A METHOD OF ASSEMBLING WAFERS BY MOLECULAR BONDING Technical field and prior art
The present invention relates to the field of 5 produeing multilayer semiconductor wafers or substrates
produced by transfer of at least one layer formed from an initial substrate onto a final substrate, the
transferred lay&r WOPrEspBnding to a portion of the initial  substrate. Therttramstdmediasser may further
comprise 10 all or part of a component or a plurality of microcomponents. More precisely, the
present invention relates to the problem of heterogeneous deformations that appear during transfer of
a layer from a substrate termed the "donor 15 substrate" onto a final substrate termed the "receiving

substrate”. Such deffhiationsthave Rparttuldrtess obselreE Withiheftfedimensional component

integration technique (3-D integration) that requires transfer of one or more layers of microcomponents
onto a final support2@:sibsirage bt alse whesdransterring circuits or fabricating back-lit imagers. The

transferred layer or Iayeﬁljin%ggg dicracompongents (electranic, opioelectronic, etc) produced at least

partially on an initial Séjbstrate, said layers then heing stacked on_a 25 final sybstrate that may

optionally itself inEta_SoMpoRents. Primarif BaERUSE of tHe HRICH Fedifced Si565hd farge number of
microcomponentLpresert od siigiedayer, dachtransfefred ayer rivstise pesitibred aitthe final
substrate with highrprecisioniborderto come ntd 3aery stect-alignmentwithahe Stbjaeent layer.

Further, it may bejnecgssay.to Garps QUL treatrpepts-en the layenaftert hagpeen transferred, for
example to form ()Stggggygg%comggnegtsago%mcov r{he surface og&hghrg'crocom%)gggnts, to produce

interconnections, etc. 35However, the ppﬁcéerﬁrﬁas obgerved that after transter , there are cases when

it is very difficult, # ot FpdsEibl8fiotiorirRaRohaPmidrdebipdnéatsthat Wo
2009/135800PC THEP200SIOS52HL 2.

More precisely, the present invention relates to the
problem of heterogeneous deformaticong that appear during
transfer of a layer from a substrate termed the "donor

15 substrate" ontc a final substrate termed the "receiving
substrate". Such deformations have in particular been
observed with the three-dimensional component integration
technigue (3-D integration) that reguires transfer of one
or mere layers of microcomponents onto a f£inal support

20 substrate, but also when transferring circuits or
fabricating back-lit imagers. The transferrsd layer or
layers include microcomponents (electronic,
optoelectronic, etc) produced at leasgt partially on an
initial substrate, said layers then being stacked on a

25  final substrate that may optionally itself include
components. Primarily because of the much reduced size
and large number of microcomponents present on a single
laver, each transferred layver must be positioned on the
final subkstrate with high precision in order to come into

30 wvery strict alignment with the subjacent layer. Further,
it may be necessary to carry out treatments on the laver
after it has been transferred, for example to form other
microcomponents, to uncover the surface of the
microcomponents, to produce interconnections, etc.

35 However, the Applicant has observed that after
rranagfer, therve are cagesg when it is very difficult, i1f

not impoggikle, to form additional microcomponents that



are aligned with the microcomponents formed before transfer. This misalignment phenomenon is
described with reference to Figures IA to IE that illustrate an example 5 of making a three-dimensional
structure comprising transfer, onto a final substrate, of a layer of microcomponents formed on an initial
substrate, an#$oYwitESEOf an additional layer of microcomponents on tR€ BXpas8@Faée of the initial
substrate after bonding. 10 Figures 1A and 1B illustrate an initial substrate 10 on which a first series of
microcomponents 11 is formed. The microcomponents 11 are formed by photolithography usinga
mask that can define pattern formation zones corresponding to the microcomponents 11 to be

produced. 15As Giifh8 SEBIfM FihtPe 487 the F4Q5 SRHRS Mt SISttt 1DTWith the microcomponents

11 is then brought ¥stesiftimate contact with a face of a final substrate 20. Bonding between the initial
substrate 10 and the finrah subsirate 28[sgenesalnearieshoutbyimeleculad 20ibanding. Thus, a

buried layer of microeqmpopepts 314 frmed at the popding inierface hetwegnsubstrates 10 and 20.

After bonding, andfas can be seen in Fj%ure 1D, the i:['litlaé subg,trate 10 is thinned in order to remove a
portion of the mafériaTEbrérslgnfEl above the 3rﬁly":'ker}Solfcﬁioamié’rorcq‘(ﬁcr:n[1)Llorr(1§erﬁztg“f:fJﬁ%f)mrrﬁposite structure 30 is
thus formed fromthé gt subdfrate 20fand & 1ayEF 10a drreshohdiig ¥ tfé remaining portion of the
initial substrate 1@iAssamberssersinfeigusel 1&; the next steplireubstrate, and

formation of an additional layer of microcomponents on
the expozed face of the initial substrate after bonding.

10 Figures 1A and 1B illustrate an initial substrate 10 on
which a first sgeries of microcomponents 11 is formed.
The microcomponents 11 are formed by photolithography
using a mask that can define pattern formation zones
corresponding to the wmicrocomponents 11 to be produced.

15 As can be seen in Figure 1C, the face of the initial
substrate 10 with the microcomponents 11 is then brought
into intimate contact with a face of a final substrate
20. Bonding between the initial substrate 10 and the
final substrate 20 is generally carried out by molecular

20  bonding. Thus, a buried laver of wmicrocomponents 11 is
formed at the bonding interface between substrates 10 and
20. After bonding, and as can be geen in Figure 1D, the
initial gsubstrate 10 is thinned in order te remove a
portion of the material present above the layver of

25 microcomponents 1i. A composite structure 30 is thus
formed from the final substrate 20 and a laver 1Ca
corresponding to the remaining portion of the initial
substrate 10.

As can be geen in Figure 1E, the next step in

30 producing the three-dimensional structure consists in
forming a second layer of microcomponents 12 at the
exposed surface of the thinned initial substrate 10, or
in carrying out additional technical steps on that
exposed surface in alignment with the components included

35 in the laver 10a (making contact, interconnections, etac).
For the purposes of siwmplification, the term

"microcomponents? is used in the remainder of this text



30 producing the three-dimensional structure consists in forming a second layer of microcomponents
-12 at the exposed surface of the thinned initial substrate 10, or in carrying out additional technical -
steps on that exposed surface in alignment with the components included 35in the layer 10a (making
contact, interdénHédignsed etc). For the purposes of simplification, the te®ATHFEPOYBIFIdNents” is used
in the remainder of this text WO 2009/135800PCT/EP2009/055251 3 to define devices resulting from
technical steps carried out on or in the layers that must be positioned with precision. Thus, they may
be active or passive components, a simple point of contact, or 5 interconnections.  In order to form

the microcomponents 1> RsaIfrmértwitithe bt d ridotohiipdmehts TR pR&tohitfiohraphy mask is
used that is similatifo Biateisetitotformlicerficrocemporentsd loThettransférrad-fayers, like the 10
layer 10a, typicalhriactude-markshheth amengss theeisrocorperenis=and-en the wafer forming the

layer, that are in pgfficularused by the.pasitioning and alignment togls during the technical treatment
steps, such as thgrslg carried out during photolithography. 15However, even using positioning tools,

offsets occur betweéen some o ﬁg?ﬁibrocomponents 11 and 12, such as the offsets A11, A22, An,
A44shomn1MIﬁgumalén order to form the microcomponents 12 in alignment
with the buried microcomponents 11, a photolithography
mask is used that ig similar to that used te form the
microcompeonents 11. The transferred layers, like the

10 layer 10a, typically include marks, both amongst the
microcomponents and on the wafer forming the layer, that
are in particular used by the positioning and alignment
tools during the technical treatment steps, such as those
carried out during photclithography.

15 However, even using positioning tools, offsetg occour
between some of the microcomponents 131 and 12, such as
the offsets Ay, Az, Azs, Ay shown in Figure 1E
(respectively corresponding to the offsets cbserved
between the pairs of microcomponents 11;/12;, 11,/12,,

20 11./12, and 11,/12,). '

Such offsets result from heterogenecus deformations
that appear in the layer deriving from the initial
substrate during ites assembly with the final substrate.
The deformations cause displacements of certain

25 microcomponents 11. In addition, certain of the
microcomponents 12 formed on the exposed surface of the
substrate after transfer exhibit positional variations
with those microcomponents 11 that may be of the order of
several hundred nanometers, or even a micrometer.

30 This phenomenon of misalignment (alsco termed
"overlay") between the two layvers of microcomponents 11
and 12 may be a source of short cilrculits, distertions in
the stack or connecticon defects between the
microcomponents of the two layers. This phenomenon of

35 overlay thus results in a reduction in the gualilty and
value of multilayer semiconductor wafers as fabricated.

The impact of that phenomenon is growing bacause of the



(respectively corresponding to the offsets observed between the pairs of microcomponents 111/121,
112/122, 20113/123 and 114/124). Such offsets result from heterogeneous deformations that
appear in the layer deriving from the initial substrate during its assembly with the final substrate. The
deformations cause displacements of certain 25 microcomponents 11. In addition, certain of the
microcomponents 12 formed on the exposed surface of the substrate after transfer exhibit positional

variations with theseniccacampenents 11 thatdnay he-okthe; arderiof-semarabhundred nanometers, or
even a micrometer. 30This(g)henomengnéﬂc misalignment leo termed f'oveo{ "S)ibtetween the two

rla
. Mmicroco nts 1r 1HCYesas 1ntegrar-io &)
layers of mlcrocomponeﬁr@ P and ffmay & aSOurce of shoft cﬁcufs, distortions in the stack or

connection defeetsrbétwesn the microcomponents of the two layers. This phenomenon of 35 overlay

thus results in a reduction,in the; ayality andyalue of mulilayersemiconducterwalfets-as fabricated.
The impact of th(%%ﬁ)hen‘omenon is growing because %f he 4 ceasﬁele s increase in demand for

miniaturization SFAEIBESHPorents and theif ficréabed REGFatioR HEHEHTTEF2Yer. Problems
with alignment diwing: fadirication’ 8f aéexrditgensiohabPsttucturés arstwelt knobem. The document by

Burns et al, "A Wafelz3¢alg,3-D ﬁﬁ%i&%@é@@%@ﬁ&%&@%@é@%E%E@Q%%Eti%lon Electron
Devices, vol 53, No 10, Oct 2006, describes a method of detecting variations in alignment between

bonded substrates; THe dBcufEnt NP Aaishaeta® o Sichi-Water FaiiGition'dnd (Potential)
Applications of BredtBondedi SiliebndnRhanipscéaurrat obRessarehbrok48eNo T2 1995, emphasize

the importance qf flafness of, wafers,in particular dwing polishing steps,in.qrder tg obtain good quality

final wafers, i.e. with as few offsets as possible between the microcomponents. More generally, it
is not desirable 6 fftFStIcE hetdrotETEot e Rt iEinte B b strate“Gliring transfer thereof onto
another substrathiSumsnayuettie nvepdionsrch Embodmaentssof the, invession aim to provide a

solution that caré%@%@qg@q&ggg%B%&q%m&iopﬁpﬁ%ggpggr in asubstrate during transfer onto
4 . .

another substrate.”  According to a first aspect of the present invention, there is provided a method
of bonding two \R&fets Bt-stibstrteshPRICIEEARE briRfg Lhe K i&tRo8 TIRBASIAEECCY  a) bringing the
surfaces of the wafarsdo l7e assemileddnta atleast prartial cantastfsets as

pogsible between the microcomponents.
More generally, it is not desirable to introduce
heterogeneous deformations into a substrate during

transfer thereof onto another substrate.

Summary of the invention

Enbodiments of the invention aim to provide a
golution that can limit non-homogencus deformations that
appear in a substrate during transfer onto another
substrate.

According to a first aspect of the present
inventicn, there is provided a method of bonding two
wafers or substrates by molecular bonding, the method
comprising

a) bringing the surfaces of the wafers to be
assembled into at least partial contact;

b} a first propagation of a bonding wave from a
point of pressure applied to at least cone of the two

wafers; and

c} a second propagation of the bonding wave over a



b) a first propagation of a bonding wave from a point of pressure applied to at least one of the two
wafers; and 4a zone covering the point of pressure, wherein said second propagation advances in a
direction different from the direction of the first propagation and over a zone covering the initiation
point from which the first propagation of the bonding wave is triggered by application of the point of
pressure. As explained below in more detail, after a first propagation of the bonding wave that is
normally carried out to allow .molet%JIar bong%i:ingf initiatingl a secqond S, %rogagoation of thg bonding
wave over a zore’ fclﬁai\ﬁ%xtjh%gpom? of %:Félssure EAUSES the hé e%fgeel“neou% efSimations that are
produced in the RFEFBRB Hifating Propefation of the fidtsoHdivwaeitbperdduderWhile carrying
out molecular bengingiaveralhiefithessurfages of ke twopvalessiacomackng  dAgs, by minimizing
the deformationg g%gsegone%q 'ngc?lgoigc}aqﬂgﬁgg d r'rlqlglolﬁg%l%r honding, the risk of overlay
ay

occurring during subsequent formation of additional layers ‘of microcomponents may be substantially
reduced. THe- p6int BE pRASE R preferdbly dpphed Boskad the 8dge bFERE %%tr@’two wafers in
order to allow a dirgt horslinigowawd propagationtovef adargesdistance and to form a zone that is almost
without deformation in the portion remote from the point of pressure. In one embodiment of the

invention, during step a); a.3gparaling element is interposed.hetwegn the suefaces of the wafers to be
assembled, said element being removed in step c) to initiate the second_bonding wave propagation. In

a variant implerREREAHC Hiter3tepl) SRFBLRsTe 6D &P ife SE8pBRERRG SlerfiRAt A7) also be
displaced towardsithednterioroftheawalers inordénto pantialiypopen thedsendirg interface formed
during the first bonding wave propagation. In another embodiment of the invention, the wafers are
brought completely into contact during step a). Then, before step c), the assembled wafer surfaces are
partially unbonded over a zone that is located at least in the vicinity of the point of pressure, and then
said surfaces are brought into contact again to initiate the second bonding wave propagation. The
assembled wafer surfaces are preferably unbonded in a zone including the point of pressure, which
further encourages the release of stresses in said zone. - According to a second aspect of the
present invention, there is provided a method of producing a composite three-dimensional structure,
the



6 method comprising a step of producing a first layer of microcomponents on one face of a first
substrate and a step of bonding the face of the first substrate comprising the layer of microcomponents
onto a second substrate, wherein the first and second substrates are assembled in accordance with
the assembly method as defined in the first aspect. Using the assembly method according to
embodiments of the present invention means that during transfer of a layer of microcomponents, the
phenomenon of aRSAEAAb e ifateeraid Yer gl genlity Aritlayee sediisgndhetor wafers can

be produced. Thelayeraf piwesompanesdmaydnparticuips iaclidedaragesensaes. I this case,
the material of tfgg second sub%tratedls.%trt__alrl]esp%%gtrn})ater.lal.such as silica or 9[(3)alfjartz. Brief description

of the figures Flguargsametoqﬁoa}lecalaglrammatic Views %oﬁﬁajtﬁtélpnr%d%rcﬁ%% 3 %Iﬁor art

three-dimensiorr] stivetdie;st baridines Ra6<s e kagedinrdic viewssofca rolgealar bonding

assembly methoghin geeardance with-ang inplementation of thedpvention; o+ +fgues 6 to 10 are
diagrammatic views of a method of bonding by molecular bonding in accordance with one

implementation F tA& fnvéntfsh- > ‘Figures 11A to 11D are diagrammatic views showing the
production of a three-dimensidnalwstructire emnployintetherassemidy arethed dfithe present invention;

Figure 12 is a flowchart of steps:carrigd out.during pradugtion of the thregsdimensional structure

illustrated in Figures 11A to 11D. Detailed description of implementations of the invention The present
invention is genERSIV 251 EAbIR D the p It 6 Cobogite SRR by A RiEthSd including

of additional layers of microcomponents may be
substantially reduced.

The point of preséure is preferably applied close to
the edge of cne of the two wafers in order te allow a
first bonding wave propagation over a large distance and
to form a zone that is almost without deformation in the
portion remote from the point of pressure.

In one embodiment of the invention, during step a),
a geparating element i1s interposed between the surfaces of
the wafers tc be assembled, said element being removed in
gtep ¢} to initiate the second bonding wave propagation.
In a variant implementation, after step b) and before
step ¢), the separating element may alsoc be displaced
towards the interior of the wafers in order to partially
open the bonding interface formed during the first
bonding wave propagation.

In ancther embodiment of the invention, the wafers
are brought completely into contact during step a). Then,
before step ¢}, the assembled wafer surfaces are
partially unbonded over a zone that is located at least
in the vicinity of the point of pressure, and then said
surfaces are brought into contact again to initiate the
gecond bonding wave propagation. The assembled wafer
surfaces are preferably unbonded in a zone including the
point of pressure, which further encourages the release
of gtressesg in said zone.

According to a second aspect of the present
invention, there is provided a method of producing a

composite three-dimensional structure, the



WO 2009/135800PCT/EP2009/055251 7 at least bonding a first substrate or wafer onto a second
substrate or wafer, by molecular bonding. Molecular bonding is a technique that is well known per se.
It should be recalled that the principle of 5 molecular bonding is based on bringing two surfaces into
direct contact, i.e. without the use of a specific bonding material (adhesive, wax, braze, etc). Such an
operation requires that the surfaces to be bonded are sufficiently smooth, free of particles or of 10

contamination, apd that theyaressutficientclose togetherifior contactie hejnitiated, typically a

distance of less than a few nanometers. Under such circumstances, the attractive forces between the

two surfaces ar& sTFIGEREY BTG Yo FRUSEIN ORI banditg 15 TBORERTY hdtkedby the set of
attractive forcess(Man dér Wadlsforecés) deelectronid:mtéiactiorsbetieen atowmparimolécules of the

two surfaces to bgbanded). MOMH@J&%@Jﬂgﬂé dniiated byappiyina:ailacalized pressure, for
e

example using a Teflon stylus, 20 to a wafer in intimate contact with another wafer in order to trigger
the propagation"gfeétﬁbﬂdgﬁMﬁo%aﬁ?ﬁi‘ﬁﬁﬁoﬁ“&&ﬁf%ﬁ@ t&r "BERGMY &RAve™ is applied here
to the bonding feantcordaatecwtar bonding: freattiiat prepagates from thednitimtiohspoint and that 25
corresponds to gi{@goggg)gggqctive forces (van der Waals forces) from the initiation point over the

whole surface in intimate contact between the two wafers (bonding interface). The Applicant has
demonstrated that the Vé%_:ﬁgethe assembly method according to embodiments

of the present invention means that during transfer of a
layer of nmicrocomponents, the phencomenon of overlay can be
eliminated and very high guality multilayer semiconductor
wafers can be produced. The layer of microcomponents may
in particgular include image sensors.

In this case, the material of the second substrate

ig a transparent material such as silica or guartz.

Brief description of the figures

*+ Figures 1A to 1E are diagrammatic views showing
the production of a prior art three-dimensional
structure;

° Figures 2 Lo 5 are diagrammatic views of a
molecular bonding assembly method in accordance with one
implementation of the invention;

« Figures 6 te 10 are diagrammatic views of a method
of bonding by molecular bondiﬂg in accordance with one
implementation of the invention;

¢« Figures 114 to 11D are diagrammatic views showing
the production of a three-dimensional structure employing
the assembly method of the present invention;

e Figure 12 is z flowchart of steps carried out
during production of the three-dimensional structure

illustrated in Figures 11A to 11D.

Detailed description of implementations of the invention
The present invention is generally applicable to the

production of composite structures by a method including



30 displacements between certain patterns or microcomponents in a single substrate appear after the
step of bonding that substrate ento another by molecular bonding. More precisely, experiments carried
out by the Applicant have demonstrated that stresses (tensile and/or compressive) 35 are produced at
the initiation pairtoed/bssding by molecular bonding, i.e. the region wher@i&Epww S dessure is
applied. These stresses lie at the source of WO 2009/135800PCT/EP2009/055251 8 heterogeneous
deformations appearing in the substrate and, as a result, of relative and unequal displacements of
certain patterns or microcomponents relative to each other. 5The Applicant has observed that the

* deformations are3rinGpally Reeslized &t &dd aFodiPiie fHifatioh PofftortR§gen§ ot Bhding and that
these deformationslaseelastiorTvese deftrymatiores-meyreXtendiover a radius of up to 15 cm

[centimeter] around theypaintof appheatiamd 0:0f pressuigs imcontiast, indhedortiensithe substrate
that is remote fro!g% gw% Initiation &?le nh keI the portion where _E@aee bggg\tgiygge Jas propagated, the

deformations observed are minimal. In particular,_this localization 15 of deformations at the initiation

point is explained'By T8 fatt fEthiZorfe R3f8EpBHdS Y&?I%?@gi%‘ﬁcimﬁélﬁé?ﬁ\%eﬁrels%ﬁ?e is applied in
order to initiate tifel BBABIMPREAET Lotafized Bpplitatiorof agsre’8ufe ERates sfresses that reduce
with distance fromdhe:ipeinket 20iaaplicaioa=cfthe pressuterstress.etc) . Such an

operation requires that the surfaces tc be bonded are
sufficiently smocth, free of particles or of

10 contamination, and that they are sufficiently close
together for contact to be initiated, typically a
distance of less than a few nanometers. Under such
circumstancesg, the attractive forces between the two
surfaces are sufficiently high to cause molecular bonding

15 (bonding induced by the set of attractive forces (Van der
Waalg forcesg) of electronic interaction between atoms or
molecules of the two surfaces to be bonded) .

Molecular bonding ig initiated by applying a

localized pressure, for example using a Teflon® stylus,

20  to a wafer in intimate contact with another wafer in
order to trigger the propagation of a bonding wave from
that initiation point. The term "bonding wave" is
applied here to the bonding front or melecular bonding
front that propagates from the initiation point and that

25 corresponds to diffusion of attractive forces (van der
Waals forces) from the initiation peint over the whole
surface in intimate contact between the two wafers
{bonding interfacea) .

The Applicant hag demonstrated that the relative

30 displacements between certain patterns or microcomponents
in a single substrate appear after the step of konding
that substrate onto ancther by molecular bonding. More
precisely, experiments carried out by the Applicant have
dembnstrated that gtresses (tensile and/or compresgsive)

35  are produced at the initiation point of bonding by
molecular bonding, i.e. the region where the pcint of

pressure ig applied. These stresses lie at the source of



As a result, the present invention proposes controlling the molecular bonding process during bonding
of substrates in order to produce, after the first bonding wave propagation normally carried out to allow
25 molecular bonding, a second bonding wave propagation over a zone located at least in the vicinity
of the point oWpreg®inissie. over a zone located less than 15 cm from thé{ikresP&plication of
pressure to reach at least a portion of the deformations. The second wave propagation 30 is preferably
carried out over a zone that covers or includes the point of application of pressure. Thus, when this
second bonding wave propagation reaches the zone of application of the paint of pressure

corresponding totRESARBEBRPGINEEF HE first D5 0 GRdRT WAVe propagatiol, Teduze of a different
direction of propagetiorsit cantiaparticulal rellaseithe strebsescagsed byrnitiatonof the first

propagation, WQ 2089:1135800RCG HRER2009/A562b% hphdas-a conseguencedt earxreduce the
deformations in the,yygfer in this region, while producing molecular bonding over the whole of the
surfaces of the two walgrs in.contact, SFutther, in conrgst fo he fist bonding wave propagation.
initiation of the second bondirg wave propagation in accordance with hie Thvention does not cause

new stresses, noF fbes iPeatde nevi defGitatiorsin Medvafers i faet tha d&tbriPBéiding wave
propagation 10 isinittatedarhilethe partialbormling dytmate cttasbondinorproduced during the first
bonding wave prepagatien subsisis betweendhe dwe walersxwbere Sie pogtionsetihe wafers that
have thus a'readwe@é‘a gnded P@é’&%@@‘ea}ﬂei‘%%%‘éo%ge %@%ﬁh%éﬂ%ﬂ oL the 13 point of

pressure, as explained above. As a consequence, the second bonding wave propagation may be
initiated frohY a sfEsEFfed o without having to apply a new point of application of pressure since
molecular bonding is takenagpfroasthe snbsistingpariiahbeddingzongdaicthér that is

remote from the initiation point, i.e. in the portion
where the bonding wave has propagated, the deformations
observed are minimal. In particular, this localization

15 of deformations at the initiation point is explained by
the fact that this zone corresponds to the region where
the pressure is applied in order to initiate the bonding
wave. Localized application of a pressure creates
stresses that reduce with distance from the point of

20  application of the pressure stress.

As a result, the present invention proposes
controlling the molecular bonding process during bonding
of substrates in order to produce, after the first
bonding wave propagation normally carried out to allow

25 molecular bonding, a second bonding wave propagation over
a zone located at least in the vicinity of the point of
presgsure, i.e. over a zone located less than 15 cm from
the point of application of pressure to reach at least a
portion of the deformations. The gecond wave propagation

30  is preferably carried out over a zone that covers or
includes the point of application of pressure.

Thus, when this second bonding wave propagation
reaches the zone of application of the point of pressure
corresponding to the initiation point of the first

35 bonding wave propagation, because of a different
direction of propagation 1t can in particular release the

stresses caused by initiation of the first propagation,



20 words, the second bonding wave propagation is initiated by closing the bonding interface again at a
non-bonded portion or re-opened portion between the two wafers after the first bonding wave
propagation, this portion being located close to a stress-free bonding zone between the 25two wafers.
A first implervemeattBmpan assembly method of the invention is describBgRFTROPERSEREe to Figures 2
to 5. In Figure 2, a first wafer or substrate 20 is place® in a bonding machine comprising a substrate
carrier device 40. 30 The substrate carrier device 40 comprises a support platen 40a that holds the
first wafer 20, for example by means of an electrostatic or suction %ysgem associated with the support

platen 40a, with %o\t To aSSSRBIFAY Tt With & SERoNF AR or SubStrats S0 By Moletular bonding. 35
As explained abdveEatig i knbvr ghrieg ise suitaéés 22t 31nespeetrelydf wafers 20 and 30
intended to be banded ate previously ptepared{byipolishints cleanifigct WCQtwo wafers
2009/135800PCT/ER2009/055251 10 hydrophobic/hydrophilic treatment etc) to allow molecular

bonding. SSurfaces %;L %#of wafers 20, 30 atre;heg brogght int% intci{nate contact one with the
. Urther, 1in gont¥ast to the st DOonaling wave . .
other, with the 5 exception of a Zone 49 where a separating element in the”form of a pin 41 is

interposed betweBiP#RERY Waferd Heibstatet i BRyute 7Y 2dan®e"Geth in Figure 4, a first
bonding wave propagatien 44risinitiated firimm eeinitidtion-peint 4810 fhvat covPrssporids to the region of
the wafer 30 on whigha peintafpressure iscexeded, for examplerusingasteften(ipatylus: Application

of a bearing pressyite pf the pointA43 giyes rise 1o stressgs Around thisPantas fepresepted by stress
lines 45a to 45e, with the 15 in}{fn‘fﬁii‘:{ 1oft e stress re u%%%gfna lelOnction 0 di%tance from the initiation
0

point 43. mTheli%itlif{fﬁ)%lﬁctii% e ‘f:’lrstt‘ eor?oﬁﬁé’ que propa ;l% iz lfﬁgff &localized at any point
on the wafer 30. FoWevsr, iy offerc®d provide aZoheEwithradmiging wave

propagation subsists betwsen the two wafers, where the
portiong of the wafers that have thus already been bonded
have minimal deformations beyond the vicinity of the

1%  point of pressure, ag explained above. As a consequences,
the second bonding wave propagation may be initiated from
a stress-free zone without having to apply a new point of
application of pregssure gince molecular bonding is taken
up from the subsisting partial bonding zone. In other

20 words, the second bonding wave propagation is initiated
by closing the bonding interface again at a non-bonded
portion or re-opened portion between the two wafers after
the first bonding wave propagation, thig portion being
located cloge to a gtress-free bonding zons between the

25  two wafers.

A first implementaticn of an assembly method of the

invention is described with reference to Figures 2 to 5.
In Figure 2, a first wafer or substrate 20 is placed in a
bonding machine comprising a substrate carrier device 40.

30 The substrate carrier device 40 comprises a support
platen 40a that holds the first wafer 20, for example by
means cof an electrostatic or suction system asscciated
with the support platen 40a, with a view to assembling 1t
with a second wafer or substrate 30 by molecular bonding.

35 As explained above and in known manner, the surfaces
21 and 31 respectively of wafers 20 and 30 intended to be

bonded are previously prepared (by polisghing, cleaning,



20 deformation as possible, the initiation point is preferably localized at the periphery of the wafer in
order to allow the first bonding wave to propagate over a large distance and to form, in the portion
remote from the initiation point, a zone that is substantially free 25 from deformations compared with
the zone locar@dRinstissgicinity of the initiation point 43. In Figure 4, it caRGREES¥E/#iESthe shape of the
first bonding wave propagation 44 becomes smoothégfas it advances in the direction A from the
initiation point 43 to the opposite 30 extremity of the wafer 30, which indicates that the stresses
responsible for heterogeneous offsets in the wafer 21 reduce significantly with increasing distance
from the initiatior! BOIRREL B¢& e iRt bording Wg\%eBFop%%atio%ohggﬁggcﬁn&; 354 %gopposite
extremity of the iaRizdibrcpoint 43, the pin 41 is withdrawn in order to close the zone 42 once more and
then initiate a second hendiag waveiprapagationa ¥O20091 I35806P CFAEPRO09B5251 1 1 46 that

advances in the direction, B qut-fromthehending zone,haviagse deformation.er substantially no

deformation..as shownin £l0ue 3 The bongling, wave.thal pLonagaies 4uing, ha gecaad propagation
has a smoot'lsq 5 sehapepup% the région or zone of the initiafion point’43. This second bonding wave

propagation can EBRiplgtel§ ré-cdlode! the bbREMFMTETaSE bETTEef e tWR WATSTE “whité correcting
deformations creatéch it e wiginity GRtherinitiation point 43 during the first bonding wave 10
propagation 44. As carzhe sgeenta Fgure Snthis geeend bonding stave-propagatorneextends over a

ZoneindUd"KJo%%%ﬁ@@%%ﬂ%ﬁ"ﬂga@@qEgygfgﬂggs§¥gﬁ4§-initiation polnt 43

10 that corresponds to the region of the wafer 30 on which a
point of pressure is exerted, for example using a Teflon®
stylus. Applicatioh of a bearing pressure at the point
43 gives rise to stresses around this point as
represented by stress lines 45a to 45e, with the

15 intensity of the stress reducing as a function of
distance from the initiation point 43.

The initiation point of the first bonding wave

propagation 44 may be localized at any point on the wafer
30. However, in order to provide a zone with as little

20 deformation as possible, the initiation point is
preferably localized at the periphery of the wafer in
order to allow the first bonding wave to propagate over a
large distance and to form, in the porticn remcte from
the initiation point, a zone that is substantially free

25  from deformations compared with the zone located in the
vicinity of the initiation point 43. In Figure 4, it can
be seen that the shape of the first bonding wave
propagation 44 becomes smoother as it advances in the
direction A from the initiation point 43 to the opposite

30 extremity of the wafer 30, which indicates that the
stresses responsible for heterogenecus offsets in the
wafer 21 reduce significantly with increasing distance
from the initiation point 43.

Once the first bonding wave propagation has reached

35 the opposite extremity of the initiation point 43, the

pin 41 is withdrawn in order to close the zone 42 once

more and then initiate a second bonding wave propagation



The region of the initiation point 43 is preferably selected to be relatively close to the pin 41 in order to
15 ensure that separation of the two wafers is in a zone near to the zone where the point of pressure
has been applied. This provides better release of the stresses caused at the point of pressure. If the
initiation poin?@ teektEdRowards the center of the wafers rather than 20 RIGEEPea#SR2Edge, the pin is
disposed in a position that is advanced further towards the center of the wafers. In a variation, the
separating element, for example the pin 41, initially positioned at the edge of the 25 wafer, may be
displaced towards the interior of the wafers after initiation of the first bonding wave propagation in
order to partially #hddeF i BERATT iterfice CERE Théahs Bnatthe BERYINGSN €an be opened
close to or at thezinitiationvpoimtpin parficutsr 3@ wherrthesepiaratinglelgnment has initially been placed
in a zone distantfeam therindiationpainb.suchhas agzenre situatackinthevisinityofdhercenter of the

wafer, for examp G agate@%@‘iz@ Ot:!’l% SQQ%@Q"E@&&%’A@I‘&W%@ of ap 3 assembly method of
b

the invention that differs from the implementation describ d%gove in_that the second bonding WO
by re-

20091135860PC9F?E$920§9/5§55§T IZ°WaVe IS genératet opening the hoRing interface between
the two wafers. 43 MoF& preciSERnAsRAbeSeE i PiFEs B amdt 75 e SOMAc85Bivand 61
respectively of ficst aricbsecan@ bonding interface betwsen the two wafers,

while correcting deformations created in the vicinity of
the initiation point 43 during the first bonding wave
10 propagation 44. As can be seen in Figure 5, this second
bonding wave propagation extends over a zone including or
covering the initiation point cor pressure 43.
The region of the initiation point 43 is preferably
selected to be relatively c¢lose to the pin 41 in order to
15 ensure that szeparation of the two wafers is in a zone
near to the zone where the point of pressure has been
applied. Thig provides better‘release of the stresses
caused at the point of pressure. If the initiation point
iz located towards the center of the wafers rather than
20 close to their sdge, the pin is disposed in a position
that is advanced further towards the center of the
wafers.
In a variation, the separating element, for example
the pin 41, initially positioned at the edge of the
25 wafer, may be displaced towards the interior of the
wafers after initiation of the first bonding wave
propagation in order to partially unbond the bonding
interface. Thisg means that the bonding interface can be
opened close to or at the initiation point, in particular
30 when the separating element has initially been placed in
a zone distant from the initiation point, such as a zone
gsituated in the wvicinity of the center of the wafer, for
example.
Figures 6 to 10 show another implementation of an
35 assembly method of the invention that differs from the

implementation described above in that the second bonding



5 wafers or substrates 50, 60 are brought into intimate contact under the same conditions as described
above, the first wafer 50 being held on a-support platen 70a of a substrate carrier device 70. A first
bonding wave propagation 64 is initiated from a initiation point 63 by 10 applying a point of pressure
and it advance® ina/gisestion A to the opposite extremity of the wafer 50PES ERowWH0FsFBigure 8.
Applying a bearing pressure at the point 63 gives risezto stresses around this point as represented by
stress lines 65a to 65e, the intensity of 15 the stress reducing as a function of distance from the
initiation point 63. In this implementation, no obstacle is disposed between the two wafers, with
the result that mdéi8alarhSifdiRgTares Wad@o@é’ﬁfﬁélﬁ/h‘é@oioﬂféiﬁ&ﬁdlhﬁtﬂ? fritfface during the first
bonding wave propagation6#: Inwgrder feirtiate the second bonding wave propagation, partial

unbonding is carried ouythetween-the-two wafers:py opening, the.bending-pterfageiover a zone 62
(Figure 9). PartlﬁHnbgngy;% of the wﬁgrségwayé é%re%v'? le;;(g lecbe p,_cg,ievaqubg dnserfing a blade, for

example formed from Teflon(r), or by app et of fluid (water, air, gas, etc) at the bonding

interface. Pattial {ABORHiING n?é@? %Iﬁbaﬁg%a‘? ed ?Jt‘?)’i/emgg ‘rﬁ@h& pﬁ%ﬁcﬁ%%l’trﬁe pin 41 described
above. 30The bondirigirterfzdermalbe pnppered fferiany Fegion af the pefiphiery of fife two wafers.
However, partial finbonding detweehdhedweo=wafers is prefesally qarsedrout @ the iritiation point 63.

By re-opening the, handing inierface.at the.initiation point 63, the 35-sirassessaused around this point
can be released since the portlo&of wafer. Q gmé)rksed in_the z ne @2 IS NQ Iongeg?ogged to the
or

ig ihi Yom a irii ion polin
wafer 50. The m?er?%nqengﬁﬁ f P
applying a point of pressure and it advances in a

direction A to the opposite extremity of the wafer 50 as
ghown in Figure 8. Applying a bearing pressure at the
point 63 gives rise to stresses around this polnt as
represented by stress lines 65a to 65e, the intensity of

15 the stress reducing as a function of distance from the
initiation point 63.

In this implementation, no chstacle is disposed
between the two wafers, with the result that molecular
bonding takes place over the whole of the bonding

20 interface during the first bonding wave propagation 64.
In order to initiate the second bonding wave propagation,
partial unbonding is carried out betwsen the two wafers
by opening the bonding interface over a zcone 62
(Figure 9). Partial unbonding of the wafers may, for

25  example, be achieved by inserting a blade, for example
formed from Teflon®, or by applying a jet of fluid
(water, alr, gag, etc) at the bonding interface. Partial
unbonding may also be carried out by inserting a pin such
as the pin 41 described above.

30 The bonding interface may be re-opened from any
region at the periphery of the two wafers. Howsaver,
partial unbonding between the two wafers is preferably
carried out at the initiation poiht 63. By re-copening
the bonding interface at the initiation point 63, the

35  stregses caused around this point can be released since
the portion of wafer 60 comprised in the zone 62 is no

longer bonded to the wafer 50. The insertion length for



WO 2009113580PCT/EP2009/055251 13 the separating object (for example a blade or pin) or the
power of penetration of the jet of fluid is a function of the position of the initiation point on the wafers
(proximity to edge or center of the wafers). 5The unbonded zone 62 is then closed again in order to
initiate a secavd Bondisrgowave propagation 66 which displaces in the direCtidaBdicated in Figure
10 and can completely re-close the bonding interface between the two wafers without deformation. As
can be seen in 10 Figure 10, this second bonding wave propagation extends over a zone including or
covering the initiation point or pressure 63. The unbonding/rebonding steps carried out to initiate

the second bondiftPwaFessropHEABRIREY bEE 25 rEFaRRFa huMBEFof MBS EhafgingTor not
changing the unliendingzbnestir ordértorfurtheriminimizecthef Srédseés and detotrations to which the
wafer 60 or the twaavatess S0-and £0-are suhjectet: Fhemethod:of the invamdian is applicable to 20

assembling any type of imaterial thakis compatible.withmeleculardignding, in particular semiconductor

materials such assilicon, ermanilém glass, qgartz, eg . The agfeg tag %%gs§gm0blgd may have
microcompoRents only OV r%nﬁgﬁloﬁath%?él()ef. 50He partieuar Bt nSitexclusive fiefd for the

assembly methodof thé prasentinveReBA i thstisihrodviny tragadfinehsidnalstitfttures.  One
method of producingrd three-dimensionakstetdture Byitratisfer eflailayérigimicrbeoarabnents 30

formed on an initig substrate onto afinal substrate inacgordance- with aninpplemeentatian of the
invention is described with reference 1o Fiaures L1A 10 110and 12.1c seen in

10 Figure 10, this second bonding wave propagation extends
over a zone including or covering the initiation peint or
pressure 63,

The unbonding/rebonding steps carried out Lo
initiate the second bonding wave propagation may be

15 repeated a number of times, changing or not changing the
unbonding zone, in order to further minimize the stresses
and deformations to which the wafer 60 or the two walers
50 and 60 are subjected.

The method of the invention is applicable to

20 assembling any type of material that is compatible with
molecular bonding, in particular semiconductor materials
such as silicon, germanium, glass, quartz, etc. The
wafers to be asgembled may have microcomponsnta only over
a portion thereof.

25 One particular but non-exclusive field for the
assembly method of the present invention is that of
producing three-dimensional structures.

One method of producing a three-dimensional
structure by transfer of a layer of microcomponents

30 formed on an initial substrate onto a final substrate in
accordance with an implementation of the invention is
described with reference to Figures 11A to 11D and 12.

Production of the three-dimensional structure
commences by forming a first series of microcomponents

3% 110 on the surface of a wafer or initial substrate 100
(Figure 112, step S1). The initial substrate 100 may be

a monolayer structure, for example a layer of silicon, or



Production of the three-dimensional structure commences by forming a first series of
microcomponents 35 110 on the surface of a wafer or initial substrate 100 (Figure 11A, step 51). The
initial substrate 100 may be a monolayer structure, for example a layer of silicon, or WO
2009/135800@ G THER2809/055251 14 a multilayer structure such as a SETTHERWHUERTE. The
microcomponents 110 are formed by photolithography using a mask that can define pattern formation
zones corresponding to the microcomponents 110 to be produced. 5 During formation of the
microcomponents 110 by photolithography, the initial substrate 100 is held on a substrate support

device 120. The SuB&tHite SUSFoIR Hevice EGMPIEBsa spport paieh FAAWHFRhichthe initial
substrate 100 lies:flushefonexample by neamnrs 6010=ah blectiostatic. oh suctai gy stemrassociated with

the support platen 120a. cnakhe faceiotthesinitial substrate-100icompasing the microcomponents 110
' then brought inte J9tmats spipal vith, ong.fage of 4. iaalwarer ¢f substiatg 208 slep 52) 15 With a

view to bonding b m%?e ular bonding. A Ia)%er of oxide, for example_of Si02, may also be formed on

the face of the intiaF SHBsHEE" 160 Corfiprisi f@tﬂé?rﬁﬁe%%?ﬁﬁ%ﬁerﬁ%ol Uand/or on the face of the
final substrate 208 interided sebarrought ntetitirate 2orcortate A fifstitoriting wivetpropagation
allowing moleculaf.berding:beiween-theitbva sabstrates istthesuhiated bysapplying localized pressure

at the initiation p@@%?é@%?gs%@\ée @EB&@-platen 120a with which the
initial substrate 100 lies flush, for example by means of

10  an electrostatic or suction system agscoclated with the
support platen 120a.

The face of the initial substrate 100 comprising the
microcomponents 110 is then brought into intimate contact
with one face of a final wafer or substrate 200 {step S2)

15 with a view to bonding by molecular kbonding. A laver of
oxide, for example of £i0;, may also be formed on the face
of the initial substrate 100 comprising the
microcomponents 110 and/or on the face of the final
substrate 200 intended to be brought into intimate

20 contact.

B first bonding wave propagation allowing molecular
bonding between the two substrates is then initiated by
applying localized pressure at the initilation point as
explained above (step 83).

25 A second bonding wave propagation is then initiated
over a zone located at least in the vicinity cof the
initiation point of the first bonding wave propagation
{step $4). This second bonding wave propagation
preferably passes through the initiation point of the

30 first bonding wave propagaticn.

As explained above in relation to Figures 2 to 5,
the second bonding wave propagation may be initlated by
withdrawing a separating element interposed between the
two eubstrates 100, 200 during initiation of the first

35 bonding wave propagation in ordef to preserve a non-
bonded zone that allows initiation of the second bonding

wave propagation. In accordance with another variation



25A second bonding wave propagation is then initiated over a zone located at least in the vicinity of
the initiation point of the first bonding wave propagation (step S4). This second bonding wave -
propagation preferably passes through the initiation point of the 30 first bonding wave propagation. As
explained abwizprakasien to Figures 2 to 5, the second bonding wave JfopagwensAiay be initiated
by withdrawing a separating element interposed betwéen the two substrates 100, 200 during initiation
of the first 35 bonding wave propagation in order to preserve a non-bonded zone that allows initiation
of the second bonding wave propagation, In accordance with another variation. WO

2009/135800PC FEBZUGT058581°1 5 dechibed aBOVE With Feféréiice fo Figurés 61510, the second
bonding wave prepagatior el be inftiated by pertialyre Bpenity andtdesing the bonding interface
obtained during ipiiationiafithedirspbandingawave bopropagations Adterihe secentdending wave
propagation, the .t 51 neq during initiation of the first bonding wave

5 propagation.

Lfter the second bonding wave propagaticon, the
initial substrate 100 and the final substrate 200 are
bonded together by molecular bonding over the whole of
their surface in contact, with no deformation, or almost

10 no deformation in the initial substrate 100 comprising
the microceomponents 110 {(Figure 11B). This thus produces
a buried layer of microcomponents 110 at the bonding
interface between the substrates 100 and 200.

After bonding, and as can be seen in Figure 11C, the

1%  initial substrate 100 is thinned-down in order to remove
a portion of the material present above the layer of
microcomponents 110 {step 85). When the substrate 100 is
a SOI type substrate, it is advantagecusly possible to
use the buried insulating layer to define the thickness

20 of the remaining layer 100a. Thus, a composite structure
300 is produced, formed from the final substrate 200 and
a layer 100a corresponding to the remaining portion of
the initial substrate 100. The initial substrate 1060 may
in particular be thinned-down by chemical-mechanical

2% polishing (CMP), by chemical etching, or by splitting, or
fracture along a plane of weakness that has been formed
in the substrate by atomic implantation.

As can be seen in Figure 11D, the next step in
producing the three-dimensicnal structure consists in

30 forming & second layer of microcomponents 140 at the
exposed surface of the thinned-down initial substrate 100
{Figure 11D, step £6). In order to form the
microcomponents 140 in alignment with the buried
microcomponents 110, a photolithography mask is used that

25  is similar to that employed to form the microcomponents
110. As during formation of the microcompeonents 110, the

composite structure 300 formed by the final substrate 200



initial substrate 100 and the final substrate 200 are bonded together by molecular bonding over the
whole of their surface in contact, with no deformation, or almost 10 ne deformation in the initial
substrate 100 comprising the microcomponents 110 (Figure 11B). This thus produces a buried layer of
microcomporedt®nisatthe bonding interface between the substrates FST/ERPEOG5%=fter bonding,
and as can be seen in Figure 11C, the 15 initial substete 100 is thinned-down in order to remove a
portion of the material present above the layer of microcomponents 110 (step S5). When the substrate

100 is a SOI type substrate, it is advantageouslgﬁiossible to use the buried insulatin%layer to define

the thickness 20 BF:the-Fsmafifg 1dyer*106a M Fhds S8 cdnmpBite Stréctiré 30038 hroduced, formed
from the final substiate 200:and arlayer d60accoriéspdriding e thé¢atainihgtportiba of the initial

substrate 100. The.ipitial substrate 00 maysinipartisulanbe thisned-Hdowebychemical-srechanical 25
polishing (CMP), by chemical etching, g%bgﬁepliité%xorlf%gre along a plane of weakness that has

been formed in the substrate by atomic implantation. As can be seen.n Figure 11D, the next step in
g

producing the three-dinéhstoraistAlictife conSiste' 30 6MANG 8 2atoh S

. ayet'6f microcomponents
140 at the exposé@ suEfaceofthethitihetk doMFinftial StbBtrate 1D0NETGHRE PEDstep S6). In order to
form the microcompanenis 140 inalignmentwithlithensuriesimidrocomponentstl 10, a photolithography

mask is used that 35ds sinilar to,that employed.tofermdthe microgamnonepts 1 10»As during formation
of the microcomponents 110, th ggrr’{]:o%ite structure 300 formed by the final substrate 200 WO
20091135800PC }éﬁﬁ%éﬁ/o%%l AYeTE:

10 Because of the molecular bonding initiation method
of the invention, the initial substrate 100 can be bonded
onto the final substrate with no deformation, or at least
with reduced deformaticon, in guch a manner that
significant offsets of the microcomponents 110 before and

15  after transfer of the initial substrate 100 conte the
final substrate 200 are no longer cbserved. Thus, these
residual coffsets can be limited to values of less than
200 nm [nanometer], or even 100 nm in a homogeneous
manner over the whole surface of the wafer. The

20 microcomponents 140, even those of very small dimensions
{for example < 1 pm [micrometer]), may thus easily be
formed in alignment with the microcomponents 110, even
after transfer of the initial substrate. _

As a result, the assemnbly method of the presgent

25 invention can eliminate the phenomenon of overlay during
transfer of one circuit layer onto ancther layer or onto
a support substrate and produce very high guality

multilayver semiconductor wafers.



16 and the layer 100a is held on a support platen 130a of a substrate carrier device 130 that is
identical to the device 120. The photolithography mask is then applied to the free surface of the layer
100a. 5In a variation, the three-dimensional structuke is formed by a stack of layers, each layer having
been transferred by the assembly method of the present invention, and each layer being in alignment
with the directly adjacent layers. 10Because of ¢he mglecular bonding initiation method of the
invention, the initial substrate 100 can be bonded onto the final substrate with no deformation, or at
least with reduced deformation,.in such a manner that significant offsets of the microcomponents 110

before and 15 AftdlTFHterdf e TMtIBUbEPatf AT ShtE Thehra SERL RS20 0"arEs s Hger
observed. Thu$anesa eesiduzg offssteshrobatimitadng values of less than 200 nm [nanometer], or
even 100 nm ired homuagangons manwesaveaibevhote suace0f dhe water bEhea2Gembled

microcomponents 14%&88”&‘@%%%‘@@%5@"&%}?&%[& (for example < 1 pm [micrometer]), may

thus easily be formed in alignment with the microco pone{glts' 10, even after_transfer of the initial

substrate. As atesultthé a5&emBly PR&RBH ofthepreSent' 25 ti8FE8n Effihafe 1T
phenomenon of overl&F duRi§ fansfer Giaheldfeuitiayef bntc &asther dafer srfontblesuppert
substrate and producevaémryrtrigh guidlity multilayer semiconductor wafers. 17

c) a second propagation of the bonding wave,
wherein said second propagation advances in a
direction different from the direction of the first
propagation and over a zone covering the initiation
point from which the first propagation of the
bonding wave 1is triggered by application of the
point of pressure.

2. A method according to claim 1, wherein the point of
pressure i1s applied close to the edge of one of the two
wafers.

3. A method according to c¢laim 1 or claim 2, wherein during
step a), a separating element is interposed between the

surfaces of the wafers to be assembled, and wherein in
step ¢) the separating element is withdrawn in order to
initiate the second propagation of the bonding wave.

4. A method according to claim 3, wherein after step b) and
before step <¢), the separating element is displaced
towards the interior of the wafers.

5. A method according to claim 1 or claim 2, wherein in step
b}, molecular bonding takes place over the whole of the
bonding interface and wherein before step c¢) and after
step b), the surfaces o¢f the assembled wafers are
partiaily unbconded over a zone that is located at least
in the vicinity of the point of pressure.

6. A method according to claim 5, wherein the surfaces of
the assembled wafers are partially unbonded over a zone
including the point of local pressure.



CLAIMS 1. A method of bonding two wafers or substrates by molecular bonding, the method
comprising: a) bringing the surfaces of the wafers to be assembled into at least partial contact; b) a
first propagation of a bonding wave from a point o pressure applied to at least one of the two wafers;
and a second propagation of the bonding wave, wherein said second propagation advances in a

directiondifferent fraay thedirestion of the frst.gropagatien-and 9yeLa 2088 Sovering hedinitiation

point from which the first rpropagﬂation af the bonginﬁ wave is tr%% ered b%ealgflicati n of the (g{int of
pressure. 2. A ﬁ]té)fﬁ#é:dtgcceorgﬁgﬁg%?aliﬁlgl,%/vr?er% e p%Fn? réssufe i di)sb ied Tosk t9'the edge

of one of the twolwakesrPANRatHod atcorting fEeRINPE orclaifmr® whevdia dtoring stepda) 2a
separating elergeaids inkgrpogechbeteen the surfages of the wafges to beassemblask angdawherein in
step c) the sepggatingieslerﬁwent {sr}\évithggawrllf in C%deltn tiocingiau:f\n thg séecgsnd gg)@agationsgfctge CPonding
wave. 4.A metho&ngccoréhn% to claim ,%%ereln after sftép%% Ind Betore s ep 8 the separé]tlng
element is dispfadetitb#afds tHEFHEAS o fife WalEBt 5. AltRetfF a8cbrding (- ERIAL of ERIM 2,
wherein in stepala)s sraieeidaribonging takesptacei averdhe whelenfithe hovding iatertace ang wherein

before step c) angd after sign b).thesurfaces of the.assembled wafers are partially unbonded over a
zone that is located af least in the vicinity of the point of pressure. 6.A method according to claim 5,

wherein the surfaces of the assembled wafers are partially unbonded over a zone including the point
of local pressufe. methcd according to claim 7, wherein it comprises,

after the bonding step, a step of thinning the first
substrate.

9. A method according to claim 7 or claim 8, wherein it
further comprises a step of producing a second layer of
microcomponents on the face of the first substrate
opposite to the face comprising the first layer of

microcomponents.

10. A method according to any one of claimg 7 to 9, wherein
it comprises, before the bonding step, a step of forming
a layer of oxide on the face of the first substrate

comprising the first layer of microcomponents.

11. A method according to any one of claims 7 to 106, wherein

the first substrate is a 80T type structure.

12. A method according to any one of claims 7 to 11, wherein
at least the first layer of microcomponents includes

image sensors.



18 7. A method of producing a three-dimensional composite structure comprising a step of producing a
first layer of microcomponents on one face of a first substrate and a step of bonding the face of the
first substrate comprising the layer of microcompopnents onto a second substrate, wherein the first and
second substrates are assembled in accordance with an assembly method according to any one of
claims 118 6. 82 Ammaéthod according toyclaim Znwhemsin ib€ompeses; aftetthelsondirigestepna step of
thinning the fir_s{ﬁgbsﬂg&eéfﬁ ﬁim%f;[@th%c&orgg@ogdclagn}gs%rrggigw 8, gv_hgrei@britafgg hg:rrg%@prises a
step of producing a second layer of microcomponents on the face of the first substrate opposite to the
face comprisingr#tesfirstfayer of microcomponents. 10. A method according to any one of claims 7 to
9, wherein it comprises, before the bonding step, a step of forming a layer of oxide on the face of the
first substrate comprising the first layer of microcomponents. 11. A method according to any one of
claims 7 to 10, wherein the first substrate is a SOI type structure. 12. A method according to any one
of claims 7 to 11, wherein at least the first layer of microcomponents includes image sensors. 19 13. A
method according to any one of claims 7 to 12, wherein the material of the second substrate is a
transparent material.



