1 SO SUBSTRATES W TH A FI NE BURI ED | NSULATI NG LAYER TECHNI CAL FI ELD OF THE
| NVENTI ON 5 The present invention relates to a nmethod of producing
substrates by neans of the direct wafer bonding of two substrates made from
mat eri al s chosen from anong sem conductor materials, the final structure

t hereby obtained being intended, in partiqular, for applications in the
fields of electronics, optics, photovoltaics or optoelectronics. 10 To be
nore precise, this final structure is a Sem conductor On Insulator (Sed),

nore particularly @n |} [N ch terised by
an extrenely thin hggﬁéﬁ%ﬁgr\ﬂ&'ﬂé’ﬂ%ﬁé@'@ﬁﬁ%@@”mgﬁm t he
thin insulator should be an oxide, the substrate is said to be of an UTBOX
(ultra-thin buried oxide) type. This final structure is achieved by 15
direct wafer bbRGHNCALSHELH OEdTMEINYVENTIObSt rate to a so-called "receiver"”
substrate, then thinning down the donor substrate with a viewto
transferring a generally thin layer of material from said donor substrate
to the recegver substr i H N-Te r HREnHS @
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produci ng SEOESE@%}\F@% She?%ﬁ;}‘d%tﬁiﬁéd BYirty pﬁ&ﬁdetb?ﬂﬁ'cﬁégﬁcé%%r Qﬁé@étio%% (and

BESO ), and escription of the pro ures i nvo I'n each of
t hese 30 net hoifie ficdas beeleowonics,roptivs, pldtbivoltdicoor dicelentmonvest er bondi ng

technol o for VLSI an MS applications", S.S. Lyer and A J.
Aubertongﬁéi)ve, | EE (2§6§’Eg r’Qor%pprec%e, 15 finantructu?/e ls & Semicorductor On

insulator (SeOl), more particularly an SOl (Silicon On Insulator) substrate,

characterised by an extremely thin {under 50 nm), buried insulator. In the
event that the thin insulator should be an oxide, the substrate is said to be of
an UTBOX (ultra-thin buried oxide) type. This final structure is achieved by

15 direct wafer bonding a so-called “donor” substrate to a so-called “receiver”
substrate, then thinning down the donor substrate with a view {o transferring
a generally thin layer of material from said donor substrate to the receiver
substrate.

20 STATE OF THE ART

Direct wafer bonding is a technique that enables two
substrates with perfectly flat surfaces to be directly adhered to one another
without the use of adhesives (paste, glue, etc.). This type of bonding is a

25 technological step commonly used in the production of SOl and SeOl
structures.

There are three basic methods of producing SeOl or SOI
struciures by direct bonding: SMART CUT™, BSOIl {and BESOI), and
ELTRAN®. A description of the procedures involved in each of these

30 methods can be found in the publication “Silicon wafer bonding technology
for VLSI and MEMS applications”, S.S. Lyer and A.J. Auberton-Hervé, IEE
(2002).



The SO substrates obtained by direct wafer bonding according to these
different nmethods include a buried insulating |ayer. Consequently, in order
to create an insulating layer of silicon oxide (S102) on the original
silicon substrate or substrates, thermal treatnent can be applied 5 in order
to achieve wet or dry thermal oxidation of sthe silicon in the substrate
surface. Alternatively, comon depositing techni ques such as CVD (Chem cal
Vapour Deposition), LPCVD (Low Pressure Chenical Vapour Deposition) and
PCVD (Pl asma Chemi cal Vapg_y %(ﬁosition) can also be used. 10 The thi ckness
of the thermal or depositéd€ox?db Pulladiates, apblainedypendiret) wafenebending
structure requi g t ; ' h I &k :
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and thickness of the buried insulating layer sought. In order to produce UTBOX
substrates, the buried insulating layer has a thickness under 50 nm,
preferably between 5 nm and 25 nm.

15 However, the thinness of the insulating layer of the UTBOX
substrates makes molecular bonding difficult and indirectly affects the
quality of the final substrate. Based on a constant production method, an
SOl substrate characterised by a so-called thick buried Insulator (typically
with a thickness of over 100 nm) statistically exhibits far fewer bonding

20 defects, as revealed following low-level thermal! treatment, than a substrate
with a very thin buried insulator.

In fact, with UTBOX structures, the species present at
bonding interface level, such as water, hydrogen, hydrocarbons or species
resulting from an implantation stage, can no longer find sufficient trapping

25 sites within the thin oxide layer and diffuse along the bonding interface
where they coalesce, giving rise to numerous structural defects.



5 "non-transferred zones". As is shown in Figure 1, they lead to hol es of
different sizes in the active layer 10, but these are always "killer"
defects for the device produced fromthese substrates. The non-transferred
zones 200, known by the abbreviation "NTZ" or else referred to as "voids",
are holes in the active layer 10 and the 30 buried insulator 3 of a size
typically between 0.1 pmand 3 mm An NTZ 200 corresponds to a zone in an
active layer 10 resulting froma donor substrate 1, also referred to as the
first substrate, which is not transferred to the receiver substrate 2, also
referred to as the second substrate. When these NTZ's are |localised on the
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as the exposur gubbtriafe $, algeo tefeeretido as the first substrate, which is not transferred to
| the receiver substrate 2, also referred to as the second subsfrate. When
these NTZ's are localised on the periphery of the final structure, more
15 precisely at a distance typically between 1 and 5 mm from the edge of the
substrate, they are referred to as edge voids 300.
An edge void 300 is a hole with a diameter typically between
50 ym and 3 mm in the thin transferred layer 10.
A blister' 400 corresponds to a zone of transferred film that is
20 removed from the receiver substrate 2 under pressure from an accumulated
gas bubble at the bonding interface. Since the film that is lifted locally is
very fragile, a blister 400 invariably leads to a hole in the final structure, with
a diameter typically between 0.5 and 3 mm.
All holes in the centre or on the edge of the wafer, whether
25 microscopic or macroscopic in size, are killer defects, because in the
absence of an active layer for the creation of electronic components, no
component can be produced on this site. NTZ's 200, edge voids 300 and
blisters 400 are therefore synonymous with a decline in quality and a drop in
yield.
30 In order to reduce the number of defecis associated with the
bonding stage and reinforce the bonding interface, the substrates may
undergo plasma activation before they are brought into contact. “Plasma



pl asma (which, notably, may take place in a vacuum or at atnospheric
pressure). Mre precisely, in the known activation techniques, the 5
surface of a section to be activated is exposed to plasma at an exposure
stage in which the exposure paraneters are controlled, so that each one is
set at a given value that remains fixed thyoughout the plasma activation.
The principle "exposure paraneters” are: - power density. This is the power
density supplied to the plasna whi ch 10 transl ates a power density by unit

area(Wcer) andvm ) be referr toin this text sinmply usmgthe
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- pressure (pressure in the vessel holding the plasma),

- the nature and output of the gas supplying this vessel,
- the activation duration.

15 Activation of this type makes it possible, in particular, to
execute direct wafer bonding by achieving significant bonding energies
without having to resort to thermal treatment which must, necessarily, be
carried out at high temperatures.

In effect, plasma activation makes it possibie to obtain high

20 bonding energies between two substrates, at least one of which has been
activated prior to bonding, following thermal treatment carried out for
relatively short durations (around 2 hours, for example) and at relatively low
temperatures (around 600 °C or less, for example).

Activation of this type is therefore advantageous in stabilising

25 a structure comprising two bonded substrates, if the intention is to avoid
subjecting the structure to excessively high temperatures (particularly in the
case of heterostructures, which are defined as structures made up of layers
of materials with significantly different thermal expansion coefficients).

Activation of this type may also be advantageous in achieving

30 significant bonding strengths at a given temperature.



Activation of this type is therefore advantageous, for exanple, in achieving
mul tilayer structures involving the bonding of two substrates. The transfer
procedures (particularly Smart Cut TM procedures 5 for which a general
description is given in the publication SILICONON | NSULATOR TECHNOLOGY:
Materials to VLSI, 2nd Edition (Jean-Pierrg COLINGE), or BESO (Bond Etch
Silicon On Insulator) procedures, in which two substrates are bonded then
the surplus nmaterial is renmoved from one of the substrates by etching, or

ELTRANTM procedures are exanpl.es o applications_that can benefit_from
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structure with the hsgistcated ibyy etdfiing, borIEIdTRANu plprogeduagsrare expmptesitofng a
t hi ckness between 2 and 25nm and fhe | owest possible defectivity, thanks

in particul B @PPicalions hatean beneiitfpm plasma aetivation: Iesuppor Randing
invention is to develop a5igigb/ {d 6&h&%ully from the effects of plasma treatment

for each bonding, the standard procedure found in the literature (notably in
the documents entitled Effects of plasma activation on hydrophilic bonding
of Si and SiO,, T. Suni and |. J. Electroch. Soc. Vol. 149, n°6, p.348 (2002)

15 and in the American patent US 6 180496 by Farrens et al.) involves the
plasmalactivation of one or both bonding substrates.

Different gases are used today in plasma treatments, in order
to activate the wafer surfaces before they are brought into contact,
including, for instance, oxygen, nitrogen and argon.

20 However, although the various techniques currently used
favour a high bonding energy at the interfaces, they do not allow very high
quality semiconductor structures to be produced with thin or even ultra-thin

insulating layers.



| ess onerous nethod of producing Sed structures with a thin buried

I nsulating layer. The insulator for burying is traditionally obtained by
thermal 10 oxidation or deposition, a stage that is itself preceded by wet
i cleaning. The invention enables these stages to be elimnated by form ng
. the insulator wth the aid of plasma treatnment, which sinplifies the

. procedure, renpves the costs associated w gh cleaning and formng the
~insulator and reduces the thermal budget. 15 The elinmination of a cleaning
| stage makes it possible to avoi d any i ncreased roughness associated with
"~ this stage and t g quality of the subsequent bonding.
| The sharp reduct¥ot—tHtHE et associated with the elimnation
of the insulator depositing or thermal treatment stage (e.g. 20 thernal

. oxidation of the silicon) formng the insulator makes it possible to limt
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" around ten or so
' with the aid of plasma treatment, which simplifies the procedure, removes

the costs associated with cleaning and forming the insulator and reduces
the thermal budget.

15 The elimination of a cleaning stage makes it possible to avoid
any increased roughness associated with this stage and therefore to
improve the quality of the subsequent bonding.

The sharp reduction in the thermal budget associated with
the elimination of the insulator depositing or thermal treatment stage (e.g.

20 thermal oxidation of the silicon) forming the insulator makes it possible to
limit the number of defects produced at temperatures higher than 600 °C,
such as dislocations or other defects associated with thermal treatment,
such as slip lines or also oxide precipitates that can appear within the
substrates treated.

25 In accordance with the invention, this aim is achieved by:
forming at least one insulating layer 3, 4 on a surface 3’ of a first substrate
and/or on a surface 4’ of a second substrate 2, said surfaces 3’, 4’ being
free from an insulator or presenting a native oxide layer resulting from
exposure of the substrates to the ambient; assembling said first and second

30 substrates 1 and 2; thinning down said first subsirate 1, the insulating layer
forming stage consists in a plasma activation based on oxidising and/or

nitriding gas.



5 nanonetres, for exanple. This nethod of producing Sed structures may be
used with a viewto transferring a thin layer by direct wafer bonding with
a thinning-off of the substrate (using a Smart Cut TM transfer or other

met hod, for exanple). 10 BRI EF DESCRI PTI ON OF THE FI GURES O her features
and advantages of the invention will enmerge; fromthe description of it
given below, with reference to the attache 15 drawi ngs that represent
several possible enbodinents, these being given by way of exanple w thout

bei ng i n any way restrictl_g In these drawings: - Figure 1 is a diagram
representing different defEB2tRe thake W'S%oaaea%v%geaeow applicatgn fiper at e.

- Figures 2A to; rst
erbodi mont of ¢ Aeonae EirflAREAAE priliaR b, SEDPHIRIARLY BnarkRiRRd B B a7
dlh agrans repr esmemgnsﬁamcesmreeespamw DJFT BOX etding-Tand Bivied! @xibediSgint of
the inventive rocedure. - ure S, a sectlonal vi ew by transm ssion
el ectron micr o%@lﬁgﬂa s with @TW%S §€l§§'@ﬁ&t?e5 Wenameting: |%’8U¥‘ﬁst§ﬂa9'|' 9
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EMBODI MENTS Thef 18680 Fansigrrng aghindayerey. Airget wafespongingiwith & tipning-off

successive staggs thd ) éfra'fté ﬁ_{gﬁ.&d T8 hart® UV tRarkfer FF St ﬁ1é1‘h(§d I $dr

sem conduct or substra
example).

10
BRIEF DESCRIPTION OF THE FIGURES

Other features and advantages of the invention will emerge

from the description of it given below, with reference to the attached

15 drawings that represent several possible embodiments, these being given
by way of example without being in any way restrictive.

In these drawings:
- Figure 1 is a diagram representing different defects that may
20 be present in an SeOl substrate.
- Figures 2A to 2E are diagrams representing successive
stages in a first embodiment of the inventive procedure.

- Figures 3A to 3F and 4A to 4F are diagrams representing

successive stages of a second and third embodiment of the inventive
25 procedure.

- Figure 5 is a sectional view by transmission electron
microScopy of an UTBOX SO! substrate with a buried insulating layer 10 nm
thick, achieved by the second embodiment of the inventive procedure.

Identical, similar or equivalent sections of the various figures
30 described below have the same numerical references, making it possible to

move from one figure fo the next.



front~ face 3', "while Figure 2B represents a second substrate 2 with a front
face nunbered 4'. Each of the front faces of the substrates | and 2
undergoes plasnma treatnment in accordance with Figures 2C and 2D. An
insulating layer is deliberately not created on the surface of substrates 1
and 10 2 before they undergo the plasma treatnent according to the

I nvention. Furthernore, a native oxide |layer resulting from exposure of the
substrates to the anmbient air may be present on the surface of these

substrates. Hence, the front face 3' of the first substrate | is subjected
to treatment ba 2L BTSN E S FeDiviE ‘!_LL_."'!- pgter or nitrogen 15

pr ot oxi de, in oFd O e—¢ s B ey he surface of
substrate 1. If the plasma oxidising treatnment is carried out with oxygen,
the pressure range is around 5 to 200 nl, the power range around 10 to 4000
W the output around 10 tThereomoxecivjlownd at Hirief| deseription maft Weendiffesent and

300 secs, in order to create the insulating |layer 3 with a thickness
varying 20 bet%ﬁsﬁ'vﬁrﬁt% 'T?ﬁrﬁl&egy)%e'gtf exanple, the first substrate |

i s subj ectedsto oxygen plEgiRe 2A répidisRfes firstisehficolducloPassir=té 11WRY aW and
an output of 25 100 sccmfor a duration of 30 secs, I1n order to produce an

Si 2 i nsul at i ngfrontafipee 3, whilé Fagurei 2k mepresentssa reecomp tSubstratey 2 witie af framit

f 4' of th d b t j ected t I Ltridi
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plasma nitriding conditions falling wthin a pressure range of 5 to 200 nfl,
a power range oihsalating layends dekberately nolenpated amtfe sdrface obsuldt@text mntior a

duration of phetyeen | and 30Q sec 9. in qrder to create an jnsulatjpn
ayer 4 ui tACa 2Rt HEYEndettic e Plasadietnenh Accaiiing 4, e fEhldts
second pl asma treahéitirel & rRftive Bidde IdyeP reSRGRY floRt BRBESUrE of tHB)SuUBSIrAfeauUght
into direct contact with the first '
to the ambient air may be present on the surface of these substrates.
Hence, the front face 3’ of the first substrate 1 is subjected to
treatment based on oxidising gas, such as oxygen, water or nitrogen
15 protoxide, in order to create an insulating layer 3 on the surface of substrate
1. If the plasma oxidising treatment is carried out with oxygen, the pressure
range is around 5 to 200 mT, the power range around 10 to 4000 W, the
output around 10 to 1000 sccm, and this lasts for between 1 sec and 300
secs, in order {o create the insulating layer 3 with a thickness varying

20 between 2 nm and 15 nm.

By way of example, the first substrate 1 is subjected fo

oxygen plasma at a pressure of 15 mT, a power of 1000 W and an output of
25 100 scem for a duration of 30 secs, in order to produce an SiO; insulating
layer 3 with a thickness of 8 nm.

Optionally, the front face 4’ of the second substrate 2 may be
subjected to plasma nitriding freatment; the nitriding gas may be chosen
from among nitrogen, nitrogen dioxide, ammonium, nitrogen monoxide and

30 nitric acid, with the general plasma nitriding conditions falling within a
pressure range of 5 to 200 mT, a power range of 10 to 4000 W and an
output range of 10 to 1000 sccm for a duration of between 1 and 300 secs,



5 substrate 1. In the present case, the front face 4' of the second
substrate 2 is subjected to nitrogen plasma at a pressure of 50 ni, a power
of 1000 Wand an output of 200 sccmfor a duration of 45 secs, in order to
produce a nitrided |ayer with a thickness of 5 nm 10 Wi chever of the two
substrates 1 or 2 it is executed on, the pdasma treatnent perfornmed not
only enables a fine insulating |ayer to be created, but also the substrate
surfaces treated to be activated, in order to achieve good quality bondi ng
with an energy of some 500 ml/cn? of re. It is inportant to underline that
what ever t he bl TSR0 Breatngn HSIGinRYET divith & gHFRERES QrRetye8Rd PG
gas or gases usqg gy be constant or variable during the treatment. Hence,
it is possible to envisage that the proportion of oxidising gas falls as
the proportion of nitridi ntjogeser,isiese thislsecarahplasaa fyeatnarit is loptipnalpthe i| on

of nitridin as falls as the proportion of  axjdisin as rises. 20 In
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t he substrate sarrfifiided layertwitiua tleioknesst afr5 am. what soever bei ng provided, 30
contrary to the depositi ngMgchni (I]Eﬁs t hat cgn | i kewi se be used. |n fact,

the plasma tl%eat ment descr _‘thvt‘i" &he, b sHpstralgent PoR It isnerequie PN
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to oxidise, nitride or even oxynitride surtace of this substrate.
created, but also the substrate surfaces treated to be activated, in order to

achieve good quality bonding with an energy of some 500 mJ/cm? or more.
It is important to underline that whatever the plasma oxidising

15 or nitriding applied, the proportion of gas or gases used may be constant or
variable during the treatment. Hence, it is possible to envisage that the
proportion of oxidising gas falls as the proportion of nitriding gas rises and,
conversely, that the proportion of nitriding gas falls as the proportion of
oxidising gas rises.

20 In general terms, the plasma treatment parameters are
adjusted, in order to control the thickness of the insulating layer 3, 4 formed
by plasma on one and/or the other of the substrates and therefore the total
thickness of the insulator buried in the final structure.

in all cases, plasma treatment leads to the formation of a

25 single or multiple insulating layer, which may be made from silicon oxide
{Si0,), silicon nitride (SisN4) or silicon oxynitride (SixOyN;) or may be of any
other nature, depending on the plasmas used.

Thanks to this technigue, a fine insulating layer is formed in
the substrate surfaces, without any material whatsoever being provided,

30 contrary to the depositing techniques that can likewise be used. In fact, the
plasma treatment described in the present invention consists of a



Preparation of the front faces 3 and 4' of the substrates prior to plasm
treatnment can be envi saged, such as, for exanple, cleaning, 5 brushing or
drying treatnents. Hence, standard cleaning treatnents can be applied to at

| east one of the two surfaces, such as, for exanple, RCA treatnent that

' invol ves subjecting the substrates to a first solution made up of a m xture
- of ammoni um hydr oxi de (NH4OH), hydrogen perpxi de (H202) and dei oni sed
"water, followed by a second solution conprising a mxture of 10 hydrochloric
~acid (HC), hydrogen peroxide (H202) and deionised water. The front faces 3'

~and 4' of the su d 2 ma 0 non- ni ded

~other words, 'ﬁéﬁ'ﬁ%&'} QP%"FP@%U'%P&‘H Qﬂ% ﬂ&ﬁ?rﬁ%ﬁufﬂﬁgga quﬂgoor

. oxynitride), or dxXidi¥e TRtider drdlenCoyiftidle e S@¥acaof thitf suisstiaAyer resultl ng

" from exposure of the substrates to the anbient air, 15 such as, for exanple,
native oxygen of around a ﬂ‘kapaﬁatlonmféh@&mt tacesry wndvﬂ taf the sbibskalespriof

~under 3 nm The tV\DI@SUbSh' {J t their re e,tctlvel sul atin

layers 3 and 4 4P 3l A s eilisdonie steh i Tot aamgepsieant
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SMART CUTTM procedure. For mhJRbft fiRed! 3 &hdld’ of the substrates 1 and 2 may be
| non-oxidised, non-nitrided, in other words, in general terms free from an
insulator (oxyde or nitride or oxynitride), or they may bring to their surface a
native layer resulting from exposure of the substrates to the ambient air,
15 such as, for example, native oxygen of around a few nm, more particularly
with a thickness of under 3 nm.

The two substrates 1 and 2 with their respective insulating
layers 3 and 4 are then brought into close contact for assembly by
molecuiar bonding to achieve the SeOQl structure 6, as is shown in Figure

20 2E. The structure 6 is made up successively of the substrate 2, the
insulating layers 4 and 3 and the substrate 1.

According to the example described above, the first insulating
layer 3 in SiO, measuring 8 nm is brought into contact with the second
nitrided insulating layer 4, which is 5 nm thick, so that the final structure 6

25 has an insulating layer with a final thickness of 13 nm.

Two other embodiments are now going to be described in
relation to Figures 3A to 3F and 4A to 4F.
The same elements have the same numerical references
30 and will not be described again.
Figures 3A and 3F illustrate an embodiment of the
invention that uses the SMART CUT™ procedure. For a more detailed



description of this type of inplantation procedure, please consult the

publication "Silicon on insul ator technology: materials to VLSI", 2"d
edition, Jean-Pierre COLINGE. Figure 3A shows a first substrate | with its
front face 3', 5 whereas Figure 3B shows the sane first substrate 1

undergoing an atom c and/or ionic speciesjjnplantation stage. The purpose
of this inplantation is to create a weakened zone 5 within the first

substrate 1, which defines a thin, so-called active layer 10 in a section
referred to as of, the_first substrate 1. 10 It is |likew se possible to

00 .
carry out a cp-%ﬁiﬂrmat PhANE RS Ric 'ma'ﬁﬂi%ﬁo”i me&e%éaci%a% tgonspigrthe
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Figure 3C, the rst substrate I'S subjecte asma nifridin
treatnent. For deawpiarre &OWNQEN pl asma is achieved 15 at a pressure 50 nf,

a power of 500 Wand an output of 200 sccmfor a duration of 45 secs, in
order to create a nitrided Pﬁ%fea?’%nﬂm"é@@rﬁ@t fHbsirate 1wt fedromdifage 3w 1 n

| ati t h - ' iy t t
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pl asma i s appl i and/at inipspsdes enplantalionstage.power of 500 Wand an out put of
200 sccm for a duration of secs, Inofo der to create an insulating | ayer
n~g

4in Si@ with a thickness o h%pHFﬁosle implapiatieon isdpsJrate Askeskaned are
carried out at Loy s GARRS ﬂ'fé’iigsg’sgﬂgtr%wqr W?ﬁzi%iﬁbsaa ttﬁiﬁpé%:bgt%éful:ég f&lvew 200

C, nore 25 precisely, under or evén a ent tenp
Preferably, thelagen$®in arsestior neferredie msoi0fef tha fiest sebtratepe. of pl asna

equi pnent (i.e. Reactive, lon Etching) at a tenperature bel ow 50C, )
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helium species.
As illustrated in Figure 3C, the first substrate 1 is subjected
to plasma nitriding treatment. For example, ammonium plasma is achieved
15 at a pressure 50 mT, a power of 500 W and an output of 200 scem for a
duration of 45 secs, in order to create a nitrided insulating layer 3 with a
thickness of 4 nm.
In relation to the second substrate 2, it undergoes plasma
oxidising treatment according to the methods described later. Hence, for
20 example, oxygen plasma is applied at a pressure of 50 mT, a power of 500
W and an output of 200 sccm for a duration of 45 secs, In order to create an
insulating layer 4 in SiO, with a thickness of 6 nm.
In general terms, plasma treatments are carried out at low
temperatures, in other words, at a temperature below 200 °C, more
25 precisely, under 100 °C, or even at ambient temperature. Preferably, the
plasma treatment is performed on an RIE type of plasma equipment (i.e.
Reactive lon Etching) at a temperature below 50°C.
Optionally, a thermal treatment may be applied fo the
insulating layers 3, 4 formed in the surface of the substrates 1 and/or 2 prior
30 to bonding following the treatment according to the invention. This thermal
treatment involves subjecting the substrates to a temperature of between 50
°C and 350 °C for between 30 mins and 5 hrs, in order to improve the



treatnment involves subjecting the substrates to a tenperature of between 50
C and 350 C for between 30 mns and 5 hrs, in order to inprove the 12

el ectrical and/or physical properties of the insulating |ayer 3, 4 formed on
one or the other of the substrates 1, 2. This is then followed by the direct
waf er bonding of the second substrate 2 and the first substrate 1, bringing
the insulating layer 3 5 of the first substrate 1 into close contact with
the insulating |layer 4 of the second substrate 2. This stage is shown in

Figure 3E. Prior,to.the plasnma Lreatnment. st s .of substrate nd hown
i ngFi gure 3C angle\g%;cql tarﬁ%éorp%@“‘tﬂei&m%h‘gﬁ %%Pdﬂ?”'@ﬁnadﬁw gu% fgrme éé\'?li ng
stage of the subpgloritife dtHdraf 8% sdmtes ¢aped, as described 10 previously.

Finally, as shown in Figure 3F, the first substrate 1 is thinned down by
det aching a section 100 of sh&hig isithen followedahe the directisvafer bobdinignofathe

ite Sed t f tQ ' . ' . f
cecond subst rat 5665q HuBrdiR & 5hd the Arélteubstrall &7 orihoBHaRe Sasmitila falier 31e
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t hrough the application of mechanical, chemical and/or_ thermal "forces, such
as by thernal tcseeantbaybgieateenltiootagedashewn icFigwe 3xanpl e. The fi nal

structure 6' thereby conprisgs a | ternation, of . 20 oxide an ityid
layers not linited to this eég‘&'ﬁ %st?@cpﬁ?ﬂa? Yeatmzpf §%gpsicg Suﬁﬁg@{]@&l ﬁaf@ 2
envi sage al | poggpbhhanaFiglFdC engd dOPRE posdiblel 2R Qﬁtéﬁt%n?rté_céw%g Pf
the insulating layers présent. For different applications, It is I'n act

possi bl e t o apptleaaing siage tofoths sipatratee sufaces ton beudreaded,oasodeseribedor

bot h substrgtoes. 25 1 n general terms, the final insulating | ayer of the
structure @0 fBIFHRISY stacking the insulating |ayers obtained by the

different plasma treat ment spipgfly aab NHowiess PuReBreaRe iR SuB3tratE 1 is
thinned down by detaching a section 100 of said first substrate 1, so as to
obtain a composite SeOl structure, referred to as 6’, made up successively
of the second substrate 2, the stack of insulating layers 4 and 3 and a thin

15 active layer 10.

The section 100 is detached along the weakened zone 5,
through the application of mechanical, chemical and/or thermal forces, such
as by thermal treatment between 200 °C and 500 °C, for example.

The final structure 6 thereby comprises an alternation of

20 oxide and nitride layers not limited to this exact stacking. In fact, it is
possible to envisage all possible alternations depending on the nature and
number of the insulating layers present. For different applications, it is in
fact possibie to apply at least two plasma freatments in succession on one
or both substrates.

25 in general terms, the final insulating layer of the structure
6’ formed by stacking the insulating layers obtained by the different plasma
treatments has a thickness of between 2 and 25 nm.

According to the example described previously, the first
nitrided insuiating layer 3 measuring 4 nm is brought into contact with the

30 second insulating layer 4 of SiOz which is 6 nm thick, so that the final
structure 6 has an insulating tayer with a final thickness of 10 nm. Figure 5
shows a sectional view by transmission electron microscopy of this sort of



According to the exanple described previously, the first nitrided

I nsulating layer 3 nmeasuring 4 nmis brought into contact with the 30
second insulating layer 4 of Si@2, which is 6 nmthick, so that the final
structure 6 has an insulating layer with a final thickness of 10 nm Figure
+' 5 shows a sectional view by transm ssion electron mcroscopy of this sort

- of 13 final structure, in this case an UTBTX SO substrate with a buried
"insulator 10 nmthick, obtained fromthe second enbodi nent according to the
~invention. Optionally, the structure 6' undergoes a finishing treatnment 5

~involving at | eagial @BRichieNini th eaxd 9h _Lﬂmkﬁ?gﬁﬁﬁﬁﬁeﬁﬂﬁﬁsrb&{eﬂ%g}i@f&

~dry or wet etching, oxidation/deoxidation, p shing an ernma nent

* (such as Rapi d THernml thiglheabtajrrtiafram thengeaomdbaémbodimert aecdrding ¢o the

- reduci ng at nosphere).. 10 In the third enbodi ment shown in Figures 4A to 4F,
" the weakened zdH¥¥™ON-s pade up of a porous |ayer obtained, for exanple, by

“a procedure known to the -per@ﬁbﬁéﬂy,: ih;%dstrd?:é&rﬁ%’?Lﬁdg?@o@gﬁﬁgﬁamﬁéﬁﬁnent

. Figure 3B shows the first substrate I ncl udi ng por ous
-+ defining a thfn,invelvingl atdeasicons ¢hinaipgrartionsmaothing istagel Gitosen fram amengi r st

. substrate 1. As shown ip Fiqure 3C .t fi.rst substrate | i.s subjected to

. plasma treat nenté%wawegﬁtﬂﬁ%@-naxﬁ?%ﬂﬁﬁ@f@?t'% Rﬂﬁ'éblngc gnd rtEg{rgalj fgatment

- insulating |ayer ' [ a%(ﬁé% t: ) I @r~rt O
- the plasm treat(ﬁggil?résst !’Egi({)fqthtb r';ﬁe.la? ?‘r@? aggﬁzgfg;relbfﬁléan 'Q?dﬁeétm@tﬁagtotrer
" is assenbl ed wi tredubipgssimospgherg)strate 2, as shown in 20 Figure 4E, it is

- possible for an optional cleaning stage of surfaces 3' and 4' to be carried
~out. Bonding of the first substrate I and of the second substrate 2 is

ot ace. 4ot 1 08 18 SRl b MG i PREFGETVECE MEL ke
order to reinforweakdned zone 5' is made up of a porous layer obtained, for example, by a
procedure known to the person skilled in the art as ELTRAN™,

Hence, Figure 3B shows the first substrate 1 including this
porous layer 5’ defining a thin, so-called active layer 10 of a section 100 of

15 the first subsirate 1. As shown in Figure 3C, the first substrate 1 is
subjected to plasma treatment in an oxidising atmosphere, in order to create
an insulating layer 3 on the front face 3’ of the first substrate 1.

Prior to the plasma treatment stage of the first substrate 1 and
before the latter is assembled with the second substrate 2, as shown in

20 Figure 4E, it is possible for an optional cleaning stage of surfaces 3’ and 4’
to be carried out.

Bonding of the first substrate 1 and of the second substrate 2
is carried out by bringing the insulating layer 3 into close contact with the
front face 4’ of the substrate 2.

25 Thermal treatment may be applied in order to reinforce the
bonding interface. A thermal budget of between 200 °C and 1100 °C is
thereby applied for between 30 mins and 20 hours.

Elimination of the section 100 of the first substrate 1 is carried
out by applying mechanical forces, by mechanical-chemical polishing, by

30 providing thermal energy and/or by chemical attack, through the application
of a liquid, such as a pressurised water jet at the level of the weakened
zone &', or else by grinding or etching, as shown in Figure 4F.



bonding interface. A thermal budget of between 200 C and 1100 Cis thereby
applied for between 30 mns and 20 hours. Elimnation of the section 100 of
the first substrate 1 is carried out by applying nechanical forces, by
mechani cal - chem cal polishing, by 30 providing thermal energy and/or by

- chemical attack, through the application of ja liquid, such as a pressurised

water jet at the level of the weakened zone 5, or else by grinding or

,etching, as shown in Figure 4F. 14 The final structure obtained as a result

fof this third enbodinment is referred to as 6" and differs fromth
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The substrates 1 and 2 are semiconductor materials and can
be chosen from between crystalline-oriented silicon (100), or (110), or (111),
15 polycrystalline silicon, silicon carbide, germanium and gallium arsenide.
The second substrate 2 may likewise be made from sapphire, quartz,
translucent fused quartz or also glass.
Thanks fo these plasma treatments applied to the first
substrate 1 and/or the second substrate 2, an insulating layer and an
20 activated surface are formed in a single stage, resulting in a good quality
bond, while anticipating the quality of the substrates treated and limiting the
thermal budgets applied.
The sharp reduction in the thermal budget associated with the
suppression of the insulator deposition or thermal treatment stage (e.g.
25 thermal oxidation of the silicon) forming the insulator makes it possible to
limit the number of defects generated at temperatures of over 600 °C, so
that dislocation slip lines or else oxide precipitates may appear within the
substrates treated.
This also makes it possible for substrates to be recycied. In
30 fact, it is possible to reuse section 100 of the first substrate 1 for at least a
second active layer 10 transfer onto a new second substrate 2.



The sharp reduction in the thernmal budget associated with the suppression
of the insulator deposition or thermal treatnent stage (e.g. 25 thernmal
oxi dation of the silicon) formng the insulator makes it possible to limt
t he nunber of defects generated at tenperatures of over 600 C, so that
dislocation slip lines or else oxide precipitates may appear within the
substrates treated. This also nmakes it possible for substrates to be
recycled. In 30 fact, it is possible to reuse section 100 of the first
Ssubstrate | forg_éngast a second active layer 10 transfer onto a new
second substrat IM25  CcLAIMS 1. A nmethod of produci ng a sem conduct or
structure 6, 6', 6" with a fine buried insulating |ayer presenting a

t hi ckness between 2 and 25nm 5 including the follow ng stages: Form ng at

| east one i nsul &t ixngethyerof producing @ semicoreudtor aitruaturki 6,56°, Vb iithaa €ing
and/ or on a surfa%ifA' of a second substrate 2, said surfaces 3', 4' being
free from an i nsulokfigd

Bsuigting dayen gresentiag; 2 thinkngss | bgiweened and @nm.om
exposure of the sy i nbi ent assenbling said first and
second subst?at es“ﬁ%‘%‘gégﬁe@ﬁ% %%aggvm said first substrate 1, in order

to obtain said seni coRduEsraiingtat Usdstiohe iﬁ‘é\ﬁéﬂﬁ%ﬁye?@dj ot 83urfbbe 3’ of a
I nsulating |ayer formng stage consists in a 15 plasnma activation based on

an oxi di sing and/or a ni tfirBtisuRptwse 1 and/amen asunege 4c obasiesgnd substiates2,1,
characterised in that the ILdLeS] » gas. i 0 [ om ni trogen
ni trogen dioxide, nit roge?f’%ﬁghgé‘?%g,’ g‘aﬁﬁjﬂgif ﬁ'ﬁrﬁ%q @‘Sét@{ﬁ{]grzaﬂeﬁﬂma
nmet hod according to any ofativeeoxid@idfer tequlfing frofhaxpes fei sfaHe isibtitates tbhe
nitriding gas is chosen from arrpnP ni trogen, nitrogen dioxide,
10 the ambien
e assembling said first and second substrates 1 and 2,
o thinning down said first substrate 1, in order to obtain said
semiconductor structure,
characterised in that the insulating layer forming stage consists in a

15 plasma activation based on an oxidising and/or a nitriding gas.

2. The method according to claims 1, characterised in that the oxidising
gas is chosen from among nitrogen, nitrogen dioxide, nitrogen
monoxide, ammonium, nitric acid.

20

3. The method according to any of the claims 1 and 2, characterised in that
the nitriding gas is chosen from among nitrogen, nitrogen dioxide,
nitrogen monoxide, ammonium, nitric acid.

25 4. The method according to any of the claims 1 to 3, characterised ih that
the first substrate 1 and the second substrate 2 are made of silicon and
in that the insulating layer 3, 4 is a silicon oxide (SiO,), silicon nitride
(Si3N4) or silicon oxynitride (SixOyN,) layer.

30 5. The method according to any of the claims 1 to 4, characterised in that
the insulating layer 3, 4 of the semiconducior structure 6, &', 6”

corresponds to an alternation of oxide and nitride layers.



ni trogen nonoxi de, ammonium nitric acid. 25 4. The method according to any
of the clainms | to 3, characterised in that the first substrate 1 and the
second substrate 2 are nade of silicon and in that the insulating |ayer 3,
4 is a silicon oxide (SiQ2), silicon nitride (Si3N4) or silicon oxynitride
(Si),OyNz) layer. 30 5. The nethod accordigg to any of the clains | to 4,
characterised in that the insulating |ayer 3, 4 of the sem conductor
structure 6, 6', 6" <corresponds to an alternation of oxide and nitride

| ayers. 16 6. The method according to any of the clainms 1 to 5,
characterised in that the power of the oxidising and/or nitriding gas is

between 10 W agd 'ﬁﬁ’@?netﬁd%czord td%ﬁ@%@tﬁé’ﬁ rﬂénlgtoﬁ Qﬁ‘é(ra@ferﬁaﬁ iff f4es 1

to 6, characterlsed t he ressure is
between 5 niT and il power of the d’MsmgtmEhloramuuhnig ggsnsabatweauﬂ@ w:anuaom lto
7, characteri sedé&n that 10 the oxidising and/or nitriding gas output is
between 10 sccm dhd 1000 sccm 9. The nethod according to any of the clains
| to 8, chagacterised in that the plasm exposure tine is between 1 second
and 300 seconds. 15 10. The nethod according to any of the clains 1 to 9
characterised 7n Thamethod Iaeaeltdimg/\to ahpeftheckimatl {6, eharasizpiseddn itmat
succession to one or both st rates. 20 11. The nethod accordi ng to any

the clains | to I@?OE'H’@'%Q?B & BHNdinggas pregsiveis Q@Hﬁ@%{tﬁ.%@ﬁér?q%smé{pm i ed
at tenperatures bel ow 200 C. 12 The met hod according to any of the clains 1
to 11, characterised in that the plasnma activation is applied at anbient

t enperat ure. 28, 1Bne Tiethoe icodrding to dnynof the alaymsfl thE, charaoteriset dn 2at
h terised in, that
charactert %8 Inthe aoxidising and/or nitriding gas output is between 10 sccm and

1000 scem.

9. The fnethod according to any of the claims 1 to 8, characterised in that
the plasma exposure time is between 1 second and 300 seconds.
15
10. The method according to any of the claims 1 to 9 characterised in that
at least two plasma activations are applied in succession to one or both
substrates.

20 11. The method according to any of the claims 1 to 10, characterised in that
the plasma activation is applied at temperatures below 200 °C.

12. The method according to any of the claims 1 to 11, characterised in that
the plasma activation is applied at ambient temperature.
25
13. The method according to any of the claims 1 to 12, characterised in that
the first substrate 1 and/or the second substrate 2 are chosen from

between crystalline-oriented silicon (1,0,0), (1,1,0), or (1,1,1).

30 14. The method according to any of the claims 1 to 13, characterised in that
prior to the assembling of the two substrates 1, 2, a weakened zone 5 is
formed within the first substrate 1; this zone 5 defining a thin active layer



the first substrate 1 and/or the second substrate 2 are chosen from between
crystalline-oriented silicon (1,0,0), (1,1,0), or (1,1,1). 30 14. The nethod
according to any of the claims 1 to 13, characterised in that prior to the
assenbling of the two substrates 1, 2, a weakened zone 5 is formed within
the first substrate 1; this zone 5 defining a thin active layer 17 10 of a
section 100 of the substrate, the thinningof the first substrate 1 being
real i sed by detaching the section 100 al ong sai d weakened zone 5. 5 15. The
met hod according to any of the clains 1 to 14, characterised in that prior

to assenbling, at t O 0, he,t substrates. 1. 2 including, the

insulating |ayer !’,6 %i% %ecg@gj L%ci 8§t'\e\3€'f%g'%l &ﬁﬁm& ﬂ?ﬁ ﬁ'ﬁ&é b§t5atei h‘pr ove
the electrical anﬁéiﬂg_rehmcpa}; detRdtird tRS seétidr 00 RisH@ bhRidwkakéeiedBzond: 10
16. The met hod according to claim 14, characterised in that the section 100

is used as a firsP. substrate 1 follow ng detachnent of the thin active |ayer
for at least two further |ayer transfers.

5 15. The method according to any of the claims 1 to 14, characterised in that
prior to assembling, at least one of the two substrates 1, 2 including the
insulating layer 3, 4 is subjected to thermal treatment intended to
improve the electrical and/for physical properties of the insulating layer 3,
4,
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16. The method according to claim 14, characterised in that the section 100
is used as a first substrate 1 following detachment of the thin active layer
for at least two further layer transfers.





