1 METHOD FOR PRODUCI NG A STACK OF SEM - CONDUCTOR THI N FI LMS DESCRI PTI ON
TECHNI CAL FI ELD AND PRIOR ART In the field of the manufacturing of SO- 5

| i ke structures, conprising a thin filmof buried oxide 1 pm
cont ai ned WAL thin film of sem conduct or nateriaIPéhﬁiém%Eﬁgp

substrate, one of the major problens that appear during the reduction of
t he di mensions of the oxide layer is the ¥ormation of 10 defects at the
bondi ng i nterface. The presence of these defects nay be fata
for the final sem -conductor structure. Sonme of these defects, hydrogen

Dl sters, appear uhbROrbRBRIUESs OBy (Santhiimbicrdh mhel nal of

El ectrochem cal oCl ety. 1997) . I'n contact
with the sem -conductor naterial of any¥XiM3 he two substrates, the

nol ecul es of water brought to the bonding interface during the nol ecul ar
bondi ng are going to react with the materials of the 20 substrates and
produce hydrogen, or any other reactpgEgcgEsrdbe species, linked to the

sem -conductor material. During annealings at tenperatures above 400C, the
bonded hydrogen_ desorbs and beconeslgﬁéeous. Wth the increase in

tenperature, tPECTHECALRIELR AR FRINK AT bl i sters can be forned.

Hereafter, the rgaction yesidues bet ween water and one of the substrates
that can formblisters w ld, bengr euped toagether ndpdesctheisesbgnaigron

"hydrogen”, but nmay concern other gases. 2
5 like structures, comprising a thin film of buried oxide
(less than 1 um) contained between a thin film of semi-
conductor materxrial and a final substrate, one of the
major problems that appear during the reduction of the
dimensions o©of 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-conducter 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 descrbs and becomes gaseocus. With the
increase in ltemperature, the pressure increases and

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

designation “hydrogen”, but may concern other gases.



The formation of blisters is not very critical for the quality of SO type
structures when the buried oxide |layer and the substrates situated on

ei t her uri ed oxide |layer have high or 5 signifi
2L 3eo Sl B BBl

t hi ckness ot her hand, the fornmation of these econes
really critical for the formatron of UTBOX (U tra Thin Buried Oxide) type
structures, having an ultra thin buried oxi de (BOX), thinner than 50 nm or
25 nmor 15 nmfor exanple. 10This is illustrated by figure 4 in which are
shown, for three popul ations of sanples, defectiveness neasurenents (in the

Y- axi s) obtai ned for 501-Ilfike HSLUGLULES AF abflti@gerrgn 9t thetthigkpess of
the oxide layer, known as "BOX' (in the X-axis). 15 popul ation of

nmeasur enent s gfarittex@ml | Aocurhe Aqlrelmxesoto SHe Trmtéhoatae@bmmﬁgwtlent he

prior art and the her. Qp |_ati ons {curves a o_net hods
according to th vjéh? on**ch liggeg Iﬁugggr At er pr e{; %E%erggt?t er,

in reference V\éitthézhesl@edecs:ﬁrltmbl om@iecthemmeentam have high orFor t he
data referring to curve A the sanples having a "BOX' oxide thlckness of 50

nm have sl Pght F¥IPbteCant ec‘E]é‘l?}h%%S?%se PR wiifén tHe'Suri Ba"Oxi d&Mfeasur es

nearly 140 nm s\¥agn {44 sof htﬁggesaeréc% bEBhhBST reeﬂmgeem@tege terl5 nm
the defect density becones very critical. This shows that the production of

UTBOX st ruct ureke aéeomdr hgnt 61t W& BRKo W Treteh oBh #1 0Bt hed pPrégear Ltyps
difficult for Lhigknesses ﬁgv%!gd%n' nu}f%%?.ortgﬁh YPurdL LML gl es(%0}{)3

One sol ution uséed for resolving-this emis to not carry out
treatment at tenpenet urleand 1 mnctdz:y 2z5bm1vre o4006G. nButfblm ssahpie onpr event st he

SConsoIigtion of the bo nglnterfaCﬁ g/n .to take Iacg h
t enper at urd above 400C, in génetdl *ar8§hd*r68c 1% %ff.e In 6, this
nmethod linmts the typeseof prmesse@r@ermpbpdlgiw@m t her | nadusibnieal, use of

the device thereby obtained, and this thus 10 limts the appl.ications of
such a UTBOX d@%f%%tl‘ﬁ%@@ﬁ)%smq%?u%%nﬁd‘ tHis PrctiSemoktgined for

SOTI-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 pricr 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 bkuried
oxide measures nearly 140 nm., When this thickness 1is

25 further reduced, close to 15 nm, the defect density
becomes very 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.



t hus sought. DESCRI PTI ON OF THE | NVENTI ON The aimof the invention is to
overcone the 15 above nentioned problens, nanely the inprovenent of the
defectiveness after assenbly of a UTBOX type structure, in particular as
regards t veo taoimdon of blister type defects. To achi eRer/EPA08/@HIN7 t he

I nventi on proposes 20 noving away the | ayer of water, appearing at the
bonding interface, fromthe materials of substrates with which the water
reacts form ng a gaseous reaction product, such as hydrogen. This is done
by form ng, before bonding, |ayers of insulator material having a 25
property of barrier to the diffusion of water, or limting this diffusion,
on each of the bonded sub$&fifat ex°luthicxe | H88flat don ayeescbeing aththe

ey o SriBE AL, 08T 2 BUELEO LSl k) | ¥fend ngecase of

temperature T strictly above 400°C.

But this solution prevents the

5 consclidation 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 o¢f 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 blilister type
defects.

T¢ 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 1is done by forming,

before bonding, layers of insulator material having a

25 property of barrier to the diffusion o©f water, or

limiting +this diffusicn, on each of the Dbonded

substrates, these insulator layers being at the bonding

interface and then forming a buried insulator layer. In

the case of a UIBOX structure having a buried oxide



4'based on Si02, this buried insulator |ayer then corresponds to the buried
oxi de | ayer. More specifically, the invention firstly rel ates

to a nmeth r produci ng stacked UTBOX-like 5 sem -con tures,
said met hg’g‘)%@%ﬁ“gﬁdng: a) the formation og&gﬁﬁopgzéﬁﬁegect rical
insulator layer, formng a barrier to the diffusion of water or being
capable of linmiting this diffusion, knowt as donor oxide, on a donor

substrate, 10b) the introduction, preceding or followi ng the formation of
t he donor oxide |layer, of elenents into the donor substrate, formng a

weakened |ayelpased on sipy C)ehle TOLIBLHON;ALLRLEEEONTAGLECT EheR!
insul ator layer, formng a barrier to the diffusion of 15 water or being

capabl e of |imermgspdnids did fulsd dmyr iledowside bewdirng oxi de, on a second
substrate known as final bstrate, . .. 1 h cbnéi% iQpnd%qgsgﬁ the two
substrates, the two el ect F1°¢4l PREGHEL SR }%yefgf%efhge%rouéht inte 20
contact and fora&isge4 oget hermathodi edr nstbd@i®ing ayesched weamokhe 1keo
substrates, known as buried oxide |ayer, the insulator |ayers being such
that, durinfg tPEbOFRIHELIThe TdATM IS dsatdyBPtRgE GOTRFERARSs at | east

equal to that of the bondifyg:pxi derauehon25the thi gkress Qfiddieikuni ed
i nsul ator |ayer (et), being after bonding, |less than 50 nm advantageously

| ess than 20 nipsabel o efayent | 8dtyitess PAanids hm bhelfiggusion of

water or being capable of limiting this diffusion,
known as donor oxide, on a donor substrate,

10 b) the introduction, preceding or fcllowing
the formation of the donor oxide lavyer, of elements
into the doncr 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 limiting 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 inteo

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 cxide layer,

25 the thickness of the buried insulator layer
{ec) s 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 inventicn, the

30 insulator layers are made of a material forming a

barrier to the diffusion of water or 1limiting this



In a nethod according to the invention, the 30 insulator |ayers are nade of
a material formng a barrier to the diffusion of water or limting this 5
di ffusion. This denom nation, within the scope of this invention, signifies
t hat apar W3O 200D4M® degr adati on i nposed on t he donor OxXPUEEPZR)¥64BNT t he
step of ion inplantation, there is no treatnent likely to 5 deteriorate the
quality of barrier to the diffusion of water of these insulator |ayers.

Thei nsul atorispreferentiallya dielectric or a dielectric-like insulator, it
may be a nitride layer or it may advantageously be an oxide 10 |ayer, for
exanple silicon oxide. In the follow ng description, the exanple of oxide
layers will be&iGkenion. This denomimadiqnyy|tigtin nsif atoPPPoRdi f§1€hus

carried out ; {11; fpOSSi ; e Y ti Ki i .qgen and
Thus it the T b an SEUTb BT orere | Phbed the ol caiig ol Pho

i ntroduced at inpedmyhdong tihet etdrarce duiiag teyerassenbhyg atep nefuded

between two insulatar .l.ayers; _before reacting with the nmaterial of_gne of
t he substrat esll%pola%ngcra% o%Hr og%ﬁe]rfgdi cal s, the ﬁ%?%%ﬁ‘}‘?%% oflIV\]?aetaléfr h&de to

pass through Z:tddieise-dmsuiad ofud Bivef Sof Thasride oXi tdRel ayEfasibavolig a
property of barrier to the diffusion of H20 or limting this diffusion,
sl ow down t he f&rratdorF s enydcodét °and 3¥RES bl i st ers, which i nproves the

reliability of the sem -capduct ofnstactar es jkher ebye fOFdmd 2 123At | gast one
of the insulator |layers (the
dielectric or a dielectric-like 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 ponding thus

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

i5 blisters. Indeed, the molecules of H;0 introduced at
the bonding interface during the assembly are included
between two insulator lavers; before reacting with the
material of one of the substrates to¢o form hydrogen
radicals, the molecules of water have toc pass through

20 these insulator layers. Thus the oxide layers, having a
property of barrier to the diffusion of Hy0 or limiting
this diffusion, slow down the formation of hydrogen and
thug 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 iayer, then, the



donor oxi de and/or the bonding oxide) may be fornmed by deposition of
i nsul ator or by reaction with a surface of at |east one of the substrates.

In a methg C ing to the invention, the 30 introductj nts
into the E%ﬁgp&gggé?rate may take place through the don%¢ﬁ§§ﬁ%%&+§§§r,
then, the 6 bonding oxide |ayer is advantageously strictly thinner than
t he donor oxide | ayer. | ndeéd, in a nethod according to the

invention, the final oxide, or buried oxide |layer, is 5 conposed of two
oxi de layers brought into contact. During the bonding step, in a nethod

according to t%%}@:g&m@e ih e£ﬁ&goa%ahhaaggehgmeg%@gce&yt heipxkde

| ayers to be asse may be such that the relative thickness of the oxide
| ayer derived fhamtthe domor okidexildgelrayer is strictly greater than 50%

and |l ess than or equal to _70% or 8Q% or_ 85% or 95% of the cunul ati
t hi ckness of the oxide | ay&¥§%Fs be asse T%ﬁ?og accozding 5 ean%égeously,

the rel ative thhekiess of thderdnaor ogiidde layeasutiedecassenbhedrj sibet ween
60% 15 and 85% of the cumul ative thickness of the oxide |ayers to be
assenbl ed. 2Pr FUMROISE Hfi sTIEI ¥ Ve t HitdIETEs sPTFSUBRE weld 70 HPRAECE0% of

the final oxide,thikpgsSroh@ingXaMRLe 43%a | Rend®t H0d,AGLHE dtpgche the
invention, a 20 step of cleaning at [east one of the substrates, and
pref erably bothnetistemat eshenmptprecetet bhe thriichgiengeisntdf coht a®®igf t he

oxi de | ayers a he assenpl f e. s trate hj f xi de
may then take %?%é%f ?éaé%uﬁ%%?%?ﬁ%%u@%?o%giéﬁﬁ%?%é%%k%ggsggl% gf%e 25
treated oxi de tlayeksesSoodf fiset bhiser ediycid oderhvédie fiduncktlessesnof t he

oxi de layers, the initial thicknesses of the oxjde yers are chgosen so as
to obtain}oaft%¥l%?e5ﬂY%6,l?h?EEh%Eﬁ%sgB?aBﬁFdEhaﬁcéﬁaiﬁBdt&e?ﬁe%'ﬁQention
and particulardy a§eR1dipg7b9 thegos or 85% or 95% of the cumulative

thickness of the oxide layvers to be assembled.
Advantagecusly, the relative thickness of
the donor oxide layer to be assembled is between 60%
15 and 85% of the cumulative thickness of the oxide lavers
to he assembled. Preferably, this relative thickness 1s
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 Jleast cone 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 reducticn 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 1s then



30 proportions indicated above. The cunul ative thickness of the two oxide
| ayers fornmed initially is then 7 greater than the thickness of the buried
oxi de of the final device. After such a cleaning, the structure of the
i nsul at or wim2ae/HeM96 s unchanged, the oxide is al ways naBer/@P20s0d@siral
formng barrier to the 5 diffusion of water. In other words, the bonding
oxi de and donor oxide |ayers are preferably forned wwth a total thickness
greater than the thickness of the buried oxide |ayer, the step of cleaning
causing a reduction in the thickness of the insulator |ayer 10 present on
the cl eaned substrate. ~ In a nmethod according to the invention,
t he donor subsiteaterndian the thasknsabscfatdardyupeedreeidd of the
sem - conduct orc.material ; . for I iljc t le 0
substrat es, aﬁang%%sé §p%btﬁ%§§gggﬁf e% é%%ﬁi%?%hgéﬂ%fQgﬁggFéggo%%o
sapphire or oftle pdnswatcockhembicraliadubssr abecloamgdad, mede: ofoxa dent ési al |
for exanple a sem -conduct or gatgk?glh ifferent fromthe material  of the
e

donor substrat® "IH® cdf"be nfl er i W% LRl ERpahlfon
coefficienss (dEGuAdrdidf enapbriram idenardiad hec Honpbnauhgt bakigeor nmde
wi th another material X for which there is a reaction of the type H20+ X4
X02 + H2, or f¥Hh AgrakotHerdyaddbassr e i BhepebaiotY . frreedonbrtisubst rat e
may then be thaned ik Jact Ure ok t heygubstrat &, fal, &xanple ehet he

ki nd known under the néherbﬁ Sngrt?guf(r). Thi s met dﬁgﬁ%y be carr%gd out
under the condiuiimis desdei beatvdor déhanpbespn dthecaetnche ofadivdspar and
A.J. Auberton-Herve ."Sili.con fer, Bopndi ng Tegchnal ogy. for. VLSI and MEMS
30appl i cat i onsr'e,c{ueC ited by S.tgg I §B%C§H%S%. JC.)EAlr}tbQ%?tolﬁl-s \éofe, ﬁfé)’@i

| NSPEC, LoodomrdEhapt en Fhepagesndd 32bstBate.

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 ancther material X for which there is a reaction
of the type H0+ 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 methced may be
carried out under the conditions described for example
in the article of B. BAspar and A.J. Auberton-Hervé
"Silicon Wafer Bonding Technology for VLSI and MEMS
30 applications”, edited by S$.5. Iyer and A.J. Auberton-
Herwvé, 2002, INSPEC, London, Chapter 3, pagesg 35-52,



The thinning can take place during a heat treatnent at a tenperature |ess
t han 350C or 400C. Advant ageousl y, t hefractureofthe substrate

may be caryj t during a low tenperature 5 heat tre r..exanpl e
at a terrpé{g?‘glplg%ﬂ%qdow 400C; nore details are given bel Mﬂzwd}&ﬁﬁ A
heat treatnent, known as annealing, with a tenperature between 700C and
1300C, preferentially between 900C and 1200C and with a tenperature 10

increase ranp greater than 10C s or advantageously greater than 20C s may
be applied after the thinning so as to consolidate the bonding interface

and mni mse the exposure i 0f . the deyice. o t.enperalres, bet weep 400C
and 700C and advant ageousl yeggct vvenenlr}%ootg an E115 E)JOOC, whi c:ﬁ%correspond to

t he tenperat urereangmt miws drenpeealthirst éessf bhaat Boh°Ri met4@09&. hi gh and
is the | east favourable t%[dt he gualitx of tgg fi ngl sgm’ conduct or
structure. Annealing at a’ CSMIEPEEGPE EpovetPB0oC 6F250UpFef ePénti 5PFy above
900C enabl es agusaciad | 94y Obet heregaptl wthydliigen, a plLeserlemdprif@rbondi ng
interface O at the interfaces between the substrates and the oxide |ayers,

by diffusién i#the SEATEHductOF MARLR . Aln & h FRFSF R e PPAPEr val

400C-900C, 25 §@f°Sihd LOMethare 4:% QLR befopf blisters due to the
rel ease of gaseous hydrogen. The resulting pressure deforns the materials

of the two bonded substratesieatd torandit stierevands mapreabsegt heifbpture
O o b BB FHEL PR Bl TR cor g e,
tenperature ramprween 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 advantagecusly 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 hydrcgen, present at the bonding interface or
at the interfaces between the substrates and the oxide
layers, by diffusicon in the semi-conductor material.
In the temperature interval 400°C-200°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

consolidaticn heat treatment. A high temperature ramp,



9 as nentioned above (at |east 10C/s), nmakes it possible to mnimse the
passage in this critical tenperature interval and thus nakes it possible to
attain the tenperature of diffusion of hydrogen in the sem - 5 conductor
mat eri al Wl 03&049896000C) before the pressure in the bl i BCEER00KENS t he
device in an irrenedi abl e manner. It should be noted that the
critical tenperature interval nentioned nminly depends on the 10 thickness
of the superficial |layer and the type of material. For exanple, for a

t hi ckness of a silicon superficial layer of less than 10 nm this critical
interval may be between 350C and 700C i nstead of the interval 400C-900C for
a devi ce havi i drrxdided Alsrvelsidlethmst 10 *4 @) 20 MaRe STRIEs POSEEPY 8] i s

al so going towvary:itf. ihe %%%S%%&ggﬁs% %ﬁisbaéfgt%aﬁ mg@ré%{%@eor
anot her sem -conductor nmaterial~. But here it is also ained to: optimse
t he di stri butiiortedfvalhead t hhoknessless ofitt heosnsblat oro | aerasinf okhieng a

barrier to the oxide .diffusion or in‘itingr_thli%s di ffusi.on, ..mninmse the
ti

i 1
t hermal treat PIEARE S nQfudEdTEHSERE ¢ YRS Hberdt utfdS nf&fVal .
Tests can gnaghdurdddemdtier ithe @liddeCalo 20 oeenpeeatuie thet erealsumer e
precisely if a nmethod according to the invention is applied. BRI EF
DESCRI PTI ON OF:TDRAYE NBS1EF§hfedcpkens e i eseht 1 £ r StrrEMS6dPReRt of a
met hod accordifg, 0 the invention. 30Figures 2A to 20 represent a second

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 less than 10 nm, this critical
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 1is also going to
vary if the substrates used are based on SiGe or AsGa
or another semi-conducter 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 1if a method

according to the invention is applied.

BRIEF DESCRIPTION OF DRAWINGS

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

embodiment o0f a method according %o the invention, in



enbodi nrent of a nethod according to the invention, in 10 which thicknesses
of oxi de higher than the requisite thickness for the final device are

f or med. Fbgféﬁégb?%§tratesresultsof def ectiveness experiaepbsodRughned by

the inven a function of the ratios of the thicknesses of the oxide
| ayers conpared to the final thickness of oxide in the case of Si 02 and
silicon substrates. Figure4iIIustratesre%%Itsof def ecti veness experinents
as a function of the 10 thickness of the final oxide |ayer, obtained by the
inventors and showi ng the efficiency of a nethod according to the invention

to create UTBQY St UchUkgsebhavi ng-=a d.omoxhdgnthi ehnessenOEFALLER  te
DESCRI PTI ON OF SPECI FI C EMBODI MENTS 15The i nvention relates to a nethod for

produci ng systemckifest dokedhSOf inpgpedsEhrecanduéedrefiayers and, nore

specifically, UTBOX type, .i.n other rds.w t hi hckness @f
buried insul ator |ayer. ngﬁgr%etho i's ﬁﬁ?&gfggéég accggépgggto tﬁg

enbodi ment s i ddfgiyiesedsdd edfemindridd taot2Gnahyby et ke ehogenborespendi ng
to a same gl enellantfuinrc]:ttig?l d(igf%%gntre];gigousr e%'f the thicknesses of the
oxide layers compared to the final thickness of oxide
in the case of S5i0; and silicon substrates.
Figure 4 iliustrates results of
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 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, in other
words with ultra thin thickness of buried insulator
layer.

Z20 The 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 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.



)

The first enbodiment (figures |Ato 1F) 25 relates to a nethod for
produci ng SOT structures with thin buried insulator |ayer, thinner than 50
nm advantageously this insulator layer is less than 20 nm and

pref er ent W& 2040/4494% t han 15 nm it nmay al so be | ess thaPCT/BP29A9/G5430M 11
Thei nsul atorispreferentiallyan electrical insulator, it may be a nitride

| ayer or nmay advantageously be an oxide iayer, for exanple a silicon oxide.
In the remai nder of the description, the exanple 5 of oxide |layers is taken
but this is not |limtative. As explained previously, in a nethod according
to the invention, during the bonding, the insulator |layer is nade of a
material capabl e of formni A§Sbar A4S Atthe i § f usPBRTeFeWat@F Ll Br t8ninit

this diffusi o1 dQAGENMIfidoddie T SlaPihodi TEOL - he 8 JPLAOG aggor di ng
to the invention, a thin oxide layer 4 1s forned at the surface o
substrate (fi guentAgedsdwn kes adorori deullstyeat, e £2r whiack les af si.léxanpl e

made of sem -cQ ct terial,. advant ous si.l i con. Thi s _oxi de
| ayer, known éEQ%%Hoﬂﬂbgﬁleﬁ%ﬂﬁﬁQ&hﬁéﬂﬁqi |é&%@?&pgﬁognd%ﬁﬁyegngé?ned for

exanpl e byst herfredxia¥ datsiers Gfs thakedomen SwASt riat o2 aAimitanegessagy by
oxi de deposition. Preceding or following the formation of the 20 donor
oxi de | ayer 430G %l BFEREEVEFE, i mT oducBEtPAflo FFECHOMF wostPate, to

form a weakenethdeyalordl, q@dvdnt ageoushnihbi s dre dong, tHaughy is.

i npl antation of atomic or ionic elements, for exanple a co-inplantation of

hel i um and hydiesifencff eguratctBRl forraxkapbé tlerodgh 2B ntiemdonor tbei de

layer 4. 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 1a),
known as donor substrate 2, which is for example made
of semi-conductor material, advantageously silicon.

15 This oxide laver, known as donor oxide layer, has a
thickness 21 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 is done through an implantation of
atomic or ionic elements, for example a co-implantation
of 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 is



Thi s weakened | ayer 21 may advantageously be introduced in anticipation of
a thinning by substrate fracture. For this enbodi nent of the invention as

may be- of NARIEWE "0, SUnotrate iracture nothod ki ntCUTRRM MU s

12 described for exanple in the article of B. Aspar and A.J. Auberton-Hervo
"Silicon Wafer Bondi ng Technol ogy for VLY and MEMS applications", edited
by S.S. lyer and A J. Auberton-Herve, 2002, |INSPEC, London, Chapter 53,
pages 35-52. The densities of each of the doping el enent s

i ntroduced mayy r%%ﬁ%‘é%i“f&ﬁ%%)ﬁﬁ?@t Wee T e 1Q}!ﬁ§c§é OB BandAg-%z;Q"’%%d

at.cm 3. The i antati on dose then used, 1 n the order of +14 at.cm 2
to 1.10+16 10 AatJcnh@bersonddpted P@lﬂh@onhWﬁMﬁﬂssBehdomgtHEC®0n¢Dgwxide

| ayer, to the dens pl_.ann r _each dopin ”ele th reqU|S|te
t hi ckness of §£ g%%ﬁ £ §§?$ gpp 6C3$E%? the® Egpu %h%n %3? in
paral lel, or heiore. JheA&Eeﬁ@@ﬁamg@m desozj bestspreyi qmslbym, adhlapﬂe@XI de

| ayer 5, known_ as bondﬂgg oxi de layer, is formed on a second substrate,
known as fPnal3sRRdg%t Z.for exanple by thernal oxidation of the final

substrate 3 or if necessa@%eby Sepositdon 9F thignhoxige. dhbs axibdaql ayer
20 has a thickness e2 |less or equal to the thickness of the donor oxide

| ayer. This substneattes | sizidvediteridoushy nhde @fdveaiiroeondart ole®ESRi al but
may al so be nquy?is othen nﬁ&e&lwhﬂ9f8%h gxanpl qq%&h%n% any type of
€

substrate made a mater! al ich bdn
then used, in the order of 1.10+l4 at em™? to 1.107°

10 at.cm™@, is adapted to the thickness el of the donox
oxide layer, to the density planned for each doping
element, and to the requisite thickness of semi-
conductor material 20 after the fracture.

Then, or in parallel, or before the

15 operations described previously, a2 thin oxide layer 53,
known as bonding oxide laver, 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 advantageocusly
made of semi-conductor material but may alsc be made of
another material, for example quartz or any Type of
substrate made of a material X in which the bonding

25 reaction leads to an oxidation of the Lype:
E,0 + 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 bonding

30 oxide laver 5 being brought intc ceontact (figure 1D).

An oxide-oxide type bonding then takes place,



25 reaction |l eads to an oxidation of the type: H20 + materials X 4 X02 +
112, or any other gaseous reaction product. The two substrates
2 and 3 are then assenbl ed, the donor oxide |ayer 4 and the bondi ng 300xi de
| ayer 5 b@&OhYP1ep4dd¥pht i nto contact (figure 1D). An oxi dRCHRPME/4543E bondi ng
t hen takes place, 13 generating an oxide |ayer, known as final oxide or
buried oxide |ayer, situated between theigwo substrates 2 and 3 and
conposed of the donor oxide 4 and bonding oxide 5 layers (in figure 1F,
this conposite layer is 5 represented by the buried oxide |ayer 45).

The buried oxide | ayer thereby obtained thus has a thickness et |ess than
or equal to S5EFHTEHdVENt 8FeotsiSR | ddySthankReWqdsl £6n2b myide or

pfeferentiaJ|3bdf¥§ﬁt5§¥8é”lé¥ﬂﬁy 1@ 2 M e X MR €440 sudbde f2RRE The
distribution of the thicknesses of the oxide |ayers to be assenbled is such

that the rel atd vendhBcrndssopioskd pdr tilen @fnathechind el ertldbohdyag 45

derived fromthe donor ,oxide |l ayer..4 na equal to 50%.0r,.in_the case
s e the Tt ISR EON8T 1 85bEE | AYCTe b TR 0O SR Ot et et

oxi de | ayes, stapmidantgieaterrcham30% arddkessybhanspr equal to 95% of the
cunul ative thickness of the oxide |ayers to be assenbl ed. Wthin thescope
of theinvention, 20 "rel atffe PHFERAesSXHFEt P Hono-iBEede | &PEA1BERpar ed

to the buried wxidenhayer "cidesignal es, thesd athanbetwesfudiher  hisgkpgss of
t he donor oxide |layer and the thickness of the buried oxide layer. In the
case where no aEraitagenuslgl vend,eSshe rtélaat i vert hi ekiiéds ofca | dfenm25 A is

the relative Llekness ahbhadayen comared (o bheuried axidgsbaver.

In a nethod a nventi on,
i0 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 o
50% oxr, in the case where the introducticon of doping

15 elements takes place through the doncer 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 Lhe invention,

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

25 A 1s the relative thickness of the layver 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 depeosition cf oxide, for example by CVD or by ALD.



oxi de layers are formed either by a step of controlled oxidation - for
exanpl e by exposure of the substrate to 30 an oxygen rich environnent and

at hight r or by a deposition of oxide, for e D or by
ALD. 14 gﬁﬁ%@ﬁé@?@i a native oxide |layer, derived fronﬁ@ﬂgk@gﬁﬁﬁgygxposure
of the substrate to the surroundi ng atnosphere, is not suitable as such.

| ndeed, this oxide is relatively porous afd cannot forman efficient 5

diffusion barrier layer. Nevertheless, it may be envi saged to confer on
this native oxide layer this characteristic of "diffusion barrier”, by

carrying out aa, 109, Kngup; as densid i gation anpeplidg s i exanpl e

under neutral atnosphere, between 200C and 10°800C for a time that can

ext end from sevianele mempptesreo sevehal Houstsrat@néwal tlye speakiongding is
preferable to carry out this densif.icat.ion anneali far, nati.ve oxi.des and
for certain de%%g‘?%l%lbe%%(i des rfcﬁcats%tf e %ué:\?lél r}g\deﬁgr’ogﬁltlﬁ PERESr i ng

t hem i ncapabl ei 9f Fowariing 146 o relki chaat wahest diféisi am baffiieient

In the case where the introduction of doping elements takes place through
the donor 8xi delf&Ey®IOn t HPRTFEpat | ¥oYehi ckiBYSTbRSt 925 portFon™8Y t RE buri ed

oxide layer 45.derdyeds fegmddigedongn @de 29cilbayeixite | Sapshvanhageously
bet ween 60% and 95% and preferentially between 70% and 80% of the

cunul ati ve thichkaesstefisthe oxf dédi &fes somskenbled” duby ngachgibendiitg, in
ot her words the_ thj of th urj.ed i | 2r. F : e, e
O?ntréﬁ%'y$§%g kngwg és d%ﬁsqﬁéc§¥§g§ 5§£%§%#¥ﬁﬁﬁ-ffFEe

t hi ckness el he donor “25 oxrde to assenb
t hi ckness e2 oéxdomtk nginokirdentot bel assemyeetre,i sb8t8eam 100 e nathklod

accordin ot i nvention, the thickness of the _buried oxide |l.ayer na
oo be Tabe tREIUERE BT HiS tat S ReTSor SRRt ROYCAEL T oEa L he

invention, thergleyecergonpesed. otbenassenbledpsushint e dsandeIeradple
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 doncr oxide
layer, this relative thickness of the portion of the
buried oxide layer 45 derived from the donor oxide

20 layer 4, is advantagecusly between 60% and 985% and
preferentially between 70% and 80% of the cumulative
thickness o©f the oxide layers assembled during the
bonding, in 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
methed according to the invention, the thickness of the
buried oxide layer may also be less than 10 nm or less
than 7 nam.

30 In a methed according to the invention, the

device composed of assembled substrates 2 and 3, as



15 well as their different superficial l|ayers, may then be subjected to an

annealing so as to fracture the donor substrate at the |evel of the

weakened | ayer 21 (figure 1E). The rupture nmethod nmay for exanple be

adapt ed sWR20AHed94%6he anneal i ng t enperat ure does not exBEEBPANYELIINd

advant ageously does not exceed 350C. Then, thefractured surface mayif

necessary be polished (figure 1F). The bomdi ng interface nay be

consolidated 10 by an annealing, before or after the polishing.

Advant ageously, after rupture of the donor substrate, but before or instead

of any consolidation annealing of the bondin% interface, the sem -conduct or
i

structure obt diSidd aray-A5e s b & FURSSE AR Pl dB¥ERS15ME¥NERPPNESof t he

interface at t Alddr & Pesneann£996hando13Q0G, o preierent | ahby dbabyeen
900C and 1200C, the increase in tenperature taking place with a tenperature

ranp greater thartreGesed, taed lsveflerodnttingl Weafeagted avhzn 220QLde8reThi s
step of 20 stahi,li io neal ] y Kk ter._th L shi.ng step.
abi)l I sald op,annea anQhHH m%g Efggéofeg:%rﬂilepo?% Sﬁgﬁgx{%@ 8

Advant ageously t'hi s anneal i ng takes pl ac ep, after
t he subst rat e thgit utlee skapeaAsngX pkappedtaboveoashi iso@anaradeag dbéttagen 25

700C and 1300C, %ﬁferentiallﬁ bet ween 900C anﬁ ﬁggc enabl es the diffusion
of gaseous hy&?ﬁg PGSR VChe SG6St PAFe§XCRE ié tenperature ranp, as
menti oned above (at |east t7h@G/S) pBKes ftapassddl e Sip-fHd M Ryt hespassage
time in the critical tenperature 30 interval of 400C 700C and

advant ageous| Ya5&388ey HeoecdAghgdoctdarragifhe i ncrease in tenperature and

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 Dbefore the vpolishing 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 Thydrogen
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 between

40CG°C and 200°C during the increase in temperature and



16 thus makes it possible to attain the above nentioned hydrogen diffusion
tenperature interval before the pressure in the blisters weakens the final

sem condu [ r ure in an irrenedi abl e manner. Thus net ers
of the anﬁ%@?ﬁﬁéﬁgﬁé controlled in order to limt the eﬁS@Eﬁﬁ@m@? , In the

range 400C - 700C and advantageously in the range 400C -900C, to less than
120 seconds, for exanple preferentially &Pound 30 seconds or |ess than 30
seconds. The critical time 10 allowed according to the invention in the

tenperature range is a function of the thickness of the buried oxide |ayer

45 of the MInalnslriekube:sd L IONer bt ditaskNCHD! Enblel hiekiBilhO 1Mt
t he exposure tine. For a thi ckness o nm the nmaxi mum exposure tine in
15 the criti cahydempsr atdirefusitcer vdl gmfegrataineet Hod cavedr dibegotre t hee

invention, is between 20, and 30 ﬁggoqgf' for 15 @ﬁ]t@js tlnelissle§§ t han
30 seconds andP¥oFSHS hitknedt ofPoxd e Sof EATHS hd & i (€8T 55 s ¢l ose

to 2 mnutes ofo¥edd®r exrdlhusecand aabodirgeidichlichemamvent | gauks
described in figures 2A to 2G _The principle of this enbodinment is
i dentical fo tHa® DRTIMREFT T O AMARL I Nsh AT (GBYhIHE SfefdsPrEg”

thicknesses eli,andneR’ +RE LR 0Q5£Q6t5ﬁ¥?r§n4£he5ian§é|@Obhbs—eW%ggbnEpt of
the invention, the total thickness of oxide deposited (el' + e2') is higher

than the finalandi slnessageoexiveifethet arapaced! FOTC t h20BIEI edoodirde | ayer
e oo oot o e HEb U LY EOF BLSRRAE. HLERERLLEAnINS ELEt o0, o
bei ng conposedsefoh@yerns ofledonathaxi 36 4sexthds. The critical time

10 allowed according to the invention in the temperature
range is a function of the thickness ¢f the buried
oxide layer 45 of the final structure: the thinner it
is, the more it is aimed to 1limit the exposure time.
For a thickness of 10 nm, the maximum exposure time in

15 the c¢ritical temperature interval, for a method
according to the invention, is between 20 and 30
seconds; for 15 ‘nm this time is 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 2& to 2G. The principle of this
embodiment is identical to  that of the first
embodiment, apart from the deposited thicknesses el’
and e2’ cf the oxide layers 47, 57.

25 In this embodiment of the invention, the
total thickness of oxide deposited (el’ ++ 2') is
higher than the firal 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



17 bonding oxide 5 represented in figures 2D to 2F and obtai ned after the
thinning of the oxide layers 4' and 5. Preceding the bondi ng step,
illustrated in 5 figure 2E, one and/or the other of the substrates 2,

each conpWOs3yoLa#P6oxi de | ayer,

and e2', is subjected to a step of cleaning, described in figure 20,
cl eani ng havi ng, anong others, the effect7of etching, and thus thinni
the oxide |ayer 4' and/or 5 present at the surface of the substrate(
treated by the cleaning. However, the insulator |ayers,
this cleaning or for any other step of the nethod, are not sug%gcted

treat ment favAAAHGS heXHiE f dsi BRI St ef ifFeSor2hate

t fed

i nsul ator | ayefista il Partdaul@le Eﬂ'h?nrpirgf@ﬁ €86 T b £daOUt 2 Pt o1 8 bgndi
u

t he purpose of inproving the adherence

3

respectively 4' and 5 RET/ERBKIdHTes el '

t he
ng, 10
s)

for

to any

ng for

ring the bonding are excluded in

the nmethod acédrding to the invention, these steps seening to favour the

di ffusi on 20, of uater thr ouaheLheal RSl Aty d Ay Sloep P el eLepLialhys ot

initial thickness (el' and
4' or bondi ng fixjude 3E, ayer sand bkestlae cotintr ob £ t bret bubst ngt s oduced

or e ring formeti on o e donor

he
oxi de

during the cleaning st%p if any and, 25 of the requisite fingl t hi cknesses
gl an i 52

el and e2 for T dotiGt

et THGE oxFEePSCt Yt

enbodi ment, thg fimadxiddsdhess ohn@xkde, eti s0fsubjected to a step of

10

15

20

25

30

cleaning, described in figure 2D, the cleaning having,
among others, the effect of etching, and thus thinning,
the oxide layer 4’ and/or 57 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
subijected to any treatment favouring the diffusion of
water 1in all or part of the insulator 1layers. In
particulax, tThe plasmas carried out before bonding for
the purpose o¢f 1improving the adherence during the
bonding are excluded in the method according to the
invention, these steps seeming to favour the diffusion
of water through the insulator layers.

Preferentially, the initial thickness (el’
and/or e2’), during the formation of the donor oxide 4f
or bonding oxide 57 layers, takes acgount of the
thinning produced during the c¢leaning step if any and
of the requisite f£inal thicknesses el and e2 for the
donor oxide 4 and bonding oxide 5 layers. As in the
first embodiment, the final thickness of oxide e: of
the buried oxide layer 45 is less than or equal to
50 nm, advantageously less than or eqgual to 20 nm,
preferentially 1less than or egual to 15 nm, or for

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

As2P Phe first



the buried oxide layer 45 is less than or equal to 50 nm advantageously
| ess than or equal t

hiRE

oxide layers 4 and 5 to be assenbl ed during the bonding are such that the
relative thickness,

| ayers during the bondlng, of the oxide layer 4 deriving fromthe donor

or for ex
and thinn%ﬁg

oxi de | ayer 4

0 20 nm 30 preferentially |ess than or equal to 15 nm

than 10 nmor 7 nm |In addition, %@ﬂgﬁgg%%ﬁﬁgcleaning

initial oxide |ayers, the t hi ckness of the

conpared to the curmul@tive 5 thickness of the two oxide

is 50% and/or, in particular in the case where the

i ntroduction ofy Qz?rﬁian 5%%;? di%f esz p ﬁl&elm%ghowa@d%%r@ﬂ dgel ayer,

strictly greater
cunul ati ve t hitkiggsesteonfelt hmdxddel aper 94 0% ﬂQYBesaésenﬂlédtOThEs

ess than or equal to 95% of the

relative thickness he .donor o .. to be asse
advant ageous| y* ?ﬁﬁqﬁé§ﬁi60@uﬁhﬂg80éhﬁnd 8%§ﬁggenf%%ﬁl an a90° BRd 80%

of the cunul atiyeatbvrd hi alnessieels,of tbRpaxéde HayerSjkp beuvasseatbied,

exanple 75% |

bondi ng wi fh at#HFEKRSsOBf LHBNGMO0 A deat 13wt drkhrer T

t he thickness
makes it possi

10

i5

20

25

30

for

n a met hod accordlng to the invention, u5|ng an oxi de- oxi de
fi

tolimt wateéer nol ecul es and
layer 4’ is 50% and/or, in particular in the case where

the introduction of doping elements takes place through
the donor oxide layer, strictly greater than 50% and
less than or equal to 925% of the cumulative thickness
e, of the oxide layers 4,5 to be assembled. This
relative thickness of the donor oxide layer to be
assembled is advantageously between 60% and 80% and
preferentially between 70% and 80% of the cumulative
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
of bonding oxide during the assembly of the substrates
makes it possible to limit water molecules and
materials present under the oxide layers being brought
inte contact. This is true only 1f the oxides have
preserved their water diffusion barrier property, i.e.
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,
the immediate formation of Thydrogen radicals by

reaction with the semi-conductior material is blocked,

aR°8A1i8gual to
%| e%ebogmcﬁ@ Qi de dwld@&lwﬁga%@@dml ¥nef g§heosubstkat es



material s present under the oxide |layers being brought into contact. This
is true only if the oxides have preserved their water diffusion barrier
property, i.e. 25 that they have undergone no treatnent that reduces the
wat er di f WE28H0494?0 i er property or that the donor oxi dBCT/ERWNY/#H3MI0t h

oxi de | ayers have been subjected to an ionic inplantation step with a dose
smal l er than 6 1016 at/cnR2, or even snmalber than 3 101' at/cnR. Thus, 30
the i medi ate formati on of hydrogen radicals by reaction with the

sem -conductor material is bl ocked, 19 the formati on of hydrogen radicals
bei ng due to the possible di ffusion of mol ecul es of water t hrough t he oxi de

| ayers. In adJ&H%aé@ﬁﬁétéﬁﬁod?%eHﬁgrBQeﬁeﬁﬁ6H§3é€b0?%?%@ fyet HeP i 7&nt i on,

the oxide | aygissdipl ' dngjhiﬁ&@oﬁe'ﬁt'ﬁ{@lé&fé@e%§e%am§5‘u% © the
t hi ckness et of the buried oxide |ayer 45, such that, during the bondi ng,

the rel ative tdidhedaverst. héndo@@va@*;(a@@u%y@mb@dmestm 2§ ymgtbatier t han
o s AL EALED, L2tk 0% Y. BaLvagy o % and
5 have relative thicknesses, compared to the thickness e
of the buried oxide layer 45, such that, during the
bonding, the relative thickness of the donor oxide
layver 4 is strictly greater than 50% and less than or
egqual to 95%, advantageously between 60% and 85% and
10 preferentially 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 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), its properties of barrier
to the diffusion of H;0 are reduced. The bonding oxide

20 layer having non deteriorated karrier properties, it is
not necessary for it to have a high thickness to form a
diffusion barrier equivalent to that formed by the
donor oxide laver. A thickness of the bending 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 c¢ase, it may be advantageous to limit the
global doping element dose introduced during the
implantation step through the donor oxide layer 4. It
is thus possible te limit this global dose to less than

30 3 10' at/cm®.



This distribution of the thicknesses of oxide conposing the buried oxide
| ayer between the donor substrate 2 and the receiver substrate 3 nmakes it

possi bl e i gher thickness of oxide on the 15 gj donor
oxi de 4. %ﬁ?gﬁM§w§?hit possi bl e to conpensate for defau?#ﬂﬁFﬁﬁyﬁﬂﬁﬂonor

oxi de 4; this oxide being degraded during t he i ntroduction of doping

el enents (figures 1B and 2B), its proper£fes of barrier to the diffusion of
H20 are reduced. The bondi ng oxide 20 | ayer having non deteriorated barrier
properties, it is not necessary for it to have a high thickness to forma

di ffusion barrier equival%?ufféégyﬁgf(gdgg}&DhérgbdQHQrig§gggi5§ er. A
t hi ckness of the bondi ng oxide layer of 0.5 nmto 5 nmor 10 nm for
exanpl e 1 nm mign@5 beidef flayent 4 othbckenn téfdn cibat kibdidusi owxbderi er.

In this case, ji_may_be agdvantageous to |limi the global doping.elenent
dose introducejoa%eLﬁi Rg tlﬁce fiplfa Sastiloerf s‘t"glbﬁ?ﬁ’o@ﬁntgﬁggdoﬁ%? c%e%in gel ayer
4. 1t is thus frossiddss tg |daMdhd bsrpObekideseayer| ess thannd@dat@16

at/cn2. 20 . By creating, according to_the invention, ,a donor
oxi de | ayeP 4 % cReFritanethechoRdi Adeod U1y et 5thft PPgigEs S¥3AE,

wi t hout changi g, d.hesd i N nd N LERESSe ClioRbr 1 HE1 AT hgdeoXude Thaxer t4a, 1O
increase 5 the barrier effect of the portion of the buried oxide |ayer

deriving from tiheckimmseoxiade | apesesd. Fhusast hieo t Mlidias sapmmeaabiésen so
as to obtain I abl Ler. ef f s for t dono |.de | r and the
C%{?(;n et gf?%@{é foﬁ- ?ﬁé dogog ho%:?:?&an?)i_al_gé%m t%hog%{g the

bondi ng oxi de e side of the Tinal substrate modi fyi ng
the final thi ckoesisnofokhde bbriced xé deillayerf 45he NHhweabf sthetoatéde 3l ayers

has been deteriorated during.its nuf actyring. or with any ot her pracess
step, savégt hr“b’ti'ﬁ?f’utthemf’%ggﬁflgt i%ﬁe stféB,&&i f& Cﬁ(_neﬁ]s p&%ti‘élﬂﬁ’ a%“ﬁpéne re
bondi ng none ofxide axide 1b5| aweirse | & FSUPhECIoAiRANY agelkVatiaHN peleasma.
The distribution between the thicknesses of the |ayers to be assenbl ed,
after any thi ifR¥REIEEAG iIRF IS IS B FHEMTa 9 @anivig stgy, athedny, is
chosen as a fupgilan, obrLhe diderencsubn wakerigh Mddwsionspap! | ol

property between: the bondi ng oxide layer 5, intact, deposited on the
final substrat@B, and particular beforetwrdomar owxhde dfayeheqoxide

potent i al Ly degaded by the Jt natusY 90:90998kNg1gkGgeNt s 10 the 25donor

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

20 diffusion barrier property between:

- the bonding oxide laver 5, intact,
deposited on the final substrate 3, and

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

25 donor substrate 2.

The choice of the relative thicknesses thus
depends on the implantation dose used and the materials
compesing 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



The choice of the relative thicknesses thus depends on the inplantation
dose used and the materials conposing the oxides used.

Results of experinents, obtained by the 30 inventors, are given in figure
3, gi Vi ngWwun2916/049896 defectivity(in the Y-axis), after bori/ERpoSaNS$43021
annealing, as a function of the relative thickness (in the X-axis) of the
| ayers of donor oxide and/or bondi ng oxigle that nake up the final oxide

| ayer, al so known as buried oxide layer, in the case of UTBOX type SO 5
structures, based on silicon and silicon oxide. Aratio
between the thickness of the bondi ng oxide |ayer and the thickness of the
final oxide | &8 Yid\Wer 3 aXi SURFL 1t sOfr Bph) “e4abl Ve ot NBCkRBFF edpBnds to

the case where g fdna) o dnd axge L0 deidorss wllaeegxdf/agm%ng%ﬂgﬂgr

oxi de formed on the substrat before ng and asse
substrat es. oxide that Makalu@ Sdee Dienpl @xidei daperweehsbhknblinckaess of

t he bondi ng oxi de | ayer he t hi ckne 5 of the f |de I r equa
to "1" corres%&hrcfs C{a Of‘ﬁg ]ts‘—’éy%ﬁ'(erént hgﬁ?l ncaa}seoxfjge #Ig@é}f ézlpeveg%gnti rely
fromthe bopndifigwtded,ayelced on silicon aBet¥eencéheseidao extrene

val ues, the relative thickness of the bonding oxide |ayer conpared 20 to
the thi ckness of the finaP oXedeé a t“%%%?eg§é% thickness of p §Be

represent ed, q;oﬂctl%gt 0Bx9fet rfaygarz_apland' sthde raldk@ gt Wween e Ehhgkness of
the donor oxide | ayer and the t'hickness of the final oxide layer. This

ratio varies ianigiselgyen {hewent Koabesween thie 25 adfiilclkeessl ofot R8”bondi ng

?é:gg L?y$21|2¥§£4% gyd%ﬁggthcfnéggsé;n?hé%ﬁgﬂ? ngg?ﬁdé”FéV%rlaﬁarthe

t hi cknessiof tdee ffvaral unxgdely ayeiom tiiee | idvnbrbedxetn themzones | taed I is
donor substrate before bonding and assembly of the
substrates.

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

15 of the final oxide layver 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
ratioc wvaries inversely to the ratio between the

25 thickness of the bonding oxide layer and the thickness
0f the final oxide laver.

In terms of ratio between the thickness of
the bonding oxide layer and the thickness of the final
oxide layer, the 1limit between the zcones I and II is

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

ITII, at around 55%.



30situated at around 20% and, between the zones Il and Ill, at around 55%
22 The defectiveness after bonding as a function of the ratio
of the thij of oxides may be distributed in thr Ln.part |

t he final '“g(t#}ﬁ@ﬁ‘]%g er is mainly conposed of donor oxi dgf?@%?r}é}ggl%ﬁ%g t he
donor substrate; the 1120 nol ecules easily diffuse to the surface of the
final substrate and form during anneali%és, critical defects in |arge
gquantity at the interface between the final substrate and the final oxide

| ayer, al so known as buried oxide layer. 10ln part 11, the thickness of
the bonding oxide layer isgygreajercdhandde t hiekness of,qding dopor gxide

| ayer, the efficiency of which, as barrier, is already deteriorated by the
el ement s i nt r oflucttiiom siep;hé¢ oraekanpf etdar thgchnebaasi apl antdebonagtep. A
hi gh 15 defect,iveness i bser.ved,, f he rrier o] [ 0 he . or

oxi de | ayer 41§%i§§S§£%§u?%§eﬁfbrt?%e?hE%IBF'tH@{b§§%§n§§0x$%% ?é§§? 5 and
then al | owi ng d:0idrayy <kl 205 md it e did faseidnort haidendorsehstnat e 2,

whi ch forn% during the annealing, numerous "blister" 20t¥E§ def%cts.
The effect of B r FBPOF o SURSTERFRESITEIF of2hafetC Tt heSfPnaY G*itddSFayers

i s insufficientyipnhd hg tvp-casesthk! ¢shpat edpby rpaet snh e | buefinki gure
3. Inpart Il, the distribution of the 25 thicknesses of the oxide layers
to be assenbl edindgrefiores bopdlhgcahefefacksl 4N viendd ckussitelr #hetBéndi ng
oxi de | ayer beiwee % % i..e. ect.i r ti t b ess of
the donor oxi de %foeagéebe \%gg%gé@%%eﬁdf%g%@ iéé&%%%aﬁatgktahe ear ?ilglfﬁ
properties of d¢hudaaroregxiedes3®kricawersd baréednproédedlanpeaccount of a

hi gher re&gtlve th'CknessiﬁTQ§n39n9E?9 %ﬁgd%jhg %ﬂxé;qgf’thg %%h%i%%rt

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 ion implantation step. A high
15 defectiveness is cobserved, the barrier properties of
the donor oxide layer 4 being very inferior to that of
the bonding oxide layer 5 and then alliowing too many
H,0 molecules to diffuse to the doncr substrate 2,
which form, during the annealing, numerous "“blister”
20 type defects.
The effect of barrier toc the diffusion of
water of the final oxide layers is insufficient in the
two cases illustrated by parts I and IITI of figure 3.
In part II, the distribution of the
25 thicknesses of the c¢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



23 11, a sufficient thickness to form on the side of the final substrate
3, a barrier to the diffusion of H20 of efficiency conparable to that
formed on the side of the donor substrate. 5There is thus an inportant

ef fect of Wh21p/84%%% of the thi cknesses on the def ecti vePEBEEPAPVHIENNeal i ng
and thus on the efficiency of the insulator-insulator bonding, in
particular in the case of an oxide-oxi dez2bonding, to block, or at least to
limt, 10 the diffusion of H20 nol ecul es trapped in the buried oxide |ayer
during the assenbly. The data of this figure clearly
illustrate that_ the oxide-oxide bonding, at equal thicknesses of oxides for
exampl e, or norle sheRPfFtalt 3t ant bRFeRE DXt YelfAB hotdi RgeweiAeaffophfni sed

ratio of thickngssessafsipdidess enablas dhe Prafl e dddiked do heor
diffusion of H20 to be resolved, in particular the formation of "blister”

type defects. Suclrienan ourscedridi g tdathéoirmedninotihehes drakdésthe

possible to fo =l 20 devices with a | ower acceptable
def ecti veness 4#&§£¥%€§%ﬁ§%§ﬁﬁveness of structures obtai ned by the nethod

according o0 the prior artherge wd chhakl drheinpbdeascongaseng tdhe buei ed
final oxide Iﬁyer,derives from.the donor oxide |ayer. Under the conditions

used to obtai F¥5 ¢ h8de ExperiehtasSPEs 1 s Fign AataNt LGRHiEs | ALEFYal has

been identifi et fan ang elddiveud hbskprsseekidoantyoxicdenbetwaan 166% and
85% The plot of such a figure nmakes it possible, within the scope of a
met hod accor di¥tFtlatdie Bondavent i bh, Pestichdarhelpptiheuntade tHe A8l ative

thicknesses of, o de, 00 aghyeiy t hiekngstie 8 tinalead? to 1imit,
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 ratic of thicknesses of
oxides, enables the problems linked to the diffusion of
H-O0 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 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 cbtain

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

The plet 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



oxi de 45, given materials and a given ion inplantation. This optimmis
here between 70% and 80% of donor oxide, and nore specifically close to

75% The | fectivity obtai ned when a 5 plasna is applied
bef ore boﬁ%‘?ﬁ%ﬂgﬁgoth oxi de layers to be bonded, for géﬁg%&ﬁﬂ%ﬁ%@i de

t hi ckness/final oxide thickness ratio of around 33% and around 53%is al so
represented. It may be seen that, for a 34nme bondi ng oxi de thickness/final

oxi de 10 thickness ratio, a plasna treatnment |eads to a very clear
degradation of the final structure, with defects nore nunerous by a factor

close to 100. Jheefficl encygf thaidventd omd & idilddst naked v detegbiveness
anal yses (figure 4), 15 obtained for SO or OX-1i ke structures based on
silicon and siThten optiiden whi cheshlrowbehatethe’ et kod oB0%ntegr aichen by an

oxi de-oxi de bonding, in particular wth.identical oxigde thicknesses (curve
B), enabl es too}éjoC? i R RS os\f’eed:lrﬁgqagt}iyl Ftlﬁ?SSnléot ?\é?to devel op 20

thi nner UTBOX structures tohan wetdlt e kaenecterhogd. obtalisedt ivherpoasi bl e
to reduce the dinmensions of the buried_oxide |ayer and/or to obtain_a | ower
def ecti vené@ss P¥2¥he {AESFPERFont TrethEd 168e s ChhaPCREEBFdi i t §°FhHe

invention (curygifd. COPPrising apdd dhaayAmet kyrof ot higgkpessges .af gkhe
oxi de layers to be assenbled with a distribution within the i'ntervals

descri bed previlbighness/final oxide |thiggmeisgulratiot lvd effoard dBfaiendd

conpared to th ethod js. i a-Lhi h buried
oxi de | ayer etgféégrgg\?ﬁgﬁ % nérﬁsaénngé%%?%neég leI orm%@ie}?: ngégés%gggburi ed
oxide | ess thafiod0 mm sabe bonding oxhigss, theéckowes/fiealfi nalkitlki ckness

of buried_gxide, the nobre a.nethod according to the Jr%v nti on has effect

relative t8 t he*HetHois 6RtERe (i Braare. MESEhNT GRS &Cco? diVRg¥t o t he

i nvention 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 S80I or UTBOX-l1ike 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 oxlde layer and/or to obtain a lower

defectiveness if the integration method wused 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 1s important for a thickness of the

30 buried c¢xide layer etr less than 15 nm and considerable

for thicknesses of buried oxide less than 10 nm.



descri bed above may further be inproved to obtain a very thin insulator

| ayer, of thickness for exanple less than 10 nmor 5 nm of very good
quality, for exanple an SO having an oxide |ayer of the indicated

10t hi ckneW® 2010/049496 To this end, a structure accoPdlEERIPBE30 et hod
according to the invention is produced, the insulator being an oxide |ayer,
for exanple of thickness I ess than 10 nne®r between 15 nmand 20 nm 15
The partial dissolution of this oxide is then carried out to bring its
thickness to the final requisite value, to |l ess than 10 nm A
di ssolution technique is known fromthe docunment of 0. Kononchuk et al.

0
"Internal dissolution 20 6fUBuri kB Oxi oY n W Vafdls" thaskingsst aPé
Phenonmena, Vol 3%kdl33xikell3: 448, nd008 or KS200%/ QUBHEXg to the

For exanple, the structure is treated in a neutral atnosphere, conprising
for exanpl e arigorentaedy ohaa idesgenre bautyag tat nosphacshodgving aheery 25
| ow oxygen corb%%g)trr tion (< 1 ppm, and at a tenperature substantially

bet ween 1100C"a 1 C and for a duration of between sone mnutes (for
exanple 2 &in or 5 mn or The maechori@®an acoord3Onegi mp atite sameehadipa (for

exanmple 1 h or,2 hor 5 h or 10 h) for 30 exanple. During this heat
treatmont, t hOSETIBEth: BaBYE MR nECBERT B Px| HIDYONRS 8 dTRbiVed in the
treatment 26 -atmpsphene idypughht heatBin fé4 meaf caaakgondyct ek aapueri al .

This one is for exanple nmade of silicon, the oxide layer Si02 dissolved is
t hen transfor M&Fs nEBasi 16f @oo@rqual iy, &I nvehE el ofiuahi'SOT Kaving a

accor ding to THE D oae T avent oa0 &t Mg SFt e ok de TS el

t hi cknessl¢hoganidkoressxanpl e at 5 nm may be obtai ned. 10Advant ageously,

this heat treatment underTO this end, a =structure according toc a
method according to the invention 1is 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 dissclution of this oxide 1is
then carried out to bring its thickness to the final
requisite wvalue, to less than 10 nm.

A dissolution technicque is known from the
document of 0. Kononchuk et al. “Internal dissolution

20 of Buried Oxide in S0I 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 concentraticn (< 1 ppm) , 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 1s dissolved in the treatment



neutral atnosphere and at very | ow oxygen concentration is continued at

| east until the whole thickness of the oxide |ayer forned on the side of

t he donor is dissolved. This particular treat i ndeed 15
i nduce t he #g@hé%ha% of highly uniform high quality boﬁggﬁpgﬁgﬂggﬂres
(regarding the defect density), with extrenely thin buried oxide | ayers of
about few nanonetres. Furthernore, the d?@appearance of the bondi ng

interface in the buried oxide layer, all the 20 oxide com ng fromthe donor
oxi de | ayer being dissolved, enables to secure a high electrical quality of

the buried oxigesayer e The, &M Nivig 0Xixde, l a8l | $ € ORI it ifngich @6 r0xi de
com ng fromthe bonding oxide layer. 27 CLAIMS 1. Method for producing

st acked UTBOX-thatker & - t@nﬁu@m@rlstEgctaxesplsamddﬁepﬁo@ld@@pnusth@ 5 a)
the formation of. f rst_e trlcal Iato ayer..(4 .ng_aJbarrier
&' \aler Popferehgtorred i ifased

to the dlffu5|o}§fL Beln capa 1e%0 asion,
known as donorooxgéeed | @y€rityon a donor substrate (2)

the introduction of elenments into the 10 donor substrate follomnn%_the

formation 6f the donor oxilde Hay&RSEAPT PF Mg e wEgk n b & e PX(2F)

c) the formatign 8f arsecARdi®leeClddCRAlqiMpU At Ofic| BYCENED)e h%ﬁ%h%% a
barrier to the diffusion of water or bei ng capable of limting this

di ffusion, 15 &pewrlasd beadithg exicgentayieryerdn casecondisubstrateths) known
as final SUbS.t%z?{cﬁe Lge b%%'arlg %cq(%ésasy%hf%é D9 SErLELL 1%%@”? nhan
e layer 84),

sai d donor oxi bondi ng
substrat es, nom&yoﬁet¢hnninndru; been subject to a plasna treatnment, the 20

two el ectrical insulator r beln br ou into contact and fornl ng
toget her & i nsul at or Iayé&y E%fgﬁﬁP ed bé%%b n BERE ¢ Wb 3UBSET at¥E®known

as buried oxi dgel@y£l , athespistd adrd d e sy b G :8keh tcttataermﬂatri@nt he

bondi ng, the donor oxide |ayer has a 25 thickness_at |east equal to that of
t he bondi ng Oxtaecpgyépued 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 guality
bonded structures (regarding the defect density), with
extremely thin buried oxide layers of about few
nanometres. Furthermore, the disappearance o¢f the
bonding interface 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.



the thickness of the buried oxide |ayer (et) being less than 50 nm 28

2. Method according to claim1, the donor oxide layer (4) having during
bonding a relative thickness, conpared to the buried oxide |layer, strictly
great er tWAN0BGOd | ess than or equal to 95% of the SRCH/ERABA4I0EL ) Of
the buried oxide | ayer (45). 3. Method according to claim 2,
the rel ative thickness during bonding of2the donor oxide |ayer (4) being
bet ween 60% and 85% of the thickness 10(et) of the buried oxide |ayer (45).
4. Method according to claim3, the relative thickness during bonding of

t he donor oxide |ayer (4) being between 70% and 80% of the thickness 15(et)

of the buried oxide |ayer (45). - CLAIMS 5 Mgt hod according to one of
clains 1 to 4, the thickness of the buried oxide |ayer (et) being | ess than
20 nm 20 6. Method according to claimb5, the thickness of

the buried oxide |ayer (et) b¥ehgotlesort bandusingm s28ZkeNet/ABAXadebeding to
one of claims 10 9,4N& 40000 syRsbLat §,68) mggﬁé?%b?ﬁrg%fénifﬁ? - conduct or
material, for ‘exanple silicon. : according to one
of claims 4 to 30 7, theahi nahesulistmateon3) obei ag wadetof esemtraoaduct or
material, for exanple silicon. ) ) , ,
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 introductiorn of elements into the
10 donor substrate, following the formation of the donor
oxide layer (4), forming a weakened layer (21),
c¢) the formation of a second electrical
insulator layex (5), forming a barrier to the diffusion
of water or being capable of limiting this diffusicn,
15 known as bonding oxide layer, on a second substrate (3)
known as final substrate, the bonding oxide layer being
strictly thinner than said donor oxide layer (4);
d) the bonding of the two substrates, none
of them having been subject toc a plasma treatment, the
20 twe electrical idinsulator layers being brought into
contact and forming together an insulator laver (45)
buried between the two substrates, known as buried
oxide layer, the insulator layers being such that,
during the bonding, the dcnor oxide layer has a
25 thickness at least equal to that of the bonding oxide
laver,
the thickness of the buried oxide layer (e:)

being less than 50 nm.

30



29 9. Method according to one of clainms 1 to 8, conprising, after bonding,
a thinning of the donor substrate (2) according to a nethod in which the

maxi num twg{@ﬁ’%{“%i s 400C and conprising at least 5 opngﬁ,%ﬁ%,%&?ggof t he

donor sub he weakened | ayer (21). 10. Method accor one of
claims 1 to 9, a heat treatnent having a_tenperature between 900C 10 and
1200C, with a tenperature increase ranp §?eater than 10C/ s, being applied
after the bonding and after the thinning, if any. 11. Method according to
one of clainms 1 to 15 10, in which the formation of at |east one of the

insulator layers, by depositi@ar@bgb%d83elingN tPrePyid of mthenehoa native
oxi de, conprises, before bonding, a densification annealing conferring them
a wat er diffuspeidbar¥derr proper thawing ertiering teadicagpalsl e reflaZz0Veni ti ng
this diffusion,, . 12. t ccor dj .t f i to 11,
not conpri si ng?hjb%}%r\l/\%sesrf t%oer'ilpra]?eodr rrl\% chﬂe }ﬁldﬂter%ier}%%r% %g%%e%fe%{t%ﬁé capabl e
of nodi fying tdeeathstl ehar 20%| aydr essatdann diheedqurm ob aby bt taduct i on

of dopi ng el ements and/ or any cl eanj ng, and/ or _.any densifijcation annealing.
P ng 5 thickness (e} %f the bugied oxide féyer (Jé). 9

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 (er) 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 {er) of the buried oxide laver (45H).

5. Methed according to one of claims 1 o
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 nmn.
25 7. Method according to one of claims 1 to

6, the doner 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, fcr example silicon.



30 30 13. Method according to one of clains 1 to 12, further
conprising, after bonding and/or after any densification annealing, a step
of thinning of the buried oxide |ayer, by treatnent in an atnosphere 5
havi ng anV3eA%¥ncentration | ess than 1 ppm and at BCHEMEYHEN e
substantially between 1100C and 1200C.

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 is 400°C and comprising at least

5 one fracture o¢f 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 9%00°C
10 and 1200°C, with a temperature increase ramp greater
than 10°C/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 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 cone of claims 1 to

11, not comprising, between their formation and the
bonding, treatments capable of modifying the insulator

25 layers, save in the form of any introduction of doping
elements and/or any cleaning and/or any densification

annealing.
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13. Method according to one of claims 1 to

12, further comprising, after bonding and/or after any
densification annealing, a step of thinning of the
buried oxide layer, by treatment 1in an atmosphere

5 having an c¢xygen concentration less than 1 ppm, and at

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



