METHOD FOR MAKI NG A STRUCTURE COVPRI SI NG A STEP FOR | MPLANTI NG | ONS I N
ORDER TO STABI LI ZE THE ADHESI VE BONDI NG | NTERFACE The invention relates to
a met hod woromeks4sg a structure intended for applicatiorsTinP2edo@sdszel ds of
el ectronics, optics or optoelectronics, which conprises a thin |ayer of

sem conducting material on a substrate. Preferentially, this nmethod is of
the type including the steps of: a ) creating an enbrittlenment area in the
t hi ckness of a donor substrate; b ) adhesively bonding the donor substrate
Wi th a supporting substrate; ¢ ) detaching the donor substrate, for exanple
by detachnent at the enbrittlenent area, or further by etching and/or
grinding, in order to transfer a portion of the donor substrate onto the
supporting substrate and to formthe thin layer on the latter; d)
heat-treating the structure conprising the thin layer on the supporting
substrate in order to stabilize the adhesive bonding interface between the
thin layer and the supporting substrate. But this nethod may al so be of the
kind in which: application of step a ) is omtted;instead and in place of
step ¢ ) , the donor substrate is thinned by etching and/or grinding, in
order to transfer a portion of the donor substrate onto the supporting
substrate and to formthe thin layer on the latter. Methods of the

af orenenti oned type are already known; these are for exanple nethods of the
Smart Cut (registered trade mark) type. Mre extensive details

METHOD FOR MAKING A STRUCTURE COMPRISING A STEP FOR
IMPLANTING IONS IN ORDER TO STABILIZE THE ADHESIVE
BONDING INTERFACE

The invention relates to a method for making a
structure intended for applications in the fields of
electronics, optics or optoelectronics, which comprises
a thin layer of semiconducting material on a substrate.

5 Preferentially, this method is of the type
including the steps of:

a) creating an embrittlement area in the thickness
of a donor substrate;

b) adhesively bonding the donor substrate with a

10 supporting substrate;

c) detaching the donor substrate, for example by
detachment at the embrittlement area, or further by
etching and/or grinding, in order to transfer a portion
of the donor substrate onto the supporting substrate

15 and to form the thin layer on the latter;

d) heat-treating the structure comprising the thin
layer on the supporting substrate in order to stabilize
the adhesive bonding interface between the thin layer
and the supporting substrate.

20 But this method may also be of the kind in which:

- application of step a) is omitted;



will be found relating to the Smart Cut process in the docunent
Silicon-On-1nsulator Technol ogy: Materials to VLSI, 2nd Edition of

Jean- Pi erwe 2Goliipge at Kl uwer Acadenic Publishers, p .5@camb2d058484h such
met hods, it is possible to advantageoasly nake structures conprising a thin
| ayer of sem conducting material on a supporting substrate and notably SO
(Sem conductor On Insulator) type structures, in which an insulating |ayer
is inserted inbetween the thin | ayer and the supporting substrate. The
structures obtained by such nethods are used for applications in the fields

of mcroel ectronics, optheseand/zey opt Ogh 8ELT @FH Cssed h@) I hicRel ayelobei ng
typically used as an active |ayer for forn1{$%conponents , Stabilization of

the adhesi ve SHORHSRGS ntérf 56t wedn ¢ et PRV Al RALNSuppdt ti ng
substrate proves:t @;obe;mmaray o ttihat dthe hebicained stodmtate afder

det achnent h nechanl 2and .electrical op rtle h_cqnp mnth t he
reqU|renents%%hd sﬁgéf% |%ﬁ%§t§a§ﬁu§? fds%o appF|c§%PO%%%é%

i nvention.5 Théequesttean is to notably ensure strong adhesi on of the thin

layer and of the supROIL ”stu@éér%tf%re'nl%ntt*l%n%@e'ﬂ%eo‘ca§é’C%1%?§§J on,

there is a risk that the subse%uent steps for ornlng el ectroni c conponents
| eadt 0 del ani¥®&rilen BICThed ¥hi ACKap&rTaL ot M duliEsi Ve BBAJISAG Litnt@YT ace. On
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10 document Silicon- On Insulator Technology: Materials to
VLSI, 2nd Edition of Jean-Pierre Colinge at Kluwer
Academic Publishers, p.50 and 51.

With such methods, it is possible to
advantageously make structures comprising a thin layer

15 of semiconducting material on a supporting substrate
and notably SOl (Semiconductor On Insulator) type
structures, in which an insulating layer is inserted
inbetween the thin layer and the supporting substrate.

The structures obtained by such methods are used

20 for applications in the fields of microelectronics,
optics and/or optoelectronics, the thin layer being
typically wused as an active layer for forming
components.

Stabilization of the adhesive bonding interface

25 between the thin layer and the supporting substrate
proves to be necessary so that the obtained structure
after detachment has mechanical and electrical
properties which comply with the requirements and
specifications of the fields of application of the

30 invention.

The guestion is to notably ensure strong adhesion
of the thin layer and of the supporting substrate. In
the absence of such adhesion, there is a risk that the

subsequent steps for forming electronic components lead



the structure forned according to a Smart Cut type nethod, |eads to
detachnent of the thin |ayer at the periphery of the structure, over a
radi al exwensioans4ff several mcrons, or even to total detawdrowmatssadsthe
thin | ayer. Mreover, the quality of she adhesive bond at the adhesive bond
interface is capable of changing the behavior of the carriers in the thin

| ayer. In order to ensure satisfactory and reproducible electric
performances, it is therefore required that the adhesive bonding interface
be stabilized. Partial solutions to the problemof stabilization of the

adhesi ve bondingginterhaeechaverbeele prieapesedaythe Lattefe recomend that a
strong adhesi ve hond be nmade between the donor substrate and the supporting

substrate, tyPprRea%y BV-S5révisdi ng thermal energy between the adhesive
bondi ng and det aclmerihist epshioct even by cargad nghout ihefore deradhesi ve

bondi ng step treatnent _for preparing either one_and/or. both of .the
surfaces to 6§?aaheéf%%%@e%%nd%%.q%ilé%M ﬁmfﬁgseatpr%%%%&ﬁ ?%%ﬁi(ﬁ?e
treat nent s, iadhiesivet hperemal liytgossids] e immeobtiaim ian d Ateentf agehwiash

sufficient qualidy Hocheras of, Jipghani eal | If”%@e@”?{’e%c%h%%ttr,i G&f

performance. In order to achieve real stabilization of the adhesive bondi ng
i nterface bettheenSERECERIA | /@ AN@CRE 30PpoEPi My SHBSEr atel & YReat

treatment of nfchedebt ai sieds sthuctiemafder det asbmemi andzysanstercef the
thin layer from.the dono ubstrate to the supgortigg substraH% i's _
typically caPAe® 60t today Mot e SpeLi §i carFy, “t AP fre&tERE 1S dHneal i ng
i n an ovel ofsetvleeradt ruct uoes pbtoai nedeaf tter detathnentachaterer t efipedtat ur e of
t he order Oft%i%QQaE%r;’zoo 0C, for one
Moreover, the quality of the adhesive bond at the
adhesive bond interface is capable of changing the
behavior of the carriers in the thin layer. In order to

15 ensure satisfactory and reproducible electric
performances, it 1is therefore required that the
adhesive bonding interface be stabilized.

Partial solutions to the problem of stabilization
of the adhesive bonding interface have been proposed.

20 The latter recommend that a strong adhesive bond be
made Dbetween the donor substrate and the supporting
substrate, typically by providing thermal energy
between the adhesive bonding and detachment steps, or
even by carrying out before the adhesive bonding step a

25 treatment for preparing either one and/or both of the
surfaces to be adhesively bonded. But with these “pre-
stabilization” treatments, it is not generally possible
to obtain an interface with sufficient quality in terms
of mechanical strength and/or electric performance.

30 In order to achieve real stabilization of the
adhesive bonding interface between the thin layer and
the supporting substrate, a heat treatment of the
obtained structure after detachment and transfer of the
thin layer from the donor substrate to the supporting

35 substrate is typically carried out today.



to two hours, depending on the nature of the materials of the structure
(nature of the upper layer, of the supporting substrate and of the

i nsul at orywo.20f0i1s467s ternmed as stabilization anneal i ng. pCIEPd@boss4S4

possi bly present at the adhesive bondi#ng interface are visible on sanple
phot ographs of the section of a structure, taken with an electronic

transm ssion m croscope, possibly after a treatnent aimng at naking these
defects better visible, as this is detailed in FR2903809. Indeed, |ight
areas are identified therein, which correspond to "open" spaces, i.e.

di stances betweenat-@nesguuichy @e J argers t hada peearl 1di sharcesng nany
case, applying a tenperature of the order of 1,000 0C to 1,200 OC in order

to perfect t Fe &01si e %%%d?ﬁﬁu?ﬁ?é?fQEEah8§daaéé??a@ﬁtﬁﬁﬁH@Ptofat
constrai nts. aThusspatettaley dmabst rdraldry of tis tappldcat,i2o requdresdesorti ng

to unconventionﬁhqo ens. _Further depegd%g on.the str gture on.@ﬂkgh t he

adhesi ve bon fhg i%s é%%?%bdd%ﬁﬁ?d%%% %pp |caP98Hr8fO$uc ?aW%%ﬁ% enperature

may damage itof This iss rligugase (wienre he fratler | abseof ldwewppef Itdyeer and
of the SUpporsHp@%rsc‘il?l%Iquéﬁﬁsbf‘é(@ d'a‘;]rfc?r%@t ékg%r mals  @XRpansi onpgoef fici ents.

This is also the case en one of the materials cannot bé exposed to a too
hi gh t enper aft@r@eCs @éh Sasbdrl Zaskadmpl érgéeanidum for which the nelting
tenperature is of thhe order-tef WRLE1y Thedesentad nvent i aryHdhernef ore
ains at solving this problemby proposing a nmethod of the kind nentioned
above, wi th VHIEH S pRITECE GaIEST Ve bonGT ng" i AEEFF e iy BEobbt 4l ned,
W t hout hBEWVi nipet os¢esost bd a structure, taken with an electronic
transmission microscope, possibly after a treatment
aiming at making these defects better visible, as this
is detailed in FR2903809.
Indeed, light areas are identified therein, which
15 correspond to “open” spaces, i.e. distances between
atoms which are larger than normal distances.

In any case, applying a temperature of the order
of 1,000°C to 1,200°C in order to perfect the adhesive
bonding interface has a certain number of constraints.

20 Thus, notably industrially, its application
requires resorting to unconventional ovens.

Further, depending on the structure on which the
adhesive bonding is carried out, the application of
such a high temperature may damage it. This is the case

25 when the materials of the wupper layer and of the
supporting substrate have different thermal expansion
coefficients. This is also the case when one of the
materials cannot be exposed to a too high temperature,
such as for example germanium, for which the melting

30 temperature is of the order of 900°C.

The present invention therefore aims at solving
this problem by proposing a method of the kind
mentioned above, with which a perfect adhesive bonding
interface may be obtained, without having to resort to

35 so high temperatures of stabilization annealing.



so high tenperatures of stabilization annealing. Thus, it relates to a

nmet hod for making a structure notably intended for applications in the
fields ofwelemwmsssizcs, optics or optoel ectronics, whichpcompre®@sssdst hin

| ayer of sem conducting material on assupporting substrate, according to
which: a ) said thin layer is adhesively bonded onto said supporting
substrate by nol ecul ar adhesion; b ) said structure obtained in this way is
heat-treated for stabilizing the adhesive bonding interface. characterized
by the fact that prior to step b ) , atons fromthe thin | ayer are

transferred to thensupport ngrél@c%é ateo angd/ opetrhem t ke rSURRALitigNT 4
substrate to the thin | ayer | anting_ions at_said, i nterface Wth

this treat meft- By 5s] aﬁpltﬁBllyon%gE?Pd?g SOABWHERP bt otkeeded wit h “anagi ng”
of the regiorfiefldshefi rilerdace iand Wi o rcﬁardpwagﬂrmmrcﬁfldshe vatias. This

is expressed Db breltsteer ao\i e5|v abond| gsgg‘nltchndUC rfa a,te (ih orec!ﬂm res
| ower stabilization annea |ng eratures. "Accor 8 {n ffﬁer advant ageous

and non- | idm tsupgp ofréatngr esibeft reiies  metchvotdti ngr itor thoilt :ep a) , an
enbrittlenent area is Cé?a%qul tahtlge ﬂa gkqgs%qgfesqv%q@ eRduct iNg Jmateri al
0

donor substrate, so as t elimt at s surface, thirn layer an
i medi at el y &Fter SIS T8tie, Stuﬁété@ﬁ@r bé’ulﬂ@tlte&tuéalrs adécadlved at said

enbrittlement line in opgersdioy i Bdirvibduaki zcﬁatse@_rded hin layes; wayl nstep a )
, a donor su trtatterelate\gm cpo sai gték?'lfl 1){ tﬁel nt e%re%tl%% IS %dhe3| vely
bonded on sai

10 interface.

characterized by the fact that prior to step b),
atoms from the thin layer are transferred to the
supporting substrate and/or from the supporting
substrate to the thin layer, by implanting ions at said

15 interface.

With this treatment by implanting ions, it is
somewhat proceeded with “damaging” of the region of the
interface and with a rearrangement of the atoms.

This 1is expressed by better adhesive bonding of

20 the interface, which requires lower stabilization
annealing temperatures.

According to other advantageous and non-limiting
features of this method:

- prior to step a), an embrittlement area 1is

25 created in the thickness of a semiconducting material
donor substrate, so as to delimit at its surface, a
thin layer and immediately after this step, the donor
substrate is detached at said embrittlement 1line in
order to individualize said thin layer;

30 - in step a), a donor substrate in which said thin
layer 1s 1integrated, is adhesively bonded on said
supporting substrate and this donor substrate 1is
thinned, notably by etching and/or grinding, until said

thin layer is obtained;



supporting substrate and this donor substrate is thinned, notably by
etching and/or grinding, until said thin layer is obtained;- said thin

| ayer andweabth/@ssporti ng substrate include a thicknesspofi/Eposbasasoxi de so
t hat said adhesive bonding interface s of the oxide-on-oxide type; - the
met hod further conprises at |east one step for thinning said thin | ayer,
and it is proceeded with inplanting ions after this thinning;, - it is
proceeded with said thinning by oxidation of the free surface of said thin
| ayer and by renoval of the thereby fornmed oxide; - it is proceeded with

ion inplantation by gmkingnhuse ofyenendy, dhesvalugoetingi chidepends on the
t hi ckness of said thin |ayer, so that the major portion of the inplanted

i ons are i npl&TtedsS ndt he f%b?%ﬁsofoﬁfu§qﬁﬁ alélde i Bfs Wit 9945t one
atom c speci esihpisesent bahdt he | esfaces aries | ppl anted;osiions af-atideast two
atom c specig§ ar.e i npl anted, and the dosages of ions of each inplanted
speci es substéﬁirally observe the atom c stoichionetry present at said
interface;5- it is prioceededodi fhrebeirnploaptraticon af leastobnat dtegst two
atom ¢ speci g3, -1ty d % Proceedad Wi thosequenti al i aplantatdeps ,ofif ons of
at least two atomc species; - it Is proceeded with said inplantation at
room t enper atiitd:2nE g 1905y sddeded WSt Fhamrilmsl’ant ati on at a tenperature

of the order of 300i0Cis proceeded with said thinning by oxidation
of the free surface of said thin layer and by removal
10 of the thereby formed oxide;

- it is proceeded with ion implantation by making
use of energy, the wvalue of which depends on the
thickness of said thin layer, so that the major portion
of the implanted ions are implanted in the region of

15 the interface;

- ions of at least one atomic species present at
the interface are implanted;

- ions of at least two atomic species are
implanted, and the dosages of ions of each implanted

20 species substantially observe the atomic stoichiometry
present at said interface;

- it is proceeded with co-implantation of ions of
at least two atomic species;

- it is proceeded with sequential implantations of

25 ions of at least two atomic species;

- it 1s proceeded with said implantation at room
temperature;

- it 1s ©proceeded with an dimplantation at a
temperature of the order of 300°C;

30 - said step b) is carried out at a temperature at
most equal to 1,200°C;

- said thin layer and supporting substrate are
based on silicon, sapphire, gallium nitride or

germanium;



- said step b ) is carried out at a tenperature at nost equal to 1,200 OC ;
- said thin layer and supporting substrate are based on silicon, sapphire,
gal I i um nvorodisse7ger mani um - said thin [ ayer and suppecriEpgowobsiss ate are
based on silicon and it is proceeded with coinplantation of silicon and
oxygen ions, at an inplantation dosage conprised between 1015at/cm 2 and
1016at/cm 2 . O her features and advantages of the present invention wll
beconme apparent upon reading the description which follows of a
preferential enbodinment. This description will be given with reference to

the appended draw ng gwher eini i Qlayler' Sa@dpasfdpip%rt?&@“ onBL t ¥k ew Qafrea
structure according to the lnventlon or exanple in silicon,

I'a
provi ded wit 357 %xide t ff tkhels P& reFéTehEéd %ﬁ%?%?ﬂeﬂs Yithanfs
supporting subgtirate.tifoer exanpkelatso i ansi | icoma t hians pxi de t krckness,
as 3 . The oxldlze% urfac &s of the la er é agd of th Mggzrttn%1§ybstrate

3 are put i nt'o' coﬁ&acfognd gﬁggadhggPBeF onded" t9" eac by 1ol ecul ar

adhesi on, %t lan‘adéemi.fied interface 2 . As stated above, the present
invention may be ¢RRSI/ derf%%t%sfgg ma>§1|dng g eddu erface g . Jmans of
OXI /

ion inmplantation, in order to damage t oxi de interface in the case
of this embodiV&mtioand ol eaPrante tﬁﬁﬁéﬁﬁﬁﬁilnu@%ms r8grléAI sdes ensure

per f ect cohesje@r@ra@tt%@n whheH answk ard 3 e tdhe rstirdictae d et .

araneters of this | ant ation. rermst articul arl
P This r%)f%tf%n wi be gleen w%t é%erence to the

10 appended drawing wherein Fig. 1 is a partial sectional
view of a structure according to the invention.

A thin layer, for example in silicon, provided
with an oxide thickness is referenced therein as 1, and
a supporting substrate, for example also in silicon

15 with an oxide thickness, as 3. The oxidized surfaces of
the layer 1 and of the supporting substrate 3 are put
into contact and are adhesively bonded to each other by
molecular adhesion, at an identified interface 2.

As stated above, the present invention may be

20 considered as a mixing of the interface 2, by means of
ion implantation, in order to damage the oxide/oxide
interface in the <case of this embodiment, and to
rearrange the atoms in this region, S0 as ensure
perfect cohesion between the layers 1 and 3 of the

25 structure.

The parameters of this implantation are most
particularly:

- the mass of the ions;

- the ion dosage;

30 - the implantation temperature (the more the
temperature is increased, the more a large dose may be
implanted without damaging the material crossed);

- the implantation energy (has mainly an

influence on the implantation depth).



the mass of the ions; the ion dosage; - the inplantation tenperature (the
nore the tenperature is increased, the nore a | arge dose may be inplanted
wi t hout dwomgiongsdéshe material crossed) ; the inplantati eocTaEresgps{sbas

mai nly an influence on the inplantati®en depth) .Preferably, the inplanted
ions are of the sane nature as those present at the interface. After the
i npl antation, stabilization annealing is performed which allows oxygen to
be diffused and the crystalline defects to be cured. A tenperature of 800
or 900 OC may be sufficient for this purpose. It is also possible to

consi der carrying PQ*étfetr%%ling' ant atiing,a Nl at cheom tenper athee e at a
tenperature of about 300 OC , by which danagln%?ﬁay be limted and the
duration of tREUSEabiY iZRSCoRTENTEN g ey PG edFed. This is

particul arly advantfageouscf dmpllhe tstrivet, ursesdin iwhitcloronerefa ltihey nat eri al s

may beconme danaged if. it 1S subject to too high at rature. Finally, a
relatively uﬁﬁf%?ﬁ?5§%d%h %@e?gﬁgwgbfgﬁﬁgﬁli%gmﬁfiﬁggﬁgu%% er gcéﬂF% no
| onger di sti maty;sthddamse ddieests uco ube las dgbe? peefeetr byuref orfmeéd.0 Duri ng

inplantapionori@obsc§9%@h%en%hf%q danmrae L,0Quch, the naterial (silicon) on
either side of the oxidé. Indeed, inplantation wll "have the effect of
anor phi zi ng silicdi, Vhizhsi PPSpeblgsttal |TTeSuionh StabYERFaliién Titheal i ng,
but by | ettingdefects Jgmiidyt of athe rsencaldageend,;of range” aci. & end of
travel, type'teIIr{[peir%tSuQ:eeCig)%egbtot}%t 3V8()tJ1C,Vi §¥V tw%itc?le damaging may be

10 limited and the duration of the stabilization annealing
may be reduced.

This is particularly advantageous for the
structures in which one of the materials may become
damaged if it is subject to too high a temperature.

15 Finally, a relatively uniform oxide layer 1is
obtained in which the interface is no longer distinct,
because the structure has been perfectly reformed.

During implantation, it is sought not to damage
too much the material (silicon) on either side of the

20 oxide. Indeed, implantation will have the effect of
amorphizing silicon, which will recrystallize wupon
stabilization annealing, but by letting defects remain,
of the so-called "end of range", i.e. end of travel,
type.

25 Tt is specified that with view to the
implantation, the thickness of the “top” thin layer
should be sufficiently thin so that it may be crossed
by the ions. If a thick “top” layer is desired, a
solution is to carry out epitaxy after implantation. In

30 this case the damaging of the material is moreover less
critical.

In the case of an intermediate Si0O; layer and of
co-implantation of Si ions and oxygen ions, the ions
will preferably be implanted in the same stoichiometric

35 ratio as Si0, present at the interface. The



i npl antation, the thickness of the "top" thin |ayer should be sufficiently
thin so that it may be crossed by the ions. If a thick "top" layer is

desi red, woolotisn is to carry out epitaxy after inplapcatEresvo/ossass his
case the damaging of the nmaterial is soreover less critical . In the case
of an internediate Sig2 |layer and of co-inplantation of Si ions and oxygen
ions, the ions will preferably be inplanted in the sane stoichionetric
ratio as Siqg2 present at the interface. Theinplantation energy will be
determned so that the ions are mainly distributed in the region of the

interface. Thedinplantali ehdray alisa ke appld.ed ddsts Afdrer: frorgring,d he thin
| ayer. However, when _the latter is thinned by successive oxidation of its

free surface °fd "Fengvald TG et b by o g OoiCde B IS 16 SFor m an
ultra-thin | ayer, Thkee implantation may tdedmo beecaerpfpjacbcouguatt erfidie | ast
oxi di zation cycle/ re vaI of the oxid ample 1 : lnplantation of Si
ions An SO gft JrdctUr e ? f ¥HE ST O Z%Wet yepré) o%?%i r{:eh?ag%%?%%nglsto t he
Smart Cut (& mthiemsod by §u¢sv@dssifv@r owhidett itdre cddhdsi Ve dsorrdinfgidenteerd ace was
formed by pubipginie Gonl agk.ldis, Sidrkon Lxide b Giefl: A e side of the
top thin layer anél he sid he sup Eort The tot al th| ckness of the
oxi de | ayer |U§~t1f@‘r$r]ﬁlf\/wﬂéﬂ@d”s ttH?fE Hﬁp%%lé 2op°R hPAY| &eR ©§ fG0Hi30D to 400
nm The inpl aptatd ove Of tHe 1100 t 8kegiphacen| ustc1aft erehdiea debachyment whi ch
occurs duri ng}ﬁt he Smart Cut(tm method of the thin layer. It is proceeded
vmthlrrplant 6 -of Si ions at an

Example 1: Implantation of Si ions
An SOI structure (of the Si/Si0,/Si type) obtained

according to the Smart Cut™ method, is used, for which
the adhesive bonding interface was formed by putting

15 into contact the silicon oxide present on the side of
the top thin layer and on the side of the support.

The total thickness of the oxide layer is 10 nm,
whereas that of the top thin layer is from 300 to
400 nm.

20 The implantation of Si ions takes place just after
the detachment which occurs during the Smart Cut™
method of the thin layer.

It is proceeded with implantation of Si ions at an
energy of 300 keV, at room temperature, and at a dose

25 of 1Ol5at/cnf, which 1leads to onset of amorphization
around the depth of the order of 340 mm. This should be
sufficient according to the literature, for producing
effective “mixing”

This non-amorphizing implantation is followed by

30 standard finishing steps, notably by annealing at a
temperature below 1,200 °C, for example comprised
between 800°C and 900°C.

An increase 1in the dosage of ions in order to
obtain 3x10'°at/cm? leads to the creation of an

35 amorphous buried silicon layer, centered around the



energy of 300 keV, at roomtenperature, and at a dose of 1015at/cm 2, which
| eads to onset of anorphization around the depth of the order of 340 nm
Thi s showvd 2bm/@|sdel7i ci ent according to the literature, Por/EPR@d0sssdy
effective "m xing". This non-anorphiziong i nplantation is followed by
standard finishing steps, notably by annealing at a tenperature bel ow 1, 200
0C , for exanple conprised between 800 0OC and 900 OC . An increase in the
dosage of ions in order to obtain 3xl gl5at/cm 2 leads to the creation of
an anor phous buried silicon |ayer, centered around thefine buried oxide
llayer. Duringithe subseguent; fieat steeat ment sn@ndphesshepsuépr thizwni ng the
upper layer, this anorphous |ayer may recrystallize by epitaxy in the solid
phase (bri ef I5 SSPECf Sy a‘@oltilbgljﬁ% Eﬁ?fagpi?n?n?héh@eﬁé’p@fr H&nge™ def ect s
in the upper thdyeramaypheus emayed didy ngethesthinakzag wf ehetthiyn drayer.
Those positiqned below, (i,£e._in the.supportd supstr at, . which will
remain, therrgceevesscflglrdm a” %}S/%r f(orrltelr%gﬁjpi négﬁgef eg?g. E%érlr%fie fph:ase
co- i npl antlat iEgn tefxySi) .an@h© i‘orsd a fr ooangehpeatatarts and atha redwoed
dosage. Stru RS SARPNEE £ LYPeH ThES SihUCt YE € i in the
fol |l ow ng mg%%% %ﬁﬁéségst%{ e ha\%lgl&%(ySESe,t ?k%égllﬁ%cu%%e}:hléaﬁg% a 100
nm buri ed oxild&S&nd HH% BOppbtPTAY g@@@t‘ﬂr atle ©f thetBPAEURFHOTAG0Y cr ons,
is oxidized igherdere)g harimm OO0 nResal f acenexkdevedhecoxi di zed,dupper
| ayer of this substrate is put into contact with a sapphire substrate and
the assenbly ¢ dMréRed &89S tenperature (because of the

10

Example 2: co-implantation of Si and O ions at

room temperature and at a reduced dosage.

Structure of Si/Si0,/sapphire type.
This structure is made in the following way; an

15 S0OI substrate having a 300 to 400 nm upper layer, a
100 nm buried oxide and an Si supporting substrate of
the order of 700 microns, is oxidized in order to form
a 100 nm surface oxide.

The oxidized upper layer of this substrate is put

20 into contact with a sapphire substrate and the assembly
is annealed at a low temperature (because of the
thermal expansion coefficient difference which does not
allow exposure of this assembly to too high a
temperature), of the order of 300°C to 600°C.

25 The silicon support as well as the buried oxide of
the initial SOI substrate is removed by the successive
grinding and etching steps.

Finally, the aforementioned Si1/S510,/sapphire
structure is then obtained. The adhesive Dbonding

30 interface in this case 1s located between the oxide
layer and the sapphire support.

The thickness of the oxide layer is 10 nm and that
of the top thin layer is from 300 to 400 nm. The
sapphire support has a thickness of several hundred

35 microns.



t hermal expansion coefficient difference which does not all ow exposure of
this assenbly to too high a tenperature), of the order of 300 0OC to 600 0OC
The silwoanwsup@ert as well as the buried oxi de of thecirmpkecalosEEl
substrate is renoved by the successiva grinding and etching steps. Finally,
the aforenentioned Si/Si g2/ sapphire structure is then obtained. The
adhesi ve bonding interface in this case is | ocated between the oxide |ayer
and the sapphire support. The thickness of the oxide layer is 10 nm and
that of the top thin layer is from300 to 400 nm The sapphire support has
a thickness of sewgnal-chundrgdqm crong;esl | i copnand oxygen i:04s Aft&d
i npl anted sequentially. Si ions are inplanted under an energy of about 300
keV. O ions ar&YSipit d under an energy of about 180 keV. The total
i mpl ant ati on dose sshoubms be ricepi mbehovet heirarmr phh zatriayyt hoeshdat whi ch
is estimated 19 %%\;. 10 15at/cm 2 . Respective doses of Si/Oions of the
order of are"used 1’ order to avoid distortions of the stoichionetry of the
oxi de | ayér. The 'Ost andar dird i ninphiangest epsdar e appkinedafrorotomilcetti ng t he
met hod, for examleg for thinning the top thin layer to its desired final
t hi ckness. Exanple 3 : inplantation of Si ions, followed by epitaxial

crystallization i AdGceP iyl ah™Pobanbeah?| BPEE) st ghct ERpéEr AU

the amorphization threshold, which is estimated to be
2.10%at/cm?.

10 Respective doses of Si/0 ions of the order of s
are used 1in order to avoid distortions of the
stoichiometry of the oxide lavyer.

The "standard" finishing steps are applied for
completing the method, for example for thinning the top

15 thin layer to its desired final thickness.

Example 3: implantation of Si ions, followed by

epitaxial crystallization induced by an ion beam
(IBIEC), at high temperature.
20 Structure of the S$Si1/S10,/S1 type, similar to that

of Example 1.

The thickness of the oxide layer is 10 nm and that
of the thin layer from 300 to 400 nm.

The implantation takes place after detachment of

25 the thin layer.

The Si ions are first implanted under an energy of
300 keV, at a dose of 2x10'°at/cm’. The implantation
temperature is slightly below 200°C. It is estimated
that this implantation creates amorphization of Si in

30 the thin layer at a depth of about 100-150 nm.

Oxygen implantation is then carried out with an
energy of about 180 keV, at 400°C and at a dose of
4x10'°at/cm’, and this leads to complete IBIEC of the
layer of amorphized Si, in order to reform a layer with

35 satisfactory crystalline quality.



Structure of the Si/Si q2/Si type, simlar to that of Exanple 1 . The

t hi ckness of the oxide layer is 10 nmand that of the thin layer from 300
to 400 nnwoBhm/disghant ati on takes place after detachnentcofEpedve/ossizn | ayer.
The Si ions are first inplanted underi2zan energy of 300 keV, at a dose of
2x1 0 16at/cm 2 . The inplantation tenperature is slightly below 200 0C . It
is estimated that this inplantation creates anorphization of Si in the thin
| ayer at a depth of about 100-150 nm Oxygen inplantation is then carried
out with an energy of about 180 keV, at 400 OC and at a dose of 4xl0
16at/cm 2, and thirsl eads, 4o gommketaihBl EG gfs t heyl ayer .ob1annr phized Si,

i n order to refaorma Iayer with satisfactory crystalline quality. The
standard fi niPSHiLF SO < e °Sppl i ed for perfecting the method. It will
be noted that theIpresent benventddnhas nole ldrddeedt tiomvaermidod s mashi ch
adhesi ve bonds appl 0one_or adhe5|ve bon Iay rs..n_silicon oxide.

In part|culag % Pg app |ca%ﬁ§dregar T d?h év%a anSoﬁpP%g'nﬁ}er|als
present atd the‘aﬂh@s@@@e@awdihgom@L@gfd@@erSFOLnexadpkEHthesedﬂayIbe
amorphous Malenldls such A5 §53'>4§>p%c%u%t AJNIBLLIL Al $neThl S % notably

the case when the thin'|layer exclusively consisting of a crystalline
material is pdt o 6P¢é%ﬂaé§nt§€@3ﬁnﬁh e §ﬁbbo@@hqq%%9f RSt | i ne or
pol ycrystal |l iiRpger@ANS 1 . A nmethod for making a structure notably

i ntended for appllcatlons in the fields of electronics
For example these may Dbe amorphous materlals such

10 as Si3Ny or crystalline materials.
This is notably the case when the thin layer
exclusively consisting of a crystalline material is put
into direct contact with the support, itself

crystalline or polycrystalline.



optics or optoelectronics, which conprises a thin layer (1) of

sem conducting material on a supporting substrate (3), according to which:
a ) said wbizodiaysr (1) is adhesively bonded onto said supmredcongs4saibstrate
(3) by nol ecul ar adhesion; b ) said tisereby obtained structure is
heat-treated in order to stabilize the adhesive bonding interface (2) ,
characterized by the fact that, prior to step b ) , atons are transferred
fromthe thin layer (1) to the supporting substrate (3) and/or fromthe
supporting substrate (3) to the thin layer (1), by inplanting ions at said
interface (2) . 2 . The nmethod accordingrt@ claim1 , characterized by the
fact that prior to step a ) , an enbrittienent area is created in the

t hi ckness of a sem conducting nmaterial donor substrate, so as to delimt at
its surface, a thiln | ager methoand fior t hatkinigmmedi attelueafdeer ridiadp 1St ep, the
donor substrate s detached at sai.d emor tilenmnt JJne In arder: 1o

i ndi vidualize salg't in Iaf r ff) 213 Mrhe Set'ho accor&ing to ¢l im1l ,
char act eri zedry dshe if agtt aeiatctinorsitcep arh)ich aadynorsesubrstitatre liayashi ch
said thindayer (1)cis Jdt: rﬁ%ﬁqj-' ' y ded o ' upporting
substratef%qugnd %ﬁ té%ﬁﬁ%ﬁs oﬁg¥§sﬁﬂ§§§g¥§hisqﬁﬂin%ed%qyﬁéhﬁ%ﬁ%y

et chi ng and/ PRgrETEdend,3 ) unBidcogaiidic fion Mitdyér: (1) is obtained.4 . The

net hod according 9 anycoftrclai MBydrt Q13 .iLhaniaes erézgdobydthe Jact that

said thin layer. (1) and said supporting substrate ). 1nclude a surface
a1 hi ckargud S R SR G A G R e B Lo
b)

said thereby obtained structure is heat-treated

10 in order to stabilize the adhesive bonding
interface (2),

characterized by the fact that, prior to step b),

atoms are transferred from the thin layer (1) to the

supporting substrate (3) and/or from the supporting

15 substrate (3) to the thin layer (1), by implanting ions

at said interface (2).

2. The method according to claim 1,
characterized by the fact that prior to step a), an

20 embrittlement area 1is created in the thickness of a
semiconducting material donor substrate, so as to
delimit at its surface, a thin layer (1) and in that,
immediately after this step, the donor substrate is
detached at said embrittlement 1line, in order to

25 individualize said thin layer (1).

3. The method according to claim 1,
characterized by the fact that in step a), a donor
substrate in which said thin layer (1) 1is integrated,

30 is adhesively bonded on said supporting substrate (3)
and in that this donor substrate is thinned, notably by
etching and/or grinding, until said thin layer (1) is

obtained.



is of the oxide-on-oxide type. 5 . The nethod according to any of the
precedi ng clainms, which further conprises at | east one step for thinning
sai d t hi rwbaysvo1§dy, characterized by the fact that it ipeTmPo@S®s®Eds W t h
inpl antation of ions after this thinn4ng. 6 . The nmethod according to the
precedent claim characterized by the fact that it is proceeded with said

t hi nning by oxidation of the free surface of said thin layer (1) and
renoval of the thereby fornmed oxide. 7 . The nmethod according to any of the
preceding clains, characterized by the fact that it is proceeded with

i npl antation of ians th%5h@gh%@e%gkorbﬁ%gv%bu%ngfcﬁhkﬂ%;Q%pQﬂQ§>Qﬁ the
t hi ckness of said thin %ﬁyﬁﬁ’ so that the major portion of the inplanted
(o]

ions are i nplCATEESF HoT 1 Qﬂ?cﬁa?%et?ﬁFeF?ééetbi? lager td méthod
accordi ng to sanyl ofudgerpiegedibgt ehaens3)chardiotds i zedubyathe facte t hat

ions of at | one atonlc peci es present at th nterfac 2
i npl ant ed. 9%%lfﬁnes St hot accordlngdtogﬁ ha" prece gﬁa cﬁgFﬁf" Qé%eeﬁ i ons of

at | east tiw ist ofi chspeciiels -ame oxipleartyed,. characterized by the fact that
t he doses of ions of each inplanted species substantially observe atom c
stoichionetry present at said interface (2).10. The nethod according to any

of clains 8 and 95wher 8Pf IEHEIOSE HACAHIIT thp ABBNPE $PECciFsE @E ng
inplanted, charaedsrigedbyrthenéactohbat sk i pI@&@@d@ﬂewsH;ap for

co- |nplantat| 11. The et hod accordlng to any 9 wher ei n
Cons ot -t 1 GASPIT AEOH € e rSE Tar oA S Kt CBer e d By 1 he
fact thaUOt th&t it is proceeded with 1mplantatlon of ions after

this thinning.

6. The method according to the precedent claim,
characterized by the fact that it is proceeded with
15 said thinning by oxidation of the free surface of said

thin layer (1) and removal of the thereby formed oxide.

7. The method according to any of the preceding

claims, characterized by the fact that it is proceeded

20 with implantation of ions by using energy, the value of
which depends on the thickness of said thin layer, so
that the major portion of the implanted ions are

implanted in the region of the interface (2).

25 8. The method according to any of the preceding
claims, characterized by the fact that ions of at least
one atomic species present at the interface (2) are

implanted.

30 9. The method according to the preceding claim,
wherein ions of at least two atomic species are
implanted, characterized by the fact that the doses of
ions of each implanted species substantially observe
atomic stoichiometry present at said interface (2).

35



proceeded with sequential inplantations. 12. The nethod according to any of
the preceding clains, characterized by the fact that it is proceeded with
sai d i nplwotato/ameat room tenperature. 13. The net hod aecumprevgossazany of
the preceding clains, characterized by the fact that it is proceeded with
inplantation at a tenperature of the order of 300 OC . 14. The net hod
according to any of the preceding clains, characterized by the fact that
said step b ) is carried out at a tenperature at nost equal to 1,200 OC.
15. The method according to any of the preceding claims, characterized by

the fact that saidgthi 'Th'ea)h%rth(a@ a@@@r@i‘iﬂ@orﬂd %Qlys%l}swl%tl%s(%) 2Afe Pased on
silicon, sapphire, galliumnitrid ermani um 16. The net hod accordlng

to the prece&’hﬁ&eélnal mCAkherPdi n aé'al &etaiﬁ IT&Per O idnd SAF5PST i 7S
substrate (3)irarentased anhssiddtcon,zeharact etheedfbytt hehbact itthatidt is
proceeded with co- dgplantgglon .of SI|I on_and oxygen ions at an

i npl ant at |50np§O§§§e conpri séd béntpween 154t / cn” and 1016at / cn®.

11. The method according to any of claims 8 and 9
wherein ions of at least two atomic species are
implanted, characterized by the fact that it 1is
proceeded with sequential implantations.

10

12. The method according to any of the preceding

claims, characterized by the fact that it is proceeded

with said implantation at room temperature.

15 13. The method according to any of the preceding
claims, characterized by the fact that it is proceeded
with dimplantation at a temperature of the order of
300°C.

20 14. The method according to any of the preceding
claims, characterized by the fact that said step b) is

carried out at a temperature at most equal to 1,200°C.

15. The method according to any of the preceding
25 claims, characterized by the fact that said thin layer
(1) and supporting substrate (3) are based on silicon,

sapphire, gallium nitride, or germanium.

16. The method according to the preceding claim,
30 wherein said thin layer (1) and supporting substrate
(3) are based on silicon, characterized by the fact
that it 1s proceeded with co-implantation of silicon
and oxygen ions at an implantation dosage comprised
between 10™7°at/cm’ and 10'°at/cm’.
35



