THERMAL TREATMENT FOR BONDI NG | NTERFACE STABI LI ZATION The invention rel ates
to a nethod for producing a structure conprising a thin |ayer of

sem conductor nmaterial 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 a support substrate; detaching the donor substrate at
the level of the area of enbrittlenent, to transfer part of the donor
substrate onto the support substrate and to formthe thin |layer on the

latter; thergBhvATl eehEAGVENE BORUBLNDENGORTLRFASEt Beakhi RzalayQr on the
support substrate to stabilize the bonding interface between the thin |ayer

and the substrate support. The invention also relates to the structures
obt ai nedThg isueht Aopr peesses Meabh@dﬁeohocﬂheofypeoﬁﬁmhgnadsabeweuaée al ready

known; X Snar t ods | atter
corresponémP% %E%?efergg%nnnd%y%¥ %ﬁuﬁ?W%ﬁ?xg?CFEE T?&&ﬁﬁ? n°"Addi t i onal
detai | s eoheeratag tbepBSoaingCubhe' stepshofl: will be found in the docunent,
"Silicon-on-Insulator Technology: Materials to VLSI, 2nd Edition," by
Jean-Pierre Colinge in "Kl uwer Academ c Publishers,” p. 50 and 51. Such
met hods al | owFE¢Rbuehdr 88 esrpr o wyky itthilememferiroft he ebl tokaees oL nat eri al

to be advant agegusby PrOSUEELe0N a - Z

- bonding of the donor substrate with a support

subsgtrate;

- detaching the donor substrate at the level of the area
of embrittlement, to transfer part of the donor
substrate onto the support substrate and to 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



support substrate, particularly SeQ (Sem conductor On Insulator) type
structures, in which an insulating layer is inserted between the thin |ayer
and the support substrate. Structures obtained by such nethods are utilized
for applications in the mcroelectronic, optical and/or optoelectronic
fields, the thin layer is typically-ukitized as the active |layer for

form ng conponents. Stabilization of the bonding interface between the thin

| ayer an up tra . QV ce that t
structurguéggg?neggé%Fggpééta%%ﬁg%gugggggntseB? Eg éSPngﬁﬁtSFec i cal
properti éssphatont okFRAcELWHEAUrEhe ﬂeqwhnehEﬂUSlaﬁdlspeogfﬂaaEroms of the
fields oinsapeéacsétweeﬁfth@ethmﬁems 8p- 218 PA tbﬁg#éit Eﬂb Beegpdles strong

adhesion of the th | ayer and the Support su str sence of
such adhesion, a rlsk exi sts that the subsequent steps to form electronic

conponensarmeuhﬂegeagbtalﬂ@aanbyatggahofméhﬁodéhlaréayaela&zbae egyel of the
bondi ng int rface In this rg@pect noted that in the absence of a

treat menfPPOIGREERREt it nf &PEe t%écﬁ%%ﬁ?%br?%&%rfaégmlq r 8P8A°Fn an HF
bath d|optbéyeattenldefaehdsntthefthlnslayetuie toptredlagcacdingetio a Smart

Cut "mtype, Hgtgggivelfgggrtgodekg nﬁgt?8$%é£§% hin | ayer at the periphery

of the S uré over dra ®hicrons, or even to the
t ot al detachnent of the thin layer. In addition, the quallty of the bonding

at the '§¥§blﬁiz£ﬁ§0anﬂ?'Eﬁehﬂ&&ﬁe li$ cloleal-y tBe?QQéﬁytﬂﬂf gﬁ?ﬁVior of

carriers int | ayer I 0 ensure sati stactor
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that the structure obtained after detachment presents
mechanical and electrical properties in conformance with
the requirements and specifications of the fields of

application of the invention.

In particular, this ensures strong adhesion of the thin
layer and the support substrate. In the absence of such
adhesion, a risk exists that the subsequent steps to form
electronic components would lead to delamination of the

thin layer at the level of the bonding interface.

In this respect it 1s 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

™

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 layer.

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

necessary that the bonding interface be stabilized.



necessary that the bonding interface be stabilized. - 3 It is possible to
characterize the correct stabilization of a thin |ayer/support substrate
bonding interface by producing cleavage of the structure and etching the
bonding interface by using a Wight type solution (for approxinmately 10
seconds in the case of an Si02/Si rnferface) . If the interface is not
stabilized, or is poorly stabilized, the etching reveals a significant

nunber  of QﬁfﬁSéé%BiﬁeﬁﬁnEEX?ECQEr%hS hﬂ&eEé?&Sct°ét§¥§?ﬁ&SE9bﬁs

conpl ete etc fer e contra e rnter ace is
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I nvent i 0prb8uk sn§0RsELeE8E oth@hea@tka&Eﬁiécsnaseeeh&ﬁgtkMeSBaEahhéed once,
by scanning?FglectréﬁYC m croscope (SEM .observation o bondi_ng

i nterfacé® OOV i et¥FiMg, for &FPite oF¥PSt hr 881ufilehds, (EQEh with a
wi dt h of agppoximatabper 10f @etemﬁs | eéss dHw@n esisequak tanl &hﬂb¢9mnted on

each fie erface prese no defect/3 field (of .3 pmin_ wdth)
will the%gggég%%gfdergg ﬁ%l lneFFe%FFy §¥abiey 2 &82 zﬁ%%ﬁen Acet Bresenting
1 def ectpppdrld ¢ohbBlpredn MhdthychmnglrbeeabasadengdlfmcbatMBEMbyr
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inthe appl i cation e i'nvention an inferface
presenti hg ﬁ@W@lﬁﬁane$QQﬁﬂ&x93|%¢@ lPéﬁrgaﬁﬁri@mMQhQOC®W¢IaﬁE:céﬁ5|dered

to be unghabi khzedracki gyke b%r&%&&g%emé%d%ﬂ¥@Eé&ﬂ”'ﬁ@ Qué el oxigde/ silicon

Si interface that is perfectly stabi'lized and does not pr esent
apparent.

More precisely, in the present invention it is considered
that an interface is correctly stabilized once, by scanning
electronic microscope (SEM) observation of the bonding
interface after Wright etching, for example over three
fields, each with a width of 3 uym, a number of defects less

than or equal to 1 are counted on each field.

An interface presenting no defect/3 fields (of 3 um in

width) will then be considered to be perfectly stabilized.

An interface presenting 1 defect/field (of 3 pum 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
{of 3 pm in width) will be considered to be unstabilized.

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

layer and the Si substrate, this defective zone Zd presents



any defect. On the other hand, Figure I b represents a BOX/silicon S
interface that is insufficiently stabilized and presents a defective area
Zd between the BOX oxide layer and the Si substrate, this defective zone Zd
presents - 4 defects revealed by Wight etching (in nunbers greater than 1
defect/field observed by SEM. Partiaft solutions to the bonding interface
stabilization problem have been proposed. They recommend produci ng

"strong" LRg e rate.an S substrate,

typi cal | fyiQE%gh%an?%f%%?i L IS R 4 s
even by pefebeathfialdppeparuefionyt B4l rent of one and/or the other of the
surfaces to be bonded before the bonding step. These solutions all ow bondi ng

to be reinforcgd Qﬁ- anreasin&g{he bonding.enerqg bet ween 't he donor
subst rat B2TEARY, FHYGIRNS oF Ot fd'& hPRNFAYEr I hRF faRe s@ppoit128thSr at e
Bondi ng pebniemcehant | bezni Frasedd. plienpmenedomndndongirbguenaggy may be

nmeasur ed nechanj, cal | ._for_exampl e cording to the Maszara_ hl a
techniqueggipagscrkﬁ¥§%ﬁgofb?ﬁwgg ecﬁﬁ?qugoﬁﬁfl BEEFBEﬁgeinapﬁe gg?ticle,
"Silicons@pbnsukabetrbyeVatgpiBaddiyndry AdRdyiiw dct byn Vb&twhbszaha in J.
El ectroc . SQC. ol ; n y 1. t utLons do
not allogﬁﬁﬁéégon%?%é ?%ter %%%Ft%ﬂxgégsggﬁiF%%%H;b??aBFPgégpﬁg ié a

n cr oscoprerphehbdadnorreaagnt efPlectana hanyimdyerdisus os&eabl pShnehe of

atoni c bgpdsacésoval BAt LEARES) bhebNEECPHE hBohdPngUBSEpat es assenbl ed over
the entire interface. As already nentioned above, the non-
These solutions allow bonding to be reinforced by
increasing the bonding energy between the donor substrate
(and, in fine, of the thin layer) and the support
substrate. Bonding reinforcement is a microscopic
phenomenon and bonding energy may be measured mechanically,

for example according to the Maszara blade technique.

A description of this technique will be found in the
article, “Silicon-On-Insulator by Wafer Bonding: A Review,”
by W.P., Magzara in J. Electrochem. Soc., Vol. 138; No. 1,
January 1991.

But these solutions do not allow the bonding interface to
be stabilized; stabilization is a wmicroscopic phenomenon
that reflects the homogeneous esgstablishment 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 using 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,



est abl i shnment of these bonds, even very locally, may be revealed chemcally
by etching by using the Wight solution. In other words, a stabilized
bonding interface necessarily presents high bonding energy, but the inverse
is not true. 1In order to produce true stabilization of the bonding
interface between the thin layer and Phe support substrate, - 5 today
typically a heat treatnent is carried out on the structure obtained after

det achnmephgapd fanstier, of tﬁ@%tt|@ﬂ%aE%£%E f{gnk%ﬁgj_q?o5u§uq§;rghg to the

support subStratwe. Nbre precisely, this treatnment is furnace annealing of
t he strﬁEFHFEHBBtéﬁﬁéﬂJEFieﬁfééfadﬁ%%%ﬁh@ﬁn%.F%ﬁbe?ﬁ@ﬁ?@eéf‘%ﬁ theast 10000

C for seveial hayes. Fhioh {}pR Ofddrong- dmid e dieatot r eREMERLpPLLE be
desi gnat ed as gtablllzatlon anneal i ng" in the continuation F t he

descri pt PBRSC B Gay of exanple, in the case of Si2/Si bonding (the Iayer
of SiQ2 typically forned on the surface of the donor substrate being

i nt ended p ol f e |nsulat|n | ayer between the_thin | ayer
and the g&?e §XC§Q ét?gge q‘gﬁgﬁq %%Hng%e%a:?%%ag%%% 8§SQ%F exposi ng
t he stru@tnu@tugbtabhédnaﬂt@it@@t@ﬂmaaMmanw atwe hoempenatare eapestt ure of
11000 C jLpsaddhbheonge ene OBY-1&1 ehohpsdocunent US 6, 403,450 that presents
an exanple of such stabilization anneaflng However, the sol ution

consi sting of carrying out such Iong- duration stabi | i zati on annealing to
stabilizentbe kgl NOof long-duration heat treatment will be

designated as “stabilization annealing” in the continuation

of the description.

By way of example, in the case of Si0:/Si bonding (the
layer of 8i0O,; typically formed on the surface of the donor
substrate being intended to play the role of the insulating
layer between the thin layer and the Si support substrate},
stabilization annealing consists of exposing the structure
obtained after detachment for two hours at a temperature of
1100° 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 te a Silicon thin layer
congstraint 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



interface is not conpletely satisfactory. In the first place, the thin |ayer
may not support furnace stabilization annealing for several hours. By way
of exanple, such annealing applied to a Silicon thin layer constraint is
likely to generate dislocation type defects in the thickness of the thin

| ayer and to consequently result in Peraxation of the constraint. In
addition, stabilization annealing is a long (several hours) operation,

conseque pr ing a.significant, - 6, .heat budget (tepperature/duration
pair). Tﬁ%%gforgigg%gbiIigé%%%géﬁﬁéélq%ﬁf%%ﬁ%lid%?%g}the ﬁﬁFESFﬁring
process 8ftahisiratione commdlsing acomphitayes orthe supporfacsubshgat e and
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stabilizatjon annealing is |ikely, because_of the installations necessary
for its PHPFERRREatIHh, I TFSHhdEDEnePERGNFEYOBf ¢PRtt Ifn 1S¥Fdr 8n support
substrat etrgsttyegkure. In fact, when the tenperature exceeds 10000 C, "slip
line" type defects may be produced because of the appearance of constraint
zones typically located at the |level of the extremties of contact points
bet ween Fhethstmocéyur etabdltibatdevi aangeldwy as dl i ;) béntesdedfto

suppor t S | h nace, Furthernore, Lt wll be reveal ed that
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anneallng, as I.s proposed In

slip line” type defects may be produced because of the

appearance of constraint zones typically located at the

level of the extremities of contact points between the

structure and the device (known as a “boat”) intended to

support the structure in the furnace.

Furthermore, it will be revealed that 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 gquality 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 technigue 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



docunent US 2005/0042840) Such a conbination, in fact, produces a
succession of heat origin constraints that finally conbine to degrade the
quality of the thin layer. Therefore a need exists for an alternative
technique to post-detachnment stabilization annealing carried out in a
furnace at a tenperature of at |east 10000 C for several hours, and nore
precisely for a technique that allows the bonding interface between a thin

| ayer and.d;sUpBQELorSMRSLEELE B8R Whiah §§EgethEBmEgXSEP§2§€%L$g§%§rred to

be stabilized wthout presenting the abovenention The
objectiv@féf the invention is to respond to this need and the invention

proposes-for theatpHEPARE adeBRIdTOEM it HebiH Nth aci5é I HEL UkBe§GNBFI Si NG @
thin layer of - 7 senicogdgctgr_naterial on a substrate, conprising the
steps of: crEBEi AGP8h SHFRETOPE&hbrittl ement in the thickness of the donor
substrate; bonding of the donor substrate with a support substrate;

det achi ng thebggg?ﬁgsugﬁtrqhﬁaatggg rleggbsg%ak e %h$?153% egﬁ&ég&kenent, to

transfer part donor “'substraie onto the sSuppo strate and to form
the thin | ayerbahrahe;latter; thermal treating the structure obtained after
detachnent to stabilize the bonding interface between the thin |ayer and

the substrate support; characterized in that the heat treatnent step for
- detaching the donor substrate at the level of the area

of embrittlement, to transfer part of the donor
substrate onto the support substrate and to form the

thin layer on the latter;

- thermal treating the structure obtained after
detachment to stabilize the bonding interface between

the thin layer and the substrate support;

characterized in that the heat treatment step for
stabilizing the bonding interface 1is 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 layer;

- 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



stabilizing the bonding interface is carried out by inplenenting one or
nore rapid thernmal annealing operations. Sone preferred, but not |imting,
aspects of this nethod are the following: - after detachnent, this nethod
furthernore conprises a step of thinning of the thin layer; - the thinning
step is inplemented after the first of ~the rapid thermal annealing
operation(s); - the thinning step conprises a heat treatnent operation

carried out at.a tenpgf ﬁ?égéiﬁgeleﬁét&géﬁ O ggquals tolu%OOQ foo- Ehe heat

operation of the t hi nni step I1s oxidation "of the ructure obt ai'ned after
det achment caPF?EGréhiy 0°a€ a tenperature betmeen 8000 C and 10000 C,

preferably 9580€] ofi@hb oW nidiapdsiat ben fe t Berﬁgﬁueéur@o@ﬁ@d\egf%&er
detachnment, desoxidation is carrled out, to renove the |ayer of oxide forned

during the oxPaheFBHEBper SEFGHIdAEREMdS A SRRVt ED FBFO¥RabFi zi ng t he
bonding intelégee bf orideedoombdbyuiriphetraet brgdat ibraspetwdiohapi d
thermal annealing operations, and the thinning step is carried out between
said two rapid thermal annealing operations; a rapid annealing operation is
perfornmed by bbbj éetatngt rehemsht usttwpe Dt ashethidfitengdetlachbentiihg a

tenperature syfstaptial Ly %frgg entl qﬂ% 1434 f atjon

substantially o? getmeen %%P %RP . fﬁg &t feQEE t8
rapid thermal annealing operations, and the thinning
step 1is carried out between said two rapid thermal

annealing operations;

- a rapid annealing operation is performed by subjecting
the structure obtained after detachment to a
temperature substantially of between 1200 and 1250°¢ C
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 1is preferentially approximately 30

seconds;

- the plasma 1s 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?;



seconds; furthernore, the nethod conprises a bonding energy reinforcenent
step carried out before detachnent, and the heat treatnent step for
stabilizing the bonding interface is carried out by inplenenting at |east
one rapid thermal annealing operation; the bonding energy reinforcenent
step is inplenented before bondi ng-aRd-consists of a plasnma treatnent of
one and/or the other of the surfaces to be bonded; the duration of exposure

to pl { 5 and 60 ds, and ferent tel
30 "soconds: TS prRERd | SPRPLFG0ed RRACRAP: af FdcBg w4BRI | PAEI oY of &

rad|ofrequencyupmaetlpgrthﬁlmtamqmmﬁaﬂnbUﬁlnd&na@EmrléetanumeﬁGOtnNVch,

and preferentgaQéh ng&g 4P 9% aLi ng
operation is carrleé oudgg Higct?%ﬂy$hgg%f?Ucture talne tér
det achnent toduéaﬁéﬁﬁer%?GV%e§u téﬁ%iaﬁﬂ& 86G8ndso 12@@f€rﬁ6ﬁlallﬁurat|on

between 5 andapPrsremadelypsef seephiaglly approximately 30 seconds; Q her
aspects, goals and advantages of the present invention wll becone nor e

apparent upon reading the follow ng detailed description of preferred
enbodi neatkeof aksheckat,t ergoaisenahy waytvahtagasl i rajﬂi ntgh@xapspbeéntvm th
referenc§nggn£he attag?ed dramnngs i.n which de_of ur es %a and |Ib

il een @ﬁsseare F?BH?EeE |PP8§tr5F39 e bBfdi ng

t hat have previousl
|nterfacéoéiabmhgzédtbyled descrlptlon of preferred embodiments of

the latter, given by way of non-limiting examples, with
reference to the attached drawings in which, outside of
Figures 1la and 1b that have previously been discussed,
Figure 2a illustrates the bonding interface stabilized by
implementing conventional stabilization annealing, while
Figures 2a-2c each 1illustrate the Dbonding interface
stabilized by implementing a possible embodiment of the

method according to the invention.

As has already been explained previously, the invention
relates to the production of 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 2zone 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
porousgs layer, or even by any other method that is able to
locally fragilize the mechanical bonds in the donor

substrate.

Bonding 1s then achieved by c¢lose contact and molecular

adhesion of the donor substrate with the support substrate.



i npl ementing conventional stabilization annealing, while Figures 2a-2c each
illustrate the bonding interface stabilized by inplenenting a possible
enbodi ment of the nethod according to the invention. As has already been
expl ai ned previously, the invention relates to the production of structures
conprising a thin |ayer of seni corid&ft 6r material on a support substrate,
the thin |layer being obtained by detachnent at the | evel of a donor

substrate,d the WRhekneabharMh chsaqgenenah aecﬂbéﬁéth@%@t JascpLevi ously

been created. The zone of enbrittlenment nay be created in the thickness of
t he dono?a%%b%fr%T@réFtéeE%BFh hERECROL1Yr Pyr dsdr aMHPT tHRCEFER™ESSs of the
t hin |aymjécﬂthm,trwsfﬂmgpblbyparMﬂmrﬁlduhdﬁ dlis et Hd Cospectias or by

formati on. of Iayer ven ot-her met ho is able to
| ocal | y gf“ilpa%?% z%q?%ér c'_acl’ % q?/%att dsheit ¥ @F? ;Pae t¥onding i s
t hen achi eved by cl ose contact and nol ecul ar adhe5|on of the donor
substrat sup t te. - ._The he nor eis
det achedﬁdﬂlé%rﬁ#eevel P’@Et hgﬁ@@]g%g ofaccﬁ% gl en%eélt ¢ ypi cgl?‘?géﬁ&%eat
and/ or eI IS auh?QEtt@ﬁatm@ntrahgpeﬁogamhaﬁsunu;&urﬂnobnmmm¢®te onto
the suppardr Sihsiditenand ta 107 M b e fdigh A auey Pk dPead@ibSfween

Furthernnre the nmethod accaording to the inventi'on conprises a heat
t r eat mertiStiEp T ora%ete &G JurBIRRNEL rePstdat®- det achment to stabilize the
bonding interface between the thin layer and the support substrate. Mre

reci sel he_invention | r hni .
prectse I‘Xd ¢ grec\llge_tl ° S d]'.nwggrgte:gor?'t lg tdecrect%% at a technigue

allowing the bonding interface to be stabilized, without
resorting to stabilization annealing, that is, furnace
annealing at a temperature of at least 1000° C for several

hours.

For this purpose, the invention 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 ig 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 um in width) observed by SEM

microscope.



allowing the bonding interface to be stabilized, without resorting to
stabilization annealing, that is, furnace annealing at a tenperature of at

| east 10000 C for several hours. For this purpose, the invention proposes
performng the heat treatnment step for bonding interface stabilization by

i npl enenting, after detachnment, one drl rore RTA ("Rapid Thermal Annealing")
type operations. The applicant has noticed that in a particularly surprising

manner , tt %5 possi bl e _to_stabilize the bonding interface ﬁy perform ng the
heat stabf'l F9%t PGAPEr 84t Mt REESS v MVED i ht i 'GP 1 haR PRS2 HERY nFR8l y
shorter bhancahatedhi chit hatin beenfuonscderefl tohdeenecessanyionaliynow

(typical]ly. al.i_ng t e ur ver 1000 _C.for a duration_over 30
m nut es)l.l%c}lj’éiﬂfjcg rté)m'% e{j?héjﬁ'{eEpt %g%\'sﬁ%a%fllcl{zganleﬁ?épﬁacrgaYn ‘—:‘téihsé:J s%‘ﬁse of
the preseatrrievedtti oinianvepletaxpofiramerefer to an interface presenting

m croscopi ¢ defects following Wight etching with a density that is |ess
than a limt densitf, typically 1 defect/field (of 3 pmin wi dth) observed
by SEM ReRidszopealing1ls|pe¥fersedpdn oforteohled entmeapeatreonThiapi d

anneal i ngaya¥e BE GAndsthea éamﬁr{ém?acs A xthese Jronvetsanal hyg utilized
to carry out RTA. Rapid annealipg may also be carried out in an epitaxy
frame. REFFA anABaldtPIRESHS oF nBYTFN 3§ 0l PRIPHE RoSPHEWIC i T may be
an at nosgher eat opPio Spigra ddmpii €i0d Mydregeloand a@igon, an at nosphere of
pure argon, of pure hydrogen, or

Generally, the RTA operation is implemented in such a way

as to present a heat budget (duration/temperature pair)

that is greater than a minimal budget. The RTA temperature

must also typically be maintained over 1000° C for

approximately several seconds to several minutes.

The stabilization step 1s preferentially carried out in
conjunction with a step, performed after detachment, of

thinning of the thin layer.

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 is preferentially implemented Dby
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



even an atnosphere conprising hydrochloric acid. Generally, the RTA
operation is inplenented in such a way as to present a heat budget
(duration/tenperature pair) that is greater than a mniml budget. The RTA
tenperature nust also typically be maintained over 1000 C for

approxi mately several seconds to seve¥dl- minutes. The stabilization step is
preferentially carried out in conjunction with a step, perfornmed after

det achne f LANLNG .- . iLn_layer. This-thinpni step patticularly
ol owe hevel cpriel iRl SRECARI By MBE. <INk B BLiRLTRabTER:

subst r at 8trecherer égliceégvesadr imiguties timi e | BAerox 020 hehptdsipfadorhicckness
for the fLRal ssifpcebHie. 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 snoothing, in particular

during aosubsequant i RTAsepeeabkdonby Theathhgni pHeSt 8Brustpref engntial Iy, but
not exclusivelg, inglen?nted aftir the sta iIizatign heat treatnent step.
The t hi nBRAGCEEeP*YI=Pr ef BF eRTPAPLG - i AP BRENERES Y “NFEPRST AFAGREACBXI dat i on
heat treasnexdhiofvddheathia ltayereratanreoxofle leayer thant hen fearuedd e the thin
| ayer), oDy, garryin ut a_ desoxidation operation (t ve_t.he oxide
- 12 Iagggafo?hegoguﬁ%%§é%ﬁkkﬁ%o%;é oPe5§gH6EePﬁ&fﬁﬁQMéﬁégnghgndstructure
for sevet@DPOfi Butpsefarablp¥%abra20emhydavhteorfcISati d-sol ution). Oxidation
is achieved by heating the structure under gaseous oxygen, for exanple. In

any case, thernmal oxidation .
It will be noticed that the act of performing thinning at a

temperature of less than or equal to 1000° C allows the

generation of slip lines to be limited.

The thinning step is not limited to the
oxidation/desoxidation embodiment; it may also be carried
out in other ways: 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 method
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 conventicnally carried out.

Taking the example of the stabilization of a conventiocnal
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.



is achieved at a tenperature of less than or equal to 1000 C, for exanple,
at a tenperature between 8000 C and 1000 C, preferably at a tenperature of
950 C. It will be noticed that the act of performng thinning at a
tenperature of less than or equal to 1000 C allows the generation of slip
lines to be limted. The thinning sté@ is not linmted to the

oxi dati on/ desoxi dati on enbodinent; it nmay also be carried out in other

ways: 1 OohoGXUR, e1r bis PE BT ALPAAIENAC! ENENGny L 108 101 Bolayeh: b;
i npl ementing anheal'ing 1 n-an etchi ng - at mosphere {ror ~exanpl &; HEFY at
t enper at bPedhgfe | Raat t hadgesr EfirEcAIR AVOCL. fascoradig ofo he | REA

pref erredpephedbABNt Vit t hel £&t NOtre AGELOHANY L@ ieid NVRRLT @F RTA
| ong-duration stabilization annealing is replaced by performng at | east
two RTA PEPFatiPR&fmal annealing operations. Mre precisely, here two RTA

operations are inplemented at a higher tenperature than the tenperature at
which stabilization anpealing_is,conyenti | | arried oput. Taking the
exanpl e of th& s%%BPFF?gPFSﬁ gFe3t85n §ﬁpig%ipoyéﬁOZV%?l%%ﬁ%Yn@piH?erface by
exposi ng t he sppuckimatebpt akhedl Ppsandévbachment to a tenperature of 1100 C
for two hours, two RTA operations are carried out in the scope of the

i nvention, each with a duration of 30 seconds, and at a tenperature of 1200
C. - 13 -Howevér,aidugariope aveed T hgecohdsinveypioally nap Itioni 68d to
this heat budggtok3d9sec/ 1200 C) for each of the RTA operations, but also
affects the carrying out of RTA

In the scope of a preferential wvariation of this first
embodiment, the thin layer thinning step is carried out
between each RTA operation. Thinning is here carried out by
the implementation of thermal oxidation at a temperature of

less than or equal to 1000° C followed by desoxidation.

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

step is replaced by implementation in conjunction 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 1is
implemented before bonding and consists of plasma treatment

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

Therefore, in the scope of this wvariation, 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



operations: at tenperatures greater than 12000 C, typically up to

approxi mately 12500 C, and/or of a duration over 5 seconds,

60 seconds. In the scope of a preferential variation of this first
enbodi ment, the thin layer thinning step is carried out between each RTA
operation. Thinning is here carried ot by the inplenentation of therm
oxidation at a tenperature of I|ess than or equal to 1000 C fol | owed by

desoxi dat i ccording to_a second preferred , enbodi mrent of the nethod
accordin%%ggoFﬁﬁ ﬁﬁvek?%ﬁn,e¥%%5% agPIF§5FW5H ?nﬁfo§?eﬁop§aFEplaced by
i npl enenwathohhenfsoaguhet benbwhthd.a bondi ng energy reinforcenent step
carried out before detachnent, and a stabilization step for the bonding

interface carried out by inplenenting after detachnent at |east one

typically up to

rapid

t her mal aRfeddunaf isper afi Gpasusicer bbl wlagma boadibe;warsr g§ rasichf 66cenent

step is skAphegentede

gﬁieaflyomgiagpéaﬁiﬁ99é1§t§ooéeebﬁa§a_treatnent
and/or the other of the surfaces to be bonded. Therefore, in the scope of

of one

this variation, the donor substrate (oxidized or not oxidized in such a way
f B0 pRenxi deorvatesidrfad yas utheiz88ul 8t i /A draydleddisniiad thet ween

the thin_layer and th upport_subpstr at and/,or the donor substrate
(oxidize865¥oﬁ%tg5¥i&&ggfﬂénm?%e Sa li%fﬁg rEa riEO(éWBﬁe@§BBSed to
pl asma, beisrepibese cdantesttmenti t hetdue. f aCtas tarhe chdnded. this is

as to

equipment allowing RIE (Reactive Ion Etching) type etching

to be carried out.

Plasma treatment may be carried out in a vacuum chamber, or

even at atmospheric presgsure.

A pure gas (typically 0,, and possibly N;, He or Ar), or a
gaseous mixture 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
eagsily stabilized in temperature. Therefore, in the case
where plasma treatment of one and/or the other of the
gsurfaces 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° C, for a duration of between 5 and 60 seconds,

typically approximately 30 seconds.



The duration of exposure to plasma is between 5 and 60 seconds; it
typically is approximately 30 seconds. Equi pnment conventionally utilized in
m croel ectronics to performdry etching may be utilized in order to
inplenent this plasnma treatnent step. In particular, this is equipnent
allowing RIE (Reactive lon Etching) type etching to be carried out. Plasm
treatnent may be carried out in a vacuum chanber, or even at atnospheric

pressure; . A pur (typica nd+ p il . Ar a
gaseous %?xfﬁ%equﬁ%%t%%dﬁ%eé£¥ﬁg?ﬁggggén§§§¥gﬁ¥f%?ao?gségl{;g??éﬁ?on t he
order of WL SYD, sédm tpigudhyerwayhrning esepbl 1sh amradsdr eoblet ween 10

and 200 gfosy Ch¥PRGAl lopSaG e iHIOr rlerd NEnPhASHE RBY L&iildlidd atwdrgad then
mai nt ai ned Qg the application of_a radjofrequéncy power per unit of surface
inthe r BINEFHLIBO @ I REPT2 AN PHHATEAN yabn @ h&EBIPEERLUSE 78D mw cnp
(or in thess afigen obr 1&9.2008 Woand ¢ ypbThdhed ©p déeoniderion, 500 W for a
substrate in the formof a 300 mmdianeter wafer). Plasma treatnent allows
the bonding interface to be nore easily stabilized in tenperature.

Ther ef orketurniimg chse bhieer gggriarsain tdeatnmeptioh owndE andieor sdecwdher of

the sur . e nded .i.S .Lople e ef I ng. ..ac I to the
conditié%g&ﬁﬁﬂﬁgg?degrggigkgﬁgggghg%%%ogﬁ?%dwé%%ﬁ%ﬁgégéggbfﬁéggfgon heat
treat nenietadpnenly, eéngi fondinerémergngrRIALtoypemenpi ¢teperlad amneal i ng
at 1200 nador o dyi@ti 9B; of chetypenyand 6Q.889994s. thkYPhERAL g
approxi matel y_30 seconds. ) .

interface through a rapid thermal annealing step performed

post-detachment.

It is therefore possible to perform RTA annealing wherein
the heat budget is lower than RTA annealing in the scope of
the first embodiment. RTA annealing of the second
embodiment may therefore 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 illustrate the stabilization

of the bonding interface and respectively represent:

Figure 2a: an Oxide/Silicon interface highly

stabilized by the implementation of conventional
gstabilization annealing for two hours at 1100° C

(similar to Figure 1la);



- 15 In the scope of a preferential variation of this second enbodinent,
the thin layer thinning step is carried out after the RTA operation. Here
thinning is achieved by the inplenentation of thermal oxidation at a
tenperature of less than or equal to 10000 C fol |l owed by desoxi dati on.
Returning to the general description of the second enbodinent, it is
observed that the inplenentation, befldre detachnment, of a bonding energy
rei nforcenent step has an inpact on the ability to easily stabilize the

bondi ng _integfgaeet hr@HQh azfapi gstégghegﬂea' aﬂgeﬁgg\eepef&

post-detachment” |t is _therefore possi erform anneaglng wherein
the heat budgBFaPiliszaér t’héﬁ%ﬂ‘@rﬁﬁ‘@&]q%qm the seppersrncehwifhr st

enbodi nent. RfReappeatiagr0h1tharseeosd oembpdi pFepLt maypbheneher ecbe faster
(case of the exangig ﬁgres nted above) or carrled out_at a | ower tenperature
[

than the RTAY SERCLRBSt s SFERRLREMES 19 a9 on, IPE 8 possibl e
in the scope sécohds, setmdaerenbhdbherﬂstdnhleglﬂleﬁ saabJHJJrfre_ﬁz_:hesbépdl ng

interface by ra |d t her anneal i n erations

that is |ess ?%g%1§%eoﬁgn%3pwﬂkrm%ra?x h%%eggaryﬁﬁ¥?$ﬁ§k%€%p8 of the
first enbodi nkass wh@nngreeqﬂwloperQQO@ﬁ Cs typically only performed in the
scope of the second enbodi nent when two RTA operations would prove to be

necessary in the scope of the first enbodinent to highly stabilize the
bondi ng fnterf&@8reFor2€hi s pRasofxifpgfibicon- 2cinteusarat e hehly

stabilizationstghilheeBOBY ROl NhRYIARSLA FHESPECLENREYrhEREESRTLR
the preferential variation of the first embodiment, of
a pre-detachment reinforcement of bonding energy in
the form of plasma treatment and of post-detachment
RTA sequence (1200° C/30 seconds) and thermal
oxidation thinning at a temperature of less than or
equal to 1000° C.

It is observed 1in 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 is 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 Dbe
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,



Figure 2a: an oxide/Silicon interface highly stabilized by the

i npl enentati on of conventional stabilization annealing for two hours at
1100 C (simlar to Figure la); - 16 Figure 2b: an Oxide/Silicon interface
weakly stabilized by the inplenentation, in conformance with the
preferential variation of the first éifbadi ment, of two RTA operations at a
tenperature of 12000 C for 30 seconds, betmeen which is inserted a thinning

step cayf L dat | te ure; Pfgobess an or
equal to 1 OOO ﬁé@é@é an Oxli /Sq%lEgton :%1) <%acel h# ‘%gbl lized
by the .m%ﬁmmab}w PROGENRT dratantlke wisel Qﬁlepﬁfﬂéﬁéﬁerﬂﬁems v‘a]iiigltll on of

the firsterbadii@nto ehe almeare%écB@%%eheltmlfeor&ﬁswt Acdanding energy
in the formof plasnma treatnment, and of ﬁost det achnment =~ RTA sequence (1200

C/ 30 secdids)C3Rd Cher MATE oxF ¥3tF ontBRFHAAL ng 2812 ltdFhersitiR® of°Fess than
gr dequacttalmﬂ;{}ﬂﬂaf % lthe s db@xecﬂii/ze% Lmﬁ@ujﬂ&éb Lhaén@éabi It]z@:hh@? of the
ondi ng int ace reveal e t etchin not perfect: a
o doas eSS TR S Ats e r STV BRR ol 1F bt TR SR CHed Loigaf? R o
presencel @0 def eehschs amet addbitrioneit ato i RABmstlepas tdrwee sd:arbpletzalyon

obt ai ned, 19;51%\’5 sed O B Sﬁéféiéﬁ]{%y . tha@m@%?égﬁrgf Pé’plk'egﬁt'ﬂ’é’ 1 G the

i nvention 1 Nl sh I's explal ne erations Carried out after
det achrremoQ%Qlchoéspﬁﬁﬁﬁéﬁéhﬂ-iiéﬂYR?ﬁpt"ﬁhnmfﬁ@/fR'F%ta'ﬂdllng the donor

substrate at the level of the area of embrittlement.



pl asma + RTA/t hi nni ng sequence operations), may be conpleted by additional
steps being carried out (for exanple, additional thinning steps, typically
in the form of oxidation/desoxidation) still at a tenperature of less than
or equal to 1000 C. The nethod thus does not conprise any step using a

t enper ature hi gher than 1000C, or préfferentially 950C, excepting the one or
nore rapid thernmal annealing operations steps for stabilizing the bonding
interface, - 17 i.e. the tenperat%&ifﬁ% kept bel ow 1000C, or

preferentially 950C, for the set of-pfocess steps which correspond to the
di fference between the whole process and the one or nore rapid thernmnal

anneal i ng, st eRSpkehogstaid | 2ddng-{ boagdi | ercﬁﬁﬁf e mal
oxi dati ons and ?rea?nents é% tenpé?gturegkﬁgahg% f%a Jf%%g%;amkﬁg are
addi ti onal tolRfR st Bps, S&FE COBMYICECE] y madgprdsse! |d paHPREGRES: t he

tenper at ure i Sokepisbeyovhe 10086 of:preferentially 950C, after detaching

t he donor substrate at the level of the area of enbrittlenment. - 18 -
CLAIMS 1. A nmethod for producing a structure conprising a thin |ayer of

sem conduct or - mat ectrehtinga substarmté®, ofonpemstrhgtléfestepsirof: theeating an

area of enbrittle | e ~thieckness of a donor substrate; bonding of the
donor substrate mF?ﬁi%kQ%%%o?g Qs% %?fa?@?Strate’

- bonding of the donor substrate with a support
substrate;

- detaching the donor substrate at the level of the
area of embrittlement, to transfer a part of the
donor substrate onto the support substrate and to

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;

characterized in that the thermal treatment step to
stabilize the bonding interface is carried out by
implementing one or more rapid thermal annealing

operations.

2. The method according to the previous claim,
characterized in that the method furthermore comprises

a step to thin the thin layer after detachment.

3. The method  according to the previous claim,
characterized in that the thinning step is implemented
after the first of the rapid thermal annealing

operation(s).



e

detaching the donor substrate at the level of the area of enbrittlenent, to
transfer a part of the donor substrate onto the support substrate and to

formthe thin layer on the latter; thermal treating the structure conprising
the thin layer on the support substrate to stabilize the bonding interface
between the thin layer and the substi®te support; characterized in that the
thermal treatnent step to stabilize the bonding interface is carried out by

i mpl ement i ng e or re rapid thermal anneal i ng erations. 2., The nethod
accor di nlé‘to ?ﬁ% p@%{ﬁ%‘gs %‘F%?]fém%ggtroacto@ﬁ 284 i FPFhat "PhePREY ABYS
furthernore cohpitses chasteperdzeli ninhe tthaitn Ither hitenidet ashepnt. 3.
The net hod ac | o,t i ' er.i lan at, the

t hi nni ng stepE?@g#gg?%n%n?§§P&§¥tggé?ﬁt3¢?}%?8£€£$ﬁ% ?éﬁ? e?hgpga tannealing
oper ati on(s).a1vemgergpareepholeas copanngrtedent P 1HROPWS. previ ous

clainms, characterized in that the thinning step conprises a thernal
treatnent operation carried out at, a tenperature of |ess than_or equal to
10000 C.°5. THES et e cordiTRF4d S he 55t evitd§s cPEFMHLOUShar GL8&F: zed in
that the theroBhrapesaiied fior thet thennimgrsdlepopsraxidat ifmy othéhe

structure obt 2 nednaf Ler delachienl, £ Led Y Al fud SIPCLBLYISEot ween

after detachment carried out at a temperature between
800° C and 1000° C, preferably 950° 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 c¢laims 2 to 6,
characterized in that the thermal treatment step to
stabilize the bonding interface is carried out by
implementing at least two rapid thermal annealing
operationsg, and in that the thinning step 1is 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 5 and 60 seconds.

9. The method according to one of claims 2 to 6,
characterized in that the method furthermore comprises
a step carried out before bonding energy reinforcement
detachment, and in that the thermal treatment step for

stabilizing the bonding interface is carried out by



6. The nethod according to the previous claim

follow ng oxidation of the structure obtained after detachnent,

desoxidation is perforned to renove the |ayer of oxide formed duri
oxi dation operation. 7. The method according to one of clains 2 to
characterized in that the thermal treéftment step to stabilize the
interface is carried out by inplenenting at |east two rapid thermal

anneal i ng

Opgk: ér@éﬁuixgﬁdei _Hhatst heLhi QQbEg Sgﬁgrénglﬁg%ﬁhggn

said two rapid thernal

neal i ng operatlons. met accor

characterized in that

ng the
6,
bondi ng

t bet ween
ng to the

previ ous cl aiWerEhtct erized in that a rapid anneal ing operation is

carried out by subjecting the structure obtained after detachnent to a
tenmperatyure that is sybstantially kB between 1200 and 1250 C for_a,  duration
that 1 o Leubstnt | 195 e; wASCOTLRE 60 Cocohe. | GETFREHS: hodkabEor di ng t o

one of clai neciRatactterioddract eatzedhé rodidd nd heneedhote f wf b heemete
a rei t f or e- hondi ng, ener rei nforcene
§% nfghébﬁﬁ ggpﬁ%% éﬁorecko 1%ge%¥g Con%ﬁﬁmﬁ'gg a

iZing the

conpri ses
det achnment ,

an erma reatmnmen or S

bondi ng i nt erpbeani s teeaatirehtoutotby one20andifpirenthei ngther| eaft ome rapi d
thermal anneal P ~oberation, =g The nmethod according to the previ

claim characterized in that the bonding energy reinforcenment

i npl enent ed before bondi ng and consists of a

11.

12,

13.

14.

15.

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

preferentially approximately 30 seconds.

The method according to one of the two previous
claimgs, 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?,

and preferentially approximately 750 mW/cm’.

The method according to any of claims 9 to 12,
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, preferentially approximately 30 seconds.

The method according to any of claims 1 to 13, wherein
the temperature is kept below 1000°C, or
preferentially 950°C, after the one or more rapid
thermal annealing operations for stabilizing the

bonding interface.

The method according to claim 14, wherein the
temperature is kept below 1000°C, or preferentially
950°C, for process steps corresponding to the

difference between the whole process and the one or

ous

step is



pl asma treatnment of one and/or the other of the surfaces to be bonded. 11.
The met hod according to the previous claim characterized in that the
duration of exposure to plasma is between 5 and 60 seconds, and is
preferentially approximately 30 seconds. 12. The nethod according to one of
the two previous clains, characteri2&d-in that the plasnma is initiated and
mai nt ai ned by the application of a radi ofrequency power per unit of surface

bet ween 150 aerreZSOOrnV\{&nQ, h%?% pr ef erent iﬁlnl y appr oxa{trriatnesl‘y 7 OrrchrTQ.
13. The nethod)accord?%g to Sny of cl afis 910712, “EHaracteri zed T n t hat
the rapid anreEding iy dthorbodingarimntar faane by subj ecting the structure
obt ai ned after detachnent to a tenperature that is substantially equal to
1200 C for a duration of between 5 and 60 seconds, preferentially
approximately 30 seconds. 14. The nethod according to any of clains 1 to 13,
wherein the tenperature is kept bel ow 1000C, or preferentially 950C after
the one or nore rapid thermal annealing operations for stabilizing the
bondi ng interface. 15. The nethod according to claim 14, wherein the
tenperature i s kept bel ow 1000C, or preferentially 950C for process steps
corresponding to the difference between the whole process and the one or -
21 nore rapid thermal annealing operations for stabilizing the bonding

i nterface.





