
;e3ePR6TP N iuon~n 3 June 2002 PROCESS FOR THE TRANSFER OF A THIN FILM
COMPRISING AN INCLUSION CREATION STEP Technical domain This invention
relates to a process for transferring a thin film of solid material. In
particular, this process can be used to transfer a thin film of solid
material onto a support composed of a 5 solid material of the same nature
or a different nature. State of prior art Document FR-A-2 681 472
(corresponding to patent 10 US-A-5 374 564) describes a process for making
thin films of semiconducting material. This document divulges that the
implantation of a rare gas or hydrogen into a substrate made of a
semiconducting material can cause the formation of a layer of micro 15
cavities or micro-bubbles (also denoted "plateletS") at a depth C':0:,~?
tC~ tile average utU~eCtWi ic~iiy~' (Ii(~) Uf ' the implanted ions. The
concept of micro-cavities obviously includes micro-cracks. The thickness of
the layer of_ micro-cavities is determined by the 20 implantation
conditions. If this substrate is put into intimate contact with a stiffener
through its implanted face and a heat treatment is applied at a
sufficiently high temperature, an interaction occurs between the
micro-cavities or the micro-bub>7les separating the 25 semi conducting
substrate into two parts, firstly a thin semi conducting film bonding to
the :stiffener, and secondly the remainder that bOndS tG tilE?
SeT(11COI7dLlCtlrl~ substrate. Separation takes place, at thce lo;~at ic~r~
ofi~ the 111'LCrO-cavil~ie; Or L111CrU-bulnl~i<,s. ~I'lie heat 3C~
treatment is au~~li that the: intc~racr.lC~I1 l~~:t~,cen tl:t micro-hubhles
c,r micro-cavit i_~~~, cl ~~<~t~ai ~~y rl~r= 4! ,  *C00002*   



( a 2 3 June 2002 implantation induces a separation between the thin film
and the remainder of the substrate. Therefore a thin film is transferred
from an initial substrate to a stiffener used as a support for this thin
film. 5 This process can also be applied to the manufacture of a thin film
of a crystalline or non-crystalline solid material other than a
semiconducting material (a conducting or dielectric material). If the thin
film delimited in the substrate is 10 sufficiently stiff in itself (due to
its thickness or due to its mechanical properties) a self-supported film
may be obtained after the transfer annealing. This is described in document
FR-A-2 738 671. Document EP-A-0 767 486 proposes an improvement to 15 the
process divulged in document FR-A-2 681 472 mentioned above. According to
document EP-A-0 767 486 (see column 8), the process divulged by document
FR-A-2 681 472 has the following disadvantages. The choice of the thickness
of the film to be transferred is a weak 2U degree of freedom. The thickness
of the film to be transferred (corresponding to Rp) and the conditions for
separation Of the film from the initial substrate are inter-related. The
planeness of the film surface obtained after separation is unsatisfactory,
and there 25 is no way of maintaining a uniform thickness of a thin film
during the transfer. The improvement proposed by document EP-A-0 767 486
consists of performing the ion implantation at depth Rp in a porous layer
of silicon formed on the surface of a silicon. substrate. This ion 30
implantation causes an increase in the porosity (pore density) t~ the
extent that rnicro-cavities an}year irI the walls of the porus of the
porous layer This layer is then considered as being a fine porous
structure. Under some implantation conditions, separation .i ~~ 3 5 caused
in this fine poorous layer in accordance with the B 12A40 ? ,Tl,   3 3 June
2002 mechanism described in document FR-A-2 681 472. Therefore) there are
two gone effects, firstly due to a zone of pores created by a porous
silicon generation step, and secondly due to a zone of cavities generated 5
between the pores in the small perfect silicon zones as in the process
according to document FR-A-2 681 472. Therefore, the proposed improvement
consists of using a porous layer to obtain a layer with a well-controlled
uniform thickness after separation. 10 The process divulged by document
EP-A-0 767 486 recommends the formation of porous silicon (the order of the
porosity is a percentage equal to several tens), which is equivalent to
removing silicon or material from the separation zone which causes
weakening of the 15 material. A more significant improvement to the process
revealed by document FR-A-2 681 472 would be to reduce thickness of the
micro-cavities layer obtained by ion implantation. This is what is proposed
in this 2 0 invention . 



Description of the invention The improvement proposed icy this invent ion
is made possible due to creation of an inclusion or a set of 25 inclusions
in the initial substrate material, in order to confine gaseous compounds
introduced during the ion implantation step. An inclusion is a volume of
material for which the properties are not the same a^ the properties of the
substrate. material from which one 30 or more thin films are to be
transferred. Inclusions may be in the form of a layer that extends
approxirmately parallel to the surface through which oil t lm implantation
is done. These volume; clay have a variety
ofshapesandtheirdimensionsmayvaryfromafewtens    ;; (of nanometers to
several hundreds of micrometers E 13940.3 JL   4 3 June 2002 The role of
these inclusions is to act as traps for implanted gaseous compounds. The
radius of action of these traps depends on the nature of the inclusions
made. In this case, there is no removed material, as 5 is the case for the
process divulged by document EP-A-0 767 486. The process according to this
invention comprises a preliminary step that consists of forming inclusions
in the initial substrate material. A subsequent step 10 consists of
implanting gaseous compounds (rare gas or other) in this material. The
presence of inclusions formed during the previous step causes confinement
of implanted gaseous compounds. The efficiency of these inclusions is
related to their power to confine gaseous 15 compounds. Inclusions may be
formed close to a perfectly controllable depth. Their presence then
introduces confinement of implanted compounds within a disturbed layer
which is much thinner than. can be obtained using :.'0 the process
according to known art This produces several advantages. The implanted
gaseous compounds are preferably trapped at the level and/or within the
zone influenced by these inclusions, called the neighborhood of these
inclusions. This precise 2.5 position means that a separation (transfer)
fracture can be induced at and/or near the inclusions. The result is a
relatively low surface roughness at the fracture. Furthermore, due to the
confinement power) this process enables the use of low implanted doses 30
necessary for the fracture. Finally, the confinement effect due to tthe
presence of inclusions cyan reduce the thermal budgett neccessary' i01 the'
fracture  to i the extent that nucleation and growth of cavities lea~ing to
fraci ore is ~nc:oui aged. The advantac~c~ na wlw; Hula f v!1: tT-ciTlS f
Cl~l'7 nC~ ~ il_m tl"i1C t ili c'~ 1I1 wli 1 ~'f1 uhc'' 1.`C-' I~ ; ~ ~i 10
. 3 ,Tr,   



5 3 June 2002 limit on the maximum temperature rise. For example, one case
is the heterogeneous gluing of materials with coefficients of expansion
that differ by more than 10%. Therefore, the purpose of the invention is a
5 process for the transfer of at least one thin film of solid material
delimited in an initial substrate, characterized in that it comprises the
following steps: - a step in which a layer of inclusions is formed in the
initial substrate at a depth corresponding 10 to the required thickness of
the thin film, these inclusions being designed to form traps for gaseous
compounds which will 'subsequently be implanted; - a subsequent step for
implantation of the said 15 gaseous compounds, in a manner to convey the
gaseous species into the layer of inclusions, the dose of implanted gaseous
compounds being sufficient to cause t=he formation of microcavities likely
to form a fracture plane along 2 0 which trhe t_him f i lrn c art i.~e s
epdl: a tcd f Y (nl the remainder of the substrate. The step of implanting
gaseous, species can be car.ri _ed cut ~n~ith an implantzticn en,argy of
these gaseous species that is such brat their mean depth of 25 penetration
into the substrate correspondu to the depth of t_he layer of_ inclusionw .
It can al:~o : carried out with an implantation energyof. thesegale=ous
speciesthat is such that their meandepthofpen~~t!-atl o1Z lllt~lthe sul~~~;
trate is close to thelayerofinclmr,:ion:~, this ~0 implantatir~n being
associated with a di iWnsion lwat treatment tc~ all_~:w the .n;grw:lvc~n w~
!=rec~ zmp;,antwc~l b~JCI,lC~ ~V _ilr_ l:t;,~t:1 UL .:.11~ iI.W~LU:!.u. 1
~'~:1(1 . ;', ,~L   6 3 June 2002 



The implantation step may be performed from one or several gaseous
compounds implanted either simultaneously or in sequence. The initial
substrate may be composed of a solid 5 part supporting a structure composed
of one or more films, in which the said film~of solid material must be
delimited. All or part of this structure may be obtained by epitaxy. This
structure may be such that the remainder of the substrate, which may or may
not be 10 an epitaxy carrier) can be reused after the thin film has been
transferred to transfer another thin film. ' The layer of inclusions may be
formed by a fi7-m deposition technique. It may then consist of generating
columns or generating grairrs. 15 Inclusions may have a chemical affinity
with the said gaseous compounds. Inclusions may originate from a parametric
mismatch between the material forming the inclusions layer and substrate
regions adjacent to it. This parametric 20 mismatch rnay consist uF a
charge in the size OF crystalline parameters, changes in the crystalline
orientation alone a plane parallel to the surface of the transferred
structure, a differen~_e in the coefficient of thermal expansion between
one of- the 2.5 films and the initial material (and/or other films). The
inclusions layer may also be formed by a technique for etching a substrate
layer. It may also he formed by the implazlt3tion of elements in a
substrate layer. These elements rnay tie 30 -implanted in one or several
steps. Implantation of these eiememts may be assisted by heat treatment
c~apahi c f increasinct the efficWn~~y of trays, t hi heat treatment:
possibly being done L~cfuoe) auriry and;'or after implantation. This
lr:~~-rt: t ~-e~~tment may i5 modify r_he mnrplro7-c,gy andi;,r cr~my:~;;-i
t i n a~f ~ h~ P 1 ?  ~l 0 . 3 ,TI~   7 3 June 2002 inclusions, which
encourages subsequent confinement of gaseous compounds. This heat treatment
is done at a temperature and for a period such that it cannot be used to
make a fracture over the entire inclusions 5 layer. The inclusions layer
may also be obtained by heat treatment of the films) and/or by applying
stresses to the films) in the film structure. The inclusions layer may also
be obtair_ed by a 10 combination of the different techniques mentioned
above. 



The gaseous compounds may be ' implanted by bombardment of the compounds
chosen among neutral compounds and ions. It may also be done by a method 15
chosen from plasma assisted diffusion, thermal diffusion and plasma
assisted diffusion combined wir_h thermal diffusion and/or assisted by
electric polarization. Implantation may take place normal to the implanted
surface of the substrate, or at a certain '?0 incidence. It mdy be done us
ing rare gasps, or other elements. The process may comprise a heat tr
eatment c,1=c~~~ capable of weakening the substrate at the inclusions layer
to enable separation between the thin film and 25 the remainder of the
substrate. This heat treatment is applied with a given thermal budget which
depends or. the various thermal budgets used during the process. In
particular, this heat treatment takes account of the temperature rise(:,)
induced by heat trea;.znents i_n w'~oc:r~ 30 the.rmodynarnic ec;uilibrium
is not achieved, a;zclu as temperature rises resulting from the inclusions
formation .:top and/or the ;,teh ;,'_ ;mI-~lm~t ~ng g,-~;;r,c,~m;
c.~mpounds and heat treatmEnts Involving heating or cooli ng oL the
su~~strate, ion c=:-:any~l a :~;iclr ~x~~ fox' 3~~ ~ mp:l-antat z un, or
reir?for cc~tr,ent c_; C- t tug ~,;~r,cl f"rcc:, ~:.;~~,_:n R 1.'.'. ~ ~l 0
. 3 ,Ti..   8 3 June 2002 gluing on a support. Therefore this heat
treatment may be zero if the said weakening can be achieved by other steps
in the process. It may be achieved by applying a positive temperature or a
negative temperature. This 5 weakening according to the invention is such
that it enables separation of the thin film from the remainder of the
substrate with or without the use of mechanical stresses. This heat
treatment may be obtained by pulsed heating, for example in order to
quickly 10 increase the temperature. For example, this pulsed heating may
be of the RTA (Rapid Thermal Annealing) or RTP (Rapid Thermal Process)
type. The process may also comprise a step in which the thin film delimited
in the substrate is put into 15 intimate contact with a support onto which
the thin film will bond after it has separated from the remainder of the
substrate. The film may be put into intimate contact directly (for example
by wafer bonding) or through an added on material. A heat 20 Lreattnent
step may be ua~:ci to~ zeiruorce the bona between the thin film delimited
in the substrate and the added on sripport . Mechanical stresses may be
exerted duriner and;~r after and/or before the heat treatment, to
contribute 25 to separation between the thin film and the remainder of the
substrate. The process according to the invention is particularly suitable
for the transfer of a thin silicon film fz~om an in, tial substrate. It
rc~~~y also ~.~e 



30 applied for the transfer of a thin~film made of a lI~C-V semiconducting
material (for example AsGa), from an initial :;i.~hs>-rai-c. ThE thin fi lm
m~xv i t sr,l i 1.ec_~rnposecl oL ~ thin film si~r.uc.ture. It Indy
l~:~lVi' been a~ least partially treated ~>efcre its t.ransfc ~, ~a~ frmln,
3; r,ver all or part ~~f YhH fi lm t )~e t:3-~n;-i ~~-rr~~l, yr L' I ~ 9
Q10 . 3 ,Tf_,   9 3 June 2002 integrated circuit or to form, over a11 or
part of the film to be transferred) an optoelectronic component on it. 5 10
15 20 25 _i 0 Brief description of the drawings The invention will be
better understood after reading the following description, given as a
nonrestrictive example, accompanied by the attached drawings in which: -
figure 1 is a cross-sectional view of a substrate formed on an initial',
support on which a sputtering technique is used to grow a film structure
comprising a layer of inclusions due to columnary growth; - figure 2 is a
cross-sectional view of a substrate formed on an initial support on which a
sputtering technique is used to grow a film structure comprising a layer of
inclusions due to granular growth; - f figures 3 ar~c~ 4 are diagi. arr;s
s:-rowing the variation in the grid parameter of a crystalline composition
as a function r_!f the content- of an element introduced in the
composition; - figure'5 is a cross-sectional view of a substrate on which
inclusions are generates by etching; 



- figures 6A to 6D illustrate the process according to the invention in the
case in which a thin film is transferred onto a stiffener; - figure 7 is a
cross-secr_ion~~l view th~-ouglu sub strate that cart be used to obtain an
~;c7T structure using the process according tr r_rm 7.1~17r'rrr i Clll .
Detailed description of embodiments of the invention P~ ~`?~~9r).~ ,ri,
10 5 10 15 20 25 30 3 June 2002 The substrate from which the thin film will
be transferred may be a solid substrate (formed from a single material) or
a composite substrate, in other words formed from films with identical or_
different chemical and/or physical natures. Inclusions may be generated in
the initial material) particularly by: - a structural change in the initial
material (crystalline structure, crystalline orientation, locally amorphous
fields, missing material, etc.); a change in the physical nature
(densification, inclusion of gas during production, implantation of various
ions, ionic etching and/or selective chemical and/or electrochemical
etching on several layers, etc.); - a change in the chemical nature or
chemical bonds (doping effect, composition variation effect) use of_ an
interface of a previously glued structure) nucleation and/or growth of
precipitates, etc.); - more or less local material deformations (interface
effects) ffect of heat treatments uri layers with differEnt c~cfficients of
eapa:uspon, effect of stresses generated betvJeen consecutive layers,
etc.). 



A number of techniques fox preparatio:z or treatment of materials in films
can be used to make inclusions in a zone relatively parallel to the
material surface. Tot example, in tern-~s of aPplic<~l.ir_ms tl~r~_
aclvanrage of this type of_ process is ttidt it enables a sub::~trate
change for one or sPVera1 stacked films, for a struc:~ure r_~:at is part
ia~ ly cr c omple`.cly ~reat.c~:i un order t-o make a micrr~-e~_2ctronic
etc. Fc~r example, this; :~~~~:u may .. a= ._ i t~'l Ccise In 4Jh7 :'J~1
~:lf~ t'`~..1I1:~ u.m'i 1`c,u ~n~~,3 .TL, ~UIC~}~ciI7E`'11t:, ~-r serlscm,
l:e vriy impoxtonl is i 1 m ~:m ._; t s ~.m~ !_ ,m t- i :~   11 3 June 2002
to be subjected to heat treatments that the final support is unable to
resist (excessive temperature, excessive difference in thermal expansion,
etc.). The various techniques for deposition of films can 5 be used to make
stacks of one or several films, in which the film composition, their
stress, structure and morphology, can easily be varied. A film deposition
means adding and/or making a film. These various possibilities can be used
to generate inclusions in the 10 initial material before the step in which
gaseous compounds are implanted. Interfaces, films) and their
neirhborhood(s) concerned are subsequently considered as being a zone of
inclusions, which act as traps for gaseous compounds implanted during the
second step of 15 the process. There are many deposition techniques chosen
as a function of the nature of the materials to be prepared. Materials may
be amorphous, polycrystalline or monocrystalline. For some applications,
deposits must be 20 made by epitax_y (homogenous or heterogeneous) . `''he
most frequently used deposition techniques include depositions by ion
sputtering, depositions by reaction in vapor phase at high or low
pr.Pssure, assisted o~ not. assisted by Plasma, depositions by molecular
bet, 25 depositions by epitaxy in the liquid phase, depositions assisted by
laser ablation. The ion sputtering technique enables columnar~. growth with
different orientations and sizes. These sizes and orientations r_an Le
c-ontrolled ~iE:~~elacilTlg or. 30 the deposit pressure, temperature and
enercJy coodit:_ons . Tn colunlnary growth, the cTrowt rl L some of t~`le
Cnl L:lClr::; 1~ ~r_opped to tl~e :~enc~f _i_t ~~ ~t.'~c:L _ "lur.l:l;.
which get lurc~eo. For examp~.e, in the ~~moduction of uo (`~r, Nb) tilms,
an argon pre=;cure ut the ~;rai~~I_ :~F ~;;1 ja fTl'1':7r~S dllr ~I~1C~ Chu
dP~ii~Si~ ~C~YI ,CIlv'u111~ii:y':-~ n'u~; ill~lllctl j~ 



F; ;:?~~1U.3 ~TL.   12 3 June 2002 growth. This effect may be used to
impose specific magnetic properties on the deposit with respect to the
initial support plane. Zones at and/or near the end of the columns that
have been stopped in their growth are S exclusion zones. Figure 1
illustrates a substrate thus obtained. It is formed from an initial support
1, which may or may not be composite, on which a thin film structure 2 is
grown by sputtering. A columnary growth was provoked 10 inside structure 2
to build up a layer 3 of inclusions that will be used as a trap zone for
the gaseous compounds to be implanted. The location of the fracture surface
within or around the trap zone depends on the efficiency of the traps
created. 15 This deposition technique can also produce growth in medium
sized grains (mono-crystalline, polycrystalline or amorphous~.agglomerates)
with very easily controllable dimensions. For example, if Tm is the melting
temperature of the material to be 2U deposited, a deposition temperature T
~ucl~ that the ratio T/Tm exceeds 0.5, encourages growth in crystalline
grains. Further information about this subject is given in the article l.~y
A.G. IIrRF;;> and H.J. LEAMY published in the Thin Solid Films journal, 47,
25 ?19 (l977) . Joints between grains are also inclusic)11 zones fox the
process according to this invention. Figure 2 illustrates a substrate thus
obtained. It is formed of a composite or non-cornpcsite initial supl)ctrt 5
on which a the n f i lm st rllcture ~i i s c~rowrr 30 sputtering. Granular
growth ',aas provoked in~idc structure 6 to build up an inci.u~~ions layez~
7 `har will l;Wl.lSe~ aS cZ ~Ont? Of traps- i=or C~:1: E.'O'.~,`-.a
__,'''~1'lj~W'lll'1C~~', t^ implanted. The position of the fracture
surfact_ ~~l t1e inClL157 U1!S ZGne drlJendS or7 Lhe E'1 ~lClt'.li~'V Wi t
ht: C 1-~L~S sr, urE:ateu. 7 :' 9 .10 . ~' ~7 L   5 10 



15 20 25 30 a c. J J 13 3 June 2002 In general, film deposition techniques
car. be used to obtain films with perfectly controllable thicknesses. Tt is
then possible to make thin structures composed of single or multiple films.
Film deposits are made without any crystalline relation (with the initial
support and/or between films) or in epitaxy (homogeneous or heterogeneous).
Furthermore, the term film deposits must include deposits of multilayer
films comprising buffer layers and/or seed layers, in order to form
crystalline structures. Note that in the case of homogeneous epitaxy of a
film on a support of the same nature, the interface (if it exists) may be
the location of inclusions. Gaseous compounds subsequently implanted will
be located at and/or near this interface. These structures formed of one or
more films occupy all or part of inc7.usion zones, given: - the physical
and/or chemical nature of the films (chemical interaction between films,
variation in crystalline orientations in the case of multi.layer
structures, affinity for gaseous compounds that. will be implanted later,
atc.); - tlne stresses present in t.llese vmimu~ films amt interfaces
generated (due to a mismatch of crystalline meshes, the difference in
coefficients of thermal expansion, the interface micro-roughness,
inclusions of elements other. than elements of the material to be
deposited, inclusions of hr=-ter c>g~~neou~: .jihas~~., W ~~'or example, a
mufti--layer structure can be made in which at least one crysta'7_line f_i
1m i s dF~~itE:d, ::`pirated fr.;~n~, t.ze initial cr~~s Lalli.:;c :;
~ai:f,,~~i !. 1~y ur~.u or se~~~eral films, called buffer and/L sf~E:d
lGyers. The crys L a 1.1 i n= or i E=mt at i;~ns in the ~~i_ fir:; t' ~z 1
1 ~ ~m ~ ; lm iTl~-iy ~~c'' li_~~rltl~'dl t=~1 1~1 T: C1 Cilt iii trlm W;
L<'ll i cll 1 u:~~; i.j B 1;'G!i0._> ~1I,   14 3 June 2002 the initial
support. The role of the buffer layers is to provoke variations in
crystalline orientation over all or part of the surface of the platelet,
particularly in the plane with respect to the initial 5 support. In this
case, a stress and/or dislocations zone is generated, which will be used to
adapt crystalline meshes. This zone is located close to the films
mentioned. For the deposition of superconducting YBaCuO films, it is thus
made epitaxially on SrTi03 10 and/or CeOZ buffer layers. These buffer
layers are in epitaxy on a sapphire substrata in the R plane (1102). Mesh
matching imposes a rotation of 45 of the type <001> crystalline axes in the
plane) at the same time as a high stress close to interfaces or within the 



15 volume of the films mentioned. This 45 rotation may be eliminated in
some zones by interposition of a very thin Mg0 film within these zones.
Further information about this subject is described in the article
"BiEpitaxial YBCO Grain Boundary Josephson Junctions on ZO 5r'fi03 and
Sapphire Substrates" by S. hiCOLLTTI et al, pub7_ished in the Physica
Journal C 269 (1_996) 255-267. ~.zother exampl a ilelated to .stre~~ses
caused by mismatches between crystalline meshes would lie chemical vapor
phase depositions (CVD) of Ss_ (1_T)Gex fi lms on a 25 silicon support. The
stress will be controlled as a function of the concentration x of
cJermaniuln in the film composition. Figure 3 shows how the grid parameter
PR varies as a functpun of the germanium concentration :~ in the
compo:,ition. Tht~ si,~ne a~ 30 atraight. line 10 is ec~zal ;_o +p.022 nm
deprn~_lilm~ on the atomic percentage of Ge . Another exampl a i s t_h~
ezi~ecicI ~ c~ _ <-- r n rr v;~ r-~ f sl<oI? l Cl;~ ? 1: c.~ of
tre....,e'._ elatcc~ t_. the dec r ._ silicon fi Lm ( for exampJ a doping
by begot: ~~t 10" t~~ 10~`' atoms;cm') deposited on a .~LicJhtly doped
~,~_liwull L=~o~mc; F' 1 g a ~ a ~ ,~'. f1 O'~n7 ~: h O vd t h C' n C= t W
: ~ ?' ) C p cl r ,.l In `' t, C 1` ~~ ~ \,' a r : P :-, . 1,'-~ ;"i P,
1~9,gn.3 ,~I,   15 3 June 2002 function of the concentration x of boron
atoms as an atomic percentage. The slope of the straight line 11 is equal
to -0.14 nm. We could also include the concept of inclusions by chemical
nature. Thus a Ti 5 film deposited on a silicon support and then r_overed
with an encapsulating film maintains a strong sensitivity to any oxygen
that may be present /the "getter" effect) and diffuses through the silicon
at the time of a later heat treatment. The induced effect 10 is to generate
a stressed zone called the inclusions zone. An example of the generation of
stresses during film depositions is the use of deposition parameters such
as the deposition pressure, the deposition 15 temperature, the deposition
power, the composition of the deposition atmosphere through the ratio of
the partial pressures of carrier gases, neutral gases and reactive gases.
Tt is known that stresses may create a . state of high compression or high
tension in the 20 depose ted films, depending on the film deposit=ion
pressure. The article by A. MATERNE et al. entitled "Changes in stress and
Coercivity after T~wnc.alir,g of P.morphous Co ( Zr, Nb) Thin F~ilws
DeZ~osi tec7 by R. i . Sputtering") E.M.M.A. conf., Salford, Llnited
Kingdom, 25 September 14-16, i.987, contains further information about this
subject. Thus, in the case of a deposition by cathodic sputtering of Co
(2ar, Nb) films, a low pressure of the order of a few mTorrs will lfad to a
state oL compression of t~:e film, wr~er.eas ~` liic~li a0 ~~ressurP of the
order of several tens c~f m'~orrs will cause the same material to be in a
state or= r_ensic~m. Ti l~:~s lvr~~~n determine~7 by a chemical anal~,~; `;
; }:~t_ ! ): i:. var iat ion is caused by the argon a?~d cxy~)un densi t,~
inc i ude~l in l he f i lm a t t W t ime of t)~,= ,_~ei_,; ~;; i t . T'~c 



R I ? 9 Q10 . 3 ,~1 Ia   16 3 June 2002 magnitude of the stresses is such
that they can cause bond defects of films in limiting cases. The term "film
deposit" includes any heat and/or physicochemical treatment carried out
before or after S the deposition, in order to induce these effects in the
deposited films. Inclusions may also ~be generated by etching. Etching by a
dry method (ionic, reactive ionic) and/or a "wet" chemical method
(selective etching, anisotropic 10 etching) and/or an electrochemical
method can be used to make selected sizes of cavities open over a very
small surface area. These cavities may or may not be filled in later with a
trap material f.ar the gaseous compounds necessary for the transfer. 15
Techniques for etching mufti-layer structures may be used to generate
inclusions, more or less assisted by partial.masking techniques over all or
some of the surface of the platelet (conventional techniques in
microelectronics). Thus, it is possible to etch a grid 2U of very small
lsubmicronic) openings in a very t_hi_n surface film of silicon nitride. An
insolation technique i~ used through a masl_ on a positive or negati ve
resin film. In score zon~:s , tl~N r. asin f i lrn muy then be withdrawn
chemically by a developer adapted to 25 the resin used. In these . upen
zones, an ei:ching technique using an accelerated ~_on heam, called ionic
etching, can be used to make openings in the silicon nitride film. When
this surface film is deposited on the surface of a sillc:~n rlln;, it. tram
i~er_omes posW l~lr 30 to etch the silicon in line ~,lith the openings
made) using tetramethylammonium lycirc>xide. 'This cr~emic~al LtCi11rlC~ 1^
~'f_'ry ~%C1t?Ct'1VE' r0 t=1`!E' ~-?rtE?r?t r~'? t ~~ at .he: sLl~c.on
etching speed is more t~h~-~n ~ C(l t-imF:~; greater tuan the nitride
etv1111`1C'~ spc_~.d. tt is t~hc~n ;m.,i;Jl.~ to R I '''t0.3 ,rL   17 3
June 2002 make cavities larger than the openings generated in the nitride
film. 



Figure 5 shows this type of embodiment. It illustrates a substrate 13
composed of an initial 5 support 14 covered by a silicon fi lm 15 . The
film 15 is coated with a very thin film of silicon nitride 16 in which
small openings 17 axe formed. Openings 17 were used to obtain cavities 18
in the silicon film 15. Depending on the dimension of the openings 17 made
in 10 the silicon nitride film 16 and the thickness of this film 16, it is
possible to deposit a material 19 in cavities 18, the chemical nature of
this material being favorable to trapping ( f or examp;_e t~ tanium f.or i
is Better effect) gaseous compounds (for example oxygen) 15 implanted
during the later implantation step. Subsequently, openings made by the
deposit of a layer may be obstructed. This deposit is not always necessary,
like for example in the case of a transfer of a structure of pads made in a
crystalline silicon 20 film. Simp7ar7.y r.lnder some conditions, heat
treatments under controlled atmosphere are used to facilitate closing ~~ome
cavit_~es, or even to close L.r,e cavities. In the ~~rocess accc~rdin<~ to
t-lie invent i~_~rl) these etching zones will be considered as being
inclusions, 25 and traps for gaseous compounds implanted later. Inclusions
may also be generated by loll implantation. Implantation by bombardment of
neutral r_~,mpounds or 7 OnS i71 a . rnaterp al can generatr~ a .l
~=~,rt~T- rich W 30 inclusions at a specific :7epth of the: ir.lp7_aatccl
elEment. For implanted compounds, eJ_cc:tronic anc~ rn_lclear r etardi lrg
eitc cts of the: t.ai get :nW -c>_ i a-! ~m a then considered. In the
process acc~~rclioc~ t_o thr-__. invention, the snit ial material i:=,,
ccm~;~de;~e~-! tn lie the _3r t_ul:gf=t rnat_e'11d1. ~I'ilG
llil?~lc:3rlt~1=10i1 LiL~~C~'~-~,, Llm.tj~ l~t~ ~~~iTii L; lr~pn. ~ .7I~
18 3 June 2002 in one or several. implantaticns. These implar~tations may
possibly be assisted during cr between each implantation by heat treatment.
The implanted compounds and associated defects will be found close to 5 an
average projected range Rp. Inclusions generated appear as a disorder at a
small scale in the local order of the material. Their morphology and size
may be modified by heat treatment and/or single and/or multiple
implantation of the same or a different 10 element. For example, consider
the production of a silicon on insulator (SOI) material using the SIMOX
(Separation by IMplantation of OXygen) process. implantation of oxygen at
120 keV is followed by heat treatment at high 15 temperature (for example
about 1300C) to modify the topology and morphology of the generated
inclusions. The implantation of oxygen at a low dose (about 4.10" 0~/cm~)
within a silicon board, can produce a thin oxide layer typically at a depth
of 250 nm (typical 20 thickr_ess 80 to 100 r~m) . This layer is defective;
it is more or less continuous (presence of silicon pipes) dnd it_
c~cnt_ains silicon islands (typical dimensions a Few tens of_ nanometers))
depending on the implanted dose. In this respect, refer to the article by
B. 25 ASPAR et al. entitled "Ultra Thin Buried Oxide Layers Formed by Low
Dose SIMOX Processes", Proc. ftl~ Tnternational Conference on SOI
Technology ~~nd DeW ces, Electroch. Soc., Vol 94-7.1. (1994) 6?. Similarly,
the interfaces of this oxide layer W th the upper film ~x~_~ 



30 more or les s rough depending on the. imposed r~ear_ treatments .
Typically) the ~ inr erface rouc7hness may 1:>e cwnti~~ll~c.l within a
raoc~~; c. f- ~~ i-rw rc-..~!us ut ~m~c;mc~twr~; to a few nanometer~, . :~s
r?2s~rii~c=c3 in t-rF, ,~rt-;~ ~1 entil_led "Cli.->nact-eri~atin,~ ,,y~
~t_~~a-;ic ~'oicr.: ~^,icm;::~c~~ry 35 aL tim SG1 Layer `I'o~~;m,;.-;~~hy
ir5 L,o,v,,~ Z~nw ,1_PW :~ 13 l~'`_7~10 . J u1,   19 3 June 2002 Materials"
by C. GUILHALMENC et al., published in the Materials Science and
Engineering journal B 46 (1997) 29-32. This implanted layer and its
interfaces will be considered as being an inclusion gone, confinement 5
zones for gaseous compounds implanted during the second step of the process
according to the invention. Heat treatments may also be used to generate
inclusions in the initial material, support or in at least one of the
layers of the film structure to be 10 transferred. For example for silicon,
"high-low-high" heat treatments are used to precipitate oxygen present in
the material at a specific depth. This depth is typically a few micrometers
in the case of 15 monocrystalline silicon obtained by Czochralski pulling.
This is done by applying a temperature cycle typically consisting of a
constant high temperature above 1000C, followed by a constant low
temperature below 900C, and then another constant high temperature 2 0
<-~bove 10 0 0 C . rrr order of magni tulle o f t_W ucpl_:i ~, can be
evaluated starting from the diffusion equation x cx (Dt) "` where D i s the
coeffic~ eni- of coif fuc~ ~n at- t he heat treatrnerit temperature and t
is the diffu.~ion ti_r.e at this temperature. This layer generated by heat
25 treatments is considered as being an inclusion gone. As another example,
heat treatments arP known t:o enable adaptation of the stress level in
fi_Lms deposited by any one of the methods mentioned uhove. Thus, a heat=
treatmen!~ above S00C fc~z a si l icon o::rcie 30 fi lm depositPC3 by CVD,
can reduce ttie compression st-ress, or cancel it entirely, or even
t~:ansform it into a r~ro;io_rr_ ~~rP A ST~TNTr;T~T et ~ i . , ~l . AE~y~I
. PInV~' 51 i~) , p 419'7 (1~~~J)). ~Prrls type of behd~,rior is con;
~iderewi to be ~~rused ~~y thF_ r~ act ic~ms ;_,f_ ,.gym ;,:~; i c.l~~ ?5
!o Ovate:- ~~apor. It ma~~ ba inter-r,rwt.`:~cl :~s 1-,r.ior~ ,o T?
1'?~34~.~ .IT,   



20 3 June 2002 degassing effect or a densification effect. Similarly) a
large thermal expansion between one of the films and the initial support
(or the other films) can cause a high stress state and locally generate
stress 5 inclusions,. which encourage trapping of gaseous compounds. For
example, there is the case of the silicon film (100) prepared on a
sapphire, R plane. Coefficients of expansion are of the order of 4.105/K
and 9.10-6/K respectively. Since the stress is very 10 localized within the
thickness of films around the interface, this results in local deformation
of the material. A zone disturbed in this way is considered as being an
inclusions zone in the process according to the invention. 15 Another way
of inducing a stress on a plane film structure is to deposit a very highly
stressed film on the back surface of the initial support, enabling a
morphological deformation (concavity or convexity). The film structure is
then deformed. `The locally 20 stressed zone in tree structure c~ntainirlcJ
the film or films to be transferred in the process according to the
invention, is an inclusions zone for C~y.'uSE:uus ccmpourrds implanted
later on. ' The process according to the invention comprises a 25 second
step after the generation of inclusions in the material concerned. This
second step COIISIStS cf implantation of gaseous compounds (atoms, ions) at
a depth close to the layer of inci_usi_ons denerared W the p~evious step.
'These gaseous r~c~m~:~c,mnd~; axe <~olWimci, 30 by means of t:he presence
^f inclu~ion~. 'They participate in nucleation ancl/~r. growth c~f the
micr_o,~;~v~_tie.~, micro-bubbles ;or "pl`~12t:~"; nccc:;:;~:ry i~~ythe
transfer fracture. This iny~l~:ntat:i_c~n rnay be achievad thraug!r tJm
plane :~urfacc ot- I: ha :;t i m~t urr ~-c~ j i l:~C t 1-drlS ~E?l Y'cWl
I:JV I iQlrll_~dl utlllrn ~ :Irll;~ u1- ~:~'y' l a ~l:~lilct ;i:-i:,.l .`.
t_ E~ l ~_~'~1C._3 JL   21 3 June 2002 diffusion and/or by heat treatment
and/or by electrical polarization. In the case of implantation by
bombardment (neutral compounds and/or ions), these gaseous comx~>ounds are
5 implanted at the average projected range) Rp. This depth is
characteristic of the implantation energy of the element implanted in a
given target. Therefore, an implantation energy will be chosen such that
the depth Rp corresponds to tr~e level of the inclusions zone or 10 is such
that the depth is close to the zone of inclusions, a diffusion heat
treatment then being used to allow the species implanted at the level of
the inclusion zone to migrate. Gaseous compounds may or may not be rare
gases such as H, F, He. They may be 15 implanted at the same time or in
sequence. 



Figures 6A to 6D illustrate the process according to the invention in the
case in which the thin film is transferred onto a stiffener. Figure 6A
shows a substrate 20 (for example formed oL a structure of thin 20 iilm(s)
on u11 initial suppor'~) , comprising un inclusions zone 21 formed by one
of the methods described above. The inclusions gone ic; 1_no~r~d at a
dista_me from the SLrf~.Co ~'2 of the substrate corresponding to the
thi_^1i11e~ s of the thin f i_lm tc be 25 transferred. Figure 6B
i:lluctrates the icon implantation step. Gaseous compounds are impl;~nted,
for example by bombardment or diffusion, through the surface 22 of the
substrate. The density d of gaseous c~~myound;: a:; a fu~lction of the
depth p i:~ ::~vc~ t}lat 30 thei r average prc~j~ct~d r_ancle Rp
ccmrecr.~orlus to t<he inc LuslUIls Zone 21 which becomes a tr ap ~ or.e
witti rli rill ~~HM:;_t I'~r p ~ lJelsF~~ ~11~ t,~ynl~s117nC~~s T i
~)11L~~=~ frl_ illustrates a step in which the surface :.3 ut ~;ubstr~ltc
`?U is borld~d onto a ~tiLfc-ner~''.? with t!r~. Uaeli:-i~_m c~i c`i Pl
_i'1 1.: C' rm a C11 ~ t ~ Z ct l~ E' r a ~ . n l )-1 P 1` l ~_ :' J 1111
C~l,l r' ~ - , f l ; l ~;' .. !=i 1_ ? n ~9 i~ ~ ( ~ L.   22 3 June 2002
used for bonding the surface 22 and the stiffener 33, without the addition
of an intermediate layer. Figure 6D illustrates the separation step
subsequent to an appropriate heat treatment as a function of the 5 required
thermal budget as described above. In this figure) the separation fracture
enters into the trap zone. Therefore) the initial substrate consists of a
thin film 25 bonding to the stiffener 23 and a remaining part 26. The traps
zone is shown in the 10 diagram as consisting of two separate regions.
However depending on the case, it may remain complete either by bonding to
the thin film 25, or to the remaining part 26 of the substrate. In the case
of implantation by gaseous diffusion, 15 the compounds may diffuse to a
depth close to the depth of the inclusions) by adapting the diffusion time
and temperature. Classical diffusion laws in (Dt)"` are applicable to adapt
the diffusion depth. Thus, a heat treatment under an argon and hydrogen
atmosphere at a 2U rdl:.lU Ut ~:l (called Lhe lormiry gds) enal_~les
trydmg~.:.r1 diffusion in silicon at about 350C. Regar_dle~s of_ the
implantation mt~tnod, the quantity of implanted gaseous compounds must bca
sufficient t_a participate in nucleation and/or development of rnicr.o 25
Cavities, micro-bubbles (or platelets) starting from and near by the
inclusions described above. Implantation conditions (dose, energy, target
temperature, implantation time) depend ~~ar.ticulaily can: - t=he initial
:nat_ex~ial (L~irqet) , ~i0 - the natLrra and location of in~lllslOn,, 



- tlLe thermal budget supplied by the imp~antatinn, - 11'W .T ,?fit Lll'~'
of 1'~!JP ?Inj~l ~T71.~,~~ rjd~;r?011~: ;n'~I'lL~nl~~n7:y - t he thern:a 1
budge t supp.f_ iad :~ubsequc=n t~ t-. ; g f a ing j ~f any) , l~~~tu . 3
~!r_,   23 3 June 2002 - the thermal (energy) budget supplied by the
weakening heat treatment, - any mechanical stresses. However, implanted
doses must be less than the 5 maximum dose determined by the occurrence of
exfoliation in the material during implantation. The efficiency of
inclusions is defined by their confinement power on the gaseous compounds
necessary for the transfer, considering the concentration of 10 these
compounds close to the inclusions. In the' case of ion implantation, this
effect is illustrated by a reduction in the width of the implantation
profile due to a higher concentration of implanted compounds around the
implantation Rp. For 15 example, consider a structure to be transferred
composed ~f a 0.4 um thick SiO, film generated on a silicon support. A
first ion implantation of hydrogen equal to 3.1016 Hf/cm2 with an energy of
100 keV designed to generate inclusions, will result in a concentration
1''0 of hydrogen at the average depth of U.~ elm. A heat treatment is
carried out typically at about 350C for. 2 hours, dlld is desigr_cd to
modify the morphology of the 11-1C111S1iallS (mlCrO- cavit_leS) . Zt 1:~
fi~l:.ld trlclt i:lle layer containing the cavities is thinner than if the
25 implantation had been done with a higher dose as in the case of the
process diwlged by document FR-z~-2 681 472. Tlle inclusions zone
corresponds to this layer of growing micro-ca~rities. A second implantation
of 2.10' H'/cna will be sufficient to enable a fracture close t_c: 30
>-lli_s inr~lusions zone during :~epar_at-i_on heat treat-mcnt-_s, for
example at- 500C for 1 hour. :.S ~.'C-'ry C'c~_.~V t0 ll?'1C~F_~!'.~,t
:ir:(~ tt7~~ c),~.~~'c1?li=cl~Ji= Cl( COIIfiIleLTlent:. and possible
location of micro-c~a~,ritias, mi crc-L~ul_~bl PS ( or pl atelets ) over a
vary ~;ul.:~ 1 L 3J LfllC~iTit!S~: CluEr-'' ~i) .11e tl: L'=:TIE JJ Of
1.11E' '~!)'_' ~ 1_W', lt?I?:~ _,'~i?L' r ~ _>, ~? .~ ~~ . ~ ~~ n 



24 3 June 2002 made and/or the film structure used. Similarly, the
roughness of the fracture surface will also be reduced due to confinement
of the inclusions and therefore the fracture zone. 5 In general, it is then
possible to reduce the dose to be implanted necessary for nucleation and/or
development of micro-cavities and/or reduce the forces to be exerted and/or
reduce the energy budget of the heat treatment to induce fracture. 10 The
transfer process designed to obtain a final film structure on a support
assumes that the initial material is added onto a second support during a
third step. The contact is made directly by wafer bonding, or through a
bond layer. It must enable the final 15 support to act as a stiffener. In
both types of contact (direct and indirect), a fixation step may be
necessary using a low temperature heat treatment. This treatment must be
adapted so that it does not prevent micro-cavity and fracture growth
mechanisms in the 20 initial material. Tt will have to be taken into
account in the thermal budget necessary to induce the fracture during a
fourth step in t=he prose , s . If t.l>,c structure >=o he transferred i~;
suf.fioieutly stiff and/or thick and this step is r~~t necessary, a `'self
25 supported" structure wi7_1 be obtained during the transfer. Thus, in the
example of a structure covered wi~h an Si02 film to he transferred t:o a
silicon support, a temperature of t=rie orc'mr of 200='C wil l be sof f ic~
m~nr Lo 30 reinforce i:he wzfer 1~~~~nd. The gluing energy lhetvrcen the
oxide film and the silicon support- will exceed 0.' ,~~ m . The tourth step
in the process for lmansfE~rrin~ film stz-uctu?ms reqaioe:; a heat
trc~ntlller;t t~~r wli~~:O ~W _)5 tlmC-'' unCl tc:Tlpurc'l, tllrc .ul'~?
~i~~'t~ rlt.'l~~ ;;a l_ i_ii_'li ~ dl 1 t~ ~i~ d () . ~ `T l   25 3 June
2002 function of the efficiency of the inclusions created, the dose of
implanted gaseous compounds, thermal conditions for implantation of the
initial material, and thermal conditions for bonding to the final suppr_:rt
5 Mate. The heat treatment must be sufficient to cause a fracture in the
initial material. This thus provokes separation of an unused part of the
initial material from the film structure in contact with the final support.
This separation takes place close to the 10 layer of trapped compounds.
Under the conditions according to the invention, the film strLlcture
(single layer or multi-layer) may be transferred with a lower fracture
thermal budget than thermal budgets necessary in the process according to
prior art. In defining the 



15 separation thermal budget, it is necessary to take account of. the
efficiency of the generated inclusions and the global thermal budget that
is input to plates during the various steps of the process, namely during
generation of inclusions, implantation and bond of the 2U lflltial material
on the stirtenlng support. Furthermore, part of the energy necessary for
the tr ansfez of structures may be ' input by heat tr`atrnent and/or b~
me,ans of stresses, for example relxtec~ to final support stiffening
effect, related to the 25 application of_ shear, bending, tension or
pressure ^tresses, applied alone or in combination. The effect is of the
same nature as that described irl oocumeot FRA-2 748 851. In this case, the
minimum dose of g~zseou5 com~>ound:; to be iz;~plant=ed d1m`pzig the
sect>n~..i ~~t_ep ,.~i tha ?() ~~rocer;s 3 s the dse above which thc~ra i _
;;ut fi c ienr creation arzdior growth of micr_n-cavit:i.es to induce
~~,ul~i;~i~~:;t_ w~~akerozn; oi~ tl~:e L~l.:atelet pa: ~l_!~~1 ~~~ L'.;
;surface . fl~Ua'F' 1 L~LI"l 1_c'lr_C~J l11 :~~EJ11W It 7_nT7 Ot r:l~: j~1
~-:;'C':~ .=:~C'~~l~~l~tc( t0 ' trlE? '_llV~fL1_l~n !n;~~1C:11 ~?.'1 ;:~.1L
:=,l'i~.::'~ t,1 ; l,~ R 1 ='. ~~ 4 0 . 3 ~TI~   26 3 June 2002 obtained.
The initial substrate 30 is formed starting from a silicon platelet 31 on a
face on which a silicon film 32 about 50 nm thick is deposited, strongly
doped (about 101y atoms/cm') by bo~`Qn produced by epitaxy. 5 The film 32
is itself covered with a silicon film 33 about 3S0 nm thick, slightly doped
(about 5.1015 atoms/cm') by boron and also produced by epitaxy. Finally,
the film 33 is coated with an SI01 film 34 about 400 nm thick and with a
free surface 35. The 10 highly doped silicon film 32 will act as the
inclusions zone. The substrate 30 is then submitted to the gaseous compound
implantation step through surface 35. Hydrogen is implanted at a dose of
5.101 atoms/cm`, at 15 an energy of 80 keV and at ambient temperature. The
surface 35 is then made to bond to a silicon plate by wafer bonding
reinforced by heat treatment at 250C for 30 minutes. The step in which the
initial, of substrate 30 is 20 separated into twc~ parts comprises a heat
treatment, the efficiency of the heat treatment with respect to tine
fracture b~lIlC~ adapted by the thermal l.~udget (durat.iun and temperature
of the various heat inputs ) . This final heat treatment induces a fracture
in the 25 initial substrate, at and/or close to the film 32. The final heat
treatment may typically be 2 hours at 257C. Tt is thus possible to obtain a
structure formed of a slightly doped silicon film (film 33 in the initial
auhstrate) on a ,ilicon oxide layer (fill 34 in the 30 initial substrate),
which is attached to a silicon rnass. The highly doped silicon film 32 wa~>
u~;ed for ~onfinemcr.t of the f.ractu~~t. 



The process accordin~-~ ro the irlventior is pax.ticularly att-racti~~e for
t~h~~' t_ran:>fer c~~ :rrocr_~l,~es ~ J 1 17 ~nl rl 1 C 1-1 O 11 C Ci r s ~
V ~ 1 cz i t 1 I.111 S I ll ll s ~_ ? 1 ~u ~ 1 W=: S l l i;) ~ <'. l~ t. :'
i.~ ~ C~ o ! '~ ~ =~ r . , ~ r_,   27 3 June 2002 heat treatment at a
temperature as high as the temperature involved in the process divulged in
document FR-A-2 68l 472. The process is also useful ir. the case in which
the structure to be transferred is 5 composed of materials with different
coefficients of thermal expansion. Finally, it is important to note the
following advantage of the process according to the invention. The surface
of the transferred film structure is a 10 disturbed zone obtained during
the fracture. The thickness of this disturbed zone may be very small due to
the use of a layer at and/or close tb the inclusions to confine the dose of
implanted gaseous compounds. This thus gives a low surface roughness of the
15 transferred structure, since it is directly related to the distribution
of micro-cavities or micro-bubbles within the thickness of the material
during the transfer. P 1?~9C.3 ~fl~   28 3 June 2002 CLAIMS 1. Process for
the transfer of at least one thin film (25) of solid material delimited in
an initial substrate (20), characterized in that it comprises the following
steps: 5 -a step in which a layer of inclusions (21) is formed in the
initial substrate at a depth corresponding to the required thickness of the
thin film, these inclusions being designed to form traps for gaseous
compounds which will subsequently be implanted; 10 ' -a subsequent step for
implantation of the said gaseous compounds, in a manner to convey the
gaseous species into the layer of inclusions (21), the dose of the
implanted gaseous compounds being sufficient to cause the formation of
micro-r_avities likely to form a 15 fracture plane along which the thin
film (25) can be separated from the remainder of the substrate (20). 



2. Process for the transfer of at least one thin film according to Claim 1
, cliai do Ler ized lrl LiiaL t.iie step of implanting said gaseous species
is carried out 20 with an implantation energy of these gaseous species that
is such that their mean depth of penetration into the substrate (20)
corresponds to the depth of the layer of inclusions (21). 3. Process for
the transf_er_ of at least one thi:-~ ~~5 film according to claim 1,
characterized in that the step of implanting said gaseous species is
carried out with an implantation energy of these gaseous species that is
such that their mean depth c~f penetration into tllC ~l.lh:~t 1~i=E~ (~~)
JS C1C)St: LU ~IIC ld~E'1 CJf liiCl'.a:alOIlS ~0 (2,11 , th.is
imt~lantation l.~E'inra associated wWh a diffusion heat treatment= l~~
.~1'~7W IT11CJ;~~ai~lon ,at the imp-1 anted spec~i rrs t.u the 1 ~~y~_~r
~~1 i nc: ~ u~-a ~~ns ('~ 1 ) . T? 1.`'_ 9 'l 0 . B ,~~ T:   29 3 June 2002
4. Process for the transfer of at least one thin film according to any one
of claims 1 to 3, characterized in that the initial substrate is composed
of a solid part supporting a film structure in which 5 the said thin film
of sclid material must be delimited. 5. Process for the transfer of a thin
film according to claim 4, characterized in that a11 or part of the said
structure is obtained by epitaxy. 6. Process for the transfer of a thin
film 10 according to one of claims 4 or 5, characterized in that the said
structure is such that the remainder of the substrate (which may .or may
not be an epitaxy carrier) can be reused after the thin film has been
transferred, for another thin film transfer. 15 7. Process for the transfer
of a thin film according to any one of claims 4 to 6, characterized in that
the inclusions layer is formed by a film deposition technique. 8. Process
for the transfer of_ a thin film 2U according to claim 7, characterlzec~ in
that the inclusions layer (3) consists of generating columns. 



9. Process for the transfer of a thin film aCCUrdlIICJ tG Claim 7 , c:harac
terized in that. i_rie inclusions layer (7) consists of generating grain 25
joints. 10. Process for the transfer of a thin film according to any one of
claims 1 to 6, characterized in that the said i_ncluslons leave a chemical
affinity with the said gaseous ~ompcurd~. 30 11. Procc,ss for the :ransf_er
of_ a t-_hin film according to any one of claims 1 to 6, characterized in
that the ~~ai cZ inc7uspons cri~~-imaca f r~s;n :a ~_~~~u~.n~r r-is mi
srreat<~h ol- the materi ai forming the i nc i usior.s layer meth rcgion~.;
cf the substrate which ara ~dyac~~nt t~.c~ p t~ lea,ln ,TL~   30 3 June
2002 12. Process for the transfer of a thin film according to any one of
claims 4 to 6, characterized in that the inclusions layer is formed by a
technique of etching a layer (15) of substrate (13). 5 13. Process for the
transfer of a thin film according to any one of claims 1 to 6,
characterized in that the inclusions layer is formed by implantation of
elements in a layer of the substrate. 14. Process for the transfer of a
thin film 10 according to claim 13, characterized in that the said
implantation of elements is assisted by heat treatment capable of
increasing the efficiency of the traps. 15. Process for the transfer of a
thin film according to claim 13, characterized in that the 15 morphology of
inclusions is modified by a heat treatment. 16. Process for the transfer of
a thin film according to any one of claims 4 to 6, characterized in that
the inclusions layer is obtained by heat treatment 20 of the filrn(s) in
the film structure. 17. Process for the transfer of a thin film acco~~ding
to any one of claims. ~1 to G, characterized in that the inci_usions layer
iN obtaine~~ by appli~:atio:i c~f stresses to the films) of the film
structure. 25 18. Process for the transfer of a thin film according to any
one of claims 1 to 17 , characteri zed in that the gasE=_ous cornpoiznds
are implanted by bombardment of compounds chosen among neutra7_ compounds
and ions. 'i(1 19. ProCPss for the transFe~~ of ~~ thin film according to
any one of claims 1 r.o 17, characterized ~ n i:liat- tW  n3~,eous
c~nrnL~oumcts are ;_nlr~lanted bar a mc.~tho;~ criosen tram plasma assisted
diffusion, thermal diLiusion ::and ~LctSm~ c;lSSls t.ed c~iftusioi;
comhineci wi.i_h 1~ ? ~ ~ .=' ~) . ~ ,1 T .   



31 3 June 2002 thermal diffusion and/or diffusion assisted by electrical
polarization. 20. Process for the transfer of a thin film according to any
one of claims 1 to 19, characterized 5 in that it comprises a heat
treatment step capable of weakening the substrate in the inclusions layer
to enable separation between the thin film (25) and the remainder of
substrate (26). 21. Process for the transfer of a thin film 10 according to
any one of claims 1 to 20, characterized in that it also comprises a step
in which the thin film (25) delimited in the substrate is put into intimate
contact with a support (23) to which the thin film will bond after it
separates with the remainder (26) of the 15 substrate. 22. Process for the
transfer of a thin film according to claim 21, characterized in that the
said intimate contact is obtained by wafer bonding. 23. Process for the
transfer of a thin film 20 according to any one of claims 20 to 22,
characterized in that the heat treatment step that weakens the substrate is
dome by pulse heating. 24. Process for the Cransfer of a. thin fi~_m
according to any one of claims 1 to 23, characterized 25 in that it
includes the use of mechanical stresses to contribute to separation between
the thin film and the remainder of the substrate. 25. Application of the
process according to any one of claims i. to 24 to the transfer of a thin
silicon film 30 from an initial substrate. 26. Application of the process
according to ar_y one of claims 1 to `?4 to the trar:sfer of a thin f lilll
UL ITI-V semiconducting materials starting from an initial substrate. 3;
1_`'940.3 JL   32 3 June 2002 27. Application of the process according to
any one of claims 1 to 24 to the transfer of a thin film itself composed of
a structure made of thin films. 28. Application of the process according to
any one 5 of claims 1 to 24, characterized in that the thin film was at
least partially treated before it was transferred to form, on all or part
of the film to be transferred, an integrated circuit on it. 29. Application
of the process according to any one 10 of claims 1 to 24, characterized in
that the thin film was at least partially treated before it was transferred
to form, on all or part of the film to be transferred, an
optoelectroniclcomponent on it. 
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