1. A METHOD OF PRODUCI NG A THI N LAYER

TP

SEM CONDUCTOR MATERI AL This invention relates to a nmet hod?
producing a thin layer of sem conductor material. The thin | ayer produced
can possibly be provided with el ectrontc conponents. The invention

permts the production of thin |ayers of either nonocrystalline or
polycrystal li ne or even anorphous sem conductor and, for exanple the
production of substrates of the Silicon on Insulator type or the production
of self-supporting thin la er s, of monocr stalllne sem conductor. Electronic
circuits and/or m crost ! Ofa BRODUCING, AcTHE #Ror in part created
In these layers or in these eabsgma@emDUCTog Mgragzwknomn that inplanting
ions of a rare gas or of hydrogen in a sem conductor material induces the
formation of mcrocavities at a depth proxinmate to the nean penetration
dept h of the ions.THhe dnvanembnFEEAa€e§8¢o432mdthoﬁoséspaodathng whi ch
e oot OPRIAY 1l U5F L@nGRLRNNCROL Ml O HRIT £RIUGLORy T S
met hod consi s s of s ec er th6 desied sem conducfdr nateri a
t hat |ncludesP§9¢m@$dfa§én t@o$ﬁ%b¥bIIQﬁMerQﬁk§§§: with elgctirpsdic

I mpl ant ati on & ﬁgbganegnbardlng the flat face of the wafer with ions

creating, within the volune o t he fer .and at, a. dept Pr oxi mat e
to theg hh knventlon per%%%s the production po@ R

layers of either monocrystalline or polycrystalline or
evert amorphous semiconductor and, for example the
production of substrates of the Silicon on Insulator
type or the production of self-supporting thin layers
of monocrystalline semiconductor. Electronic circuits
and/or microstructures can be either completely or in
part created in these layers or in these substrates.

It is known that implanting ions of a rare gas or
of hydrogen in a semiconductor material induces the
formation of microcavities at a depth proximate to the
mean penetration depth of the ions. The document FR-A-2
681 472 discloses a method which uses this property in
order to obtain a thin film of semiconductor. This
method consists of subjecting a wafer of the desired
semiconductor material that inciudes a flat face, to
the following steps

- a first implantation step by bombarding the flat
face of the wafer with ions creating, within the volume
of the wafer and at a depth proximate to the
penetration depth of the ions, a layer of microcavities
separating the wafer into a lower region 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 maincained below the
temperature at which the implanted ions can escape from

the semiconductor by diffusion ;



penetration depth of the ions, a layer of mcrocavities separating the
wafer into a lower region constituting the mass of the substrate and an
upper region constituting the thin film the ions being chosen from anong
the ions of rare gases or of hydrogen Zzas and the tenperature of the wafer
bei ng mai ntai ned bel ow the tenperature at which the inplanted ions can
escape fromthe sem conductor by diffusion ; 2
- a second step of bringing the flat face of the wafer into close contact

with a support nmade up of at |east one layer of rigid material. This close
contact may be credt e¥#CORYr SLRRARHI BripEiAg taﬁ Ié&ﬁesﬁa\ﬂ? RbsEdce, or

by the effe@utafecif irfto PEBb$N Bahadt ed@ﬁmataoaugtaot:bemauéf Lo ANk
possibly a th and/ o electrostatlc t r eat.ment er to pronote

i nt er at onic bﬁ'ﬁ& Sfrg T weRReT heLs dfFaft “?ﬁ&rtlng wéalhérs ciose an%??d st ep
of thermal treatynenbe of ctreatedf er -faatippexdnplbsenbbyngt ant enpdiiasive

greater than %E%gt ratugfha&ﬁyh Egeth%fkggkantgglog mgérgf%& §¥€§Utiﬁnd

sufficient ea e crystal rearran
t he wafer and gnqume pﬁes@ﬁ! e S@tfrftah‘-ésm ardcpaasiiddy aaseprezmabn

bet ween t he t%da/fdﬂ %@@@tkeetmé Oéréat@néd@stlrnat Bradbi scbenpasaiage is,
for exanple 53éLFrr Iicon, hi s |nplantat|on I.s capabl e of

creating a |l a t@&?@b@?“ﬁ#@ﬁoBﬁEUﬁ§§ thei SUPRSEr 2D RS IRARA les t hus
created within the vol wrisl ddp Wi etherdiala WeRidhent of the wafer-

support assembly at a temperature greater than the
temperature at which the implantation was carried out
and sufficient to create, through a crystal
rearrangement effect in the wafer and through the
pressure of the microcavities, a separation between the
thin film and the mass of the substrate. This
temperature is, for example 500°C for silicon.

This implantation is capable of creating a layer
of gasecus microbubbles. This layer of microbubbles
thus created within the volume of the wafexr, at a depth
proximate to the mean penetration depth of the ions
demarcates, within the volume of the wafer, two regions
separated by this layer : one regibn intended to
constitute the thin film and one region forming the
rest of the substrate.

According to the implantation conditions, after
implantation of a gas, such as, for example hydrogen,
cavities or microbubbles may or may not be observable
by transmission electronic microscopy. In the case of
silicon, it can be obtained microcavities, the size of
which can vary from a few nm to several hundreds of nm.
Hence, particularly when the implantation temperature
is low, these cavities are only observable during the
thermal treatment stage, a step during which nucleation
is brought about in order to end wup with the



proxi mate to the nean penetration depth of the ions demarcates, within the

vol unme of the wafer, two regions separated by this |ayer one
region intended to constitute the thin filmand one region formng the
rest of the substrate. According t® the inplantation conditions, after

I npl antation of a gas, such as, for exanpl e hydrogen, cavities or

m cr obubbl es may or may not be observable by transm ssion el ectronic

m croscopy. In the case of silicon, it can be obtained mcrocavities, the
size of which can vary froma few nmto several hundreds of n Hence,

particul arly GRaheEREOFADIGt BRf oMiRsEHtdes | 3t | Ghe t RBde Rhavittifes are
only observabtgegudsl ngréhemdmer nal treat nent stage, a step during which
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t he wafer afte ntation step creation o such
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operations (diityeien %@n%@chngnrcdﬁﬂgs'ﬂrﬁﬂrleset&é cdPdfing egutr ¢ t her mal
treatnent stages ﬁgt I cal from 400 errJS oto 700 err %) accordi ng

to the stepgert?b ?‘F?’c%rf“lcr%e & peration fusion
annealing, deposition etc.) that require thermal

treatment stages (typically from 400°C to 700°C)
according to the steps for silicon. At these
temperatures, blisters form on the surface of the flat
face of the implanted wafer. By way of example, for an
implantation of hydrogen ions at a dose of 5.10%
protons/cm® and at 100 keV energy in a silicon wafer, a
thermal treatment carried out at 500°C for 30 min.

leads to degradation of 50% of the surxrface of the flat
face of the wafer, this degradation resulting in the
appearance of blisters and to their bursting. It is
then no longer possible to properly ensure that the
flat face of the wafer is brought into close contact
with the support (which will be called the applicator
in the subsequent description) so as to detach the
semiconductor layer from the rest of the wafer.

This phenomenon of the formation of blisters and
craters in the surface of a silicon wafer implanted
with hydrogen ions after annealing has been discussed
in the article "Investigation of the bubble formation
mechanism in a-Si:H films by Fourier-transform infrared
microspectroscopy"” by Y. Mishima and T. Yagishita, that
appeared in the J. Appl. Phys. 64 (8), 15th October
1988, pages 3972-3974.

This invention has been conceived in order to
improve the method described in the document FR-A-2 681
472. After a step of ion implantation within a range of



tenperatures, blisters formon the surface of the flat face of the

I npl anted wafer. By way of exanple, for an inplantation of hydrogen
of 5.10[err] protons/cnierr] and at 100 keV energy in a

at a dose

i ons

silicon wafer, a thermal treatnent cargied out at 500[err]C for 30 mn.
| eads to degradation of 50% of the surface of the flat face of the wafer,

this degradation resulting in the appearance of blisters and to their

bursti ng.
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be applied for other reasons.

The invention is also applicable in the case where
the thickness of the thin layer is sufficient to confer
good mechanical characteristics on it, in which case it
is not necessary to use an applicator in order to
achieve the separation of the thin layer from the rest
of the wafer, but where it is desired, despite
everything, to avoid surface defects in the flat face.

Therefore an objective of the invention is a
method of production of a thin layer of semiconductor
material from a wafer of said material having a flat
face, including an ion implantation step consisting of
bombarding said flat face with ions chosen from among
the ions of rare gases or of hydrogen, at a specific
temperature and a specific dose in order to create, in
a plane called a reference plane and situated at =a
depth proximate to the mean depth of penetration of the
ions, wmicrocavities, the method also including a
subsequent thermal treatment step at a temperature
sufficient to achieve separation of the wafer into two
parts, across the reference plane, the part situated on
the side of the flat face constituting the thin laver,
characterised in that _

- the ion implantation step is carried out with
an ion dose between a minimum dose and a maximum dose,
the minimum dose being that from which there will be

sufficient creation of microcavities to obtain the

ed in the docuq?nt FR-A-2 6 1tﬁ22. After



allows to carry out a thermal treatnment of the part of the wafer
corresponding to the future thin layer, in particular between 400[err]C and
700[err]C for silicon, without degrading the surface condition of the flat
face of the wafer and w thout separati®n of the thin layer. This
Internmedi ate thermal treatnent can formpart of the operations for

devel opi ng el ectronic conponents or can be applied for other reasons.

The invention is also applicable in the case where the thickness of the
thin layer is sufficient to confer good nechani cal characteristics on it,
in whi ch caseembristiemenscedsahe twaiise alorpprheargferanged®lane achi eve

the separatiopngl ddieith Nabguer v O{bEdPShogt Waneal ehiar Dbbotere it

i s desired, desplte'everythlngﬁ to avoid surface defects in the flat face.
Therefore an YBLE8¢i v&UBNG h&Tienyveherdal | SLeakemSd 8FeBr odtt@4®ni6f a thin
| ayer of sem gepdwat@bnnBEethdlwifoym a wafer of said material having a flat
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with an ion deheaketf®ares Birnigatdideserfapdes rapglned dadenet ke nial mum
dose being_thgtggnongghhch there will be sufficient creation of

mi crocaviti es-Po-oBtarit he :

In the application, by microcavities, one
understands cavities that can be of any form ; £for
example, the cavities can be of a flat shape, that is
to say of small height (a few interatomic distances) or
of substantially spherical shape or any other different
shape. These cavities can contain a free gaseous phase
and/or atoms of gas arising from the implanted ions
fixed to atoms of the material forming the walls of the
cavities. In Anglo-Saxon terminology, these cavities
are generally called “platelets", “microblisters® oxr
even "pubbles".

The thermal treatment carried out with the purpose
of achieving separation of the thin layer from the rest
of the wafer, allows the microcavities to be brought to
a stable state. Indeed,” under the effect of
temperature, the microcavities coalesce to reach a
final definitive condition. Hence, the temperature is
chosen in such a way that this condition is obtained.

ARccording to document FR-A-2 681 472, the doses
implanted are such that, under the effect of the
thermal treatment, a layer of microcavities is obtained
that allows the separation to be achieved directly.

According to this invention, the doses implanted
are insufficient to achieve a separation during the



5. enbrittlement of the wafer along the reference plane, the maxi num
dose, or critical dose being that above which, during the thermal treatnent
step, there is separation of the wafer, - a separation step of
separating the wafer into two parts, aBross the reference plane, is

provi ded after or during the thermal treatnment step, this separation step
conprising the application of mechani cal forces between the two parts
of the wafer. These nechani cal forces can be tensile forces, shear
forces or bending forces applied alone or in conbination, In the

appl i cation, thpymak dixradmalites, the odesgaddmptlandsedc 071Y ed1LRYt aan be of

any form ; f@&b@l%ﬂméﬁenthafcéﬁbtM&ieﬁaﬁtbQH@fﬁéﬂéﬁ@hd@“ﬁ%&né'ﬁﬁhés to
say of small he| a fewinteratom c di stances) or of substantially

spherical shaf&P Faﬁsﬁnot HESTH TG %r AP sHEPEE2 Th€‘§§pcav? i ed Whtain a
free gaseous phadendrdlorfcaicens Eugdseraidra, nGHe onrthécahpaaséed dsons

fixed to ato f; teti al t he lls o e
Angl o- Saxon @?glﬁgpog%}? 2 esel%g\f{ptll a%%mg'eenszsr a{: %/Qcétl%l &&géatetl ets"
"m croblisterwhich duefnngbubbl den, lmplamticbrerm ttheémarﬂemraﬁmmermd out’

W th the purpgsesgl acireviid enardl Alleleidie & dndavghe! et by rest of

the wafer fhe m crocavitles e brought to a stab state.
I ndeed, undekhet mafegtf Sthe P%ﬁbkﬁﬁm@$aPhFéte¥ﬁedﬁF§r&&QHQhﬁﬁﬁﬁﬁﬁﬂesce to
reach a final sgdekknihi ¥BeCORGEAt OB . Hence, the tenperature is chosen in
such a way that th&gecggghgaogcégr E&fjégc%he invention can include,
between the thermal treatment step and the separation
step, a step consisting of producing all or part of at
least one electronic component in the part of the wafer
before forming the thin layer.

If the production of this electronic component
requires phases of heat treatment, these are preferably
carried out at a temperature below that of the thermal
treatment.

If needed, just before the separation step, an
extra step is provided, consisting of bringing said
wafer, on the side of said flat face, into close
contact with and rigidly fixing it to a support through
which mechanical forces such as tensile and/or shearing
forces will be applied.

This support can be a flexible support, for

example a sheet of Kapton®™,

It can alsoc be a rigid
support such as a wafer of oxidised silicon.

The invention will be better understood and other
advantages and features will become apparent on reading
the description that follows, giving by way of & non-
limitative example, in which :

- Figure 1 represents diagrammatically a wafer of
semiconductor material, one face of which is being
subjected to ion bombardment in application of the

method according to this invention,



According to docunent FR-A-2 681 472, the doses inplanted are such that,
under the effect of the thermal treatnent, a |layer of mcrocavities is

obtained that allows the separation to be achieved directly. Accordi ng
to this invention, the doses inplanted7are insufficient to achieve a
separation during the 6 t her mal

treatnent, the doses inplanted only allow an enbrittlement of the wafer at
the reference plane, the separation requires an extra step of

appl yi ng mechani cal forces. Furthernore, the critical dose, as defined in
the invention, is |®ess Hi@Fe he2dodePResiiiteh dlkIFRIHE iSH Jhpl BRtati on

and thermal trepés@dingt GBFert heite tige bbhat &f fldBthermgD theathahcface of
the wafer. The grobLen1of Qllsters does not ,therefore arise in

th
invention . StTReiRGERSESAcCOrART (T HELFRUGRET DIESaro| REPAGECSbet ween
the thermal traatoedingtep thnis tirerexepiargti on step, a step consisting of

Phe waf of bef ore fofm RaSHS thin Lapsescive | fEpERaREtcArly "o REL
el ectroni ¢ conposeedingquivaephasefter hebermattnmenf t hesectrenic
preferably cargbgdoQutie 8t i& { SADELALYN S ORI AW IOl tbh& He[aBE reg
treat nent. I'T needed, just before the separation step, an

thin layer,

- Figure 4 represents diagrammatically the step of
separating the preceding wafer into two parts, in
accordance with this invention.

An important feature of this invention lies in the
implantation of hydrogen or rare gas ions at a dose
less than or equal to the dose above which there would
be separation during the thermal treatment. The dose
used is such that it permits embrittlement of the
material at a depth. R, correspondin§ to the mean
distance travelled by the ions in the material, but the
wafer remains sufficiently mechanically resistant to
support all the thermal treatment steps necessary to
produce the electronic circuits. In other terms, the
implanted wafer has, in the area of the microcavities,
solid bridges linking the part of the wafer desigmned to
form the thin layer and the remaining part of the
wafer.

The description is now going to be directed to the
production of a thin layer of semiconductor material
from a thick substrate having a flat face. The starting
substrate may or may not be covered on this flat face
with one or several layers of materials, such as, for
example, encapsulating materials such as a dielectric.

Figure 1 illustrates the ion implaﬁtation step of
a wafer 1 of semiconductor material. The flat face 2 of
the wafer receives the ionic bombardment represented by
arrows. In the case where the flat face 2 of the wafer

is covered with one or several non-semiconductor



extra step is provided, consisting of bringing said wafer, on the side of
said flat face, into close contact with and rigidly fixing it to a support
t hrough whi ch mechani cal forces such as tensile and/or shearing forces wll
be appli ed. This support can be a fd exi bl e support, for exanple a sheet
of Kapton[err]. It can also be a rigid support such as a wafer of oxidised
silicon. The invention will be better understood and ot her advant ages
and features will beconme apparent on reading the description that follows,
giving by way of a non- limtative exanple, in which - Figure 1
represents di afRaRFRRFEal IS GRPESY 0fok ef€ontRRY o SmEleFal, téhebRace of
which is beingsadBjiecend for ic@Bmbopdarghiiratien 2RPbI CfHd OmaRfs ble
met hod according to this_ invention, 7
- Figure 2 FgBFE?E ?gtoﬂi@éh%ﬁﬁﬁﬁically the preceding wafer, at the end
of the thernal treatfiebhestape iatiyeded dhe chisdknklbe pifctheavinpleactd
coal esce, accoLdik LS iti40 - I gur represent
diagrannatical%gﬁggﬁégﬁégég |%%§¥%éa:§35t éﬁtﬁﬁgﬁ ggﬁ%&??%noroParge?gctronic
conponents in ?i@cbﬁ@ﬂlécwqqmﬂﬂmﬂmtﬁg epdf e debtreatnudindesyecan be -
Figure 4 represppliscelagh ¥mRidicd] Inajdie EoRa9f o¥eRahabiAY thE RLggedi ng
wafer into two parts, in

penetration of hydrogen ions is 2 um at 200 keV in

silicon.

The ion implantation of these types of ions into
the semiconductor substrate creates, at a depth
proximate to the depth corresponding to the mean
distance R, travelled by the ions along a perpendicular
to the flat face, an area 3 with a high concentration
of atoms giving rise to microcavities. For example, the
maximum concentration of hydrogen is 10** H' /cm’ for an
implantation dose of 2.10* H" /cm® at 100 keV. This ion
implantation step must be carried out at a temperature
such that the implanted gas ions do not diffuse any
great distance as the implantation step goes along.
This would interfere with or ruin the formation of
microcavities. For example, in the <case of an
implantation of hydrogen ions in silicon, the
implantation will be carried out at a temperature below
350°C.

The implantation dose (number of ions received per
unit surface area during the implantation period) is
chosen in such a way that the dose is less than or
equal to a dose, called the critical dose, such that,
above this critical dose, during the subsequent thermal
Lreatment step, there is separation of the thin layer
from the rest of the wafer. In the cass of implantation
of hydrogen ions, this critical dose is of the order of
4.10 H /cm® for an energy of 160 keV.



accordance with this invention. An inmportant feature of this invention
lies in the inplantation of hydrogen or rare gas ions at a dose |ess than
or equal to the dose above which there would be separation during the
thermal treatnent. The dose used is sugh that it permts enbrittlenent of
the material at a depth Rl err] corresponding to the nean distance travelled
by the ions in the material, but the wafer remains sufficiently
mechani cal ly resistant to support all the thernmal treatnent steps necessary
to produce the electronic circuits. In other ternms, the inplanted wafer

has, in the area ofhehémpiapbabienidese st ialdn idyaen iGkitfy IRRESET t  of

the wafer desggagd d om{Q{fhNBoES Brbayain@id &heisemahai RAiRIGueRfe the
waf er . The, description is now 0|n%ﬁto be directed to the production of
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a thin layer SPEZEALCSHEGETSPENELEP) alther SRTRACHPEK OfuFTERR &g a flat
face. The staamhBinghsuhateaher ity B&twEan e el £ e fad imntt, hichaft! dts f ace

wi th one or several |ayers_of _naterial such as, f | e
encapsulatinggﬁafgpfa s EHERSR gﬁaeﬁéhﬁﬁﬁ%iemené égggﬁgngquﬁ%ﬁ¥%Ies t he
i on 1 npl ant at mehestep of bhendrea lobftisemioraaticriesatler iTalis Teens at face
2 of the valegnpecebyeeat il Bemacqreshabentesaladd iy agkqes. 'n the
case where the flat face 2 o e wafer 1s covered with one or severa
non- seni condugképt between the microcavities. Ingthe case of an
implantation of ions of hydrogen gas into a silicon
substrate, this wminimum dose is of the order of
1.10%/cm? at an energy of 100 keV.
The following step of the method according to the
invention consists of a thermal treatment of the wafer
at a temperature that is sufficient to allow
coalescence of the microcavities along the reference
plane. In the case of an implantation, at a temperature

below 350°C, of ions of hydrogen gas into a silicon

substrate and a dose of 3.10* H'/om® at an energy of
100 keV, after a thermal treatment of thirty minutes at

550°C, it is observed by transmission electronic

microscopy in section, cavities of height equal to a
few fractions of nanometers and with an extension,
along the reference plane of several nanometers or
indeed several tens of nanometers. This thermal
treatment permits, at the same time, the precipitation
and then stabilisation of the atoms of implanted gas in
the form of microcavities.

The microcavities 4 (see Figure 2} occupy, along
the reference plane, a surface area approximately equal
to the surface area implanted. The cavities are not
situated exactly in the same plane. They are in planes
parallel to the reference plane, some nanometers or
tens of nanometers from this reference plane. For this
reason, the upper part of the substrate situated

petween the reference plane and the flar face 2 is not



materials, the energy of the ions is chosen to be sufficient for themto
penetrate into the mass of sem conductor naterial . If the case arises,
t he thickness of the inplanted sem conductor material nust be such that all
or part of electronic conponents and/ofgm crostructures can be produced in
the thin layer. By way of exanple, the nean penetration of hydrogen ions is
2 [errlmat 200 keV in silicon. The ion inplantation of these types of
ions into the sem conductor substrate creates, at a depth proxinate
to the depth corresponding to the nean distance Rerr] travelled by
the ions al ongt%tiﬂelflbeﬁﬂ%ﬁii'é?dt 6rofe theatbodyc©f dinar St HRE9r athegh
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dose is of the.qrdef.of 4.10[err] Herr] /cnferr] for an energy of 160 keV.

All or a part of electronic components, circuits
and microstructures can then be created on the flat
face 2 (at the surface or under the surface).

The ion implantation energy of the hydrogen oxr
rare gas ions in the first step has been chosen in such
a way that the depth of the area of microcavities is
sufficient for it not to be disturbed by the creation
of components, electronic circuits and/or
microstructures during this step. Furthermore, the
whole of the thermal annealing operations that the
development of electronic circuits or microstructures
requires, is chosen in such & way that possible
diffusion of the implanted ions is minimised. For
example, in the case of a wafer of wmonocrystalline
silicon, the maximum temperature of the various phases
of the method will be limited to 900°C.

Figure 3 illustrates the case where several
electronic components, reference number S, have been
developed on the flat face 2 and in the part of the
wafer intended to form the thin layer.

The separation step then follows. It consists of
applying separating mechanical forces, for example,

tensile forces between the parts of ths wafer or



9 . The inplantation dose is also chosen to be greater than a m ni num
dose fromwhich during the subsequent thermal treatnent step, the formation
of microcavities and the interaction between themis sufficient, that is to
say it permts the enbrittlenment of thetinplanted material in the area of
the mcrocavities 3. This neans that solid bridges of sem conductor

material still exist between the microcavities. In the case of an

i npl antation of ions of hydrogen gas into a silicon substrate, this m ninum
dose is of the order of 1.10[err]/cnferr] at an energy of 100 keY. The
fol | owi ng st ePWIstyrtereshverre orni aach oside ohvehe i safeversstalaneg

thermal treat nBpta Ghadder WHA BlactlirdLHRR 3ebhenihfabolid bsuldési ent
to allow coal escence of the m E;ocaw ties alogng the'r f,erche an

. In
the case of arfiHribl SRSFETGAD afliovVEnpge? atPtéiBel A 350y r L EY ST ‘P@e)ns of
h%/dro]g/enn[gas iﬁmicaorsdddm S?h&téﬁi&landfﬁ&tﬂ@&e gfwifthl 10[eléd;tronicf: .
Herr]/cnferr]_at an ener 100 ke after.a ermal , treatpent_of thirty
M nutes at S5 ATReiy 2 She (RRar vdasfht Bhe T T 4 E R R o
mi croscopy in et i sapacavienestep Hai gite eqoatse ool Whwchr adte orisimf
nanonet ers and gd.h é‘“iéxgégék%edak%g the REE18AGRE Bhguee ﬁfoéeﬁ’l‘[?é al
nanonmeters or 1rdeed several tens of nanoneters.” This therm
treat ment per ff4RStEALY hPBarkha | ACLitHe PfecEpreati ofChiagt hoy the

stabi | i sati on gipddie: @tdiedfi diinneGraaentadt Be £10¢ mefowd crocavities.
The morocavities 4.l e Fi%[fgo%)s QWSEPYy A 2Nd f B L el ol engs. lang. @
surface area appro = SP Ty
to separate the upper part of the body of the substrate
is low particularly when a shearing stress is applied
between the upper part and the body of the substrate,
that 1is to say when the stresses applied have a
component applied along the reference plane. This is
simply explained by the fact that the shear stress
promotes the propagation of fractures and cavities
within the reference plane.

The upper part of the substrate, being by nature
thin, the tensile stress and/or the shear stress cannot
in most cases be comfortably applied directly to it. It
is then preferable, before the separation step, to make
the wafer, via its flat face 2, integral with a support
or applicator through which the mechanical forces will
be applied to the upper part of the wafer. This
applicator is represented in Figure 4 under reference
number 8.

The applicator can be a rigid or a £flexible
support. By the term rigidly fixing the applicator onto
the wafer, one understands here any sticking operation
or operation of preparing the surfaces and bringing
them into contact that allows sufficient bonding energy
to be provided between the applicator and the flat face
of the wafer to resist the tensile and/or shear and/or

bending process(es) of the separation step.



to the surface area i nplanted. The cavities are not situated exactly in the
sane plane. They are in planes parallel to the reference plane, sone
nanoneters or tens of nanoneters fromthis reference plane. For this
reason, the upper part of the substrate2?situated between the reference

pl ane and the flat face 2 is not _ 10

totally separated fromthe body of the substrate, the body of the substrate
bei ng defined as the rest of the substrate between the reference plane and
the faces of the substrate other than the flat face._The remaini ng bonds
are sufficiently sThen@RRSCARS t Cohe bt epEoBhf eARPPAI atd ol @Rl &Ff

?Enealitng b[ ogqarstaeptﬁac@ﬁgme é@ﬁ?r@ég@agaﬁn@t Qmi(%rﬁkﬁ‘ﬂsi aetahemala%aé i ?R of
e integrate ircuits. ves, ond_between .t he upper_part .an e
mass of the s&gg‘FFSPE i P véﬁg e vé?ﬁ?en@gl & ceg‘i%tfad%ﬁd FE G&FI’}? made
t hrough bri dgesaablesensfteydugimli camioey icf thesi heehed abebwdeng the
cavities. | or_a part of electr.onic, conponegpts I rcuits.and
nicrostructurgégcaﬁqwﬁﬂl %Ptregte§ ﬁtf&?*%gt §gceﬁ§§f§%ykﬁgl dtface or
under the sursaséronductdirecnon Shpdaamétlfmtceﬁgr g¢ obtahweflydrogen or rare
gas ions in the flgsl & epohasdiean chosgioddt Suab Boapiddiateherdepth of
or

the area of mcrocavities is “sufficrent It not to _be disturbed by the
creation of WwhedfRp&tefte uppes) ddiippdiayer, cithgucigcuits cxgarged in

and at the surface of the upper layer can have been
covered with a protective layer, possibly making it
flat, during the step of dewveloping the electronic
components. The applicator is then rigidly fixed to the
upper thin layer of the wafer through this protective
layer.

The applicator may also be a rigid support, for
example a silicon wafer, the surface of which has been
covered with a dielectric layer. BAn appropriate
physico-chemical treatment is, for example, carried out
on the flat face of the wafer and/or the surface of the
applicator {carrying a dielectric layer or not) so that
bringing them into contact, possibly associated with a
heat treatment, rigidly £fixes the £flat face of the
wafer and the applicator together.

In the case mentioned as an example where the
applicator is a silicon wafer carrying a layer of oxide
on its surface and where the semiconductor substrate is
a wafer of monocrystalline silicon, after application
of the method according to the invention, a wafer of
silicon on insulator is obtained where the surface
layer of silicon is the fine layer provided by the
upper part of the substrate.

Furthermore, after separation of the thin layer
from the rest of the wafer, the free face of this. layer
can allow the further repeat use of a substrate that
can be fitted with electronic components produced
completely or partially on the substrate. Such a



m crostructures during this step. Furthernore, the whole of the thernal
anneal i ng operations that the devel opnent of electronic circuits or
m crostructures requires, is chosen in such a way that possible diffusion

of the inplanted ions is mninmsedg For exanple, in the case of a
waf er of nonocrystalline silicon, the maxi mumtenperature of the various
phases of the nmethod will be limted to 900[err]C. Figure 3

illustrates the case where several electronic conponents, reference
nunber 5, have been develo?ed on the flat face 2 and in the part of the
waf er intendedSEBCkéneh t Aélensn aytghree dimernsspmedti orsseeplyhenf

fol lows. It COQﬁeﬁtﬁoﬁicapeh‘blﬁ‘Qt§epail?é' r&f@é&?@l‘ Cfi'tseqrfceims glg)(a”p' €,
tensile forces, bei&g en thfﬁgarts of the wafer

situated on eatPCHAE"Gf SLACCTRET SRBPPIUHE n a manner that fractures t he
remai ning solid bridges. This operation allows to obtain the thin | ayer of
sem conduct or mat eri al fitted wth el ectroni c conponents in the
case described. Figure 4 illustrates this separation step in the course of
which the thin layer 6 is separated fromthe remaining nmass 7 of the
substrate by the action of forces acting in the opposite direction and
represented by the arrows. Experi ence shows that the tensile stress
necessary



to separate the upper part of the body of the substrate is |low particularly
when a shearing stress is applied between the upper part and the body of
the substrate, that is to say when the stresses applied have a conponent
applied along the reference plane. Thimgis sinply e '

t hat the shear stress pronotes the propagation of fr g AVl €S
within the reference plane. The upper part of tmﬂmmmmﬂimﬁ!ﬂng by
nature thin, the tensile stress and/or the shear stress cannotnr I 18 t
cases be confortably applied directly to it. It is then preferable, before
the separation step, to make the wafelICLAIMS its flat face 2, integral with
a support or applicator through which the nmechanical forces will be applied

to the upper part of the wafer. This applicator is regnesented in Figure 4
under reference nudber 8. methothe @fppl PERAFIRAN Be BOEPgI dade¥a fdfexi bl e

Sugport- g»y L Eémﬁ.@bfmﬁb_ﬂbs! YoafdetiRg téwomepRl inedeer ont f@atib.e n\/&izf_.@fialgne

under st ands here .any stj_cki oper.ati.on.or oper.atiaon reparing the
surfaces and BAVAGEnG Fh@ﬁl&%F@'c&ﬁF lPﬁa@“NHQﬂm%@ﬁ%ﬁd%ﬁ%%ﬂn ng
energy to be pongigedniet aferbddienmhiplg catadd afilathefétat wade dfordishe waf er
to resist the tenshle and/ oLnshear. A0V ponbengh ng- Hroceanles) Hf the

separati on step. ) he applicat or
can be, for ekwdpbgena sheat specpfictremperatyrg anth apeciftion| whi ch

has been madein order to create, in a plane called a reference plane
and situated at a depth proximate to the mean depth of
penetration of the ions, microcavities, the method also
including a subsequent thermal treatment step at a
temperature sufficient to achieve separation of the
wafer into two parts, across the reference plane, the
part situated on the side of the flat face constituting
the thin layer, in which :

- the ion implantation step is carried out with
an ion dose between a minimum dose and a maximum dose,
the minimum dose being that from which there will be
sufficient creation of microcavities to obtain the
embrittlement of the wafer along the reference plane,
the maximum dose, or critical dose being that above
which, during the thermal treatment, there 1is
separation of the wafer,

- a separation step of the wafer into two parts,
across the reference plane, is provided after or during
the thermal treatment step, this separation step
comprising the application of mechanical forces between
the two parts of the wafer.

2. A method according to Claim 1, comprising,
between the thermal treatment step and the separation
step, a step consisting of producing all or part of at
least one electronic component in the part of the wafer
before forming the thin laver.

3. A method according to Claim 2 in which, the
production of said electronic component, requiring



adherent to the flat face of the substrate. In this exanple, after
appl i cati on—-ef—the—nmethod according to the invention, a thin layer of

monocryst al | i gees e T QI on a sheet of Kapton[err] is obtained.
ﬁﬂk,& : ﬂe stresses to the whole of the upper thin
L «n and at the surface of the upper |ayer can

So as to proplil
| ayer, the cik
have been covered with a protective |ayer, possibly making it flat, during
the step of devel oping the el ectronic conponents. The applicator is then
rigidly fixed to the upper thin | ayer of the wafer through this protective
| ayer . ThERgEPRL c SR EFRPLaI G 58 a FHYT %’El?)pSlaFFlﬁgr %@feaa
Isi Hi conAwaf erte&xb_ér&dﬁfﬁCﬁgDcﬁwV\?ix&&_l ctxlaa:rtzeemeeme_r ede}an':tnhna.di Fl ectric |
ayer. An appropriate _physico-chenical treatpent is, for ex e, carrie
out on the flat faée “i/e%@‘\%afaéic%r‘?df’@r G%he dre HF ’f’ﬁé‘a’ggppi‘égt or
(carrying a dbefeetr ithel asparatioat )step,t lat dxtrygi sigep hesn prboidedt act
possi bly assoghafedWiiled RealedfPaLIEDE; bhokLY Jildes,d hend! ggaface of
€ app er. nt

t
the wafer and rcator tosge. e case mentioned as an
exanpl e wher efghe, apgingatsiouchta g1ty cohPsmfeIntadty Wit aandybeisg oxi de

on its surfacg;gndiphers ddae S CORAUGLRHoSULSIHIARIGHS avABdler She

nmonocrystalline silicon, after application of the method according to the
i nventi on, a WaFBRR&FaL FPEGES ot thRf ARR-%8 obt ai ned where the surface

| ayer of silicon is.tlhe ddtiind ayefoding ded byaihe4ypper yaidh okate
Ssubstrate. Furt het por aration of the thin |ayer fromthe

e.,aft se
rest of the wiFEPS* hésf?eél?’&]g%fs E?ﬁosrtl‘ayer can allow the further repeat
use of a substrateéthadt mehdde d¢cemiing t to eCésimoAi c igomvhent sapfoduced

conpl etely orgpatihab! ¥ugPoiies S UDSIHAE 0S¥ tdn™ .

7. A method according to Claim 4 in which said
support is a rigid support.

8. A method according to Claim 7, in which said
rigid support is a wafer of oxidised silicon.

$. A method according to Claim 1, in which said
wafer of semiconductor material is made of
monocrystalline silicon.

10. A method accoxding to Claim 1, in which said
wafer of semiconductor material is covered on the side
of the flat face, with a layer of non-semiconductor
material.

11. A method according to Claim 10, in which the
non-semiconductor material is a dielectric material.

12. A method according to any one of the preceding
Claims, in which the mechanical forces applied at the
time of the separation step are tensile forces and/or
shear forces and/or bending forces.



13 stacking allows a "three dinensional” assenbly of electronic
CIrCUItS the stiffener itself possibly including el ectronic conponents.

14 CLAI M5 1. A nethod of producing a
tthin | ayer of sem conductor material fliGom a wafer of said nmaterial having a
flat face, including an ion AggTRACTabFOMTHE! EISCROSUREI ng of bonbardi ng said
flat face with ions chosen fromanmong the ions of rare gases or of

hydrogen, at a specific te -erature and a s-eC|f|c dose in order to create,
in a plane called a ref &&5L8CR 28 PRRBUE, CHIY LAYESth proximte to

t he nean depth of penetrat|Q@Fcggmfubunuumoanmmmmmammi|es the nethod al so

i ncludi ng a subsequent thermal treatnent step at a tenperature sufficient
to achi eve separat#gn of the wafer .into two parts crqgss t ref erence

pl ane, the part sitoateGV6RERE Sedatsf iR Iﬁ?t@ﬁgeoéoﬁﬁﬁ HW%;a

thin layer of semiconductor material including :

- a step of implanting ions through a flat face
(2) of a semiconductor wafer in order to create a layer
of microcavities, the ion dose being within a specific
range in order to aveoid the formation of blisters on
the flat face, .

~ a thermal treatment step in order to achieve
coalescence of the microcavities

- possibly, a step o©of creating at least one
electronic component (S) in the thin layer (&),

=~
=

- a separation step of separating the thin layer

trth :

(8} £rom the rast (7} of tha wa

a7
-

Figure 4.



the thin layer, in which : - the ion inplantation step is carried out
wi'th an ion dose between a m ni nrum dose and a nmaxi nrum dose, the m ni num
dose being that fromwhich there will be sufficient creation of
mcrocavities to obtain the enbrittlement of the wafer along the reference
pl ane, the maxi mum dose, or critical dese being that above which, during
the thermal treatnent, there is separation of the wafer, - a
separation step of the wafer into two parts, across the reference plane, is
provi ded after or during the thermal treatnent step, this separation step
conprising the application of mechanical forces betmeen the two parts of

the wafer. 2. A nethod according, to i si et ween t he
thermal treatnent step gnd ihe epar tloE] %1, :E& ch3|si|ng of
producing all or part o Iea ctreni i nyt he rt of
the wafer before_formng the thin Iaver 3 A,npthnd acc to

Claim2 in which? the. productiqn of- sai d-el ectroni c-conponent,- requiring

15 thermal B8R t ment phas€s, these ‘are-carrived out. at a terrpetature bel ow
that of .the ther 1Ak B e bz AL hOG: aecon i g0 CH , in
whi ch, just before the. separatlon step, an extra -step-is prOV|d d t hat

consi sts of said wafer, on the si de, of . the flat- .
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face, being brought into close contact with and being rigidly fixed to,

a support through which the nechanical forces will be applied. 5.
A method according to Claim4, in which said support is a flexible support.
6. A nethod according to Claim5, in which said flexible support is a sheet

of Kapton[err]. 7. A method accorgding to Claim4 in whi.ch said support
is arigid support. 8. A nethod according to Caim7, in which said
rigid support is a wafer of oxidised silicon. 9. A nethod according to
Claim1, in which said wafer of sem conductor material i s made of
nonocrystalline silicon. 1§. A nmet hod ording&o d 1, in which
said wafer of sem conductor erial is co red on Fhe side of the flat
face, with a layer of non-s¢m cO t or rial. A et hod
according to d ai ni10, Tk ch T he ponyge on q rrateri | is a
dielectric materigl .. ﬂ/g Arret*(n’g/}u/i @( yone %f t he

precedi ng Cains, fin which the nechanic he tinme of the

separation step ar %?SFP ﬁ TTs
f or ces. ’

’

r é:%ear ces g__r;%lf:l bendi ng
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