THERMAL TREATMENT FOR BONDI NG | NTERFACE STABI LI ZATI ON
The invention relates to a nethod for producing a
structure conprising a thin |layer of sem conductor
material on a substrate, conprising the steps of:
creating an area of enbrittlenment in the thickness of
a donor substrate; bonding of the donor substrate with
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will be found in the docunent, "Silicon-on-Insul ator
-TechhON8éys Mt erihe s €ONQLS| SUPSETEERt | GH,Th bya Support
JeangRherrgc£0l inge in  "Kluwer Academ c Publishers,

p. 50 and 51. Such nmethods allow structures conpri sing

a thin layer of sem conductor material to be

-advaaéag@nuﬁéytnéoa@ﬁ@a 80batriteSHPPEOhE $éb§tratethe area

parti uIa§£¥ i% éSentconductor | nsu| at or)) ﬁg q

stru8 ur 8T hERMEATan FRsuFREMRGeFayBRTFs Of nsEPFegdonor

betmsehsth&téhbntbayﬁﬂaa@@p@@ftSHprtfaSébSﬁﬁ%ﬂﬁb form the
thin layer on the latter;

(]
- thermal treating the structure comprising the thin
layer on the support substrate to stabilize the
bonding interface between the thin layer and the

substrate support.

The invention also relates to the structures obtained by

such a process.

Methods of the type mentioned above are already known; for
example, they are Smart Cut ™ type methods, the latter
correspond to a preferred mode of embodiment of the

invention.

Additional details concerning the Smart Cut ™ method will
be found in the document, "“Silicon-on-Insulator Technology:
Materials to VLSI, 2" Edition,” by Jean-Pierre Colinge in
"Kluwer Academic Publishers,” p. 50 and 51.

Such methods allow structures comprising a thin layer of

semiconductor material to be advantageously produced on a



Structures obtained by such nethods are utilized for
applications in the mcroel ectronic, optical and/or
optoel ectronic fields, the thin layer is typically
utilized as the active layer for form ng conponents.
Stabilization of the bonding 2nterface between the thin
| ayer and the support substrate proves to be necessary
so that the structure obtained after detachnent
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It is possible to characterize the correct

stabilization of a thin [ayer/support substrate
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electronic components would lead to delamination of the

thin layer at the level of the bonding interface.

In this respect it is noted that in the absence of a
treatment to at least reinforce the bonding interface,
immersion in an HF bath, directly after detachment, of a
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structure formed according to a Smart Cut type method,
leads to detachment of the thin layer at the periphery of
the structure over a radial extent of several microns, or

even to the total detachment of the thin laver.

In addition, the guality of the bonding at the level of the
bonding interface is 1likely to modify the behavior of
carriers in the thin layer. In order to ensure satisfactory
and .reproducible electric performance, it is therefore

necessary that the bonding interface be stabilized.



approximately 10 seconds in the case of an Si 02/ Si
interface). If the interface is not stabilized, or is
poorly stabilized, the etching reveals a significant
nunber of defects at the level of the interface, or
even results in conplete etching of the interface. On
the contrary, if the interface is perfectly
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BOX (Buried oxide) oxide/silicon Si interface that is
perfectly stabilized and does not present any defect.
Marérpreth@elpandn %hynpréébﬂ@ptﬁsen¢50a iBO¥/ssi¢torcmidered
' lized .and

tg} | nt erf et? 1S | nsuef ent I%}/ St ab b cannin

esetit st %c‘?ﬁvge e “'beﬁ Jtzne BOX % ’><|%% 9

ék@&ﬂrqnmttlmadﬁosndpﬂ:rdﬁém )t hobsdefrettiopne ebnetZed bonding
ef ev y h i.ng

'ﬂ{ eréﬁhrgggg? t ah& d§¢%§§5$le¥%hgb%é§b§g O&ﬁﬁb three

ﬂ'—la?]td_ih! ssoltutvidis & outcttdn ohdi ngni it evdreessr of defects less

tHaAPidd ZR4ION £ Probl .M haus Reeth RRAPSEL1 They

reconmend” produci ng

An interface presenting no defect/3 fields (of 3 pum 1in

width) will then be considered to be perfectly stabilized.

An interface presenting 1 defect/field (of 3 um in width)
will be considered to be weakly stabilized. However, this
weak stabilization will prove to be satisfactory in the

fields of application of the invention.

Lastly, an interface presenting more than 1 defect/field

{cf 3 um in width) will be considered to be unstabilized.

Figure la represents a BOX (Buried Oxide) oxide/silicon S5i
interface that is perfectly stabilized and does not present
any defect. On the other hand, Figure 1b represents a
BOX/silicon Si interface that is insufficiently stabilized
and presents a defective area Zd between the BOX okide

layer and the Si substrate, this defective zone Zd presents
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"strong" bondi ng between the donor substrate and the
support substrate, typically by heat injection between
the bonding and detachnment steps or even by performng
a preparation treatnment of one and/or the other of the
surfaces to be bonded before 4he bonding step. These
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A description of this technique will be found in the
article, “Silicon-On-Insulator by Wafer Bonding: A Review,”
by W.P. Maszara in J. Electrochem. Soc., Vol. 138; No. 1,
January 1891.

But these solutions do not allow the bonding interface to
be stabilized; stabilization is a microscopic phenomenon
that reflects the homogeneous establishment of atomic bonds
(covalent bonds) between the two substrates assembled over
the entire interface. As already mentioned above, the non-
establishment of these bonds, even very locally, may be
revealed chemically by etching by wusing the Wright

solution.

In other words, a stabilized bonding interface necessarily

presents high bonding energy, but the inverse is not true.

In order to produce true stabilization of the bonding

interface between the thin layer and the support substrate,



More precisely, this treatnent is furnace annealing of

the structure obtained after detachnent at a

tenperature of at |east 10000 C for several hours.

This type of |long-duration heat treatment wll be

designated as "stabilizatien5annealing" in the

continuation of the description. a By way of exanpl e,

in the case of Si02/Si bonding (the, Iayer of_ 502
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two hours at a tenperature of 1100 C. In addition, one
may refer to docunent US 6, 403,450 that presents an

Mexanplrecdfsedych tdtiabid retineort aimmefhimgee GahibeeVeng dliethe

[ .uti l.sting Qf calryj t c -
SELEEHES R TR ey IS YL ERfergeior 88
lensér 1866°i § fior senplreflehpugat.i sfactory. In the first
pl ace, the thin |ayer nmay not support furnace
stabilization annealing for several hours. By way of
Takanpltepsuchfannsuld nipgigidred heat Sitiiegsmertti n ¥aykr be
dRQIShEREA! abs WLhkely 148r98ACEARLadiRLOCEN ehel ¥Btinuation
efécts in the thickness of the thin |layer and to
ofofifeqdeREFYPLAGBUlIt in rel axation of the constraint.
In addition, stabilization annealing is a |long (severa
hours) operation, consequently presenting a,sigq%%jcant
By Wadat CbudgRMRtenpdiat B/ §@S% i Bh paide) SiTHAM e (the
1sabi bifzafiiogn cgpnealilpg reameld e asnd hh@fr?@w agt uehsgdonor
ocess of a structure conprising a thin |ay on_a .
sBhEerte baRus: AL obiac: BEr BASks Che TLBdRE: COF GBeLlaFing
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stabilization annealing consists of exposing the structure
obtained after detachment for two hours at a temperature of

11¢0° C.

In addition, one may refer to document US 6,403,450 that

presents an example of such stabilization annealing.

However, the solution consisting of carrying out such long-
duration stabilization annealing to stabilize the bonding

interface is not completely satisfactory.

In the first place, the thin layer may not support furnace
stabilization annealing for several hours. By way of
example, such annealing applied to a Silicon thin layer
constraint is likely to generate dislocation type defects
in the thickness of the thin layer and to consequently

result in relaxation of the constraint.

In addition, stabilization annealing is a long (several

hours) operation, consequently presenting a significant



structure. Furthernore, stabilization annealing is

i kely, because of the installations necessary for its
i npl enentation, to degrade the quality of the thin

| ayer on support substrate structure. In fact, when
the tenperature exceeds 10060® G, "slip line" type
defects may be produced because of the appearance of

constraint zones typically |ocated at the Q |level gf
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%ﬁgﬁ% %%%Htion annealing is conbined with other heat
treatments (for exanple with rapid thermal annealing,
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this purpose a nethod for producing a structure
conprising a thin layer of 7 sem conductor material on
Farshlestroate, dconpwikl ngod heresteaied othat this thin layer

quality degradation phenomenon (for example due to the
generation of slip lines) is amplified when stabilization
annealing is combined with other heat treatments (for
example with rapid thermal annealing, as is proposed in
document US 2005/0042840). Such a combination, in fact,
produces a succession of heat origin constraints that

finally combine to degrade the quality of the thin layer.

Therefore a need exists for an alternative technique to
post-detachment stabilization annealing carried out in a
furnace at a temperature of at least 1000° C for several
hours, and more precisely for a technique that allows the
bonding interface between a thin layer and a support
substrate on which said thin layer was transferred to be
stabilized without presenting the abovementioned

disadvantages.

The objective of the invention is to respond to this need
and the invention proposes for this purpose a method for

producing a  structure comprising a thin layer of



creating an area of enbrittlenment in the thickness of

t he donor substrate; bonding of the donor substrate

with a support substrate; detaching the donor

substrate at the level of the area of enbrittlenent,

to transfer part of the domor’ substrate onto the

support substrate and to formthe thin [ayer on the
Iatter g ther atin cture aobt.aj.ned ft
b T 1D e A il P gl Feeps
athe thin | ayer and the substrate support; characterized
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bonding I nterface 1s carri enentlng one

or wﬁm@ depiad tshdrstedat@mneal i ng  operations. Sone
preferred, but not limting, aspects of this nethod

are the following: - after detachnent, this nethod
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| ayergupstida@ d;hi nning step is inplemented after the

first of the rapid thermal annealing operation(s); -

the thinning step conprises a heat treatnent operation
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- thermal treating the structure obtained after
detachment to stabilize the bonding interface between

the thin layer and the substrate support;

characterized 1in that the heat treatment step for
stabilizing the bonding interface is carried out by
implementing one or more rapid thermal annealing

operations.

Some preferred, but not limiting, aspects of this method

are the following:

- after detachment, this method furthermore comprises a

step of thinning of the thin lavyer;

- the thinning step is implemented after the first of

the rapid thermal annealing operation(s);

- the thinning step comprises a heat treatment operation
carried out at a temperature of less than or equal to
1000° C;

- the heat operation of the thinning step is oxidation

of the structure obtained after detachment carried out
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| ayer of oxide fornmed during the oxidation operation;

the heat treatnent step for stabilizing the bonding
interface is carried out by inplenenting at |east two
rapid thermal annealing operations, and the thinning

step is carried out between $aid two rapid thernal
anneal i ng operations; C) a rapid annealing operation is
per f Qrmed, by, Luctyng o ai a o
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i npl eménting at | east one rapid thermal annealing
operation; the bonding energy reinforcement step is
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for a duration substantially of between 5 and 60

seconds;

- furthermore, the method comprises a bonding energy
reinforcement step carried out before detachment, and
the heat treatment step for stabilizing the bonding
interface is carried out by implementing at least one

rapid thermal annealing operation;

- the bonding energy reinforcement step is implemented
before bonding and consists of a plasma treatment of

one and/or the other of the surfaces to be bonded;

- the duration of exposure to plasma is between 5 and 60
seconds, and is preferentially approximately 30

seconds;

- the plasma is initiated and maintained by application
of a radiofrequency power per unit of surface of
between 150 and 2800 mW/cm?®, and preferentially
approximately 750 mW/cm?;



O her aspects, goals and advantages of the present
invention wll becone nore apparent upon reading the
foll owi ng detail ed description of preferred enbodi nents
of the latter, given by way of non-linmiting exanples,
with reference to the attacfed draw ngs in which,
outside of Figures la and I b that have preV|oust been
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As has already been explained previously, the invention
relates to the production cof structures comprising a thin
layer of semiconductor material on a support substrate, the
thin layer being obtained by detachment at the level of a
donor substrate in the thickness of which a zone of

embrittlement has previously been created.

The zone of embrittlement may be created in the thickness
of the donor substrate at a depth near to or greater than
the thickness of the thin layer to be transferred by
implantation of the atomic species or by formation of a
perous layer, or even by any other methed that is able to
locally fragilize the mechanical bonds in the donor

substrate.

Bonding is then achieved by c¢lose contact and molecular

adhesion of the donor substrate with the support substrate.



Furt hernore, the nethod according to the invention
conprises a heat treatnent step for the structure

obtai ned after detachnment to stabilize the bonding
interface between the thin_ |ayer and the support
substrate. Mre precisely. #Re“invention is directed at
a technique a allowing the bonding interface to be
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Thermal Anneal ing") type operations. The applicant has

noti ced that |n a particularly surprising nmanner, it
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ﬁ urEtl on that |s defl r!ltely sh rtellﬂt;;a,]inntha}acv\gwlgehtween

tHd ytm1@ﬂ|l|abyeramﬁﬁ|ﬂl'f& Afppbrite MYAirnyte over 1000 C for
a duration over 30 minutes). One is rem nded here that
stabilized interface in the sense of the present
Mdma/epré@hséjsyundhestmdertmdsref &5 Bdrawtddntet f acecechnique

r |c def ctsfollmmn F1ght .
DR, e SRR (roRafRed FBL AR BRaR PRk, wiehoue
¥ egrrdi itng tbypscabhﬂlzadebectahhehblﬁgf tpati nisv dtyrnace

a8 Ay SEM nﬁéz‘%@&d@%f ap l1eakP LhBosCOPEN éé{feral

present inventio rapi d annealing may be carried out
hdursa furnace of those conventionally wutilized to carry

out RTA. Rapid annealing may also be <carried out in an

epitaxy franme. Rapid annealing is perfornmed in
Fqg”ﬁhbﬁ|éwqﬁqﬁ%ph§h@ Imyention proposes performing the

heat treatment step for bonding interface stabilization by
implementing, after detachment, one or more RTA (“Rapid

Thermal Annealing”) type operations.

The applicant has noticed that in a particularly surprising
manner, it is possible to stabilize the bonding interface
by performing the heat stabilization treatment step over a
duration that is definitely shorter than that which had
been considered to be necessary until now (typically
annealing at a temperature over 1000° C for a duration over

30 minutes) .

One is reminded here that stabilized interface in the sense
of the present invention is understood to refer to an
interface presenting microscopic defects following Wright
etching with a density that is less than a limit density,
typically 1 defect/field (of 3 pm in width) observed by SEM

microscope.



may be an at nosphere conprising a mxture of hydrogen
and argon, an atnosphere of pure argon, of pure
hydrogen, or even an atnosphere conpri sing

hydrochl oric acid. Cenerally, the RTA operation is

i mpl enented in such a way- a8 to present a heat budget
(duration/tenperature pair) that is greater than a

m ni mal _budget. The RTA tenperatuyre nust .al] so .

1 B AP Dot HEaPRER By or OO0 08 1 LA ATIE Tk Yoy
bsevaratiskconds tinseverfhrmicwit esf Teosd abtdnvatt donally
tep i referential ly ri LN apunction_w th
uéallgltzeépd? ggrf%% % ter}%get a%r?g'#,alc}?eg?ﬂ#ﬁni@a oF\’t\Lﬁtsée be

caried sy . 1MThars ap tavingfstrep. particularly allows the

thi ckness of the thin layer transferred onto the

support substrate to be reduced to bring the thin
Raph@ranneahindlebs rrer idnmwdkdhess cdirahled iakosphere. This

may YT Hhe a tRolspraddl tdhridind 14 ?EEB?ESdCEhQEK?S%ﬂﬂg and

t'he so-called “thinningfunction, |nn|n%%§
axgYo apNoRs MORPhegEr fefcePufret BEIEmi n Afayprreo yslrogen,

eRIERA eft dbpHeavd UordSi s SIP ARG hIdYRArdd gyl ar
during a subsequent A operation. The thinning step
is preferentially, but not exclusively, inplenented

cardderl 1he shabrithzabjetBtheat itd epfipPithe st &P inTRGch a way
thinning step is preferentially .inplenented b¥ ,
2ol PorPieRFEn Gxi HSEF orPHHRRT ( GHFREAPTGFSTRETAR RS Pair)
tk:laatyers c_(;ﬁf]lat)e(it") dehéAyer misitAen bﬁ;adg@ed_ gme_t trerA hi émperature
er), then rrying out esqgxi dati on ration
Ao Treteaf B 1557 antrofray GdFFn ‘biat fon; FOF
appmroxexetdley; devedalngaunpride tostgenaingle iorutseyer al
mnutes in a 10% or 20% hydrofluoric acid solution).

Oxidation is achieved by heating the structure under
Thyasebabidiggenpnf cstexans epreéhenmyt cabby tdeermiedd out in

céH?dﬁHéfB% with a step, performed after detachment, of
thinning of the thin layer.

r

This thinning step particularly allows the thickness of the
thin layer transferred onto the support substrate to be
reduced to bring the thin layer to the desired thickness

for the final structure.

In addition, it will be noted that beyond the so-called
thinning function, . the ¢thinning step also allows the
surface of the thin layer to be prepared in view of its

smoothing, in particular during a subsequent RTA operation.

The thinning step is preferentially, but not exclusively,

implemented after the stabilization heat treatment step.

The thinning step 1is ©preferentially implemented by
performing an oxidation heat treatment of the thin layer
{an oxide layer is then formed on the thin layer), then by

carrying out a desoxidation operation (to remove the oxide



is achieved at a tenperature of |less than or equal to
10000 C; for exanple, at a tenperature between 800 C
and 10000 C, preferably at a tenperature of 950 C. It
will be noticed that the act of perform ng thinning at
a r~ tenperature of |ess ihlh or equal to 10000 C
allows the V generation of slip Iines to be limted.
The thinni ste Limted to the
18¥F6a PONF e§B§FgatP6ﬁ éﬁﬁBBv RE; eﬁﬁmﬁéﬁ aP¥oPpynging the
scanctade 6ot isevetrhar miaysed dm exangt eor byopehldrgfigoric
a01§ ghkngn of the thin layer, by inplenenting
eaPlng |n an etching atnosphere (for exanple, HC)
at tenperatures of less than or equal to 1000 C.
oﬁESQEgbﬂg @ ghgggegregﬁrrﬁgagggg ot 8} gh%ugEthSQder
according to Re FRVEnt i o ong on S zation
gaﬁﬂea‘ai ngygsnr eppacedatplper for arnvrgcasel, edbermad B¥Adation
1AMt SRR o AMGRIIN0 ARET BE Hisee MIEERDTEE! AL to

ere F\gll1 operatlo S are 1 nmp enent ed at
lﬂ@ﬁfbe@at fes taxammlts tahper semperaturki Hetween 800° C and

1§b@b'b'2§£é98réﬂﬂ§abt”9 tém§@9¥€ﬁ£éoaelbz eagried out.
Taki ng the exanple of the stabilization of a

conventional Si02/Si bonding interface by exposing the

ISt UEL UKe nQQiééHeghQQSEhge&éghHE”beEEoﬁmiﬁ&D%h@hH&ﬁ oft a
1100 C for two hours, two RTA operations are carrje

teUPEratYRe Sdopkesaf thRB (9 cREVBh. OACHOM T hCa allows the

géﬂéﬂ&t@@noéf3Q1§§CDﬂﬂ§s e8dbeat i@iteaperature of 1200
C. 13 However, it will be noted that the invention

is not limted to this heat budget (30sec/ 1200 C) for

TRach ofhimeifJA opegmtionss buthcal so afit@elest theto the
carr A ope atj,ons: at. ten‘gerat ure

oS FaaY AP febothaet fon REFDIRN s s CHRYY Bty carried

oldR50nCotded/ ovays: for example, by performing dry etching
of the thin layer, by implementing annealing in an etching
atmosphere (for example, HCI) at temperatures of less than
or equal to 1000° C.

According to a first preferred embodiment of the wmethod
according to the invention, long-duration stabilization
annealing is replaced by performing at least two RTA rapid

thermal annealing operations.

More precisely, here two RTA operations are implemented at
a higher temperature than the temperature at which

stabilization annealing is conventionally carried out.

Taking the example of the stabilization of a conventional
8i0;/81i bonding interface by exposing the structure
obtained post-detachment to a temperature of 1100° C for
two hours, two RTA operations are carried out in the scope
of the invention, each with a duration of 30 seconds, and

at a temperature of 1200° C.



of a duration over 5 seconds, typically up to 60

seconds. In the scope of a preferential variation of

this first enbodinment, the thin layer thinning step is

carried out between each RTA operation. Thinning is

here carried out by the inpt®nentation of therma

oxidation at a tenperature of |ess than or equal to
0_Cfollo oxi datjo Accordi.ng t e

KRV EF ca e Ment SR e orhSd RGERG Aing Bofha thdced

tionvarits oheat hduwsigali | { eseonl 20heali nforst epchs of the RTA
Lac by inple at | L, cqnj uUnct Wt h:

B A e ane, BT r cTErar cableeta NI Mol ot R

operachepAt, and J a stabilization step for the bonding

interface carried out by inplenenting after detachnent

at least one rapid thermal annealing operation.

-Pr ef aFabEyperRé Wresdidrgadfar ghatei Ot cefentyBiepliy up to

i mpl eppRbedmbetoye1bapdi pg gRd/eensists of plasma

treatnent of one and/or the other of the surfaces to

be bonded. Therefore, in the scope of this variation,

-the denoy Rubkatia eovexl ds zebdndiot exbdicagdyl nusudd 60

a way as to forman oxide |ayer used as the insulating

| ayePeFRBEPted between the thin |ayer and the support

substrate) and/or the donor substrate (oxidized or not

oxi di zed for thf sane -f14 gea ons) .is. are% e osedf.

1P Pi%asfEOPEef Bt e | BEBIEHATEER. WAH AHE™ aBls tothetirst

ehbpdedenthe ey athan dfayexposhiantiagplstsamm is bed mebsd Sout

apd 60 _seco ; 1t typical .1.S.approximtely_ 30

ol 28R ke~ botn: raany B0 Bl PYEs irTied out by

thecrioplewtnoakésnt of paefrori dxydetchnngtmay tkeperature of
O . ! emBn i 's..plas

B I R A R Rt e

(Reactive lon Etching) type etching

According to a second preferred embodiment of the method
according to the invention, the stabilization annealing

step is replaced by implementation in conjuncticon with:

- a bonding energy reinforcement step carried out before

detachment, and

- a stabilization step for the bonding interface carried
out by implementing after detachment at least one

rapid thermal annealing operation.

Preferably, the bonding energy reinforcement step is
implemented before bonding and consists of plasma treatment

of one and/or the other of the surfaces to be bonded.

Therefore, 1in the scope of this wariation, the donor
substrate (oxidized or not oxidized in such a way as to
form an oxide layer used as the insulating layer inserted
between the thin layer and the support substrate) and/or

the donor substrate (oxidized or not oxidized for the same



to be carried out. Plasma treatnment may be carried out
in a vacuum chanber, or even at atnospheric pressure.
A pure gas (typically 02, and possibly N2, He or Ar) ,
or a gaseous mixture is introduced in the chanber,
with a rate of flow on theldrder of 50 to 500 sccm in
such a way as to establish pressure between 10 and 200

miorr (typically 50 nmflorr). The plas may b
rERRETS clE mid Elie A XRET: MR PbYThe. DRSOEFCAUIRE ofoREact
witadi tdie efpmneyt pdverbqrededinit of surface in the range
of 150-2800 mWcn2, and typically on the order of 750
mVcnR2 (or in the range of 100-2000 W and typically
Tlon theatider of B8PoOWlrkorta plbstraties i betweehorn efhda 60

%?g% i e . ASIE, t t he
s cnuﬁ%ﬁ?#%?gﬁig%%ﬂgég%%Eﬂ%%e eé&? :gﬁhﬁfééﬁ in
tenperature. Therefore, in the case where plasna
edd SHRNt c%v%%i%m/ﬂg th@‘Pw@% of tmﬁcrée&EgE%n&es to
e "bonded is inplenented %e%ore_ oné}ng according to
PRHOWONATY i 6ASHiLREI dedrevi bizty, ipherdgandigimplement

thiY erpagenst abirbhbzakin®n healp trepl meph 84eN19®8Y this is
consi'st of ferforn1ng RTA tgpe rapi d t hermal annealing .
eqiirmergp & 19%ing BiFalRenc f-VBetIQ@eﬁtGh&ﬁ’dﬂ)Gcfﬂé%@ro‘%?lng

td Vo caldviappoxi mtely 30 seconds. - 15 |In the scope
of a preferential variation of this second enbodinent,

the thin layer thinning step is carried out after the
PIREhD efeaitintiht Hee Bdidutiged sowc hirevedrdyuddhechamber, or

i npl ement atiqn of thermal oxidation at a tenperature of
YL i

bGP { RT%PY00 C fol | owed by desoxi dation
Returning to the general description of the second

i ty it bserved t.hat the.i enent ati gn
A R SRRt aimieit Y0P & i aPhg b aRA B orat B ikl o 2
gateapishasigure is introduced in the chamber, with a rate
of flow on the order of 50 to 500 sccm, in such a way as to
establish pressure between 10 and 200 mTorr (typically 50

mTorr) .

The plasma may be initiated and then maintained by the
application of a radiofrequency power per unit of surface
in the range of 150-2800 mW/cm?, and typically on the order
of 750 mW/cm? (or in the range of 100-2000 W, and typically
on the order of 500 W, for a substrate in the form of a 300

mm-diameter wafer) .

Plasma treatment allows the bonding interface to be more
easily stabilized in temperature. Therefore, in the case
where plasma treatment of one and/or the other of the
surfaces to be bonded is implemented before bonding
according to the conditions indicated previously, the
bonding interface stabilization heat treatment step may
consist of performing RTA type rapid thermal annealing at
1200°¢ ¢, for a duration of between 5 and 60 seconds,

typically approximately 30 seconds.



)

i npact on the ability to easily stabilize the bondi ng
interface through a rapid thernmal annealing step
performed post-detachnent. It is therefore possible to
perform RTA anneal i ng wherein the heat budget is |ower
t han RTA annealing in the-sédpe of the first
enbodlnent RTA anneallng of the second enbodinent may

f e se of. the_exa pres
Eﬁg)%%Fm%%rr Fed % FrE e it v?gﬁggﬁgpurégtﬁﬂlg tfReond
emﬁﬂﬁmmméallhgeoﬁﬂthe ﬂaysr eﬁbadungntstbp aiddi thomiedt out

fht%zﬁoéﬁé brea E'%%t%gl ng Inlflerﬁfl d, seH’BBQ%GEBt P the
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scope of th rst enbodi nent. singl e RTA operation
is typically only performed in the scope of the second

RetediENtt yhepLEWo JRRA GRer ald ansi o sl peeve the besecond

necessary in the scope of the first enbodi nent to

enfgHime ntst &b | }%eOPﬁ%rB%‘ﬁdFH@tl kher flgpd emegit athicq, before

deteastidntil O eg 23ndGnl |dHrigt eféﬂefﬁ@émém@agteﬁ haks an
t he bondln |nterf ce and respe tlveIZHngresen

imBagilr e OBa: CHE RPHLYE | %Chn CPREAYT 4 Rp§ the bonding

i rtdettfddez eﬁnkmgrheal fppeaephatingd ahneanvesdt isaral performed
st abj I|z tion annealing for two hours at 11000 C

po(&r# "f-gure la); - 16 Figure 2b: an

Cklde/S|I|con interface weakly stabilized by the

i 9 fornance e pref r.enti al
Itvarqr)éla on o ?hgofss g’fnl I)r%rmo]fi ing wherein
thepdreatti dnsiost asténp&nawwmm mﬂﬂlzﬁﬁ@aﬂﬂhg'xﬁ)thaaﬂmupg of
th%et "‘ﬁfPst‘."h' RIS %t'n{é%ec”edeAthbﬂ%Q% é farE d Ulcong
ermal oxldation at a enperature Tess an or
m@g@ﬂmantjm@ﬁouberefore be faster (case of the example
presented above) or carried out at a lower temperature than

the RTA annealing of the first embodiment.

In addition, it is possible in the scope of this second
embodiment to highly stabilize the bonding interface by
performing a number of rapid thermal annealing operations
that is less than the number of operations necessary in the
scope of the first embodiment. A single RTA operation is
typically only performed in the scope of the second
embodiment when two RTA operations would prove to be
necessary in the scope of the first embodiment to highly

stabilize the bonding interface.

For this reason, Figures 2a-2c 1llustrate the stabilization

of the bonding interface and respectively represent:

- Figure 2a: an Oxide/Silicon interface highly
stabilized by the implementation of conventional
stabilization annealing for two hours at 1100° C

(similar to Figure 1la);



Figure 2c: an Oxide/Silicon interface highly

stabilized by the inplenentation, in conformance wth
the preferential variation of the first enbodi nent, of
a pre-detachnment reinforcenment of bonding energy in
the formof plasma treatnmentl®nd of post-detachnent

RTA sequence (1200 C/ 30 seconds) and thermal oxidation

t hi npi t a,fenperature_of lLgss.than or__equal to

Looor 198" SehERres i‘ﬁxk{i‘aég%ef’z O hat *RESHIRE S ar i BRAKLY
of theabbbhzédgbyntéef dow leserit ags ongveal ecobfoimagde with
etchipng) i f i A ensity. d

ot e uRt e pEche el PakiaGuofibfotie LiPhe PEEONTNIRY, of
def ek¥® REAnoperdéirnmentak iteapereltvas tdfe 1200° C for 30

st ab%éé%ﬁcﬁé on AL, RE OKES; ¢ T 9nlE-EaHI ST AGEANIINY step

the fields_of application of tshe Invention. O To
finiehrriged| eubxpivai Heakdat oxhéabier atfors eeimperat wig of
af t e1 - gt @ehrent é(?ygp 8s psederential RTA/ thinning/ RTA
and plasma + RTA/thinning sequence operations), may be
conpl eted by additional steps being carried out (for

- exanp] gur@ddi t & onal ah hi Nk D@e 58 EPScoh YPI £3tE¥fhBet hehighly
form of oxid t{}on/g\eso,xi ation) still at a tf erature,
of 13EPLHEFE oPY 0181 B LETSFEEL 1PRe rdt HoP Rffeswith
not cloapsisteddyt SABPvASIAgidn dENHIEE af LiF et hegbedihéa, of
1000C, or %%ﬁfe ent i al I%. 9 OCé except.i ng t@e one or :
mor €2 r &5°d R EFMEE i nEat ot COpErat PonsPeReped s frergy in
st abilhe zifpgmt hef bphdeng itrearthess, and7 ofi . post héetachment
te ture is _kept 10 .~ Or referentially
950C, "for SERESEEE of Pg%@%\%ss%gggps ‘?%Iﬁéscorl’a onﬁh?romal
t he atideEremcetbhéhneeg tdte ahdkeeppracess and leke diben or

or ”@cﬁ@af‘%%dlé@@“ n@l annealing steps for

It is observed in Figure 2b that stabilization of the
bonding interface (such as revealed by Wright etching) is
not perfect: a low density of defects may effectively be
detected. However, this low presence of defects 1is not
detrimental inasmuch as the stabilization obtained proves
to be satisfactory in the fields of application of the

invention.

To finish, it is explained that the operations carried out
after detachment ({(such as preferential RTA/thinning/RTA and
plasma + RTA/thinning sequence operations), may be
completed by additional steps being carried out (for
example, additional thinning steps, typically in the form
of oxidation/desoxidation) still at a temperature of less
than or equal to 1000° C.

The method thus does not comprise any step using a
temperature higher than 1000°C, or preferentially 950°C,
excepting the one or more rapid thermal annealing

operations steps for stabilizing the bonding interface,



stabilizing the bonding interface. Hence, therma
oxi dations and treatnents at tenperatures higher than
1000C, which are additional to RTA steps, are
conpletely suppressed. In particular the tenperature
is kept bel ow 1000C, or préfferentially 950C, after
detaching the donor substrate at the |evel of the area
.of enbrittle - 18; CLALMS 1. t hod o
1p%0duc§h% a g?ﬁé%f%Fgr%onp%?siﬁ%e%tthiﬁéF§Ver %PBB ¢, or
psefecondial by ®&t08C,al fan sheubssitr av €, prorprissi siephewhich
: eatl.Ng. of; it i
GHE8ePha Sp°fhe " Bifdedstesp i PRlTlo1d frocess and
thendPng ofont henelomor rapbdt r sherwalh amgsdomg steps  for
si.sé!'}gf'%féiﬁ' degﬁéh' nEoB??ﬂgonoint?é‘Pféé@t. e afehpe, ! eVFl’lermal
of the area of enbrittlenent, to transfer a part o
oxhéabre? sybdt r hreabnent sheauppePpesabsreat ehaghiero than
16069t henithi Ridayfdaionbdde Lot Reh; dthgidtal atd eabinBletely
the structure conprising the thin [ayer on the support
SUpPEEPeee- t F st BBFFisELRke WH¥hdtREPPRREMESCel DetifBin Pelow

10 beo ¢ hi Brl pyereaedrtiBe 15ulbsiorate a fHePUdtaching the donor
characterized in.tha e thermal égeatnen

t [ step to
SUPSEF TS At heNBOhBYRY Pht RF aRES2 | OF CSFPFLHE HEFCBY
i npl ementing at | east two rapid thermal annealing
operations. 2. The nethod according to the previous
claim further conprising thinning the thin |ayer
after detachnment. 3. The nethod according to the
previous claim characterized in that the thinning
step is inplenmented after the first of the rapid
thermal anneal i ng operation(s). 4. The nethod according
to the claim2, characterized in that the thinning
step conprises a thermal treatnent operation carried
out at a tenperature of less than or equal to 1000 C
5. The met hod according to the previous claim
characterized in that the thermal treatnment operation
for the thinning step is oxidation of the structure
obt ai ned after



detachnment carried out at a.tenperature between 800 C
and 1000 C. 6. The nethod according to the previous
claim characterized in that follow ng oxidation of
the structure obtained after detachnment, desoxidation
is perfornmed to renove the I yer of oxide formed
during the oxidation operation. 7. The nethod accordi ng
to ogpAQMS| aim 2, characterized in that the thermnal

t r eat nent step to stabi lize the bondi ng interface is

carried ou ment i,n t two rapid the
| B Hio06ing! oL SMre iRt (L taver of
Segﬂgf?q%%e%tgbw erw@ R@eﬁqbgta«’raq%}rwa &ets eﬁﬁgm a%};e;| i ng

operat i ons:reasmgwwofmdbla*@l@medt ncp diseation qfthe/thiciaess of a donor
subdtestey characterized in that a rapid annealing

oper at i on Hopdir@l dfitREldOktr shlstPdiieGld figpbRuBitFagt ur e

obt ai ned

oy s t an ¢ 'g&é g%et‘h@ Hﬁ%%%ﬂs&aﬁaaig%ﬁ 'é?%% agrgfbf érﬁﬁf};‘ﬁl&me? to
trep d daner Stryas il ssbiors Seprleand i thin layer
on % Iif or producing a structure comprising a th| n

| ayer of thamatdreatiogche retrueturalicompriainguthst thirt égyer on the support
subsups it6 i stabilikee tisd @padok: intekbaceChtatemgh@nhar yepfand the substrate
Su@g@[;i ttlement in a direction of the thickness of a

onor substrate; bonding the donor substrate with a

supp ubst r.at etachin or,. s e at the

o AR BRI Hrealignnt Septo {PSEStHE Englabfinterface
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to formthe thin layer on the suppo_rt substrate; and

t her?ml | y Theaatthog acberdityr tacthel peevéouspdlaish, farthbecdtipriking thinning

thd dElayePaftdi@lefdtBRRAt. Substrate to stabilize the
bondi ng Interface between the thin layer and the

supp. bstr cha .acterized |n th t th
furt erm)r c g}oﬁs% ﬁ‘ﬁ

la%ﬁa. § et aﬂf@r GRE g in tht the
thigpigg stepy is iimalesuantesbalisrdhe BrA Ok grmal anpealingfperation(s).
thermal treatment step for stabilizing the bonding
i nt e4.f ace The mathodedcordingdyo theptleine?, ichagrasgterizedsi tiaehe thinning
stebadé'ni?brlsteb 8rtH8m A F2Gh bR ORPATOAL daPfled &t atTNRnREAGEL of less than or
eq?%qgrl hidcto the previous claim characterized in that
bond “ing energy reinforcenent step is inplenented
bef or e bondi ng 8102 consists of a pl.asma tre  atnent of
one and/ orl ben@etiodesccordipg do She roiewguy §la, shageterized in that the
themeshloreatentdipergtion for thhshineingeterais caidatiog of ehe steucture obtained after
defackementusmritdhowm at altampetagure betvdaen J00AIC 4dde1000° C

6. The method according to the previous claim, characterized in that
following oxidation of the structure obtained after detachment, desoxidation is performed
to remove the layer of oxide formed during the oxidation operation.

7. The method according to one of claim 2, characterized in that the thermal
treatment step to stabilize the bonding interface is carried out by implementing at least
two rapid thermal annealing operations, and in that the thinning step is carried out
between said two rapid thermal annealing operations.

8. The method according to the previous claim, characterized in that a rapid
annealing operation is carried out by subjecting the structure obtained after detachment to
a temperature that is substantially between 1200 and 1250° C for a duration that is
substantially between S and 60 seconds.

9. A method for producing a structure comprising a thin layer of
semiconductor material on a substrate, comprising the steps of:



duration of exposure to plasma is between 5 and 60
seconds. 12. The nethod according to claim 10,

. Characterized in that the glasma is initiated and

" mai ntai ned by the applicati’on of a radi of requency power
per unit of surface between 150 and 2800 nWcnR2. 13.

The -met hodreatig@bflantg dfendiratlemént ic halirctier b2ee thiokhdiatof a donor
subishigter api d  anneal ing operation is carried out by
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10.  The method according to the previous claim, characterized in that the bond
ing energy reinforcement step is implemented before bonding and consists of a plasma tre
atment of one and/or the other of the surfaces to be bonded before bonding.

11. The method according to the previous claim, characterized in that the
duration of exposure to plasma is between 5 and 60 seconds.

12. The method according to claim 10, characterized in that the plasma is
initiated and maintained by the application of a radiofrequency power per unit of surface
between 150 and 2800 mW/cm?.

13. The method according to claim 9, characterized in that the rapid
annealing operation is carried out by subjecting the structure obtained after detachment to
a temperature that is substantially equal to 1200° C for a duration of between 5 and 60
seconds.

14. The method according to any of claims 1 to 13, wherein the temperature o
f process is kept below 1000°C after the rapid thermal annealing operations for
stabilizing the bonding interface.

15. The method according to claim 14, wherein the temperature is kept below
1000°C for process steps corresponding to the whole process except the rapid thermal
annealing operations for stabilizing the bonding interface.,

16. The method according to claim 9, further comprising thinning the thin
layer after detachment. :



