WO 2007/ 110515PCT/ FR2007/ 000534 1 Met hod of detaching a thin film by
melting precipitates Prior art and technical problem The
I nvention concerns a nethod of detaching a thin 5filmfroma
substrate by nmelting precipitates. There i s known al ready,
fromthe docunent U55 374 564 (Bruel), a nethod of fabricating thin
films of sem conductor materials conprising the foll ow ng steps:

1. bonbardi ngwa 2%/ 13054 5substrate with ions, in 10PCDIERZICA7 000534
i nplant those ions in sufficient concentjation to create a |ayer of
gaseous m crobubbles form ng mcrocavities defining a weakening

| ayer; 2. bringing this face of the substrate into intimte
contact wth aMethéfentrdetorrhiihS.a stpar ilorbwimde devalecabitlees

| ayer of mcrocavities, by the application of heat treatnent.

In the above docunent, the ions inplanted in step 1 are

advant ageousl y hydrﬁmg# pasandl, teeknical muabdemd that rare gases can

al so be used. As fahd fl@w%l&%hahsncaﬁsla ﬁé&&%%@'ﬁtﬂl&bd%r QGhin
it |sformad€Jc silicon, S, in at. i.t can al so consi st

of sem cenductl® %%F&%ﬁtﬁftﬁfb¥HEejpte’rri%é¥r@°1185F@t8’F t he
el enents, such as gerereni is knbwcorelmwedyde dromi | titen-dmrurentumyus-

al l oys. 25In nt, | of
heat yt r eat man% hJe}{)ut |4? ﬁ:&%[ en ar ?g%g@? % f\%ﬁ%ﬁkgﬁgf t?%nn%g?ﬁ{(s of
to bring abomemmrsﬂewoat méﬁeﬁyahﬁpq:wmsqw &860EPALPUHNG S FRRS Wi t h
E:JCQ hgat erat m‘«‘“%];h %fﬂ@b@&%ﬂsmat %@Eﬂf@rsﬁﬁéﬂf&@e Wi\tﬁﬁrib?g ain

ade e me n the two.substrates .and/ar a [ action forges
and/ or g@ndl nyF %TFCE% AFELRPE s P"r{élgfef dP88s lnar%%#m&%ﬂ%y FPUErELIGRd
or m crowavestof ceezfal |y chagen pofergamebds eqnnem:qk:)ubl:ﬁ@s i forming
parti cul ar tn&hmaegsaefﬁneag 250 A1i5P3ly Shyal;) and

| nprovenent s eret )
. bringing this face of the substrate into

intimate contact with a stiffener; and

15 3. separation at the level 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 c¢onsist  of
semiconductors from group IV of the periodic table of the
elements, such as germanium, silicon carbide or silicon-
germanium alloys.

25 In the above document, separation is achieved by
means of heat treatment, but it 1is 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 applving traction
forces and/or bending forces and/or shear forces, and/or
applying wultrasound or microwaves of carefully chosen
power and frequency). See in particﬁlar the document US -

6 020 252 (Aspar et al.} and improvements thereto.
35 The above technique has been tested on substrates



35The above techni que has been tested on substrates WD

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

i mpl antation of other ions, light or otherw se. The defects
created in this way have been given various nanmes: not only gaseous
m-<rocavities, but also 5 flatter defects (sonetines referred to as
m cropl atel ets). General | y speaking, this technol ogy uses
gaseous m crog@avedoesLlosasl i zed in the substrate, atperdsEdo7atooossah
it isrequired to "cut off" a thin layer., 10However, the principle of
bonbardi ng a substrate with ions is al so”"known for other purposes.
Thus it is known to use such bonbardnent, in the sanme field of

sem conduct or soaRsl Mogr osdiest  ARLES al®, Catky QiipldeRiatgonW ¢ other
ef ficacies in.direﬁr roportkgn to the inplantation 15doses.

In this regar%ﬁnﬁﬁn'%#§§ SEulreés™¥h%@ been carried out with a view to
characteri zi ng acctihat eflgfediss coneege@ndes dHisuwhyddpivieg, beéer. given
charact eri zi ngo 6 L1yl dRHECHAIP chBEbS! RIS bORLI €A% | eBuL Shsam
such 20 doping, and, ere possible, to determning howto avoid or
at | eastSnini A3EEfuch dwi®GSr at i ofometimes | n pafereeflar, & k. as
JONES et al . ,midrddiatRapes)". Enhanced el imnation of inplantation

damage upon exceedi the.solid saolubility”, Journal of |ied 25
Physios. Vol - 62, IRergiTe fexamsi 158%5 " StitineY, 4% 4 Bestlus
t he i npl ant atmigrafaviidiesoflagailized an glivsphdraiyraten aters adeephhcat

in various sqh§gﬁ§gg§isig@hugggg §5|Jéﬁgnoﬁ%ndacgﬁgnt9a§gg_conclusion
that, if the peak concentration of . the dopi i murity exceeds its 30

pi ng
sol ubi I +Py in siIi@é’Weé(Frthet%nE’é}Fﬁprt%nﬁgré? rHingr 8 | SYOFEEETE]
el i mi nati on ofittef tohs 0F type Knowaorfirstotiger mpasddesul arhwdf it is

g, 3ot on | 98 Ve, 0° LR B Skl A inUsg 1Ry oo
found in semiconductors and microelectronics, to carry out doping,
with efficacies in direct proportion to the implantation

15 doses,

In this regard, wvarious studies have heen 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 avoid
or at least minimize such deterioration.

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

25 Physics, Vol. 62, No. 10, 15 November 1887, 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, i1if
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



35particular that inplanting galliumidns in silicon at WO

2007/ 110515PCT/ FR2007/ 000534 3 100 key and at a dose of 1015/cnR

| eads to anorphization of the silicon, with a gallium concentration
peak that is greater than the solubility of galliumin silicon both
at-900C and at 1100C (the limt of solubility of gallium5 in silicon
is hardly of the order of 2.1015/cn2 at 900C or 5.1015/cnb at 11000);
however, 16 hgorseei,/mrosas i ng at 550C | eads t o recryct atsdonst/ioons5ak
t he anor phous phase, and if this is fol Igwed by anneal ing at 900C for
1 hour, precipitates are forned which dissolve if the 10tenperature
or the duration is increased (for exanple to 8 hours at 9000),

elAibm' nat: ng flﬂﬁ@q&elw ?anaya@dhl dose tof ngMﬁcESU@e@asaIgg a'ln[tirtﬁﬂﬂz?&%@h
"Abnormal soli ol utjon an Ivat | ehavl or_.1n I n

(100)+ " appl 1 8 B o TRl fE 9o paliiaR \BESnt hey i PRATERE: s
1987, pp. 2037re03S; thacuss tsed ubfiléty sobf gahhibm i iy ol isidni dofh at
doped Wi th gabddem 4Aady ?Oﬁobs’ct%hSOQEh%' oR ts%@chbm@tpeeav'g%ru%m

anneal i ng substrates i ant ed [Tumis diff ere?;t
observed2wi t hi®t ﬁé?ﬂl‘él‘b‘bahﬁsha?‘glﬂéeoﬁm%ep%é?ge"ft Key0 d@l‘f’d F‘Fratgoﬁ’(’jc
i mpl anting gadail Bmolﬁ'/&m? [ §anlaoo¢©) kenoa@deﬁplsscﬁeuré OblEowecheayl ing

anneal i ng for a d to_anor h li_con that
the gallium cdh e%to tgt ﬁa%%a O(er85§7€%j21)2 s kg% i S ‘%er?'mt IP%?O

greater than phessolamt |if ythigiis oﬁolgleclwelduhﬂ mieRldog 25 980°g0dor
and that anneplygig- at p;éQQB&&%s 18rs cadisfed Nengah | id@sblve if the

recipitate. Studies carried oyt tq i nves e the hen
gf foPr‘rﬁ’Pl on FMRFEEYH? et %eql% |lﬁcllﬁ’d’§et3%§%i dfog e p elt

al ., "Mechani grh@frsna@wbionste;, &bimivatamg mie&@c@amﬁetjrpeol’m npl ant ed
GaN nanow res", Ap Rhysi tter V, 2 ,
l1to3 Septenber 8;05%'11&2%%%%0[& fou% ﬁgt %n‘gl gﬁt ‘%Qno llu%l%l}%%‘

GaN nanow resscakuta@mef%d artigebienp b@laawomf hellhpﬁ'@a'rl énf;ﬁd Si
precipitates pfoma | | wpoMieh apEysidd emdutemsS50 vom to 3500 nm, and

that there errgof'ch589f NG OTH3879038, aiscuss the effects of
annealing on gilicon doped with gallium, and come to the
conclusion that the behaviocr on amnealing substrates
implanted with galliuvm 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°, 1led 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 o©f 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

2 led to the appearance

nanowires at 50 kev and 2.10%/cm
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



WO 2007/ 110515PCT/ FR2007/ 000534 4 accunulation of Ga around the
region of voids. Note that galliumcan be used in the field of
sem conductors and mcroel ectronics for applications other than
doping, in particular synthesizing certain Smaterials. Thus M
K.- SUNKARA et al,. in "Bulk synthesis of silicon nanow res using a
| owt enperature vapor-|iquidsolid solution", Applied Physics Letters,
Vol . 79, No. @0, 26eprErrdsrs 2001, pp. 1546- 1548, descrCberrRdomy-000E34
tenperature vapor-1liquid-solid synthesis,process that uses
| ow-solubility solid netal solvents for silicon and ot her
sem conductor materials. They propose in particul ar synthesizing
Zilicon nﬁnomhﬁeﬁmwﬁétibnﬁﬂﬂ bunB&SuﬁGIVB@tredmﬂﬂ(ﬂfngoagsa Ga-Si phase
i agram t hat shows t e 15..S_a eGtjc o} i
with x=5.10- 8% \Ahili%a%atstg%rreqa?iln%mpo?%% e 25?’%@0(%%5?“@??%%%‘? St
pure gal | i um seDi¢omdudtnrsof ame | pvereelrrtaendsisectfast t3rPlivadiongn
is to exploit,ghErClinal agﬂm@; fijgat hepes bt isin¥ABEDESng certain
i npl ant ati on technjques, other than voids or gaseous cavities, to
enabl e dét achfRReTH12hin filns, without having to generate
m cr obubbl es or m craavit i s SUNKAReY opt atél et sin atBull pgnthesiar of
enabl i ng use, o] : S d T i.npl 1 Al I
of species th%?ﬁggn%opahgﬁﬁfggsg%gésn%?e%%?ég%ﬁ%ﬁgﬁﬁgpfﬁﬁ%gfﬁ%ﬁﬁ%%
to exploit fofahidonseiutipprbpri dPelpedci phyates. Lettersyt Volpadéd
on Ithetfact tlb_@t,l% isugi:té:h@éh__sl Elogmi?o?:ﬁw,lii%flt%_@,Ve@e%ﬂ&fé aate,lome
i mpl an speci es an e iml.an i on, condi ti,ons, and al so
Condi L1 s of SHPSR B0 P Ar S AP AL | SOMETS nBEREEgsi drat
and preci pi t atess f bowesbhgid iconsedudnaetefl ispdiventisndoiross ligonhand
substrate havg.ReF Bl dh LRI M RED h1E, T 8ROE Slod P SHAINARS Rl ar

which it is usual to apply a 35treatnent such as annealing (typically
bet ween 50C afyithesizing "silicon nanowires using gallium as solvent,

bullding on a Ga-Si phase diagram that shows that there

15 is a eutectic compound, Ga(-x)Six with x=5.10"%%, 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 expleit structural
20 modifications found in wvarious implantation technicues,
other than wvoids or Ggaseous cavitiles, to enable
detachment of thin £films, without having to generate
microbubbles or microcavities or microplatelets, and in
particular emnabling 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 Jjudiciously
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 (typically between 50°C and



WO 2007/ 110515PCT/ FR2007/ 000534 5 1100C), so'that detachment can be
achi eved when these inclusions or precipitates are in the liquid
phase, and have a behavior in relation to the substrate that

approxi mates that of m crobubbles or microcavities. 5 Thus the

i nvention proposes a nethod of fabricating a thin filmfroma
substrate, including the follow ng steps: (1) inmplanting in

t he substrat ava ae7gfllasa6ngaseous speci es, that speiTgFRINATY Q0534
i nplantation 10 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 |ayer, those
preci pitates H€W?g)i,n so sthad pghasehhavi ngan ivel tagig gyveidntwise] onhéhat

O e S UDS 131,530 15 2)o ARBERERG,R oL .f 4B DY Bk d Nean

substrate at 't eve er of precipitates

det achment sthed$s @nd&ehagaart i bﬂs Felakith thee pheci EPPEE §t%r etF%t
the liquid phagtoxifhatBsSthgt Nof mididbubbiest bashidoddie gikishod 20

descri bg inthe d éumagg US-5 374 564, the |onse| Ian%eg %,? stgjr_) 1
are therdfore not 3580u5%spBEFES!OR} t%rcf%eé;’nt o diSt S - 017 A
non- gaseous isonthime fiddapiem td fawbstivatehe iisdiage, thaf t 8pllowing

i npl ant ati on, t@p Qne or conjointly with the species (or a species) 25
contained in the subst rate, precipitates having a nelting point
within the range ofl1f eiBIaREARE AR whRRh FUPSTTAEELA1ORD é—’dfpl g mnon-
treatnents t gaskeusubsipeates, thhatfi kpecbescoapdnephe usedlantation
m croelectro ore o] S
30 of 5. anGRHFSORePeans, HratE, B2 choduaktoaT b EH%@%%.ff%f%
requi red onl y"-htGO BWBFIINAES he?R andSt hépebyer’@hlm né’tl’@ deﬁfé@taéilon of

resul ting fremd-aphaatati Oébnﬁﬁﬁ@ llsl ngeptafl Qﬁus'@:ﬂlﬁﬁéﬁl Nwt BRin 2

t hese preci plltates have a_ | ow, nel ti al nt or ort hat_this
can be 35expl6¥EEd HOBRi RGahBtLa o 50 ‘3?% TE9\b
2007/ 110515PGELER2GOPOLO0005B4low that of the substrate. and

15 (2} detaching a thin £ilm by breaking the substrate

at the level of the layer of precipitates by applying a
detachment stress wunder conditions in which the
precipitates are in the ligquid phase.
In this method, and in contrast to the method
20 described 1n the document US-5 374 564, the ilons
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 is 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



6 which these precipitates are |iquid. Simlarly, in the

af orenenti oned paper by DHARA et al., who detected the formation of
galliumprecipitates after inplanting galliumin 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, with the result that the docunent cannot be considered as
contai ning evlf 20Q7&11Qf k% st recognition that the pPEE/TRIUNDLAAI4
be 10exploited to bring about detachnent gunder conditions in which
they are no | onger solid. Wth regard to the docunent by
SUNKARA et al., it has been stated that it proposes to exploit a

Ga- Si eutect|UhFﬁht¢Rﬁﬁ@(ﬂHQ§l§F§?§esbﬁ¥el%#%%Mgerned only with
15synt hesi zing sil lsiﬁﬁh.ldrrlgepeﬂﬂeﬂié ﬁﬂﬁreﬁ@ﬁtiidﬁédobabﬁﬂ apt IHARA et

with a view to. deta sad anta usfeat ures ofth
af orenent i oneﬁlrmt §8%§F&e§p§ 8pr 1 &8%?’%"20“1?1&0 RrEgFLtates
i mpl ant ati on afteheimphanting pgatliiwe by ﬁ@ﬁbamhﬂEﬂtiSi§QMﬁ#§§eﬁﬂ®Pn

ef fect ed sat aoker&%%eﬁs tﬁﬁp%éﬁ@fﬂ?' Eboe RebEL Qf itates; note
precipitates, which articul gr enables the rec |ta es to begin
Do form in t hENRBl FhepKRcumess. IndichErS 45 b RECRISR hElpr £8FP

i s advant ageogslyiwboweltmomatenper ag Uk £, wiliich thear ansebs tiiadt, a:Ihe
room tenperat g, %Ré&f RIBGLR! tAL e Y, %de@ephea§°£6;%t%'1ﬁﬁﬁﬁt ‘é\ﬁé&b the

m nimzes theri uni ntenti1 onal separa on, 1In
theory by bonBhigiteft ceermition that the prec1p1tates can be

i0 exploited to bring about detachment under conditions in
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 o©f 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 1ions, in practice by

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 of the precipitates is
advantageously above room temperature, which guarantees
that, at room temperature, the precipitates are in the
solid phase, which minimizes the risk o¢f 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 torresponds to
conditions that are particularly beneficial fromthe energy point of
Vi ew, - detachnent can be effected after increasing the
35tenperature of the substrate above the nelting point of WO

2007/ 110515PCT/ FR2007/ 000554 7 the precipitates, which inplies that
the precipitates are nornmally in the solid phase and go to the |iquid
phase only wh#&@® 2RAY/1X05EHuired; this detachnment isPETYERZ2QQ7LA0G534
tenperature at |east 15C above the neltinpg point of 5 the
precipitates, for exanple, which contributes to ensuring that all the
precipitates are in the Iiquid phase, regardless of their |ocations
and their sizébe precipitatra.achivait izodlse phatethd bycaipltiated tare

of cycles thahovahyiyhent @MRerE Haddeamubgsr abe tile qqfé%ﬂd“'ﬂ%se
the precipitates on eltﬁglalslde of the neltlngﬁgé)ln hereo |ch

contributes t8Bi¥c¥BES todd NeEK&Rdg TH Bt Sfhi
precipitates ateacoa:fnpemtuﬁ‘e)ratemamﬁte 115@caabevef thaenmehainge pﬁ:.nt of

vol ume associ g ed éi‘égll}’ Sdiecess] emgg% PQﬁsecoﬂtFﬁﬂx&es to

plurality of cycle$S Inc €5 dround ten cye or exal or_nore
whi ch inpli eSEVéP’yl%SH grieitc ant 1 mééneenpﬁgcmﬂftatq?@ nerei g péhﬁt }iguid

above ro?rr? t ?ﬁﬁéé@t ;Jf@gaﬁilet%spldﬂ %htewt D&Bcf:&ﬁ/fdr% a@@; (t):@l@?&:rl éﬁ.zé?
varying the tenperature o substrate_from.rqo enmper at ure
bet ween a terrperature‘{egrtﬁ) e feftity B5eH fedeg by a ?E‘gr?rg Y ngt
poi nt of the pretépitbbas cuarbe thesehenbenatuyrmomaikenpErat urwbstihte
bel ow 2Q@C, V‘@bﬁ@aiénggenﬁ&é"ﬂﬂec‘i‘i‘ﬂ%‘a@%egnaek%fe§'P&é B he gy
end, the 25 ions are advantageous|y ch ose hin t r ;&ﬁ

conpri sing ceBPURAT gtéﬂefq%ﬂﬁ' rHHFGPurﬁFOIb%’E e‘tfm tgod?ﬂgﬁ ImIGr¢t
i thium (al t heagheting lifsttha Neyeay obawidcho tise corpréhénstye, e
many ot her prSBh?{L%&EeS £62N tea'ﬁ' e | P! feat&?éhéQanha%ﬁhxﬂne

nel ting point e 30 ang ncerne if a
precipitates pgseetpiedd Wil et]ia%orﬁ‘{cé:@ﬁéllﬁﬁur@wesoepéw ReEe; wiiteh

i s benefiisci al plugalithe eyfer gycpeksnt J.ﬂélwdl@N dzlRmidonsear ecycles, for
advant ageousléécho en V\Athl n the su up co r| sin ceS| um gi

rubi di um pot and godlnl‘ﬁﬁe( al tf Ju 351K &P st'S

to be conprehesgkemingis otlfer the melting point J.s 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 advantageously 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 precipitates can be
obtained by implantation that have a melting point in the

3qQ 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



WO 2007/ 110515POT/ FR. 2007/ 000534 8 preci pitates can be obtai ned by

I npl antation having a nelting point in the range concerned); a
precipitate nelting point above room tenperature but bel ow 50C can
even be chosen, which inplies only very noderate 5 variations of
temperature, in which case the ions are advantageously chosen wthin
t he subgroup conprising cesiumand gallium (although this [ist in no
way clai ns t oWBe280@pPLe0®H%i ve, as ot her precipitat ePCEARRBRODHO A0l
having a nelting point in the range concgrned), 10 - the ions are
advant ageously galliumions, which corresponds to a practi cal

i nstance of particular benefit, all the nore so in that its nelting
poi nt is partprerapliatesy, canhebgulpdtaanedcdy conplentatien sspvgng a
part, such 15x;e38iagWeb@imt akher faéi WRlnge t Bensebsdd Bt eac?Er@@iﬁﬂ@&é/

a layer carried_by a su rt, for exanple referred.t S e ort

substrate, w f“ﬁilﬁgﬁgpé’rotg‘ggs GORVES ré’%ftt?r“)pefré‘%f?ﬁa @P%a%ﬁ%ﬁ’Walslsq@ﬁ ofa?
st acked | ayer evenn practdlesenf, divtiehentimmtiesi alanly n tdiys casderate
the context o q [ | ubst r ef d Is h

| ayer i n%xv\hi c&at&ﬂgt%?%sci %ﬁ%%@%ﬁ%ﬁgf%@ t%ﬁﬁgfll acearegreecg}l?e&%%lﬁeeére
substrate is B8UARFFYCARFHOUGHNIRAD netiddeyr i [HRe t FEPIHPEP npSEPE IR
of this multikagetmpantl, gaagsiuhl yagceveusd whib aiguchnt Monely | €yeins

for exanple of oxide), 25 : the substrat and there t | east
the port) on of% nEeat SARERPEBREE par e nobREEn BrECiadl 8" pe
formed) is adehttagedusivying aa malydngl bphet (Honder g icoacesnedyen

pol ycrystal | i ne) mateghal jonkh@rsulsivaalcdgedldiyneafionr albrsgasinide
portion 300of the aforepentioned part in i ch recbpltaﬁgs are, .
formed) is adFIREEERBUSTy 6P aseR*&HdGEror ’rfggtt@rri 5, °f  pertiqular

substrate is aduafifgeaddl| tief mote con, iwhitteai sitassoedtiggepbint is

practical inpgLt-ancei ]g%y\qv&g the substrate can al so be chosen nore
general ly fro%gone ora nmore ‘materials from groug |V of the periodic

table of the WD 2007Fh808WaTeN? PR/ BOBSTIC 9ot 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 (im this case, in the context of the

20 invention, the substrate referred to ig the layer in
which the precipitates are formed; this laver called the
substrate is usually, although mnot 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 aforementicned part 1in 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 periodic table of the



el enent s, if the ions are galliumions inplanted’ in silicon,
they are advantageously inplanted in the silicon substrate at an
energy of at |east approximtely 100 key 5and a dose of at |east

1015/ cn?, alternatively, the substrate can be of gallium
nitride, which is also of great practical inportance; nore generally,
t he substrate can al so be chosen frommaterials in groups II1-V of
the periodi c WabReOHI11GRLIZ0 el enents, especially AsBETARB20H7D/06H534
material fromgroup I11-N (for exanple GaN, InN, AIM; in a further
vari ant, the substrate can al so be chosen frommaterials from group
[1-VI such as ZnO or ZnSe, for exanple, if the ions are galliumions

i npl anted in @léBeydsliumnitride subst rate, they are advantageously

inplanted at an energyrofci@d |£asd apps oxgarialy Slhdey A dese of
at | east 1015/ ¢n?, theé'fi}' [ tate can sseqtllall on,s st

of the speci e§11H5Pant BREY £4% gPBS ¥hi-BRL2BhE H:th on
m nim zi ng desebsorate oat odnt beesgwsofate debstdeppheximeywsly 100 kev

al ternatigvel y, if -t Bey. a(@cé}otlefagq:ngglg%y of inplanted ions, these

preci pi tat es cont ai n, on to the' inplanted species, a species
contained in the subsﬂ%ﬁt@attlﬁieéyapﬁ}h%sSpﬁsb’éﬁl‘%?c&laar Be Ofe gallium

eﬁt e;:t iC 2]§t hﬁitﬁﬂﬂ\bepe wbh g8l vad aetswe&ﬂf g%&baﬂmp&fﬂtiﬁlcb&COﬂnportance
t he ace O the su strat C t.he Lons te is
advant ageousl| Y°bF o At 2}3 |(r)#1%rra¥gb Rct S@lte 7 5 stlir’? %8?;%1 from

however, a stmatenealmynb@roﬂpﬁo lliéﬁéffqu ekpeprultgic f tahket kifn the
| ayer f'l'iba' |y epbhahted %Qbécwiiycm@,@%d Yarid Oirpt 0 ke sekdtauRRer ti g

the face of the substrate ught intao i nti_mate cpntact Wi t h
the stiffener 95P9R tiddpdr af e W@%"E hEaNel PNy gty of?t Re further
preci pi tates, vhoiamxanphe, substcatia gy talsd dve adlprsis them cmtiagials
i, " W SSEESHAT IR, SUERRCA oA ok Wikabial o
he ions are gallium ions implanted in 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, 1f they are not formed only of
implanted ilons, these precipitates contain, in addition
to the implanted species, a species contained in the
substrate; this applies in particular to the eutectic

25 that can be observed between gallium and silicon,

- the face of the substrate through which the ions
are implanted is 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 sgubstrate can be brought into
intimate contact with the stiffener at a temperature
below the melting point of the precipitates, for example,
which 1in particular avolds them coming into intimate

35 contact when the precipitates are in the liquid phase,



10 “ this bringing into intimte contact is effected at room
tenperature, which is also particularly beneficial fromthe energy
poi nt of view, the bringing of the substrate into intimte 5
contact with the stiffener is effected by nol ecul ar adhesi on, which
is-a well-known and proven technique for bringing naterials into
intimate contact; heat treatnment is advantageously applied to

rei nforce thewﬁoﬁﬁpﬁg1195%5 the interface between t h€CTABEB2PAT L0@H?P4

the stiffener; 10 - this bringing into igti mate contact can al so be
effected by depositing a layer sufficiently thick to formsaid
stiffener, that| ayeri sadvant ageous| ydeposi ted epitaxially

fromthe substrate, -t yRi¢abringtng depeh iringtesapatacthdrmdr efifected
m crons (thisagpi t%@l | )teﬁfp@wﬁthﬁéf?r addnhe sgbstiiaie apartDeEBiere

advantageousl%ﬁgﬁﬁ % erea S thatl % dentlcal or at |east
conpatible fr éc&? sTR™ 141 (FETHE KPBF 97 e in this case, the
substrate is preferabthecarrirgidgy @Isupdert sybbtrﬁme 2@t0haw1’ngn®lte

coefficient Ofcohfesaealw PANGION gl grbhbeanidy éiﬂﬂefcecrantbizr%m@ﬁlé)s
t he epitaxi al whi ch_case a variation of

Iy :
t enper at ur e, ngﬁkaﬁplngﬁﬂe¥$n§ PROITERDER 2R cPEPTRR BpFbGug for

deposition, cawiesigfreasesiahsthetereéntpnditd esonwddtch leeo U AgeiSment

251 upt ure at %gﬁ ?g%%ltlaggoﬁggip?éﬁfféc? i)%@t ?éinf%rc hc—E- %‘or?c?trf% hr’@rg

stress is nmec ena roI
anplitude; it thgninteniare drinaesl thet Séhﬁt@’iﬂ* Oifid tfﬁtﬁ sttidfeper;
gener at ad by the presente BriddEndrestpi Latesarsebestave ehanaiab be
ot ack 3can gieleLegthal b ikl IS ICRRL AT A8 co com
substanti al | ysko8abtz&fenerthe | ayer of precipitates in the liquid
phase, which avoids_sﬁﬁ§§singa&gg r esg g of té&yéﬁ%@@@gﬁggye, deposited
epitaxially from the substrate, typically to a depth of
i5 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 wiew); 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 is mechanical, for example,
enabling good control of its amplitude; it can also be
chemical (it can exploit the stresses generated by the
presence of ﬁhe 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,



WO 2007/ 110515PCT/ FR2007/ 000534 11 the |l ocalized detachhent
stress can be produced by inserting a bl ade between the substrate and
the stiffener, which is a technique well known in itself, this
detachment stress can be applied in the form5 of traction forces
applied to the substrate and to the stiffener; these forces can

I nstead be bendlnﬂgforces and/ or shear forces, which_are_ al

t echni ques wePP ERBAALIPIhensel ves: this stress canpﬁpégR%ép%¢R99§ﬁﬁ

by neans of ultrasound or m crowaves of Hppropriate power and

10f r equency, the stiffener can be produced in the same
material as the substrate ve the stiffener can alsqQ be in
material having a coefh§ c?@ﬁ?f\e e%xﬁﬁﬁ%?%e%q gRFF RSN CRY g%ef f%’f%‘?’ﬂcea

fromthat of bige snbsttiaie, agi WdadaSthetwesn t erher atinsesatbatandie the
process enpl oys et ho I er, udes a
a.ff?nearbplx%ﬂé&dﬁ} 35 %eqF@Hﬂf%éégﬁ&’f %Ju!f'H tl'?l 1tb@§k

finishing treatnen I'm exposed by
t he detachnent, - thigidetaimeataglaReagestsPy roRlied 44uﬂhﬁk§9€ﬂ)

steps, kmown b tﬁi@@&ebmeaorl@@bw@@mu@nl adﬁa&m@nsaﬁstﬁl@t@cmnn:o afhe
fabricating a el ectronic ,co

| E; g% 1]9 %gxem cr ce ey b %orces
met hod can fuPth %E1u Reat - Treat nkRt, *%ﬁ aQB?e §ﬁﬁéﬁpln
adapt ed to enevdsageshéar 2E0ugproandrich @tepﬁéeppteahesqmeﬁIwmﬁkmknown

i npl antation ¢prehenabhyepef ehes bgteesggcaﬁt avset 'H@ta%pqq[&ﬁa%h( Whddheh
stiffener, if Hgny, to mnimze the mass to g eated 0 a

t enper at ur e: Fragqpnd heght T%Qﬁﬁﬁﬁ&%? c8 d?%RFQQﬂaﬁtﬁlang%ﬁteﬁnd
such brilfgi ngfrateeneay) mate contact, in 30 which case the

precipitates are f(urgﬂgirg 'fBEHE?' QEQ?tQﬂ§) roducedcbh.Ct he . same
features and advantages of the 1nvention enmerde fromthe Tollow ng

description gMRERATHL wadF oFhe¢ | SUSELERFTE éﬁﬂmﬁﬁﬁhlnﬁﬁﬁnﬁtéﬁéﬁﬁﬁé TR

with referenc@lso be in a material having a coefficient of expansion
significantly different from that of the substrate, given
15 the low temperatures that the process emplovs,
| - 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:



35t 0 the appended drawi ng, in which: WD 2007/ 110515PCT/ FR2007/ 000534

12, figure 1 is a diagram showi ng a substrate subjected to
i oni ¢ bonbardnent and inside which a | ayer of inclusions or
preci pitates has been forned, figure 2 is a diagram

showi ng the inplanted and 5weakened substrate after bonding a
stiffener, an re 3 is a diagram show ng

fromfigure Zﬁgf?gp'?ébjp%%itl on of detachnent st ressggﬂ?f‘%ﬁﬁﬁgm%ﬁﬁd‘

of mechanical stresses) at a tenperaturelat which the precipitates
are liquid. 10Figures 1 to 3 represent the main steps of the nethod

of the invention. _ _. Figure 1l represents a substrate ( ﬁFggt' S
called a wafer), in t%]e%urﬁf.pr lduJCsed EF)n %lés]%%ar%on%g%vftl&?g ma_erlga sltf{(;%e
as silicon. 1BThgetbedekosdbsirabembsrdugpecend tosidai whbchbar diarar

shown di agr anpat i g&l hyidk (die REkWs cidred ad PrbnsRRMSgNat ure (i.e.

the species) of these_jions is ¢chosen . as a function of the nature of
the substrate (forned T Ehe? ot nBr £18gEaReS lﬁ?or'fé”)e m%aﬁée%o and

i npl ant ati on weaKeheédnsybdtratet kétbonbandimnta condifienewrs apdi marily

t he dose, the energy f”ﬂﬂl%eh% t egpgr %tiggg%{naggogggger{hteo égstae?‘%gé’na%ﬁoétl

precipitates that are confined in the hw se direction, ]
t he formationfégune| ayefter GrRicatirrarés IpsRcPREPESTHIRISS] Hose the
precipitates betng oS mdddiamBda0f duAsarted sl o4t tengdevhcite app! ivialkie

of atons of t substrate. Thes Lecipitates al so have the
particul ar fegﬁﬁr Ib% lpg%tiantéesl %r% ?ﬁ%%gphase, nanely a solid phase,
and of B&ving a nelBigursgsoi ht i t Bi ireparesenen tes owplia rafimps opf the

t enper at ures goapsbdesed-1as 3Qenf@dgrate tenperatures in
m croel ectronics, and therefore co e Wt ubstrate. This

Tel i ng. poi nt T 5 aduHHdodSiR BEPER 20005 GFAES ol RPRY R Sried
even bel ow 50&. wafer), in thedhe boodacatireit &ssefiieohdcbdra re@tamppdr
face 4 of 35tphg.gubstdatvhere applicable covered with a layer 10,
15 The latter substrate 1is subjected to ionic
bombardment shown diagrammatically by the arrows 2. The
non-gaseous nature (i.e. the species) of these ions 1is
chosen as a function of the nature of the substrate
(formed of one or more species of atoms) and the
20 implantation conditions, 1.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 also have the
particular feature of being in a f£irst 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 uppexr face 4 of
35 the substrate, where applicable covered with a layer 10,



WO 2007/ 110515PCT/ FR2007/ 000534 13 for exanpl e of oxide, obtained
intentionally or not. Thi s bonbardnent causing the formation
of precipitates can be acconpani ed by conjoint or posterior heat
treatment to diffuse the inplanted atons to formthe 5required

preci pitates. The |l ayer 3 of precipitates and the free surface
4 delimt the future thin film5 to be obtained, while the_res

t he substrat eWOukfB8&Y/ %ﬁ?% $ayer 3, is designated by ?EEIFE?%?%ﬁ%%9534
nunber 6. This thin filmtypically has al10 thickness of the order
of one micron, or even |less than one mcro, or even |ess than one
tenth of a m rse, .the dinmensi onal oportlons

ron.
bet ween t he VEPF08§&T‘%§7‘%r%9&X1f Qurbtainged HytewHnhrlly Scargt-
clarify the di agranThis| n bhdebavdargpite skhewsihg fi goee 1fontnaatlon of

substrate is ﬁggbtha?gesfQéﬂsbéhscﬂgﬂgghfgdtﬂf §8$§o tﬁ%%%éf{ér

(such as a wa escri bed herelna ter
substrate is é?ﬁér REERVBEYL o yAkE Fugrethec 4FPLaatey AateDppeR t JOXM tHI
a part fq;nedr@&uakeaepﬁécﬁg)lﬂmg ayers (at |east the Iayer form ng

t he substrate and ay for the su rt als th ar

in practice di fferaTm gﬂﬁ?r ?ggsgﬁ??ﬁ)ﬁ)&‘gﬁg de:@h ¢1rg Het-tace %
i nventi on bei Aglihat the frteirpi thiwstale 50t@Euelﬂbt¢nEﬁdéthlle the
form ng the SHQ‘S‘.U@Eeth%h%uﬁHQs?EEét euh§e§5t:19{§ffé y3 I hes tepimsdated

| ayer of this oe _not . rul ut there being a
ve?y thin COVBYIﬁée|5§g?r§%%% éﬁgh isqgh FQfEFg dt¥%9%£59%) nab 5
In figun® 2, ahlohnemabfsmppomdsmbgtfr a:me hiczonet ioxeevadns d asef erheed
to as a St'ffolSrmhéfoPrQP%U e?ft epbAt bH@Lt’F‘erf’cgpto%Cta WikBohhe

future thin fi &re’ it is b prefera nol ecul ar

adhesi on, to the fr@e SorF3Re Eh%fdﬁﬁ@n§{ﬁ%ﬁ%eﬁ¥939ﬁ§ﬂﬂﬁ$\Mﬁ?ﬂ?QHuihe
i oni ¢ bonbar dyepiot9oR agkase.ofAl fogurd | Yekbye tits Siidvni ener seanebe to
produced by d@EQ?iE'°§h$QiL e future thin filmby any 35techni que

known to the person S the art (for
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 is wused. As 1is described
hereinafter, this substrate is alternatively only a laver
(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 is 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 f£ilm; 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 technigque known to the person skilled in the art (for



WO 2007/ 110515PCT/ Fw2007/ 000534 14 exanpl e chem cal vapor phase
deposition, etc.). This stiffener can be produced in the sane
material as the starting substrate 1 (or with that material as an
essential constituent: it can be an oxide of the species 5
constituting the substrate, for exanple). It can also consist of a

material having a coefficient of thermal expansion different from
that of the sHBsBPAYELIPPHYF ded that that substrate/ sPFEYEREPO7/000534
conbination is conpatible with later heatatreatnent. In fact a

stiffener of this 10 kind can be omtted if the thin filmfinally
obtained is of sufficient thickness, in particular to be nanipul ated
wi t hout damagéxample chemigalf | FgPer3, PRESA tARGIELIPe aftfhl eh Thes
preci pi t?t eShEQiﬂf@ﬁeih%ahay&% §56ﬁ@cédl the dﬂa%ﬁn@hgaeer%él(mi Cthe
can involve heat _treatnent at noderatge te ature), detachnent
stress, here ﬁggfﬁé%% c%#é%ﬁﬁﬁ%ﬁig%, ﬁ) a%ﬁ%@edgkﬁgef@?éﬁ¥§a t The &8
level of the kagentbilprewsplturrds. ithican deal duzeokidpl dLathonspecies
stress is her eoﬁgaﬁt@@ﬂq%)y theansuid ¢t 2deot heuldnp 183 . Of 1 2@9hi £y,
given the dinensiopns of the thin film LyplcaILy % f ew hundredths, aor
even tenths, 6PRILHFcAdn)2 F§E§§1Fﬁe}FﬁP€ﬁdee REENRERSEhe OfupSEe RS
and al so facesxpaersiayedibfeperci frbat ehatAldferylad | sathytrdtee provided
mechani cal St Ef58C1Ae ARPLLEE DL ARMKERO dodiblpoANd/or cBROEH 1 o

and/or 25 shear_ forces, as 1s known i I'n relation i
det achi ng t hi WiEh| Agterhiteadpptyeaimet -of Ijefaehnenstitifesges afanthis

al so beitphe resdlit cah BBPbYiBgedl LEASBENENOHA H1 ChHOPEYEBlPfobtained is
i Tess Ts brofbogtrbyerant harr BFEEs T imi ook R rntt He ved
attack expl oi wihothedanagssed state of the area of the substrate in
whi ch thga I ayer of ¥ ecEpibad ga33,i s forned. rem eratureTh%tPaS&?ﬁgﬁl ofipe
{he preci Pl tates (eomite sclid phase 19 ,ahe T s ohcee can be il
O herw 946, WOWBOEH/ 216084 S5PCEVARAG07/ 0R@E34 theatment 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 (tvpically a
few hundredths, or even tenths, of a micromn), faces the
interface between the substrates and also faces the layer
of precipitates. Alternatively, the mechanical stresses
are applied by applying traction and/or bending and/or
25 shear forces, as 1is known in itself in relation to
detaching thin f£ilms; this application of detachment
stresses can also be the result of applving ultrasound or
microwaves of Jjudiciously chosen power and frequency.
Alternatively, the detachment stress 1is 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,



the rise in tenperature can be sinultaneous with the application of

t hese stresses, or precede them wth the aimof achieving an even
distribution of tenperature, ensuring that all the precipitates are
in the sane state. 5 The thin filmis advantageously detached at a
tenperature different fromthe inplantation tenperature and the
bondi ng tenperature, so as to cause the precipitates to change phase
(solid to |i gWPdE0aAT/1HR519 me of detachnent, and at PRAYFREZOGR7 6909534
Furthernore, 10 being able to bring abouissuccessive changes of phase
(solid, then liquid, then solid, then liquid, etc.) can increase the
weakeni ng of the layer 3 by the precipitates. However, it is clear
that, if the phecipiiat é8 peosraluys doan tiee shuubtanemisanwathonthy

during bondi nappmaatmn Net HRASEERtAbELrs Prowi ﬂx%l:é&@ttlféﬁﬁe&ht\lﬁ the
stress i s not a{%pll Hder t hese condi ti.Qns %go ngl ant atl on
doses nust th8ATbPTsBFRIEEIRY e ¥t S¥ER aSHFER BE'Z)?IIIII’IC#Q FRGA Y a
stress, especeasuym@otlhevwEellrrmma@n:eahpi‘!ﬂateaeme in the Gamensthaé.

t he Iayer of preci pi‘ﬂeaﬁt Elangg A}faefgael%tu o] tdEFﬁched at. a

preC|p|tates are int se I cation of
nechani cal an&PGPeEWéﬁ%afilﬁ?é%%t056%‘5 té?pa%%ﬂ%%ﬁl‘%%etemperature
substrat e/ sti bhanetha5 cefidinat i aempeatutdey soe aerrplte,t eldause the

detached, wt ance

t he renalnderggggipiﬁ E%{ b |H%Is 9§ﬁ§é§agggpﬁ %Bﬁétﬁ E%m%ﬁ%
whi ch the thi &ifmel @f5 d@m‘nmgnﬁt:t aee@t Ftihﬁtshtxrgewr@asrneﬁ\@r@aemm
be appliigd, | BekR§WRLIQ NBON@EinkO &Hﬂters@ébésfﬁvﬁéﬂéﬁéﬁgég blre griHde

filmexposed arati,on.gn appropriate s e st.ate for
further use o?gPiégthF e?lhﬁgul | theén fﬁh%gf ﬁ%&ﬁl gatﬁ%ﬁﬁ ) can
i ncl udes convéntreasé nﬁimaniwadik@uhigshi ng, ftore exaapéze, 3ol | owed the
high-35tenpe2% g%gg ing treatnment to heal any structural WO
2007/ 110515PCT/ FR2007/ 000534, 16, defects that may exist in the thin
film Var i ot el ofS t REPRhotRa: of 15 ubE IR IRiFates are
i mpl ant a6 i on3iqhbgesbethav éfd apprioplzaitatispl apt dttbng Comaiingns;hat

are set out h?EeirfB%ftL%acceptable, 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 liguid 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



S5Exanple 1 Initially, a substrate of silicon, for exanple
nonocrystalline silicon (although a polycrystalline substrate can

al so be used) is inplanted with Ga ions under the foll ow ng
conditions; 10* energyl00 key * doselO0l1l5 cm 2 Thi s
inplantation is effected substantially at roomtenperature. The depth
of the galliumpeak obtained in this way 15 is 75 nm bel ow t he
surface (thisWQaPeR7ek0FEen validated by simul ati onPEE TRt 0594
(St oppi ng and Range of lons in Matter) spftware. The substrate
i's then bonded, by nol ecul ar adhesion, to a support substrate,
produced in the sanme 20 material as the initial substrate, for
exanpl e, her eS8FEFED rEhathMavh SPHGENGRI BE® FHAT i@ cont act i s
effected subsaigtlawdmo%ios r@ﬁm@péﬁ)eb&t lUﬂfl@e ch01ﬁeArbﬁnEbQ]Bktﬂ@te and
treat nent at sis appl i to the asse

contributes to™ ?P orcﬁﬁ&s25 ? qﬁljp r¥a EEFEEEﬁlﬁﬁs t%wplggké%lon
substr at es; pc@nﬁ;ﬁan3¥;ané @&tlpuh1bere¢n1§ﬂ62;208ix type (see the
aforenengloned papq&&%mg@glseen | ocal i zed to the depth of the

gal l'i um peak. These_ ] %1 pDrecipitates are |i U|dc§£ove a threshold of 30C
and, under these ¢ E%Q&my' WBakBHPE HeR 19 %Hnt E413680bst ¥ e SXamPLe
Applylng nechmomoa&y&ﬂammﬁﬁs asihid¢@nperaluheuvgbove t hpslidmetiadldne
(for exanple g G Lofn Bted tb%”ﬂ%@égurfs {paiDe b N; PREC:P! ks
are liquid, for exanp Fngeriin | ade ween I'nitial
35substrate ah@d?ﬁéﬂ§h53ﬂﬂ§ﬁ@ngoﬁﬁﬂ bt%W@Sstlffener then WO

2007/ 118915PCT/ FR200 Eri23Q534 100 keV

1015 -2

* dose . cm
This implantation is effected substantially at room
temperature.
The depth of the gallium peak obtained 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 1s then bonded, by molecular
adhesion, to a support substrate, produced in the same
20 material as the initial substrate, for example, here
silicon. This bringing into intimate contact is effected
substantially at room temperature.
An armealing 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 Ga;-xSix 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), i1.e. at a
temperature at which the precipitates are ligquid, for
example Dby inserting a blade between the initial
35 substrate and the substrate forming the stiffener, then



17 leads to separation of the two substrates, not at the | ocation of
t heir nol ecul ar bonding interface, but at the level of the liquid
precipitates within the initial substrate: there is obtained in this
way a thin filmof 5the first substrate transferred onto the
stiffener (whence the term support substrate). Det achnment has
al so been obtained by chemi cal attack exploiting the fact that, at
the | ocation HP BABTYBIRI1Df precipitates, the S|I|cBﬁT/§R%Q@%é%QQﬁ%@
the 10 presence of those precipitates. T known SECCO chem cal
etching technique is enployed for preferential etching of stressed
silicon. Such etching in conbination with the application of

nmechani cal cohsafigi Mcs, SeRRYHEET cef adliet itoieal Seos ¥FRL 95 estPlesditngthe

IC:auseﬁ bytthelééat.e@mpelfaﬂﬁ@u tmreeazlﬂrae ﬁo@fﬁhhg?‘iﬁseﬂﬂ&@@hrl?ﬁﬁ .at the
i ni shi ngt r eat ment sof pol i shi conventional or.

annealing, in ﬁg?il Ut aryr @%ﬁgﬁ PPEF e 1 | Wﬁ%‘f‘g tﬁ{é1 © iRt
of precipitat esbahdat®: obhara assgbtaimeétMetbisgwaﬁ quakilny £i2@MT et
thin filg Cantheenf%s&re@hsgtyét@g EeShnt knaw, f OEhé M (O £ Y

gaseous ions. here can be, between I nplantation and
det achnent, st¥henge "Fléﬁ MY SHPPRECT PRBSEERER): al | or part of
m croel ect roni ¢ conpetetineent?SEeanpla@sd been Absaihedn BSwbsétaiiasal

for example wytp,tjpe Fﬁﬁ?@'d&ﬂ?q ﬁ&’é&;zki&tcﬁé‘ Q?h %ﬁo’&%tﬁBBSt Blhe

of exanple 1, s rnpla I'Ons “undér
condi tions (s&@yﬁﬁntqfal PYeekPitediRs enfpleg askldpon3gs eﬁ@@%ﬁmi) kiy the

dosel0l19ocm 2presence of those precipitates. The known SECCO chemical
etching technique is employved for preferential etching 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 quality.

20 The thin film can then be treated using techniques
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 Exanple 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 * enerqgy 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 to a depth of 75 nm.



As in exanple 1, this corresponds to a galliumpeak at a depth of 75

rimin the substrate. Anneal i ng at 1100C for 10 s causes
precipitates to 35appear, as in exanple 1, localized to a depth of 75
rim W 2007/ 110515PCT/ FR2007/ 000534 18 The substrate is then

bonded, by nol ecul ar adhesion, to a support substrate (differing in
this fromexanple 1, where this bonding is effected before the
anneal i ng treHENBREY/1IILS hondi ng bei ng ef fect ed at PRTEFREDRTAIN34
bel ow 30C, the precipitates remain solidsg As in exanple 1, the
application of nmechanical stresses at a tenperature above 30C (for
exanple at 50C) by inserting a bl ade between the two substrates
causes the assenbl yT2® bFEBRRLAERCEhe USevethest t RENGOA. pr &¥i piBt LA

tEe f}rst Sgbaﬁh@ﬁﬂeny\ffﬂ:@haaéapipﬂrt hgubé;ﬂtdiﬂs% sltcaitﬁerinfg in e firom
t herefore obtain as, i n_exanpl.e .1, in fi,l.m nsferr onto

support substg’é?“%egl%ng’f i H:ﬁgﬁ? ng ll’seaﬁ?rlégnjtnsg(pl)gl i%%f%c;‘fe%n%gg?lr%g,t%e
etc.) 15 elinbnaeelirgi duestoenpl ecTpisathending praiheechfecnddicatofa

good qualsi ty. r AspbPs XA obv 30PCS ERAEMpEéd 1P OAERE XSl 8CEo1 4.
treatnment enabling its .use. Exaﬂgle 3 g silicon substra%e I S )
i mpl anted under t heé®San® 26%@BRUFt ions EHE | FPRAAGRSIE™M 5 Behftieral

2), and then bondeges o ax sappomrpesuhstreatabarel a0fAeal €fbf oexdlpkeatat
1100C, as in I C 3 . enrl of a e cl
gétag}; ;E’Jg insertind® & ﬂl&éﬁe bérr;&f%fi{] g&Hé. twh fé’«%]ée&%tes

exanpl e aroun h cycl es)” _around the poi nt o

Preci pi t at es, CRUEES ar Bfid TR h tPenpERBKUr BEvaFiat i ¥ betdfeerthe
20C (or 1poom peabepitakey and 4RC fipsc exanpteatés wWheéehapd edh tdme
precipitates ihereéore ﬁass cyclically froma solid phase to a liquid

. A 1 state. . . . .
phase and vi cé Fersa -t angi ng volunme (galliumis nore dense in the

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

15 elininate 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 point of the

25 precipitates, i.e. around  30°C, with temperature
variations between 20°C (or room temperature} and 40°C,
for example, is 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 liquid state than in the so0lid 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



30 liquid 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.

Appl yi ng nmechani cal stresses above 30C, as in the 35preceding

exanpl es, for exanple towards 50C, then causes w0

2007/ 110515PCT/ FR2007/ 000534 19 the assenbly to break at the | evel of
the liquid pr®@ipPeA(EE05owever, the mechanical str8SFEERARRTLAUIS4
for this are lower than in exanples 1 angg?2 because of the

suppl ementary deterioration induced by the series of 5 tenperature
cycles; application of the same stresses as_in the preceding exanpl es
therefore | eaiBet o2SEPRFE vt e VARSI pE the levefheofapghe liquid
treatments ar 9ré@ﬂbi@£‘t@§ bedwswer f r ofe t Rechami &l NGt POd $ds o;ﬁedés@s/&ry
and t hen fromthe Qi nt__of lV| ew 1Qof use Of%ﬁ%’c'e th#n f|| bt ai nedaoefn
this way. Exaﬁ'B 15 are LONSupbstdht e B:F = naagl 5 SRS
GN (in the \A/uhEZSUBpibhlas@talfmrd@b@tm}:ﬂI@)tﬁosl iimgluaete dwitttle Gerliesnof

under the fol Lgwh @Haﬁ@f@' Qﬂés(saﬁﬁiﬁé‘éﬁ?éﬂhét thal QA %Hi"ers%fe'éreés
* energy50 key * dose5. 1016 cm 2 There are obtained in this

way preci pit aiBstBe EB??ﬁiJg%ﬂ | AR LSSe HFEEPERe HBAES oﬁ%dr‘fi%&iﬁ"re gipre
DHARA et 20 aquicklpcal | zed at a depth of 24 nm bel ow t he

| mpl antation surfacg, Méicl!{%%ﬁ%%%dh% 5§p§§éé" gl nﬂ%f‘éf@nst%ﬁom the
G ven that nltrogen I'S crocavitres f
with this gasfinishing p01nt of view and then from the point of view

10 of use of the thin f£ilm obtained in this way.
Example 4
A substrate, preoduced in gallium nitride GaN {in
the wurtzite phase, for example) is implanted with Ga*
iong under the following c¢onditions (substantially at

15 room temperature):
* energy 50 kev
* dose 5,10 cm™?

There are obtained in this way precipitates of
solid gallium (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 1s a gas, there are also
microcavities filled with this gas.

25 In fact a higher dose can be used 1f a greater
quantity of precipitates o©of the same kind and at
substantially the same depth is reguired.

The GaN substrate is 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,



25l n fact a higher dose can be used if a greater quantity of
precipitates of the same kind and at substantially the same depth is
required. The GaN substrate is then bonded by nol ecul ar
adhesion to a support substrate, for exanple a sapphire 30 substrate,
the tenperature of the steps involved in bonding remaining bel ow 30C,
so that the precipitates remain solid throughout the bondin g

oper at i on. WO 2007fH5%% eat nent incl uding a step BETHPRROQTHAN QA
(for exanple at 50C) is then applied to idhe assenbly, 35which | eads
to a change in the phase of the precipitates, WO

2007/ 110515PCT1FR2007/ 000534 20, whi ch becone |iquid, and weaken the
substrate at VRAiCHewnacose t hiawider anf \WeHER hehearvedinada r akedhe

Appl yi ng mechaai-eal oﬁtmq%@e&t ia wﬁﬂanraﬁéy eardb @RceRErabidl nserting

a blade as in the edi n auses_sepa lon of the two
substrates at the P@Pg gg %T%%E'ﬁgll Fﬁﬁ?ﬁsfﬁ et p‘?t é?rlgeﬁ?‘%ure Sbove
concentrat ed. 30°C, byAlnaentimg nd obl@@e\ &s bt thaecprereding ewpmmissch

can thensbe SHQhE&é EQ%é‘i'éticﬁ? @pp&H@Ht%esﬁthJ?thg aedt%e level at
treatnments. 10Exanp roma part forrre of a

sapphire supp‘dﬂcguﬁé‘? r]e?t‘%ll(daPFQFﬁBEF@E%/ a?%lcémr?ﬁnéﬁria&fa can be a
material other tham Gabncéilyi b EHBaNd aybrabnd@win ehdns walyi akiich

th bstrat f L. ,
therefore ror el FaE BE"Bipfled\Fp dieoehglafiseon Mo idtniay ana
in this |ayerv$y Peradarefi@®nt (assisted or not by heat treatnent), for

exanpl e1@si ng the datznfife tshe previ ous exanple, there foll ows

epi taxi al regrowh ically effected. at ate erat ur
bet ween 800C and 20° 21T %\%’é‘} %eé% %ﬂﬁ’ﬂ%‘?’eafm Per ?hl'?"ﬁe ‘support
preci pi tates awbestiafie d(@]ttemm@te-pﬁtlatxytheﬁpmaem@l dan thfe a material

tenperature fathsy £4ACtaH® Rana0ey oot 2abaingabeyeh ohy thfeAben oo,

precipitates st|II I n the I|qU| ﬁuse of the difference i'n
the coeffici el of U RHeratst: b @ﬁnse ° e foreg°1ng escription,
i5 ig 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 GaN
(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 epitaxially 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 i1s obtained formed of epitaxially grown
material and the portion of the starting substrate
situated 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



25 between the material of the support substrate (here sapphire) and
that of the epitaxially grown material (inducing stresses at the

| evel of the structure), where applicable in conbination with
application of an external nechanical stress. After this fracture, a
sofid GaN 30 substrate is obtained fornmed of epitaxially grown
material and the portion of the starting substrate situated above the
area of preci PPt 808%/110515 Thi s exanpl e shows t he bBEBFFR2YGAL0¢MEI%
can be in introducing species having higyy nmelting points. 35CQ her
pairs of materials can be used in accordance WO

2007/ 110515PCT/ FR2007/ 000534 21 with the invention. Thus vari ous
exanpl es of awdhb that isaenbéosubThyse¥ardousnicxamppeantodt iadwray echat

(depondi ng. on anat s Tanerta] e fordd  iipldniadn Brk, MhdRated
p i ng i.s I - S . X I N

fmy be pr of or PEHCEESRPESI Ty i T Llout - 6083 b RHLr by
el enent s havi ridehenfieng nelrt | whapoi id s meaypibedpr edlemet)s with a low

Bhospner susad St bt 1) Bt eEss roybt LR e about

2 or on the contrary elements having higher melting
points may be preferred):
- mercury -38.87°C
- cesium 28.5°C
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 231.8°C
- thallium 303.5°C
20 - zinc 419.5°C
- tellurium 450°C
- magnesium 649°C
- aluminum 660.4°C
- cerium 798°C
25 - calcium 839°C
- germanium 937.4°C {(non metallic)
- silver 961.9¢°C
These atoms can in particular bhe 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 used in microelectronics (GaN - see
above, GaAs, a-Si :H, diamond, sapphire, in particular,
35 see germanium and its alloys with silicon), even in a



15- sul fur119C (non netallic) indium56.6C"- |ithiunml80.5C
tin231.9C thalliunB03.5C 20- zinc419.5C tellurium50C

magnesi un649C al um nun660. 4C ceriunv99C 25- cal ci unB39C

germani un®37.4C (non netallic) silver961.9C These atonms can
im particular be inplanted in bulk

Ornon-bul k, crystal | i neOnon-crystalline, 30sem conductor or

non- seni condu®® 0?0 &Tb%st4>45es, in silicon or in a siI?%@#F?ﬁﬂﬁiY°°9534

material (for exanple silicon oxide 22

material from group III-V, group III-N or group II-VI.
2s 1is known in itself, wvarious treatments can be
applied, between the steps of the process described with
reference to figures 1 to 3, with a view to fabricating
5 part oxr all of microelectronic components on the free
surface of the substrate, before it 1s brought into
intimate contact with the stiffener.



or even silicon carbide or silicon nitride), or even in other
materials used in mcroelectronics (&GN - see above, &As, a-S
- H, dianond, sapphire, in particular, 35see germaniumand its all oys
with silicon), even in a WD 2007/ 110515PCT/ FR2007/ 000534 22 nmateri a
fromgroup 111-V, group Il11-Nor groug3ll-Vi. As is known in
itself, various treatnents can be applied, between the steps of the
process described with reference to figures 1to 3 wthaviewto
fabricating 5 part or all of mcro i ¢ conponents on the free
surface of the substrate, before it is brought into intinmate contact
wth the stiffener. 23 CLAIMS 1. A nmethod of fabricating a thin film
from a subgtmathed of fbrigatingg thindilmdiang wiswhirsteeipstuding the folfpwingstapg: i ons
of a non-gaseous species in the substrate, wherein the species and

i npl antation conditions are selected for the substrate material so as
t 0 enabl g1y heplhaimpionenf afnoprgedons spécdds iaahé isulsdaicn wileinhtharngecies and
distributed within a |ayer of the substrate, wherein the precipitates
conpr i se TP $ARGHIORS AT GeIgC R rﬁ%e SRRSO BRRHAL Aresor epple e

subst r at egrfagithn c(f%}ecqﬁ{a% Rbiehed ik Bédth bhd BsRuRESAIHINES 1dyBEOSHD Sl REtE,
at the level of the l'ayer of preC|E|tates by applying a detachnent

stress undksreindripreripiates pompise 4 sokié pprssdiaping ftraelting poinhbelowithasiod the
phase. 2. [Ihe method according to claim1, wherein inplanting ions
conpri ses |nﬁﬁdn ation at a tenperature below the nelting point of
t he preci@) tethedsng 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 a liquid

phase.

2. The method according to claim 1, wherein implanting ions comprises implantation at a

temperature below the melting point of the precipitates.

3. The method according to claim 1, wherein a melting point of the precipitates is above

room temperature.

4. The method according to claim 3, wherein implanting ions comprises implantation at

substantially room temperature.

5. The method according to claim 1, wherein detaching the thin film is carried out after

raising the temperature of the substrate above the melting point of the precipitates.

6. The method according to claim 1, wherein detaching the thin film is preceded by a
plurality of cycles that vary the temperature of the substrate containing the precipitates on

either side of the melting point thereof.

7. The method according to claim 1, wherein implanting ions comprises implanting ions

of cesium, gallium, rubidium, potassium, sodium, indium or lithium.



3. The method according to claim1l, wherein a nelting point of the
precipitates is above roomtenperature. 4. The nethod according to
claim3, wherein inplanting ions conprises inplantation at
substantially roomtenperature. 5. The nmethod according to claim1,
wherein detaching the thin filmis calf#ied out after raising the
tenperature of the substrate above the nelting point of the

preci pitates. 6. The nethod according to claim1, wherein detaching
the thin filmis preceded by a plurality of cycles that vary the

t enper at ug. erif meBd SibSilR & e al RiReih hBpRhEkd PdsaddRSpriRBs %hfylﬁﬁt'ing
side of the nelting point thereof 7. The method according to claim 1,
wher ei n igaliwamidnfg i ons conprises inplanting ions of cesium gallium
rubi dium potassium sodium indiumor lithium 24 8. The nethod
according to claim1, wherein inplanting ions conprises inplanting
gal I i um i Dri%he m&hodTdreordiighodlanciomdicrein the sobstiam dompalses £layet dverlying a

substrate cqgfrises a |l ayer overlying a support substrate. 10. The
met hod act8Pf HYSEYecl aim 1, wherein the substrate conprises a
crystalline material. 11. The nmethod according to claim1l, wherein

the substrate is a sem conductor material. 12. The nethod according
to cl ai m10. Thhmetiod agensding iselpin b wherein thej subgitete compsisestherysialing d
accordinqnﬁgiﬁlain18, wherein the galliumions are inplanted in a
silicon substrate at an energy of at |east 100 keV and a dose of at

| east 1015 1cnR. 14. The nethod according to claim 1, wherein the

substrate c ri se alliumnitride. .15. T t hod i t
oot o PR aCbol R ht et B el B BERPR O v
16. The method according to claim 1, wherein the substrate conprises

a material fromgroup I'lI1-N ] L
12. The method according to claim 1, wherein the substrate is in silicon.

13. The method according to claim 8, wherein the gallium ions are implanted in a silicon

substrate at an energy of at least 100 keV and a dose of at least 10 Jem®.
14. The method according to claim 1, wherein the substrate comprises gallium nitride.

15. The method according to claim 1, wherein the substrate comprises a material from

group lII-V.

16. The method according to claim 1, wherein the substrate comprises a material from

group III-N.

17. The method according to claim 1, wherein the substrate comprises a material from

group II-VL

18. The method according to claim 8, wherein the substrate comprises gallium nitride and
the gallium ions are implanted in the gallium nitride substrate at an energy of at least

approximately 50 keV and a dose of at least 10*° /om?.



17. Thé method according to claiml, wherein the substraté conprises
a material fromgroup II-VI. 18. The nmethod according to claim8,
wherein the substrate conprises galliumnitride and the galliumions
are inplanted in the galliumnitride substrate at an energy of at

| east approximately 50 key and a dose28f at |east 1015 lcnR. 25 19.
The net hod according to claim11l, wherein the precipitates consi st
essentially of the species inplanted in the substrate. 20. The

met hod according to claim1l further conprising bringing a face of the
subst r at e1d. The uthoWhatédidihp € E19IAS 1 VIR rdiNE e SSltatddtcandift bR A1y CTIRACT
with a stiffener. 21. The net hod accor di ng to claim20, wherein

bri ngi ng spaees mrdandgd infke sphpEate-at e into inti mate contact with the
stiffener conprises a process carried out at a tenperature bel ow the
melting point of the precipitate. 22. The nmethod according to claim
20, wher €t The hregiodgctdiéing acdaiaf 1 finthes ehspirisaigbringing 4 facé ofthe subomitact
with the stiffener conprises rocess. carried out at..room

t enper at _“BL?%fChfﬁ%H)ﬁéﬁﬁdﬁlpge@{}ﬁﬁP Aymeage 8‘?"3?%“’2%,*1 S\t%{g?eéi n bringing
the substrate into intinmate contact with the stiffener conprises a
nol ecul ar_adhesi on process. 24. The net hod accordi 2)2 to claim23

further cHnphegiegdapsrdingép elaine, vheesin birging tedaceoh dieriehstiatrinto
interfac einpﬁtd’éecgﬁtaf:t;@ﬂ‘?f\fﬁ g{rﬂifef@ﬁe? cﬁrgﬂrés{e?? P&%Eésfcﬁﬂf‘eﬁ-om &% teﬂigé‘ra{ﬁ% sl

according to claim Int ener conprises a teposited

| ayer sufthe aicktiviglppirttlof te preziffitaten t he stiffener, and wherein bringing
the substrate into intinmate contact conprises contacting the
deposited layer. 26. The nmethod according to claim25, wherein the

deposi t ethd. aviemetiodfae¢dr@iEdg By clainP2® GaRfeik BifiihS the JaR Pif tieuBétrate into
deposition on the substrate. 27. The nethod according to claim 26,
wher ei n tiREMgigseniagt Bitholhe stiffensr gorapgises aprosgisscarried @uhziyPery tgnperature.
coefficient of thermal expansion substantially different fromthat of
the material constituting the epitaxially grown |ayer, so as to cause
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24. The method according to claim 23 further comprising applying a heat treatment to

strengthen the interface between the substrate and the stiffener.

25. The method according to claim 20, wherein the stiffener comprises a deposited layer
sufficiently thick to form the stiffener, and wherein bringing the substrate into intimate

contact comprises contacting the deposited layer.

26. The method according to claim 25, wherein the deposited layer is formed by a

process comprising epitaxial deposition on the substrate.

27. The method according to claim 26, wherein the substrate overlies a carrier substrate
having a coefficient of thermal expansion substantially different from that of the material
constituting the epitaxially grown layer, so as to cause stresses to appear upon a variation

of temperature,



29. The mét hod according to claim 28, wherein applying detachnent
stress conprises applying stress substantially |localized at the |evel
of the layer of precipitates in the liquid phase. 30. The nethod
according to claim?29, wherein applying substantially |ocalized

det achnment stress conpri ses insertingzg bl ade. 31. The net hod
according to claim1 further conprising applying a finishing
treatnent to the face of the thin film exposed detaching the thin
film 32. The nethod according to claiml1 further conprising, during
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formati on of the precipitates. .
applying on or more of mechanical or chemical stress.

29. The method according to claim 28, wherein applying detachment stress comprises
applying stress substantially localized at the level of the layer of precipitates in the liquid
phase.

30. The method according to claim 29, wherein applying substantially localized

detachment stress comprises inserting a blade.

31. The method according to claim 1 further comprising applying a finishing treatment to
the face of the thin film exposed detaching the thin film.

32. The method according to claim 1 further comprising, during or after implantation,

applying a heat treatment to encourage the formation of the precipitates.



