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The present invention relates to a process for
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The oxide layer is formed either by direct oxidation, such as thermal or

anodic oxidation, or by deposition of an oxide layer, the formation of a
nitride layer being produced by deposition.

According to the first process for forming an oxide layer, said thermal
oxidation is obtained in a furnace in which substrates, for examiple made of
silicon, are submitted to.a temperature of between 900 and 1200°C.

A gas is introduced into the furnace to oxidize the substrates, an oxide
layer growing with time on said substrates. In the dry thermal oxidation
process, the gas is oxygen and in the wet thermal oxidation process, the

gas is water vapour.

The thermal oxidation process, and more particularly the dry thermal
oxidation process, gives an oxide layer which has a very high quality, is
particularly dense and has a high dielectric strength.

SUBSTITUTE SHEET (RULE 26)
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However, theses types of oxide layers are porous. The porosity of these

oxide layers results in a low density of the layer, which impacts the quality
of the transfer obtained by Smart Cut™ fnethod, method described in the
publication “Silicon-On-Insulator Technology: Materials to VLSI®, by Jean-
Pierre Colinge, 2nd edition, published by Kluwer Academic Publishers,
pages 50 and 51.

The transfer of a layer by the Smart Cut™ method may be of poor quality
when the deposited oxide layer has not been densified by a heat freatment.

~ The densification of these oxide layers can be obtained by application of an
annealing ‘at a temperature between 600 and 1200°C, for between
10 minutes and 6 hours, as described in the international patent application
WO 2006/029651. This heat treatment also allows certain species, such as
for example carbon, mcorporated into the omde during deposition, to be
degassed.

However, during the fabrication of multilayer heterostructures, application
of ihis heat treatment to densify an oxide layer deposited on the multilayer
. substrate is limited to low-temperature ranges to avoid the appearance of



However, during the fabrication of nultilayer
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to densify an oxide | ayer deposited on the nultil ayer
substrate is limted to |l owtenperature ranges to
woek/fms1 appear ance of WO PCT/IB2008/000383
2008/ 107751PCT/ 1132008/ 000383 3 defects and the

di ffusion' of the species between the various | ayers of

t helefadis andithe diffpsion fof & speciatubetvgen ke vaiigusugyers of the
anRgeLirstg steps during the Smart CUUM net hod, the
degassi ng of the deposited oxide |ayer may result in
the formati on of defects. It should be noted that the

s argpedifizallya cusing dbervarious remnealing stepsi duringethenSaiagt Cug®
| aytéthod B{ﬂeEEe%ﬁ:Bl 5 tHaNdEboskidl bhityENHEyeéMNndy fressit in the

obj ect of tg I nvent i on |s$here fore to avoid these
dr {naties of e@P@vl ding a process for fabricating a

substrate conprising a deposited-buried oxide |ayer

f orIt Ellfkﬁjé@ rb%dr‘rﬁédl ¥t Ghe %la?rfet SRR %&ﬂQHttﬁe Qasé e nltﬂde

ding to a deposited oxide [ayer having t
saﬁ%‘5 ng; ?XF"?han a thermal oxide layer, within the
final substrate. For this purpose, the invention

proposes a P pRgep CRIPTIONVF PHEANVERAIORI e W th a
buri ed oxide |aye de ge production of electronic
conponents or the like, conprising at |east one
depb:f rdti abject tafthefinvention | isdhérafore toraweid thase drapbacksnby -

ot glga\gﬁlng ﬁ:ff&éégtzﬁp ‘jféﬁ’f‘icaﬁn EF QUKEHFat8 URSThp IRy aaa@b@.ted

t
*nburieg s, iueiblor i arockictonohPlBELSYE FOMBRNERE ihe ke

| easid leatlingsto Aakepositeslhoxidatlaydr hdwing el samayquality than a
Ni GaLoe,) oﬁiﬂ%ﬁaﬁ‘?%ﬁiuﬁﬁ%fﬂ%l Lisy@qnor substrate and/or’

the receiver substrate ore bondi ng the donor
substrate to the receiver, and a second heat treatnent
of Rdrethislatpasee the n‘a\ifeition groiposee a ecateser fos Ulabticating, a

thepxtde Wiheh BlGed!dxidd @Akt P tHeh%r&m&ﬁén of electronic

T e oo s LIS i Bl ke W o

layer or nitride layer on a donor substrate and/or a receiver substrate and
a step of bringing the donor substrate into contact with the receiver
substrate: said process comprises at least a first heat treatment of the
oxide layer or nitride layer deposited on the donor substrate and/or the
receiver substrate. before bonding the donor substrate to the receiver, and
a second heat treatment of the substrate consisting of the receiver
substrate, the oxide layer and all or part of the donor substrate, at a
temperature equal to or higher than the temperature applied in the first heat
treatment,

The second heat treatient is a densification heat treatment.

The first heat treatment consists in applying a temperature of 600 to
1000°C, during few minutes to few hours in a non-oxidizing inert gas ora
~ mixture of inert gases.

Preferably, the first heat treatment consists in applying a temperature of
800°C for 2 to 4 hours.



The second heat treatMent is a densification heat
treatment. The first heat treatnent consists in

appl ying a tenperature of 600 to 1000C, during few
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According to one essental- feature of the invention, the process includes a

step of detaching a useful layer from the donor substrate.

This step of detaching the useful layer is obtained by at least the
succession of the following steps: implantation of ions or of gaseous
species from the upper face of the oxide layer deposited on the donor
substrate so as to form a buried zone of weakness in said donor substrate,
and then cleavage in the zone ‘of weakness resulting in detachment of said
useful layer. '

The step of implanting ions or gaseous species is carried out after the first
heat treatment, and the cleaving step in the zone of weakness is carried
out before the second heat treatment.

The parameters of said species implantation are chosen so as to form a
zone of weakness in the relaxed SiGe layer of the multilayer donor-
substrate



The step of inplanting ions or gaseous species is

carried out after the first heat treatnent, and the
cl eaving step in the zone of weakness is carried out
before the second heat treatnment. The paraneters of
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of. fabricating a substrate according to the invention,

and fromthe drawi ngs i n which: - Figure 1

shows sBRIRBDESORIPTION QF THEDRRAWANGSe of how t he

process according to the invention is inplenented;

- Other advantages and features will become more clearly apparent from the
following description, given by way of non-limiting example, of the process
of fabricating & substrate according to the invention, and from the drawings
inwhich: ' .

- Figure 1 shows schematically steps of an example of how ‘the’
process according to the invention is implemented;

- Figure 2 shows schematically steps of a second example of how
the process according to the invention is implemented. '

- Figure 3 shows schematically steps of a final implementation
variant of the process according to the invention;

- Figure 4 is a graph showing the variation in the thickness of the
oxide layer as a function of the duration and the temperature of the heat
treatment; ,

- Figure 5 is a graph showing the variation in the refractive index of
the oxide layer as a function of the densification temperature; and '

- Figure 6 is a comparative table of the étching rate on a thermal
oxide and the etching rate on a deposited oxide that has undergone a
densification in accordance with the invention. ‘
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ampRixt, awith reference to Figure 1c, a first heat treatment is applied at a
temperature of between 600 and 1000°C for a time of between a few
minutes and a few hours and preferably at a temperature of 800°C for 2 to
4 hours, in a non-oxidizing inert gas or a mixture of inert gases.

The inert atmosphere thus created is for example composed of érgon (Ar},
nitrogen (Nz) or xenon- (Xe) or in a mixture of at least two of these inert
gases.

This first heat treatménf at relatively low temperature induces densification
of the oxide layer 1, as well as degassing of certain species while still
maintaining a certain degree of porosity of the deposited oxide layer 1.

The porosity of the oxide layer 1 allows godd bonding to be achieved when
bringing it into contact with a second substrate, as will be explained in
detail later.
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I mpl antation are chosen so as to constitute a zone of

weakness 8 in the rel a€<ed Si Ge Iaxer 5 of the.
subdewayes, the parameters of the implantation may- be chosen in such a way

that the weakening zone 8 is located in any layer of said donor substrate 2.

Next, with reference to Figure te, a receiver ‘substrate 9, for
example made of silicon, is bonded to the upper layer of the donor
substrate 2. It is therefore understood that the first heat treatment of the
oxide layer (1) deposited on the donor substrate (2) is realised before
bonding the donor substrate (2} and the receiver substrate (9).
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It should be noted tha;t the upper surface of the relaxed SiGe layer 5
remaining may in particular be abraded by applying: .

- a wet oxidation treatment followed by a selective etching step

when the weakened buried zone 8 is formed by co-implantation of species
. into the substrate;

- a CMP polishing step followed by a selective etching step when the
weakened buried zone 8 has been fonned by implantation of a single
species; and

- a simple selective etching step.



- a wet oxidation treatnent followed by a selective

et ching step when the weakened buried zone 8 is forned
by co-inplantation of species into the substrate,;

- a QW polishing step followed by a selective etching
woemswies t he weakened buried zone 8 has beerCTmBRIwR00383
by inplantation of a single species; and - a sinple

sel ective etching step. WO

20081107751Pa/ 1132008/ 000383 9 Referring to Figure 1h,
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deposi e receiver
suBybsiate bonding !!‘éequérmPeé%‘ﬁ@ﬁ‘{ﬁdy bei ng subjected to
the first heat treatnent prior to the. receiver

t
o 3% BAE oByRS OB RUPR! hitlcs r,p@f"‘a,r'tﬂ%ﬂ ShesR 8ithe
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econ S renoved
hy@ﬁ@ﬂﬂtlﬂﬁﬂo@ @@lS&OP?{PSth@r'@éﬂ”ﬁ’Eﬂt vel | knovvn to those-
skilled in the art. The:substrate thus obtained, shown
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si. lifeafentaisaentovey by aﬂbv&nﬂmm}t aoid (4F) tegatmebt well known to
those skilled in the art.

The substrate thus obtained, shown in Figure 1i, consists of a lower
receiver substrate 9 and a strained silicon (sSi) upper layer 8, the receiver
substrate 9 being isolated from the strained silicon layer 6 by a densified
oxide layer 1.

Referring to Figure 4, which is a graph showing the variation in thickness of
the oxide layer as a function of the duration and temperature of the heat
treatment, it is apparent that the densification of the oxide layer is
progressive and not complete at temperatures below 800°C, which
corresponds to the first heat treatment of the process according to the
invention, and that the densification is complete for temperatures of 1000°
and 1100°C, which correspond to the second heat treatment ‘of the



Referring to Figure 4, which is a graph show ng the
variation in thlckness of the oxide |ayer as a
function of the duration and tenperature of the heat
treatnment, it is apparent that the densification of

| ayer is progressive and not conpl
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| ayterFiguredi gure 1b) is dep05| ted on a mJI tilayer
substrate 2 called the donor substrate, consisting of
asilic epgprt substrate 3, a silicon-germani um
(SiGe) | i ncreasing conposition, a relaxed
Si Ge layer 5 and a strained silicon Iayer 6 (Figure

| a) An Shuuté I&yeird Fig@rﬂ blisi diep@tsfdéd mannmm?gler éwszreré 4 calted
elLrae or 0] .

o are s faaé%%h°°£§'%9§g°i% jodly %?‘% o edesitatecd, dsfildon-
accmrmaag:m (Sigep layee 4f\ipGreaking RAMPest %s%feé%qq %'E%I layer

t hes and a sliafedidilieBAlayens (FiguRy ed)er abl y oxygen to limt
t he anmobunt of hydrocarbons in the deposited oxide

| ayer 1.
This oxide layer 1 is a silicon oxide formed from TEOS (tetraethyl

orthosilicate, i.e. Si(OC4Hs)s) with a diluent gas such as oxygen or nitrogen,

" for example according to a process well known to those skilled in the art.
The diluent gas is preferably oxygen to limit the amount of hydrocarbons in
the deposited oxide layer 1. '



WO 2008/ 107751PCT/ 182008/ 000383 11 The deposition
pressure i s between 200 and 700 mrlorr, preferably 300
nrorr. Mreover, the flowrate of the TECS precursor

is between 200 and 600 sccm preferably 300 sccm and
wheosxyyen flow rate i s between 20 and 100 SREHEB2008/000383
preferably 40 sccm |In addltion, the oxide deposition
tenperature is between 500 and 800C, preferably

between 600 and 700C. The thickness of the oxide |ayer

t h"l* |tFo‘F|d pressgf) % AhdtiebSt ¥6E Nank0 003 ort O Yeeférably
§$€] about 1500 A. Next, with reference to

a first heat treatment is applied at a
tenperature of about 800C for about 2 hours, in a
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t handAD0ectmymefetably d0secer to formin said donor
substrate 2 a weakened buried zone 8, shown as the

dashed lines in Figure _1d, in a cord o
Sk BAHOMAPRPidsIeROSHOR PIBE TR TR 'Pﬁaee%ﬁ%%? F@%tﬁnﬁnsoo C.
" Spreéferably@etvesubat and T@@%hol ogy: Materials to VLS,
by Jean-Pierre Colinge, 2nd edition, published by

Kl uwer Academ ¢ Publ i her s..50. and 5 Thi s

e T triRasas % Sie Jever Hivsl EohosieismeRll svEen 100
by andR0an i, peefénmbiyapent wOOah. energy of around.30 key
and at a dose of about 6 x 1016 at/cnR. "According to
an alternative inplementatio e | tion

cotNext, puithy seferange dat Figyrects: i3 T%Hﬁaﬁgns;%ﬁs'ﬁ?% &r2RA lFﬁ %P
en@érgperafurarob ab@bt:ﬂmke\iommbumzmouas do senarfoxidizing inerbgas

mw th an energy of around 50 keV
é’ﬁaq@ose o gﬁ%ééi 5 x 1016 at/cnR. More generally,

co i mpl antatlon is carried out with a hydrogen energy -
of NaxoWadeds $pecikl Kaé impthntechibrougin the epger fate af therdbnor -

30 sLBitﬁaQe ?elféattlsbfo %ﬁﬁ‘é d&e ROEN1 SiRESTEESOOBHAGN 3BRWGhor
0
substrate 2 a weakened buried zone 8, shown as the dashed lines in
Figure 1d, in accordance with the Smart Cut™ method as described in the
publication “Silicon-On-Insulator Technology: Materials to VLS!” by Jean-
Pierre Colinge, 2nd edition, published by Kluwer Academic Publishers,
pages 50 and 51. )

This weakening implantatioh step is for exemple carried out by implanting
hydrogen at an energy of around 30 keV and at a dose of about
6 x 10" atiem?.

According to an alternative implementation, the implantation step could be
carried out by co-implanting hydrogen with an energy of around 30 keV and
with a dose of about 1.5 x 10'® at/cm? and helium with an energy of around
50 keV and a dose of about 1.5 x 10'® aticm®.

More generally, co-implantation is carried out with a hydrogen energy of
* around 20 to 40 keV and a helium energy of around 30 to 60 keV, the
doses for both species being around 1 to 2 x 10 at/lcm?.



WO 2008/ 107751PCT/ D32008/ 000383 12 In this exanple, it
may be seen that the paraneters of said species

i npl antation are chosen to forma weakehing zone 8 in
the relaxed Si Ge | ayer 5 of the substrate 2. Next,

Wb%bsh@'f ence to Fi gure. l e, a receiver subﬁéf,%tz@os}%m%

obtai ned for exanple in siljhbcon, is bonded to
upper surface of the donor substrate 2. Additionally,
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remai ni ng on the donor. substrate 2 is abraded, by any
sui_t abl e net hod such as m cal Mechani cal

Pl dharstoref Brepapag ARy suﬁtqqs Qfﬁée §PP‘§FEH%%| cauld;alem congjst of

6 aothaiting shiisurfzees pparpidsy®in @fygeher nilbgen.at e (Fi gure
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remai ni ntg can be abraded in particul ar %
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Ion of species into the“subst
the Smart Cui™ method by a heat treatment at a temperature of about

500°C. -

Next, the upper surface of the relaxed SiGe Iayér 5 remaining on the donor .
substrate 2 is abraded, by any suitable method such as a CMP (Chemical
Mechanical Planarization) method until the strained silicon layer 6
constituted the upper Iayer of the substrate (Figu're 1b).

The upper surface of the relaxed SlGe layer 5 remaining can be abraded in
_particular by applying:
' - a wet oxidation treatment followed by a selective etching step;,

- a heat treatment when the weakened buried zone 8 is formed by
an implantation or co-irriplantation of species into the substrate;

- a CMP polishing step followed by a selective etching step when the
weakened buried zone 8 was formed by the implantation of a single
species; and '

- a simple selective etchmg step



- a CW polishing step followed by a selective etching
step when the weakened buried zone 8 was forned by the
i npl antation of a single species; and - a sinple

sel ective etching step. WO

woQessAeFFH1PCT/ 1B2008/ 000383 13 Referri ng t opda/mpone/n003s3
I h, a second TEGCS oxide |ayer 10, called the
sacrificial layer, is deposited on the strained

si IRefarring &yFigufe i, tahsexoht TEO R sxidelayebd O} called the sadrifitial
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a tenperature of 1100C for
( |n a non- OX|d|2|ng inert atnosphere or a
ntxture of inert gases. Finally, with reference to

%&g 4 dacohd ﬂeﬁ?ﬁéétﬁgﬁ%é?ﬁf@é{uﬁﬁﬁt _tfér%_taggmt REppREd at
aI @éewaﬁr%em;} 89°G topP  iIThg NepexisiziRe et Atmpsriieng o
t 0 atrigtur@veineit@ases th reference to Figure 2, said
process includes a first step of depositing an oxide

| ayer li}_‘F@g‘Wre 2b) _on a singl e-| ayer substrate 11,
cal 1@d!vm gpce imEiguen H, themasritiial oxisle layarmiHl is remgyed

Si Ibg@qiyd&ﬁ]@ucec@q)-lﬂ wbitadersi | i con coul d be of (100),
) or (111) crystal orient ation. It should be noted
that the oxide layer 1 could be substituted by

a
ni dniare altgrative wab At Rplemening he mresRsss @6?)%"'6‘9 fondhe
i NrRRIntiom - with reference to Figure 2, said process includes a first step of

depositing an oxide layer 10 (Figure 2b) on a single-layer substrate 11,
called the donor substrate, obtained for example from silicon (Figure 2a),
which silicon could be of (100}, (110) or (111) crystal orientation.

It should be noted that the oxide layer 1 could be substituted by a nitride
layer without departing from the scope of the invention. “

. Next, with reference to Figure 2¢, a first heat treatment is applied at a -
temperature of between 600 and 1000°C during few minutes to few hours,
for example 5 minutes to 10 hours, preferably at a temperature of 800°C
for 2 to 4 hours, in a non-oxidizing inert gas or a mixture of inert gases.

The inert atmosphere thus created is for example composed of argon (Ar),
nitrogen (N;) or xenon (Xe) or in a mixture of at least two of these inert
gases.

This first heat treatment at relatively low temperature leads first of all to the
densification of the oxide layer 10, but also to the degassing of certain
species, while still retaining a certain degree of porosity of the oxide layer
10 deposited. In addition, the porosity of the oxide layer 10 gives a good
bonding when it was brought into contact with a second substrate, as will
be explained in detail below.

Next, ions and/or gaseous species 12 are implanted through the upper face
of the donor substrate 11, i.e. the oxide layer 10, in order to form in said
donor substrate 11 a weakened buried-zone 13, shown in Figure 2d by the



Next, with reference to Figure 2c, a first heat

treatnent is applied at a tenperature of between 600

and 1000C during few mnutes to few hours, for exanple
mnutes to 10 hours, preferably at a tenperature of
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e Boar g

specl es, hel i

secfuéﬁtratm M/ ﬁﬁ@ Hemruﬁ%'séraiﬁg 1|5r @ﬂ@r@&ﬁver r?HnBatfﬂt@d?‘* are
befaaamedhy dnyclippeestiate method, as described above. :

Referrihg to Figure 2f, the assembly formed by the receiver substrate 14
and the donor substrate 11 is detached in the zone of weakness 13 in
accordance with the Smart Cut™ method by heat treatment at a
temperature of about 500°C and/or with the application of stress.

Next, with reference to Figure 2g, a second heat treatment is applied at a
temperature between 1000 and 1200°C for few minutes to few hours, and
preferabiy at a temperature of 1100°C for 2 hours, in a non-oxidizing inert
gas or a mixture of inert gases. In the same way as previously, the inert
atmosphere thus created is for example composed of argon (Ar), nitrogen
(N2) or xenon (Xe) or in a mixture of at least two of these inert gases.

During. this second heat treatment, the buried oxide layer 10 is densified

.and any defects initially present in the surface layer of the substrate are
removed. Moreover, this second heat treatment leads to strengthen the
bonding interfaces. . '



Next, with reference to Figure 2e, a receiver

substrate 14, for exanple nade of silicon, nanely
(100), (110) or (111) Si, is bonded to the upper
surface of the donor substrate 11, i.e. to the oxide
wayes/140s51 Additional |y, before the receiver BUEBRIANE3S3
14 is bonded to the donor guibstrate 11, said donor
substrate 11 and receiver substrate 14 are cl eaned by
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as prev the.inert. atnosphere thus created is
for exanple conposed of argon (Ar), nitrogen (N2) or
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donor substrate a-wea ened urie zone w in Figure 1d’by the
dashed fine, in accordance with the Smart CutTM method as described in
the publication "Silicon-On-Insulator Technology: Materials to VLS!", by
Jean-Pierre " Colinge, 2nd edition, published by Kluwer Academic

Publishers, pages 50 and 51.

This weakening implantation step involves for example, the implantation of
hydrogen with an energy of around 25keV and a dose of about
5 x 10" atlcm?.

Next, with reference to Figure 2e, a receiver substrate 14, also obtained in
silicon, is bonded to the upper layer of the donor substrate 11, i.e. to the
oxide layer 10. ’



The thickness of the oxide |ayer was between 200 and
500 A, preferably 300 A. Next, with reference to

Figure 2c, a first heat treatnent is applied at a
tenperature of 750C for 2 hours, in a non-oxidizing
wbhebidsgR81 Or a m xture of inert gases. NextpcPuhRBeids:
species 12 are inplanted thgough the upper face of the
donor substrate 11, that is to say the oxide | ayer 10,

ibn Aadgt&inan@ lfiéstbfa it &e@:éivégpamst@tlééatgf ﬁ% Eaﬂ%ecaa@ahle n@shor
uri on .,shown i i_qur e dashe e

" S4BEEARANLe Saict AONH bt . B eernr SE8Ee, 1Dk
i n deaned lylanyatpipopiial inethod, @ desasibed@boveiechnol ogy:
Materials to VLSI", by Jean-Pierre Colinge, 2nd

edi.t.i.on ubl i,shed by_ Kl u Acadeni ¢, Puhl i sher i
o0 o el s iR 2t ol Bl e Aanag et i S bjpched in
| nubeé zese fob weakaegs €3 in Becardancenwith it Sofarh Gut™ gesthod by
Wit afe NGt #lerdsQiiiife dPabitY500¢t. a- dose of about 5x
1016 at/cnR. Next, wth reference to Figure 2e, a

recei ver substrate 14, also obtained in silicon, is
borhited, with tefercoppéo FigayeePg,of sednnddiensificatitrs beattteeatrent is
. %80Pi 502t &tatdr@ e 106°C foMPhours, in a non-oxidizing inert gas
2008/ 107 /51PCT/ 1132008/ 000383 16 Additionally, before

t h' AP T NIEHH3s8%c 14 i s bonded to the donor

substrate 11, said donor substrate 11 and receiver

sulgty ﬂggl él&srﬁéﬁ/ec{mgﬁ'?ﬁq nREMing PREOftoL&ds a bR iRE to dfe

descr ove. Wth reference To Figure 2 parl of

© hanvasion. (RonsistUn FmBtod e bopdt a et usbate e second
we aubstate Math nefaaecce Wddfigwedi. t h t he Smart Cut TM net hod
by heat treatnment at a tenperature of about 500C.

o i Mot B aiirion Hhecs Yoo of depsiin
t engreoxidel tayen20 {RIGOE Fh)or 2 ritdide $gyer on a firstsubstraieZd Ingplled

in | it .a £ Teon
136 8 St 1140 5 bl i g, bl peon

to & #tRvention, this consists in a method of bonding
a first substrate to a second substrate with reference

L0 fgb3Uhith eference to Figure 3c, a first heat treatment is applied at a
temperature between 600 and 1000°C for a time between few minutes to
few hours, preferably at a temperature of 800°C for 2 to 4 hours, in a non-
oxidizing inert gas or a mixture of inert gases. '

The inert atmosphere thus created is for example _Icomposed of argon (Ar),
nitrogen (N) or xenon (Xe) or in a mixture of at least two of these inert
gases.

This first heat treatment at relatively low temperature induces the
densification of the oxide layer 20, and the degassing of certain species,
while still maintaining a certain degree of porosity of the deposited oxide
layer 20. '

The porosity of the oxide layer 20 makes possible a good bonding when it
is brought into contact with a second substrate. ‘



Sai d process according to the invention includes a
first step of depositing an oxide |layer 20 (Figure 3b)
or anitride layer on a first substrate 21 called the
donor substrate (Figure 3a) obtained in any material,
WQeMsHR778i | i con, GaN, etc. Next, with refer eHclEIBEeys/000383
Figure 3c, a first heat trdatment is applied at a
tenperature between 600 and 1000C for a time between
f el isignite ebviews thak ancwside oppilsidey lapercould he deppeites: Qr any
of sGdifatd Ahthautideparting Yrotn tHeFBo%ﬁé oNtieXhddritiong | nert gas
or a mxture of inert gases. The inert atnosphere thus
created is for exanpl-e conposed of arqon Ar), .
ni Nextyevith refgrepee fe Frigure 2d) a secppd substiate 22, Ghliag receiver
|te§§%stﬁét€, Q{sot&ﬁﬁitﬂ_eﬂ ﬂﬁférllﬂmial,'rbiiéh falsr ﬁticdieahdtGaN for
reat ment .at, r Y low te r i e .
e FEP TRy S orged, foe sy fisd “SusSiREL 2! 57 piffiGChe! Riseiver
of sulstraié 22s inde iintimatasantact twith theapridai Iaverg2@ of dhe damor
deg(ggrgtd 2por osity of the .deposited oxide |ayer 20.
WO 2008/ 107751PCT/ 1132008/ 000383 17 It is quite
obvi ous that an oxide or nitride |ayer could be ]
de fogillthednatad 4hst thairoresityeofithe ioxide laygrat is myintaioed dyeng
scCaRefir HelE treBiRdHt] While NRX bualty 107 the behaing eva phitiguiagy
3d, a,second substrate 22, called receiver substrate,
al 98%%btained in any material, such as silicon and GaN
for exanple, is bonded to the first substrate 21 by

oo Ralfahy bel 16 thy Sbaitsd 24122 & bided, Shidmenates 21,
% Bare, gleancgonii, 8-k B Bhe bt of A cdipRHiion g he e
| ayBadit Gorponation af Americairtypry wallknpwnde thnsgtskilled an therart.
while the quality of the bonding was particularly
oqQd. . Addi ti opal | efore.the substr. L
Dot 8 Sape fiset Ferigeth incys 3y ashiiiein Tiear fealivént s
m applied et aZempetatuieodf helweeposPel @rdol20E Rraa time of

( RaydbRedrP h R ahirifesOAnd\EefenC Rdurky PRoferaBlyl atka ampéture of
r

th iLlled in th £ Next ) .

| r PR or fs o ARG dnorbaST 860 PGt atinert ogses.

apphiteel satmeaway mscpraviously othebiseteaimosplugye dhus coerted fofor

a tehamphl cBRjpYEED it drgvn r(hrwtn&&?ﬁd(mg fVwdhonr §Xe) or in a
t

pref.er abl t te rature. of O0C tor 2 hours, in a
nor™ rﬁlpg?ﬂaaﬁﬁ\gpg?g\ggeg}edag%ﬁe ure of inert gases.
In the sane way as previously, the inert atnosphere
t NYSurfigeisesedond Rt WealméR, BRTBEsRofitle 38@0 PN W dansified

nitrogen Qr..xenon e [ ' Q

e 08 aTicAp e AN, Epe JAJBE sbifacd AVEF O feTubBhate were
eliminated. Moreover, this second heat treatment leads to strengthen the
substrate bonding interfaces. '

Finally; it is obvious that the examples that have just been given are merely
particular illustrations which are in no case limiting as regards the fields of
application of the invention.



During this second heat treatnment, the buried oxide
| ayer 20 is densified and any defects initially
present in the surface |layer of the substrate were
el i mnated. Moreover, this second heat treatnent |eads
to strengthen the substrategbonding i nterfaces.
Finally, it is obvious thatthe exanples that have
just been given are nerely particular illustrations
Clﬁhhﬁg are in no case limting as regards the fields of
application of the invention. 18 CLAIMS 1. Process
for fabricating a substrate conprising a buried oxide
1. | ayBroc@:ﬂs forifabri¢aiing dsulpstcde compnistifg #buvied omide layer (1, 10)
nts or e like, conprisin at, | east one
for B BEPRREIPTE PEIEE oL oAty Bf Tof ke tigyify at least one
depdditionl etdpafein Gidalgenor, ﬁ)}@i)roatlﬁtr{&b laitdr, o124 oaosd sulsstrate

a receiv substrate, and a ringin
(2,ddh 2t} 3rd/ or s ceiBer SHhStR{S, ﬁnaweﬁ%eéBvezﬁwggﬂtﬁaf’ﬁm?@tme

1nt%4eor?cg t wﬁ'fﬂlﬁaﬂ?é:tr@éél?&dsﬁ%tlta@@t(g' t140@@'9)r bﬁﬁﬁc@hzb&aﬁt thaat it
irst heat treatment of the oxide la (1

aye
comprises al lest ajiest hap besaimanbafl theeoxidd &ﬁyee“; &bsﬁ@a@@ lemtrlde

tabl peptislT Bl dolEr SERRIAE R A G i %ei‘f“%?“#‘%se“a"e ©.

14) 2ER Ibeﬁjreshttmilmgtleae endd s@itraia c{a,m ,8Bciontheheegeiver substrate
trea

0 S B Rl AL SR P 5 i

substthtal (b, 94, pay, tﬂl@foxﬁ(ﬂ‘@lai»@ﬁcﬁ Slldbﬁd)airﬁi 4R, orlﬁar?ibf the donor

ST Ay e, b ARG e

apgg%d tH}) rtll?%%ig%rﬁdel?? I‘%%@dtl}?feﬁt | PhéRH WM firdt HRIRRL&UAE cOMsists in
80 ewmnutes to few hours in a

appbyimnaitemperaiurael 60gag 19005C Huxing fewominyes fo des dours in a
no Oﬁaﬁﬁ%@eﬁ%? ? i e r i &P %ﬁgr acterized in that

he sec msnt i's a“densification heat
treatment. 3. Process according to any one of clains
2,1 aldocdss Cﬂtﬁbﬁhhgrioz ethimn 1t bhsratteeizbdr st thaatthe second heat

treat nt.co i n_applying a tenperature of 800C
treafmen @dqurﬂfﬁa h&?‘tgggté%‘?g according to any one of
claims 1 to 3, characterized in that the second heat

3. LT e gRRt scaidiid & Ay B8RP Y cREmS 1t SID8! a’iéi'ﬁ@ceﬂ&ed\/ﬁw the the
1200C during few m nutes to few hours in

firpidtead fiegtmpnigconsists ingpplong & tempetatarept 3%"& foggded hours.
5. Process according to any one of clains 1 to 4,

Charf’?‘&%] L 'a%g(grd Iﬂgettcg] %hytcﬁl% 6#85&@?%0“@6&&&%&%& {1 fﬁat the
t mos ure of ‘ITnert gases

secﬁmﬂhhéditetrfeatmﬂw oapdiststin arpdyng (AAtdmpeiatuegei 1¢OR )to arpdo°C
du)l(“&%ofgw(réerkdtes tlogfew hours in a non-oxidizing inert gas or a mixture of inert

gases.

5. Process according to any one of claims 1 to 4, characterized in that the
inert gas used in the inert atmosphere or the mixture of inert gases is chosen

from the following list: argon (Ar), nitrogen (N:) and xenon (Xe).



6. Process according to any one of clainms 1 to 5,
characterized in that the oxide precursor is
tetraethyl orthosilicate (TECS). 7. Process according
to any one of clainms 1 to 5, characterized in that the
silicon nitride precursors are dichlorosilane and
anmoni a. 8. Process accorollgng to any one of clains 1
to 7, characterized in that the donor substrate (2)
con | & . at ;
6. goct el SocgPaiRh {4 Bhe M ARHER. Eto o chRsr KRR Jo bt the
oxﬂalmémnsca i6 23tracthyloorshosilinagel (BEOS).si | i con suppor't
subst rate (3), a silicon- germanium (Si Ge) layer (4)
ncrea5| osition, .a.r.el ax Si | ayer .(.5
7. andPECets ARG 1 Bh OREEIGER T 4 ) hripied i that the
silid6f ﬂiﬁid%%r&&u@ﬂbé 28 @i Ml orebRANBand &ﬁn?omé? haracteri zed
in that the donor substrate (11) and/or the receiver
substrate (9, 14, 22) consist of a substrate nade of
8. si | Prasesohcqondiig, to ady ooe qfidlains) 1 ée ys tchrrastqriged & Bt the
[ claims 1 to 10,
dO%#aSr'Ja%)% é??ézé%%ﬁ& %hdgt% Ihﬁltﬁ%yﬁr%ggssﬂ)%est ep of detaching
a useful layer (6, in) fromthe donor substrate (2,
0. N) . Prdcdss fEcoeding taehomod rtglata(ctelhzddnmlthat tHead @antreubsiate (2)
of detachi.n h usef | ayer

is Panssiuiednen ap3iles (suRBeT FbeHats Lk on! lgpn Fgrmdrium 8ie)

layleP (40 1ﬁ9re§§1 ?%orﬂﬂﬂéitﬁﬁlt ﬁ&bﬁﬁe@fﬁ@@l&?eﬁ(s)Qﬁld@?@;ﬁﬁﬁéd silicon
speci es from the upper face of the oxide | ayer (1 ,

layepf6)dleposi ted on the donor substrate (2, 11) to forma
buried zone of weakness (8, 13) in said donor

SUb %(éc%gg eégdr&'}ggg t(?QHY e ﬁgrbfcélgiysag%ﬂ ré cthggz;fc{é;gllﬁgoifn that the

I'ng 1 n detac
doneefsulbs’drai;ee (110 Gandypr th&3recBiver esdbstateol(gi ng, @) odoasist of a

d hat th
sufitigEaniorapened ook The) BEo3hT Bablal RRERGT S, ' hoa
treatnment, and the cleaving step in the zone of

1}’\’935’?8@3‘3‘? 'a§ccﬁgh{g &8l afytoreebOelRihdie ®eff)chab@abrized in that it
reat nen
includes a step of detaching a useful layer (6, 10) from the donor substrate (2, 11).

12.  Process according to claim 11, characterized in that the step of detaching
the useful layer (6, 10) is obtained by at least the succession of the following steps:
implantation of ions or of gaseous species from the upper face of the oxide layer
(1, 10) deposited on the donor substrate (2, 11) to form a buried zone of weakness
(8, 13) in said donor substrate (2, 11); and then cleavage in the zone of weakness

(8, 13) resulting in detachment of said useful layer (6, 11).

13.  Process according to claim 12, characterized in that the step of implanting
ions or gaseous species is carried out after the first heat treatment, and the
cleaving step in the zone of weakness is carried out before the second heat

treatment.



14. Process according to clains 9 and 12,
characterized in that the paraneters of said

i mpl ant ati on species are chosen so as to forma zone
of weakness (8) in the relaxed SiGe |ayer (5) of the
mul til ayer donor substrate %F). 15. Process according
to any one of clains 1 to PP " characterized in that it
i ncludes a step of preparing the surfaces of said

sub . ; j :
a5 BiRG Aot techive s mbl it pui Al jh gl e meters
of sndtimplantatidn $preeiasxird ehdseneso asito forbda za0g obr t he

nitride |ayer deposited on the donor substrate (2, 11,

21) .
wealgless (8) in the relaxed SiGe layer (5) of the multilayer donor substrate (2).

15. Process according to any one of claims 1 to 14, characterized in that it
includes a step of preparing the surfaces of said substrates (2, 11, 21 ; 9, 14, 22)
prior to the step of bringing the receiver substrate (9, 14, 22) into contact with the
oxide layer (1, 10, 20) or the nitride layer deposited on the donor substrate (2, 11,
21).



