1. A METHOD OF FABRI CATI NG A COVPOSI TE SUBSTRATE The
present invention relates to a nethod of fabricating
a conposite substrate of the type conprising an
insulating layer that is buried, i.e. interposed 5
bet ween a sem conduct or suppori substrate and an
active |ayer of sem conductor naterial. !n t he )
descrigtlon and clainms below, the term "insulator

desPgHarBeD aAF TARRICATANE yA | GRIACKIITEY SURSERAT R _
opt i onal T¥e hawe suhta 1hwghtﬂ¢r€|xeﬂtaﬁ:|e% 0 pefdiHdd Wt Y.

10 SBELELEBLY. GO PpUaN Sl g 18 mhe Ol

obtaining a np03| e su
\Ahe'?%lh“ﬁfh%tm%dﬁé{tewn’ghwa)ﬂa hugieHi ni.¢. elntegpostan

550 mﬁééh &Wﬁﬁa\.téf”%po‘%rt QUBE: L £5S a%@aanZQc@mre
(20 net ers th _substantially inproved

el et |ca propergl td%substrate is used in
particul&r the Fﬁ@crnetthn aofd optims, bel®@Gt towi ¢grmand

Opt‘wm&@ﬂ’cﬂesﬁzﬁé‘féé Gl %ﬁeQHhB&’ﬁ} Jms'ﬁllgglﬁéanpl €
8

of osite subsfrate is a subsStrate
kn&&ﬂg%y | OptlgP (ﬂng FSPF?Eoﬁﬁ%ﬁ?qqﬁéﬁlator)

LOwhirsrmdédiigiatyes a substrate conprising a Iayer of
i nsul at iMagres |rb€9§e% 48 1Htr§ﬁ€9§r?%&%ttl\é%ego Opethod of

Iay rs .of., si con preci se 8ctri ¢a
or o§tPﬁ“é§gml ERMPRI LS, 5URSE Fole (1S 14RE indopbPm, atferein
|nﬁ@@de@sudatmpgobawawes thenchirge 1deRsithin (Mo (30

thelaalla,%%wrgsl PRick RIX'eheh M ‘%esséil“ ed 'nS}l%qtli ng

ta|n|n§ a val ue of an 5 X ‘
1> ch%‘?é‘é’?eﬁgffs&nﬁ Sk ésithaphlstanttie e dRasarey of kemfe,ical
. prophetyebt age beyond 30 which the resistivity of

the InSghéﬁoé é&%gﬁ%éigaﬁp XSedQH}%%Q%gngaxs}qq%gﬁfleids

Sira
Io>S<P eOPBg;%?r %%ﬁ@%@@rlrcéd a/raqi wpticelgstrohbse. to 10

MW/ cm [HEjgaV’OidLS]/aQelbg;:l H&ﬁfﬁ]uﬁ&iﬂ@o&c{hﬁ fe (;f]ecelllgttl &gpe
I nd/lor.electrons in
20 nDQf &5%@§§1EE us?ra??v% S dahistrate ?WQ!Q%alts
de%‘H?%Yf@ f%PTo’bt(éulﬁlannect»recmso:riamobDL|wrymnf dwrignhbas a

substrate comprising a layer of insulating silicon oxide
interposed between two layers of silicon.
More precisely, the electrical properties which the
25 method of the invention are intended to improve are:
* the charge density (known by the abbreviation
“Qbox”) in the buried insulating layer.’ Obtaining a
value of less than 5 x 10 charges per cm’ is desirable;
- the breakdown voltage, i.e. the voltage beyond
30 which the resistivity of the insulator falls sharply. -
Obtaining maximum values is desirable. As an example,
for a buried silicon oxide layer, a preferred value is as
close teo 10 MV/cm [megavolts/centimeter] as possible;
* the mobility of holes and/or electrons in the
35 active layer. As an illustrative example, it would be
desirable to obtain an electron mobility of more than

500 cm®.v71, gt [centimeter®. volt™, second™] in silicon




500 cn2.V 1.s-1 [centineter 2. volt-'.second-1] in
silicon 2 doped with boron in a concentration of the
order of 1015 atons/cnB; and the "D T" val ue, or
"density of interface trap", which designates the
density of traps at an interface 5 between two
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‘as the number of traps/eV.cm®. The higher the DIT value,
the worse the electrical properties of the substrate.

As an example, a value of 10'? .eV'l.cm™

is a high
value which corresponds to poor electrical properties for
the substrate. Currently, the best DIT values obtained
are of the order of 10 .evl.cm™? for interfaces between
very good quality oxides, known as “gate oxides” and
their support. Such oxides are found, for example, in
transistors, memories, capacitances and other types of
components forming integrated circuits, |

Figures 1A to 1E illustrate the various steps of one
mode of fabricating an SOI type substrate, which is known
in the art,.

As shown in Figures 1A and 1B, that method consists
of oxidizing a source substfate Sou to form a layer of




As shown in Figures 1A and 1B, that nethod consists
of oxidizing a source substrate Sou to forma |ayer of
3 oxide Oxy at its surface, then to carry out atomc
species inplantation to definean active layer Cact.
The oxide layer is generally fairly thick, of the
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anneal”, consists of carrying out a repair/recovery heat

treatment of interfaces at a low temperature, of the
order of 450°C, in an atmosphere containing hydrogen and
a neutral gas.

However, when such a method is carried out at 450°C,
its effect regarding improvement to the DIT value is
exXerted sclely on the interface I; between the protective
layer Cpr and an active layer Cact and not on the
interfaces I, and I,, or only very slightly. That FGA
treatment method loses effectiveness at each interface
which is encountered. Thus, it is relatively ineffective
for deep-lying interfaces.

A further possibility consists in carrying out an
annealing heat treatment at high temperature, i.e. over
800°C or even over 1000°C. . Such a treatment may improve




35 A further possibility consists in carrying out an
anneal i ng heat treatnent at high tenperature, i.e.

over 900C or even over 1000C. Such a treatnment may
inmprove 4 the DIT value at the interface 12, but has
alnost no effect on the interface 11, which lies
deeper. Further, in many prior appl i cations, a thin
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substrate. This is principally due to the presence of
contaminants, polluting particles and gas,. encapsulated

25 during bonding at the interface I;.

To improve that bonding, one solution consists of
plasma activation of at least one of the surfaces to be
bonded, namely that of the support Sup and/or insulator
Oxy. A high bonding energy is thus obtained, close to

30 1 J/m* [joule/meter?], at the interface I, even after an

anneal at 200°C for just 2 hours.

However, plasma activation deteriorates the
electrical characteristics of the interface I, and in
particular its DIT values, fairly significantly.

35 Reference in this regard should be made to the

article by K Schjélberg-Henriksen et al, “Oxide charges
induced by plasma activation for wafer bonding”, Sensors




particular its DIT values, fairly significantly. 35

Reference in this regard should be nade to the

article by K Schjol berg-Henriksen et al, "Oxide

charges induced by plasma actixvati on for wafer

bondi ng", Sensors 5 and Actuators A 102 (2002),

99- 105, which shows the negative effect of plasma

aCLIaﬁﬁIAmtuQmo&BeAei@%tﬂﬂdﬁéb Q?Dfﬁgt'dﬁicﬂfsﬁows the

su venti.on ains _to overcone

ab03%£%%ﬁ$?b§ggecg dp§gﬁ§§ﬁtﬁﬁE%V?Qﬁﬁﬂwﬂnnﬁh?r@#?ﬁﬁﬁﬁcal

art PIgPeEtaescpEesybstitadesnvent i on ai ns to provi de a

met hod oﬁh@b&ﬁb@hf&bﬁidi&§p9§'5&%5%8%&'% M%&élﬁ%ntéoged
an

t | t
et LN e L ih' LR BFCh Aty oven be as
thin as ¥9rs pngcisely,gobe aheatricnakifk opergiRs del a€.
MAthetﬁwﬂE$ﬁ-oB%ﬂi#%i g2k EJE%J%?%& ntgciaces gfki%%ggﬁﬂs

he inventi

|ns g. t hi
HPﬁR%Q %n?%’]garﬁl&?t AYSor do'r?poéhtléngﬁb%lﬁrat@ of1, t he even
t ypE tonp¥ i Bhary 20anmhi and neulat mag bayerbe ty WREnt he

10" flﬂaﬂlmJ ayEdn .gobd b@&@fm%qdrp*}%g\é?ﬁe 8 ISt ieh tow DIT

ng, nductor su strate support
subs ra Tt Pa%‘ie’ifface§eﬁ¢céﬁu@lcitfmuh¢mleglhdiyer

terned tTve tTacst evnd, | Ayeritventhahasbesd Zad o Hleméél éf
C O N H 155 t r Lting
;23 Q:%ttll'h% at eBspd it c? glg %Qgefl r%ﬁ% 8?" Iw]rlsa_ng

[ nsul ?ﬁl n ter me
said 3&5 ﬁﬁb‘%i‘? kA nd tarmed nhg atfimgll Agper”,

154 erlffé@rﬂ%edsbebneleth ay @it st 0Bei SALAM o rSYRBLF Al

e e U AR AR L, IO TR O g O

at | east one of said S and’
| ayef'dCOEUCt B iR Ry igdi desmppothe S\dsdtivat dapend’ sai d

_ so@@@aCSabsteatmttﬂ@&t her coip i ac WRr sbepdi g, such

25

30

35

t hat said cond insul.ati ayers are in
conbac; alfg%ilzé %{; 8?’ g e rihcds éﬂ tEBPetdent f GeFmed
O sait@efi haFsSt nkawen’ Irn@n Say@rsum:rcdrtseubstréta nthdlah a
poinbohat EngrErhyidis ‘thafkd e MR coFAURGE.SHDSLT &t %Engd

[ObAb0: PALY, A d M ARl Yo f QNPT MO S

- plasma activation of at least one of said first
and second insulating layers;

- bonding said support substrate and said source
substrate tqgether by molecular bonding, such that said
first and second insulating layers are in contact along a
bonding interface and together form said final insulating
layer:; and

- lifting off a portion termed the “back” of the
source substrate, to retain only arthickness of material
constituting said active layer;

the value of the plasma activation energy and the
respective thicknesses (e;, e,) of the first and second
insulating layers being selected such that the activated
insulating layer is activated only in its upper portion
extending from its free surface, and the thickness of




the value of the plasma activation energy and the
respective thicknesses (el, e2) of the first and
second 35 insulating |layers being selected such that
the activated insulating layer is activated only in
Its upper portion extending fromits free surface,
and the thickness of 6 said final insulating | ayer is
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silicon and the insulating layers are formed from silicon
dioxide (SiQ,);

» the first insulating layer and/or the second
insulating layer is/are formed from an oxide or a
dielectric material with a high permittivity;

' plasma activation consists of applying an oxygen
plasma to the first and/or the second insulating layer(s)
at a flow rate in the range 50 scem to 200 sccm, a
pressure inside the chamber of 50 mTorr, a plasma power
of about 250 W for 200 mm substrates and about 500 W for
300 mm substrates, for a period in the range 5 seconds to
60 seconds.

The method may also comprise an annealing step
carried out in a mixture of neutral gas and hydrogen, at
a temperature close to 970°C, for a period of at least




of about 250 Wfor 200 nm substrates and about 500 W

for 300 nmm substrates, for a period in the range 5

seconds to 60 seconds. 35 The method may al so

conprise an annealing step carfied out in a mxture

of neutral gas and hydrogen, at a tenperature close

to 900C, for a period of at least 7 two hours, on at
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ShBPOJ-” su strate” and a ayer of semiconductor

material, termed the “active layer”, said insulating
layer or layers forming an insulating layer termed the
“final” layer, having a total thickness of 50 nanometers
(50 nm) or less, preferably 20 nanometers or less, and
having density of interface trap values (DIT) of

10" . evi.cm? or less, more preferably 10'°.evi.em™ or
less, at its interface with said support substréte and at
its interface with said active layer,

Other characteristics and advantages of the

invention become apparent from the following description
made with reference to the accompanying drawings, which

represent a possible implementation and its variations in
an indicative but non- limiting manner.
In the drawings:




its interface with said active |layer. Oher
characteristics and advantages of the invention
beconme apparent fromthe foll owi ng description nade
with reference to the acconpanging draw ngs, which 35
represent a possible inplenmentation and its variations
in an indicative but non-limting manner. In the
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The interface between the insulating layer 31 and
25 the support substrate 1 has reference numeral 311 and
that between the layers 32 and 2 has reference numeral

321. .
The free surfaces of the insulating layers 31, 32

respectively carry reference numerals 310 and 320.

30 As can best be seen in Figure 2C, plasma activation
of at least one of the two insulating layers 31, 32 is
then carried out.

Surfaces 310 and 320 are then prepared for bonding
carried out by molecular bonding (see Figure 2D}.

35 The bonding interface carries reference numeral 5.

Finally, a portion termed the “back” portion of the
source substrate 2 is then lifted off to leave only a




30 As can best be seen in Figure 2C, plasma activation
of at least one of the two insulating layers 31, 32 is
then carried out. Surfaces 310 and 320 are then
prepared for bonding carried oyt by nol ecul ar bonding
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ible to have, as the support
r @ composite substrate in order to produce a
multi-layer structure. Purely by way of illustrative
example, a bulk silicon substrate with an epitaxial layer
of silicon germanium (SiGe) containing 20% of germanium
may act as a support substrate.

The active layer 20 of the composite substrate 4 is
derived from source substrate 2 as is described below.
Said source substrate 2 is also formed from semiconductor
material.

Purely by way of illustrative example, various
examples of materials which may be used as substrates 1
and 2 are mentioned below:

* support substrate 1: silicon (8i), silicon carbide
{53iC), germanium (Ge), any epitaxially grown layer, for




The active layer 20 of the conposite substrate 4 is

30 derived fromsource substrate 2 as i s descri bed

bel ow. Said source substrate 2 is also forned from
sem conductor material. Purelysgby way of illustrative
exanpl e, various exanples of rraterl als which may be
used as substrates 1 35 and 2 are nmentioned bel ow
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(germanium on insulator) type, a thin layer of silicon
oxide may be formed on the silicon support substrate and
25 a layer of HfO, on the germanium source substrate.
Preferably, the insulators 31, 32 are of excellent
gquality as regards their electrical properties. More
precisely, they have DIT values at interfaces 311 and 321
which are as low as possible.
30 By way of illustrative example, when the layers 1
and 2 are formed from silicon and the insulating layers
31, 32 are formed from silicon dioxide, the DIT values at
interfaces 311 and 321 are 1011 evl.cm? or less, or even
10 . evi.em™@ or less.

35 _ Next, when the insulator is an oxide, it is formed
with all precautions taken to form oxides of optimum

quality, such as gate oxides. Reference in this regard.




precisely, they have DIT values at interfaces 311 and
321 which are as | ow as possible. 30 By way of
illustrative exanple, when the layers 1 and 2 are
formed fromsilicon and the ingylating layers 31, 32
are formed fromsilicon dioxide, the DIT val ues at
interfaces 311 and 321 are 1011.eV-1.cm 2 or |ess, or
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The oxides are then obtained by an oxidation heat

treatment respectively of the support substrate 1 and/or
the source substrate 2, optionally followed by a post-
oxidation treatment of the “forming gas anneal” (FGA)
type.

The insulating layers 31, 32 may also be obtained by
low pressure chemical vapor deposition (LPCVD) or by an
atomic layer deposition (ALD) method.

Said deposition may optionally be preceded by a
surface passivation treatment of substrates 1l or 2. B&s
an example, said treatment may consist of forming several
silicon dioxide (5i0,) monolayers on silicon prior to
depositing an insulating layer 31 or 32 of hafnium
dlox1de (HfO2) .

The characteristics of the thicknesses e; and e; of
the insulating layers 31, 32 are described below.




| ow pressure chem cal vapor deposition (LPCVD.) or by
an atomc |ayer deposition (ALD) nethod. Said
deposition nmay optionally be preceded by a 30 surface
passivation treatnent of substragtes 1 or 2. As an
exanple, said treatnent may consi st of form ng severa
silicon dioxide (Si02) nonolayers on silicon prior to
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The flow rate of the gas used is.a function of the
volume of the activation chamber and the size of the
substrate.

25 Preferably, the gas is sent in at a flow rate in the
range 10 scem to 1000 scem (standard cubic centimeter per
minute), typically in the range 50 sccm to 200 sccm. By
way of example, a flow rate of 75 sccm for a 200 mm
diameter substrate is used, while a flow rate of 200 sccm

30 is used for a 300 mm diameter substrate.

The pressure established in the chamber during
plasma treatment is controlled, so that it is in the
range 10 mTorr to 200 mTorr, typically close to 50 mTorr
(1 mTorr being equal to 1.33 x 107} pa).

35 The plasma is initiated then maintained by

application of a RF power (radiofrequency) in the range

100 W to 2000 w, preferably close to 250 W in the case of




m nute), typically in the range 50 sccmto 200 sccm
By way of exanple, a flowrate of 75 sccmfor a 200
nm di aneter substrate is used, while a flow rate of
200 sccm 30 is used for a 300j;Am di aneter substrate.
The pressure established in the chanber during plasm
treatnent is controlled, so that it is in the range
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period of 30 seconds. These measurements were carried

out on a layer of silicon oxide, the plasma being an
25 oxygen plasma. The results obtained are shown in the
a;companying Figure 4.
The results represented as a triangle correspond to
those obtained with substrates with a diameter of 200 mm,
and those represented by a diamond correspond to those
30 for 300 mm diameter substrates.

These results show that the plasma treatment may
result in a modification to the nature of the oxide layer
over a thickness of 8 nm. Complementary measurements
have shown that this thickness may be greater, for

35 example fo; a higher power density.

As a result, to prevent the plasma treatment from

affecting the DIT values of the interfaces 311, 321, it
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acconpanying Figure 4. The results represented as a
triangle correspond to those obtained with substrates
with a dianmeter of 200 mm and those represented by a
di anond correspond to those 30,for 300 nmm di anet er
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“tunnellng” effect when the electronic component
fabricated from composite substrate 4 is used.

An enlarged view of the tunneling distances d; and d,
is shown in Figure 5.

In other words, the defects created are sufficiently
far away from the interface 311 or 321 to have no
significant influence thereon. The tunneling distance 4,
or d; depends on the nature of the materials constituting
the insulator, the source and support substrates, and
also depend on the types of electronic components
produced (since the tunneling distance depends on the
electric field around the interface).

The skilled person will be able to determine the
value of d; and d, depending on the values of these
parameters. As an example, the tunneling distance is
approximately 2 nm for an oxide of Si (5i02) on silicon,
in the voltage range used in CMOS technology.
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25 far away fromthe interface 311 or 321 to have no
significant influence thereon. The tunneling distance
dl  or d2 depends on the nature of the materials
constituting the insulator, t{w source and support
substrates, and also depend on the types of
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It is also appropriate to limit the exposure time
for the plasma treatment to what is strictly necessary.

Preferably, this is less than one minute, or better
still less than 30 seconds. Prolonged exposure would
risk cauSLng an accumulation of electric charges in the
insulator and an increase in the charge density of the
‘insulator (QBOX), which will counter the improvements in
electrical performances discussed in the introduction.

Respective management of plasma activation treatment
parameters and the thicknesses of the two insulating
layers 31 and 32 can guarantee that the defects created

by the plasma treatment will be far away from interfaces
311 or, respectively, 321.
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25 substrates”, Solid State.Electronics 48 (20043, 1055-
1063, for implantation conditions.

It should be noted that, although it is not shown in
the figures, it is also possible to carry out the atomic
species implantation step taking care to deposit or form

30 a protective layer of oxide or nitride on the insulating
layer 32.

The nature of said additional protective layer is
selected so as to facilitate its selective lifting off,
without ruining the subjacent insulating layer. This

35 lifting off may, for example, be carried out by selective
etching. '
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25 example an anneal or introduction of a blade at said zone
of weakness 22,

In a variation of the two above-mentioned
implementations, described with reference to Figures 2
and 3, in particular if a very thin insulating layer (of

30 the order of 5 nm) is to be made, the insulating layer or
layers 31, 32 may be thinned after the plasma treatment
and prior to bonding.

Care is taken not to 1lift off a thickness beyond
which the “strong bonding” effect of the plasma would be

35 lost. Hence, it is known that beyond a thinning of 5 to
10 Angstroms in a layer of 3i0; activated by plasma, this
effect starts to disappear. It disappears completely
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retaining low density of interface trap values {(DIT).
In accordance with the invention, it is also

25 ‘important to form an insulating layer 31, 32 on each of
substrates 1, 2 to be bonded, as otherwise the bonding
interface which would then exist between the insulator
and the substrate not covered with insulator would have
DIT values which were too high and would thus have

30 mediocre electrical properties, which are insufficient
for the envisaged applications.

Some particular examples of implementations is
described below.
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- treatment applied for 30 seconds at a power density of
0.8 W/em?, at an OXygen pressure of 50 mTorr (6.66 Pa), a
flow of 75 scem (standard cubic centimeter), at 20°C.

Plasma activation modified the nature of the oxide
layer over a maximum thickness of 5.5 nm. It was thus
obsexrved that the thickress of the oxide, which was
15 nm, was substantially greater than the thickness
treated by the plasma plus the tunneling distance d,
which was 2 nm. Thus, the above-mentioned mathematical
relationship is satisfied.

The surfaces to be brought into contact were then
cleaned by rinsing with chemicals and/or scrubbing, then
bonded by molecular bonding.

Finally, heat treatment was carried out for several
hours at a temperature in the range 350°C to 600°C to
separate and detach the back portion of the source
substrate from the active layer. '
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The source substrate, which comprised the thickest
oxide layer, was activated by plasma at a power of
2 W/cm®, resulting in a modification of the oxide over
25 about 7 nm.
This plasma treated insulating layer was c¢leaned in
a SC1l solution using a concentration, temperature and

time sufficient to etch it over a depth of the order of
2 nm.

30 The final composite substrate obtained was an SOI
type structure which comprised a buried insulating layer
with a thickness of the order of 11 nm and which had good
electrical qualities, in particular a DIT of the order of
several 10, ev™i. cm™2. '
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This plasma treated insulating |layer was cleaned in a
SC1 solution using a concentration, tenperature and
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selection of suitable insulators for these materials have
not been completely mastered. It is possible that in the

25 future, a more judicious choice of surface treatments and
materials selected as insulators and their‘formation
copditions might result in lower DIT values. The
invention proposed here can be adapted to the change in
the technology.

30

EXAMPLE 4: Preparation of a composite substrate

The procedure of Example 3 was carried out, except
. that the support substrate was not a bulk silicon
substrate but a hybrid SoOI type substrate. It was formed
35 from a silicon support substrate, a 150 nm buried Si0;
layer and a superficial 100 nm layer of silicon (S5i).
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Example 1 was carried out once, then a second time

using as

the support substrate the SOI substrate obtained

the first time at the end of the method of Example 1.
A composite substrate was thus obtained containing,

in succession:

the support substrate;

a

*a

- a

a

The
Examples

25 nm silicon oxide insulator:

50 nm Si layer;

25 nm silicon oxide layer;

50 nm final silicon laver.

composite substrates obtained in accordance with
4 and 5 had goed electrical performances at each

of its interfaces, even the deepest, which could not be

achieved with a final FGA type treatment.




a 50 nmfinal silicon layer. The conposite substrates
obt ai ned in accordance with Exanples 4 and 5 had good
el ectrical performances at each 30 of its interfaces,
even the deepest, which coul d % be achieved with a
final FGA type treatnent. AIMS 1. A nethod of
fabricating a conposite substrate of the type
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20 - llftlng off a portion - termed the “back”, of
the source substrate r to retain only the thickness of
material constituting said active layer ;

the value of the plasma activation energy and the
respective thicknesses (e, ez} of the first and second
25 insulating layers being selected such that the
activated insulating layer is activated only in
its upper portion extending from its free surface
' » and the thickness of said final-insulating layer
is 50 nanometers (50 nm) or less.

30 :
2. A method according to claim 1, characterized in that
- the thickness (e;) of the first insulating layer
formed or deposited on the support substrate and the
thickness (e;) of the second insulating layer formed
35 or deposited on the source substrate satisfy the

following relationships:
e; > €1 + d; and e, 2 ©€np2 + da




the thickness (el) of the first insulating |ayer

formed or deposited on the support substrate and the

t hi ckness (e2) of the second insulating |ayer forned

35 or deposited on the sourcezzubstrate satisfy the

follow ng rel ationships: e3 Z 1 +dy and e2 2 e, ,2

+ d2 24 in which e,1 and e, 2 respectlvely correspond
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nitrides and their silicides. 35 7. A nethod

accordlnq:to claim4, characterized in that
. hod accordlng te any preceding claim,

characterized in that the first insulating layer
and/or the second insulating layer is/are a high
25 permittivity dielectric material.

6. A method according to claim 5, characterized in that
the high permittivity dielectric material is selected
from the group comprising hafnium dioxide (HEQz), yttrium
30 oxide (¥303), strontium and titanium trioxide (SrTiOQ;),
alumina (Al;03), zirconium dioxide (Zr0,), tantalum
pentoxide (Taz0s), titanium dioxide (Ti0,), their nitrides

and their silicides.

35 7. A method according to claim 4, characterized in that
the first . and/or the second oxide layer(s) are




the first and/or the second oxide |ayer(s) are 25

obt ai ned by thernmal oxidation of the support substrate
and/ or the source substrate respectively. 8. A nethod
according to any preceding claim 5 characterized in
that plasma activation consist of applying an oxygen

plasma to the first and/or the second insulating
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25 11. A nethod according to any one of clainms 1 to 9,
rﬁgterlzed in that it conprises formng a zone of
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10. A method according to any preceding claim,
characterized in that the back portion of the source
substrate is lifted off by grinding and/or polishing.

11. A method according to any one of claims 1 to 9,
characterized in that it comprises forming a zone of
weakness inside the source substrate  carried
out before the plasma activation step and lifting off the
back portion of the source substrate by

- detachment along said zone of weakness

12. A method according to claim 11, characterized in that
it consists, after forming the second insulating layer

+ in carrying out a step for atomic species
implantation into the source substrate  to define
therein said zone of weakness




in that the annealing step in neutral gas and in
hydrogen is carried out prior to the atom c species

i mplantation 5 step. _14. A method according to any
preceding claim characterizeg.in that it conprises a
step for thinning at |east onée of the first and
second insulating layers 10 carried out after plasna
activation and prior to bonding. 15. A nethod of

fabrj.catin n.SA t substrate -according to an
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XI d 16. A nmethod according to any preceding claim

&Pacterized in that the thickness of said final
|nsuI ating layer is 20 nanoneters (20 nm) or |ess.
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t hi ckness of 50 nanometers (50 nm or less, and
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19. % W“&oﬂ%&l"?eo%’é@,trate according to claim 17 or
claim 18, characteri zed in that said insulating | ayer

avel faorne om a_hi ermttivity
dle*ectrﬁhtﬁa eacc?r 1ng Lo any greégélng claim;
20 characterized in that the thickness of said final

-insulating layer - is 20 nanometers (20 nm)} or less.

17. A composite substrate , characterized in that it
comprises at least one insulating layer
25 interposed between a first semiconductor substrate .
termed the “support substrate”, and a layer of
semiconductor material ., termed the “active layer”,
said insulating layer or layers forming an
insulating layer  termed the “final” layer, having a
30 total thickness of 50 nanometers (50 nm) or less, and
having density of interface trap (DIT) values of
10M".evl.cm™? or less at its interface with said
support substrate and at its interface with
" said active layer

. 35




10 20. A conposite substrate according to any one of
claims 17 to 19, characterized in that the active

| ayer is produced froma material selected from
silicon (Si), germanium(CGe), zl licon carbide (SO,
galliumnitride (GaN) and silicon germanium (Si Ge).
15 21. A conposite substrate according to any one of

cl ai s, ﬂ-%oﬁ@o%@te ? aqre! %%gokgutir?‘%to C ealtnggql

t hi ckness of . I nsul atin

nanofet @r%eféﬁean'i“ B‘?a"r e@gid ZDSE%B*CW%&I?Q’@ p& layers
substrat e aecer @onged of oy aonexaflecl ains 17 to 21,
char act eri zed in that said final insulating |ayer has

gen 9ty interface trap (DI T) values of several
Al CREP9SHie |shstrate according to claim 17 or claim

18 characterized in that said insulating layer or layers
- are formed from a high permittivity
dielectric material.

10 20. A composite substrate according to any one of claims
17 to 19, characterized in that the active layer is
produced from a material selected from silicon {81y,
germanium (Ge), silicon carbide (SiC}, gallium nitride

{GaN) and silicon germanium (SiGe).

15

2l. A composite substrarte according to any one of claims
17 to 20, characterized in that the total thickness of
said final insulating layer is 20 nanometers (20 nm)
or less. .

20

22. A composite substrate according to any one of claims
17 to 21, characterized in that said final insulating
layer has den51ty of interface trap (DIT) values of
several 10" evi.cm? or less.




