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A NMETHOD OF OBTAINING A THIN FI LM OF SEM CONDUCTOR MATERI AL 01067 -2
| NCLUDI NG NOTABLY ELECTRONI C COMPONENTS This invention relaﬁzg‘ffﬁ/
to ‘a process of obtaining a thin filmof sem conductor nateri al
i ncl udi ng not ably el ectronic conponents. The thin filmis obtained by
separation of a part of a substrate of smajl thickness 5 in which, for
exarnple, one or several electronic conponents have been devel oped,
fromthe rest of the substrate which has a relatively greater
t hi ckness. Dependi ng on the application being considered, the
i nvention also allows the transfer of the thin film1l0 from its initial
substrate to another substrate or support. I n
m croel ectronics, it is often sought to produce el ectronic conponents
in a thin sen1conductor f|In1 supported on an |nsulat|no support or

separated from 15 AFEiiSHIRE : : d M QE SO | ayer .
Structures called Si n i ned from
whi ch el ectronic coﬁ%gﬁggeg‘%égﬁ% | ' )

structures one can use' 20 - heteroepltaxy nethods al  owi ng, by

obtai n these
crystalline growt h, row.,a crystal, for exanple, of SI|JCOn in a
thin film on a nonoctiit él“laeﬁ'éigﬂbg }a%es 1o anPresess of cbtaining a

thin film of semiconductor material including notably

'electronic components, The thin film is -obtained by
_separation of a part of a substrate of small thickness

5§ in 'which, for eiample, one or several electronic
components have been developed, £rom the'resc of the
substrate which has a relatively greater thickness.
Depending on the application being coﬁsidered, the
invention also allows the transfer of the thin film

10 from its initial substrate to another substrate or
support.. '

In microelectronics, it is often sought to broduce
electronic components in a thin semiconductor £ilm
suppoxted on an insulating support cor separated from

15 its support by an electrically insulating layer.
Structures called Silicon On Insulator structures can
be obtained from which electronic componentg can be
developed. In order to obtain these structures one can
use:

20 - heteroepitaxy methods, allowing, by crystalline
growth, to grow a cxystal, for example, of silicon in a
thin £film, on a monocrystalline substxate of another
material whose lattice parameter is close to that of
silicon, for example a sapphire (Al,0,) or a calcium

25 fluoride (CaF,) substrate ;



materi al whose lattice paraneter is close to-that of silicon, for
exanpl e a sapphire (Al[err](err]) or a calcium25 fluoride (CaF[err])

substrate 2 - the

nmet hod cal l ed "SI MOX" (a nane currently used in the literature) which
uses the ion inplantation at a- - high dgse of oxygen into a silicon
substrate in order to create, in the volune of the silicon, a |layer of
5 silicon oxide separating a thin filmof nonocrystalline silicon from
the mass of substrate ; - other nethods which use the principle of

t he t hi nni ng down of, a wafer ani cal and chem cal or
cheni cal abrasion. 107 the °¥1355b Eﬁb {%Mﬂ?“e SFrreﬁF%ﬁu%§ﬁ
thin sem congycine iiddmathines dh&éﬂ%‘é@é‘% Iﬂd?kqﬁpnanwemn at a

manuf act uri ng techni ques. he heteroepitaxy nmethods are limted by
t he nat ure ohighedgabspf apsygemeinm t aceibaq:mes@bswattmeuwor@mt rate

not being stri exact | hat conduct hi n
filmincludes maﬁ %ﬁ?ﬂ:ﬁl‘l #’e ok %@V‘@ct%’g H}?t Tﬁﬁ?@' ice}saé’egbs rat es
are expensi ves siliﬂ@'oxfx réides sdparath ?%lﬁiiﬂ\ﬂﬂﬂld ofl inedo! 1Die

The SI MOX. net hod reqU|res ion inplantation at a 20 very high dose, which .

requires a very abbigomnfrymiitecRass of substrate ;
- other methods which use the principle of the

.thinning down of é wafer by combined mechanical and
chemical or chemical abrasion.

10 These  varicus methods of producing thin
semiconductor £f£ilms have disadvantages lihked to the
manufacturing technigues.

The  hetercepitaxy methods are limited by the
nature of the substrate: the lattice parameter cf the

15 substrate not being strictly exactly that of the
semiconductor, the thin £ilm includes many crystalline
.defects. Furthermore, these substrates are expensive
and fragile and only exist with limited dimensions.

The SIMOX method requires ion implantation at a

20 very high dose, which regquires a very heavy and complex
implantaﬁion machine. The throughput of these machines
is low and it is difficult to envisage increasing it to
an appreciable degree.

The thinning down methods are competitive from the

25 point of view of homogeneity and quality only if they
use the principle of the crash barrier to stop the
etching which allows the thinning do#n of the wafer to
be stopped as soon as the required thickness has been
reached and to thexeby guarantee homogenecity of

30 chickness. Unfortunately, the creation of this crash



I npl ant ati on machi ne. The throughput of these nmachines ~ islowandit.is

difficult to envisage increasing it to an appreci abl e degree.
The; t hi nni ng down nethods are conpetitive fromthe 25 point of view of
honogeneity and quality only if they use the principle of the crash ,
barrier to stop the etching which allows the thinning down of the wafer
to - be stopped as soon as the required Bhickness has been reached
and to thereby guarantee honbgeneity of 30 thickness. -Unfortunately, the
creation of this crash 3

barri er makes the process conplex and can limt the use of the filmin

certain cases. barrier mkKedreid grocesedpmpbeseantl adyadkigesthe iuwge
docunent FR-A-2,681,472, . a process has been suggested 5 for the :
manuf act ure of a9fhthesEMBotriRASALN cArgAd its firmattachment to a

support that ConSiStSIHf-°FdFﬁZ$QbeC%Eﬁgg9am?%§EeOfdkggd@ ;éqgﬁq()in

sem conduct or materia I nc t face to t W ng
steps: 10 doasufentst PRRBF2NEET | 472 St ppbycdamiiragli been hsuddedted face
of said material with.ions cgpable of creatjng, wi thin the vol ung of

the wafer and®at £8Fga&ben mamyutactyre of 1p t PERESANMESOR FE18hiaPd ons, a

| ayer of gaseousjrg #£4:% OlubhbRSeSEPUAL hNGigpRreal @fad NBndikoyelod €gi on
15 constituting the mass of the substrate and an upper regi on
constituting thesvhigctingn ahewpfes befngthe desired semiconductor

material that includes a flat face to the following
. steps: N

10 - a first implantaticn step by bombarding the flat
face of said material with ions capable of creating.'
within the volume of the wafer and at a depth close to
the penetration depth of said ions, a 1q?er of gaseous
microbubbles separating the wafer into a lower region

15 constituting the mass of the substrate and an upper
region constituting the thin film, the ions being
chosen from among the ions of rare gases or of hydrogen
gas and the temperature of the wafer being maintained
below the temperature at which the gas generated by the

20 implanted ions can escape from the semiconductor by
diffusion ;

- a second step ¢of bringing the flat faéé of the
wafer into intimate contact with a support made up of
at least one layer of rigid material. This intimate

25 contact may be created, for example with an adhesive
subgtance, or with wmolecular adhesion through the
effect of a preliminary preparation of the surfaces and
possibly of a thermal and/or electrostatic treatment in
orxdex to encourage interatomic bonding betwsen the

30 support and the wafer ;



cheéen fromanong the ions of rare gases or of hydrogen gas and the.

tenperature of the wafer being nmaintained - bel ow t he tenperature at
whi ch the gas generated by the 20 inplanted ions can escape fromthe

sem conduct or by di ffusion ; - a second step of bringing the
flat face of the wafer into intimate contact with a support nmade up of
at lLeast one layer of rigid material. This*intinate 25 contact may be
created, for exanple with an adhesive substance, or wth nolecular
adhesion through the effect of a prelimnary preparation of the '
surfaces and possi bly of a thermal and/or €electrostatic treatnment in
order to encourage -iatehbtdrauep laxfrlctlh&gmabetnea:rneztmeascv:hsumm and
t he wafer; - athird

step of thermal PHERPHENtSTFRNY: q}aafae,&gmperatg%pqur a%‘%%nttﬁﬂpea“'t""té‘re
t enperature overa{:hewhg_@ger Rhdr e m{planﬁau&’i“ c{}aﬁt hgaﬁi,_{rmaangl oRpgWnas

carried out icienf to create rough a crystal
rearrangenment 5sugfieient nte hereatfer Ghcbugdhy wwymmrmmme

m cr obubbl es, a sggarﬁt Iti?hn l'})‘etvve t he %hégﬁ%%%\,&% p’é??ﬁ"é’f?at? tgf t he

substrate. it &

suggest ed "of t hemgétoiistilies)heosBHar i ISsk vedind Ugie 1£)ni1€X§§1mW&ﬁE1;
Firstly, the first ion inplantation step is conducted by presenting a
flat face of a V\hlﬂ%erﬁS of tdenbybabRN®Dr naterial to a beamof ions, the
plane of In this document, the following explanation is

suggested of the different phenomena observed through

‘10 experiment. Firxstly, the first ion implantation step is
conducted by presenting a flat face of a wafer of
semiconductor material to a beam of ions, the plane of
this flat face being either approximately parallel to a
principal crystallographic plane in che case where the

15 semiconductor material is perfectly monocrystalline ox
more or less inclined with respect to a principal
crystallographic plane with the same indices for all
the grains in the case where the material is
polycrystalline.

20 This implantation is capable of creating a layer
of gaseous microbubbles which will end up, at the end
of a thermal treatment as a fracture zone. Tkiis layer
of micxobubbles thus created within the volume o©f the
wafer, at a depth close to the mean penetration depth

25 of the ions demarcates, within the volume of the wafer,
two regions separate¢ by this layer: one region
intended to constitute the thin film and one region
forming the rest of the substrate. By the expression
“gasceous microbubble” one understands any cavity or

30 microcavity generated by the implantation of ions of



this flat face being either approximtely parallel to a pri nci pal
crystall ographic plane in the case where the 15 sem conductor material is
perfectly nmonocrystalline or nore or less inclined with respect to a
princi pal crystal l ographic plane with the sane indices for all t he
grains in the case where the material is pol ycrystalline. 20 Thi s
i nplantation is capable of creating a | aye? of gaseous.m crobubbl es
which will end up, at the end of a thermal treatnment as a fracture
zone. This | ayer of m crobubbles thus created within the volune of the
wafer, at a depth close to the nean penetration depth 25 of the ions

denar cates, wit hPYIFRESHo| AR SF t RBXRaf Er8es  in M%gﬂ@ﬁﬁréébar ARR by

this layer: one Eﬁg Ples gl?yn;‘aogeg %z&oan.i’ldttt%}ﬁdt Q%a?@,ntfhatmi@ckcpne |

regi on formng e re e sub the eXpression
"gaseous mcr obubhyebfoBmallhdheiag}amdsfca'npmmpuyoﬁrtBé) order cofiva tfew

generated by the inplantajion qf ions of hydr o gas
or rare gases Egr?ﬁ%“"‘?mt BEpnceqne OF  RAY ¢ Y Say havE® ‘g‘ﬁ'\{}é’r

flattened shage, hbﬁﬁ&ohériéhl shapesYor0f Méhéle'm;»ef@{fﬁ% ef,_(gmthe

order of a few I'nteratom c “di stances, or may have roughly .
5 heni spheri cal tbhap'eomrepgdi@ghehaphapértdeéd aranitigsomay ortlmytnm:

Phase. During ¢ REORREFE & GAoee  Phadmc, Herioe  EF noRt o) STl (R out

at a tenperatutRermal treatment is ca_rried out at a  temperature
sufficient to create, through a crystal rearrangement
10 effect wi‘thin the semiconductor material such as, for
example through the effect of microcavity growth and or
the effect of microbubble pressure, the £racture 2zone

and the separation of the two regions. '
According to the implantation conditions, after
15 implantation of a gas, such as, for example hydrogen,
cavities or microbubbles are observable or not by
transmission electronie microscopy. In the case of
silicon, one can have microcavities, the size of which
can. vary from a few nm to several hundreds of nm.
20 Hence, particularly when the implantation temperature
is low, these E.avities are only observable during the
thermal treatment stage, a step during which a
nucleation of these cavities is brought about in order
to allow the fractufe between the thin film and the
25 1rest of the substrate to occur at the end of the

thermal treatment.

Furthermore, it appears that this method cé.n be
applied to all types of solid materials, crystalline or

not. It is possible to apply this process to dielectric



sufficient to create, through a crystal rearrangenent 10 effect within'the
sem conduct or material such as, for exanpl e through the effect of

m crocavity growth and or the effect of mcrobubble pressure, the
fracture zone and the separation of the two regions. Accor di ng
to the inplantation conditions, after 15 g nplantation of a gas, such as,

f or- exanpl e hydrogen, cavities or mcrobubbles are observable or not by
transm ssion electronic mcroscopy. In the case of silicon, one can
have m crocavities, the size of which can vary froma few nmto

sever al hundreds‘fés)é?%{v’gl%o cé—#&]&e&x‘gzr téaml-ikkél%‘%gpst Q%l é@&']_aﬂéé‘t_'ttﬁg

t enperature heSe cavities are on serva uri ng

thermal treat neshorghdge semicofifi@proxilr i ng which a nucl eati on of
these cavities is brought about in order to allow the fractuyre between

the thin filmand t héhe Layes: ceptaiming pisrohubbles o ctveracaviéiotnd  of
method can be 15 apsl| QTUEATYPRS, , 3aely A Fd| SHERE Schall FHED. o
not. It is pdssimierdubigipsy orhmicpsameitdesoadecpredent in sufficient
e conduct or s, Sensiey YoR ehavnfeeck R BRbvelE, Uik i B EBERIRE, BEavi 11 o
is a continuougichobeiitieB téhecoBeiRr that whél® waferankokybbbgs or
m crocavities are present in sufficient
to a fracture. If the implantation is locally masked,
in an intentional or a non-intentional way, for
10 example, by a particle of the order of a um, or less
than 1 um, the discoentinuity resulting from it does not
prevent the propagation of the fracture.
The object of all these methods is to obtain a
thin semiconductor f£ilm on a support, in order to
15 subsequently deﬁelqp electronic components in it
through traditional processes. The method described in
document FR-A-2,681,472 allows a solution to be
provided to the problems inherent in prior techniques.
However, in order to obtain a device made up of a
20 support coated with a thin semiconductor film in which
electronic components have been developed, a step from
the field of microelectronics is involved 'fan ion
implantation step), followed by éteps from the
mechanical domain (a contacting step) and from the
25 thermal domain (a heat treatment step) in order to
revert to steps relating to the microelectronic field
(development of electrxonic components) .
The inventors of this invention have thought to
group together, in a consecutive way, certain steps

30 arising from the field of microelectronics, that is to



density for the interaction between the m crobubbles or m crocavities
to occur over the whole wafer and to | ead to a fracture. If the

i mpl antation is locally masked, . in an intentional or a non-intentional
way, for 10 exanple, by a particle of the order of a [err]m or |ess

than 1 [err]m the discontinuity resultinggfromit does not prevent the
propagation of the fracture. The object of all these nmethods is to
obtain a thin sem conductor filmon a support, in order to 15
subsequently develop electronic conponents in it t hr ough
traditional processes. The t hod, descri bed i docunent FR- A- 2,,681, 472
all ows a solutiof®¥o 4R *° n&%vid&é"&i‘f’ﬁ““?ﬁg rﬁn%blaéprs ?ﬁhé’kﬁt R?ﬁ f):f r

t echni ques. SDYEYREnid N QobABEnbR:HP! aigy a dBVi O MEdpriRiss a cHe
support coated with a thin sem conductor filmin which el ectronic
conponent s have paewfakctuteped, to sadpowr omhe usgheof f sytbgtzate that

m croel ectronics__li | nvol,ved L on | atd ) ol | owed
by steps from c?méris@s n%%%a%?’g:%airr}l a%ﬁa?rﬁe (?ai%%ﬁ%gdt i%ogps?%}p'%&aen romthe
25 thermal dpneélect foriitft el dnait e nd 1) subseict@ly! @efiner @veagHirn O

steps relating to the mcroelectronic field | (devel opnment of el ectronic.
conponent s) . film oghdti.nJahterdenftehashiaventhds mefelthodbhivas

group together, | ty , rgad £ IS r t he
field of mecr oellléc ?%%#i?é#h%%@?i?%otﬁee fé‘iﬂ’ﬁl&osp&%leq{ Heeld B
7 the fact that the development of electronic. elements in

a semiconducting layer causes the creation of a
10 heterogeneous medium, that is to say one made up of
various materials (semiconductor, metals for the
electrical contacts, insulators etc.) The implanted
jons are therefore distributed at different depths in
relation to the surface that receives the ions. As an
15 exa:flple, an implantation of hydrogen ions of enexgy 400
kev in silicon leads to the formation of microbubbles
localised at a distance of about 4 um from the surface
offered -to the ionsg. This distance is 3 um for the same
implantation in gilicon having a 600 nm thick layer of
20 tungsten on the surface (see “The stopping and Range of
Ions in Solids” by J. Ziegler ct al., Percamon, New
York 1985). Consequently, in the case where :h; treated
surface has different materials on the xoute of the
ions, the microbubbles (or microcavities) are not all
25 localised in a layer sufficiently narrow £foxr the
interaction between the bubblcs to occur over all of
the surface of the wafer. The separation of the thin
£ilm from the rest of the semiconducting wafer cannot

then take place in a satisfactory manner.



say up to the developnent of all or part of the el ectronic

conponents, SO as to optimse the manuf acture or to allow the
use. of substrate that conprises the origin of the elenments, for
exanple the 5 electronic elenments and to subsequently define a thin - f
iIlmon it. In order to achieve this result, it was necessary to resol ve
t he -fol | owi ng probl em created by t he fgct that the devel opnent of

el ectronic elenents in a sem conducting | ayer causes the creation of a
10 heterogeneous nedium that is to say one nade up of vari ous
materials (sem conductor, mnmetals for the el ectrical contacts

insul ators etc.) The ﬁﬁﬁFbﬂfeHrOblemoﬂssaFEePﬁ%¢ePHréhel§?MQMEH§$
diff t depth t f t . As
HEEC I SN ot i ateg e

an 15 exanple, an |np gen'1ons"o

silicon | eads tocbheaininagt different crd@buhgl emd inbelsdimedmatepialist ance
of about 4 [err]mfromthe surface offered to the ions. This distance
is 3 [err]mfor FRB &xAate deﬁﬁﬁFﬁnFHFFoﬂoﬁﬁfﬁlFhﬁoﬁhﬂ§ﬁ¢F@F%?Qﬂﬁ§rﬂﬁth|ck

| ayer of 20 ungg eg e ‘%@q i ng and Range of
lons in SO|Id%" gyEJ © ed%§¥§§%f§PS?gg Eh%m)n 2. York 1985).
Consequently, in the Thie Nﬁuantibhea&lewSeuhe tospncwade hasolitf ey art

materials on the_yfoute o he i gns, the mcrobubbl es rocavities)
are not all 25 Féﬁi?l 5’58}"&?“5 aTt| AFerPrannsec.i tht FO¥ rlﬁaig’?‘%)wn}"for"L °% he
i nteraction betwegplaheabitiblies redafEoH! tote Gﬂdtxﬂ-fe of théemftEdnae of the

waf er. The separation of the thin filmfromthe rest of the
sem conducti ng vbkesed afhseugh byhdihe akens| dBe ausha aamensext 5hat ndnner .

10 continuous zone of microbubbles is obtained that allows
a satigfactory cleavage (or frécture) between the thin
film and the rest of the semiconducting wafer. In an
advantageous way, several implantations' at different
energies can be carxried out, The number of

15 implantapions is then fixed by the number of materials
having different behaviours with respect Co the
implantation. Implantations at dJifferent energies
allow the creation of a continuous zone of microbubbles
situated at a constant depth in relation to the surface

20 receiving the ions. As an example, for an implantation
of hydrogen ions into silicon, the microbubbles must be
localised in a zone whose thickness is less than 200 nm
in order for the interaction between the bubbles to be
able to take place during the subsequent thermal

25 treatment and to lead to the separation of the regions
gituated on each side of the zone containing the

- microbubbles, in a continuous fashion, over the whole
wafex.
The invention also provides a solution to the

30 second possible problem resulting from the creation of



Anot her problem was created by the fact that-an lon inplantation
through electrically active | ayers containing different doping and
insulating materials can create defects that nodify the
characteristics of 5 the conponents or render them unusable.

This invention allows one to provide a solytion to t hese problens. It
is proposed to carry out the ion |npléhtat|on in relation to the
nature of the materials passed t hrough by the ions in such a manner
that a 10 continuous zone of m crobubbles is obtained that allows - a
satisfactory cleavage (or fracture) between the thin filmand the rest
of the senm conductdfiegbaaf dmducedanby thevapaagages wéy, icaser &hrough

inplantations at differen can be carried out. The
nunber of 15 r%%&f’ﬁgﬁg ?gt:fmgla\:ye)ggd by the nunber of materials

having di fferent belaviiguikhowt ERat §€<§Pe&éfeé& dat€be cor¥ebaBAALON.
Inplantations at different energies allow the creation of a

conti nuous zone dfheni %Pmml@sl of aj Mmmlattm%mstant'rhd@ptiﬁl ghe
relation to the surf.ac regei ving t exanp
I mpl ant ati on HPj ygr oj’«gn |et S i EI P i %Yst"ﬁgf Pgbuﬁieeggéﬁgﬁ be

local ised’in a zgiopsreiest bEcLasss-annéslwd tTnh id@danted sikcendebyf or
the interaction between the_bubbles to be able to take pl ace dur| ng the

subsequent thernd¥: 83t @tealnefhabnaPpearehdin &hithd BEPatafPBh - oFPY fie
regions situgled . O 2€agk) S'g{:n‘?-fazlc}i’xelé%e ﬁ@”‘ﬁ.}’@é@g E.Ilré%ftron Beam

m crobubbles, ina con I nuous ion, over th

The invention al annpadingesf alemiintplantaoibheDdfagesebynd.gosEroeawpldbl em

resulting fr%nthe (‘:arle.at Iha.. a.tppeared in the jouxnal J. Appl. Phys. SO
(2), February 1979. If it is wanted to correct defects
induced in the electronic components during the
implantation step by a - particular ‘heat treatment
before the separation step, this heat treatment must

15 not then affect the zone containing the microbubbles
since it would cause the separation of the two regions
gituated on each side of this zone. Contrary to this,
this annealing must heat all of the zone containing the
electronic components in oxder to remedy the induced

20 defects. According to the invention, & transient
annealing is therefore suggested, just after the ion
implantation step, to heat the damaged regions'. in order
to remcove the defects but without heating the zone
containing the microcavitics.

25 In order to correct the defects induced by the
impl'antation step, a total thermal treatment may also
be carried out. If this treatment is carried out before
the separation step, it must be carried out at an
adeguate temperature but one that is less than thgt

30 necessary to obtain said separation, on the whole of



defects induced by the passage of ions through

electrically active -

t he

S

| ayers. It is known that such defeéects can be corrected by
application of a thermal treatnment. This is the 5 subject of the
reports "Physical and Electrical Properti es of Laser-anneal ed

| on-inplanted Silicon" by A. Gat et alg. that appeared in the journal
Appt. Phys.: Lett. 32 (5), 1st March 1978 and "Pul sed El ectron Beam
Anneal i ng of lon-inplantation Danage" by A C Geenwald 10 et al. that
appeared in the journal J. Appl. Phys. 50 (2), February 1979. If it

wanted to correct, defects i nduged. i t.he I org ts
thdpERparres, RPENE vibn e digEreObdr GRTONGS
before the separgiimh P hddtl triatheht CaditilisdNpel cibrisdtodthedf iy ect
the zone containing the m crobubbles since it would cause the
separation of thehewsepagrbien step;t omt ddeorvheldh @f deher thins Sidwy.

during

t he

Contrary to thi

t he
Accord
sugges

el ectro
ing ta®
ted, just

regions in orde

cont ai

ni ng the

i nduced by the

be car
st ep,

10

is5

Feeasnty OlGR ApeBit, AR Buer Obntolf G T O

ttlge icempekabire aselr aiwi At critdoabal Mgallyt hegidfsore

after the ion I npl antatign step, to heat the danaged

rheat Greatdanie e beecorbingd: wiFR hbhR BRaN | HiFaumento

ne

] i oLge CQL T t fiect s
BESAY €5 thia separatifn bEtind A Aln it SHET ©
ri ed out. rdstt hiof tthat mubstratear thyedadaptiref otbe - temgexratayer at i on
it must be carri.ed out

conditions an ttgg duration. The choice between the
different possible heat treatments depends on the
materials used and the components.

Therefore, an object of the invention is a method
of obtaining a thin £ilm from a 'substréte of
semiconductor materigl, the thin £ilm including at

least one element in a different material from that of

said semiconductor material, produced on one face of

20

25

30

the substrate and conferring on the thin film an
heterogeneous stfucture, characterised in that it
includes the following steps:

- implantation by bombaxdment of the face of said
substrate including said element by ions capable of
creating within the wvolume of the substrate;'gaseous
microbubbles, the implantation being carried out having
regard to the element produced in such a way that a
continuous zone of microbubbles is obtained demarcating
a2 region of small thickness, on the side of said face
of the substrate and containing said element and a
region of appreciably greater thickneas formed from the
rest of the substrate, the ions being chosen from among

the ions of rare gases or of hydrogen gas and the



adequat e tenperature but one that is less than that 30 necessary to obtain
on the whol e of the structure, possibly

sai d separation

with the support for the thin

film This heat treatnent can al so be

carried out after the separation step, on the whole of the thin film
possibly with its support, and under thesglcondltlons 5 the tenperature
used is not critical. Finally, this héat treatnent can be conbi ned

with the heat treatnent

fromthe

Ther ef or e,

rest of the substrate, by adapting the tenperature
conditions and the duration. The choice between the 10 dlfferent possi bl e

heat treatnent steﬂBﬂEﬂH%re orPf t kBe SUWQFFaIEeH!%d kepg thel
an Obl:s%e?; #“(ﬁﬁ%h‘)%é ted b th@bfri?éﬂr‘&
stra conduct or terl the

thin film from
film including iensl5is | @ddie ote cisrapet fnom dilief esemicondwrtior fbyom t hat

of said sem

substrate and co

characterisedg i

i npl antati on by bonbardnent of the face of said
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ﬁfgguctor mat eri al, produced on one face of t he

N that ¢hbh, thebhsl UdSSaditthd Wd OMhOJeabEPSateLO2t a
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substrxate and the effect of microbubble pressure, a
separation of the two regions situated on each side of
the zone of gaseocus microbubbles, the region of small
thickness constituting the thin £film,

With a substrate made of a semiconductor material,
one understands a substrate, at least the'upper part of
which, the part that will allow the thin film to be
produced, is semiconductive. The ion implantation can
be = carried out in one or "several successive
implantations, according to the number of materials
present in the substrate having 2 different stopping
powexr with respect to the implanted ions. Hence for an
element having the same stopping power as the
substrate, an implantation in one step suffices,
otherwise successive implantations are operaéed, the
enexrgy of the ions for each implantation being chosen
in order to ©obtain said continuous zone of
microbubbles.

. The method can additionally include a heat
treatment step intended to correct the defects induced
in said element during the implantation step.

In this case, and if the heat treatment step for

correcting defects induced in said element is carried



25 continuous zone of m crobubbles is obtained demarcating a region of

smal | thickness, on the side of said face of the substrate and
containing said elenent and a regi on of appreciably greater thickness
forned fromthe rest of the substrate, the ions being chosen from anvng
30 the ions of rare gases or of hydrogen gas and the

11 . tenperature of the substrate bd#ng kept bel ow the

tenperature at which the gas generated by the inplanted ions is able
to escape fromthe sem conductor by diffusion, 5 - then,

thermal treatnent of the substrate at a tenperature that is sufficient
to create, througtittbefore tiRf heat etescmentsistleb mﬁtémdamgemzmraeéf ect in
"t he substrate, and the effect of m_crobubble pressure,

separation of th83ido FEFLORE sifTPM edtih eBURSEYe of Eblsthé:%ﬁ‘élof
gaseous m Cromb&%@fmé% @Qébﬂ!ne%: CH Ibe loéﬂﬂg&est} C@R‘ét bLHE! BQ the
a su nducf or

thin film strate nmade of a sem co mat eri al
one under st ands thsulssts&reteatcdntadninyge axidereemeantof ThisWrtﬂ'e}rmaﬂ.he part
that will mléwvthe t hi.,n f|In1to b roduce IS se conduct|¥e

i on i npl ant at on %5§1°ti he ?ﬁ%ﬂePgdca“o g cPﬁrgﬁﬂ out oPY BEFRP o

successive | Tad e tiddnpns, according to the nunber of material s
present in the substrate having a different stopping power w th respect
to the inplanted i onFaidepienest sen2be aldnoat pamsyiefg ant ledecsampic

stopping power céﬁ?oneﬂ% or an electrical conductor.
According to a variation of the embodiment, before
10 the heat treatment step intended to scparate said
regions from the gubstrate, a sﬁep is provided in which
said face of the substrate that includes said element
is brought into intimate contact with a ﬁupport. This
bringing into contact. can be carried out by any known
15 means, for example by molecular adhesion or by the use
of an adhesive substance. This support may also include
all orlpart of at least one electronic component and/ox
at least one electrical conductor.
The invention will be better understood and other
20 details and particular features will become apparent on
reading the description that follows, giving for non-
limicative exemplary purposes only, and accomﬁanied by
the appended drawings in which:
- Pigure 1 is a sectional view of a semiconductor
25 substrate on the face of which an electronic component
has been produced,
- Figure 2 illustrates the substrate of Figure 1
during a first ion implantation step,
- Figure 3 illustrates the same substrate during a

30 gecond ion implantation step.



substrate, an inplantation in one step suffices, ot herwi se successi ve

I npl antati ons are operated, the energy of the ions for each

i mpl ant ati on bei ng chosen in order to obtain said continuous
zone of 25 mcrobubbles. The nmethod can additionally

i nclude a heat treatnment step intended to correct the defects induced
in said elenent during the inplantation sggb In this case, and if
the heat treatnment step for 30 <correcting defects induced in said el enent
is carried 12 out before
the heat treatnment step intended to separate said regions from the

substrate, this therngfigure dor represAnts ehrinaingarthee Bubatrak®l to t he

zone of theﬁégeﬁt at eebe%g"; @a%&?g 3 eI&men%YoTl%ﬁ tih\?igﬁka fon

correction treat neans aser eam

Sai d el ement canstapal ineds Puimatle 2Bnehectudth aa rigidceuppoen) or an
el ectrical conductor. According to a varjation of the enbodinent,

before 10 the heat -tFégurenf sbowp ther sidad £ilp Seidtin efi’?é’r cF°
regi ons fromgt hgggbsﬂi%cg,s sglgg)ég S Lp‘{howagedrég MCQJ:O Ld f

t he substrate I nc éle rought o [ nt| ma
contact with a su;ae@trhenﬂ' i’élﬁep intended te isebaravet ehé :hinbﬁihmrtrm out
by any known 15 nreans, exanpl e: bg nol ecul ar adhesi on or by the use

of an adhesive sEBSt’é‘P&% o hhe 8YBSEFRE%ay al so i ncl ude
In the application example which will -follow, the

thin film will be fitted with an electronic component

10 made up of three types of material: monocrystalline
silicon for the active zones, silicon oxide as a
dielectric and tungsten to provide the contacts.
However the invention is not limited to the case of
electronic components. It is also applicable to the

15 manufacture of thin films including other elements
which are, by nature, liable to modify the depth of
implantation of the ions in the semiconductor material,
for example metal strips used for electrical connection
between circuits or components.

" Figure 1 shows a semiconductor substrate 1 made of

»
Q

monocrystalline silicon, on the face 2 of which, an
electronic component (a transistor 3) has been
produced. The transistor 3 has been produced in
accordance with a technique known to a skilled person.
25 Thexe is a well 4 doped in an appropriate manner in
whic}'x a source S and a drain 6 have been created by
doping. A gate 7a made of polycrystalline silicon and 2
gate oxide 7b have been formed on the face 2 of the
substrate, between the source 5 and the drain 6. A

30 layer 8 of silicon 6xide has then been deposited and



all or part of at |east one el ectronic conponent and/or at | east one
el ectrical conductor. The invention will be better understood and
other 20 details and particular features will becone apparent on

readi ng the description that follows, giving for non- limtative
exenpl ary purposes only, and acconpanied b t he appended drawi ngs in
whi ¢ch: - Figure 1 is a sectional ew of a sem conductor 25

substrate on the face of which an el ectroni c conponent has been
pr oduced, - Figure 2 illustrates the substrate of Figure 1

during a first ion inplantation step, - Figure 3 illustrates the
same substrate dthendumgatenssontactken 9 muchni®t | vespaaively for the

13 - Fiqure 4 . represent,s br.ingi t he _subst rat i ch has
been subj ect ed t8°{"%8°t fod; %’ﬁ’% rf&%’at?%‘% ngee%t%f)% ‘-}‘-}ﬁ‘g &?ﬁ?“}%ﬁ e~ ®nt act
with a rigid suppifle layer 8. Fi:iéilqyr,6a5?§§9waﬁif& havexrf 1h i hhge by fixed

to 5 therigd suEport, such as results fromthe heat treatnent step
i nt ended to sepapiidconecxide, f hasnbeennteposited rekovef thdccompenent e.

In the applicatign igh will follow the thin filmwll be
fitted with-a% e?éc?iég%})%ﬁ%%wr‘rap%nent 10 rmade up of three types of material:

monocrystal | i ne shteardirepr tbhetinet istataones, thel iAoEae dofasie
dielectric and tgg fégrrzld&gtopx[ Oxaitgeertgte:tgi?x{]écﬂCtisé may be necessary to
.carry' out mechanical chemical polishing of the upper
face 12 sc as to obtain a degree of xoughness

10 compatible with bringing this face into contact with a
face of the vrigid support during a later step. In
effect, the topology of the surface on electronic
components can be of the oxder of several hundreds of
nm while the surface roughness to ensure sticking, for

18 example by molecular adhesion, onte the rigid support
must be less than about 0.5 nm in rms roughness. On
this subject, one may make reference to T. ABE et al.,
Electrochemical - Society Conference, Wafer Bonding
Symposium, 1990, 61.

20 A first ion implantation step is then carried out,
involving the bombardment of the wafer by an ion beam
directed onto face 12, that is onto face 2 of the
substrate 1 as shown by the arrow. The ions which might
well be implanted have been specified in document FR-A-

25 2,681,472.

'Figure 2 illustrates this first ion implantation
step. By using hydrogen ions of 400 keV energy, two
different implantation depths are obtained. The
implanted hydrogen t:h.at only passes through the silicon

30 or the silicon oxide forms microcavities 22 at 4 um



However the invention is not limted to the case of el ectronic .
conponents. It is also applicable to the 15 manufacture of thin filns

i ncluding other elenents which are, by nature, liable to nodify the
dept h of i npl antation of the ions in the sem conductor materi al,
for exanple netal strips used for electrical connection bet ween
circuits or conponents. Figure 1 %ﬁoms a sem conductor substrate 1
made of monocrystalline silicon, on the face 2 of which, an
el ectronic conponent (a transistor 3) has been produced. The

- transistor 3 has been produced in accordance with a techni que known to

a skilled persordepth Wwhtherespacthekb Z£apspel? i pfarchepprafny.at@ nbheier in
which a source 5 and g drain_6,have. heen created doni .date 7a
made of polycr ys?'g}ﬁﬁ' %@’é‘f’ll i‘%ﬁagh%d }Yc{l"g&é’t 8%O§Béesa7%e heggee&%egﬁ_legr med on
the face 2 of thsagses AHDuGAL Che DLdVEE TdntR i88HECE Dayd dfheuayaten6. A 30
| ayer 8 of silicon oxide has then been deposited and t he

t ungst en cont act 09 mean WhickoepecPi 6epy) f Sermhemicrocaydgice ahd3tH8 drain,

have been prqduced t.hraugh_t he i de  l.ayer 8. Finally, a passivation
| ayer 11, made cégpéh v F583e5§i%%aéﬁ§%1 éen deposited above the

component = 5 3, thuswrifteiten necessaxry’\d! pideedd dd1ea Skaténdf ibhe
surface of the sem conduct or wafer obtained, it H%X be necessggy to
i

carry out mechant’aRiantadiosal spepi HAf ngi-ldﬂsﬁ"ﬁéteépe#n gure 3.
| implantation of hydrogen ions of 470 keV energy, allows
one to obtain a second profile of microcavities 23, 24
10 at a depth graatér than tye depth of the first profile
of microcavities 21, 22, The implantation energies have
been chogsen in such a way that an alignment of
microcavities 21 and 24 is obtained. Hencé a continuous
zone of - microcavities or gaseous wmicrobubbles is
15 obtained that allows the demarcation of an upper region
which will constitute the thin film and a lower regioﬁ
which will form the rest of the substrate.

The number of implantation steps is a function of
the number of materials behaving differently with
20 iespect to the implantation. By behaving differently
one understands the fact that the ions do not have the

samc mean depth of penetration in these materiais.
Once the final implantation step is finished, one
then procsaeds, for example, to a transien: annealing
25 which only permits'the zone contajining the electronic
component to be heated. This step is only necessary in
the case where the component is disturbed by the
implantation of the ions. By way of example, this
annealing ¢an be carried out by means of a laser beam

30 dirxected onto the face 12, of wavelength below 0.4 um,



face 12 so as to obtain a degree of roughness 10 conpatible wth bringing

this face into contact with a face of the rigid support during a |ater
step. In effect, the topology of the surface on electronic

conponents can be of the order of several hundreds of nm whil e the
surface roughness to ensure sticking, for 1o exanpl e by nol ecul ar
adhesion, onto the rigid support nmust %e | ess than about 0.5 nmin rns
roughness. On this subject, one may make reference to T. ABE et al.,

El ectrochem cal Society Conference, Wfer Bonding Synposi um 1990,
61. 20 A first ion inplantation step is thep carried out,

i nvol ving the boRBSVARENG BRe¥XEr QAfRr2pyPan FMéAmhNRing &irexiexd ohio
face 12, that islgﬁt Qisf.a%cﬁz‘)ftﬁéyé conditiPhsd! & L dmpeti@iBePiod hﬁlé‘”ow-
we

The ions which mg be 1 npl ante avé been specified 1 n docunment
FR-A- 25 2,681, 462dexr of 800Fi gur €980%d | ¢ahr abes ddiched r bxi oa few

I npl ant ati on step. By using hydrogen ions of 400 keV energy, two

di fferent inpl afEBEPBRCORID hgheﬁ?e CegpeEARUESS RNE comﬂaﬁ"ﬂlbgﬁt ety dr ogen

2 oonn PEF e bl Sl U cHA. el ol L500 RRLA T

12 of the wafer.béncaieied cutnteichepaodlyi optardved hiier egeiref sttacnne

energy which ¢ PaSSSsater B91n' Dovaear Straatnants, Jzdne Wy zone | UNOSt €N
Figure 4 illustrates the step of bringing the

wafer into intimate contact with a rigid suppoxt 30.

10 This rigid support can be either a massive substrate
(made, for example, of glass) or a substrate containing
electronic components and/or electrical conductors. The
presence of this rigid support will allov;r one to carry
through the mechanics of the separation between the

15 upper region of substrate 1 and the lower region as
disclosed in document FR-A-2,681,472.

However, in the case where the thickness of the
thin film of semiconductor material is sufficiently
great to have satisfactory rigidity, the presence of a

20 rigid support is not necessary and the polishing of
face 12 of the wafer is no longer necessary either.

‘Then an isothermal heat treatment is ca:..‘;‘ried out
which heats, in a homogeneous way, the assembly made up
.of the wafer and the rigid support to a temperature

25 greater than the temperature at which the ion
bongrdmen: is carried out and sufficient to create,
through a crystal rearrangement effect amd through the
pressure in the microbubbles, a separation of the
substrate into two regions situated on each side ©f the

30 continuous zone of microcavities 21, 24. Thus, as shown



(of mean thickness 0.6 [err]m forns mcrocavities at 3 [err]m 5 depth

Wth respect to face 12. It is then necessary to proceed to a
second ion inplantation step as illustrated in Figure 3. An

i npl antation of hydrogen ions of 470 keV energy, allows one to obtain
a second profile of mcrocavities 23, 24 1f; at a depth greater than the
depth of the first profile of mcrocavities 21, 22. The inplantation
ener gi es have been chosen in such a way that an alignnment of

m crocavities 21 and 24 is obtained. Hence a continuous zone O

f

m crocavities or Se mMcr bid, I\S 15 iLne af; t he
demar cati on of aﬁnu%%%r%%lréegsi'oﬁ t%qlé\/\%lg‘ﬁ' \i/ill I:‘]scc?r}i’g"tg’ltigﬁgeqphg %‘H?Ellg‘lg?m and
a lower region an ehieeclrohit Eomparidie r:eSéu;?fcrt:ba pybat rdged support The
nunber of inplantation steps is a function o t he nunber of materials
behavi ng differedfly with 20 respect to the inplantation. By behaving
differentl one u i d t e
same nean )(;ept h of peﬁggégéﬁﬁ%%%@ggngegéfggd dbbve %n'i?d;l\§§¥¥%%£'fi nal
i npl ant ati on 5t epnes éleecstmiic oremponehthen theocetndenc fart asanpheally a

transi ent anneal i ng, 25 x\,hi ch OHIy Eerm;ts the zone cong ai n"{_ng t he

el ectronic cﬁﬁgbﬁﬁﬁ? % otBethRaPER IR s°fst%pq‘§“oﬁ+ neteseAr yifh

the case where tBgeCORRONGRELI Sgehatdy bedhdiveile or LAP! sa&atlganeédthe
ions. By way of-exanple, this anneal 1 ng can be carried out by neans of

a | aser beam 30 cdmpenentsonto the face 12, of wavelength below 0.4 [err]m



prOV|d|ng energy of 0. 2 to 1 J/cnferr] durlng a period of _ 150 ns.-’
Under these conditions, a tenperature of the order of 800 to

900[ err] C can be reached for -a few m croseconds. These tenperatures
are conpatible with 5 the renedying of defects. This |laser type annealing
can be carried out either only once gger the entire surface of
the wafer or in several treatnents, zone by zone. Figure 4
illustrates the step of bringing the wafer into intinate contact with a
rigid support 30. 10 This rigid support can be either a massive substrate
(made, for exanple, of glass) or a substrate containing el ectronic
conponents™a onductors. The presence of this rigid
support mﬁl t hrough t he mechani cs of the
separation mﬂ m lﬁi Wper region of substrate 1 and the |ower region
as di scl osed I'n FR- A- 2, 681CRERMS However, in the case
where the thickness of the thin filmof sem conductor naterial S
sufficiently great to have satisfactory rigidity, the presence of a 20
rigid support is not 1necgs&aémﬁldotheomﬂzﬁ}ﬂgngaofchm tara 18w &he
wafer is no | onger necessary either. Then .an i sot her nal h at
treatment is carsukefxaRe of vﬂ#mﬂFQﬂﬁﬁFsorlnm%F#iiﬁﬁgenE fis WP

assenbly made up, f h e S4P 4 ! g&g_iture 25
greater than %Cl"fcpnﬁ}er atur gﬂgw% Sﬁéhg # BfEfe egﬂo’:?rba ment is
carried out and 51:6:&!shaﬂtofOssmasemzcondv.tdua:ugtamrdayst@lv-o:iaaedangerrent
ef fect and through the pressure m cr.obupbl es tg? ?ﬁparatlon

of the Substret B2t Sft #8er ég‘PSﬁ§a§‘|"t ﬁﬁ?e&"ﬁﬁe’éﬁ’c‘w sPe R30
continuous zone pfyn cLaCavhdiSfogeheot T8¢ SuctiresNOWIncluding the

following steps:
- implantation by bombardment of the face of said
substrate including said element by ions capable of
10 creating within the volume of the substrate gaseous

microbubbles, the implantation being carxried out having

. regard to the element produced in such a way that a

cbntinuous 2one of microbubbles is obtained demarcating

a region of small thickness, on the side of said face

15 of the substrate and containing said element and a

region of appreciably greater thickness formed by the

rest of the substrate, the ions being chosen from among

the ions of rare gases or of hydrogen gas.'and the

tempera.ture of the substrate being kept below the

20 temperature at which the gas generated by the implanted

ions is able to escape from the semiconductor by
diffusion,

- then, thermal treatment of the substrate at a

temperature that is sufficient to create, by a

25 crystalline rearrangement effect in the substrate and

the effect of microbubble pressure, a separation of the



17. in Figure 5, athin film31 is obtained that includes an
eIectronLQ_QQHEQDEELa§_%E$§orted by a rigid support 30. Al t hough
t he exanpl e descri bed abo only nentions 5 one el ectronic conmponent, the
in\iention“mmsmﬂmm/ plicable to the creation of a thin filmfitted
W th o Lﬂﬁl entirely or inlgart f or med conponents.

1. A nmethod of dbtdinisng*a thin f ilmfroma substrate of sem conductor
material, the thin film i ncluding at l.east one elenent of a different
mat eri al fromthat of said sem conductor nmaterial, produced on

two regions situated on each side of the zone of
gasecus microbubbles, the region of small thickness
constituting the thin film,
2. A method according to Claim 1 in which during
S the ion implantation step, successive implantations are
operated, the energy of the ions for each implantation
being chosen in order to obtain said continuous zone of
.microbubbles .
3. A method according to Claim 1 furthex
10 comprising a thermal treatment step intended to correct
the defects induced in said element during the
implantation step. '
4. A method according to Claim 3, in which the
thermal treatment step for correcting the defects
15 induced in sa2id element being caxried out before the
thermal treatment step intended to separate said
regions of the substrate, this thermal correction
treatment is localised ¢to the area of substrate
containing said element. _
20 S. A method actording to Claim 4, in which the
thermal correction treatment is carried out using a

.

laser beam. .

6. A method according to Claim 3, in which the

thermal correction treatment of defects induced in said

25 element being carried out before the thermal treatment
step intended to separate said regions of the
substrate,” this thermal correction treatment ccnsists

of bringing the substrate to a temperature sufficient

to obtain the remedying of the defects but is less



5 one face of the substrate and conferring on the thin
het er ogeneous structure, including the fol | ow
i npl antation—by-benbardrent of the face of said su

film an
ng steps: -
bstrate including
e volunme of the
eing carried out

said e| [ ons capable of 10 creating within th
subst er‘iH NH 'Jl lil?’u crobubbles, the impgantation b
havrng " e el enent produced in such a way that a
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conti nuous zone of m crobubbles is obtai ned demarcatin

smal | thickness, on the side of said face 15 of the s
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formed by the rest of € i ons
the ions of rareogagaidotwédfrdyirzgen gas and the

el ng chose

rom anong
tenperature of the

substrate being kept below the 20 tenperature at which the gas generated
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whi ch during
thermal correction treatment of defects

element and the thermal treatment st

induced in said

ep intended to

10 separate the gaid regions of the substrate are combined

into one and the same thermal treatment

operation.

2. A method accoxding to Claim 1 in which said

element is all ox part of an electronic

electrical conductor.

component or an

1s 10. A method according to Claim 1 in which, before

the thermal treatment step intended to separate the

said regions of the substrate, a step

is provided in '

which said face of the substrate including said element

is brought into intimate contact with a
20 11. A method according to Claim 10
gsupport includes all or a parxrt of
electrcnic component and/oxr at least

condugctor,

suppeort.
in which, said
at least one

one electrical



5 .the ion inplantation step, successive inplantations are oper at ed, .
the energy of the ions for each inplantation bei ng ‘chosen in order to
obtain said continuous zone of m cr obubbl es 3. A nethod
according to Caim 1 further 10 conprising a thermal treatnent step

I ntended to correct the defects induced in said elenent during the

| npl-ant ati on step. 4. A nethod according to daim3, in which the
thermal treatnment step for correcting the defects 15 induced in said

el enent being carried out before the spermal treatnent step intended to
separate said regions of the substrate, this thermal correction
treatnent is localised to the area of substrate containing said

el enent. 20 5. A nethod according to Claim4, in which the

thermal correction treatnent is carrled out u3|ng a . laser beam

6. A nethod according to d ai BSTIR . RE correction
treatnent of defects induced in sald 25 elenent belng carried out before

the thermal treat 'Qns of
t he substrat e,
bringing the subst r MEIRRLAL {INQE LY. M. :
remedyi ng of the defects but S Iess . 20 - than the
tenperature required to obtain the separation

The invention relates to a method of obtaining a

thin £ilm from a substrate made of sSemiconductor
material, the thin f£ilm including at least one element
(3) made of a material different £from the said
S semiconductor material, on-one faca of the substrate
and conferring to the thin film a heceroéeneous
structure, It comprises the following steps:
' - implantation by bombardment of the face (2) of
said gubstrate by ions in order to create in the volume
10 of the substrate gaseous microbubbles (21 to 24), the
implantation being carried out havirng regard to the
element produced in such a way that a continuous area
of gaseous microbubbles (21, 24) is obtained
demarcating a region of small thickness, on the side of
15 said face (2) of the substrate and containing said
element (3) and a region of appreciably greater
thickness formed by the rest of the substrate,
- then, thermal treatment of the substrate at a
temperature that is sufficient to create, by a
20 crxystalline rearrangement effect in the substrate and
the effect of pressure of the micxocbubbles, a
separation of the two regions situated on each side of
the area of gas=sous microbubbles (21, 24), the region
of small thickness constituting the chin film.
28 FIG. 3 |




of said two regi ons. 7. A method according to Cdaim3, in:

whj ch the ‘thermal correction treatnent of defects induced in said

5 elenment is carried out after the thernmal treatnent step i nt ended
to separate the said regions of the substrate. 8. A net hod
according to Claim3, in which the thermal correction treatnent of
def.ects induced in said el ement d the thernmal treatnent step

i ntended to 10 separate the said r dF ns of the substrate are conbi ned
into one and the sanme thermal treatnent operation. 9. A nethod
according to daim1lin mhicUngaid elenent is all or part of an

el ectroni c ggypoon el ectrical conductor. 15 10. A

met hod acco , before the thermal treatnent

step intended said regions of the substrate, a

step is providg i ’ ace of the substrate including said
el enent "'.% '. ?Ia cont act with a support.

11. A nethod P8 -z,/m : said cI udes

all or a parj o TCEEmTT on| C conponent a%YG | east

one el ectrical

: 4




