1 METHOD FOR MOLECULAR ADHESI ON BONDI NG W TH COWPENSATI ON FOR RADI AL

M SALI GNMENT Technical Field and Prior Art 5 The present invention
concerns the field of nmultilayer sem conductor wafers or structures
produced according to the technol ogy of three-dinmensional integration (3D
i ntegration) which involves the transferl onto a first wafer, referred to
as the final substrate, of at least 10 one |ayer forned froma second
wafer, this layer corresponding to the portion of the second wafer in

whi ch el enents have been forned, for exanple a plurality of

m croconponents, other correspondi ng elenents also being fornmed in the
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to say each wafer comprising the layer, must be positioned on the final
substrate (the first wafer on its own or aiready comprising other
transferred layers) with great precision in order to comply with very strict
alignment with the underlying layer. It may furthermore be necessary to

20 carry out treatments on the layer after its transfer, for example in order to
form other microcomponents, in order to uncover microcomponenis on
the surface, in order to produce interconnects, efc., these treatment
operations also having to be carried out with very great precision in
relation to the components present in the layer.

25 The transfer of a layer onto the final substrate involves molecular
adhesion bonding between a first wafer and a second wafer, of the type
described above, the second wafer generaliy being subsequently thinned.
During the bonding, the wafers are mechanically aligned. Three types of
alignment defects may be observed between the two wafers, namely

30 alignment defects of the "offset" or "shift" type, of the rotation type and of
the radial type (also known by the name "run-out", magnification error or
deformation error).

When a sequence of lithography steps is carried out on a single
wafer, these types of defects are generally corrected by using a



2 conpensation algorithmin a lithography nmachine in order to preserve
perfect alignnent between each step. During alignnent between two
wafers with a view to bonding, the alignment defects of the shift and
rotation types can be conpensated 5 for nechanically by nodifying the

rel ative position of the wafers with respect to one another in the bonding
machi ne. However, the alignnent defects of the radial type cannot be
conpensated for by such repositioning of the wafers. The radi al
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Figure 1A iliustrates the alignment between a first wafer 10 anda -
second wafer 20 with a view to bonding them by molecular adhesion. A
first series of microcomponents 11 has been formed beforehand on the
bonding face of the first wafer 10, while a second series of

20 microcomponents 21 has been formed beforehand on the upper face of
the second wafer 20, intended to be bonded to the first wafer. The
microcomponents 11 are intended to be aligned with the
microcomponents 21 after bonding of the wafers.

In the example described here, however, the first and second

25 wafers have different radial expansions, thus creating a radial
misalignment between these wafers which, after bonding, results in
offsets between the majority of the microcomponents such as the offsets
Ay, Dy, Aszs, Ass, Agg or Ay indicated in Figure 1B (respectively
corresponding to the offsets observed between the pairs of

30 microcomponents  114/12;, 115/12;, 113/125, 115/125, 115/12¢ and
115/125). _

The radial expansions responsibie for the radial misalignment
between two wafers are generally homogeneous over the wafers, thus
creating a radial misalignment which evolves (i.e. increases) guasi-linearly

35 between the centre and the periphery of the wafer,



creating a radial msalignnment which evolves (i.e. increases)

quasi -linearly 35between the centre and the periphery of the wafer. 3
The radial msalignnent may be corrected in particular during the
conventional steps of form ng conponents by photolithography, by neans of
a correction algorithmand as a function3of m salignnment neasurenents
carried out on a wafer. 5However, the correction of the radial

m sal i gnment can be carried out only on one wafer on its own. Moreover,
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interconnected together. It is not in fact possible to compensate by
15 lithography for the misalignments existing between the microcomponents
of the two layers in this case.

Summary of the Invention

20 It is an object of the invention to provide a solution which makes
it possible to compensate for the initial radial alignment existing between
two wafers intended to be bonded together.

To this end, the present invention provides a method for bonding
a first wafer on a second wafer by molecuiar adhesion, the said wafers

25 having an initial radial misalignment between them, the method
comprising at least a step of bringing the two wafers in contact so as to
initiate the propagation of a bonding wave between the two wafers,
characterized in that a predefined bonding curvature is imposed on at
least one of the two wafers during the contacting step as a function of the

30 initial radial misalignment.

As explained beiow in detall, by monitoring the curvature of the
wafers during their bonding, it is possible to induce an additional radial
misalignment which will compensate for the radial misalignment initially
existing.



30initial radial msalignnment. As expl ai ned below in detail, by
nonitoring the curvature of the wafers during their bonding, it is
‘possi bl e to i nduce an additional radial msalignnent which will conpensate
for the radial msalignnent initially existing. 4 According to
one aspect of the invention, the second 4afer is free to adapt to the
predefi ned bondi ng curvature inposed on the first wafer during the
‘propagati on of the bondi ng wave. Accordi ng to anot her aspect of
the invention, the wafers are 5circular wafers of silicon with a dianeter

of 300 mm each conprising m croconponents. ~ According to one
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- measurement of the initial radial misalignment between the two

10 wafers to be compensated,

- measurement of the curvature of each wafer before bonding,

- determination of a compensation radial misalignment for the
initial radial misalignment between the two wafers,

- calculation of a post-bonding curvature capable of generating

15 the said compensation radial misalignment between the two wafers,

- calculation of the predefined bonding curvature as a function of
the calcuiated post-bonding curvature.

According to a particular aspect of the invention, the method
comprises the following steps:

20 - holding the first wafer and the second wafer facing one another
respectively using a first holding support and a second holding support,
the said first support imposing the said predefined bonding curvature on
the first wafer, .

- bringing the said wafers in contact in order to initiate the

25 propagation of a bonding wave between the said wafers,

~ releasing the second wafer from the second holding support
before or while being brought in contact with the first wafer, so that the
said second wafer adapts to the bonding curvature imposed on the first
wafer during the propagation of the bonding wave.

30 According to one characteristic of the invention, the predefined
bonding curvature is imposed on the first wafer by actuating a jack
mounted on the first holding support.

‘According to another characteristic of the invention, the
predefined bonding curvature is imposed on the first wafer by a
35 membrane interposed between the first wafer and the first holding



respectively using a first holding support and a second hol di ng support,
the said first support inposing the said predefined bonding curvature on

the first wafer, bringing the said wafers in contact in
order to initiate the 25propagati on of a bondi ng wave between the said
waf ers, - releasing the second wafer fromthe second hol di ng

support before or while being brought in contact wwth the first wafer, so
that the said second wafer adapts to the bonding curvature inposed on the
first wafer during the propagation of the bonding wave. 30According to one

characteristic of the invention, the predefined bonding curvature is
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apparatus controlling the second holding support in order o release the

second wafer from the second support before or while being brought in

20 contact with the first wafer, so that the said second wafer adapts o the

bonding curvature imposed on the first wafer during the propagation of a
bonding wave. _

According fo one characteristic of the invention, the bonding

apparatus comprises processing means for caiculating the predefined

25 bonding curvature as a function of the initial radial misalignment, or a

radius of curvature corresponding to the said predefined bonding

curvature as a funcfion of the initiai radial misalignment.

According to one characteristic of the invention, the first holding

support furthermore comprises a jack capable of imposing the predefined

30 bonding curvature on the first wafer, the jack being driven according to a

radius of curvature corresponding to the said predefined bonding

curvature, the apparatus controliing the second hoiding support in order

to release the second wafer from the second support after being brought

in contact with the first wafer, so that the said second wafer adapts to the



20 contact with the first wafer, so that the said second wafer adapts to

t he bondi ng curvature inposed on the first wafer during the propagation of

a bondi ng wave. According to one characteristic of the invention

t he bondi ng apparatus conpri ses processing neans for calculating the

predefined 25 bonding curvature as a fungtion of the initial radial

m sal i gnnment, or a radius of curvature corresponding to the said

predefi ned bondi ng curvature as a function of the initial radial

m sal i gnnent . According to one characteristic of the invention
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char act eri st ibpnafnd hi@vatuyenti on, the first holding support has a curvature
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Accor di ng toe’f’é&ﬁ:’ : t of the invention, the first and second hol di ng
supports are a aﬁgggdtlcf%‘)r&gcei ve circular substrates with a 15di aneter of

100 mm 150 nm 200Ag@garding3ooangiher aspect of the invention, the first and second
holding supports are adapted to receive circular substrates with. 2

15 diameter of 100 mm, 150 mm, 200 mm or 300 mm.

Brief Description of the Figures

Figures 1A and 1B are schematic views showing the
20 production of a three-dimensional structure according to the prior art,
Figures 2 and 3 show wafers having deformations of the
"bow" type,
Figures 4A to 4C show the various curvatures obtained
before, during and after the bonding of two wafers by molecular adhesion,
25 - Figures 5A to 5G are schematic views showing the
production of a three-dimensional structure by using the molecular
adhesion bonding method of the present invention,
Figure 6 is a flow chart of the steps employed during the
production of the three-dimensional structure illustrated in Figures 5A to
30 5G,
Figure 7 is a graph showing the variation of a final radial
rhisalignment as a function of the curvature imposed on two wafers during
their bonding by molecular adhesion.



Brief Description of the Figures Figures 1A and 1E3 are schenatlc Vi ews
showi ng the 20pr oduct i on of a three-di nensional structure according to the
prior art, Figures 2 and 3 show wafers having defornmations of the "bow'
type, Figures 4A to 4C show the various curvatures obtained
before, during and after the bonding of Two wafers by nol ecul ar adhesi on,
25 Figures 5A to 5G are schematic views showi ng the production of a

t hr ee- di nensi onal structure by using the nol ecul ar adhesi on bondi ng net hod
of the present invention, Figure 6 is a flow chart of the
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10 In order to compensate for the phenomenon of radial
misalignment of the wafers after bonding, the present invention proposes
to impose a bonding curvature, which has been defined beforehand as a
function of the initial radial misalignment, on the wafers during their
bonding.
15 More precisely, before bonding, each of the two wafers has its
own curvature, which may be concave as in the case of the wafer 30 in
Figure 2 or convex as in the case of the wafer 40 in Figure 3. This
curvature determines the curvature deformation of the wafers, which is
referred to by the term "bow" in semiconductor technology. As iliustrated
20 in Figures 2 and 3, the bow Az of a wafer corresponds to the distance
(arrow), generally measured level with the centre of the wafer, between a
reference plane P (typically perfectly flat), on which the wafer rests freely,
and the wafer itself. On the scale of the wafer diameters conventionally
used in the field of semiconductors, namely between a few tens of
25 millimetres and 300 millimetres, the bow is measured in micrometres
whereas the curvature is generally measured in m™ or km™, because the
curvature of the wafers used in the field of semiconductors is very small
and, consequently, the corresponding radius of curvature is very large.
Figures 4A to 4C show the variation of the curvatures before and
30 after bonding of a first wafer 50 (top) on a support wafer 60 (base)
respectively having an initial curvature K: and Kz (Figure 4A). During the
molecular adhesion bonding, a curvature Kg referred to as the bonding
curvature is imposed on one of the two wafers 50 and 60 (Figure 4B), the
other wafer being adapted to the curvature imposed on this first wafer
35 during the propagation of the bonding wave, as described in detail below.




10l n order to conpensate for the phenonenon of radial msalignnment of the
waf ers after bonding, the present invention proposes to inpose a bonding
curvature, which has been defined beforehand as a function of the initial
radi al m salignnment, on the wafers during their bonding. 15More precisely,
bef ore bondi ng, each of the two wafers h@&s its own curvature, which may be
concave as in the case of the wafer 30 in Figure 2 or convex as in the
case of the wafer 40 in Figure 3. This curvature determ nes the curvature
deformation of the wafers, which is referred to by the term"bow' in
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bondi ng wave : ibed in detail below. 8 The curvature KB may be
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detail below, the curvature KB being for only one of the two wafers while

the other wafer is k;@@@m_@@j_pim%ylg he monent phen the propagation of
t he boggi ng wave is initiated; in order 5to adapt’ during this propagation

to the~€urvature inposed on the other wafer. Once the bondi ng has
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Effect of clamping”, Journal of Applied Physics, Vol. 95, N° 1, January 1,
2004,

20 On the basis of this formula, it can be seen that the influence of
the bonding curvature Ks on the post-bonding curvature Kr predominates
(by a factor of 6) over that of the initial curvatures K: and Kz, respectively,

of the wafers 50 and 60.
Furthermore, the radial misalignment Dr resulting between the

25 two wafers after bonding may be determined by the following formula:
Dr= - 2(eR) (2)

where R is the distance between the centre of the wafer at the
30 measurement point of the radial misaiignment and ¢ is the strain exerted
on the surface of the first wafer 50 (top).

There is furthermore a relationship between the strain exerted on
the surface of the first wafer and the post-bonding curvature Kr, which is
given by the following formuia:

35



10referred to as the post-bondi ng curvature. The post-bondi ng
curvature KF may be calculated with the follow ng fornula: KF=
(2(K1-1-K2)12KB)/16(1) 15 - This forrmula was determ ned on the basis
of Fornmula (12) given in the docunent T. Turner et al., entitled :
"Mechani cs of wafer bonding: Effect of cfanping”, Journal of Applied
Physics, Vol. 95 N 1, January 1, 2004. 200n the basis of this fornula, it
can be seen that the influence of the bonding curvature KB on the
post - bondi ng curvature KF predom nates (by a factor of 6) over that of the
initial curvatures Ki and 1(2, respectively, of the wafers 50 and 60.
Furthermore, the ra8Fdff (W2h! i gnf@ht DR resulting between the 25two wafers
after bonding nay be determned by the following formula: DR= - 2(ER)(2)

where R is the distance pbetween the centye of the wafer at the
30measur enent poi nt WHEMS és\fg%iﬂéle'?ﬁ%é? itéﬁrfr-'éﬁtwéf%’& ais the strain exerted
on the surface of the first wafer 50 (top). There is furthernore a

rel ati opshi p bet weep, t. . 0 r e of the first wafer
and thegpost-bondi n@ydﬁﬁ?%@‘?{ﬁ@@k&?%%ﬁ é}sﬁ%m% (@E‘P’P@SQW R Ge
formul a:  E=sKBin airip(FRymatie( 2), the seiabonship danessn dife radialf misslignedcet .
Dr .re_sy.lting. after bonding and the post-bonding curvature Kr is
established by the following formula:

10 Dr=-KrhR  (4)

It can be seen that the radial misalignment Dr is a function of the
post-bonding curvature Ke.
Consequently, by knowing the initial radial misalignment Dri, a
15 compensation radial misalignment Drc is determined such that: Dre = -Dri,
which with Formula (4) gives: Dre= KFh R
The initial radial alignment may be measured by carrying out
bonding between two wafers of the same batch of wafers and measuring
the misalignment of the two wafers in order to deduce the initial radial
20 component therefrom. The two wafers have alignment marks, such as
simple crosses (measurement methods by means of Vernier or Moiré
structures) which make it possible to measure the misalignment in
microns by infrared microscopy or confocal infrared microscopy, and to do
so at a plurality of positions on the wafer which generally lie at its centre
25 and periphery. The various misalignment components, and in particular
the radial misalignment, can be extracted from these measurements.
These measurements are generally carried out level with alignment marks
arranged at the centre and periphery of the wafer, for example at 147 mm
from the centre of a 300 mm wafer. At the periphery, the radial
30 misalignment is maximal and may exceed one micron, as presented in
Figure 7, which is measurable with the microscopic measurement
techniques described above.
In this way the initial radial alignment is known for an entire
batch of wafers, to which it is possible to apply the bonding method of the
35 invention and compensate for the initial radial misalignment. The pair of



5By introducing the elenents of Fornula (3) corresponding to the strain E
into Formula (2), the relationship between the radial msalignment DR
resulting after bonding and the post-bonding curvature KF is established
by the followng forrmula: 10DR= - KF h R(4) It can be seen that
the radial msalignnment DR is a functiongof the post-bonding curvature KF.
Consequently, by knowing the initial radial msalignnent DR, a
15conpensation radial msalignment DRc is determ ned such that: DRc =
which with Formula (4) gives: DRc= KF h R The initial radial
alignment may be neasured by carrying out bonding between two wafers of

t he same bat o¥efers wegask Soantheasddng | %ﬁjﬁ tindiahi smdialgmisaligrenenthenaywbewaf er s

in order to %ﬁ%ﬁwhhﬁ‘rowtﬁé %atéwraée ”iPPBF‘dHr foh?é%ﬁ@%eT\%fér!‘D

t mar Suc crosses (measurenent nethods

waf ers have al | . e
by nmeans of WF*‘%H@E@fﬂd%.cpév&stw%emﬁ%%&wmﬂ@ﬁcw&mg fa theda¥emi@-t o neasur e
the msalignnent inThischmgtisl badlanfm@raﬁ@wrﬁenﬂ’ QRERPYaISY rSéOfHe@@r@hme@f red

m croscepy, SO _at pl.ur al | 05 ti.ons on fer i ch
General By |1 Dy Meirb Belitafie brnier] B4 iEBZePRabsE Fiin:
conponent s, &ns3 ipprpaon each af tfn@ewoamlmf&rs taI@a:I sepanErly, acdrbybeorapariagt ed
- fromthese =] e neasurenpents are generally .carried out

| evel with allgn'rrEn""‘rmrES' arranged atthe centre and periphery of the
wafer, for exanpl e 8 they bafist @ﬁ)ghssH@stcEﬂtméiaoH)a tBecangstwapsrbonsling he

per i phery, t &aﬁagreal Kéoam\m@ QH@Eaémpéngawmlad?amdm@rgﬁmedt@“ts‘e

m cron, .as e sur abl h the m croscopic
measur &Rent pP@EﬁHH? u%%a %@%&%@@BB\F@QW%W& In this way the

initial radial alignment is knowmn for an entire batch of wafers, to which
it is possible to aﬁﬁlyd R g@ndl met hod of the 35invention and
conpensate for the i Ti-af P sal ignment. The pair of 10 wafers
used for neasuring the | n| tial radial msalignment may be withdrawn from

the batch or separakfiniil 98fetndys  Sratontle ! BEBRIA, EAatle honding

curvature predeterm ne e 1 nv |aI radi al
m sal i éﬁmgnt dekrimined a5 @efuag‘rﬂ@? ,qfrr@@ wiaE curvatures K: and K2 of the two

wafers and the bonding curvature Ke. Since the curvatures Ki and Ko
correspond to the intrinsic curvatures of the two wafers, only the
curvature Ke represents the variable parameter making it possible to
adjust the value of the post-bonding curvature Kr.

20 Thus, the target value of the post-bonding curvature Kec making
it possible to obtain the compensation radial misalignment having been
calculated on the basis of Formula (5) and the curvatures K1 and Kz having
been measured beforehand, for example by means of optical
measurement tools such as KiLA-Tencor Flexus from KLA-Tencor Corp (or

25 by any measurement by a capacitive gauge, optical profilometry or
mechanical profilometry which makes it possible to determine the bow),
the bonding curvature Ks to be imposed during it to the wafers in order to
obtain the target post-bonding curvature Krc is calculated such that:

30 Ke= (8KF ~ (Ki+K2))/6 (6)

An exemplary production of a three-dimensional structure by

transferring a layer of microcomponents which is formed on a first wafer

100 onto a second wafer 200, using a method of bonding with

35 compensation for the radial misalignment according to an embodiment of



5 precisely neasuring the distance between two m croconponents (to within
0. 33 ppm on each of the two wafers taken separately, and by conparing
these two differences. On the basis of this last Fornula (4),
the target post-bonding curvature KFc all owi ng the conpensation radi al

m sal i gnment to be 10obtained is cal cul atted according to the fornula: KR =
DRc/ (h.R) (5) Formula (1) shows that the post-bonding curvature KF is 15
determ ned as a function of the initial curvatures Ki and K2 of the two
waf ers and the bonding curvature KB. Since the curvatures KJ. and 1<2
correspond to the intrinsic curvatures of the two wafers, only the

curvat ure KB thegnegndians wiHenawirhes Bescriadanisheielengkica goi igpesshihlte iG

adjust the v S ' I val ue
of the post- %E%T“% DRrBRCh PN oAl KateldRriSierD RS0 hRE JGY A

conpensati on MMA-sal i gnment  havi ng been cal cul ated on the basis of
Formul a (5) and theTharpretiuttim &f tenthrésimarsiogalbgaitorastredyipekies ehand,

from kLA TondgP TRt pof 8,155 SE0ea ) TEHLT LIl Cby 1 EhiRestirgee Ghoge,
optical prof ifirgimewaierorl(fectfgireal Shr obiepon®t)r yawhi eh seatred iseripossfbl e to
heCunt s’ | TERSbAeNRe 28 SRR B! Do VRGeS L°
cal cul ated sE®P SRat Th%msmcegmnen(mﬂlﬁ@)c; P8¢ amay be entire gonepangsitar y
producti on Ofana/érhdjrﬁg' ApamnpbrR! 16 thel ekampldYeddBBalRTE! f fArdt qV4fer Of
m croc Hponeqhé Mhlc fés tagneg_on g fir mafe%:%PO & to g(gﬁ%onqy¥afer
200, udPng alfBtiicd WATCHAVER AgtiRMStCRSE A¥R:§Tofer ST (iRe &dican
mi sal i gnment Iasnudaiod) ogmprisiag @ dyediofsiitonf1031dn &seippomertl '?ieo riaidie o_fl(r)]W be
T oo " SgOA 5 ARG ot 165 % 2emBiL B e UbS 3uBied 5, o
t he t hree- di hebseemiie Byeuanditbe silgonsuppoi. The wafer 100 may also consist

of another type of multilayer structure or a monolayer structure.

15 The second wafer 200 is a silicon wafer with a diameter of 300

mm.

The microcomponents 110 and 210 are formed by
photolithography by means of a mask making it possible to define the
regions for formation of patterns corresponding to the microcomponents

20 to be produced.

The microcomponents 110 and 210 are intended to interact with
one another, for example in order to form finished components by joining
microcomponents 110 and 210 in pairs, each constituting a part of the
component to be produced, or in order to form interconnect circuits for

25 corresponding microcomponents 110 and 210. It is therefore important to
be able to ensure good alignment between the microcomponents 110 and
210 after bonding of the wafers.
According to the invention, a bonding machine is used which,
during the bonding, imposes a bonding curvature Ks on one of the wafers
30 while allowing the other wafer to adapt to the imposed curvature by
propagation of the bonding wave between the two wafers. This operation
makes it possible to obtain a target post-bonding curvature Kre which
introduces between the two wafers the compensation radial misalignment
Dre which will compensate for the initial radial misalignment Dri existing
35 between the two wafers and induced (differential radial expansions



5 formation of a first series. of mcroconponents 110 on the surface of the
first wafer 100 (Figure 5A, Step Si) and a second series of '
m croconponents 210 on the surface of the second wafer 200 (Fi gure 5B,

Step 52). The m croconponents 110 and 210 nmay be entire conponents and/or
only a part thereof. In the exanpl e desqpi bed here, the first wafer 10 100
Is a wafer wwth a dianeter of 300 mmof the SO type (Silicon on

| nsul ator) conprising a layer of silicon 103 on a support 101 al so nmade of
silicon, a buried oxide |layer 102, for exanple of 5i02, being arranged
between the | ayer and the silicon support. The wafer 100 may al so consi st
of anot her t\3sdween nihe iwafges) SUFIU@t&EE V@riogs nsaairagrir samucameéi oLbThe

second waf er bz@@rdhén@ow éa&pafvwéwrafe@fstﬂéf&edﬂr@%&fd; hy, layer = The
by e

m cr oconponen are formed by photol |thogra ans of a
mask maki ng |"1Fe986¢'§[‘bﬁ§att%e%‘?¢’?¥§r eRe regi ons for formatlon of patterns

corresponding to thasnligstetedrardgts: 80} @h@@oﬂﬁﬂ@@g&atlon is carriddeut

exanmt 5 ot 2l s ot ShBRGER 200 MBYEh Shmesen St ShBtAEnt s
110d322d218r |p|riataa3.‘r& hagingha chiiginigt surza@ atlbanterﬂEdtﬂtholdmjfmnﬁmt Wafebgi )

m o oconponen’ S “%%8*“9 2 20y R Zﬁ%er i JPS‘*‘?W A
ensure good & iagFRAEAE %@Pmaﬁéh%z%ﬁ HEQ,O 171?'03 sirport plages 310

bondi ng of tgdvedess both equuppé@mﬂ"rﬂhé!a:dgomeaﬁs '(ﬁd@@dr@éént@d RO PRILAG

on one 181 *t heCetEN 5 BEhHPR@ s Toshaion RRIEh Bieos s ahedss gaggeggﬁ e
i rr]E)gfgd %ir\slatjpp@rtmtauesm@md GBOgafretelaeh iraotslienglong \cispiedeneet dlmztabm@dl i
\(,:\ﬁrvat iJre KFEP%)\% %?&%}eb@t &é%ﬁtgigheoﬁ %é %eﬁgﬁghgg%c%%mg gon °
radi al mni sal |V@fﬁ§rﬁacmgconmaﬁ®th@f whileorgmeparssating dor theemisalighalent aicss

I t
(ai 1 ergnt " 1o o] S eAsCAoree B WELR) g th ”@dﬂ@ré‘;%zz

vari oudat reatSH’é:ﬁFessaébs‘}mélaﬁ]l d@SeRAtVEB & dhe fisoand serorst supRro
before their 3hgndhagzxd ltbh@%@@?Yawb?YﬁbnﬂQﬁ@S bhbBfRy. MRAthisT &3, Mepéss.

etc.). As il lsHB‘ggcr)l%tp?&e Is for %xamp?e mouneﬁeg on an %c(t)uaetor %nc?tnrép?esce%rtécll Efr? out
Figure 5C) which is controlied by the bonding machine in order to adjust
the distance between the two supports along the direction dr.

20 At the start of the bonding, the two wafers 100 and 200 are each
held pressed on the hoiding surfaces of their respective support plate
(Figure 5C, Step S3).

Next, according to the invention, a curvature corresponding to
the bonding curvature Ks which was caiculated by means of Formula (6)

25 given above, and which makes it possible to obtain the target post-
bonding curvature Kre determined beforehand, is imposed on the first
wafer 100 (or alternatively the second wafer) in order to induce a
compensation radial misalignment Drc as described above (Figure 5D, Step
S4).

30 To this end, the first support piate 310 comprises a jack or linear
actuator 312 provided with a rod 313 which, when the jack is actuated,
extends beyond the holding surface 311 of the plate 310 on which the first
wafer 100 is pressed. As illustrated in Figure 5D, in this case the free end
313a of the rod 313 pushes on the first wafer, making it possible for a

35 determined bonding curvature to be imparted to it. During the actuation of

'_\
EL"A



5 wth a bonding machi ne or apparatus 300 which conprises a first support
pl ate 310 having a hol ding surface 311 intended to hold the first wafer
100 facing a second wafer 200, which is held on the hol ding surface 321 of
a second support plate 320 of the nachine 300. The support plates 310 and
320 are both equi pped wth hol ding neang3(not represented in Figure 10

5C) such as electrostatic or suction holding neans. The first and second
support plates 310 and 320 are each nobile al ong di spl acenent directions
dpx and dpy which nmake it possible, on the one hand, to position the

waf ers facing one another while conpensating for the msalignnment errors
in rotation gha ja¢kaRdRatheforeadf atirachen of rtge hedding means phehe Repp@itdi ng

15 surfaces piid gng, Bdmely ahBesicp! Yorc®fort B fdiddostitit $GeaNdaaupROr t
pl ates 310 and éZﬁ%é% ds or, awa &,r_om one another. To this eng, each
support pl at &OPE0 Q&éﬁ%@dfﬁﬂﬂf?/ﬂé NEP075 ER:B%&? cegre evesreasied 88 i n
::ihgu(r]I e 50) \Mthe{heves othrct@htradi cbiﬂcéﬂtmc blegidhrttmlirmtéai o the noidieg nggta@fljh ust

e di stance e.direction : .t he
start of the ﬁgneéfﬁ% b{éﬁ% %%&Egﬁs%{@lﬁg&ﬁﬁ %%H%Pﬁ %'gcwa%gl%rmge%ed on
t he hol di ng survfahigessbythe hed B1Bespecti ve support plate (Figure 5C, Step -
53). Next , I e 4 i r : di ng
to the bondi ng CurVZ@%%’“EME[}%%@;%%@SFQ@dﬁyé@a%s&(ﬁ%ﬁngﬁé; (6)
25 given abdél@ 313nBraiftteoenandsthe hplsing sudaes 338t dhis dislancardydieing
T er 300 (o e e O TR0 Pemic cani eI B BesyRict on 117t
conpeniﬁti Ontlp%ayajprsml\g%ei Fﬁ?ﬁqy%%@ jggi\é%égci,)si %ﬁp%%?g\\;\@t fi SFOYE0FH0! st ep
S4) . 30T03t1 gi(soiergpresme.ﬁ} vetticls upptrols tHealiredt1fostigomiof the r@dj 3Lk aera Lli near
act uat or N . , . ct uat ed,
ext ends beyorﬁ@ﬁcﬁhé}% %@g'@ﬁ&’&pﬁ’l@ﬁ@a&?& Hig]ﬁ{}%(ﬁlgaﬁ%aﬁ[ﬁé %ﬂﬁth the first
waf er 100 is pressetihe gondingdoachiee 300 B gouippsd, with pricessiras engdns, f r ee
end 313a of E SRS i f.er I i kbl e for
a 35determ ngga%ggé, éfg{%égr vat uér3 gﬁltc o&ﬁgé%srr?%é(r\p@gﬁtage{E{%bb%%r(?ftn%ﬁ@ﬂ%ﬂ“%
act uat 18n of thaPanding fuvatpe Knorr gr cadligy ol Euryatyreneapiveieat Hel g

neans of thebsHgiperturvbiire KlGn themeky drhesing@l jaeR dsoiCheomakhie 300
el ectrostatlg fc(?_r ce, cag b control.lec?d b% thle. ib[)ndlrr\}g machkl?_e ?‘8 s to be
reduced or eVEFCTIEGAt&ISat Moe PERFENSr e 'RIERE r SYVEBRERNIY i @ egéon
del i mited onredpectiotiyj 0 ther faaferss 108 1anof20(eap vadle a81thes dampt t pogteduce
bondi ng_ maohEpadBotByaius K s shupishi Bl Bordfioc Mot apdsthe T
proj ec€8 beyBMFesHBghBICANAgOfs Gig dvnddig machise dhenaerleuldte ble Mepndiénger ni ned
as a functi opyRftlraekd 8 BeNghsdseddbhH LsingEFdrthuie (BTBR&RCaVe and invert
this value in order to obtain the corresponding farget radius of curvature
Reb (Rcb“—‘- 1/ KB).
The final parameter to be defined, which needs to be sent to the
25 servocontrol of the jack 312, is the bow Az corresponding to the radius of
curvature R, because as indicated above the bow of a wafer corresponds
to the distance taken at the centre of the wafer between a reference
plane, here the holding surface 311, and the surface of the wafer, here
the surface of the wafer facing the holding surface 311. The bow Az
30 corresponds to the distance dt over which the rod 313 must be extended
when imposing the bonding curvature.
The target bow Azc as a function of the target radius of
curvature Ree may be calculated with the following formula:

35 Azc= Rer-V(Ra*~(D/2)?) (7)



10 the wafers. More precisely, the jack 312 is equipped with a

servocont rol
rod 313 as a
machi ne 300.

(not represented) which controls the |inear position of
function of a setpoint position defined by the bondi ng
The bondi ng machi ne 300 is equi pped with proces

means, such as a progranmmabl e m croprocégsor, which are capabl e of

cal cul ati ng

15 the bonding curvature KB or a radius of curvature

equi valent to the bonding curvature KB, in the case of using a jack
t he machi ne 300 described here. More precisely, the initial curvatur
and Kz, respectively, of the wafers 100 and 200, as well as the targ

post - bondi ng

curvature KFc are entered into the bondi ng machi ne, and

t he

si ng

as in
es Ki
et

t he

20 processing meansweferd DeishpadidtetReiithe vidieéntcbé euhaide the bonding
curvature KB to be inposed by using Formula (6) given above and invert
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As an altemnative, the two wafers may be placed at a distance
Azc from one another and one of the two wafers may subsequently be
deformed until the surfaces are brought in intimate contact by actuating
the rod 313 over a distance di= Azc. Imposition of the bonding curvature
Ks and initiation of the propagation of the bonding wave are thus
performed simultaneously. In this case as well, the wafer which is not
deformed to the predefined bonding curvature must be free to adapt to
the bonding curvature imposed on the other wafer during the propagation
of the bonding wave.

Molecular adhesion bonding is a technigue well known per se. As
a reminder, the principie of moiecular adhesion bonding is based on
bringing two surfaces in direct contact, that is to say without using a
specific material (adhesive, wax, braze, etc.). Such an operation requires
that the surfaces to be bonded are sufficiently smooth, and free of
particles or contamination, and that they are brought sufficiently ciose
together in order to make it possible to initiate contact, typically at a
distance of less than a few nanometres. In this case, the attractive forces
between the two surfaces are high enough to cause the propagation of a
bonding wave which leads to molecular adhesion (bonding induced by all

n



10 contact with the exposed surface of the second wafer 200 so as thus to
initiate the propagation of a bonding wave (Figure 5D, Step 55). The neans
for holding the second wafer 200 on its support plate 320 have been
deactivated before or while bringing the two wafers into contact, in order
to allow the second wafer 200 to adapt t1g the deformation 15(curvature KO
| nposed on the first wafer 100 during the bonding. As an
alternative, the two wafers may be placed at a di stance Azc from one
anot her and one of the two wafers nmay subsequently be defornmed Until the
surfaces are brought in intimate contact by actuatlng the rod 313 over a
di stance dt = thgca ﬁﬁ§M§|ﬁ¥6ﬁ5dNaﬂh@ebdNéﬁﬁgﬁﬁﬁﬁﬁhﬁUrQGQEOMB HERrackef i ati on

of the propam@@n@tom%rm:vaémasww@e an@suhagewﬁ@baﬁdeé)l mul t aneousl y.
ornmed to tHe predefined

In this case as wel | waf er |c
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to be bonded are su CI ent }

cont ami nat i of$ W@ fé‘?@ 6 o BgpROTE UFigWEe AT yé%épog@ t BgEieer in
order to rrak@umtanggﬁalsmhmu@ 400 i< thied chrahad! whickPh&atHe tapdetacuivatupace of

| ess than a f this case, the attractive forces between

t he t\/\gﬂsurfﬁ%gg@?eé{rﬁ?%ﬁsr@@m to cause the propagation of a bonding
wave which | eads tolintascuihes dseasipossiplont ngompeisatel For ahe  rdgiat he
attractive f S C t, et ween
o or "ol SHSAREHt, S BeSyd G- M oy SHHdEand 2085 A504RE 71,
propagat i on @redetermierdi ngberdieg hasubedra.ni tAfiered, thehe beoding, watle 200,
Lhen I el easeqnitfRBHpoReRt PO el Eored) Sg@faoswkﬁetﬁghﬁ. SHoRASSHER {sl#”posed

SE. ' S4B S8) 21 inareniReineu g uR GBS ebY MStDBREAE ROTING.r st el er
100 is conpletely fTieedutveoin iFigure UpparfrbspdridgWoenfelsurSn®ehtd Earricdl bht ee-
on two wafers with a diameter of 300 mm and a thickness of 775 um,
each having two levels of metals and a bonding layer which is composed
of a deposited oxide of the TEOS type and has been prepared. Figure 7
20 shows the variation of the radial misalignment as a function of the post-
bonding curvature Kr of the wafers. It can be seen that for a pest-bonding
curvature Kr of approximately 0.005 m™, corresponding to a bow of
approximately 55 pm, the initial radial misalignment has been entirely
compensated. This curve shows clearly that, by adjusting the post-
25 bonding curvature, it is possible to create an additional radial
misalignment component which makes it possible to compensate for that
of the initial radial misalignment existing between the wafers.

After the bonding, the structure 400 may be subjected to a
moderate heat treatment (less than 500°C) so as to increase the bonding

30 energy between the two wafers and aliow one of them to be subsequently
thinned.

As represented in Figure 5G, the first wafer 100 is thinned in
order to remove a portion of material present above the layer of
microcomponents 110 (Step S8). The wafer 100 may be thinned in

35 particular by chemical-mechanical polishing (CMP), by chemical etching, or



di nensi onal structure 400 is then obtarned whi ch has the target curvature
10 Kr ¢ defined beforehand. It has thus been possible to
conpensate for the radial msalignnent existing between the two wafers 100
and 200 by applying a predeterm ned bonding curvature. After the bondi ng,
the m croconponents 110 remain correctlygaligned with the m croconponents
15210, despite the radial msalignnment initially existing before bonding.
The curve in Figure 7 corresponds to neasurenents carried out on two
wafers with a dianeter of 300 mm and a thickness of 775 pm each having
two |l evels of metals and-a bonding | ayer which is conposed of a deposited

oxi de of the DyECEAYagseOaiacss aitngna weakaned plaregiormer bajorshang e fibe
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the initial s After
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renove § portion ofA n&\r@?‘ eB?‘@E@' FragyR e’sl'fﬂ?@r RINGG r EBRHBYENt s
1ﬁ0 (St Iep 58)he Baeonafveafed QQ0MaNd laeiatygr rlm)ﬁé ¢drre’§)p?dtrr]1 oct @tﬁe befr{tgrnéng
chenmi ca [ chem cal etching, or
cl-eavage or E’?&ﬁb’caﬁ%%ﬁgvﬁﬁé%ned %r ane forned bef o?ehand I n t%e
substrate, for exanpteordingatomni alptraatiae iamnbodimenteaftar fdrmdtmn ohéhd i r st

f h d
wafer is a smgt;dcahr;poﬂgnt&earﬁ&dbwar%r 3 ERaBRe 623N bh ReoBlfe

i nsul ating |ay vant ageo ng stop 5

| ayer £A or d&N §e edface of thed rtsrrﬁmy{@wvﬁr whRESN withiahview tapeeparaiien As an
al ternative, fortﬁert@ondtmélﬁtrs%xttréra teof aneee(tsadér etﬁme?tferthetmo@er%
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(pol i shing) . hring the microcomponents of one wafer in contact with those of the other
20 wafer.
The bonding faces of the wafers may furthermore be treated.
The treatments employed for the surface preparation vary according to
the bonding energy which is intended to be obtained. If the intention is to
obtain a standard bonding energy, that is to say a relatively low one, the
25 surface may be prepared by carrying out chemical-mechanical polishing
foliowed by cieaning. Otherwise, if the intention is to cobtain a high
bonding energy between the two substrates, the preparation of the
surface comprises cleaning of the RCA type (i.e. the combination of an
SC1 bath (NH4OH, H;O,, H,O) adapted to remove the particies and the
30 hydrocarbons and an SC2 bath (HCI, H.0,;, H>O) adapted to remove the
metallic contaminants), surface activation by a plasma, and additional
cleaning followed by brushing.
The bonding is preferably carried out at a controiled temperature
in order o reduce the temperature difference between the two wafers.



10 A three-di nensional structure 500 is then obtained, forned by the
second wafer 200 and a | ayer 100a corresponding to the remaining portion
of the first wafer 100. According to an alternative enbodi nent,
after formation of the mcroconponents, an oxide |ayer, for exanple of
Si 02, may be deposited 15 on the surfacgyof the first and/or |ower wafer
wth a view to preparation for the bonding. This oxide |ayer or these
oxi de layers may furthernore be prepared by formng netal zones in them
for exanple of copper, in contact with all or some of the m croconponents
in order to be able to bring the m croconponents of one wafer in contact
with those of the offhering@agios of the bondinglantatud mayf alse beotartiag owbf er s
may further
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(Base) 20i t hot® igteyaommednthe microcomponents with one another by means of
metallic connections, while minimizing the risks of bad interconnection.



15 of fsets between the m croconponents 110 and 210. It is thus possible to
limt the radial m salignments to negligible val ues honbgeneously over the
entire surface of the wafers. The m croconponents 110 and 210, even if
they are of very small sizes (for exanple < 1 pm), can then be forned
easily in-alignment with one another. Th&8s nakes it possible, for. exanple,
20to interconnect the m croconponents with one another by neans of

metal lic connections, while mnimzing the risks of bad interconnection.
18 CLAI M5 1. Method for bonding a first wafer (100) on a second
waf er (200) by nol ecul ar adhesion, the said wafers having an initial

radial 5 misalignment (DR) between t hekfIM$e sai d net hod conprising at

| east a step of bringing the two wafers (100, 200) into contact so as to

initiate the propag bondi.n bet we he two waf ers
characterized in that I\Entﬁ W’B&r‘?\iﬁﬁé %‘?faﬁb PRR§ SESOn &l on at
Iﬁast one ;)f (20@) tbyo nmléeuiar Gagihiepigng Fteecealtiawai‘efrg héwing asn anitiaf u’adtaiiorcl] of
the initia t aim
1, char Eé’;ct erln?g%l@ nq%ﬁ@{b'gwgggn Waftgre El) eghggf%pﬁ%ﬁgég Eg?zoé)t he
predefined bé&trA A beimging the hvrRyalarp(36d, 300} nﬁomr@actv@f s t@ﬂombatejun ng
Lpe Propagal kil pRbpddafioR WY Bendipafve between thé+ accord' ng to

Claim1l or 2, aracterl ze fers are CII’CU|8.I’

waf ers of silicon mmaﬁasteaizs%mert & @@eﬁeﬂne@a n mgpmg\f gre (Ke) i
micr Ocorrponerrhposéwon at least che &HH@WV@W@IMir@Oth@%rﬁa@ ref stepais®d 1 to

the bollli ng. SRS Wlfa IEPLFETRgGaigggent (. 1o OO e ﬁézﬁﬁrﬁﬁéﬁ{ of
the initial radial msalignment (DR between 25the two wafers to be
conpensat ed, 2. Method according to Claim 1, characterized in that the second
wafer (200) is free to adapt to the predefined bonding curvature (Ks)
imposed on the first wafer (100) during the propagation of the bonding
15 wave.

3. Method according to Claim 1 or 2, characterized in that the
wafers (100, 200) are circular wafers of silicon with a diameter of 300
mm, each comprising microcomponents.

20 '

4. Method according to any one of Ciaims 1 to 3, characterized in
that the method comprises the following steps before the bonding of the
said wafers (100, 200):

- measurement of the initial radial misalignment (Dr) between

25 the two wafers to be compensated,

- measurement of the curvature (Ki; Kz) of each wafer (100;
200) before bonding,

- determination of a compensation radial misalignment (Drc) for
the initial radial misalignment (Dr) between the two wafers (100, 2003,

30 - calculation of a post-bonding curvature (Krc) capable of
generating the said compensation radial misalignment (Drc) between the
two wafers, :

- calculation of the predefined bonding curvature (Ko) as a
function of the calculated post-bonding curvature (Krc).

35



measurenent of the curvature (Kt; 1<2) of each wafer (100; 200) before
bondi ng, determ nation of a conpensation radial msalignment (Dit) for
the initial radial msalignment (DR) between the two wafers (100, 200), 30
- calculation of a post-bonding curvature (KR) capabl e of generating the
sai d conpensation radial msalignment (@Bc) between the two wafers,

- calculation of the predefined bonding curvature (KO as a function of the
cal cul ated post-bonding curvature (KR). 19 5. Method according to Claim
4, characterized in that the post-bonding curvature is cal cul ated using
the follow ng fornula: KFc = DRc/(h.R) where KFc is the

post - bondi ng cur vat &r Methed acsording dorigai «, i haraciarizad i shat deneest- h is
the thi cknesgopir rg;é\u{zhf&‘ré @@é:@ﬁ.aﬁéw?ﬁng%héh&;ﬁ:ﬁ%&&ﬁﬁur&fOmthe centre of
the wafer to the reasurenent polint of the radi al sal 1 gnnent . 6.
Met hod according to Caim4 or 5, characterized in that the predefined
bondi ng curvature IKF§&|DRU€H1R(}| using the follow ng fornula: KB= (8KFC -
(K1-EK2)Y)/6 where KB is the predefined bonding curvature, Ki is
the initial curvature of the first wafer, 1<2 is the initial curvature of
t he second waf er anwhere i KHchelspohe- bpmj:'rbrg‘lct'tmg vaevature) 0 7DRMetihodhe

?ﬁgf’][ g : l”gwt ﬁcﬁ@?beﬂ@ﬁt: r&didf lli’i?saﬁglltn%eﬁt ﬁi?fl’%%ﬁ{k’né?s?of Er{él@g,)% wéf%rc?ﬁ@r | ses
second waf er b digianeg foera lzmomf&re Pk e wafeRly the iMeRsHremert pABE di ng

support (310bf@ﬁéirgd,§;eﬁ]%qgﬁmleﬁt ng support (320), the said first support
| Mposi 8 the said predefined

6. Method according to Claim 4 or 5, characterized in that the
predefined bonding curvature is calcutated using the foliowing formula:

Ke= (8Krc - (K1+Kz2))/6

15
where Ke is the predefined bonding curvature, Ki is the initial
curvature of the first wafer, Kz is the initial curvature of the second wafer
and Krc is the post-bonding curvature.
20 7. Method according to any one of Ciaims 1 to 6, characterized in

that it comprises the following steps:

- holding the first wafer (100} and the second wafer (200) facing
one another respectively using a first holding support (310) and a second
holding support (320), the said first support imposing the said predefined

25 bonding curvature on the first wafer,

- bringing the said wafers (100, 200) in contact in order to
initiate the propagation of a bonding wave between the said wafers,

- releasing the second wafer (200) from the second holding
support (320) before or while being brought in contact with the first wafer

30 {100), so that the said second wafer adapts to the bonding curvature
imposed on the first wafer during the propagation of the bonding wave.

8. Method according to Claim 7, characterizéd in that the said
predefined bonding curvature (Kc¢) is imposed on the first wafer (100) by
35 actuating a jack (312) mounted on the first holding support.



25bondi ng curvature on the first wafer, - bringing the said wafers
(100, 200) in contact in order to initiate the propagation of a bonding
wave between the said wafers, - releasing the second wafer (200)
fromthe second hol ding support (320) before or while being brought in
contact with the first wafer 30(100), s@qthat the said second wafer adapts
to the bonding curvature inposed on the first wafer during the propagation
of the bondi ng wave. - 8. Method according to daim7,
characterized in that the said predefined bonding curvature (KO is inposed
on the first wafer élOO) by 35act uat i n% a jack (312) nounted on the first
hol di ng support. 28. Method agordisghisd Ciaimoy dichgracteriziedi im that clivar seider i zed

in that the ' | ' u €nmh Shi t il St
waf e (100) Bop B g Ep e ?“A?“?F@%?%‘?Erﬁ%@_ Ind the
first hol di nglemBERIA MESrROped tebwegn dhfedHEk WAEETHAAO) G the Uit iakding
K/g[ Legpondi Nguppofit (B105atiek @aﬁﬁﬁﬁémtﬁthrﬂ@ohgﬁng f'ﬁ[}ltoﬂ@[tﬁrfeecotrgspondén ) q

od accor characterized in tha e said predefine
bondi ng cur vﬂ‘gSQFQOEFQP%&%EOBH'”%%JW%‘?- wafer (100) by the first
hol di ng support (310), the said first holding support having a 10curvature
corresponding to thepsay e i a .
Met hodpaccorgi n togghyegrr}fga%Eéﬁl%?@gigp%%éﬁ%aé edr Enzié"batitrbet#ég t he
sai d wafers (PIO@finEs0hORGDE @HVpiUFe ds iMppsrcbapdinenfirst wafer (20@) bydhe hei r
respective bope maldiagesuport €ERI0)SAMR Qhid! 'i'i?stﬁxo!ﬂiﬁéo&ﬂﬁﬁﬁgtﬂeﬁﬁ\ﬁn 130) of

one (1 of the wafers bei I nt éended .t o al i gned”w t | east sonme of
the i BbcomSURBHIE cortespopiia,d Eibrd preRgnvatdinting curvatire

11. Method according to any one of Claims 1 to 10, characterized
in that the said wafers (100, 200) each comprise microcomponents (110;
210) on their respective bonding face, at least some of the
15 microcomponents (110) of one (100) of the wafers being intended to be
aligned with at least some of the microcomponents (210) of the other
(200} wafer.

12. Apparatus (300) for bonding a first wafer (100) on a second
20 wafer (200) by molecular adhesion, the said wafers having an initial radial
misalignment (Dr) between them, the apparatus comprising a first and
second holding support (310, 320) for respectively holding the first wafer
(100) and the second wafer (200), characterized in that the said first
holding support comprises means for impesing a predefined bonding
25 curvature (Kc) on the said first wafer as a function of the initial radial
misalignment, the apparatus controlling the second holding support (320)
in order to release the second wafer (200) from the said second support
before or while being brought in contact with the first wafer (100), so that
the said second wafer (200) adapts to the bonding curvature imposed on
30 the first wafer (100) during the propagation of a bonding wave.

13. Apparatus according te Claim 12, characterized in that it
comprises processing means for calculating the predefined bonding
curvature (Kc¢) as a function of the initial radial misalignment, or a radius



12. Apparatus (300) for bonding a first wafer (100) on a second 20 wafer
(200) by nol ecul ar adhesion, the said wafers having an-initial radial

m sal i gnment (DR) between them the apparatus conprising a first and
second hol di ng support (310, 320) for respectively holding the first wafer
(100) and the second wafer (200), charagtierized in that the said first
hol di ng support conprises neans for inposing a predefined bondi ng 25
curvature (KO on the said first wafer as a function of the initial radial
m sal i gnment, the apparatus controlling the second hol di ng support (320)
in order to release the second wafer (200) fromthe said second support
before or whiof €UpEtHEE BesagIANding o the seidpradefined Hopsingweifeaturea@s)a so
that the sai gusafpner thefiaftial ARH3l MEARGSMERL e, bondi ng curvature i nposed
on 30the first wafer (100) during the” propagation of a bondi ng wave.

13. Apparatus according to Caim 12, characterized in that it conprises
processi ng nmeans fol4cappatatts regcoiting tedethinmelB, bonratadntgrizad watthate tf«O as a
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accor di ng t opcpagation, ofcheea@nemaMed in that the said first hol ding

support has a curvature corresponding to the said predefined bonding
curvature, or in that the said apparatus furthermpre conprises a nenbrane
i nterpbged bet ween the APPRRAUSACEIANDEY GAN tite NaFateHedihshaupiort
t heds?! d gegbaignﬁrétahom@ L Eﬂt ae Z0e@ivEaFROBSHrEshdrRiing &os thdl said
predetine Bpede%e%uﬁc\)/r%ir% T a%Jre, or in that the said apparatus furthermore
comprises a membrane inferposed between the first wafer (100) and the
first holding support, the said membrane having a cuivature

20 corresponding o the said predefined bonding curvature (Kc).



