A METHOD OF PRODUCI NG A | AYER OF CAVITIES Technical field and prior art The
present invention relates to a nethod of producing cavities disposed in an
i nsul ati ngol2ayemiek oxi de or nitride. During the fabricacrampab/osubtil ayer
structures such as SeO (semn conductor op insulator) type structures for

el ectronic, mcroelectronic, and optoel ectronic applications, it is routine
to interpose insulating |ayers between wafers of sem conductor materials
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particul ar when the structure is to be capable of being taken apart at the

insul ating |l@yeini & desord ety igridie gdacunent WO A- 2005/ 034218 . The
docunent "Structural and nuclear characterizati ons of defects created by

nobl e gas i npl ant™&t8 A STER |iEHNoiaere kRt e$  tAss dretdtod|of Nucl ear

| nst runmept s @rshdihpdsviB 263 280eq 222-26, 1 dn11 Lxaip| Baydeser i bes a

met hod of form m cr.obubbles in a layer of silicon oxide (Siqg2 ) in order
to reduce tﬁ@“&g?d€76Pji i el ectric constant k of the oxide |ayer and, as
a result, its permmtiriavitthe fHie ivetthioth desSarulbeid dyet hat rodoouentswansi st s

0,11 201y Sdier i SR e Ot Sl on Sl al s WAL ey Tore
in the Si O |SHRACT Wby &H cridriteqratdnd r el rasadleeqiseomoiic heavy rare gas
ions, whpch dgpialamas drhe use if RAfdil@y i .spuELes, and ofpgrore
expensive e ubpnpn i Iagéﬁ%g . Implantation with heavy ions requires
hi gher i npl arft&t5% e&ﬁ%’y e ASFE GRIBI Hea g G5 e iSHttarmsed
mat eri al congidriedbrvvat dril dtatd:aingldayri ed out with
Further, it may be necessary to form microcavities
or microbubbles in the insulating structure. This
15 applies in particular when the structure is to be capable
of being taken apart at the insulating layer, as
described in the document WO-A-2005/034218.
The document "Structural and nuclear
characterizations of defects created by noble gas
20 implantation in silicon oxide" by H. Assaf et al, Nuclear
Instruments and Methods, B 253 (2006), 222-26, for
example, describes a method of forming microbubbles in a
layer of silicon oxide (Si0;) in order to reduce the value
of the dielectric constant k of the oxide layer and, as a
25 result, its permittivity. The method described in that
document consists in implanting a layer of Si0O, formed on
a silicon substrate with heavy rare gas ions such as
xenon. Saild implantation allows microbubbles to be
formed in the Si0; laver.
30 However, that method requires the use of heavy rare
gas ions, which involves the use of particular ion
sources and of more expensive equipment (implanter).
Implantation with heavy ions requires higher implantation
energy and generates more damage in the implanted
35 material compared with implantation carried out with
hydrogen or helium ions, for example. Further, with such

ions, it is difficult to control the implantation depth



hydrogen or heliumions, for exanple. Further, with such ions, it is
difficult to control the inplantation depthof the ions in the oxide | ayer
and, as awoeswliiothe zone over which the nicrobubbl es extrardoi0obaPE NOW
exists a need to be able to forminsulating |layers conprising cavities in
substrates in a manner that is accurate and economcal . Summary of the
invention The aimof the present invention is to propose a solution that

enabl es cavi ti to bhe produced in,an insulating |ayer w.thout the

above- nent i oonéeé%cﬁ slae&sanﬁ%;%g?se Oig hla}syeernaa,‘n#’hgasi n%el?ﬁsi%nt propostda

met hod of protcivwiy ch |Hyemigfirdavihlies dxtendtructure conprising at | east

one substrate forlqyeﬂtéf r&ﬁ, & ad el iaalnéé@tt&a[% hg.oxidi zed. or nitrided, the
foll owm . 1nplanting

nmet hod conprising the ng steps. I a| g ions into said
substrate | T HAT Y flhifEh TR | G ot sURFELARS atn @

pr edet er pi neghdran el his d@airddveaiddeddiomnimiant ed substrate to forma
| ayer of cavities at the inplanted ion concentration zone; and formng an

insulating layer in said substrate by thernochem cal treatnent from one
surface of shimhsgubsifr tthey igwrehtiimsul ating | ayer that is fornmed extending

at |east partially, dntq t Vil L] : Cl a |layer
of cavities bef orr%léf or}irl(r%Il r%{}et @%&%Gﬁﬁﬁeﬁ&eﬁo@ﬁs iés)&/ﬁ%g?%%ée%go
accur at el y Esidtytglon Hédftoranmh s ofavdife dsayer f nrndudeask igi moe

i npl ant api on s 1GANMHED [Hr Wi hURIYIRAKS rdhisitdrle W thout having to
use special jons such as heavy rare gas ions for inplantation. Further, the
(total or p&rtSesdVPrd&§iSee by which the | ayer of cavities overlaps the

i nsul ating | ayer maytals ety atrurigtwntion proposes a method of
producing a layer of cavities in a structure comprising
at least one substrate formed from a material that can be

15 oxidized or nitrided, the method comprising the following
steps:

« implanting ions into said substrate in order to
form an implanted ion concentration zone at a
predetermined mean depth;

20 e heat treating the implanted substrate to form a
layer of cavities at the implanted ion concentration
zone; and

« forming an insulating layer in said substrate by
thermochemical treatment from one surface of said

25 substrate, said insulating layer that is formed extending
at least partially into the layer of cavities.

Thus, by producing a layer of cavities before
forming the insulating layer, it is possible to
accurately control the formation of the laver of cavities

30 since implantation is carried out into a homogeneous
substrate without having to use special ions such as
heavy rare gas ions for implantation. Further, the
(total or partial) degree by which the layer of cavities
overlaps the insulating layer may also be accurately

35 controlled since all that is required is to stop the
insulating layer formation front at the desired region in
the substrate.



controlled since all that is required is to stop the insulating |ayer
formation front at the desired region in the substrate.ln one aspect of the
i nvent i onyotzhmdongsal ati ng | ayer formed by thernochem calpctrmepadomatioext ends
over the entire layer of cavities. In ong inplenentation of the invention,
t he thernochem cal treatnent of the surface substrate is carried out in an
oxi di zi ng atnosphere in order to forman insulating |ayer of oxide. In

anot her inplenmentati i i er j i t of
t he substrate sur acogﬂi'i gsé}ae{&ft. eat}vggﬁé ﬁgivaérﬁﬁtoﬁ?’digr%ecg%{r%%p telrr{et‘\}aiainégp(;é%er to
form an i nsdicamasy Dvay@rergoqiiandiqie. Uneatnrat itlendsaspesn W@ie t he

invention, Qng iQfe MR doants,afied ntroduced into the substrate during
t hernochem cal treatnent. This or these dopants may in particular introduce

positive or negativ @ hdBEEHSFRE TR Cvitthed BetHeT nddtati ng | ayer. The
inventi ob altSeripipeses - midmntherlt priodited rgireFaad tddmymeratsd riyct ur e,

conprising at_least banding a fi.rst .structure.onto .a second structure, the
second strucctalfrrelecdf)r?ﬁ% sj‘lnnggjdna OqulbdZJtzrle{ltge a&rﬁﬂasl?&}eﬁge a’ eﬁfe ChHi" T avit es and
an insul ati g lismgerl dtameed dveracdoraddntse with the nmethod of the invention

for formng a |ayer f;gay tj_in@ﬁ-em&ecafeiro%{ o el U g JRY ) Rad i cul ar
conprise a |ayer of sem conductor material such as a layer of silicon.

Thus, a nul tHesECchsagCaly & eattmesttucs it smsd mateh saimf@dced S nsul at i ng
l'ayer ingl udidieicaViditesn Ehglﬂtil\i@lgigo@t&k{o%@ﬂé&f@”iﬁﬁ%r@&orﬂwgd& ]fér{) ucture
conprising a _suhstrate.constituted hy a material that is capable of being
oxi di zed or W HEHY Y & Ptfgt"ﬂgtglﬁﬁ"t her conprising an insul ating |ayer
formed by thernodrem galr ttircedtarepispafc tt ke nhitee rinadenafi csgi drsukst matres t he

insul ating b%%%%t%”%&%@k%&f%d&%@ﬁ’fﬂko the substrate during
thermochemical treatment. This or these dopants may in
15 particular introduce positive or negative charges into
the cavities of the insulating layer.

The invention also proposes a method of producing a
multilayer structure, comprising at least bonding a first
structure onto a second structure, the second structure

20 comprising a substrate including a layer of cavities and
an insulating layer formed in accordance with the method
of the invention for forming a layer of cavities.

The first structure may in particular comprise a
layer of semiconductor material such as a layer of

25 silicon. Thus, a multilayer SeOI type structure is
formed with a buried insulating layer including cavities.

The invention also provides a composite structure
comprising a substrate constituted by a material that is
capable of being oxidized or nitrided, the structure

30 further comprising an insulating layer formed by
thermochemical treatment of the material of said
substrate, the insulating layer including a layer of
cavities, the structure being characterized in that the
cavities of said layer are oblong in shape and in that

35 said cavities are oriented in the same direction.

The insulating laver may be a laver of oxide or

nitride.



cavities, the structure being characterized in that the cavities of said

| ayer are oblong in shape and in that said cavities are oriented in the
same di r ewDI2010/09T47¢ | nsul ating | ayer may be a | ayer of exirde2@o0/08i197i de. | n
one aspect of the invention, the cavitieg of the layer of cavities contain
one or nore dopants selected fromat |east: nitrogen, boron, arsenic,
phosphorus, antinony, alum num gallium iron, nickel, and cobalt. Bri ef

description of t f r T te ics an advanta es

pr esenf i nventi on eécrgéjn'e&;% %?e%]a%l?%m%\ﬁgﬁ? C??ovﬁ%g ((:Jaes%? ?l 0%1 %%Ie by
way of non- Ifiéﬁiéelrngf|¢m¢3€‘al¢$)rﬁ®w¢¢llme¢@$e@ncerwloet@@@mwnmmcw@dr awi ngs
in which: Fﬁ%eétlfeé@cl%ﬁfﬁo@é@grm' Caé@é‘rﬂi@”%héfé&%ré@""“ ng the

formation, in a silicon supbstrate, of a |ayer caviti es and of an
i nsul ating |13 actoruaER \J3 hl bie: |W%ﬁéﬁ%%\‘f¢3@n Fd t¢PFhvent i on;
Figure 2s5is a flow chart of the steps carried out in Figures IAto 1C

Fi gures 3t hot o s taken with a transm ssion el ectron
m croscope andla% a‘ﬂ? %éptq‘ J(%é’fﬁ?l es formed in a silicon

substrate, which mgmhartaa:nesrntshe:msb_eam@ aXkvah zages roaccor danesenid t h one
| npl ement at |.9R e {dle SERIDRY Qlodiend TG eSS d&s A giapl, showi ng

the size and the di . mcrocavitres ormed- an oxidi zed
silicon subdtadg €Y vt W dutieel Wit rshel ndigtatiiednt afi ¥n xiferrngmttod of

the invepti atie dddBiank irfy a8 ivhew of a conposite structure in
accordance with oneFdf rq)l enmentation of the invention. Detailed description

of inplenentations iy drft i 16N 25 S EIR G I 1R orPTaL ﬁl%eral
appl i cati on shovamy nateerficatmathiadn cam ke difpl ot edibd tdatdeONicf speces and

of cavities and of an insulating layer in accordance with
one implementation of the invention;

15 » Figure 2 is a flow chart of the steps carried out
in Figures 1A to 1C;

e Figures 3 to 5 are microphotographs taken with a
transmission electron microscope and showing a layer of
microcavities formed in a silicon substrate, which

20 substrate is then being oxidized in accordance with one
implementation of the method of the invention;

e Figure 6 is a graph showing the size and the
distribution of microcavities formed in an oxidized
silicon substrate in accordance with one implementation

25 of the method of the invention;

e Figure 7 is a diagrammatic view of a composite

structure in accordance with one implementation of the

invention.

30 Detailed description of implementations of the invention
The present invention is of general application to
any material that can be implanted with ionic species and
that is capable of being oxidized and/or nitrided. By
way of non-limiting example, the following materials may

35 Dbe used to carry out the method of the invention:



that is capable of being oxidized and/or nitrided. By way of non-limting
exanple, the followng materials may be used to carry out the nethod of the
i nvent i orwoasiodiozel e and/ or nitridable nmetal s and net alpcaldroys/o§iipon,

zinc, copper, steel, titanium zirconiu etc) ; crystalline sem conductor
materials such as silicon, Il11/V materials (GaAs, GaN, etc), germani um and
its conmpounds such as SiGe; silicon carbide (SIC) . One inplenentation of

th thod of th t 1P Figures I A
to 1C and 2 , app I%VWB?%E@’@%% e He s

g5 91 an OXIde | ayer of
a silicon sudlstays el lrlqﬂil:pﬂltfi%ulcairppetme E‘rfB‘tGhlod toftarhient nvaidani wonpr i ses
the steps ofedn i nplantation, heat treatnent to develop the cavities, and
t her nrocheni cal treat nment _t.o form a |layer of oxide or. nitride. The ion
i npl antation of & SUBSTRAIENS G iy My ¥Fdrdgerf Y4 AS and/ or hel i um
(He) ions, issildaygd,ed ayty wiatthaaﬁra]jg’rpd@ﬁsa,t iadN dase)in gér']t&na[rﬁﬁgtelahd( 1015
to 1 x 1019 .atons/cm 2 Jato /s centineter] and with an inplantation
energy in thgtracr?mé)oiﬁl%( \7u[r‘r%l el e%ron volts] to 200 keV. The heat
treatment to deve'l oy tilverc adrtiieke i ($ite i npl anted substrate is generally

carried out i n ¢ aRgA H0.QE (o LIOQNCH IR ARl e 1aNge, 900 0C

to 1200 0OC, for a period In the range 10 m nutes preferably

in the rang@%%@eq @eﬂ@"\hé‘{}r@ I‘ﬁﬂf@r@ﬁc&atq%rﬂl{ﬂqrﬁsdllﬁg %é{crr@e”h%rﬁ:cal

treat nend i sipganes@ldey fQﬁﬁdetQ@lgOleht liaydrhe ff agA AR A6 e B38&LOC for
oxidationadlnt rane900 to 1300 OC for nitriding, the treatnent

peri od gene zﬂyefflﬁ) T¥atks il lustrated in Figure | A the
met hod comences Ilnypalrmlla:tmthang als metdods wifs tohat 6 nt@hdir enfarimeaf a

waf er havi thef %rte%)éa'&l §or? 15@1%%&%%%0?; %eétmpzje@ e'n'Eett%r ]develop
the cavities, and thermochemical treatment to form a

15 layer of oxide or nitride. The ion implantation of a
substrate, for example using hydrogen (H') and/or helium
(He) ions, is carried out with an implantation dose in
the range 1 X 10*® to 1 x 10" atoms/cm? [atoms/square
centimeter] and with an implantation energy in the range

20 10 kevV [kiloelectron volts] to 200 keV. The heat
treatment to develop the cavities in the implanted
substrate is generally carried out in the range 700°C to
1300°C, preferably in the range 900°C to 1200°C, for a
period in the range 10 minutes to 20 hours, preferably in

25 the range 1 hour to 10 hours. The oxidation/nitriding
thermochemical treatment is generally carried out in the
range 700°C to 1300°C for oxidation and in the range
900°C to 1300°C for nitriding, the treatment period
generally being several hours.

30 As illustrated in Figure 1A, the method commences by
implanting a silicon substrate 101 in the form of a wafer
having, for example, a thickness of 0.7 mm [millimeter]
and a diameter in the range 50 mm to 300 mm (step S1).
During implantation, the silicon substrate 101 undergoes

35 Dbombardment with ions 10, for example He ions. The ions
10 penetrate into the substrate 101 and are brought to a

halt at a predetermined depth therein, creating an



and a dianmeter in the range 50 nrmmto 300 nm (step SI) . During

i npl antation, the silicon substrate 101 undergoes bonbardnment with ions 10,
for exanpwe 2bim/d9oers. The ions 10 penetrate into the subgrratreoldOiiiand are

brought to a halt at a predeterm ned depgh therein, creating aninp lan ted
ion concentrati on zone 102 at a predeterm ned nmean depth in the substrate.
The term "nean depth is used for the concentration zone because the

i npl anted i e e succe nof ts with the
atons o f t%e cr a%stt %qtattﬁedgnego trtahemgt Izloc%enslzdn% pdro Cttera?lln (%op at
exactly the msame dﬁm‘m in rthot marbsioradss - t e rﬁﬂ:amt"embamrﬂanﬂtc'emsr at ion

zone ext ends, Querr i Gefd %dﬁééﬂtﬁ‘%&ﬁq | AdG SURRLL aligs  #y known,

the nean depth of the inplanted ion concentration zone in't e su strate is
det er ni ned W%éqsr?plta‘rﬁlaft iBIPTEPErGE haAUFRYSE ARG g IR G-sadtdiht the

nature osf tde Imw&ﬁ@@dﬂiﬁﬂa{mhﬁﬁtﬁdﬁ;&iﬁrﬂtﬁi sdltgttt%rﬁegt&e;l&j _
concentrat| ns in this zone.is deter y_t antation
dose enpl oy I]Iorjt aﬂgt ei%frﬂ)l FEEE & Nersems p%ﬁtau%hﬁ ercrrgrri ed out
with He i onsvcmw ,V\ntthte amp gyl st dtdro e cenergyr ao- ffory e dked ertcbrads iay@rant ati on
dose o f ap%rggg Y ihQ s atoms{em o With these inplantation

condi tions, an I ant I on concentration zone 102 is formed at a nean

depth fromthe s@rsf &@e"‘(ﬁl]t Ao s thtet et dertdyw duridieed mrdoviscer s, t he

zone exiendiikg QWelced trRitGHRESHR fnamfé)@umtte%até)a% endired anefet ers .
Once the 5|I on substrat.e 101 has been i ante . heat treatnent or

annealing i ¢ FPE GG HA GGV o DR L &FIPtthe ions in
t he i npl ant ethe matm@ce)rft e drorzo e D 2 tﬂw mn@ﬂaatt@d 3 eadigar.i si ng

m crocavi ti 8%, %teﬁ'ér‘ého%tfb%lo%%e%%%a{tﬁo%uropf It e 3 ztjtes S%) t ln t he exarrpl e

descri bed here eat treat nment carrie raetwse of 950
OC for a peﬁe@@r@me@pmommmp}aam dhise I@y@om ha'@ &hehi ckness in

15 example described here, implantation is carried out with
He ions and with an implantation energy of 75 keV and an
implantation dose of approximately 8x10'® atoms/cm?. With
these implantation conditions, an implanted ion
concentration zone 102 is formed at a mean depth from the

20 surface of the substrate of a few hundred nanometers, the
zone extending over a thickness of approximately one
hundred nanometers.

Once the silicon substrate 101 has been implanted,
heat treatment or annealing is carried out in order to

25 use the defects created by the ions in the implanted ion
concentration zone 102 to form a layer 103 comprising
microcavities or microbubbles 104 (Figure 1B, step S2).
In the example described here, the heat treatment is
carried out at a temperature of 950°C for a period of

30 approximately 8 hours. The layer 103 has a thickness in
the range 190 nm [nanometer] to 220 nm. For substrates
formed from different materials and/or for different
implantation species, the temperature and period for the
heat treatment to develop microcavities should be

35  adjusted.

The method is then continued by forming a layer 105
of silicon oxide (Si0,;) (Figure 1C, step S3). More



the range 190 ran [nanoneter] to 220 run. For substrates formed from
different materials and/or for different inplantation species, the

t enper at we 2amchopeei od for the heat treatnent to devel opCFEPR@OATIIOT €S
shoul d be adjusted. The nmethod is then centinued by formng a |ayer 105 of
silicon oxide (Siq2 ) (Figure 1C, step S3) . Moreprecisely, the substrate
101 is oxidized fromone of its surfaces, here the inplanted surface of the
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that consist’s in ci ng the substrate i na charber  maintaine
pr edet er m nedti@gRs athfee dite | ineddnted ruisigdace dfhea Feilsihsttate is

exposed to am oid ZiANg AHDSPRNREaRY Meﬁoép%léﬂéﬁﬂa&e%ﬁ%m; es, the
oxi di zi ng atnosphere may be constituted from gaseous oxygen (O 2),

optional iy \/ﬁrief?ttﬂfd“rtogté%%t GRS 1) dib g TRt Dritfe suRgtrateaddy & ar gon
(Ar) . The atiaditzmgnaatrmsiple] ety ﬁtaidéiiédmfnc:@fmphl a;%d p:a‘l_rlamt)euﬁ a\équrn(H 20)
, optionally.wth dro an r. hydrogen chl.ori de ,_an or argon
(Ar) . The lflrlabf otrt?/eofs‘%h%galcteheog{”!rnci:c}heerﬁu&3 G &atve it oR d€ &% t he

t hi ckness ofoxtil zSirgP dtayesplkdse t hdty iveyt @ heraobtldimied ras emslnp lass ,on theh
rate of advange £f;d; [ ' j i Suybstrat 01. The
duration of the O?%grl%cﬁnﬁﬁgﬁ}x‘%{fgﬁagnﬁe?gg&%eﬁtédn%?be adjglr?g;teg I n order
to stop the &P iGh)frerREiIRPEALY WhED Bydroges, erdéprsbyfrepeBunst ances,

i crocaypti emiedide et )i,n dree daxideydray@ir)f or med apd diidqigsubj acent _
portion of the silicon substrat ?ﬁe However, the duration may be prolonged in

order to st G IREEVI R oM FEFRRFShET APder1IericHeRAt al |
m crocavi ti eptaomaligt wdedh hydrvgeni ded/apehydrvodgdne cerarilde desani bed

here, the faqr i at least partially overlaps the layer 103 in
order to ha\%g%/gn?é@daa%%gc’ti on of the mcrocavities 104

The duration of the thermochemical treatment depends
15 on the thickness of the Si0O; layer 105 that is to be
obtained as well as on the rate of advance of the
oxidation front into the silicon substrate 101. The
duration of the thermochemical oxidation treatment may be
adjusted in order to stop the oxidation front within the
20 layer 103. Under such circumstances, microcavities exist
both in the oxide layer formed and in a subjacent portion
of the silicon substrate. However, the duration may be
prolonged in order to stop the oxidation front beyond the
layer 103 such that all microcavities are included in the
25 oxide layer.
In the example described here, the formed oxide
layer at least partially overlaps the layer 103 in order
to have at least a fraction of the microcavities 104
included in the Si0, layer 105. To this end, the sgilicon
30 substrate 101 is treated in an atmosphere principally
containing gaseous oxygen at a temperature of 950°C for a
period of 3 hours. These treatment conditions mean that
an Si0; layer 105 with a thickness e of 690 nm [nanometer]
is formed. The techniques and conditions for carrying
35 out said thermochemical oxidation treatment are well
known to the skilled person and are not described in

further detail, for the purposes of simplification.



included in the Siq2 |ayer 105. To this end, the silicon substrate 101 is
treated in an atnosphere principally containing gaseous oxygen at a

t emrper at uwe 20f0/@%¥20C for a period of 3 hours. These treatrmPadi0oonditi ons
mean that an Siq2 layer 105 with a thickpess e_ of 690 nm [nanoneter] is
formed. The techni ques and conditions for carrying out said thernochem cal
oxidation treatnent are well known to the skilled person and are not

described in further t.al | S i ifi onAscan be
seen in Figure 1ége aqfrkﬁécture fd%qelsém{ﬁoglsc?fe cor#p%?%‘frn%clg{}nd Sit g2 | ayer 105
on a | ayer ﬁbtﬁun%mmwmemrﬁﬁmglwemhé@ﬁom enlef/egi lifcon substrate

101 t hat hassﬂq@c&@qm@@@@qaoﬁﬂ%gstw%g epcfﬂ{rfcn?rof?ogw &g a buri ed
m crocavi tyéglru ?f/er 103 t hat |s present I.n i q2 Iayer 105 and in the

silicon |ay at%endd, Ghrtadest d%—'cé’%nc W%Wﬁ@ﬂﬁerﬁh%rﬁt%‘ﬁ%s are
transferped ffuramea rmtz@maiutdwa B icapatl | fawieiyng f)ddized amitd i ded

to an oxide Ia er a,nitride | ayer -.respect.ivel y. .In_parti.cul ar
surprisingl y,- entcaV| t ettsh a?% c,éa(fﬁs?e}@é’&%dgb n&nﬁhént ﬁg‘ﬁnﬁ&ﬁléﬁ’@al
oxi dati on orlavawilditng treatnent. Oxidizing the portion of sili con

substrate 101 i neldididng {the H/RERY Liies 194 dogadaloLauss, them
Q% er I% (i’ ere an

di sappear, which means that an insulating can

oxi de | ayer 2%fhiteRnsdhpEr 9h dride s Iﬁad:ﬁé@aﬁ tq t%tcdmké%queélﬁl%en _
formed 10 t hﬁ(ﬁiﬂz!eﬁi)@ﬁlﬂﬁﬁztﬂlﬁe@ tHdOWRY &1 deh @ AeGr Qﬁa\é tﬂl%%l%ﬂf‘@.dﬂf@rsent n

the Siqg2 | aye chaneln vol yne and shape wi th the

i crocgw ti é 1§’te|%1 é’r"f‘trtllr‘?“tiﬁé'n&’ﬂ T 3i Itl%@or?aé’dﬁﬁersat e
portion. Duralmag amms@ectne@ﬂﬁ dxﬁrhel_gmtttreommm@aﬁfmt e;du@ati]hﬁl @4 dati on
front tend tf >§lsqd %t%ren@ trlOg(g_%lth{l% t %a&)aw Lon teIr]1]1exc%)§1ntngas a

function of the cryst |ne axes 185 °
pr esent aft@pkﬁﬁgaﬁﬁeé@ﬁeﬁpcludlng the microcavities 104 does not

15 cause them to disappear, which means that an insulating
layer can be formed, here an oxide layer, which layer
includes microcavities that have already been formed in
the silicon substrate. However, the microcavities 104a
present in the SiO; layer 105 may change in volume and

20 shape compared with the microcavities 104b still present
in the non-oxidized silicon substrate portion. During
oxidation, the microcavities affected by the oxidation
front tend to be oxidized or nitrided to a greater or
lesser extent as a function of the crystalline axes, but

25 with the cavities, still being present after the
treatment.

Measurements of the shape, size, and density of the
microcavities have been carried out on a silicon
substrate which had undergone implantation, a heat

30 treatment to develop microcavities, and an oxidation
under the same operating conditions as those described
above.

The mean thickness of the layer of microcavities was
approximately 200 nm.

35 As can be seen in Figures 3 to 5, the microcavities
present in the oxide layer are oblong or ellipsoidal in

shape, i.e. they have an elongate shape principally



Measurenents of the shape, size, and density of the mcrocavities have been
carried out on a silicon substrate which had undergone inplantation, a heat
t r eat mentwoeotensed7op mi crocavities, and an oxi dati on un®er/EHr@ o817
operating conditions as those described gbove . The nean thickness of the

| ayer of mcrocavities was approximately 200 nm As can be seen in Figures
3to5, the mcrocavities present I n the oxi de Iayer are obl ong or

el I'i psoi dal sh
principallyc ar ac er| ze 3?; %Ileé}gq/tﬁj 3%% Theseesecacvaﬁjitese%ave a
wi dt h mai nl yaave tthevidinigenalindlon itro 3ee rﬁﬂnﬂm la nrerigt B Graimhland @ t he range

10 nmto 60 1@%&%&@@.@ oh%mdﬂé/ Andd1€ NG AR ] Irgg. | ieddeny] de layer is
1. 2xI O15 cavities. . The mcrocavities present_in the silicon |ayer

(nonoxi di zediegt?dsttyréi tﬁ%ﬁt@%"%le?st ridhddte PSS e ishape and a
di anet erst hat. Zﬂoﬁ?lmp@iég ¢mi’the range 25 nmto 35 nm (Fi gures 3to5}
The nean densi e mcracavities i.n thetﬁ}e rﬁ on Ia er 7x| O15
t

. th

cavities .cm3 . ml\}: SO0V s & SS%IEF of” Qﬂfe t wo
| ayers (oOXi d:eciaﬂictad Iamtﬁeeaﬁemruzsarz SXLG 5 ctemm:qaeﬁd m@hed%agur e 6
illustrates i t: ] | de | ayer
and in the szr{é:i)(%r?%ﬁa alntégcéargrtbe tseJegr? I:lmnl ng%ad 1%} Th tt%et g%a ter of the

cavities presedt %9 t f%‘l | (Fdsnegyer 4% Mi-str t“@?q fexsddvdefceahfith a

Gaussi ano di $rtlrdrla¢taivqrtlésor1ﬂ MHecaiatiicem My de igaryimdodut with different
speci es. articular,,it may be carried out with hydrogen and/ or helium

ions. | rrpl a lltc}r? ofcnhei ium has the particul ar advantage of it being
possi bl e to inpl aite avearagd dese aferisang, wift bt ntilte-adask tdfesf riacttivad ng t he

two layers (oxide and silicon layers) is 2.5x10%®
cavities.cm™

15 Figure 6 illustrates the size distribution of the
microcavities in the oxide layer and in the silicon
layer. As can be seen in Figure 6, the diameter of the
cavities present in the silicon layer is distributed in
accordance with a Gaussian distribution.

20 Ion implantation may be carried out with different
species. In particular, it may be carried out with
hydrogen and/or helium ions. Implantation of helium has
the particular advantage of it being possible to implant
a large dose of ions without the risk of fracturing the

25 substrate.

In another implantation of the invention, the oxide
layer including all or some of the microcavities may be
replaced by a layer of nitride.

Under such circumstances, in order to form a layer

30 of nitride with microcavities, the above-described steps
of implantation and heat treatment to develop
microcavities are carried out on a substrate that is
capable of being implanted and nitrided. In order to
form a layer of nitride instead of a layer of oxide,

35 during the thermochemical treatment, the oxidizing
atmogsphere used in the above-described thermochemical

treatment needs to be replaced by a nitriding atmosphere.



substrate. I n another inplantation of the invention, the oxide |ayer
including all or some of the mcrocavities may be replaced by a layer of
nitride. wodero/®wzrk circunstances, in order to form a | @gemEredionstivi de with
m crocavities, the above-described steps;pf inplantation and heat treatment
to develop mcrocavities are carried out on a substrate that is capable of
being inplanted and nitrided. In order to forma |ayer of nitride instead

of a layer i i t he thernoc i cal - treatmen t he oxi di zi ng
at nospher e %%%g%%?%%gt%%%gle% e%%??ebée@dé{l%%%%e%%ﬁﬂéjeﬁqyrent needs to be
repl aced by atmPIpheldgpee ngspheremRaris buy ari movedn m ammopn exampi s of a

nitriding atapspher esatg t hese cqrﬁprsii%ﬂ%rnin;ar aen.cAmpni a (NH3), silane
t

(SiH4) , etc.. In simlar manner to the ernmochem cal oxidation treatnent,

the nitridi nFrHMhFe @ oppedati e destaietefept e mitel SibstFeeet . e.
within tbe |ayest@fped wocaavdésiﬁsedéf%éﬁm oGaViHd eélkﬁét?rﬁf‘é} rﬁ.de.goth hnt}]he
nitrided | ayer, ,and i.n the nonnitride ortion of substrate, or beyond the
| ayer of mi cvglo%rglﬁt%hees Y 1 M L GG oy i 1 S FHE T RS R %ided i n
the nitridedi¢siesd Wit fan the tidlrsibStrater dndiin ade Aa@i- exanpl fe, )
after inplanfat,; t 1{&@} d I jcrocavities of the
substrat e, :}%lafitfslq%ocgrslgjbﬁa%% Cgfc;?gm a raytgerf gresk?%%{o}ﬁ érﬂ r]iaﬁgeli §ft:N )

i ncl udes al IMGFrEHHE tofes Hek mldr sdavilie eslanparpdsiany anee tsublstrate to a

ni t rogemoat nsfhetel ned rad ned ditaay tieparature in the range 900 0C to 1300
OC . The structur bt ai ned .i.n .accqr dance vré%éh the nmethod of the invention,
i DS AR

i.e. a substrate ATy Eata A afPra FEELDf oxi de
or nitride exttendiimglatntegasin pard itaddty drdaamdia: [tay elev@fldp atrcavi ti es,

may be usedI{fyfg%aﬁyﬂfggléﬁ éﬂgﬂédﬁgéfggsj it is possible to form a
layer of silicon nitride (Si3Ng) includes all or some of
15 the microcavities by exposing the substrate to a nitrogen
atmosphere maintained at a temperature in the range 900°C
to 1300°cC.
The structure obtained in accordance with the method
of the invention, i.e. a substrate comprising a layer of
20 microcavities and a layer of oxide or nitride extending
at least partially into the layer of microcavities, may
be used for a variety of applications.
In particular, with an initial substrate formed from
a semiconductor material (silicon, germanium, etc), said
25 structure may be bonded onto a second substrate in order
to form a SeOI (semiconductor on insulator) type
structure. The buried insulating layer then includes
cavities.
By bonding the structure of the invention onto
30 another substrate, it is possible to form a releasable
structure. The layer of oxide or nitride including the
microcavities forms a weakened interface that may be
ruptured under the action, for example, of a mechanical
detaching force, for example by introducing a blade into
35 the microcavities and using it to exert a force to
separate the substrates. The risks of unwanted fracture

during the heat treatments are very low since



In particular, with an initial substrate formed froma sem conduct or
material (silicon, germanium etc) , said structure may be bonded onto a
second swetnrimi¢a order to forma Sed (sen conductor POmN/EPR&II0SIIOT ) type
structure. The buried insulating |ayer tjhen includes cavities . By bonding
the structure of the invention onto another substrate, it is possible to
forma rel easable structure. The | ayer of oxide or nitride including the

m crocavities Q. s i e that, may be ed. under, .t he
action, for %glxgggr;p({%’,‘l oj}/&giﬁrercggﬁaén :u%es{g%gq ‘achi n% folr%)e., &7?&5% Lge(;( aarrpﬁ[gl%%/é
i nt roduci ng XUsirdde limtan (el dd rocaviittirgiand Usityg S tanwl leseriom force to

separat e the RURSIIAI&GS, it (e i Sks-Ofe i@t a0 Wk diridg fLhe heat
treatments are very | ow sincem crocavities do not devel op, or develop only

to a slight @& dYeh Phak i oo Hitside. In this application, the

m crocavbti es ar eigpicef erallel @dyied ysuudwided d pidiedayathad jaxi de or  of
nitride. Hence, -.a rel.easahle substrate is provided that is highly tolerant
to high tengle:Lrgéﬁll}/r etsOIaeﬁ:(inbtagtoalhrle%h%ﬁmqeor F2s5t i Tatd ot ﬁesge{pe%’t rShi ¢
conponent s, ther feamgad ioh tdfe el mreint arompreteal t oxifiber semngolnad uct or
(CMOS) type Ik S 1 Q90 0 h strate
may then be t?%ggolrj%%ﬂnechg#%ﬁ S{ch%n%ngﬁoﬁuat anyﬁb?orrse). % y residues

of a rel easdBrAySr tEMRSGadelr o0 fexdifplg darmp &t PP e r dsved by

appl yi ngoa seividreit Ofmaly el we it R ddnechath® AN8st i nvention nmay
al so be used.to .praduce structur.es including.low denf5| t)% i_nsul akl)tlleng | ayers

(oxi de or niT¥UER AV A & Vol W%l edt™ & THUShOL & RIS
functi onal i Zatyieon cefs axidiecatfed abawenlelhenay aheea\td iresnos@id kybute to

reduci ng the %‘iﬁ;’ln%e%s%t&ﬁ]&fio%h%ﬂ %Iaotﬂhqu%rl.qﬁ%rc.@d“&ge.y encl ose an
at nosphere AV g I'ow el ectric value. 15 eréby r éduces the coupling
The present invention may also be used to produce
15 structures including low density insulating layers (oxide
or nitride) having a low dielectric constant, or even a
functionalization as indicated above. The microcavities
contribute to reducing the mean density of the insulating
layer and they enclose an atmosphere having a low
20 electric value. This thereby reduces the coupling
between the wafers, limiting the permittivity of the
insulating layer.
Further, the microcavities may be functionalized, in
particular by doping. Thus, by introducing nitrogen
25 during the thermochemical oxidation treatment, for
example, the nitrogen is caused to migrate to the
interfaces of the cavities and create negative charges
therein.
In general, it is possible to introduce different
30 species into the cavities, in particular metals, by
doping during the thermochemical oxidation or nitriding
treatment. By introducing conductive materials into the
cavities, it is possible to produce buried layers of
oxide or nitride that are electrically charged. It is
35 also possible to form layers comprising isolated

electrodes, for example floating gates, by



between the wafers, limting the permttivity of the insulating |ayer.
Further, the mcrocavities may be functional! zed, in particular by doping.
Thus, by wotwmdeed7ag nitrogen during the thernochem cal poxir®adioos 197
treatnent, for exanple, the nitrogen iscaused to mgrate to the interfaces
of the cavities and create negative charges therein. In general, it is
possible to i ntroduce different species into the cavities, in particular

net al s, i Q i on_or nltrldlng

treat nent (I;QB{J% %c%gﬁ% ﬁc({l ve ma Cet%ll 1%s%rldn O the EAVi TR es, it is
possible to fpm@m;% dandust ey s sfmigarbigrive td e it . ar e el ectrical y
charged. It is alggRRSSiY Rt Oe i dBYIErS LPIHd SING d:5Q al8d ;8] ectrodes,

for exanple floating gates, byfunctionalizing the cavities by introducing
speci es for ﬁ%%t@%éﬁr@no%mq \i%?‘%?a%térqfe{lfslt%% and/ or
functional i zi ngpdthescqyi 'tp@:mytmra@ar td2€ Ld@rui:@e Gardd eibromti f teimg

d / di de" d
gi: dg’i : 82/ R:I{QH a"“ﬁqg Ug)selrngseOnehsq%gﬁg Ifc’[‘"lﬁéle% i erl%let echni ques:

i mpl antation;  arneaid g tafttiem ;oxi dat| on/nitriding, in an at nosphere

conpri sing specif, %Ig@sng _ﬁ?vt?e%“ro'%&rd%én_ n ftQLrlcﬁ 3l I ow diffusion

of active species; e specl es use urin plng and/or
functionali ?ét“i‘@ri’h’?eﬁ? IO ieciney srpremfa{c |t (ﬂeremfeqwr@crr@ IthEthg

speci es10 nNifgr0gSinaRkar gﬁ%@ﬂ ditrsurdra e Afcttife Gpddiies); dopants such
as boron, arsenic, Bho ITﬁ’)?oor us, antinony, alumnum gallium etc, in
particular in ord’e dify the band di agram of a sem conductor; netals

such as iron, nidke spealiald usetd dutiineh doping and/or
functionalization may be selected from at least one of
the following species:
15 » nitrogen (charges on the surface of the cavities);

+ dopants such as boron, arsenic, phosphorus,
antimony, aluminum, gallium, etc, in particular in order
to modify the band diagram of a semiconductor;

» metals such as iron, nickel, cobalt, etc, which

20 modify the electrical properties by migrating towards the
surface of the cavities.

Any other material that can functionalize the
cavities may be envisaged.

The cavities present in the oxide or nitride layer

25 may also act as traps for contaminating species that may
cause electrical disturbances. By trapping this type of
species in the cavities in the buried layer of oxide or
nitride, i.e. far from the interfaces with the useful
layers present above the oxide or nitride catalytic, the

30 quality and the electrical properties of the useful
lavers are improved.

The cavities in the layer of oxide or nitride may
also act as traps for hydrogen atoms. Under such
circumstance, the cavities greatly increase the hydrogen

35 storage capacity of the layer of oxide or nitride, in
particular when it is thin. The solubility of hydrogen

in an oxide or a nitride is very low and the presence of



nodify the electrical properties by mgrating towards the surface of the
cavities. Any other material that can functionalize the cavities may be
envi sagedvoBhe/maoret i es present in the oxide or nitridepCayreowmyiial so act
as traps for contaminating species that jay cause electrical disturbances.
By trapping this type of species in the cavities in the buried | ayer of
oxide or nitride, i.e. far fromthe interfaces with the useful |ayers

resent above f: i [ tri C tic, ual i.ty.and the

gl ectrical pcfa()‘{olzﬁ%e(sﬂg%% h@%{s'e%% Claata%%’lec%/lsﬂlglrtec'E iln!terr%%ﬁf!‘e&y%%g%%vi ties in
the layer oftZBARRA drhanahy de nmEyczgasedet Ay inapwridmdyaf ogen at oms .
Under such qiusuimiancd dihe savidd e weatly inrhaass t he ydnogen, st or age

capacity of the layer, of oxide or nitride, in particular en it is thin.
Thg sol ﬁbi | i%%ﬁ%ﬁfm T HPIRR de dihen IRYes RF iWA8 O dv Bl he

pr esence5of cawi hidsgredns ddwati tikes Wwf ] tt}hagp irt,etiaé trpcfggit h'rrﬂg@t ned : alOloedf .
thereby is incr.eased. Dur.in ondi ng..of a substra 0 e ructure o e
i nvent %/on, tarqgoplﬁil’ir?ge‘aor?(fnclélrget?lveag)loo o E?fg%?? ﬁaq%eqrhy%}esoq 9% de or
nitride i ncleddineptd chotad thess rezsntdrdts i tin payosisidiller tdimva d

re- openi ng e dandingdiiterdAce. DRINREn A eSS 4 W, LhENRALS, during heat
treatnments, in particular during heat treatnents for consolldation of the
bondi ng i nt éMf&EEaGavi Qa4 tHes Ao FleondPraed it péddibnpdimner f ace and

may be pbacecthedRica eSS s U RY O QG A hate iSRS Hd APdNRren
structure, Brreiaman e Jydiooen st e Laxer of g de er e, i
ensures goodhyisioredieng aitnteégr ilayerFicfuosifd Idrustitatiek ,a iaomeeside structure
200 2 SOUCS RPN FAUAR LB e PO WY S hacle commosit
which thus ensures good bonding integrity.
15 Figure 7 illustrates a composite structure 200
produced in accordance with the method of the invention.
The composite structure 200 is a silicon substrate
including an insulating SiO; layer 205 formed by surface
oxidation of the substrate. The composite structure 200
20 also includes a layer of silicon 206 corresponding to the
non-oxidized portion of the silicon substrate. The
structure also includes a buried layer of microcavities
203 that is present in its entirety in the insulating
layer 205. 1In accordance with the invention, this layer
25 of microcavities is formed by ion implantation and heat
treatment of the substrate before the formation of the
insulating layer under conditions similar to those
described above. As explained above, the formation of
the insulating layer 205 does not cause the disappearance
30 of cavities already formed in the substrate but modifies
their shape. In fact, after the oxidation (or nitriding)
front has passed into the layer of microcavities, the
cavities all have a substantially oblong shape that is
principally due to anisotropy of the rate of growth of
35 the insulating layer during the oxidation/nitriding step.
Further, after the insulating layer has been formed

in the layer of microcavities, the cavities with an



including an insulating Sig2 |ayer 205 fornmed by surface oxidation of the
substrate. The conposite structure 200 al so includes a |ayer of silicon 206
cor r esporiongioii147de non- oxi di zed portion of the silicorcympsdasad7 The
structure also includes a buried | ayer ofy mcrocavities 203 that is present
inits entirety in the insulating |layer 205. In accordance with the
invention, this layer of mcrocavities is formed by ion inplantation and
heat treat t bef.o e. fo t] of . i nsul ating

| ayer unde?ﬁcgc}%lncgglCTf |%§as§és||b%% 2%]‘?]{ oﬁ%%rgteé%elsﬁcr%lg%dé%ﬁ%viﬁe%}gé\tie%gléllalgned
above, the ferFatdoncAll heen®gul atdmFiayes R0 kpeasi erorcaalisiees 04

di sappear ancg-ofa CAVd#i &sc & ready dioded ddydihe substeat e bl opdifies
their shape., In fact, after the oxjidation (or njtriding) front has passed

into the | aydr of BR%S i %9 P e EHATIRS WD AR ShstRT al | y

obl ong sbapetiwmited it idwteal diyretue dros andseh rapycHFi thes raies afrgrowt h of
the insul ati yer duri t-he oxidation/nitriding step. Further, after

t he insul at ignagf%lglyeer %Oast}g% nl or %atikhe t%té%sf%ﬁgfre %r nfcgﬁnbjcré%iefrf es, the
cavities wi tan@iobiongewiidpe die atiorianted o the eanecidis ection as
regards theigy:engid 1y MddHHL o e Ocad iGs af4,arg, al | oriented
with their I'engths vertical. However, it 71s possible to obtain cavities

with an obl GHFSHERS QY dlteFuls vire RErctiordie such as cavities that
are parabl elotigdtheplrane-ididdetsypstrate or form ng an angle therew th.

The orientation qof .the cavities principally depends on the crystalline

ori ent :ati on Ipres téadlwg:“r?ellsad’beg‘i Irogtcciecpapvr]l ] g){ﬁﬁ.ﬂd%ﬁ%aﬁ aé’ré/rﬁhtarfi Idi ng

step. Obt ai mnwy ad dlgnest woftlcarid isas Wfewblorm shape dthiatg drasyeat itgrzed Wit h
th i j | a1 i , th

one anot her ﬂ&ﬂ%dl’%’ atacﬁ}ea[}&a!\?aéfse! P ad C({gg@\;os%dcveargtt%ﬁ%ur\@e €

conposite structure of I nvention 1's used orma’stru tre that is
rel easabl e Bynardelvaiitdain fisadtsagde t@t AM@ isnstimatdtvg 9 dy@t is

15 releasable by mechanical fracture at the insulating layer
including the cavities, said alignment of the cavities
means that the process of fracture can be better
controlled and a continuous and regular fracture line can
be formed, meaning that the post-fracture roughness is

20 thereby reduced. When the cavities are functionalized,
for example by introducing electrical charges by doping
the cavities, the alignment of the cavities means that
the overall electrical properties of the layer can be
adjusted.



including the cavities, said alignnment of the cavities neans that the
process of fracture can be better controlled and a conti nuous and regul ar
fract ure woneim@m7de forned, neaning that the post-fracrorEreawgbness is

t hereby reduced. Wien the cavities are fiunctionalized, for exanple by

i ntroducing el ectrical charges by doping the cavities, the alignnent of the
cavities neans that the overall electrical properties of the |ayer can be
adj ust ed. CL . A nethod of producing a |ayer of cavities in a
structure (1 conprising at | east one substrate (101) forned froma

mat eri al that.- damaddraskiah zadicinia @ deyen v metvidd asonpy issi ng t he

fol | owi ng staps;ccd P! @Wd NG s (1Y altﬂtl%a%ad %fﬁéjtésdﬂsactreat(eloji)()l n order
to forman |an anted ion concentratl on zone (102) at a pre eterm ned mean

dept h; heatt ¥4t iff@™ e Mohsi aitled "SUbHat® (¥iBrafch Aayert Hidhvi ti es
(103) atst heHdmpleutel dompresrieentdal ifl lawied Higsand form ng an

insulating |ayer (105 .sal d supstrate t her ment from
one surface of said™ éj)lt?s?t ate,tSai d”1 sui'a b%/ r?&ﬁdar%él%ﬁrpﬁaﬁ%% ]Teoglr)
ext endi ng atorddeasttpdmlany iimptleurtthe |l iayre rcapfc egenziattiies (zH0B) ( A

met hod accordi ng @ iheq GRAAGSLHZed in that the insul at| ng | ayer
(205) forned by tptﬁceér m)chen:% cedl treat rrent ‘extends over the entire |ayer of

cavities (203) . *3heak mataRdd e ddrediimp leg tadaismbe tera te diomfprm a

charact epi zadyidy tdzatcatvlﬂﬁlr&t grioal @]‘t tthh% SuRSthatedy GHl) is selected from
at least the follow n%amaterl al ;D %I i Lo I11/V materials, germani um and

si | i conger Mo RRAHEAE S iZ08F d A met hod according to any one of
claine 1 to 3, + forming an 1nsulat1ng layer (105) in said
substrate by thermochemical treatment from one surface of
said substrate, said insulating layer that is formed
15 extending at least partially into the layer of cavities

(103) .

2. A method according to claim 1, characterized in that
the insulating layer (205) formed by thermochemical

20 treatment extends over the entire layer of cavities
(203) .

3. A method according to claim 1 or claim 2,
characterized in that the material of the substrate (101)

25 is selected from at least the following materials:
gsilicon, III/V materials, germanium and silicon-

germanium, and silicon carbide.

4. A method according to any one of claims 1 to 3,
30 characterized in that the thermochemical treatment of the
substrate is carried out in an oxidizing atmosphere in

order to form an insulating layer (105) of oxide.

5. A method according to any one of claims 1 to 3,
35 characterized in that the thermochemical treatment of the
substrate is carried out in a nitriding atmosphere in

order to form an insulating layer of nitride.



characterized in that the thernochem cal treatnent of the substrate is
carried out in an oxidizing atnosphere in order to forman insulating |ayer
(105) of wwi2d®/09m72 A nmet hod according to any one of cl acmEPoosA397
characterized in that the thernochem cal,4reatnent of the substrate is
carried out in a nitriding atnosphere in order to forman insulating | ayer
of nitride.6 . A nethod according to claim4 , characterized in that the

i nsul ati ng oxide |layer (105) extends into an upper portion of the |ayer of
cavities (103), the I ower portion of the layer of cavities being located in
the nonoxi dized gidtitesh atsstdiate, tamdldim thatchdemcaw ties {110dmt present

|0 e, i nsuliatd g Gridledaust; o o ubst angd Al aong 49 shapg e th o

width in the range approximately 1 ' nmto 3 in the
range 10 nmRYF BEThAWHI% e &4 15888 (bl blesdrte i ¥pvieie nrytiok di zed

substrats have thelilangirerof rtatﬂe;lrea:ng%l&’fg NMBdL- 3 N the -ndh et hod
accordi ng to 1@/1&?% af, .clains.l to ract rized in that, one or nore
i'h

dopants are 9 & B 1S tiﬁfbtter ataéj Fhdthe&rhbdHe cal
treat nent. 8104&)netdesckrac cior ditreg JHISLdJéGJng? qxﬁearlaa;,teeflazmi in that the

dopant or dopants, i3 eshodd LomAldeastcn 1 Lroas.. baign.. grseni .

phosphorus, antinon iron, nic
met hod of p@é@?&}ﬁ%@a&w t31 Il’léyéirO SO met sl wigpra slleri@teﬁ iredgte bondi ng a

first stpuctriahgeonioo nth $RCH red RIIGIW &nd RRSRGRd SlTAHT W LAPrHiSI Ng a
Substrate |n%[ud| ng a.ayer of cavities and an insulating layer forned in

accor dance Wi Zz?@c@r“&isrﬁj‘at e Brmatams ttkt? Fanggy. A
met hod accordi mep tte Glsam.9 , characterized in that the first structure
conprises a |ayer of sem conductor material and in that the nultilayer

structure is of the Sed type.
7. A method according to any one of claims 1 to 6,

15 characterized in that one or more dopants are introduced
into the substrate during the thermochemical treatment.

8. A method according to claim 7, characterized in that
the dopant or dopants are selected from at least:

20 nitrogen, boron, arsenic, phosphorus, antimony, aluminum,
gallium, iron, nickel, and cobalt.

9. A method of producing a multilayer structure,
comprising at least bonding a first structure onto a

25 second structure, the second structure comprising a
substrate including a layer of cavities and an insulating
layer formed in accordance with a method according to any

one of claims 1 to 8.

30 10. A method according to claim 9, characterized in that
the first structure comprises a layer of semiconductor
material and in that the multilayer structure is of the
Se0I type.

35 11. A composite structure (200) comprising a substrate
constituted by a material that is capable of being

oxidized or nitrided, the structure further comprising an



11. A conposite structure (200) conprising a substrate constituted by a
material that is capable of being oxidized or nitrided, the structure
further owopnigiong2anl nsul ating | ayer (205) fornmed by trermpesiensaat
treatment of the material of said substrate, said insulating | ayer
including a |layer of cavities (203), the structure being characterized in
that the cavities (204) of said layer are obl ong in shape and in that said

cavities are Ori e rect tructure according to
claim 11, charac %?lrg dfaﬁﬁg)iehgﬁ?% C;l emé Sfé Lirtb]?ﬁaatt eFrétast t he
fol | owi ng nefertitat snaseridbmt 18aid smdmemraﬁe, wdrmmmmgllam

ger mani um  and. Sid{ &P calpide, ¢ tl%vﬁisé (%el 8«&9@%{%«&&&' 1 or

claim 12, characterized 1 n that i nsu er of
oxi de or nitfhafEacuizedtiuciinte @t‘%dﬁﬁ%@?% %‘@4 orief dfaid aﬁ%&elll to 13,

char act e6i zegré Ty the Gambd iasd ofn Saidk |gyRl afvoamdd g% contain one or
nor e dopants sel ect d fram at Ieacf ni trogen, boron, arsenic, phosphorus,
anti nony, al{Um C}EﬁnSW%n IR and cobalt. 15. A structure
according to any one of claims 11 to 14, characterized in that the cavities

(204) of saif | qyel, Qfcau tias dpéc%@ t{lﬁvcel AN L LG LAy i
apprOX|nater 1 nnlto nnlan € r'ange pm
that the substrate is selected from at least the

10 following materials: silicon, III/V materials, germanium

and silicon-germanium, and silicon carbide.

13. A structure according to claim 11 or claim 12,
characterized in that the insulating layer (205) is a
15 layer of oxide or nitride.

14. A structure according to any one of claims 11 to 13,

characterized in that the cavities of said layer of

cavities contain one or more dopants selected from at
20 least: nitrogen, boron, arsenic, phosphorus, antimony,

aluminum, gallium, iron, nickel, and cobalt.

15. A structure according to any one of claims 11 to 14,

characterized in that the cavities (204) of said layer of
25 cavities (203) have a width in the range approximately

1 nm to 30 nm and a length in the range 10 nm to 60 nm.



