1 METHOD FOR PRODUCING A STACK OF SEMI-CONDUCTOR THIN FILMS DESCRIPTION
TECHNICAL FIELD AND PRIOR ART In the field of the manufacturing of SOT- 5 like structures,
comprising ¥ & uried oxide (less than 1 2m) contained between aPakERAG03{06dtTconductor
material and a final substrate, one of the major problems that appear during the reduction of the
dimensions of the oxide layer is the formation of 10defelcts at the bonding interface. The
presence of these defects may be fatal for the final semi-conductor structure. Some of these defects,
hydrogen blisters, appear during temperature annealings (S. Mack et al. Journal of Electrochemical

15Society. Vol. 144, pEd6p189R). PRODUCINGONIEEAGH bf eEMIcarolstarroRetighef any of the
two substrates, the molecules of water brought to the bonding interface during the molecular bonding
are going to react with the materials of the 20 substFt&¥8nd produce hydrogen, or any other reaction
residue species, linked to the semi-conductor material. During annealings at temperatures above
400C, the bonded hydrogen desorbs and becomes gaseous. With the increase in temperature, the
pressure increases and 25 blisters can be formg&‘%{&g\ﬁgﬁ%e reaction residues between water
and one of the substrates that can form blisters will be grouped together under the designation
"hydrogen”, but mMEGCBNESALOTEEGRs@ND PRIOR ART

In the field of the manufacturing of SO0I-
5 like structures, comprising a thin film of buried oxide
(less than 1 pm) contained between a thin film of semi-
conductor material and a final substrate, one of the
major problems that appear during the reduction of the
dimensions o0f the oxide layer is the formation of

10 defects at the bonding interface.

The presence of these defects may be fatal
for the final semi-conductor structure. Some of these
defects, hydrogen blisters, appear during temperature
annealings (S. Mack et al. Journal of Electrochemical

15 Society. Vol. 144, p.1106, 1997).

In contact with the semi-conductor material
of any of the two substrates, the molecules of water
brought to the bonding interface during the molecular
bonding are going to react with the materials of the

20 substrates and produce hydrogen, or any other reaction
residue species, linked to the semi-conductor material.
During annealings at temperatures above 400°C, the
bonded hydrogen desorbs and becomes gaseous. With the
increase 1n temperature, the pressure 1increases and

25 blisters can be formed. Hereafter, the reaction
residues between water and one of the substrates that
can form Dblisters will be grouped together under the

designation “hydrogen”, but may concern other gases.



2 The formation of blisters is not very critical for the quality of SOT type structures when the
buried oxide layer and the substrates situated on either side of the buried oxide layer have high or 5
significant tNEkAGKEL49N the other hand, the formation of these defects bBESHB2P&AIN3OFitical for
the formation of UTBOX (Ultra Thin Buried Oxide) type structures, having an ultra thin buried oxide
(BOX), thinner than 50 nm or 25 nm or 15 nm for example. 10This is illustrated by figure 4 in which are
shown, for three populations of samples, defectiveness measurements (in the Y-axis) obtained for
SOl-like structures as a function of the thickness of the oxide layer, known as "BOX" (in the X-axis).

The 15 population of measurements gatheseehint guve Arkelatgs 1a the-methad aceerding &e-the prior
art and the two other populations (curves B and C) relate to methods according to the invention.

Curves B and C wilf b& iiiérpret@d héreaftdf mretererite with'thé $BGesthiptior of fiie ifl&tion.

For the data referrimgtogurve A, theisamples;baving.a "BOX" exige thiskeessof S@aadave slightly
more defects than those in which the buried oxide rr,1easures,nearlé/lr 140 nm. When this thickness is 25

further reduced, clo5E16'15 R the Hefebf GenSity bEComEE ey critiéal THIS ERows that thé
production obUTBLX stractuses according te the-knowromethod dromcthedarior adisidifficult féor

thicknesses of oxide in the order 9f :%%nm or esfs. One solug n used for reiol\gng this
. Qrmat,lion .o eFe eTects b?c?m%s Bea 6 érltlca o)
problem IS to not carry out any treatment at temperature T Strictly above 0C.

ButthissolutionpreventstherbasohsolidafiovoBthe bondingaintenface, Bvhicle haDtoitadke ptace<at a

temperature above 400C, in general around 700C t 1300% In addition, this method limits the types of

processes permittga rdﬁ?l%lgui%g ’md%glt\r]i%\flgseaor% th%%erv?ce Helrl%byg Sﬁt%ﬁr%d? éiﬁéi this lt%]ég X
thinner than 50 nm or 25 nm or 15 nm for example.

10 This is illustrated by figure 4 in which
are shown, for three populations of samples,
defectiveness measurements (in the Y-axis) obtained for
SOI-like structures as a function of the thickness of
the oxide layer, known as “BOX” (in the X-axis). The

15 population of measurements gathered in curve A relates
to the method according to the prior art and the two
other populations (curves B and C) relate to methods
according to the invention. Curves B and C will be
interpreted hereafter, in reference with the

20 description of the invention.

For the data referring to curve A, the
samples having a “BOX” oxide thickness of 50 nm have
slightly more defects than those in which the buried
oxide measures nearly 140 nm. When this thickness 1is

25 further reduced, <close to 15 nm, the defect density
becomes wvery critical. This shows that the production
of UTBOX structures according to the known method from
the prior art is difficult for thicknesses of oxide in

the order of 30 nm or less.



10limits the applications of such a UTBOX device. Methods for overcoming this problem are thus
sought. DESCRIPTION OF THE INVENTION The aim of the invention is to overcome the 15 above
mentioned p¥ELIEHG4PEINely the improvement of the defectiveness after ad4eRERYUSP/BHPPBOX type
structure, in particular as regards the formation of blister type defects. To achieve this aim, the
invention proposes 20 moving away the layer of water, &ppearing at the bonding interface, from the
materials of substrates with which the water reacts forming a gaseous reaction product, such as
hydrogen. This is done by forming, before bonding, layers of insulator material having a 25 property of

barrier to the diffusion of water, ordineitingdbis diffésion, @aeach efthe beadedving this
problem is to not carry out any treatment at
temperature T strictly above 400°C.

But this solution prevents the
5 consolidation of the bonding interface, which has to
take place at a temperature above 400°C, in general
around 700°C to 1300°C. In addition, this method limits
the types of processes permitted during the industrial
use of the device thereby obtained, and this thus

10 limits the applications of such a UTBOX device.
Methods for overcoming this problem are

thus sought.
DESCRIPTION OF THE INVENTION

The aim of the invention is to overcome the

15 above mentioned problems, namely the improvement of the

defectiveness after assembly of a UTBOX type structure,

in particular as regards the formation of blister type
defects.

To achieve this aim, the invention proposes

20 moving away the layer of water, appearing at the

bonding interface, from the materials of substrates

with which the water reacts forming a gaseous reaction

product, such as hydrogen. This 1s done by forming,

before bonding, layers of insulator material having a

25 property of barrier to the diffusion of water, or

limiting this diffusion, on each of the bonded

substrates, these insulator layers being at the bonding

interface and then forming a buried insulator layer. In

the case of a UTBOX structure having a buried oxide



substrates, these insulator layers being at the bonding interface and then forming a buried insulator
layer. In the case of a UTBOX structure having a buried oxide 4 based on Si02, this buried insulator
layer then cHeXHOMAEH6 the buried oxide layer. More specifically PAEFRIMe+3W5tly relates
to a method for producing stacked UTBOX-like 5semi-conductor structures, said method comprising:
a) the formation of a first electrical insulator layer, formifig a barrier to the diffusion of water or being
capable of limiting this diffusion, known as donor oxide, on a donor substrate, 10b) the introduction,
preceding or following the formation of the donor oxide layer, of elements into the donor substrate,

forming a weakengddayer, on  si@),the farmation ef asecond slectrical-insulaterjayerpforming a
barrier to the diffusion of 15 water or being capable of Iimitinglthis diffusion, known as bonding oxide,

on a second subsfrafe kit 8§ fingl Slstrate ted oxide layer.

More specifically, the invention firstly

relates to a method for producing stacked UTBOX-like
5 semi-conductor structures, said method comprising:

a) the formation of a first electrical
insulator layer, forming a barrier to the diffusion of
water or being capable of 1limiting this diffusion,
known as donor oxide, on a donor substrate,

10 b) the introduction, preceding or following
the formation of the donor oxide layer, of elements
into the donor substrate, forming a weakened layer,

c) the formation of a second electrical
insulator layer, forming a barrier to the diffusion of

15 water or being capable of 1limiting this diffusion,
known as bonding oxide, on a second substrate known as
final substrate,

d) the bonding of the two substrates, the
two electrical insulator layers being brought into

20 contact and forming together a buried insulator layer
between the two substrates, known as buried oxide
layer, the insulator layers being such that, during the
bonding, the donor oxide layer has a thickness at least
equal to that of the bonding oxide layer,

25 the thickness of the buried insulator layer
(ec), being after bonding, less than 50 nm,
advantageously less than 20 nm, and preferentially less
than 15 nm or 12 nm.

In a method according to the invention, the

30 insulator layers are made of a material forming a

barrier to the diffusion of water or limiting this



d) the bonding of the two substrates, the two electrical insulator layers being brought into 20 contact
and forming together a buried insulator layer between the two substrates, known as buried oxide layer,
the insulatoM@AIBEIMY such that, during the bonding, the donor oxide layR¢ HEB2AMHAKAESS at least
equal to that of the bonding oxide layer, 25the thickness of the buried insulator layer (el), being after
bonding, less than 50 nm, advantageously less than 20bnm, and preferentially less than 15 nm or 12
nm. In a method according to the invention, the 30insulator layers are made of a material
forming a barrier to the diffusion of water or limiting this 5 diffusion. This denomination, within the

scope of this invertiong signifies that apaitfremithedegradalionrimposed or the-donar oxidedayer by
the step of ion implantation, there is no treatment likely to 5 deteriorate the quality of barrier to the

diffusion of water 6FtHRRE WdtiatcH 14yers I ¢ ReifdtidtorRBreterentidla didfectiE b ek tic-like
insulator, it may bemgoritige layer enit mayasivaniageruslyhe-an oxide: 18 layegforeexampie silicon

oxide. In the following desoripton, the example of pxide layers wil be faken. 01y ¢
'
5 deteriorate the quality of barrier to the diffusion of
water of these insulator layers.
The insulator is preferentially a
dielectric or a dielectric-1like insulator, it may be a
nitride layer or it may advantageously be an oxide

10 layer, for example silicon oxide. In the following
description, the example of oxide layers will be taken.

The insulator-insulator bonding thus
carried out makes it possible to reduce production
kinetic of hydrogen and thus limit the formation of

15 blisters. Indeed, the molecules of H,O0O introduced at
the bonding interface during the assembly are included
between two insulator layers; before reacting with the
material of one of the substrates to form hydrogen
radicals, the molecules of water have to pass through

20 these insulator layers. Thus the oxide layers, having a
property of barrier to the diffusion of H;O or limiting
this diffusion, slow down the formation of hydrogen and
thus blisters, which improves the reliability of the
semi-conductor structures thereby formed.

25 At least one of the insulator layers (the
donor oxide and/or the bonding oxide) may be formed by
deposition of insulator or by reaction with a surface
of at least one of the substrates.

In a method according to the invention, the

30 introduction of elements into the donor substrate may

take place through the donor oxide layer, then, the



The insulator-insulator bonding thus carried out makes it possible to reduce production kinetic of
hydrogen and thus limit the formation of 15 blisters. Indeed, the molecules of H20 introduced at the
bonding intaMace18(PtP¢he assembly are included between two insulator [B{ErEPBERIPE4A8Acting with
the material of one of the substrates to form hydrogen radicals, the molecules of water have to pass
through 20 these insulator layers. Thus the oxide layers, having a property of barrier to the diffusion of
H20 or limiting this diffusion, slow down the formation of hydrogen and thus blisters, which improves
the reliability of the semi-conductor structures thereby formed. 25At least one of the insulator layers

(the donor oxide angiferithg berding oxided mayhefarmed by-dapositionof insulator-oriby, eaaction
with a surface of at least one of the substrates. In a method according to the invention, the
30introduction of &lBATentd mté tHEdorst Stibstratiay take place through the donor oxide layer,

then, the 6 bonding oxide layer is adwantageousty stectlynibinnetthandhe denagoxide layehe
Indeed, in a methaod according to the invention, the final oxide, or buried oxide layer, is 5 composed of

two oxide layers brOUGHE i3 tontdet. Dutihg'thé BbAding gf%pl,)fhr&ﬁiﬂethotfﬁllg@co g to theSnvention,
the ratio of the thickngsses af ther oxidedayessitocbe assembledmaydre-such that the relative thickness
of the oxide layer derived from th%dogfor 10 oxide layer is stn%tle/h%r%ater than 50% acnd I%%sethan or

equal to 70% or 8 Ve oF G595 0 9554 SFthe chmtiAtive thicknBss B eao%(icaoer%%% t6 be assembled.

Advantageously, thevelative thickniess afthédondr oxide layer @ besassembled ihbetween€0%
layers to be assembled may be such that the relative
thickness of the oxide layer derived from the donor

10 oxide layer is strictly greater than 50% and less than
or equal to 70% or 80% or 85% or 95% of the cumulative
thickness of the oxide layers to be assembled.

Advantageously, the relative thickness of
the donor oxide layer to be assembled 1s between 60%

15 and 85% of the cumulative thickness of the oxide layers
to be assembled. Preferably, this relative thickness is
between 70% and 80% of the final oxide thickness, for
example 75%.

In a method according to the invention, a

20 step of cleaning at least one of the substrates, and
preferably both substrates, may precede the bringing
into contact of the oxide layers and the assembly of
the substrates. An etching of the oxide may then take
place, leading to a reduction in the thicknesses of the

25 treated oxide layers. To offset this reduction in the
thicknesses of the oxide layers, the initial
thicknesses of the oxide layers are chosen so as to
obtain, after cleaning, thicknesses of oxide according
to the invention and particularly according to the

30 proportions indicated above. The cumulative thickness

of the two oxide layers formed initially is then



15 and 85% of the cumulative thickness of the oxide layers to be assembled. Preferably, this relative
thickness is between 70% and 80% of the final oxide thickness, for example 75%. In a method
according toMA2MY8##3n, a 20 step of cleaning at least one of the substrak€d/BrH(Ye4ei8Dbly both
substrates, may precede the bringing into contact of the oxide layers and the assembly of the
substrates. An etching of the oxide may then take place, leading to a reduction in the thicknesses of
the 25treated oxide layers. To offset this reduction in the thicknesses of the oxide layers, the initial
thicknesses of the oxide layers are chosen so as to obtain, after cleaning, thicknesses of oxide

according to the inyention andparticulasly @ecendingto the 3@ propartiansiindicated abpve nthe
cumulative thickness of the two oxide layers formed initialli is then 7 greater than the thickness of the

buried oxide of the filal'deVite! After SUCH A cl8FAiNg A& SRACHRS of th8 Snstiltdi-matetialis

unchanged, the oxide is alvaysapade ohmaterdalforming barseatosthe, 5 diffusion of water: i other
words, the bonding oxide and donor oxide layers are preferably formed with a total thickness greater
than the thicknes< ofth& Hurl®d 3xide tdyer, TRE %Fe]pagf cleanifiy Bausinya Fédictiorr fh theHhickness
of the insulater layer ADpsasant or thescleanedisubstrater words In amethochacenrding ta¢he

invention, the donor aubgtorate and/or Ct{ge fﬁtr)lal substrate maé/Sr I%%/ er{;%dﬁelof S mé-ﬁggdu%'%hmagenal, for

example silicon. At Téast 61ie’of thé two substrates, fn]aepo of 15 then, may be made of

quartz, or sapphire ot of a palyjmendde fingl sabstratec¢aambe thade oha oxatesal, farfexanigle a
semi-conductor n@{tlerriael, Cpiffg}rgn& efrori; thg Janat(;:'j:rl_i:tzl;ll of th:e dongrfsugﬁteratgillr;[ can b% én%de og a
material with a thermal expansion coe fidients ( 8) 20 dffferént from the one of the dorior Substrate
or made with anothednaterdal X for whibk thereiis arreastion of thehtype H20#H X402 +d970r forming

another gasgpus E%?&g%%tpr%dnucéhe cleaned substrate.

In a method according to the invention, the
donor substrate and/or the final substrate may be made
of semi-conductor material, for example silicon. At
least one of the two substrates, and possibly both of

15 them, may be made of quartz, or sapphire or of a
polymer. The final substrate can be made of a material,
for example a semi-conductor material, different from
the material of the donor substrate. It can be made of
a material with a thermal expansion coefficients (TEC)

20 different from the one of the donor substrate or made
with another material X for which there is a reaction
of the type H,0+ X2 X0, + H,, or forming another
gaseous reaction product.

The donor substrate may then be thinned by

25 fracture of the substrate, for example of the kind
known under the name of Smart-Cut®. This method may be
carried out under the conditions described for example
in the article of B. Aspar and A.J. Auberton-Hervé
“Silicon Wafer Bonding Technology for VLSI and MEMS

30 applications”, edited by S8.S. Iyer and A.J. Auberton-
Hervé, 2002, INSPEC, London, Chapter 3, pages 35-52.



The donor substrate may then be thinned by 25 fracture of the substrate, for example of the kind
known under the name of Smart-Cut(r). This method may be carried out under the conditions
described foVexamiP4#i0he article of B. Aspar and A.J. Auberton-Herve "IECIERAMAIIOBYAdIng
Technology for VLSI and MEMS 30applications”, edited by S.S. lyer and A.J. Auberton- Herve, 2002,
INSPEC, London, Chapter 3, pages 35-52. 8 The thinriing can take place during a heat treatment at a
temperature less than 350C or 400C. Advantageously,thefractureofthe substrate may be
carried out during a low temperature 5 heat treatment, for example at a temperature below 400C;more

details are given below. Arheattreatment; knewn as aaneslingwith,a tergperatyee; between
700C and 1300C, preferentially between 900C and 1200C and with a temperature 10 increase ramp

greater than 10C/5 b aHPERtRg86uSly GrEmEF Han-20CGR I ay B Apphad afeF tHe thifining so as to

consolidate the bonding interface ane minimisethea exposuredme aftheglevice to tempenatiyes
between 400C and 700C and advantageously between 400C and 15 900C, which correspond to the

temperature rangé I whichthe BistersSorifatiohKinetidis Figh dhd ithe ¥ast FAVTFABIE 1S the

quality of thedinaliseaticonduciomstructureeor example at a temperature below
400°C; more details are given below.
A heat treatment, known as annealing, with
a temperature between 700°C and 1300°C, preferentially
between 900°C and 1200°C and with a temperature
10 increase ramp greater than 10°C/s or advantageously
greater than 20°C/s may be applied after the thinning
so as to consolidate the bonding interface and minimise
the exposure time of the device to temperatures between
400°C and 700°C and advantageously between 400°C and
15 900°C, which correspond to the temperature range in
which the blisters formation kinetic is high and is the
least favourable to the quality of the final semi-
conductor structure.
Annealing at a temperature above 700°C or
20 preferentially above 900°C enables an evacuation of the
captive hydrogen, present at the bonding interface or
at the interfaces between the substrates and the oxide
layers, by diffusion in the semi-conductor material.
In the temperature interval 400°C-900°C,
25 for silicon, there is formation of blisters due to the
release of gaseous hydrogen. The resulting pressure
deforms the materials of the two bonded substrates and
forms blisters and may cause the rupture of the final
structure during subsequent treatments or during the
30 fracture heat treatment of the substrate or

consolidation heat treatment. A high temperature ramp,



Annealing at a temperature above 700C or 20 preferentially above 900C enables an evacuation of the
captive hydrogen, present at the bonding interface or at the interfaces between the substrates and the
oxide layersVi\281f94/4A6in the semi-conductor material. In the temperaturefrtERHZIVREBET00C, 25
for silicon, there is formation of blisters due to the release of gaseous hydrogen. The resulting
pressure deforms the materials of the two bonded substrates and forms blisters and may cause the
rupture of the final structure during subsequent treatments or during the
30fractureheattreatmentofthesubstrateor consolidation heat treatment. A high temperature ramp, 9 as

mentioned above fat leastlQGIsh makesdt passiblede mininvise the passage inthis cxtica)1 e
temperature interval and thus makes it possible to attain the temperature of diffusion of hydrogen in

the semi- 5 conddGorMatfasElosd fo ST A ore the PréSsufd ihtthebliste R REaRENE the device

in an irremediableimaBrenl and Itisheuld haneted that the ceiticaldemperatine dnterval maentioned
mainly depends on the 10 thickness of the superficial Iaﬁ{fr and the type of material. For example, for

a thickness of a siliESR SUPEMHERI 1aYEr of fes5IRAT 10 rith, thiy EritiT thterVal nidybe B&feen 350C
and 700C instead ©f thie: tttenvaind@R00-9000@-for sedevicedohaviog anaaxide layee L5eetwess 10 and
20 nm. This interval ist Iso %Eo vary if thtﬁ subst%%s used. are based on SiGe or As%al%r another

ojn
. in . 1 rs i weaken .device . 1n an remedia
semi-conductor material’ ugF ereit is aldo aimed to: optlm|sejthed|s]tr|bu?|ondfﬁ1e
manner.

It should be noted that the <critical
temperature interval mentioned mainly depends on the
10 thickness of the superficial layer and the type of
material. For example, for a thickness of a silicon
superficial layer of 1less than 10 nm, this c¢ritical
interval may be between 350°C and 700°C instead of the
interval 400°C-900°C for a device having an oxide layer
15 between 10 and 20 nm. This interval is also going to
vary 1f the substrates used are based on SiGe or AsGa
or another semi-conductor material. But here it 1is also
aimed to:
- optimise the distribution of the
20 thicknesses of the insulator layers forming a barrier
to the oxide diffusion or limiting this diffusion,
— minimise the thermal treatment times
included in the critical temperature interval.
Tests can enable to identify the critical
25 temperature interval more precisely if a method

according to the invention is applied.

BRIEF DESCRIPTION OF DRAWINGS

Figures 1A to 1F represent a first
embodiment of a method according to the invention.
30 Figures 2A to 2G represent a second

embodiment of a method according to the invention, in



20thicknesses of the insulator layers forming a barrier to the oxide diffusion or limiting this diffusion,
minimise the thermal treatment times included in the critical temperature interval. Tests can
enable to idBiBPtH84HIcal 25 temperature interval more precisely if a mett o ERXEGPAINPLS the
invention is applied. BRIEF DESCRIPTION OF DRAWINGS Figures A to 1F represent a first
embodiment of a method according to the invention. 30Rigures 2A to 20 represent a second
embodiment of a method according to the invention, in 10 which thicknesses of oxide higher than the
requisite thickness for the final device are formed. Figure3illustratesresultsof defectiveness

experiments obtaipad by theninvenlossas Safupgtionof thesratios ehthe thicknesses afdheoxide
layers compared to the flnal thlckness of oxide in the case of Si02 and silicon substrates.
thickness for the final device are formed.
Figure 3 illustrates results of
defectiveness experiments obtained by the inventors as
5 a function of the ratios of the thicknesses of the
oxide layers compared to the final thickness of oxide
in the case of Si0, and silicon substrates.
Figure 4 illustrates results of
defectiveness experiments as a function of the
10 thickness of the final oxide layer, obtained by the
inventors and showing the efficiency o0of a method

according to the invention to create UTBOX structures

having a low oxide thickness.
DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

15 The invention relates to a method for
producing systems of stacked SOI type semi-conductor
layers and, more specifically, UTBOX type, 1in other
words with wultra thin thickness of buried insulator
layer.

20 The method is illustrated according to two
embodiments in figures 1A to 1F and 2A to 2G, any
reference corresponding to a same element 1in the
different figures.

The first embodiment (figures 1A to 1F)

25 relates to a method for producing SOI structures with
thin buried insulator layer, thinner than 50 nm;
advantageously this insulator layer is less than 20 nm,
and preferentially less than 15 nm, it may also be less

than 10 or 7 nm.



Figuredillustratesresultsof defectiveness experiments as a function of the 10 thickness of the final
oxide layer, obtained by the inventors and showing the efficiency of a method according to the
invention toWRa0OFBEX structures having a low oxide thickness. DETAIPEDEFREIIRHSTTION OF
SPECIFIC EMBODIMENTS 15The invention relates to a method for producing systems of stacked
SOT type semi-conductor layers and, more specifically, UTBOX type, in other words with ultra thin
thickness of buried insulator layer. 20The method is illustrated according to two embodiments in
figures 1A to 1F and 2A to 2G, any reference corresponding to a same element in the different figures.

The first embodiment (figures A torlf) 25 relatesde amethod for preducing SOTastryctureg with thin
buried insulator layer, thinner than 50 nm; advantageously this insulator layer is less than 20 nm, and

preferentially less ¥&T 5 Hrf it iy Al<o-6& tessthdif 10 BF 7 inl 1T THeins Gt drispretBi@ntiallyan
electrical insulators itvaay bgeonityide layerer mayde layer, for example a silicon

oxide. In the remainder of the description, the example

5 of oxide layers is taken but this is not limitative. As
explained previously, in a method according to the
invention, during the bonding, the insulator layer is
made of a material capable of forming barrier to the
diffusion of water or to limit this diffusion.

10 According to the first embodiment of a
method according to the invention, a thin oxide layer 4
is formed at the surface of a substrate (figure 132),
known as donor substrate 2, which is for example made
of semi-conductor material, advantageously silicon.

15 This oxide layer, known as donor oxide 1layer, has a
thickness el and may be formed for example by thermal
oxidation of the donor substrate 2 or if necessary by
oxide deposition.

Preceding or following the formation of the

20 donor oxide layer 4, doping elements are introduced
into the donor substrate, to form a weakened layer 21,
advantageously this 1is done through an implantation of
atomic or ionic elements, for example a co-implantation
0of helium and hydrogen (figure 1B), for example through

25 the donor oxide layer 4.

This weakened layer 21 may advantageously
be introduced in anticipation of a thinning by
substrate fracture. For this embodiment of the
invention as well as for the following embodiments,

30 this method of substrate fracture may be of the “Smart

Cut™” substrate fracture method kind. This method 1is



advantageously be an oxide layer, for example a silicon oxide. In the remainder of the description, the
example 5 of oxide layers is taken but this is not 'imitative. As explained previously, in a method
according toMA2M¥8#1#8n, during the bonding, the insulator layer is made JtGIEEEHHIcEBADble of
forming barrier to the diffusion of water or to limit this diffusion. 10According to the first embodiment of
a method according to the invention, a thin oxide layeri4is formed at the surface of a substrate (figure
1A), known as donor substrate 2, which is for example made of semi-conductor material,
advantageously silicon. 15 This oxide layer, known as donor oxide layer, has a thickness el and may

be formed for example by thermabexidatippnfdhe donor substrate 201 § neeessaryhy-oxide;
deposition. Preceding or following the formation of the 20 donor oxide layer 4, doping elements are

introduced into thé donor SuBSIrAR i o ifFa weakerfsdlay& 23T advan udiy thi8 -6 through
an implantation of mtemicioy ionicelements, feppxampteia co4mplagtation ophelignmsandiygdrogen
(figure 1B), for example_through 25the donor oxide laye is weakened layer 21 may

. h
advantageously b8 trddtced HRTMIFAIOH ST A thi Qrgé by %@G&’tﬁ%e frHRRPE For thisRriodiment

of the invention asswep agder the-follawing embodiments, 30this method of substrate fracture may be

of the "Smart CutTM" substrate fra&%re ”&%ng t1J<|lneds Thig, %net%%dcﬁ 12O ‘

the doping
elements introduced may be advantageously between
1.10™°% at.cm”® and 1.10"™° at.cm ®. The implantation dose

e to 1.107'°

at.cm ?

then used, in the order of 1.10
10 at.cm?, 1is adapted to the thickness el of the donor
oxide layer, to the density planned for each doping
element, and to the reqguisite thickness of semi-
conductor material 20 after the fracture.
Then, or in parallel, or before the
15 operations described previously, a thin oxide layer b5,
known as bonding oxide layer, 1s formed on a second
substrate, known as final substrate 3, for example by
thermal oxidation of the final substrate 3 or if
necessary by deposition of this oxide. This oxide layer
20 has a thickness e2 less or equal to the thickness of
the donor oxide layer. This substrate is advantageously
made of semi-conductor material but may also be made of
another material, for example dquartz or any type of
substrate made of a material X in which the bonding
25 reaction leads to an oxidation of the type:
H,O0 + materials X =2 X0, + H,, or any other gaseous
reaction product.
The two substrates 2 and 3 are then
assembled, the donor oxide layer 4 and the Dbonding
30 oxide layer 5 being brought into contact (figure 1D).

An oxide-oxide type bonding then takes place,



described for example in the article of B. Aspar and A.J. Auberton-Herve "Silicon Wafer Bonding
Technology for VLSI and MEMS applications”, edited by S.S. lyer and A.J. Auberton-Herve, 2002,
INSPEC, LoN@M1¢HAMer 53, pages 35-52. The densities of eacReTHRHYIINEElements
introduced may be advantageously between 1.10 1 at.cm and 1.10 11 at.cm . The implantation dose
then used, in the order of 1.10 at.cm/to 1.10 10 at.cm®}is adapted to the thickness el of the donor
oxide layer, to the density planned for each doping element, and to the requisite thickness of
semiconductor material 20 after the fracture. Then,or in parallel,or before the 15 operations described

previously, a thin gxide Jayer &y known as heading pxide layek is formed pna secerd gubsyate, known
as final substrate 3, for example by thermal oxidation of the final substrate 3 or if necessary by

deposition of this BXide SFhig oxitie 14§8F 20 Hasta fHickhes €9988s b'eqiidito e fHidkHess of the
donor oxide layer.2Thisisulsstrateiis agvpptageously masle ©f semi-eqnductar raaterialdid may also be
made of another material, for example quartz or any type of substrate made of a material X in which

the bonding 25reatidhfeadstdaisxidationBithetyyd: H20 ™+ materfals™R3RE2 ¥ H2 6Y &Ry dtfer
gaseous reaction peatitietented byl hentwasutistrates: 2 andl3 are-theh)assembled, the donor oxide

ayer 4 and the bonding 300xide Igyer S being Bipualit o cqnige Mape 10}, An gxderoxide e
thus has a thickness et less than or equal to 50 nm,
advantageously less than or equal to 20 nm,
preferentially less than or equal to 15 nm, for example

10 11.7 nm. The distribution of the thicknesses of the
oxide layers to be assembled is such that the relative
thickness of the portion of the buried oxide layer 45
derived from the donor oxide layer 4 may be equal to
50% or, 1in the case where the introduction of doping

15 elements takes place through the donor oxide layer,
strictly greater than 50% and less than or equal to 95%
of the cumulative thickness of the oxide layers to be
assembled.

Within the scope of the invention,

20 “relative thickness of the donor oxide layer compared
to the buried oxide layer” designates the ratio between
the thickness of the donor oxide layer and the
thickness of the buried oxide layer. In the case where
no details are given, the relative thickness of a layer

25 A 1s the relative thickness of the layer A compared to
the buried oxide layer.

In a method according to the invention, the
oxide layers are formed either by a step of controlled
oxidation - for example by exposure of the substrate to

30 an oxygen rich environment and at high temperature, or

by a deposition of oxide, for example by CVD or by ALD.



13 generating an oxide layer, known as final oxide or buried oxide layer, situated between the two
substrates 2 and 3 and composed of the donor oxide 4 and bonding oxide 5 layers (in figure 1F, this
composite 1AYRR2HE¥EMBsented by the buried oxide layer 45). ThePSUYREUIEe Y er thereby
obtained thus has a thickness e_ less than or equal to 50 nm, advantageously less than OE equal to
20 nm, preferentially less than or equal to 15 nm, for exdmple 10 11.7 nm. The distribution of the
thicknesses of the oxide layers to be assembled is such that the relative thickness of the portion of the
buried oxide layer 45 derived from the donor oxide layer 4 may be equal to 50% or, in the case where

the introduction ofcdapiag skb elements takes; place:threughs the-donorexide tayer sstgtly greater than
50% and less than or equal to 95% of the cumulative thickness of the oxide layers to be assembled.

Withinthescopeofthelfefitioh* 20> e fative thidkhessoFtRE Bohtr dxitle tfer CBmparedddife buried

oxide layer" designatesdpe¢atiq betweentthedhicknass efdhe @onor oxidedayer@andshe thigkness of
the buried oxide layer. In the case where no details are given, the relative thickness of a layer 25 A is

the relative thicknéss of theAay&"A Lontisar8l fo t Buri€d BRide lay&™ 20 fafd method
according to the irvention,ithe oxigedayets are dgumed either oyt stepsof contrelledraxidatioa - for
example_ py exposure 02 ghee%ub trate to %arn oxyge rich errllggzrggmeng gln(?eat tﬂi h etem%%r(laltsu_re, or by
a deposition of oxide, for eqkamp eoby or by Llfr}lff Corversely, & fiative oxide Jfayer, derived
from the simple exposuse dtthessubstrate tddhe Surdundibg atmesphereyis netrsyitabie asisuch.
Indeed, this oxide I3 relatively porous and cannof form aneficient ; ., annealing, for
example under neutral atmosphere, between 200°C and
10 800°C for a time that can extend from several minutes
to several hours. Generally speaking, it is preferable
to carry out this densification annealing for native
oxides and for certain deposited oxides that may have a
level of porosity rendering them incapable of forming
15 an efficient water diffusion barrier.

In the <case where the introduction of
doping elements takes place through the donor oxide
layer, this relative thickness of the portion of the
buried oxide layer 45 derived from the donor oxide

20 layer 4, 1is advantageously Dbetween 60% and 95% and
preferentially between 70% and 80% of the cumulative
thickness of the oxide layers assembled during the
bonding, 1in other words the thickness of the buried
oxide layer. For example, the thickness el of the donor

25 oxide to assemble 4 may be 8.4 nm if the thickness e2
of bonding oxide to be assembled 5 is 3.3 nm. In a
method according to the invention, the thickness of the
buried oxide layer may also be less than 10 nm or less
than 7 nm.

30 In a method according to the invention, the

device composed of assembled substrates 2 and 3, as



5 diffusion barrier layer. Nevertheless, it may be envisaged to confer on this native oxide layer this
characteristic of "diffusion barrier", by carrying out an annealing, known as densification annealing, for
example un®? HOW944¥mosphere, between 200C and 10 800C for a timePRERERAMLL04ART from
several minutes to several hours. Generally speaking, it is preferable to carry out this densification
annealing for native oxides and for certain deposited okides that may have a level of porosity
rendering them incapable of forming 15an efficient water diffusion barrier. In the case where
the introduction of doping elements takes place through the donor oxide layer, this relative thickness of

the portion of the Quriad exide hayer 4§iderived:frona the deneriexide R layer Aais advantageously
between 60% and 95% and preferentially between 70% and 80% of the cumulative thickness of the

oxide layers asseMPRFGTY the bBARIAGIRDHEPWGIEs fie thRRkAe5HRE bhifi€d 6588 Tayer. For
example, the thickness et ot thecdonaf 25 exide to assemble-4 maybe 84/am ibthe thickness e2 of

bonding oxide to be zissembled 5is 3.3 nm. In a method according to the irg/ention, the thickness of
the buried oxide layetr may/ Ssd bE fesThdlT 16 % BPéss fhan %‘%lrrﬁp 36In T méfiaRdactorting to the
invention, thes devicezcomposed ahassembled supsirates 2-andd3; @s Abuwvell-asdtbeir different

superficial layers, ma tabgn be subé'ecteg to an anneaéing SO as to fgaéc;lére the donor substrate at the
37 oréxample be adapted so 5 that

level of the weaketié Iayé7rafflt(?%U?é1 oeersupl?ﬁ)re mé&%eddm%y
the annealing temperature does nohexceed 400C, arfd-advantageously dbesaot exeged 35EC.

Igsgé'[lrde;ggturedglérg%csesrg%){/if g%c%sos ry 88 CE)OI(i§Q_%q1 gquuP%)llf). The bonding interface may be

The bonding interface may be consolidated
10 by an annealing, before or after the polishing.
Advantageously, after rupture of the donor
substrate, but before or instead of any consolidation
annealing of the bonding interface, the semi-conductor
structure obtained may be subjected to a stabilisation
15 annealing of the interface at temperature between 700°C
and 1300°C, preferentially between 900°C and 1200°C,
the increase 1in temperature taking place with a
temperature ramp greater than 10°C/sec, and
preferentially greater than 20°C/sec. This step of
20 stabilisation annealing may take place after the
polishing step. Advantageously this annealing takes
place before the polishing step, after the substrate
rupture step.
As explained above, this annealing between
25 700°C and 1300°C, preferentially between 900°C and
1200°C enables the diffusion of gaseous hydrogen
through the substrates. A high temperature ramp, as
mentioned above (at least 10°C/s) makes it possible to
minimise the passage time in the critical temperature
30 interval of 400°C-700°C and advantageously Dbetween

400°C and 900°C during the increase in temperature and



10by an annealing, before or after the polishing. Advantageously, after rupture of the donor
substrate, but before or instead of any consolidation annealing of the bonding interface, the
semi-condu¥er28i{8484260btained may be subjected to a stabilisation 15 alEaHI08/04d0%hterface at
temperature between 700C and 1300C, preferentially between 900C and 1200C, the increase in
temperature taking place with a temperature ramp greater than 10C/sec, and preferentially greater
than 20C/sec. This step of 20 stabilisation annealing may take place after the polishing step.
Advantageously this annealing takes place before the polishing step, after the substrate rupture step.

As explained above,iRis aanealing betweeni 894006 and 4300C. {ieferantially hetween,209C and
1200C enables the diffusion of gaseous hydrogen thrOl%%h the supstrates. A high temperature ramp,

as mentioned aboV8FaCBEEt 10675F Hakes it st T Mifimise e pdssage Sinte i thelitical
temperature 30intgrvad 61:4@000-£0000 and mdvantageousty betmeen 40@C andR00C duefing the
increase in temperature and 16 thus makes it possible to attain the above mentioned hé%rogen

diffusion temperattre ftEVaF befdre & préssdrd irfthe bisteRaTeakers tAEiha semicohductor

structure in ah irrerhedighle:mamrers Thds,ththesparamieters of the abnealviglare controteid in order to
limit the exposure time, in the range 400C - 700C and advantageously in the range 400C -900C, to
less than 120 secgr?dgl, %crprlé:xa%hp e %?(é?fgrse%i%lllf afdund 30 s%%:%naé’%g?esz @a% 30 s%%gn S. The
critical time 10 allewed adcardirgtrothelipvention irethe demperatrétang®is ‘eCiunctionlefthe
thickness of the bLtJ ied o i% Iaé/er 45 of the final structuie: the trgnner LtC is £ e more itis ai%ed to limit
. an eCOo , for éexamplé preferepntia round
the exposure time. For a thickness of 10 nm, the Faximum t?xposure ime in 15 the Sritical
temperature internvatdondsmethod aecording tonthes ihvertionnigsbetwden 20andi3tsdeconds; for 15

nm this timg {3 lesg han, 30 seeands andfor 3 thigkness of gxide, of 25 nn the eriigal fime s close to 2
minutes or even more. 20A secondrem diment of the invention Is

range 1is a function of the thickness of the buried

oxide layer 45 of the final structure: the thinner it

is, the more it is aimed to limit the exposure time.

For a thickness of 10 nm, the maximum exposure time in

15 the critical temperature interval, for a method
according to the invention, is between 20 and 30
seconds; for 15 nm this time 1is less than 30 seconds
and for a thickness of oxide of 25 nm the critical time
is close to 2 minutes or even more.

20 A second embodiment of the invention 1is
described in figures 2A to 2G. The principle of this
embodiment is identical to that of the first
embodiment, apart from the deposited thicknesses el’
and e2’ of the oxide layers 4’, 5'.

25 In this embodiment of the invention, the
total thickness of oxide deposited (el’ + e2') 1is
higher than the final thickness of oxide (e+) targeted
for the buried oxide layer 45 of the final structure.
Only the steps different from the first embodiment of

30 the invention will be described, the layer 45 of figure

2G being composed of layers of donor oxide 4 and



described in figures 2A to 20. The principle of this embodiment is identical to that of the first
embodiment, apart from the deposited thicknesses el' and e2' of the oxide layers 4', 5'. 25In this
embodimené! HYIMAPsion, the total thickness of oxide deposited (el' + e PLEERGHYaeEAThe final
thickness of oxide (et) targeted for the buried oxide layer 45 of the final structure. Only the steps
different from the first embodiment of 30the invention Will be described, the layer 45 of figure 2G being
composed of layers of donor oxide 4 and 17 bonding oxide 5 represented in figures 2D to 2F and
obtained after the thinning of the oxide layers 4' and 5'. Preceding the bonding step, illustrated in 5

figure 2E, one and/gntherether.of the substeales 2- 3:eagh camprising ap oxide layerprespegtively 4'
and 5' of thicknesses el' and e2', is subjected to a step of cleaning, described in figure 2D, the cleaning
having, among otI‘?é’rE?ﬂ%%eéﬂffe%i&Bieétc g, &hd U Rinfing™ 0 hé $Xide BYEF S dhd/dts! present
at the surface of the substrate(s) treated by the cleaning. However, the insulator layers, for
this cleaning Or for any other step_of the method, are not subjected to any treatment favouring the
diffusion of 15 water in all or part %Fﬁféeiﬂ%f}%toﬁ%ﬁ/e%?Wf)éﬁic&lgﬁﬁihe piaSHEs EErfigd dit before
bonding for the pufpase-ef inproving thenaidherenee during:thedtoneding aretexchidedsin 2he method

according to the invenlglion, these steps seemin g)?fa\iour the diffusion 200f \ﬁater thl‘%lfll tbh;a insulator
S

layers. Pretsrentisiy He initial Hickress (el ANdidr e2'F diiring the tormation 'of the donor

oxide 4' or bonding Dxideis! kayess cakeslaccandt @fahe thisnisgprediced ducing theteleanidg step if

any and cleaning, described in figure 2D, the cleaning having,
among others, the effect of etching, and thus thinning,

10 the oxide layer 4’7 and/or 5’ present at the surface of
the substrate(s) treated by the cleaning.

However, the insulator layers, for this
cleaning or for any other step o0of the method, are not
subjected to any treatment favouring the diffusion of

15 water in all or part of the insulator layers. In
particular, the plasmas carried out before bonding for
the purpose of dimproving the adherence during the
bonding are excluded in the method according to the
invention, these steps seeming to favour the diffusion

20 of water through the insulator layers.

Preferentially, the initial thickness (el”’
and/or e2’), during the formation of the donor oxide 4’
or bonding oxide 5’ layers, takes account of the
thinning produced during the cleaning step if any and

25 of the requisite final thicknesses el and e2 for the
donor oxide 4 and bonding oxide 5 layers. As 1in the
first embodiment, the final thickness of oxide e: of
the buried oxide layer 45 1is less than or equal to
50 nm, advantageously less than or equal to 20 nm,

30 preferentially less than or equal to 15 nm, or for

example less than 10 nm or 7 nm. In addition, after the



25 of the requisite final thicknesses el and e2 for the donor oxide 4 and bonding oxide 5 layers. As in
the first embodiment, the final thickness of oxide et of the buried oxide layer 45 is less than or equal to
50 nm, advahehyds(94R#9ess than or equal to 20 nm, 30preferentially less thRATHRRZGHUI¢39E nm, or for
example less than 10 nm or 7 nm. In addition, after the 18 cleaning and thinning of the initial oxide
layers, the thicknesses el and e2 of the oxide layers 4 &Bd 5 to be assembled during the bonding are
such that the relative thickness, compared to the cumulative 5 thickness of the two oxide layers during
the bonding, of the oxide layer 4 deriving from the donor oxide layer 4' is 50% and/or, in particular in

the case where theintzedugdion of depingelements takes plage throughthe«donoy oxide layer, strictly
greater than 50% and 10 less than or equal to 95% of the cumulative thickness et of the oxide layers

4,5 to be assemblel M FhiRGERGITe TickiEssTTt thd dbR6r GXidE Tayk? 16 b8 abséhibled i&° Pe

advantageously bewveen6@% and 80 and prefereptially: befweear & 0%sanch80%194 the cuiaulative 15
thickness of the oxide layers to be assembled, for example 75%. In a method according to the

invention, using an Oxiderdxide boREAY Wit a thickRE8s 6F onor-Gxide 5t feast GrékteFhahor equal
to the thickness 2Q10f brnding oxitle thuwsing the assemblylafitbe substratas makes i poasible, to limit

water molecules aggl mt%%rlalsxpar%senignder the OX|deiI9¥ers b%lrr%g brou.e{%;%g%:o contact. This is true

only if the oxides have preseR/e Reir wgteeFdif?us%%rbarrlélgproperﬂ/, i Oal??ﬁey ave

undergone no tredtment that reducesthenaterdiffisiopdarrenpraperty ot that the donbreaxide layer

or both oxide Iaye£snhave erergisu?rjeg%ed (t)g acﬁlcjogircl: imgiaent%tril%n stgg Witsh aflggg s(?harllgr tl}lan 6 10'6
at/cm2, or even smaller than 3 10 ﬁus, 30 the immediate formation o%(ﬁydrggen ra |cals%?/ reaction
with the semi-condbetordnaterialds btbekédgyer, strictly greater than 50% and

10 less than or equal to 95% of the cumulative thickness
ety of the oxide layers 4,5 to be assembled. This
relative thickness of the donor oxide layer to be
assembled 1is advantageously between 60% and 80% and
preferentially between 70% and 80% of the cumulative

15 thickness e+ of the oxide layers to be assembled, for
example 75%.

In a method according to the invention,
using an oxide-oxide bonding with a thickness of donor
oxide at least greater than or equal to the thickness

20 of bonding oxide during the assembly of the substrates
makes it possible to 1limit water molecules and
materials present under the oxide layers being brought
into contact. This 1is true only if the oxides have
preserved their water diffusion barrier property, i.e.

25 that they have undergone no treatment that reduces the
water diffusion barrier property or that the donor
oxide layer or both oxide layers have been subjected to
an ionic implantation step with a dose smaller than 6
10'® at/cm?, or even smaller than 3 10'° at/cm?. Thus,

30 the immediate formation of hydrogen radicals by

reaction with the semi-conductor material is Dblocked,



19 the formation of hydrogen radicals being due to the possible diffusion of molecules of water through
the oxide layers. In advantageous embodiments of methods according to the invention, the oxide
layers 4', 5' Ve I89&d%ive thicknesses, compared to the thickness et of thBOURBY@EGE3Mayer 45,
such that, during the bonding, the relative thickness of the donor oxide layer 4 is strictly greater than
50% and less than or equal to 95%, advantageously béfiveen 60% and 85% and 10preferentially
between 70% and 80%. This distribution of the thicknesses of oxide composing the buried
oxide layer between the donor substrate 2 and the receiver substrate 3 makes it possible to have a

higher thickness of gxide gprthe 115 sidgr of they depenoxide . cEhis makas iy pessiblette cempensate
for defaults in the donor oxide 4; this oxide being degraded during the introduction of doping elements
(figures 1B and 23)°fS properties oF bater 1@ the BN 6PHP dre Yédided SR BBAdird Exide 20
layer having non detererated parrier prapesiiess itis geboecessary danikto-Rave a highithiskaess to
form a diffusion barrier equivalent to that formed by the donor oxide layer. A thickness of the bonding
oxide layer of 0.5 ﬁ%cf%réﬁﬂgorﬁﬁ ninfor é%(r%‘ﬁélf P hdy 25oﬁ<éélﬁffiéi§1¥tet55forﬁ1 an efficient
diffusion barrjer. Imthis case,dtmay beradvantageous te dimitthedylakal dopingrelemesatdose
introduced during the implantation s(é]ep thr.o(i%qh fhe donor Eg)Xide Iaé/er Aif:kllt ES thucf‘ passible tk?elimit this

global dose to les$ thah 303 1016 Alcm3* ayer B§l/ cfeaﬁlnlg,haccoradiﬁg t6 the i enttlon,adonor

oxide layer 4 thickestliaimtihe bandingmexide: tayer 5t itis possible, aithaut €hadgingrthedinati¢hickness
eL of the buried oxide layer 45, to increase 5 the barrier effect of the portian of the buried oxide layer
deriving from the égﬁcﬁ%x%eﬁgye?a.rjrﬁ%z}/thg ]fr%%&r?erssfég%& é&d’se%ns% a?setgsob Eahn lréor%]|5arable
barrier effects for theudanot oxide fayere4land theybondihg okidevseen thé Bidezofdhesfirtal sulsstrate 3

10 without ?Qdifyi ]gettrqg]gigglctlhéclkpgs%g{%eeguriﬁ%ogigg layer 45. None of the oxide layers has been
in i 1

deteriorated during its manufacturing or with any other process step, save through the implantation
step, if any. In particular before boRdirg) neliesbftHeugxige of the thicknesses of

oxide composing the buried oxide layer between the
donor substrate 2 and the receiver substrate 3 makes it
possible to have a higher thickness of oxide on the
15 side of the donor oxide 4. This makes it possible to
compensate for defaults in the donor oxide 4; this
oxide being degraded during the introduction of doping
elements (figures 1B and 2B), 1its properties of barrier
to the diffusion of H;O0 are reduced. The bonding oxide
20 layer having non deteriorated barrier properties, it 1is
not necessary for it to have a high thickness to form a
diffusion barrier equivalent to that formed by the
donor oxide layer. A thickness of the bonding oxide
layer of 0.5 nm to 5 nm or 10 nm, for example 1 nm may
25 be sufficient to form an efficient diffusion barrier.
In this case, 1t may be advantageous to 1imit the
global doping element dose introduced during the
implantation step through the donor oxide layer 4. It
is thus possible to limit this global dose to less than
30 3 10" at/cm’.



15layers is subject to any activation plasma. The distribution between the thicknesses of the
layers to be assembled, after any thinning, resulting for example from a cleaning step, if any, is chosen
as a functioWerid/Bftetence in water 20diffusion barrier property betweenPCTHEPBYNAINFGxide layer
5,intact, deposited on the final substrate 3, and - the donor oxide layer 4, potentially
degraded by the introduction of doping elements in the225 donor substrate 2. The choice of
the relative thicknesses thus depends on the implantation dose used and the materials composing the
oxides used. Results of experiments, obtained by the 30 inventors, are given in figure 3,

giving the final defectivity(in the Ym@xis)after herding.and 2L agnealing.1as a funstien ef.theselative
thickness (in the X-axis) of the layers of donor oxide and/or bonding oxide that make up the final oxide

layer, also known 38 HUFiedEXidE layér fit the' cat8 bF LrBOX e SOT s&trittires, batedon silicon
and silicon oxide. 1ayer &, raticcbetweepdbe thickness; ot thedsondingroxideylayerand thesthickness

of the final oxide I% eirc(]I{or\lléeSrSX-gxisoofn tmlsegrgph), e%ual tg "0" corresponds to the case where the final
omdelayer t uried oxide layer 45, to 1ncrease
5 the barrier effect of the portion of the buried oxide
layer deriving from the donor oxide layer 4. Thus, the
thicknesses are chosen so as to obtain comparable
barrier effects for the donor oxide layer 4 and the
bonding oxide 5 on the side of the final substrate 3
10 without modifying the final thickness of the buried
oxide layer 45. None of the oxide layers has been
deteriorated during its manufacturing or with any other
process step, save through the implantation step, if
any. In particular before bonding none of the oxide
15 layers is subject to any activation plasma.

The distribution between the thicknesses of
the layers to Dbe assembled, after any thinning,
resulting for example from a cleaning step, 1if any, 1is
chosen as a function of the difference in water

20 diffusion barrier property between:

- the Dbonding oxide layer 5, intact,
deposited on the final substrate 3, and

- the donor oxide layer 4, potentially
degraded by the introduction of doping elements in the

25 donor substrate 2.

The choice of the relative thicknesses thus
depends on the implantation dose used and the materials
composing the oxides used.

Results of experiments, obtained by the

30 inventors, are given in figure 3, giving the final

defectivity (in the Y-axis), after Dbonding and



10 derives uniquely from the donor oxide formed on the donor substrate before bonding and assembly
of the substrates. In the same way, a ratio between the thickness of the bonding oxide layer
and the thicRH23810(&WOthe final oxide layer equal to "1" corresponds in thePEIFEPR9RAS4BE final oxide
layer derives entirely from the bonding oxide layer. Between these two extreme values, the
relative thickness of the bonding oxide layer compared20to the thickness of the final oxide layer
increases. Also represented, at the top of the graph, is the ratio between the thickness of the
donor oxide layer and the thickness of the final oxide layer. This ratio varies inversely to the ratio

between the 25 thickhess ohthe bandingraxide layer ard thesthickness ottherinak axide layss.
In terms of ratio between the thickness of the bonding oxide layer and the thickness of the final oxide

layer, the limit betie8nihé3dfids PandSs S8¥fuated bt SR3NE 209 8nd BEREeR B'25%es 1l and
1, at around 55%0:22de that Thedefegliveness atienbending as afuncticn ebtheratio of the

thicknesses of oxides may be djstributed in three parts. In part I, the final oxide layer is mainl
composed of don&toXidE foriied'on 53KE ]abnojr‘gubgﬂgte;ciﬁé%Z@ olBeieE edsTy Tiffise to the
surface of the finat suhsirate @and foem eduring anndalingsaeritical detects indarge. quantity at the
interface between the final substraAte agg 1Ehl% finag eo%(‘iAgeeelgyertgléso k@g\ivgk%set%usriedoog(idetlfqager.
bonding oxide layer and the thickness of the final
oxide layer (lower X-axis on this graph) equal to “0”
corresponds to the case where the final oxide layer
10 derives uniguely from the donor oxide formed on the
donor substrate before bonding and assembly of the
substrates.

In the same way, a ratio Dbetween the
thickness of the bonding oxide layer and the thickness

15 of the final oxide layer equal to “1” corresponds in
the case where the final oxide layer derives entirely
from the bonding oxide layer.

Between these two extreme values, the
relative thickness of the bonding oxide layer compared

20 to the thickness of the final oxide layer increases.

Also represented, at the top of the graph,
is the ratio between the thickness of the donor oxide
layer and the thickness of the final oxide layer. This
ratio varies inversely to the ratio between the

25 thickness of the bonding oxide layer and the thickness
of the final oxide layer.

In terms of ratio between the thickness of
the bonding oxide layer and the thickness of the final
oxide layer, the limit between the zones I and II is

30 situated at around 20%, and, between the =zones II and

IIT, at around 55%.



10In part 111, the thickness of the bonding oxide layer is greater than the thickness of the donor oxide
layer, the efficiency of which, as barrier, is already deteriorated by the elements introduction step, for
example duMi2am0iBH#ieplantation step. A high 15 defectiveness is obsenP&d/ERaU98/14¢d34roperties
of the donor oxide layer 4 being very inferior to that of the bonding oxide layer 5 and then allowing too
many H20 molecules to diffuse to the donor substrate 22which form, during the annealing, numerous
"blister" 20type defects. The effect of barrier to the diffusion of water of the final oxide layers
is insufficient in the two cases illustrated by parts | and Il of figure 3. In part Il,the distribution of the 25

thicknesses of the oxide layers to bgassenabled:hefore bandings here a relative thickness of the
bonding oxide layer between 15% and 50%, i.e. respectively a relative thickness of the donor oxide

layer between 95%HHA36%, Risuththdithe Baftier broperties s thetfonoP bxids Ik erd are
improved on accoyat of adrigherretalive thicknesss The bosding axige layers§ haspin thispart 23 TT, a
sufficient thickness to form, on the side of the final substrate 3, a barrier to the diffusion of H20 of
efficiency compar&bled6 tHatsrmed o IHE SiteSHIRE ¥oHor SUSKIPRE. STHETE is fiissh iMportant
effect of the ratio afithe thicknessas-en the defectiveness aftes annealing andthug oa itie efficiency of
B g plicdn e o st porping (oo o fens

annealings, critical defects in large quantity at the

interface between the final substrate and the final

oxide layer, also known as buried oxide layer.

10 In part III, the thickness of the bonding
oxide layer is greater than the thickness of the donor
oxide layer, the efficiency of which, as barrier, is
already deteriorated by the elements introduction step,
for example during an i1on implantation step. A high

15 defectiveness 1is observed, the barrier properties of
the donor oxide layer 4 being very inferior to that of
the bonding oxide layer 5 and then allowing too many
H,O0 molecules to diffuse to the donor substrate 2,
which form, during the annealing, numerous “blister”

20 type defects.

The effect of barrier to the diffusion of
water of the final oxide layers 1s insufficient in the
two cases illustrated by parts I and III of figure 3.

In part II, the distribution o©of the

25 thicknesses of the oxide layers to be assembled, before
bonding, here a relative thickness of the bonding oxide
layer between 15% and 50%, i.e. respectively a relative
thickness of the donor oxide layer between 95% and 50%,
is such that the barrier properties of the donor oxide

30 layer 4 are improved on account of a higher relative

thickness. The bonding oxide layer 5 has, in this part



The data of this figure clearly illustrate that the oxide-oxide bonding, at equal thicknesses of oxides for
example, or more specifically an oxide-oxide 15 bonding with an optimised ratio of thicknesses of
oxides, enaM@s2H&/H¥8fems linked to the diffusion of H20 to be resolved, RGIRMNEOHETormation of
"blister” type defects. Such a method according to the invention thus makes it possible to form
UTBOX-like 20 devices with a lower acceptable defectiveness than the defectiveness of structures
obtained by the method according to the prior art, in which all the oxide composing the buried final
oxide layer derives from the donor oxide layer. Under the conditions used to obtain 25 these

experimental resuits, anadvantagequsdntenvalinasheenddenified forna relativeithickpess-efdonor
oxide between 60% and 85%. The plot of such a figure makes it possible, within the scope of

a method accordirg ttheS3BisVertion, to firtl the dptifturh Forthe réfhfive fHicknested ot oxide for a
given thickness e «of final A4-9xide 4bagivendnaterialsandra given iom implantatign. dhistaptimum is
here between 70% and 80% of donor oxide, and more specifically close to 75%. The level of
defectivity obtainedWhén &8 5lasfattreatment is applied before bonding, on both oxide layers to be
bonded, for &bonding oxide thickress#naliexidetthickness ratiocaftaratnds¥3% and aount &3% is
also represented. It may beoéeen that, tf%rl a same bondigg oxiﬁ? thi&k es%/f.inal oxide 10_thickness

ratio, a plasma tréatmant Ie4ds fo'S very cFea?%Sea?anatlon of the fina Structure, With défectsmore
numerous by a factoneloseéng 180T haefficiencyofteeinfentiondscy of the insulator-
insulator bonding, in particular in the case of an
oxide-oxide bonding, to block, or at least to 1limit,
10 the diffusion of H;0 molecules trapped in the buried
oxide layer during the assembly.

The data of this figure clearly illustrate
that the oxide-oxide bonding, at equal thicknesses of
oxides for example, or more specifically an oxide-oxide

15 bonding with an optimised ratio of thicknesses of
oxides, enables the problems linked to the diffusion of
H,O to be resolved, 1in particular the formation of
“blister” type defects. Such a method according to the
invention thus makes it possible to form UTBOX-like

20 devices with a lower acceptable defectiveness than the
defectiveness o0f structures obtained by the method
according to the prior art, 1in which all the oxide
composing the buried final oxide layer derives from the
donor oxide layer. Under the conditions used to obtain

25 these experimental results, an advantageous interval
has been identified for a relative thickness of donor
oxide between 60% and 85%.

The plot of such a figure makes it
possible, within the scope of a method according to the

30 invention, to find the optimum for the relative

thicknesses of oxide for a given thickness e+ of final



illustrated by defectiveness analyses(figure 4), 150btained for SOl or UTBOX-like structures based on
silicon and silicon oxide, which show that the method of integration by an oxide-oxide bonding, in
particular wfOdeHetdkide thicknesses (curve 3), enables to obtain an infisrSFEGMNIRY and thus
to develop 20 thinner UTBOX structures than with the known method. It is still possible to reduce the
dimensions of the buried oxide layer and/or to obtain aléwer defectiveness if the integration method
used is that according to the invention (curve C), comprising a 25 dissymmetry of thicknesses of the
oxide layers to be assembled with a distribution within the intervals described previously. In

particular, the effegkobtaingd comparediiathe kaown smethad ds ireportant fang thicknessf the 30
buried oxide layer et less than 15 nm and considerable for thicknesses of buried oxide less than 10

nm. 25 THUSS th€ Twer e firal thickResS 6FBGED okRbiE, tHE Tof’d méthod 2&¢dFding to

the invention has eftectaelative tethe methedsrafthe prior asts 5The teciiques according to the
invention described above may further be improved to obtain a very thin jnsulator layer, of thickness
for example less than 10 nm or 5 AW of %/%Vﬁéooa%u%ﬁiq‘g?;é%%ﬁle 2R 'SOTHAvikG' &R oxide layer
of the indicated 1@thicknesst reatmedi© this endpalstricture-dccordingtosd methodraceasding to the
invention is produged,aﬁge i sg}l/aetgrsbeigg angé(idegg\é%réégr exgcr)nrple gf thj&l}(ggﬁ%gass (‘gt;&ra%o nm or
between 15 nm ard 20 m.

thickness/final oxide thickness ratio of around 33% and

around 53% 1is also represented. It may be seen that,
for a same bonding oxide thickness/final oxide
10 thickness ratio, a plasma treatment 1leads to a very
clear degradation of the final structure, with defects
more numerous by a factor close to 100.
The efficiency of the invention is
illustrated by defectiveness analyses (figure 4),
15 obtained for S0OI or UTBOX-like structures based on
silicon and silicon oxide, which show that the method
of integration by an oxide-oxide bonding, in particular
with identical oxide thicknesses (curve B), enables to
obtain an improved reliability and thus to develop
20 thinner UTBOX structures than with the known method. It
is still possible to reduce the dimensions of the
buried oxide layer and/or to obtain a lower
defectiveness 1f the integration method used is that
according to the invention (curve C), comprising a
25 dissymmetry of thicknesses of the oxide layers to be
assembled with a distribution within the intervals
described previously.
In particular, the effect obtained compared
to the known method is important for a thickness of the
30 buried oxide layer et less than 15 nm and considerable

for thicknesses of buried oxide less than 10 nm.



15 The partial dissolution of this oxide is then carried out to bring its thickness to the final requisite
value, to less than 10 nm. A dissolution technique is known from the document of O.
Kononchuk B¥iOa201&H#P8 dissolution 200f Buried Oxide in SOT wafers”, SAfdr&Be0PeeEddmena,
Vol.131-133, p.113-118, 2008 or U52005/00118789. For example, the structure is treated in a
neutral atmosphere, comprising for example argon, andfor a hydrogen reducing atmosphere" having a
very 25 low oxygen concentration (< 1 ppm), and at a temperature substantially between 1100C and
1200C and for a duration of between some minutes (for example 2 min or 5 min or 10 min or 20 min or

30 min) and some hours (for example 4, h or 2 on s har 10-h)-for 80exampie, Ruringsthis heat
treatment, the oxygen present in the buried oxide layer is dissolved in the treatment 26 atmosphere

through the thin il 6f §6micohtttror mdtErial"This offe i< BREmpIE e drSilidon, the Gxide layer
Si02 dissolved is thendranstermed inte-Sirefcgood gualitys 8In the case ohan 5&Ishaying arburied
oxide of 20 nm, obtained according to one of the techniques according to the present invention, a
thinning of the oxiBi& 16 & fiat thickness chosen for example at 5 nm may be obtained.
10Advantagepusly, this heat treatmieat unge€rniques according to the invention

described above may further be improved to obtain a
very thin insulator layer, of thickness for example
less than 10 nm or 5 nm, of very good qguality, for
example an SOI having an oxide layer of the indicated

10 thickness.

To this end, a structure according to a
method according to the invention is produced, the
insulator being an oxide layer, for example of
thickness less than 10 nm or between 15 nm and 20 nm.

15 The partial dissolution of this oxide 1is
then carried out to bring its thickness to the final
requisite value, to less than 10 nm.

A dissolution technique 1is known from the
document of O. Kononchuk et al. “Internal dissoclution

20 of Buried Oxide in S0OI wafers”, Solid State Phenomena,
Vol.131-133, p.113-118, 2008 or US2005/00118789.

For example, the structure is treated in a
neutral atmosphere, comprising for example argon,
and/or a hydrogen reducing atmosphere, , having a very

25 low oxygen concentration (< 1 pem) , and at a
temperature substantially between 1100°C and 1200°C and
for a duration of between some minutes (for example 2
min or 5 min or 10 min or 20 min or 30 min) and some
hours (for example 1 h or 2 h or 5 h or 10 h) for

30 example. During this heat treatment, the oxygen present

in the buried oxide layer 1i1s dissolved in the treatment



neutral atmosphere and at very low oxygen concentration is continued at least until the whole
thickness of the oxide layer formed on the side of the donor substrate is dissolved. This particular
treatment cA¥ARAEEHH4% induce the formation of highly uniform, high qualitfGHEBX%848ires
(regarding the defect density), with extremely thin buried oxide layers of about few nanometres.
Furthermore, the disappearance of the bonding interfagé in the buried oxide layer, all the 20 oxide
coming from the donor oxide layer being dissolved, enables to secure a high electrical quality of the
buried oxide layer. The remaining oxide layer is constituted of oxide coming from the bonding oxide

layer. 27 CLAIMS t mosphekeMetheddogproduging stacked WTBRX-like seyaingengugionsiructures,
said method comprising: 5 a) the formation of a first electrical insulator layer (4), forming a barrier to

the diffusion of watér-6rbéing capatie OF fimitiig 1S it knBinSsHondt bxidelayéer*6n a donor
substrate (2), oxideb) 1hg itroduction okelements into theskOdonansubstiate, following the
formation of the donor oxide layer (4), forming a weakened layer (21), c) the formation of a
second electrical RSt dayet (5], ¥8rming a barrier to the diffusion of water or being capable of
limiting this diffusion, 15 known as bondingaxide layer ©nsosecondisubstrate(@) knowriasfinal

subst_rate, the bongl%ng2 idemlayeorbq:egn tehénnéaé ggarn i%id dogor oxeideol y%rhgf);t chni d)etge

bonding of the two Subs ratés; none ofl%ﬁem having serf sﬂ:bjeccfr%o a plasma’trea ment, the
according to the present invention, a thinning of the
oxide to a final thickness chosen for example at 5 nm
may be obtained.

10 Advantageously, this heat treatment under
neutral atmosphere and at very low oxygen concentration
is continued at least until the whole thickness of the
oxide layer formed on the side of the donor substrate
is dissolved. This particular treatment can indeed

15 induce the formation of highly uniform, high quality
bonded structures (regarding the defect density), with
extremely thin buried oxide layers of about few
nanometres. Furthermore, the disappearance of the
bonding interface in the buried oxide layer, all the

20 oxide coming from the donor oxide layer Dbeing
dissolved, enables to secure a high electrical quality
0of the buried oxide layer. The remaining oxide layer 1is
constituted of oxide coming from the bonding oxide

layer.



20 two electrical insulator layers being brought into contact and forming together an insulator layer (45)
buried between the two substrates, known as buried oxide layer, the insulator layers being such that,
during the bonding, the donor oxide layer has a 25thickness at least equal to that of the bonding oxide
layer, the thickness of the buried oxide layer (et% being less than 50 nm. 28 2. Method
according to claim 1, the donor oxide layer (4) having dér ng bonding a relative thickness, compared to
the buried oxide layer, greater than 50% and less than or equal to 95% of the thickness 5(et) of the buried
oxide layer (45). 3. Method according to cIaﬁ@M&E relative thickness during bonding of the
donor oxide layer (4) being between 60% and 85% o ickness 10(et) of the buried oxide layer (45).
4. Method according to claim 3,the relative thickness during bonding of the donor oxide layer (4) being

behNeen70@6and80@6ofﬂmthkknqﬁs1@@%%8&ﬂ*bpu%?$gég¥h6y§&ggaed UTBOX-like
semi-conductor structures, said method comprising:

5 a) the formation of a Tfirst electrical
insulator layer (4), forming a barrier to the diffusion
of water or being capable of limiting this diffusion,
known as donor oxide layer, on a donor substrate (2),

b) the 1introduction of elements into the

10 donor substrate, following the formation of the donor
oxide layer (4), forming a weakened layer (21),

c) the fTormation of a second electrical
insulator layer (5), forming a barrier to the diffusion
of water or being capable of limiting this diffusion,

15 known as bonding oxide layer, on a second substrate (3)
known as final substrate, the bonding oxide layer being
thinner than said donor oxide layer (4);

d) the bonding of the two substrates, none

of them having been subject to a plasma treatment, the

20 two electrical insulator layers being brought into

contact and forming together an insulator layer (45)

buried between the two substrates, known as buried

oxide Hlayer, the insulator layers being such that,

during the bonding, the donor oxide layer has a

25 thickness at least equal to that of the bonding oxide
layer,

the thickness of the buried oxide layer (ev)

being less than 50 nm.

30



5. Method according to one of claims 1 to 4, the thickness of the buried oxide layer (et) being less than 20
nm. 20 6. Method according to claim 5,the thickness of the buried oxide layer (et) being less
than 15 nm. 257. Method according to one of claims 1 to 6, the donor substrate (2) being made of
semi-conductor material, for example silicon. 8. Method according to one of claims 1 to 307,
the final substrate (3) being made of semi-conductor mad€rial, for example silicon. 29 9. Method
according to one of claims 1 to 8, comprising, after bonding, a thinning of the donor substrate (2)

according to a method in which the maximum temperature js 400C and comprising at least
g 2. Methogmaccordlng to claim Fi t(‘F\e gonor

oxide layer (4) having during bonding a relative

thickness, compared to the buried oxide layer, greater

than 50% and less than or equal to 95% of the thickness
5 (e:) of the buried oxide layer (45).

3. Method according to claim 2, the
relative thickness during bonding of the donor oxide
layer (4) being between 60% and 85% of the thickness

10 (e¢) of the buried oxide layer (45).

4. Method according to claim 3, the
relative thickness during bonding of the donor oxide
layer (4) being between 70% and 80% of the thickness

15 (e¢) of the buried oxide layer (45).

5. Method according to one of claims 1 to
4, the thickness of the buried oxide layer (e¢) being
less than 20 nm.

20
6. Method according to claim 5, the
thickness of the buried oxide layer (e:) being less
than 15 nm.
25 7. Method according to one of claims 1 to

6, the donor substrate (2) being made of semi-conductor
material, for example silicon.

8. Method according to one of claims 1 to
30 7, the final substrate (3) being made of semi-conductor
material, for example silicon.



5 one fracture of the donor substrate at the weakened layer (21). 10. Method according to one of claims 1
to 9, a heat treatment having a temperature between 900C 10 and 1200C, with a temperature increase
ramp greater than 10C/s, being applied after the bonding and after the thinning, if any. 11. Method
according to one of claims 1 to 15 10, in which the formation of at least one of the insulator layers, by
deposition or by reaction, or by formation of a native oxid8, comprises, before bonding, a densification
annealing conferring them a water diffusion barrier property or rendering them capable of 20limiting this

diffusion. 12. Method according to gne of claims 1 to 11, further com isjn%, after bonding

and/or after any densification anneaIﬂTg, Jﬂgtﬂbogf tﬁﬁﬁﬁﬁ& bP%hetds BlRed bxi %g) r, Joy'fﬁ-:-atment in an
atmosphere having aB pxggem ceatagtyatdrtiss boad dngpm aarithata tempefatdieesubstamtially between
1100C and 1200C. substrate (2) according to a method in which the
maximum temperature is 400°C and comprising at least
5 one fracture of the donor substrate at the weakened

layer (21).

10. Method according to one of claims 1 to
9, a heat treatment having a temperature between 900°C
10 and 1200°C, with a temperature Iincrease ramp greater
than 10°C/s, being applied after the bonding and after
the thinning, 1T any.

11. Method according to one of claims 1 to
15 10, in which the formation of at least one of the
insulator layers, by deposition or by reaction, or by
formation of a native oxide, comprises, before bonding,
a densification annealing conferring them a water
diffusion barrier property or rendering them capable of

20 limiting this diffusion.

12. Method according to one of claims 1 to
11, further comprising, after bonding and/or after any
densification annealing, a step of thinning of the
25 buried oxide layer, by treatment 1iIn an atmosphere
having an oxygen concentration less than 1 ppm, and at

a temperature substantially between 1100°C and 1200°C.



