temperature annealing treatment to heal any structural



the fact that the precipitates are in the liquid phase, this |localized
application of nmechanical and/or chem cal stress causes separation of the
substrate/stiffener 25 conbination until they are conpletely detached, with
t.he appearance of a space 8 between two parts, nanely the renainder 6 of
the starting substrate and the stiffener 7 to which the thin film5 remains

attached. Flﬁbsabpg/&ﬁg?&gent can then be applied, inpkppwRaod?,680884. tO

confer on the surface of the thin f|In1exEosed by the separation an
appropriate surface state for further of the thin film This finishing
treatment includes conventional nechanical polishing, for exanple, followed

by high- 35 te rat apnealing.trea nt ..t e I any structural WO
20071 110515 PEIPERB0SFEoDaEs X T8 tudhathe FhAD %aé exist in the thin film
Various exanpl es oVarheushotxampiesulyst r &he atioiceplet edbstnatet ogedher
Wi th approprig QFF%Bha”EQ%éO” té?%#héiOQBJﬁﬁrggﬁﬁprHatBer ShoAIhEh 1

Exanple 1 Init strat | icon exanpl e ocrysta i ne
silicon (altﬁéﬁéhtéoﬁéhyéﬁ?sﬁaFlPﬁé hegpénpatercan al so be used) is
implantegd with Ga' Ekgﬂﬁleumder the follow ng conditions: 10 * energy 100 keV
* dose 1015 CM -1 nE This ioprantation is effected substantially at room
temperature. The déB?HlBi Yhe 8al FiORTPRER 0B alﬁéﬁl?ﬂnthlgoﬁayexﬁgpig 75

rimbel ow t hgosbtkgeealllhhe vasibideas beerlvirdigiat ed byo:sy@i:{sz@tapnlﬂél ng
e SriM (S ppLnggad Earog, ol 190 ML o) el Lar g Thecsubsicate 1o
samre 20 nat endal abet felilniwtingl ceulistiane,; for exanple, here
10 * gnergy 100 kev
* dose 10*° cm™
This implantation is effected substantially at room
temperature.
The depth of the gallium peak cobtained in this way
15 is 75 nm below the surface (this value has been validated
by simulation using the SRIM (Stopping and Range of Ions
in Matter) software.
The substrate is then bonded, by molecular
adhesion, to a support substrate, produced in the same
20 material as the initial substrate, for example, here
gsilicon. This bringing into intimate contact is effected
substantially at room temperature.
An annealing treatment at 1100°C for 10 s is then
applied to the assembly, which contributes to reinforcing
25 the interface between the two substrates; precipitates of
gallium or of Gap-xnSix type (see the aforementioned
papers) are seen, localized to the depth of the gallium
peak. These precipitates are liquid above a threshold of
30°C and, under these conditions, weaken the implanted
30 substrate.
Applying mechanical stresses at a temperature above
this threshold (for example at 50°C), 1i.e. at a
temperature at which the precipitates are 1liquid, for
example by inserting a Dblade between the i1nitial
35 substrate and the substrate forming the stiffener, then



silicon. This bringing into intimate contact is effected substantially at

roomtenperature. An annealing treatnent at 1100C for 10 s is then applied
to the assenbly, which contributes to reinforcing 25 the interface between
t.he two substrates; precipitates of galliumor of Ga(l_X Six type (see the

af orenenti oned papers) are seen, localized to the depth of the gallium

peak. These pheGiohhl/ahesar e I|qU|d above a threshol dp g%,rﬁggbgpgogggger

t hese conditions, weaken the inplanted 30 substrate. pl yi ng nechani cal
stresses at a tenperature above this thtéshold (for exanpie at 50C), i.e.
at a tenperature at which the precipitates are liquid, for exanple by

b o] h f
the sti 11 enel ot Rent NOCE0G T A 1001 BCFT RS/ GOBSITEr 1 elle. (35 sGBarati on
of the two s&bsﬁtépesofn¢me¥rtmﬁiedui&nlhnndﬁnqPmn&erﬁﬂ@gulkutb@hdthg
i nterface, E_tev%tl the lLguel l?&u&ﬁe bk@thiEé%bp' T%Eﬁ?n"“ Eﬁé” iﬂ?th@'lt' al

substrat e: ere is obtalned In first
substrate tréﬁ@ﬁéﬁﬁé@ omﬂ?RQM#%tPPFéhéﬁd (Rherties tWay t ar ikgpportm of

substrate). bakachmec h%@é@%@@entQQEQE@@Qeéy ohe Calne atsackrexploi ting
the fact that, at the | ocation of the ¥er of precipitates, the silicon is

stressed by tHBELgEptBSehEEMOFUPRESE 6P@§ pPt&les. The known SECCO cheni cal
etching techni que bsteapheyed hag prafser erﬁee’;d edisdd 11 df bpt resardcsil i con.

Such SUohi 1o a0l Aatl AN (e aPRLGet i an e mehan,cal sonploal s
therefore fadeletrates geteadmpizatteski ntbbl rIgLZ!tJrce:a’r meat sstofegodd sliuyngthype
(ot gt onals B RIS en AU LGy LICRar Al Byl Sp Ao ABLLES |
good qual i tyetching technique is employed for preferential etchlng of
stressed silicon. Such etching in combination with the
application of mechanical constraints, in practice
additional to the prestressing caused by the
15 precipitates, therefore facilitates detachment.

Finishing treatments of polishing type
{conventional or chemical, annealing, in particular) are
then applied to eliminate the residues of precipitates
and to obtain a surface state of good qguality.

20 The thin film can then be treated using technigues
known for implanting gaseous ions.

There can be, between implantation and detachment,
steps of forming on the free face 4 all or part of
microelectronic components.

25 Example 2

A silicon substrate, for example with the same
characteristics as the starting substrate of example 1,
is implanted with Ga' ions under the following conditions
(substantially at room temperature):

30 * energy 100 kev
* dose 10 cm™
As in example 1, this corresponds to a gallium peak
at a depth of 75 nm in the substrate.
Annealing at 1100°C for 10 s causes precipitates to
35 appear, as in example 1, localized tc a depth of 75 nm.



20 The thin filmcan then be treated using techniques known for inplanting
gaseous ions. There can be, between inplantation and detachnent, steps of
forming on the free face 4 all or part of microelectronic conponents. 25
Exanple 2 A silicon substrate, for exanple with the sane characteristics as
the starting substrate of exanple 1, is inplanted wwth Ga' ions under the

fol l ow ng coggi big@hs110S4Rst antially at room tenper at gag)pr380% Egy 100
keV * dose 10150%N?-2 As in exanple 1, this corresponds)to a gé P?uﬁ1peak

at a depth of 75 nmin the substrate. Anh8aling at 1100C for 10 s causes
precipitates to 35 appear, as in exanple 1, localized to a depth of 75 nm
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nol ecul ar adhesion,”to a suppor? subst r at'e (di ?erlng i A% hi'S T Fom exanpl e
1, where thi adbesdiong ito f f seppdrbebobetrhte ddiddierngat rignttiers ) froni s
bondi ng bei ng.hiee! ed, alyfer { (IS abihgihel oy SUps JNGLT Bekpi-kAl el emai N
solid. As in exanmple 1, the appl 1 cation of mechani cal stresses_at a

t enper ature apoealing (FeraEnempl e Fhissooyn@ing ndeinichgebiofee@ 5t ween t he

two substrat @empeadteset briaasembly tocbpedk:atthhes! evphial sbhegll
precipitates in the first substgate, which are_in the liquid state. There

is therefore obtaif8d, 18Bs FFPERSFple 1.t ERPHLCALHOPr afisf FFPEPBAERL a

srppprt subsktatesesndatfiani shimperatedtoreabsvepal  shi nforanagahpne, tc.) 15
elimnate resi

climnate rostdiss 8L LGRSl 3 Al OG- SU{acE 0l gagd-auall .
use. Exanpl ec3uses the assembly to break at the 1level of the
10 precipitates in the first substrate, which are in the
liquid state.

There is therefore obtained, as in example 1, a
thin film transferred onto a support substrate, and
finishing treatments (polishing, annealing, etc.)

15 eliminate residues of precipitates and produce a surface
of good quality. As in example 1, this thin film can be
subject to treatment enabling its use.

Example 3

A silicon substrate is implanted under the same

20 conditions as in example 1 ({(or example 2), and then
bonded to a support substrate and annealed for 10 s at
1100°C, as in example 1.

A series of temperature cycles (for example around

ten such cycles) around the melting peoint of the

25 precipitates, i.e. around  30°C, with temperature
variations between 20°C {(or room temperature) and 40°C,
for example, 1is then applied: the precipitates therefore
pass cyclically from a solid phase to a liquid phase and
vice versa, changing volume {gallium is more dense in the

30 liguid state than in the solid state}, which locally
increases the deterioration and therefore the weakening
of the layer of the substrate in which the precipitates
are concentrated.

Applying mechanical stresses above 30°C, as in the

35 preceding examples, for example towards 50°C, then causes



A silicon substrate is inplanted under the sane 20 conditions as in exanple
I (or exanple 2), and then bonded to a support substrate and anneal ed for
10 s at 1100C, as in exanple 1. A series of tenperature cycles (for exanple
around ten such cycles) around the nelting point of the 25 precipitates,
i.e. around 30C, with tenperature variations between 20C (or room
temperature) y@ngodqGasghds exanpl e, is then applied: bBe, pheghp)bBhess
therefore pass cyclically froma solid phase to a |iquid phase an Vi ce
versa, changing volunme (galliumis nore d8nse in the 30 liquid state than in
the solid state), which locally increases the deterioration and therefore

t he weakenin of _the er .of the substrate in i the precipitate are
concentr at ed.g‘hﬁpplaﬁsﬁag i chai |c;t1resatskr estes %vef\g%%] a%gi nE]?%e iégma
precedi ng exampkeplthdesexdimpiavdnwatids 5S@Chanhiernlc aisess B 2007£5565%5

PCT/ FR2007/ 098934 19 Lhe asqenblondip Pheakaglathe 4 exgh of ddieddauby
precipitates. wever, the mechanical stresseS necessary for this are |ower
t han i n exanpheés shomErEedaustedrieiet seppledeaedr Pyddthd isprtednofnduced

by the series ghe?at@FREIAIAM & CYShETi cBBPbHhCRIH OMMOf shhe saRid£Lsggs as
in the preceding_exanples therefore |leads to rupture_nore quickly. The sane

treatments af® PEEcediper Pl Sm tHEF e 591 shRdP pef ntURBFULR elPERd t hen
fromthe poigiiiekiyi.ew 10 of use of the thin filmobtained in this way.
Exanple 4 A substrate, produced.in galliumnitride GaN (in the wrtzite
phase, for exanpl e?hies SPHp Illiﬁteél&n\ﬁnt%ﬁ &* ar%etfﬁoaegr N?%%O]f%'l I Iﬂg%e
condi ti ons (<fdhssanhgaldoirat ofl5vieematnenpereat ufedm thenergntb®mkeVigdwdose
5.1016¢m 2

of use of the thin film obtained in this way.

Example 4

A substrate, produced in gallium nitride GaN (in
the wurtzite phase, for example) is implanted with Ga'
ions under the following conditions (substantially at

15 room temperature):
* energy 50 kev
* dose 5.10% cm™

There are obtained in this way precipitates of
solid galiium (see the aforementioned paper by DHARA et

20 al.), localized at a depth of 24 nm bhelow the
implantation surface (including according to SRIM
simulations).

Given that nitrogen is a gas, there are also
microcavities filled with this gas.

25 In fact a higher dose can be used 1if a greater
gquantity of precipitates of the same kind and at
substantially the same depth is regquired.

The GaN substrate 1s then bonded by molecular
adhesion to a support substrate, for example a sapphire

30 substrate, the temperature of the steps involved in
bonding remaining below 30°C, so that the precipitates
remain solid throughout the bonding operation.

Heat treatment including a step at more than 30°C
(for example at 50°C) is then applied to the assembly,
35 which leads to a change in the phase of the precipitates,



There are obtained in this way precipitates of solid gallium (see the

af orenenti oned paper by DHARA et 20 al.), localized at a depth of 24 nm
bel ow the inplantation surface (including according to SRIM sinulations).

G ven that nitrogen is a gas, there are also mcrocavities filled with this
gas. 25 In fact a higher dose can be used if a greater quantity of

preC|p|tatesW6fzbhgl ?lnd and at substantially thens fﬂﬁog¢p559g§4
0 a

requi red. The GN su stra e is then bonded by nol ecul ar esl on
support substrate, for exanple a sapphlréO 30 substrate, the tenperature of
the steps involved i n bondi ng renalnlng bel ow 30C, so that the precipitates

remain solid ughout th ond eration, at treatne ng a
step at nor e % g%%f: ‘T’o a&t% 58%51 8 ¢ b%ISt&? eo f’l e g@%enbl Y,
35 whi ch IeadevEd afchaegéayartﬁa phase oheyherpreonpenareSedmO 2007/ 110515
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| evel of the |ayer they are concentrat nechanr ca
stresses at éOf’é?mpé:ryatm@rmm @01@1&1@9 RAsENt ithe PiRcrEinG ¢xamhbes,

precedi g exaapkes, § edGASSH SePALAE! Ol s e A S URET Lakes dAlell gt | eve'
at which the_ li1quid precipitates are concentrated. A thin filmof GaN

obt ai ned i n PhiEShwERewALEM1dcRASEABABECSUBF8cEOPEEREFAERE - appr opri at e

finishing and USGAt&ﬂﬁhﬂEﬂiﬁm @ Baanpie Dookatidandidrenia pant fwieed of a
sapphire sup ort subst (alternati Yel this naterlal can _be a materi al
ot hor ¢ han- CERP CHER iy SERERET oy odlt ShemetiR B e LIRS TR at e, i n
t he sense ofushetteaegenng descrlptlon, 15 is therefore forned here of this
GaN Iaggr. Af ter fg%ghgge grecipitates in this layer by bonbardnent

d or —_—

(assis
Starting from a part formed of a sapphire support

substrate (altermatively, this material can be a material
other than GaN) carrying a GaN layer a few microns thick;
the substrate, in the sense of the foregoing description,
15 is therefore formed here of this GaN layer. After forming
precipitates in this layer by bombardment (assisted or
not by heat treatment), for example using the data of the
previous example, there follows epitaxial regrowth of Gal
{typically effected at a temperature between B800°C and
20 1100°C) over several hundred microns. The precipitates
are liquid at the epitaxy temperature. As the temperature
falls, fracture can occur at the level of the area of
precipitates ({(still in the liquid state) because of the
difference in the coefficient of thermal expansion
25 between the material of the support substrate (here
sapphire) and that of the epltaxially grown material
(inducing stresses at the level of the structure), where
applicable in combination with application of an external
mechanical stress. After this fracture, a solid GaN
30 substrate 1s obtained formed of epitaxially grown
material and the portion o¢f the starting substrate
situvated above the area of precipitates.
This example shows the benefit that there can be in
introducing species having high melting points.
35 Other pairs of materials can be used in accordance



not by heat treatment), for exanple using the data of the previous exanple,
there follows epitaxial regrowh of GaN (typically effected at a

t enperature between 800C and 20 1100C) over several hundred mcrons. The
precipitates are liquid at the epitaxy tenperature. As the tenperature
falls, fracture can occur at the level of the area of precipitates (stil

in the i qui se of the difference int

t her mal expaﬁgfgﬁhgélggﬁagen the material of the supggrf9§%%b§?g?go?ﬁere
sapphire) and that of the epitaxially gréWn material (inducing stresses at
the level of the structure), where appllcable in conbination with
appl i cation of. xt er nal cal str.ess. After thls fr cture a_solid

CER 30" subot PAEE 1B bLATRBEL T 5 nalrogt R 10N af R on O Endt el CBAG ¢ he
portion of thkensthetisgbjebsédatter sidniat edmpBewnéathenar eacof ipdecapedat es.

having oo HErEinabefentishaipl dAsBn 50 it ing ¥ (RAHELAG BaEALCS
accorgancg vﬂﬂg@@n%1$951QHPCWM$R200?/G&@&&erIL\ﬁhﬁmaﬂ@§ i W&ht i en. 1aus
vari ous sexanples i@ g %bQ%E h@@tbéﬂﬁké$%ﬁﬁgﬁeﬁh%ﬁéé&lﬁ”ﬂééér%%éwtébbﬁﬂ are

i ndi cated herei nabove (including gallium, hei'r mel ting pol nt
(dependi ng oA @hgt|Q¥rQRnﬁ?%dCOEFEﬁEHt§lﬁﬂﬁﬁt§InﬁNQ?QHﬂ%qnﬁfpﬁF%Flﬁﬁy be

preferred (typieakl nakesps phafeaiedy . 200C) or on the contrary el enents
havi ng hi gher neltin% §0|nts may be 2% %g%éed - mercury -38.87C - cesium
28.5C 10 - gallium 287 rubi di um phosphorous 44.2C (non
metallic) - potassiogesb8m25C - sodizn®D7C 8C 15 - sul fur 119C (non netal lic)

10 - gallium 29.8¢°C
- rubidium 38.89°C
- phosphorous 44,2°C {non metallic)
- potassium 63.25°C
- sodium 97.8°C
15 - sulfur 119°C (non metallic)
- indium 156.6°C
- lithium 180.5°C
-~ tin 231.9¢°C
- thallium 303.5°C
20 - zinc 419.5°¢C
- tellurium 450°¢C
~ magnesium 649°C
~ aluminum 660.4°C
- cerium 799°C
25 ~ calcium 839°C
~ germanium 937.4°C {(non metallic)
~ silver 961.9°C
These atoms can in particular be implanted in bulk
or non-bulk, crystalline or non-crystalline,
30 semiconductor or non-semiconductor substrates, in silicon

or in a silicon-based material (for example silicon oxide
or even silicon carbide or silicon nitride), or even in
other materials wused in microelectronics {(GaN - see
above, GaAs, a-5i :H, diamond, sapphire, in particular,
35 see germanium and its alloys with silicon), even in a



- indium 156.6C - lithium 180.5C - tin 231.9C - thallium 303.5C 20 - zinc
419.5C - tellurium450C - magnesi um 649C - al um num 660.4C - cerium 799C
25 - cal cium 839C - germani um 937.4C (non netallic) - silver 961.9C These
atons can in particular be inplanted in bulk or non-bulk, crystalline or
non-crystalline, 30 sem conductor or non-semn conductor substrates, in
silicon or igpazpohiye2pskgsed material (for exanple spé*pﬁﬁh@gyﬂ@oogﬁ4even
silicon carbide or silicon nitride), or even in other materials used in

m croel ectronics (GN - see above, GaAs22a-Si :H, dianond, sapphire, in
particular, 35 see germaniumand its alloys with silicon), even in a WO
2007/ 110515 / R290 0 er r g¢;0 roup 111-N or
group I1-VI. B%ge gng%gg §§6P§ %Fﬂagér ghgﬁt?ggtﬁeggs&%éﬁg 19" ggpll ed,

bet ween the steps df tiwe bn@&y@ssmdeswebéd Wiazh Ousef e¥ @peen oS f iCguy egel to
3, with a vi gp@&ﬁzeéabwewe'eag élé)a«géeﬁ 8t! c8k @r%rc%%'seféés%l%é‘c@rweﬁnts on
the free surface of the substrate, before it iS5 brought into |ntinmate
contact wit hTERBTSEFEf &RertiaNE SO/ 20515 W FR2 UG PHOCUSALDBCTLIMAS 1.
Met hod (gfl )faf@&tﬁatdflgailt Pdr)]fl fml'dftcfél;@@t&oniléb?&bﬁé§nehg§| W ngnkhecfobl ow ng
st eps nting Ln e su rate ions of a non-, aseous Speci es,

t hat speC|esn§ﬁg aftfe ?hpl%ﬁﬁzﬂﬁ ate, “before’ 12 12 BRSugnt°Pinto

intimate contact with the stiffener.



conditions being chosen as a function of the material of the substrate so

as to enable the formation of precipitates confined in depth, distributed

within a layer, those precipitates being in a solid phase having a 10

nel ting point below that of the substrate; and (2) detaching a thin film by
breaki ng the substrate at the level of the layer of precipitates by

applying a ¢gt el oslaisess under conditions in whighrlBR208596hBEEAt €S

are in the liquid phase. 15 2. Method according to claim 1, characterized in
that the inplantation of the ions is effééted at a tenperature bel ow the
melting point of the precipitates. 3. Method according to claiml,
characterized in that the nelting poieéﬁghsthe precipitates i s above room
20 tenperature. 4. Method according to 3, characterized in that the
inplantation is efflect ¥g¢tbodst adt i fdbyriatatigem a enyeimat ufelm5. fxvenhod

accordi ng to gy, Qne of 5 E%h@ﬁn%;%%e4fo ggwqg@rggggghzed in that the

detachment is effected after raising t%e tenperature of the substrate above
the nelting point (8 EARLEPEERSI t aestD®. NHIP R cIrWishgofo anyhehe of
claims § to Gasehar acdddizad i nchhat tpecdetachment dise premgigdthyian 30
plurality of cycl.es that vary the tenperature of the suhstrate confaining
Phe pr ect pi t SOCEIGH OB (RIS (RHER (RE FelPRRG BBl RE L dEACe 5 hephod
accordi ng totaey onsbofratai Mmeol tas 6, tochasradiles i zeHei n fidmdatikm i 088 are
VO 2007/ 110505 SBCP/ ERE057) BO0SIA 004 ol PN | naiGFY BRACFRt hRr<B. Aot hod
accordi ng t olaygronehofseclpaiarsiol ttad €, bechgr dot ex i zedld rphdee héreinong are
of gal higum  ¢1VeHI0A36C0RANRYG 1RaN% OREOk P TR LAS,

{2) detaching a thin film by breaking the substrate
at the level of the layer of precipitates by applying a
detachment stress under conditions in which the
precipitates are in the liguid phase.

15 2. Method according to c¢laim 1, characterized in
that the implantation of the ions is effected at a
temperature below the melting point of the precipitates.

3. Method according to claim 1, characterized in
that the melting point of the precipitates is above room

20 temperature.

4. Method according to claim 3, characterized in
that the implantation is effected substantially at room
temperature.

5. Method according tc any one of claims 1 to 4,

25 characterized in that the detachment is effected after
raising the temperature of the substrate above the
melting point of the precipitates.

6. Method according to any one of claims 1 to 5,
characterized in that the detachment is preceded by a

30 plurality of c¢ycles that wvary the temperature of the
substrate containing the precipitates on either side of
the melting point thereof.

7. Method according to any one of claims 1 to 6,
characterized in that the ions are chosen within the

35 group comprising cesium, gallium, rubidium, potassium,



5 characterized in that the substrate is a |layer carried by a support
substrate. 10. Method according to any one of clains 1 to 9, characterized
in that the substrate is in a crystalline material. 10 11. Method according
t.o any one of clainms 1 to 10, characterized in that the substrate is a
sem conductor material. 12. Method according to any one of clainms 1 to 11,
characterizegoiQOngalbggssubstrate is in silicon. 15?&@{Fﬁ?68??066§9&din9
to claim8, characterized in that the galliumions are inplanted In a
silicon substrate at an energy of at |ed8t 100 keV and a dose of at |east
1015 /cnR2. 14. Method according to any one of clains 1 to 11, 20
characterized ijn_that_the subst a% s in gallium nitride. 15. Method
accordi ng tosggﬁughelSQlEPaF iltngT; characterized in that the substrate
isin a mterial fBomMgtbogd ladcordiziy 160 &kvhoteaczhr diagmso lamyo ofe of
clains 1 to rizedsli t- st.cate hs,t.n a material from
group III-N.%%9Fa%2?%ggggcgérgpﬁg %ggaﬁEREngggfbglg?%%iEth 11,
characterized in tBRat Maehedbsacareling | fo aahHt ONicaloFf r 0h#188 dr dip Bt - VI
18. Method agpardiRErt el ahMtBia tC RHAGBdZREd N s afafdie galtise bpns are
inplanted in a galliumnitride substrate at an energy of at |east
appr oxi nmat el # SOPREYC §HESET@SSe of at |east 1015 /cn2. 35 19. Met hod
aﬁcordi ng toda_ny Oﬁe.of Dﬁétﬁb@_ab_cb&dl&g W3 2007/348585 EF;li/iﬁBfZQOEE@O%?»_Ar 25
characterized, in_that . t precipitates consist . essentially of 1 speci es
Rik: kB8 St ke

i mpl ant ed i n°PREASGFEEFEHe T 0 Mkt HatS t5° anf Gheo¥std €1 to
19, material.
10 11. Method according to any one ¢f claims 1 to 10,

characterized in that the substrate is a semiconductor
material.

12. Method according to any one of claims 1 to 11,
characterized in that the substrate is in silicon.

15 13. Method according te c¢laim 8, characterized in
that the gallium ions are implanted 1in a silicon
substrate at an energy of at least 100 keV and a dose of
at least 10" /cm?.

14. Method according to any one of claims 1 to 11,

20 characterized in that the substrate is in gallium
nitride.

15. Method according to any one of claims 1 to 11,
characterized in that the substrate is in a material from
group III-V.

25 16. Method acceording to any one of claims 1 to 11,
characterized in that the substrate is in a material from
group III-N.

17. Methed according to any one of claims 1 to 11,
characterized in that the substrate is in a material from

30 group II-VI.

18. Method according to claim 8§, characterized in
that the gallium ilons are implanted in a gallium nitride
substrate at an energy of at least approximately 50 keV
and a dose of at least 10 /cm?.

35 19. Method according to any one of c¢laims 1 to 18,



characterized in that the face of the substrate through 5 which the ions
are inplanted is brought into intimate contact with a stiffener. 21. Method
according to claim 20, characterized in that the bringing of the face of
t.he substrate into intimte contact with the stiffener is effected at a 10
tenperature below the nelting point of the precipitate. 22. Mthod

accordi ng towaagdyfyiquiglainlzl, characterized in gaﬁgFﬁngppbagggg into
i t

intimate contact s effected at roomtenperature. 23. od according to
any one of clains 20 to 15 22, charactefpPzed in that the bringing of the
substrate into intimate contact wth the stiffener is effected by

nol ecul ar adhegsi_on., 24. t hod_acc LNg claim 23, characterized.i t hat
heat treatmefit g ﬁﬁllizé%/iet o] lsl%reng%’%lén t:?gle 20 ]?lﬁ%elr et fet V\egﬁngﬁég
substrat e ancssemtsgilflivendr .Lh25 spestiesd iapd endiedg ino téleaismba@ ratckear act eri zed

in that the bringi i It i : t ' . depositi a
| ayer sufficientlgzpﬁic§gggo oP%?%gﬁggﬁg?%?fgﬁgggn%gygg?ﬁ%g?%og g%c%?ging to

cl ai m 25, chat@gestierdgesdn in hahathithe dfiage | eLdépesiTwkp EpitaxthrPyohr om

the substratgs 27 chet hodhacgeedi N i@ Ns26,rShanactigfiizednt inatBat the
substrate is carried hy_ a carrier substrate 30 having a coefficient of
ther mal expaf&iAcSubetand Sty f@heferent fromthat of the materi al

constituting the epitadegholl GcQ¥rdiayeluo SOl LD Catlser ot £€65£641t On
cppeat on & et Lgn ol Leyperaliy e, 28, (AELhod: ageor ding fo, 80 oo
mechani cal Worn2QaatEl1 0646t RECTE/ R0 7 /005841 f26neandi or afiffmateal . a29. aMet hod
accordh%g tOt%&@k@%%%recggﬁ%ﬁ;%EEZ%glk@ng point of the precipitate.

22. Method according to claim 20 or claim 21,
characterized in that the bringing into intimate contact
ig effected at room temperature.

23. Method according to any one of claims 20 to

15 22, characterized in that the bringing of the substrate
into intimate contact with the stiffener is effected by
molecular adhesion.

24. Method according to c¢laim 23, characterized in
that heat treatment is applied to strengthen the

20 interface between the substrate and the stiffener.

25. Method according to claim 20, characterized in
that the bringing into intimate contact is achieved by
depositing a layer sufficiently thick to form said
stiffener.

25 26. Method according to claim 25, characterized in
that this 1layer is deposited epitaxially from the
substrate.

27. Method according to claim 26, characterized in
that the substrate is carried by & carrier substrate

30 having a coefficient of thermal expansion substantially
different from that of the material constituting the
epitaxially grown layer, soc as to cause stresses to
appear on a variation of temperature.

28. Method according to any one of claims 1 to 27,

35 characterized in that the detachment stress igs mechanical



that this detachnment stress is substantially localized at the |evel of the
I'ayer of precipitates in the liquid 5 phase. 30. Method according to claim
29, characterized in that the |ocalized detachnent stress is produced by
i.nserting a blade. 31. Method according to any one of clains 1 to 30, 10
characterized in that it further includes a finishing treatnment applied to

the face of ?Beﬁbﬁypl}bgqbexposed by the detachnent. P@g %ggﬂoggﬁggdlng

to any one of clains to 31 characterized in that 1t urt I nc
during or 15 after inplantation, heat t2ZBatnent to encourage the formation
of the precipitates.

and/or chemical.

29. Method according to claim 28, characterized in
that this detachment stress is substantially localized at
the level of the layer of precipitates in the liquid

5 phase.

30. Method according to claim 29, characterized in
that the localized detachment stress i1s produced by
inserting a blade.

31. Method according to any one of claims 1 to 30,

10 characterized in that it further includes a finishing
treatment applied to the face of the thin film exposed by
the detachment.

32. Method according to any one of claims 1 to 31,
characterized in that i1t further includes, during or

15 after implantation, heat treatment to encourage the

formation of the precipitates.





