1 A METHOD OF FABRI CATI NG A COMPCSI TE SUBSTRATE W TH
| MPROVED ELECTRI CAL PROPERTI ES The present invention
relates to a nethod of low tenperature fabrication of
a substrate referred to as 5 "hybrid" or "conposite",
of the type conprising at |east one buried insulating
| ayer, i.e. interposed between al support substrate
and an active |ayer of sem conductor nmaterial derived
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20 without damage. They can be subdivided into two groups.
The first group comprises composite substrates
wherein at least one of the substrates between the. donor
substrate and the receiving substrate cannot be exposed
to a temperature defined as “raised”, or even to a high
25  temperature.
Several types of such donor or receiving substrates
can be distinguished:

a) those including elements that might diffuse:

The “raised” temperature is then the temperature
.30 beyond which diffusion of the element becomes damaging.
This is the case with substrates including:
* doping profiles (of boron or arsenic, for
example) ;
- buried metallic layers {ground plane, buried
35 gates); or
» stacks of semiconductor. layers having sharp
- interfaces that need to be preserved (silicon (Si) on
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interfaces that need to be preserved (silicon (Si) on
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More precisely, the electrical properties which the
- method of the invention is intended to improve are:
* charge density (known by the abbreviation “Qbox”)
~in the buried insulating layer. Obtaining a value of
25 less than 5 x 10'' charges per cm® is desirable;
* breakdown voltage, i.e. the voltage beyond 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
30 close as possible to 10 MV/cm [megavolts/centimeter];
* hole and/or electron mobility in the active layer.
As an illustrative example, it would be desirable to
obtain an electron mobility of more than 500 cm?.vi.s™!
[centimeterz.voltqusecondﬂi in silicbn doped with boron
35 at a concentration of the order of 10'° atoms/cm®;
* “DIT”, or “density of interface trap” wvalue, which
designates the trap density at an interface between two




[centinmeter 2.volt-1. second-1] in silicon doped with

boron 35 at a concentration of the order of 1015 atons

/CVB; "DIT*, or "density of ‘interface trap" val ue,

whi ch designates the trap density at an interface

between two 3 layers. In the context of the present
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SUbStrateﬂsmghchéﬁpf%, a value of 10™.evl.ecm™ is a high
value which corresponds to poor electrical properties for
the substrate. Currently, the best DIT values obtained

25 are of the order of 10%,ev'.cm™? for interfaces between
very good quality oxides, known as “gate oxides”, and
their support. Such oxides are found, for example, in
-‘transistors, memories, capacitors, and other types of
components forming integrated circuits.

30 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
in oxidizing a source substrate Sou to form a layer of

35 oxide Oxy at its surface, then in carrying out atomic
species implantation to define an active layer Cact. The




in the art. As shown in Figures 1A and 1B, that nethod
consists in oxidizing a source substrate Sou to form
a layer of 35 oxide Oxy at its surface, then in
carrying out atomi c species inplantation to define an
active layer Cact. The 4 oxide layer is generally
fairly thick, of the order of 150 nm [ nanonet er sj .
“After bonding to a support substrate Sup (Figure 1C)
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i“%t er f ace One of them, known by the acronym “FGA” for “forming
gas anneal”, consists in 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,

25 However, when such a method is carried out at 450°C,
its effect regarding improvement to the DIT value is
exerted solely on the interface I3 between the protective
layer Cpr and an active layer Caect and not on the
interfaces I; and I, or only very slightly. That FGA

30 treatment method loses effectiveness at each interfacé
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. above

35 900°C or even above 1000°C. Such a treatment may improve
the DIT value at the interface I,, but cannot be applied
to a certain number of substrates, as is discussed belbw.
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intimate contact, by a step of plasma activation of at
least one of the surfaces to be bonded, namely that of
the support Sup and/or of the source Sou.

25 - A high bonding energy is thus obtained at the
interface I;, close to 1 J/m? [joule/meter?], even after
an anneal at 200°C for just 1 hour.

However, plasma activation deteriorates the
electrical characteristics of the interface I, and in

30 particular its DIT values, in a fairly significant
manner.

' Reference in this regard should be made to the
article by K. Schjdlberg-Henriksen et al, “Oxide charges
induced by plasma activation Ffor wafer bonding”, Sensors

35 and Actuators A 102 (2002), 96-105, which shows the
negative effect of plasma activation on the electrical

" properties of substrates.
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More particularly, this method is applicable to
composite substrates in which at least one layer cannot
sustain heat treatments at raised temperatures of close

_ to 400°C or 500°C, or even at high temperatures, i.e.

25 900°C or more.

Finally, said method must also be able to produce a
composite substrate in which the transferred active layer
adheres very strongly to the insulating layer on which it
rests,

30 To this end, the invention relates to a method of
fabricating a composite substrate with improved
electrical properties, of the type comprising at least
one thin insulating layer, interposed between a first
substrate, termed the “support”, and a leyer of

- .35 _semiconductor material, termed the “active layer”.

' In accordance with the invention, said method

comprises, in the following order, the steps of:




conposite substrate in which the transferred active

| ayer adheres very strongly to the insulating |ayer
on which it rests. 30 To this end, the invention
relates to a nethod of fabricating a conposite
substrate with inproved electrical properties, of the
type conprising at |east one thin i nsul ating | ayer,
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"support” 35 .sem conductor material,
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FGA ty reatment “cartied out by annealing in an

EﬁqTDSphereIQﬁaccordance with other advantageous and non-
limiting characteristics of the invention, taken alone or
in combination:

* the recovery heat treatment comprises an FGA type
treatment carried out by annealing in an atmosphere of

25 neutral gas and hydrogen, at a temperature in the range
400°C to 600°C, for a period in the range from about
thirty minutes to two hours;

the recovery heat treatment comprises a heat
treatment at a temperature of more than 900°C, in a

30 neutral gas atmosphere, optionally in the presence of
oxygen, for about 30 minutes to 1 hour;

* the recovery heat treatment comprises a RTA type
heat treatment carried out for several seconds to several
ninutes, approximately; . |

35 *+ the plasma activation treatment consists in
introducing the substrate to be treated into an

- activation chamber and exposing it therein for about 5




25 neutral gas and hydrogen, at a tenperature in the
range 400C to 600C, for a period in the range from
about thirty mnutes to two hours; the recovery heat
treatnment conprises a heat treatnent at a tenperature
of nore than 900C, in a 30 neutral gas atnosphere,
optionally in the presence of ox;ﬁgen, for about 30
mnutes to 1 hour; the recovery heat treatnent
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20 * the back portion of the source substrate is lifted
off by grinding and/or polishing;

* the method comprises forming a zone of weakness
inside the source substrate prior to the plasma
activation step and lifting off the back portion of the

25 source substrate, by detachment along said zone of '
weakness;

* the zone of weakness is obtained by atomic species
implantation inside the source substrate;

* said active layer is produced from a material

30 selected from silicon, germanium, and strained silicon;

* the method includes a step of doping all or part
of one of the source or support substrates.

Other characteristics and advantages of the
invention become apparent from the following description

35 _made with reference to the accompanying drawings, which
represent a possible implementation in an indicative but
non-limiting manner.




i nside the source substrate prior to the plasm
activation step and lifting off the back portion of

the 25 source substrate, by detachnent al ong said zone
of weakness; the zone of weakness is obtained by
atom c species inplantation |nS|de t he source
substrate; said active layer is produced froma
material 30 selected fromsilicon, germanium and
strained siJlli ¢RN. t he. met hod |ncludes a step of

dopi ng al | “or PSF % B¥€°of the source or support
substrates.’ @Eére%hjaﬁr dct dFEi steceiaguhmedvantagestiofg the
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and 20. 20riis wppBrbeaseennd Rubbgvt el 26q akurRsUbal i rates

layerréébectlvely carry reference numerals 10 and 20.

20 - As can be seen in Figure 2B, an insulating layer is
then formed or deposited on at least the source substrate
2 and optionally on the support substrate 1.

The insulating layer present on the support
substrate 1 carries reference numeral 31, and that

25 present on  the source substrate 2 carries reference
numeral 32,

The free surfaces or front faces of the insulating
layers 31, 32 respectively carry reference numerals 310
and 320.

30 : The interface between the insulating layer 31 and
the support substrate 1 carries the reference numeral 311
and that between the layers 32 and 2 carries the
reference 321,

As can be seen better in Figure 2C, a heat treatment

35 is then carried out on the source substrate 2 covered
with the insulating layer 32, to “recover” said layer 32,
i.e. to improve its electrical characteristics and those




then formed or deposited on at |east the source
substrate 2 and optionally on the support substrate
1. The insulating | ayer present on the support
substrate 1 carries reference nuneral 31, and that 25
present on the source substrate 2 carries reference
nuneral 32. The free surfaces orlfront faces of the
insulating layers 31, 32 respectively carry reference

nuneral 10 znd 320._.30 The interface between the
nsul a2t g9 AVEFTEICENF L 1 ndDEapPrYt st tegpénder of the
carri edesdidptéar end ecaamer, alth34 1t randudritati sheé ween

t he |ayﬁﬁﬁm%&yaﬁga@ €AdJdRsithe reference 321. As can
be seen bett in, Fl ure 2C, a heat treatnent 35 is
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20 reference numeral 4 (see Figure 2F).

The various steps in the.method and the materials
selected are described below in greater detail.

In the composite substrate 4, the substrate 1 acts
as a mechanical support, as is usually the case in the

25 art.

Further, it is also possible for the support
substrate 1 to contain elements which will be
constituents of the final electronic components (such as
electrodes, a ground‘plane, a channel, etc).

- 30 The support substrate 1 is advantageously produced
from a semiconductor material.

The active layer 21 of the composite substrate 4 is
derived from source substrate 2, as is described below.

_ Said source substrate 2 is also formed from semiconductor
35 material.




layer 21 in the final conposite substrate, which has
20 reference nuneral 4 (see Figure 2F). The various
steps in the nmethod and the materials selected are
descri bed below in greater detail. In the conposite
substrate 4, the substrate 1 acts as a nechanica
support, as is usually the case ith the 25 art.
Further, it is also possible for the support

substrate 1 to._contain elenents which will be
consti t uent S RE¥ YRR dIldEBEBAFEVR oMFIIeRE SVEBLRYUP
as el exampdes ofangteuidwl plthne, may channeld aet 6hbst3es 1

The supp@ri Substtatg dedg,.advant ageously produced
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subst &;a\ltog hiQt emes a layer of strained silicon,
Si I icon (Si), germanium ( Ge) 10

source su
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toler @ESaEﬂé&@éﬂ Ol g h é%ﬂo%r e, heal . treatnents,
Exanpl gs. o terial sgtﬁ 5 elms% %at agan bR Re sonea
t can e a constltuent of substrates or 2 are as

20 follows: strained silicon, germanium, a metallic or doped
layer, or contiguous layers of semiconductors which are
capable of diffusing into each other.

The insulating layers 31, 32 are selected, for
example, from layers of oxide or nitride, such as silicon

25 oxide ({Si0;) or silicon nitride (SisNg) ; germaniﬁm
oxynitride (GeyOyN.), aluminum nitride (AIN}; high
permittivity (high k) dielectric materials such as
hafnium dioxide (HfO,), yttrium oxide (Y,03), strontium
and titanium trioxide (SrTiO;), alumina {Al;03), zirconium

30 dioxide (Zr0;), tantalum pentoxide (Tay0s5), titanium
dioxide (TiO;), their nitrides, and their silicides.

The nature of each insulating layer 31 or 32 is
- selected as a function of the nature of the materials
used for the support substrate 1 and the source substrate

35 2. Further, the insulator 32 is selected in order to
optimize the electrical properties of the interface 321.




that can be a constituent of substrates 1 or 2 are as

20 follows: strained silicon, germanium a netallic or
doped |ayer, or contiguous |layers of seni conductors

which are capable of diffusing into each other. The
insulating layers 31, 32 are selected, for exanple,
fromlayers of oxide or nitride,1duch as silicon 25

oxi de (Si02) or silicon nitride (Si 3N4); gernanlum
oxynitride {CGe0 f alum numnitride (ALN);
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The surfaces of substrates 1 and 2 on which the

25 oxide is to be formed are prepared by deep cleaning, for
example using a treatment in an “RCA” chemical, to
prevent any contamination.

“"RCA” treatment consists in treating the surfaces in
succession with the following:

30 * a first solution known by the acronym “SC1”
(standard clean 1), which comprises a mixture of ammonium
hydroxide (NH4OH), hydrogen peroxide (H,0;) and deionized
water; '

* a second solution known by the acronym “SC2”
.35 (standard clean 2), which comprises a mixture of
hydrochloric acid (HCl), hydrogen perdxide {H20.) and
deionized water. -




shoul d be nade to the article by Green et al,
"Utrathin (<4nn) SiO2 and Si-O N gate dielectric
| ayers for silicon 20 mi croel ectronics: Understandi ng
the processing, structure and physical and el ectrica
limts", Journal of Applied Physics, volune 90, no 5,
1 Septenber 2001, pages 2086 ffl3The surfaces of
substrates 1 and 2 on which the 25 oxide is to be
- formed are prepared by deep cleaning, for exanple
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20 The insulating layer which underwent said treatment
thus has relatively low “DIT” values at the interface
with the substrate on which it has been formed.

The “DIT” values achieved are below 10%.ev'.cm™?, or
even below a few 10Y0.ev!. cm™.

25 A second possibility consists of carrying out a high
temperature thermal anneal, i.e. at a temperature of more
than 900°C, or even 1100°C, in an atmosphere of a neutral
gas (for example argon) or a neutral gas and ozxygen, for
about 30 minutes to 1 hour. Said treatment is carried

30 out, for example, in a tube furnace under a controlled
atmosphere.

This second possibility is clearly only employed if
one of the two substrates can tolerate such treatments
and said treatment is only applied to the substrate,

35 optionally covered with an insulating layer, which can
tolerate it,




to about two hours, preferably about 90 minutes. Said
treatnment is carried out, for exanple, in a tube
furnace under a controll ed atmosphere. 20 The

i nsul ating |ayer which underwent said treatnment thus
has relatively low "D T" values at the interface wth
the substrate on which it has beth forned. The "D T"

val ues achi eved are below 1011. eV 1. cm 2, or even

bel ow a feyrsv %18 eVl.cm 2. 25 A second possibility
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t he sibasr fren S5vepptli onadhds doversedralt himntes, typically
i nsul abi Bgcbayer, which can tolerate it. 14 Said

'c?h tenperature treatnent may optionally be carried

out as a conplenent to the FGA treatnent, and

pr ef ePabbya hedigivatiipn Fremtinent:it shoul d be noted that
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gctlvatlon” of a surface is defined as
20 exposing that surface to a plasma, which may in
particular be carried out in a vacuum or atmospheric
pressure chamber.
Said activation is carried out by controlling
various exposure parameters such as the nature, the flow
25 rate or the pressure of the gas supplying the chamber
inside which activation is carried out, as well as the
applied power.
In the context of the invention, the substrate
covered with the insulating layer to be activated is
30 introduced into the chamber, then a pure gas, typically
oxygen (Oz), optionally nitrogen (Ni), argon (Ar) or
helium (He) or a mixture of said gases, such as oxygen
and helium, oxygen and argon or helium and nitrogen, for
example, is sent into the chamber, from which the plasma
35 is generated once the power is applied.




t he nei ghboring layer (if such a layer exists). In

fact, these values have al ready been reduced (and

thus inproved) at the end of the preceding recovery
treatnment. "Plasma activation"” of a surface is defined

as 20 exposing that surface to a plasma, which may in
particular be carried out in a vituum or atnospheric
pressure chanber. Said activation is carried out by
controll | n vari ous exposure paranmeters such as the
nature, thebfl 6hPY 2B teaod GPet Bias prasss dseaofuntiel qpaef the
suppl wmmdwefchmmertumude vhathe AGINAY 8he O 288 of the
carri egd;4t.or@s well as the applied power. In the
context of the invention, the substrate covered with
the insul afFRESFARH (tHehgagcis vatiEd s a80a| Rt diatedin the
i nbo timrgshafbecon tthenOaopacemgassy el 68| éyampe,gen £flow
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(He) or_a mxture sali d gases, such as
hel i umSs Sfﬁﬂena%‘illaeogr §6AM0# S heP¢dirhoang ﬁpﬁ)r%éﬁaﬂﬁ&ﬁr
exanplsabsitgasent into the chanber, fromwhich the
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exanple, a flow rate o sccmis use for a 200 mMm
di aneter sUBStR'AE 8 HREdlata thep Sahid Regs by RBPLYLng
a 300 Rm(dadielequesopst pate: iFhehestahyé sived wpressooe w,
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control ] ed SO th it range
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mai nt ai nedplly Apel ¥ég%% ﬁ; (ff%% qf, rﬁ ‘{%&1 &%V\%{lenz%ﬁposed

t he range 100 Wto ose
Win FRet le%éélaoﬁmazégr n?ﬁ%tar?ett@r 60 secon s, preferably 10 to
20 30 seconds.

It is also appropriate to limit the exXposure 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
25 risk causing 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.

30 Lifting off the back portion of the source substrate:
Said lifting may, for example, be carried out by
grinding and/or polishing.
In a variation, said back portion is lifted off by
forming a zone of weakness.
35 This variation is illustrated in Figures 3A to 3G,
in which elements identical to those described above
carry the same reference numerals. '




substrates and in the range 100 Wto 3000 W

preferably close to 500 Win the case of 300 nm

di ameter substrates. The surface of the face to be
bonded is then exposed to the plasma for about 5 to 60
seconds, preferably 10 to 20 30 seconds. It is also
appropriate to limt the exposurktinme for the plasna
treatment to what is strictly necessary. Preferably,
this is I ess than one mnute, or better still |ess

than 30 sed®RdEonerof dirgd@cegpds uFermesulidsiags thglsource
causi ngplatrateupuliel indresofchel 86t 1€ 1GRARYLS Fhord NE back
|nsulqu&l%gd an increase in the charge density of the
I nsul at or % OX) which will counter the inprovements
in el ectri'88 ZPR? f4n MancEs GpEeeddwda morpes zone; in this
i Nbr oduetairon. r@fetérfdd BEoald b@&uahﬁlk:op@hél &rcod1d Iagf
SOur o& SWISLEALA] oSahd WEhLLDM MY 0t LEXATRL 85 s

carried out

vari at%a&‘?msal “&h%aFc]l@Cﬁéthélﬁlﬁi%l Iﬁichl@amflﬂc BBV 9 F-6¥r niSiagicon~
a zonerofinsehktesstechnolbyg aed idivieRsi spill Usdihed

in Fi §$73f30 3G in which elenents identical to

those descri bed above carry the sane reference

nuter al s. 18"eHe FéfezBRe weakifessivantrgeenad v foiraed by

"t he sduptensathsir atfe 12gHel & thrise b@@c@@éjVﬁtéﬂ@@ablglhydrogen

from anBagk ndonkd qgn§3 lg% %Pgetgz Q?gflora %JUE %1de 32

- a porous zone: in hi's regar erence s

nmade tﬁe?h%;%HQQ(ﬂcé -by K Sakaguchi et al, "Eltran(r)

%y spl i tth@quermeSrggardi:&yﬁrl 1aﬂila@1|:£dne0éc{n<é@%§6h§abhou1d
ie nsyl ator technology. .

ot dggllggge \é?jh% aﬁiéf&fb o LA BT drelnoleOe,

zone 257FEL fRfant BRFAGGIPYYT oF el 1P niHn’pallémfdtlifbrﬁCHf

| i ght pabdudici apeoi edyvapced efr@kzln)éewgrwra&@@hor Solld
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condi ¥1% method used here.

20 -~ When atomic species implantation is used, this is
carried out after the recovery heat treatment of Figure
3B.

The step for detachment of the back portion 23 along
the zone 22 consists of applying stress of thermal or
25 mechanical origin, for example an anneal treatment or
introducing a blade to said zone of weakness 22.

Two particular implementations will now be
described.

30 EXAMPLE 1: Preparation of a substrate the active layer of
which comprises a ground plane (known by the acronym “GP-
SO0I”, or “ground plane silicon on insulator”)

This example will be described with reference to
Figures 3A to 3G.

35 A silicon support substrate 1 was covered with a

deposit of a thin layer 60 about 1 um [micrometer] thick,




15 be nmade to the article by C Mleville and C

Mazure, "Smart Cuts'" technology: from 300 nm
ultrathin SO production to advanced engi neered
substrates”, Solid State Electronics 48 (2004),

1055- 1063, which describes the SmartCut TM net hod used
here. 20 Wien atom c species inplantation is used,

this is carried out after the recovery heat treatnent
of Figure 3B. The step for detachnent of the back

porti ot P doRgd YHEN e d seanEiguref3Rappllydhly to

st r essdefinder gabuod Zar@eehanegal origin, for exanple
an anneal t t e ry dnte cing.a ad 0_saj

zone of me_ﬂﬁ%sg‘f%}?ﬁﬁe&a}%%ﬁl%%dian%réjﬁ‘gn%%?? g"%ntgb for
will nRRbEY deseribae 36) EXAMPLES pPrispadaet ofmasithed to
subst ragdudehehackbwghraayse ks Foka i Whé ehF LRNBDDSE8d @render it

gr ound plane, fknowy, by, theacronym " G- 501", or

"ground plane silicon on’i ASul ator") This exanple w |
be descri b&§ ’IPW rigt diigNge 8B, FigUIEPoBA sePSGat35 1A
si | i corpveupport tisutst rapedlinpsr ca aites Whtbrdent a high

deposi f j I Lcr er .
Chp ok reezpebpy hAGAEh HlnRRPll bRl OE IR hpige 1y
3@#, & 1§afi gef%\r GHOUkd 1l seecndferein. This highly

doped | ayeFuhtiten, fa aittitases®D&d eubsbend: N =5L@sed,

Fi gur : t ks r .smpothed.to .5 reduce
t he r%ﬁ%égg 2 ng%%é??g%rg' 600 Céjﬁrgrrénd"élré} t2 1458: 32 o
conpatithe RA4th SBoRareieters JREwAT) ntiRejr e 3D, the

sgpor t gS ubbé redyeerl 32conér Qﬂmdﬁﬁd&nﬁ:hQndEtQIthﬂ'@ye:lfe_cﬁeery
t n | ant @ rature r anneal i n
B, s, Sdh-ct emmerate (i el

treatnent (RIA), typicall f-ahout’ 10~
second8® PXHiher2 hgdsPIT coaluasuode ssupset at & peWidscm ™.

lused, oxi?ﬁs ze&xh e deynoxi datduaie, 3t0 Eﬁé!eéuﬂétx\é{h:bhﬁa
R e P 0o 30 DR Sy (50,0 Ko
575 x 10* H'/cm®, and an implantation energy of 37 keV, to
20 define the zone of weakness 22.
' The free surface 320 of the oxide layer 32 underwent
plasma activation (Figure 3E). The substrate 2 was
300 mm diameter, and the following parameters were used:
oxygen plasma, 200 sccm flow rate, 500 W power, 50 mTorr
25 pressure, for 30 seconds.

After bonding by molecular bonding (Figure 3F) and
detachment of the back portion of the source substrate by
heat treatment close to 500°C for a short period, the
composite substrate shown in Figure 3G was obtained. It

30 should be noted that the post-bonding heat treatment was
deliberately limited to prevent any boron from diffusing
into the oxide or into the active layer, which would run
the risk of reducing the electrical performance.

Said composite substrate had DIT values of several

35  10Y.evi.em™.




15 treatnent, at 450C, for about 1h30, (see Figure
3B). The oxide 32 had DI T values of several 1010.eV
l.cm2. As can be seen in Figure 3C, the substrate 2
‘underwent hydrogen ion inplantation using a does of
5.5 x 1016 H/ CwW2 , and an inplantation energy of 37
keV, to 20 define the zone of wekness 22. The free
surface 320 of the oxide |ayer 32 underwent plasna
actlvatlo% é‘ The substrate 2 was 300 mm

oxygercqﬂpxam&ngzaﬁeﬁﬂﬁﬂhfuayEfaéﬁ sﬁﬂﬂ&d%/§QM£rstéﬂl of oxide
mror r aggiiga§§§ure for 30 seconds. After bonding by

nol ec (Figure 3F) and detachnent of the

~ back porti gﬁeoFaIP%es%EPcéugﬁ’b%ﬁ@ath 35y thpkgised in Example

t r 2at rientasckopioted 2RACif ounde shaid ther otk ﬂﬂ@tments, with

Co”posﬂﬂee e%HQ%EI@ﬁ %é@ﬁ%“réé‘%x’fé%}* %@m | 084" carried
at st -b

It 30 shoul e noted t
treat MYt PXa@ i) itsEPSERTYTE | Rtesd Pé b? %é?n aggly the
bor on foromtdofi feSithg zbnéoof hecakticde absi tdrritdie out by co-
aCt | Ve—LmIPQXEEatM GF waul gt pn, 5 609 oid K+l 28 egH? lgggdrogen
e elictrlcg performnce. Said conp05|te
%l DIt Vatlestdi™skveral 35 1010.eV1i.cm 2. 18
EXAMPLE 2: Frigpar,ati qnaofz asupgrasistiessudisd riatves used the

conprisshbRg AdeAGt \6%6\!«1}@:}’8{ ﬁdesrlu}enc&o 19&1{9 a%%@&gt?hn using

oxi de . and quartz sane source su strat
used Fﬁe@%ﬁﬂveeteré PSR R FRIERE dndOT tSubfderhent - t he
same treatNeatmpasibe dllestatepibeninéd thel DETOVELYes at

trseat gRAt 1%%&@35{39 & e&le QUL Y 5 ﬁd h%}gg] stlﬁ%gﬁagfr&le

anneal at” 1100C, ¢ formati,on o e zone
meakn8§§e6d§56§WPFéH Hﬁt 8y ¢6® i-npl antation of helium

l(—r 1/5 X 101tn He:docmﬁﬁlcandlmydjmgeﬁveﬂet)éﬂ, hkO¥8ct that the
C”@Q&cox’%ﬁ} hﬁre t@gﬂ% cs#%ﬁ%rungk' s:‘%gtt%tm%t%c%fy prior

used t he ront a
act i vhPiBIPUS ﬁ§t1¥ﬁ€“§hﬂﬁﬁﬁﬁe¢§aﬁséﬂe|qu§e§ﬁpPéeingWaS

€0bst nat erétuced but the “DIT” values were kept extremely low.
Bonding was thus strong, and subsequent thinning of the
source substrate was facilitated.




The conposite substrate obtained had DIT values at 15

the interface between the oxide and the silicon of the
order of several 1010 eV-1. CM2. . |n accordance

with the invention, the fact that the recovery

treatment was carried out systematically prior to

pl asma activation neant that theibondi ng energy was 20

not reduced but the "DIT" val ues were kept extrenely

| ow. Bond| ng was thus strong, and subsequent thinning

of the“l&Bt ce substrate was facilitated. 19 CLAIMNB

1. A nkt focheahobiabf i fathiting tangOAPOSPd i9ebsubat Batet) (4) with

\M t h iMon\égd FLSEEI&&C_’Lal F)ggg I s f %fhe gyg?y{g%}'%rlslng at

conpri si east one tHh nsul a
i nt er p]cf’s%'% RaeweRR 5insliatd nos lipse a&3@>( 1)Lnteep<rm|i e ween
"sGppar tfirsandubsteyer (10f S@Hm@@l’lﬂt&t“@hpﬁ@trﬁﬂ 3elnd a layer

(21), :@Eﬂﬁgcbgguéﬁﬁ;H%%erlsx 21)Fq%’a0te ?h

that it conprises, in [ 'owi 'ng
of : - ¥OER ngc%?r%@k?d%zteldn@naﬁhﬁ%slm @Pmﬁglﬁgﬁyerlr( 321)9
- on 1(fod,ls>ed:ngdo:salms,t rhkes(dps & med the "source

substrate” . £aAgap tdroﬁ@%;w %‘né na%’lml%tshﬁ]gtl a%ej{ y(esl)(32 on

0£ sai d support = subst

Lat ﬁeﬁFCB ds3RPGLAEE 48 ngtﬁF%fSﬁéjr th@sé mamte substrate”,

opt i orak ypbforsal gy |ansmhaﬁlmglﬂg;1m%@e&31j;1)‘ Ocsmldlﬁupﬁort

the suppett,substyate (1); - plasma activation of at

| east one of the tvvo faces intended to be bonded

t oget her, SefTRYEFYr 6Tt heediummt ofageld supulstingelayer

i nsul dBRhgahdyert iR} 19f of r\sﬁalspliﬁ’l%@laﬁihb%tl‘@eﬁ: ((2)1) apdrmed
su

te fggnghéa&ﬁ)g%q) Srag?{?%%eslljﬁgort 20 strate (1) or

the front face ulating layer (31) of
t he suppor¥ @L?o’%ftaré%l‘(i‘}lon Hordi hgasbyorladc thar two faces

bondlmgtesdediﬁﬁJb@Obbndédﬂﬁﬂgéﬂnér(1%e1é@ﬁﬁ&“ﬂkdﬂ the front
sal d gt CeaDS!e 8he (&du1aS4gh L0aL gﬁp; S M ce

- layer (32) 1s |locate
subst PEPEERa0e ditdl §Bijdt]%%tﬁr@éltséb§?r &l@ (&) the support

20 substrate (1) or the front face (310) of the insulating
layer (31) of the support substrate (1);
- bonding, by molecular bonding, said support
substrate (1) together with said source substrate (2),
such that said insulating layer (32} is located between
25 said support substrate (1) and said source substrate (2);
and
- lifting off a portion (23), termed the “back”, of
said source substrate (2), to retain only a thickness of
material constituting said active layer (21) and to
30 produce said composite substrate (4).

2. A method according to claim 1, characterized in that
the recovery heat treatment comprises an. FGA type
treatment carried out by annealing in an atmosphere of
35 neutral gas and hydrogen, at a temperature in the range
400°C to 600°C, for a period 'in the range from about
- thirty minutes to two hours.




and - lifting off a portion (23), termed the "back",
of said source substrate (2), to retain only a

thi ckness of material constituting said active |ayer
(21) and to 30 produce said conposite substrate (4).
2. A nethod according to claim1, characterized in
that the recovery heat treat men?ocorrprlses an FGA
type treatnent carried out by annealing in an

at nrosphere of 35 neutral gas and hydrogen, at a
tenperature in the range 400C to 600C, for a period
i n the3r dhgeethodmaapbording Hior tyaimnutes dl@itwa, hour s.

20 3. cHurmRithed zaqC ok ding EgecEQEQ%%F§"hé§taEgE§tment
characterl zed in Lhat t he recovery heat treatnen

conpri 3% 'a Héaf trahtMSAtTEL a2t hpitRaieéuse abreore than
t han 2®00C, irnaansettalalgagastatd smsplfer @ptdphbdhalny the

in thergyeesenee 6kyqy Iedy Beeu@ktwtm gl%t'"e”sn%ef rgo%rl.

hour. = 4. A method accor di ng toclaim?2 or claim
characterized in that the recovery heat treatnent 10
conpr iked AeRIAdt ypeottdaty trealaent? car ciledmos} for

sever&ma&a@@agﬁz&@.ﬁ@%ﬁk@'tﬂér%EéB%er%PB%Q%'EP%&%a&nt
A1 th%d acgord ng 3%/ gcedl ng clarm characteri zed

thact "PhéSpP adnal adtBvatPoh t ee%ﬁnﬁéﬁt CEBREPE Y FO15
| nt r odgdenglt fecoubsttoasevenabenimeatsedapptox Aimtely.

activation chanber and exposi ng it therein for about 5
secongs 1,0 6ghs$conds to a Igyzasma formed_froma pure

gas sel ecl'Ba 77 SHiITRYIBA PoL)Pramerisgerlaid) Cha?rrgéﬁerlzed
(Ar) andthael thengldemaorchiva kit ¢ rebtsantd gasastssahd

- gEs b&hﬁgo&@cirﬁ} r@@%@gsws& téae b%h@mgs{e@t uﬁcJ lLaw

rate in the ra gcgmmé sccmto 1000 sccn%1
est abPFShEEEpre SN2 eSXRAT4RFe thk %’@e%fh fice about 5
ranges¢Qondorio tdd 200ondertg  pdasphasoBmdei MPm a pure gas

initi ag@gcﬁé@wm{ ra)txggeww gg&%g@% @rﬂﬁ“ °££§cﬂ&‘§@%¥ and

povver the e
accor V[‘% Fedi RYFEHLs rﬂf SRaflag2 8P zeth1d gaphhgeing
tade |hSUthMQEﬁIxm¢ertb81¢héﬁﬁen stad OXéwerate in the range

10 sccm to 1000 scem, the established pressure in the
chamber being in the range 10 mTorr to 200 mTorr, the
plasma being initiated then maintained by applying
radiofrequency power in the range 100 W to 3000 W.

25
6. A method according any preceding claim, characterized
in that the insulating layer (31, 32) is an oxide.

7. A method according to any one of claims 1 to 5,
‘30  ‘characterized in that the insulating layer (31, 32) is a
high permittivity dielectric material.

8. A method according to claim 7, characterized in that
the high permittivity dielectric material is selected
35 from the group consisting of hafnium dioxide (HFfO,),
yttrium oxide (Y;03), strontium and titanium trioxide
{SrTi0s), aluminé (Al203), zirconium dioxide (Zr0;),




7. A nethod according to any one of clains 1 to 5, 30
characterized in that the insulating |ayer (31, 32) is

a high permttivity dielectric material. 8. A nethod
according to claim?7, characterized in that the high
permttivity dielectric material is selected 35 from

the group consisting of hafni um4l oxi de (Hf02),

yttrium oxide (Y203), strontiumand titaniumtrioxide

(SrTi (ﬁ% aﬁl um na (/—\,1203%, zi rconi um di oxi de (Zr02), _
21 tart AU pRF ORI e (Fazomy, TEFRmiiufioRddrdeTios) , their
(Ti R)nittices amdtthedes saddctifesr silicides. 9. A

nmet hod accordi ng any preceding claim characterized 5

in thaé he back portiqgn (23) of the source substrate

(2) s 1 PEERCOrFCWF GPEnar AP ERABRIp6L e Ehi farpgtenized
meb hodiraddetdiing harkappronenof2®) aifmehé touBce substrate (2)
char acteniizedqi Hed ot ri k Dg; &, zone of

10 weakness (22) i%gga?gg@o%ﬁ@égégrgg%@g( 2) prior

to the plasma activation step and lifting off the back
porti d.( 23hediod kecoodine substy ahe 62)cldlms 1 to 8,

det achyMBRbct & 0N 3%'ghggnf%(goﬂﬁ¥i%@gsfo£é§?q'ﬁl?ﬁé%'oﬁ

nﬁ; hod accor di &%ﬁt Q clgi m 10, characteri|z ,
the 288 BF hetited8S(22) Hie Y& n 8By Hioniid prior to
speci ébe Phiptmnteattivatiosi deed ads dlifting Ut rakebb k.

12. Apet hed 062 PP ALY, i ai
char agieri zed . 20 in that %%egcsggts?\g}gg aglje:j}' (31§ieFgchment

produ@é8™Y rEthch 2ORAt 8F i Wra ' ssct{éd) from si | i con,
germani um and strained silicon. 13. A method .
-@QﬁorQEUQAQﬂ%h%E?SQQbf@hﬁﬂEydnclgagr }F%H&?%ltegézé@ in that
t hat %He nmet hod. i ncl udes @ step o opi ngug | or part

Bf 2¥He OLolFRENESS trelsdppsPtatngd Substerigsspecies

implantation inside the source substrate (2).

of on

| 12. A method according any preceding claim, characterized

20 in that said active layer (21) is produced from a
material selected from silicon, germanium and strained
silicon.

13. A method according any preceding claim, characterized
.25 in that the method includes a step of doping all or part
of one of the source (2) or support (1)} substrates.




