DIRECT BONDING METHOD WITH REDUCTION IN OVERLAY MISALIGNMENT Technical field and
odor art 5The present invention relates to the field of multilayer semiconductor structures or wafers
produced according to the three-dimensional (3D) integration technology for transferring, onto a first
wafer, called the final substrate, at least one layer formed from a second wafer, this layer
corresponding to that portion of the second wafer in 10 which element, for example a plurality of
microcomponents, have been formed, it being possible for the first wafer to be a virgin wafer or to
comprise other corresponding.elements. In particular because of the very small size and the large
number of microcomponents present on a given layer, each transferred layer, that 15 is to say each
wafer comprising the laydIRRGStHNENGINBEIOME Tin AERIYSTAN HhEHERLA%fer alone or already
having other transferred layers) with a correct\i&isENvENSS to meet an alignment tolerance of
around 0.3 microns with the subjacent layer. Furthermore, it may be necessary to carry out treatments
on the layer after it has been transferred, for 20 example to form other microcomponents, to expose,
on the surface, microcom popents, produce interconnects, etc., these treatments also having to be
carried out very preciséRHith redpect t6-fi€ components present in the layer. The elements, such as
microcomponents, are typically formed by 25 the well-known technique of photolithography which
consist mairfly in irradiatingrassubstsage miadenpbotosssstivés(fahexaisige bf appljimga photoresist on
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10 which elements, for exampie a plurality of microcomponents, have been
formed, it being possible for the first wafer to be a virgin wafer or to
comprise other corresponding elements.

In particular because of the very small size and the large number
of microcomponents present on a given layer, each transferred layer, that

15 is to say each wafer comprising the layer, must be positioned on the final
substrate (the first wafer alone or already having other transferred layers}
with a correct precision so as o meet an alignment {olerance of around
0.3 microns with the subjacent layer. Furthermore, it may be necessary o
carry out treatments on the layer after i£ has been transferred, for

20 example to form other microcomponents, o expose, on the surface,
microgomponents, to produce interconnects, efc., these treaiments also
having to be carried out very precisely with resped to the components
present in the layer.

The elements, such as microcomponents, are typically formed by

25 the well-known technigue of photolithography which consists mainly in
irradiating a substrate made photosensitive (for example by applying a
photoresist on the subsiate) in defined zones corresponding to the
locations where the microcomponents have to be formed. The irradiation
of the substrate is typically camied out using a selettive irradiation

30 apparatus, commonly referred to as a “stepper”, which, unlike an
apparatus for overall irmadiation, irradiates during an operation only part of
the substrate through a mask formed from opague and transparent zones
for defining the pattern that it is desired to reproduce on the substrate.




2 The irradiation tool or stepper repeats the irradiation operation at as many places as necessary in
order to irradiate the entire surface of the substrate. The transfer of a layer onto the final substrate
involves bonding, 5 for example by direct bonding (also called molecular adhesion), between a first
wafer and a second wafer of the type described above, the second wafer then being in general
thinned. During bonding, the two wafers are mechanl%ally aligned. At least three principle types of
deformation resulting in alignment defects may be observed between the two wafers, 10 namely
deformations of the offset or shift type, deformations of the rotation type and deformations of the radial
type (also known as run-out deformations, corresponding to a radial expansion that increases linearly
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In general, the stepper is capable of compensating for these

15 types of defect using a compensating algorithm.

However, the Applicant has found that, after transfer, cases exist
in which it is very difficult, if not impoessible, to form supplementary
microcomponents aligned with respect to the microcomponents formed
before the transfer, while respecting the microcomponent technology

20 requirements, despite the use of compensating algorithms.

In addition to alignment defects of the shift, rotation and radial
type that are described above, inhomogeneous deformations may in fact
occur in the transferred layer, because it is bonded by direct bonding, and
also in the first wafer.

25 Now, it is these inhomogeneous deformations of the wafers that
then result in this misalignment phenomenon, also called “overiay”, which
is described in refation to Figure 1. The overlay takes the form of defects
of around 50 nm in size, these baing markedly smalier than the alignment
precision of the wafers at the moment of bonding.

30 Figure 1 illustrates a three-dimensional structure 400 obtained by
low-pressure direct bonding between a first wafer or iniiial substrate 410,
on which a first series of microcomponents 411 to 419 have been formed
by photolithography by means of a mask for defining the pattern
formation zones corresponding to the microcomponents o be produced,

35 and a second wafer or final substrate 420. The initial substrate 410 has



35and a second wafer or final substrate 420. The initial substrate 410 has 3 been thinned after
bonding so as to remove a portion of material present above the layer of microcomponents 411 to 419
and a second layer of microcomponents 421 to 429 has been formed on the exposed surface of the
initial substrate 410. 5However, even using positioning tools, offsets occur between certain of the
microcomponents 411 to 419 on the one hand, and rdicrocomponents 421 to 429 on the other, such as
the offsets An, A22, A33, 18.44 indicated in Figure 1 (corresponding to the observed offsets between
the pairs of microcomponents 411/421, 412/422, 413/423 and 10414/424 respectively). These
offsets do not result from individual transformations (translations, rotations or combinations thereof)
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25in alignment with,thgeaicreeomnanentaitastathBriprs the tmnstars 402, This/ayerigy effect between
the two Iay%s of mﬁgwp%é%g@ép y furthermore be a source of short circuits, distortions in the
stack, or connection defectg betw

een the microcomponents of the two layers. Thus, in the case in
which the transferred micro%@ﬁsfﬁoﬂ f&a in’f%e&%&ﬂng@@oﬁ? M%%I)ér%qrﬁ@agafﬁose of the
post-transfer proceERig 8t6ps, isigHonh YofonHinareowh tbareor i powisstem et éblouring function
for certain of theseipigsisiss obseambtly of the substraies. These offsets result from
inhomogeneous deformations that appear in the layer, coming from the
i5 inltial substrate while it is being bonded to the final substrate. In fact,
these deformations cause non-uniform, local displacements at certain
microcomponents 411 o 419. Thus, certain microcomponents 421 to 42¢
formed on the exposed surface of the substrate after transfer exhibit
variations in position with these microcomponents 411 to 419 that may be
20 of the order of a few hundred nanometres, or even a micron. This
misalignment or overfay phenomenon may make it impossibie to use the
stepper if the amplitude of the overlay after correction is still for example
between 50 nm and 100 nm, depending on the application. It is therefore
very difficult, if not impossible, to form supplementary microcomponents
25 in alignment with the microcomponents formed before the transfer,
This overlay effect between the two layers of microcomponents
may furthermore be a source of short circuits, distortions in the stack, or
connection defects between the microcomponents of the two layers. Thus,
in the case in which the transferred microcomponents are images formed
30 from pixels and the purpose of the post-fransfer processing steps is o
form colour filters on each of the pixels, a loss of colouring function for
certain of these nixels is observed.
Therefore, If this misalighment or overlay effect is not controlied,
it thus results in a reduction in the guality and the vaiue of the multilayer
35 semiconductor wafers fabricated. The impact of this effect becomes



Therefore, if this misalignment or overlay effect is not controlled, it thus results in a reduction in the
quality and the value of the multilayer 35semiconductor wafers fabricated. The impact of this effect
becomes 4 increasingly critical because of the ever increasing requirements with respect to
miniaturization of the microcomponents and the integration density per layer thereof. Summary of the
invention According to a first aspect of the present invention, there is provided a method for
reducing overlay misalignment during the direct bonding of a first wafer having a first intrinsic curvature
to a second wafer having a second intrinsic curvature, with at least the first wafer comprising at least
one series of microcomponents thereon, which method comprises: contacting the wafers with each
other so as to initiater¢hsipghpagitantefcausendinthavarebétoreanithe re@ieesyartd iwithosing a
predefined bondinggugvatiyerimidiariasmo il rasahmifid HhrewelioanantapeReistbrst or second
wafers during the 886‘%'% j ,i\%/v\)%ptme%r@defined bonding curvature depending at least upon the first
intrinsic curvature of the first water comprising the at least one series of microcomponents thereon,
with the other of the first or second wafers being free to conform to the predefined bonding curvature.
According to a second aspect of the present invention, there is provided a method for reducing overlay
misalignment during the direct bonding of a first wafer having a first intrinsic curvature to a second
wafer having a se%g@lg'!%i&%%\%%% with at least the first wafer comprising at least one series of
microcomponents , comprises: contacting the wafers with each other so as to
initiate the propagation of a bonding wave between the wafers, and imposing a predefined bonding
curvature in the form of &8RS dRedT R RERAFS RIdhPETAthi YREtieN. dbetng Arafédsduring the
contacting, with the pratedinedrbdndiggooengture digpanrainguainkpast upest tundiesi itensic curvature
of the first watfer complising e AbIeARIANRHRIESANNHOEMIPONSIHNS (DSEOR I the other of the
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the other of the first or second wafers being free to conform to the

predefined bonding curvature.

According to a second aspect of the present invention, there is
provided a method for reducing overtay misalignment during the direct
bonding of a first wafer having a first intrinsic curvature to a second wafer
having a second intrinsic curvature, with at least the first wafer comprising
at least one series of microcomponenis thereon, which method comprises:
contacting the wafers with each other so as fo initiate the propagation of a
bonding wave between the wafers, and imposing a predefined bonding
curvature in the form of a paraboloid of revoittion on one of the first or
second wafers during the contacting, with the predefined bonding
curvature depending at least upon the first intrinsic curvature of the first
wafer comprising the at least one series of microcomponents thereon, with
the other of the first or second wafers being free fo conform to the
predefined bonding curvature, and before the wafers are bonded together:
measuring the curvature of each wafer; and calculating the predefined
bonding curvature from the measured curvature of each wafer.



KB = K1-((K2-K1)/6) in which KB is the predefined bonding curvature in the form of a paraboloid of
revolution, K1 is the intrinsic curvature of the first wafer before bonding and K2 is the intrinsic
curvature of the second wafer before bonding. According to another embodiment of the
invention, when each of the two wafers comprises at least one series of microcomponents, the
predefined bonding curvature in the form of a parabolaig of revolution is calculated from the following
formula: KB = (K1+K2)/2 in which KB is the predefined bonding curvature in the form of a paraboloid of
revolution, K1 is the intrinsic curvature of the first wafer before bonding and K2 is the intrinsic
curvature of the second wafer before bonding. The first and second wafers may especially be
silicon wafers having a diaatdecrstrnathbelow imgetiliRy foahaling: BmBYuREERt ¥ the invention,
the method compiResihterdllwiiag tsepare beingheofidadyadepandthecsedbadint@isictacing each
other are held by autat ivel dé tien thgesecondidioiditierespectwelpntresfinsidhiol der ioapasing on the first
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in the form of a paraboloid of revolution is 6



imposed on the first wafer by actuating a cylinder mounted on the first holder. According to
another particular embodiment of the invention, the predefined bonding curvature in the form of a
paraboloid of revolution is imposed on the first wafer by a membrane interposed between the first
wafer and the first holder, said membrane having a céirvature in the form of a paraboloid of revolution
corresponding to the predefined bonding curvature in the form of a paraboloid of revolution.
According to yet another particular embodiment of the invention, the predefined bonding curvature in
the form of a paraboloid of revolution is imposed on the first wafer by the first holder, the first holder
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the propagation of a honding wave. According to the disclosure hereinatfter, the apparatus
comprises procd SR ELRYRT calculating the predefined bonding curvature in the form of a
paraboloid of revolution dépen#ihgkdy®he 7 intrinsic curvature before bonding of each of the two
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According to the disclosure _he;%n?%terd.the first and second holders are designed to accommodate
circular substratt€ PSREERIY 186 RIRIS0VRNR oS B RIS diameter. Brief description of

the drawings - the second wafer is released from the second holder before or during
the contacting with the first wafer so that the second wafer conforms o the
predefined bonding curvature in the form of a paraboloid of revolution imposed
on the first wafer during propagation of the bonding wave.
According to one particutar embodiment of the invention, the predefined
bonding curvature in the form of a paraboloid of revolution is



- Figure 1 is a schematic sectional view showing overlay-type alignment defects between
microcomponents of two wafers after they have been bonded by direct bonding according to the prior
art; - Figures 2 and 3 show wafers exhibiting bow-type deformations; - Figures 4A to 40 show the
various curvatures obtained before, during and after the two wafers have been bonded by direct
bonding; 8 Figures 5A to 5F are schematic views §howing the production of a three-dimensional
structure implementing the direct bonding method in accordance with one embodiment of the present
invention; Figure 6 is a flow chart illustrating the steps employed in 5producing the three-dimensional
structure illustrated in Figures 5A to 5G; Figures 7A to 7G are schematic views illustrating the
production iGresareen die &redivairdestesivelitgcvingen § e ifeet buntisld mdehod in accordance
with another embodioeerdiog the prestet ipatitiadar andbodigunat 8df ahBounebratibflushlating the steps
employed ip s 9prREUIBREHIRG dDFeaAEMB ISORRSHIUE iR BBISIIade eI IoH @8 id d9edG. Detailed
description of gmad| O?{f}o fa“?ﬁe%?éﬂ%i%%%‘%&%%@ﬂ@%F&WSfQ#rgﬁ&h'ﬂ?@ﬂLQB between two
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According to yet another particular embodiment of the invention, the
oredefined bonding curvature in the form of a paraboloid of revolution is imposed
on the first wafer by the first holder, the first hoider having a curvature in the form
of a paraboloid of revolution corresponding to the predefined bonding curvature in
the form of a paraboloid of revolution.

According fo a particular embodiment of the invention, the wafers each
comprise microcomponents on their respective bonding faces, at least some of
the microcomponents of one of the wafers being intended to be aligned with at
least some of the microcomponents of the other wafer.

There is also disclosed a bonding apparatus for the direct bonding of a
first wafer having an intrinsic curvature before bonding to a second wafer having
an intrinsic curvature before bonding, at least one of the two wafers comprising at
least one series of microcomponents, the apparatus comprising first and second
holders for holding the first wafer and the second wafer respectively,
characterized in that said first holder comprises means for imposing on the first
wafer a predefined bonding curvature in the form of a paraboloid of revolution
depending al feast on the intrinsic curvature before bonding of the wafer
comprising the layer of microcomponents, the apparatus controlling the second
holder in order to release the second wafer from the second holder before or
during the contacting with the first wafer so that said second wafer conforms to
the predefined bonding curvature in the form of a paraboloid of revoiution
imposed on the first wafer during the propagation of a bonding wave.

According to the disclosure hereinafter, the apparatus comprises
processing means for calculating the predefined bonding curvaiure in the form of
a paraboloid of revolution depending on the



20 controlled. These may therefore be active or passive components, having simple patterns, contact
pads or interconnects. To reduce the appearance of the overlay effect described above, the
present invention proposes to reduce the inhomogeneous deformations of the wafers resulting from
being bonded, by imposing on 25 said wafers, during bonding, a bonding curvature that has been
defined beforehand depending on the initial curvatuye of the wafer or wafers comprising the
microcomponents. Before they are bonded, each wafer has an intrinsic curvature which may be
concave, as in the case of the wafer 30 in Figure 2, or 30 convex as in the case of the wafer 40 in
Figure 3. This curvature determines the curvature deformation of the wafers, referred to as "bow" in
the semicoirdtictdr taoianlegpefsdllbstidtey of Fagthesf 2iandvds theteasw dhzzofradwafesf corresponds to

the distanceglefiaetienk-appearlly tapsuseshatita sum g dhevaleninalwesmadeterence plane P
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small and consequétipprdiacctsritbepbsriisgnabitisiofitenvibtufiesichoeigrifrgiecr compFigares 4A to 4C
show the changiniecuspatiecbeaipissiagdiaiterdaeridspbohdifisstuvaiens0on(the tom) ts a support wafer
60 (at the bgitpmhidheseravaienshanine initalaruvatyes EaK&e@'&&?é&%&QB’ﬁ%&&nH‘m is to say
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bonding masfimthadinsiivaéetesdhibicshid srstaiidelier, thefeursdtutieekBelefimgdnipodiag on only one of
the two wafetsyatiereasibdmthaestateribilor tofdefenmion theppement waenrdhe/arapagation of the
bonding waugradniiaied.a9as1 L BINEhAWERE, this propagation, to the curvature imposed on the
other wafer. According to the disclosure hereinafter, the first holder has a curvature

corresponding fo the predefined bonding curvature in the form of a paraboloid of

revolution or the apparatus further includes a membrane interposed between the

first wafer and the first holder, said membrane having a curvature corresponding

to the predefined bonding curvature in the form of a paraboloid of revolution.

According to the disclosure hereinafter, the first and second holders are
designed to accommodate circular substrates measuring 100 mm, 150 mm, 200
mm or 300 mm in diameter.

Brief description of the drawings
- ‘Figure 1 is a schematic sectional view showing overlay-type alignment
- defects between microcomponents of two wafers after they have been bonded
by direct bonding according to the prior art;
- Figures 2 and 3 show wafers exhibiting bow-type deformations;
- Figures 4A to 4C show the various curvatures obtained before, during
and after the two wafers have been bonded by direct bonding;




20 Once the bonding operation has been carried out and the wafers have been released from their
respective holder, the structure formed by the assembly of the bonded wafers 50 and 60 has a
curvature KF, called the post-bonding curvature. The post-bonding curvature KF may be
calculated from the 25 following formula: KF = (2(K1+K2)+12KB)/16(1). This formula was
determined from formula (12) given in the document By T. Turner et al., entitled "Mechanics of wafer
bonding: Effect of clamping”, Journal of Applied Physics, Vol. 95, No. 1, January 1, 2004. 30 As
explained above, when two wafers, at least one of which includes microcomponents, are bonded by
direct bonding, inhomogeneous deformations may occur in the wafer comprising the

microcomponents, it being P4EHRAE? Hicaee fehsmptiforiews BRoMNEERUREEEPDY B Mpensating
algorithms of the stéppedtysesipiratustdosiiopiemeting tiecofisegiplemdingarpeatiictodomponents
after bonding, resuliirgrithbidaginoiie exgdsdetvrans thesanciesampenents formed before and after
bonding. In contrast, iEgfter bpnding Mg WalsHCaMBHSIRG thg-mier go%p‘ﬂgﬁ%gs-‘gas virtually
only deform%tions frgaectgcgzi% et- e, tho%tn ignSIong tpu%moeq&]ﬂgc%gf ﬁeef hgljatio%i, t ;@I can be
corrected after bonlng%i/ go\lgorl A o e oreft'ﬁe A orT empriggé%st nvfeon 18h is to control the

post-bonding curvature so TR EE v ifef o PRACTEoRA RS ITERSEEHPR REPRETERDS atter bonding,
only deformations &f thesesditatndeyee swiitiredanpeneitisgdte direct bonding method in
accordance with another embodiment of the present invention; and

- Fgure 8 is a flow chart illustrating the steps employed In
10 producing the three-dimensional structure iliustrated in Figures 7A to 7G.

Detailed description of embodiments of the invention

The invention applies to the direct bonding between two wafers,

i5 at least one of these two wafers comprising microcomponents that have

been produced before the bonding operation, For the sake of

simplification, the term “microcomponents” will refer in the rest of this text

to devices or any other features resulting from the technological steps

carried out on or in the layers, the positioning of which must be precisely

20 controlled. These may therefore be active or passive components, having
simple patterns, contact pads or interconnects.

To reduce the appearance of the overlay affect described above,
the present invention proposes to reduce the inhomogensous
deformations of the wafers resulting from being bonded, by imposing on

25 said wafers, during bonding, a bonding curvature that has been defined
beforehand depending on the initial curvature of the wafer or wafers
comprising the microcomponents.

Before they are bonded, each wafer has an intrinsic curvature
which may be concave, as in the case of the wafer 30 in Figure 2, or

36 convex as in the case of the wafer 40 in Figure 3. This curvature
determines the curvature deformation of the wafers, referred o as “bow”
in the semiconductor technology. As illustrated in Figures 2 and 3, the
bow Az of a wafer corresponds to the distance (deflection), generally
measured at the centre of the wafer, between a reference plane P

35 (typically a perfectiy fiat plane) on which the wafer rests freely and the



In the case of bonding between a first wafer, in or on which microcomponents have been formed
beforehand and having an intrinsic curvature Kl, and a second wafer with no microcomponent and
having an intrinsic curvature K2, the Applicant has demonstrated that, to obtain only 15 radial
deformations in the first wafer, the deformation of the first wafer must be minimal and the post-bonding
curvature KF must be in the form of a paraboloid of r&volution. For this purpose, the wafers have an
initial curvature at least approximately in the form of a paraboloid of revolution (in particular of
spherical shape, which is one particular case of a 20 paraboloid of revolution), making it possible to
obtain a post-bonding curvature of similar shape after a bonding curvature in the form of a paraboloid

of revolution has be@ianigssedn the K&l oldhkncmciss ot hsawiRratimrplyassesidn coordinates of
a paraboloid of revghatiemmsexguessetbas inlovs: 2iwanya ferlpaRy of miihengsxs, ynand z are the

Cartesian coordinatgs of ifiadAiahalibef tenRliRB ARG RIS RCARSIAES the culiyliadrical equation
IR éhe cylindrical

for a paraboloid of é%\%r“%ﬂ?m@ﬁ %%i%eﬂg?iﬁ(ﬁjé?%@ 30R2 = @)QF ﬁh%%%?curva 4 kP of &

coordinate of the p R?? d of revolution ( e tota

)
paraboloid of revollfliof Fhay B H%?édsﬁgﬁ thfe %?W)Jvif’@% rA0f: SBRESEBIPIRD)(4) 11

corresponding radius of curvature is very large.

Figures 4A to 4C show the change in curvature before and after
bonding of a first wafer 50 (the top) to a support wafer 60 (at the
bottom), these wafers having initial curvatures Ki and K2 respectively,

10 that is to say intrinsic curvatures before bonding (Figure 4A). During direct
bonding, a curvature KB, called the bonding curvature, is imposed on one
of the two wafers 50 and 60 (Figure 4B), the other wafer conforming to
the curvature imposaed on this first wafer during the propagation of the
bonding wave, as will be explained in detaill below. The curvature KB may

15 be imposed by specific holders of a bonding machine as will be described
in detail below, the curvature KB being imposed on only one of the two
wafers, whereas the other wafer is free fo deform at the moment when
the propagation of the bonding wave is initiated, so as to conform, during
this propagation, to the curvature imposed on the other wafer.

20 Once the bonding operation has been carried out and the wafers
have been released from their respective holder, the structure formed by
the assembly of the bonded wafers 50 and 60 has a curvature KF, called
the post-bonding curvature,

The post-bonding curvature KF may be calculated from the

25 following formula:

KF = (2(K1+K2)+12KB)/16 (1)

This formula was determined from formula (12) given in the
document by T. Tumer ef a/, entitled "Mechanics of wafer bonding: Effect
of clamping”, Journal of Applied Physics, Vol. 95, No. 1, January 1, 2004,

30 As explained above, when two wafers, at least one of which
includes microcomponents, are bonded by direct bonding, inhomogenaous
deformations may occur in the wafer comprising the microcomponents, it
being possible for these deformations to be compensated for by
compensating algorithms of the stepper-tvpe apparatus during formation



The minimum deformation of the first wafer comprising the microcomponents is obtained by making
KF = KI. If this condition is applied to equation (1), a minimum deformation of the first wafer is obtained
by imposing a bonding curvature KB in the form of a paraboloid 5of revolution, such that: KB =
K1-((K2-K1)/6)(5) In the case of bonding between a first wafer and a second wafer each
comprising microcomponents formed before bonding@nd having an intrinsic curvature K1, and K2
respectively, the deformations of the first 10 and second wafers must be minimal and the
post-bonding curvature KF must be in the form of a paraboloid of revolution. The minimum
deformation of the first and second wafers comprising the microcomponents is obtained by making KF

= (K1+K2)/2. If thisEdnBlementanp NeigrasainDanerts Bfter prafingeRidinadicmaerairbles first wafer is
obtained by imposingesidarsiiveeenrat arizisBomptvesfasnoohaddaadre lend afteviodationg such that: KB =
(K1+K2)/2(6) Thus, it igpogsibigsto detesrpipe ga,gdmgvaghlée KB thefesRepba Baraboloid of
revolution to be mma%&gﬁgﬁ H@fﬁ% gwﬁggygﬁglgg&mo@ 59&%"%]41 %g r{'ﬂé%qs@) depending
on the fact that on e two warers c rs m| mpone comprise
microcomponents, §5¥&%Rﬂe§§%ta[¥§ R 'ﬁ’l@ Boﬁ‘?al EBFW les the

deformations in thél)f/ﬁf@?‘&hméfers comprising the microcomponents to be controlled so that these
deformations are of the 25 Tadiefciypdhehzitisofdisaplestbgersstos ddfororatidibehaistan be

compensated for bydhapigectaraigerithes. Thgcuriaiuresiet arg Kavggr@wgneg@%@@,hgforehand for

example by mea“%&%ﬁ%éﬁ&r%%”?%%@”%&”%ﬂ%m& SHH) R Gstand eCalFlanisy from the
company LFQA -Ten or Cor Fior br)]g N 8ﬁlcrrement using a capacitive gauge or by optical or
30mechanical profi Pf?éﬁyy {HE'B6W 1o be determined An example of the production of a

three-dimensional structuréﬂf%ﬁ@%rrﬂﬁgbﬁﬂﬁm QP?HﬁﬁBc%r%ﬁSﬁ@?f%r fafhfEd ¥h WhiFst wafer 100
onto a second waféeni2G@nRoREIR) e ridieny foatesdhwitrakanscaod Ghiegogrrialrinsisalignment in
accordance with ongiestoadineatdbtbecineaéds: with no microcomponent and having an
intrinsic curvature K2, the Applicant has demonstrated that, to obtain only
15 radial deformations in the first wafer, the deformation of the first wafer
must be minimal and the post-bonding curvature KF must be in the form
of a paraboloid of revolution. For this purpose, the wafers have an initial
curvature at ieast approximately in the form of a paraboiloid of revolution
(in particular of spherical shape, which is one particular case of a
20 paraboloid of revolution), making it possible to obtain a post-bonding
curvature of similar shape after a bonding curvature in the form of a
paraboloid of revolution has been imposed.
As is well known per se, the equation in Cartesian coordinates of
a paraboloid of revolution is expressed as follows:
25 X+ v = 2pz (2)
where %, y and z are the Cartesian coordinates of the paraboloid
of revolution and p is a constant.
The cylindrical equation for a paraboloid of revolution may be
written as follows:
30 p? = 2pz (3)
where p is the cylindrical coordinate of the paraboloid of
revolution (such that p = x* + y).
The total curvature KP of a paraboloid of revolution may be
calculated from the foliowing formula:
35 KP = p*/(p™+p%) (4)



12 will now be described in relation to Figures 5A to 5F and Figure 6. The wafers may especially have
diameters of 150 mm, 200 mm and 300 mm. The production of the three-dimensional structure
starts with the formation of a first series of microcomponents 110 on the surface of the 5 first wafer
100 (Figure 5A, step Si). The microcomponents 110 may be entire components and/or only partial
components. In the example described here, the firstivafer 100 is a 300 mm diameter wafer of the gill
(Silicon on Insulator) type comprising a silicon layer 103 on a substrate 101 also made of silicon, a
buried oxide layer 102, for example made of 10 S102, being placed between the layer and the silicon
substrate. The wafer 100 may also consist of a multilayer structure of another type or of a monolayer
structure. The second wafeF EHOMEROD Anfednatiete pEilfben isferdfey e BB NG The
microcomponents hii6raceniponectdyspbbismid dnaphykireingf smask fifr thediniogditierzdnes for forming

patterns correspongiipide &!@eéaiﬁ%@mppr@nﬁﬁmpmm@ selegivesradiatipndool of the
stepper type beinggiaed 1 | &5 2 9BAeN EUR BB RIS Fitnsy BT A0 e

microcompopents 1 0 are % cooperaté with microcomponents that wi rmed on the
transferred layer af? f?l){g A{%% ?htion. It is therefore important to be able to ensure mod
alignment of the mlcrocomé@he 4@4d/010 after the wafers have been bonded. 25In accordance
with the invention, a bondinig ihectise of beading between a first wafer and a second wafer

each comprising microcomponents formed before bonding and having an
intrinsic curvature K1, and K2 respectively, the deformations of the first
10 and second wafers must be minimal and the post-bonding curvature KF
must be in the form of a paraboloid of revolution.
The minimum deformation of the first and second wafers
comprising the microcomponents is obtained by making KF = (K1+K2)/2.
If this condition is applied to eguation (1), a minimum deformation of the
15 first wafer is obtained by imposing a bonding curvature KB in the form of
a paraboloid of revolution such that:
KB = (K1+K2)/2 {6)
Thus, it is possible to determine the curvature KB in the form of a
paraboloid of revolution to be imposed on the wafers during bonding using
20 formula (5) or formula (6) depending on the fact that one or the two
wafers  compiise micocomponents or  both  wafers  comprise
microcomponents, respectively, so as to obtain the post-bonding curvature
KF that enables the deformations in the wafer or wafers comprising the
microcompanents to be controlled so that these deformations are of the
25 radial type, that is to say homogeneous deformations that can be
compensated for by a correction algorithm. The curvatures K1 and K2 are
measured beforehand, for example by means of optical measurement
instruments such as the KLA-Tencor Fiexus from the company KLA-Tencor
Corp. {or by any measurement using a capacitive gauge or by optical or
30 mechanical profilometry enabiing the bow to be determined).
An example of the production of a three-dimensional structure by
transferring a layer of microcomponents formed on a first wafer 100 onto
a second wafer 200 employing a bonding method with reduction of the
overlay misalignment in accordance with one embodiment of the invention



which, during bonding, imposes a bonding curvature KB in the form of a paraboloid of revolution on
one of the wafers, while enabling the other wafer to conform to the curvature imposed by propagation
of the bonding wave between the two wafers. This operation makes it possible to obtain 30 a target
paraboloidal post-bonding curvature KFc that enables the deformation of the first wafer 100 to be
controlled so that it is only radial, that is to say homagkneous, deformations resulting in misalignments
that can be corrected using an appropriate algorithm. In the example described here, the wafers 100
and 200 have curvatures K1 and K2 of 13 paraboloidal form respectively. Therefore, a predefined
bonding curvature KB of paraboloidal form is imposed here on the wafers. As illustrated in Figure
5B, the bonding opeiatisnide erlerd isiripbasotrlirgureschi&obR@pdraiagradd e comprises a
first support plate 33gfdraviay adpeldily feve dikineterndéd 30 keap2be firstanaferilOdnfacing the second
wafer 200, which is held in placgreaifpRQIdiRg fase 3Rhaibascand-aHRResHRI 38R of the machine

300. The Support Agies 40 a1l 120 aipciol SENAREAMIRAIdig means (Aot shayg in Figure 58)

W .

such as electrostatjc or suction holding means. irst and secon support plates 310 and 320

are each capable cﬁcrﬁ%ov\"/%%ri o) é?l‘?é‘?‘] gré&?% §~ p &B‘"&WW@H% é%?ﬂﬁ@‘él%fe on the one
hand, to position tHWEfFPRARE EackB{Rer OWVilOFER pEARBIRGTE: tHB rEtatieremaled translational
misalignment errorgagmiipedhtie, dtisehitsaneido 100 Ve 23S0 ohdindjdameds Jdafaard BR2156fIthe first and

second support 15(glates 3h0IpRda830 repRasiMBhsiple e siRaRthaspr fosthar aRarstaEhis way, each

upport plate is, fol GXa/Rp e BANHERHAR 2 BHUABKIERLIRAPYEIN EIAERA Al gp controlied by
the bondin 5nach|§ e the

so,as to adjust the distance between the fwo holders alo Irection dP. At
the start of bondin ,F%étf\%g g?gﬁé 1%%%?&%%%}{8%%%%]% %&%?@%%Eé?f%g@?ﬁs‘? ‘%rholding faces
of their respective sUBpBRYRIESs @Ngisker5 B, Belgiaysr structiys, ofimarksiaBmee Widf tRe invention, a
curvature correspomdirgayetrairperaBoloidal bonding curvature KB is imposed on the first wafer 100 (or

alternatively on the secondmiafestontinhfer Doltie 389 Ambaamerieyliaiad wyrenemasref formula (5)
given above and es it possible to obtain the target paraboloidal post-bonding curvature KF

determined,beforehand so as to induce essen ia&ll Pdefor ations of the radial in the first wafer (Figure
e step 5335 For s purpell TG P Il a8 (e Y e ey IR,

a mask for defining the zones for forming patferns corresponding to the
microcomponents to be produced, a selective irradiation tool of the
stepper type being used to Irradiate the zones where the patterns are to
be produced.

20 The microcomponents 110 are intended to cooperate with
microcomponents that will be formed on the transferred layer after the
bonding operation. It is therefore important to be able to ensure good
alignment of the microcomponents 110 and 210 after the wafers have
been bonded,

25 In accordance with the invention, a bonding machine is used

' which, during bonding, imposes a bonding curvature KB in the form of a
paraboloid of revolution on one of the wafers, while enabling the other
wafer to conform to the curvature imposed by propagation of the bonding
wave between the two wafers. This operation makes it possible to obtain

30 a target paraboloidal post-bonding curvature KFc that enables the
deformation of the first wafer 100 to be controlled so that it is only radial,
that is to say homogeneous, deformations resulting in misalignments that
can he corrected using an appropriate algorithm. In the example
described here, the wafers 100 and 200 have curvatures K1 and K2 of



30 actuator or cylinder 321 provided with a rod 313 which, when the cylinder is actuated, extends
beyond the holding face 311 of the plate 310 against which the first wafer 100 is pressed. As illustrated
in Figure 5C, in this case the free end 313a of the rod 313 presses on the first wafer, thereby enabling
a defined paraboloidal bonding curvature to be imposed on said 35wafer. During actuation of the
cylinder 312, the attractive force of the 14 means fotholding the support plate 310, namely the suction
force or the electrostatic force, may be controlled by the bonding machine so as to be reduced, or
even eliminated, in a defined concentric central zone on the holding face 311 of the plate 310 so as to
reduce the stresses on the 5wafer as it is being curved by the rod 313. The bonding machine 300
controls the distandai@aigigahilstthecreaEYS projericrons tiedriiontyerdng quntitstance dt being

determined dependiBgbpatiabdiiddifgrouiy ampesdBhvseninhgosefdan the wafers. More precisely, the
cylinder 312 is _equipped W%_%iéﬁ:&é@ﬂﬁ%_@&e('ﬂ% WWG%WB@E&@I%%&H&%&OSWOU of the
e soq s T SRS DL FOMB B Pl sl TV
means are C pableD g&c g%ltgﬂﬁ'agm% %‘g&%%@aﬁ%%ﬂbd%gr%&wggeﬁg r‘gaTE% Jgq%%urvélture 15

equivalent to the pREBBISiEasEsnditpEemAXraviichistheld d8erbice e sbeohaldpan@ee as in the
machine 300 desci3Bédherechtutsyppeitelgiaieinifidheunzatines3R. dhd s@pdrth@atesfers 100 and

200 respectively, apthaipg B preabetnidaliisres Wias hbiang nocews aldtskidwiie Fyurkinto the
bonding machine, g pipgessingmeARselJhe RAGAIRG MACHRS o2 QiRaIgHIAURg e paraboloidal

bond_ing cup ture sK t8 e ,irg%o;;%, gs#p%é@rmrulaeé% iverb%bo e agr‘}(!jninverts t\kf}eis vajcue in order to
obtain the correspoHHﬁlg té:)lja radiusofc _a?u?e & _965%% = 19 §3 g L?h@?lngi'%%rameter to be
defined, which must56t&8s: #P%hars Bk ontieh ofile Jfiiraeiien 98 dhe Bk Agnbri€sponding to the
radius 25 of curvatppsitReb Shecevaferndfiesing gbovesther bownid acampmneatingpiondio the distance,
measured at the cevtstigidhendgatendieives mssideraseeatens, hefednetiotting fasri311 of the
surface of the wafeg, heseathgSHERG OGRS Wafes{acing hiedie@iag saeesdddndl Bepaw Az
correspondgglo the distancedt by YIRS R I b 3& AN R dher apart. In this
way, each support plate is, for example, mountaed on an actuator {not
shown in Figure 5B) which is controlled by the bonding machine so as
adjust the distance between the two holders along the direction dP.
At the start of bonding, the two wafers 100 and 200 are each
20 held pressed against the holding faces of their respective support plates
{Figure 5B, step S2).
Next, in accordance with the inveption, a curvature
corresponding to the parabotoidal bonding curvature KB is imposed on the
first wafer 100 {or alternatively on the second wafer), which curvature has
25 been calculated by tmeans of formula (5) given above and makes it
possibie fo obtain the target paraboloidal post-bonding curvature KF
determined beforehand so as to induce essentially deformations of the
radial in the first wafer (Figure 5C, step S3).
For this purpose, the first support plate 310 comprises a linear
30 actuator or cylinder 321 provided with a rod 313 which, when the cylinder
is actuated, extends beyond the holding face 311 of the plate 310 against
which the first wafer 100 is pressed. As illustrated in Figure 5C, in this
case the free end 313a of the rod 313 presses on the first wafer, thereby
enabling a defined paraboloidal bonding curvature to be imposed on said
35 wafer. During actustion of the cyiinder 312, the attractive force of the



30in order to impose the bonding curvature. The target bow Azc may be calculated according to
the target radius of curvature Rcb from the following formula: Azc = Rcb- (D/2)2)(7) where D is the
diameter of the wafer to be curved. 15 Once it has been calculated, the numerical value of the
target bow Azc is transferred to the servo control of the cylinder 312 which actuates the rod so as to
position it at the equivalent distance dt (dt = Azc). 58 impose a paraboloidal bonding curvature on the
wafers during bonding, the rod 313 of the cylinder 312 is placed at the centre of the wafer 100.

When the paraboloidal bonding curvature KB is imposed on the first wafer 100, the support plates 310
and 321 are moved closer together 10 so that the most advanced portion 100a (crown) of the wafer

100 is delicately plEtEBASHRENREER EPELEABRSoRBBEESH PacBBen NS By EREFE 200t aR d thus the
propagation of a beletingsimtivddsditizg dERiguire!Bg ytépeSandthe machisfee lasldinbethe second
wafer 200 on its supgarbglaie 326 havaikees deactvated befieeieiccienbaithereoptating of the two

15 wafers so as toaligiyhe sesond waier 4o 18 GPRfpL {9 {hgifelepnatiardaiyatyie KB) imposed
on the first végafer 100 éurln b%?ﬁaqllf%gturved 'ﬁ"tiﬁ]@a{%\éeﬂg't is possible to place the two wafers at a
y4 efer the

distance A apart""éaﬁﬁartﬁseﬁ ¥ mone o Wo Wafers so as to bring the surfaces into intimate

contact with each other by VARG IHY BREREIRG controls the distance dt by which the
rod 313 projects from the holding face 311, this distance dt being

determined depending on the bonding curvature KB to be imposed on the
wafers. More precisely, the cylinder 312 is equipped with a servocontrol

10 {not shown) which conirols the linear position of the rod 313 according to
a set point position defined by the bonding machine 300.

The bonding machine 300 is equipped with pracessing means,
such as a programmable microprocessor, which means are capable of
calcuiating the paraboloidal bonding curvature KB or a radius of curvature

15 equivalent to the paraboloidal bonding curvature KB in the case of the use
of a cylinder as in the machine 300 described here. More precisely, the
initial curvatures K1 and K2 of the wafers 100 and 200 respectively, and
also the paraboloidal target post-bonding curvature KF, are input into the
bonding machine, the processing means of the bonding machine then

20 calculating the paraboloidal bonding curvature KB to be imposed, using
formula (5) given above and inverts this value in order to obtain the
corresponding target radius of curvature Reb (Rch = 1/KB).

The final parameter to be defined, which must be sent to the
servocontrol of the cylinder 312, is the bow Az corresponding to the radius

25 of curvature Rcb since, as indicated above, the bow of a wafer
corresponds to the distance, measured at the centre of the wafer,
petween a reference plane, here the holding face 311 of the surface of the
wafer, here the surface of the wafer facing the holding face 311. The bow
Az corresponds to the distance dt by which the rod 313 must be extended

30 in order fo impose the bonding curvature.

The target bow Azc may be caiculated according to the target
radius of curvature Rcb from the following formula:

Az¢ = Reb 4JReb? - (D/2)) (7

whare [ is the diameter of the wafer to be curved,



20 a distance dt= Azc, In this way, the paraboloidal bonding curvature KB and the initiation of the
propagation of the bonding wave are simultaneously imposed. In this case too, that wafer which is not
deformed to the predefined bonding curvature must be free to conform to the paraboloidal bonding
curvature imposed on the other wafer during the 25propagation of the bonding wave. Direct
bonding is a technique well known per se. As a remiheler, the principle of direct bonding is based on
bringing two surfaces into direct contact with each other, that is to say without the use of a specific
material (adhesive, wax, braze, etc.), Such an operation requires that the 30 surfaces to be bonded

together are to be sufficiently smooth, free of any particles or contamination, and are to be sufficiently

dose together to initiate a cBRacE LBk AREA @ SweRhede IBETEEAl RlE (RINER @St In this case,
the attractive forcebhetieeis thansforseafacetharecuitedrigie) s dbaocplopeyaie aiuthding wave that

results in direct borgigrtaandingi3ssaused @g{tj@d@mbtﬁgt@@%@tﬁta@m&quﬁvm der WaaEs
forces) 16 involvingzta(_e electronic interaction between atoms or molecules of the two surfaces to be

bonded together). Once the propagation,of tfk bonding wayve has peen initiated. the second
wafer 200, then released fr%ewwg B(gr?r %a?ieoggi %%Cpr%? r%lév gtlt%etﬁg CUTVATUTE i%ggged on the first

wafer 100 as the b&RBFRBWE: B Gres SELRIGUFRCSD 3dte s Slced at iRerRINER R Warfers are
completed bonded waf@tiiée. the first wafer 100 is fully released from its support plate (Figure 5E, step

S6). A three-dimensional styygitrendSthhidngth entaeded parabioleidd ¢simvaiusedl OrkEhelefined above
is then obtained. TheinbamogeneQys daigimaliens ieualysaRReaNRg duringdmeaetrited bonding are
thus very si |f|can§€l}/ Egdu eed'm - '{{ea%gg&dlngd tﬁe@ﬁ%*g&‘r"@%ﬁoo?“ﬁ%’eb&@f‘é@‘i&?‘?sto a moderate
heat treatment (below BoCs8 gsﬁ to mcrease%e Bona st ngot
delicately placed in contact with the exposed surface of the second wafer

200 and thus the propagation of a bonding wave is initiated (Figure 5C,

step 54). The means for holding the second wafer 200 on its support plate

320 have been deactivated before or during the contacting of the two
15 wafers 50 as to allow the second wafer 200 to conform to the deformation

{curvature KB) imposed on the first wafer 100 during bonding.

Alernatively, it is possibie to place the two wafers at a distance

Azc apart and then to deform one of the two wafers so as to bring the

surfaces into intimate contact with each other by moving the rod 313 over
20 a distance dt= Azc. In this way, the paraboloidal bonding curvature KB

and the initation of the propagation of the bonding wave are

simultaneously imposed. In this case too, that wafer which is not

deformed to the predefined bonding curvature must be free to conform to

the paraboloidal bonding curvature imposed on the other wafer during the
25 propagation of the bonding wave.

Direct bonding is a technigue well known par se. As a reminder,

the principie of direct bonding is based on bringing two surfaces into

direct contact with each other, that is to say without the use of a specific

material (adhesive, wax, braze, etc.), Such an operation requires that the
30 surfaces to be bonded together are to be sufficiently smooth, free of any

particles or contamination, and are o be suffidently close together to

initiate a contact typicaliy at a distance of less than a few nanometres. In

this case, the attractive forces between the two surfaces are guite high, so

as to propagate a bonding wave that results in direct bonding (bonding
35 caused by the combination of attractive forces (Van der Waals forces)



15 between the two wafers and subsequently to thin one of them, without in any way damaging the
microcomponents 110. As shown in Figure 5F, the first wafer 100 is thinned so as to remove a
portion of material present above the layer of microcomponents 110 (step 57). The wafer 100 may be
thinned in particular by chemical- 20 mechanical polishing (CMP), by chemical etching or by cleavage
or fracture along a plane of weakness formed beforeh@nd in the substrate, for example by atom
implantation. If the first wafer is an 50I-type substrate, as is the case here, it may be advantageous to
use the buried insulating layer as chemical etching stop layer in order to delimit the 25 thickness of the

remaining layer 10Qa. Alternatively, if the initial substrate is made of a bulk material, deep contact
pads, for example é%%/&@%?&éﬁy%gn& nEaiRe ?P%ﬂ“é‘?%] AR RFSRoIRFYsI X dhBMPon the surface
of the substrate, m&yHCEs M Ea brrepshzaatiethe latter during formation of the components so as to
stop the mechanical thinnin@rglishing)3@@beratidrthe bakding esdiroeimsiopadrstinitititee, 360 formed
zrg(r)n_ th(ra] second wafes 2R0randAdaYen 18@a ceresrongMaostipsrprining portigmahthe first wafer
is then obtaine & our,;;g‘% ons,u ing
35uncontro|?§)d bongjinthear%u{ﬁa %rl 'Bigni ic‘aﬂ 5@%@5&%. ﬁ%o%%?%,%%i&%%series of
microcomponents ﬁB&%ﬁffeﬁéﬁ%Hﬁ?gﬁ |hsé r%g ‘alignment with the microcomponents 110, any
misalignment between the HFECHIR FHReRIYF tRETiFsMiiRiek bendeask irastshn g Msdted by means
of an alignment corvedeonigeittiyn rifigeed SEpsikp SepoBApathdFaueenpiarstepmB®dirent of a
three-dimensional stieetimeiiane tbydiaasiBi ng\inig e GhRE asRBEIBRERNISAERyfermed on a first

watfer 500, ggto a SeeqadhnafexB08. WhichalsgiAcludeg,a 'wﬁ@%@&@@mnﬁgé@?%gn employing

bondi thod i tion | lay misall t in accord ith ane.
veriion 10 wil P L SL AR A B oSSR K S WAL Smbodimen

the wafers 500 and’ ve an initial curvature in the form of a paraboloid of revolution. The wafers
may in particular have diamfdterendisg, g s200hm 3ednsnoba subjectad to a moderate
heat treatment (below 500°C) so as to inuease the bond strength

15 between the two wafers and subsequently to thin one of them, without in
any way damaging the microcomponents 110. '
As shown in Figure 5F, the first wafer 100 is thinned so as to
remove a portion of material present above the layer of microcomponents
110 (step 57). The wafer 100 may be thinned in parficular by chemical-
20 mechanical polishing (CMP), by chemical etching or by cleavage or
fracture along & plane of weakness formed beforehand in the substrate,
for example by atom implantation. If the first wafer is an SOI-type
substrate, as is the case here, it may be advantageous to use the buried
insulating layer as chemical etching stop layer in order to delimit the
25 thickness of the remaining layer 100a. Alternatively, if the initial substrate
is made of a bulk material, deep contact pads, for example contact pads
made of a metallic material and uniformly spaced apart on the surface of
the substrate, may be formed beforehand in the iatter during formation of
the components so as to stop the mechanical thinning (polishing)
30 oparation.
A three-dimensional structure 360 formed from the second wafer
200 and a layer 1002 corresponding to the remaining portion of the first
wafer 100 is then obtained.
The inhomogeneous deformations usually appearing during
35 uncontrofied bonding are thus very significantly reduced, After bonding, a



Production of the three-dimensional structure starts with the 15 formation of a first series of
microcomponents 510 on the surface of the first wafer 500 (Figure 7A, step 510) and a second series
of microcomponents 610 on the surface of the second wafer 600 (Figure 76, step 520). The
microcomponents 510 and 610 may be entire components and/or only partial components. In the
embodiment described here, the 20 first wafer 500 i¢& 300 mm diameter wafer of the SOI (Silicon on
Insulator) type comprising a silicon layer 503 on a substrate 501, also made of silicon, a buried oxide
layer 502, for example made of 5102, being placed between the layer and the silicon substrate. The
wafer 500 may also consjst of a multilayer structure of another type or a monolayer 25structure. The

second wafer 600 €58 fc SRR 3T AP TARGRRE et 20 MhebRi iR pBherREeH0 and 610 are
formed by photolitr@igRpagtbyith &ag sérecatasrrenia diftingrn asatigamenttiehvesndhss
corresponding to thaitrictosempararftsho firetpnad yeesharesfgiosaneg correctEieynieanemponents 510

and 610 are intendgg 4o £ gg%(yyﬂg&tggp,e ALesI&dp daym finished components by the
pairwise corgbination of ml%q&% %ﬁd@é {£gch gonstituting.one, %9{6%{] af the
|

component to be pr dUC ggy ti’ﬂl‘l CUI nterconnectlon O correspon
0

microcomponents § ei@ﬂw@ré‘?é’?é |ﬂ’i IEEROBRRERR 30 GnQiregofid Qlignment
between the mmrof@iﬁp‘tﬁf@h@@i@’ﬁﬁ@@f@%ﬁ%ﬂ% Walerghich abmgwakyﬁa%@ tayetHefr. In
accordance with thenicreeotiponariboriding engdbyiregiscubedding method with reduction in

overlay misalignment in accordance with one embodiment of the invention
10 will now be described in relation to Figures 7A to 7G and Fgure 6. In this
embodiment, the wafers 500 and 600 have an initial curvature in the form
of a paraboloid of revolution. The wafers may in particular have diameters
of 150 mm, 200 mm and 300 mm.
Production of the three-dimensional structure staris with the
15 formation of a first series of microcomponeants 510 on the surface of the
first wafer 500 (Figure 7A, step S10) and a second series of
microcomponents 610 on the surface of the second wafer 600 {Figure 7B,
step 520). The microcomponents 510 and 610 may be entire components
and/or only partial components. In the embodiment described here, the
20 first wafer 500 is a 300 mm diameter wafer of the SOI (Silicon on
Insufator) type comprising a silicon layer 503 on a substrate 501, also
made of silicon, a buried oxide layer 502, for example made of SiO;, being
placed between the layer and the sificon substrate, The wafer 500 may
also consist of a multilayer structure of ancther type or 3 monoiaver
25 structure,

The second wafer 600 is a silicon wafer 360 mm in diameter.

The microcomponents 510 and 610 are formed by
photolithography by means of a mask for defining the zones in which
features corresponding to the microcomponents to be produced are

30 formed.

The microcompenents 510 and 610 are intended to cooperate
with one another, for example to form finished components by the
pairwise combination of microcomponents 510 and 610, each constituting
one portion of the component to be produced or to form circuits by the

35 interconnection of corresponding microcomponents 510 and 610, It s



5 which, during bonding, imposes a bonding curvature KB in the form of a paraboloid of revolution to
one of the wafers while allowing the other wafer to conform to the curvature imposed by propagation of
the bonding wave between the two wafers. This operation makes it possible to obtain a target
post-bonding curvature KF in the form of a paraboloid of 10 revolution that enables the deformation of
the two wafers 500 and 600 to be controlled so that tHey have only radial i.e. homogeneous,
deformations resulting in very slight misalignment between the components 510 and 610 and possibly
in subsequent overlays in the case in which components are subsequently formed in the remaining
layer 500a 15 after thinning, which subsequent overlays can be corrected by an appropriate algorithm.

As illustrated in Figtlr8rehEnBeranigtefasabiR it canseE qnarithignsesntilpwaeninbeor apparatus
700 that comprisesinik@thepnaehiae BO0 alebcibedvebieveha fistfauppost pliteg 786nHasing a holding
face 711 20 desighegethdrold the first wafer 500 so as to face the second wafer 600 which is held on

the holding face 721 of a sggo LR 0; achij . . t art of bonding,
the two Wafegs 500, 8,16(25% Bgc%%l heldggirr.(fs%%d ‘g{, %Hggﬁfh% gﬁ’(ﬁﬁ fg}caec hEg?'taft]%ei?"greegélloective
support platés 25 (Figure é}{ gte% 5@} : xpesﬁfe% f?‘P %‘gofag\f?ggr_ﬁ/i tWe'tﬁ?vK{ﬂ'bH?g curvature
corresponding to t %&‘?@WQ UFGHAKEGRE S RRE Rfrrine rualRiENGIk Blondns|dherribamposed on the

first wafer 500 (or aWEBTVENfarTiHe Seeortyetatedpasiet o puinagatioratfitid asinéen calculated by
means of 30 formuavébeiverabioy evendatale THipopsititiomikainthpiametp osthending
curvattlljr(ﬁ KF (ijn tlh(;aafotrépggﬁ aﬂgg%ggm}%ohrig)g%[%c_)Qﬁq@rm’g}%@ifog?elaaggégoﬁ&odpdgged )
essentially adia L re 7D, s . scribed above
in respect oifﬁ the m%%:%@ea F%Eé&%gtw §£§%§ﬁ%&nﬁ '%%r%%%igggeéslﬁega?%%ﬁﬁf?or cylinder 712
provided 19 with a d@f% é?\)ﬁ h,s%héii‘ﬁfheﬁé?fing%?’% farsaiBkidifels BRTERENRROIding face 711
of the plate 710, agEfEIRRARS fatasuiigrsinvarervL 06lihbregisriignmdnistizaean Fighee 7D, in this
case the free end Tb8woriehes BIH 78! Hiishasdopotistbigenterindcdnesfit vardes ithetelmdmposing a

in which components are subsequently formed in the remaining layer 500a
15 after thinning, which subsequent overlays can be corrected by an
appropriate algorithm.
As iliustrated in Figure 7C, the bonding operation is carried out
with a bonding machine or apparatus 700 that comprises, like the machine
300 described above, a first support plate 710 having a holding face 711
20 designed to hold the first wafer 500 so as to face the second wafer 600
which is held on the holding face 721 of a second support plate 720 of the
machine 700.
At the start of bonding, the two wafers 500 and 600 are each
held pressed against the holding faces of their respective support platas
25 (Figure 7C, step S301. '

- Next, in accordance with the invention, a curvature
corresponding to the bonding curvature KB in the form of a paraboloid of
revolution is imposed on the first wafer 500 (or alternatively on the
second wafer), which bonding curvature has been calculated by means of

30 formula (6) given above and makes it possible to obtain the target post-
bonding curvature KF in the form of a paraboloid of revolution determined
beforehand so as to induce essentially radial deformations in the two
wafers (Figure 7D, step 544).

As described above in respect of the machine 300, the first

35 support piate 710 comprises a linear actuetor or cylinder 712 provided



5defined bonding curvature in the form of a paraboloid of revolution on said wafer. The bonding
machine 700 controls the distance dt by which the rod 713 projects from the holding face 711. As
explained above, this distance dt is determined by the processing means of the machine 700 10
which, after having calculated the bonding curvature KB in the form of a paraboloid of revolution to be
imposed, using formula (6) given above, and this valtit inverted so as to obtain the corresponding
target radius of curvature Rcb (Rcb = 1/KB), determines the corresponding target bow Azc
corresponding to the distance dt by which the rod 713 must extend during 15imposition of the bonding
curvature (Am = Rch-V(Rcb2 é%}’l{ézgi}v‘ﬁ%ﬁonce it has been calculated, the numerical value of the

target bow Azc is 4RSIt % {FBR SHHRERE Fndfdhates. VEEASRCREXRRS i rod in order to
position it at the equilginenfegRsErceldheiplatn 78}, 2ot vtedene iy Sustaies KBl the form of a
paraboloid of revolptissdd.idpdisettamdhe figire ey HOhdesuihroftagelaes 7132 afdi¥20 are moved

closer tOgert]hir SO that 18 "ﬂgﬁ‘ic%d\&?ﬁn%&i @Qﬁgk@o:fo%o(ﬁfgw%%rthé’héﬁw W&ﬁr@z@a;ewdp'%;g in
contact with the exp, 0 0 onding
wave is |n|t|ated (FI é%%?% step é rr%egﬁ{g or % 95?%37 ie secondr0 P&?)ﬂ%% onr?lts support
plate 720 have be ﬁ&ated before or durlng the contacting of the two wafers so as to allow the

second wafer 600 to conformad ansligerérashiith /@0 RS KR FiseBrbnehies tsfer 500 during
bonding. 30Alternatocely1 3 isrpjestibfecto plecdolvingvdanaféts.afia eigiaineg Adwepathind then to

deform one of the WRanadens 80 RFdeiifing thetbyrReesHNg mdarteLonagibiineoyity the rod 713
over a dlst nee dtz ﬁ?g) g@tgplﬁ g%fc@%@i%e%%@%ﬁﬁé?u‘@eﬁg@ @{?afmaaoémd of revolution
tlon re 36 S|

and the |n|t|at|on oIW ing w. Imultan im In thi
E)fdag lon Riihe ponding wave are JeisH simulta ushy posed. In this case

too, that wafer whi€f
and this value inverted so as to obtain the corresponding target radius of
curvature Rch (Reb = 1/KB), determines the corresponding target bow Azc
corresponding to the distance dt by which the rod 713 must extend during

15 impaosition of the bonding curvature {Azc = Rch-/(Reb? -(D/2)%)).

Once it has been calculated, the numerical value of the farget
bow Azc is transmitted to the servocontrol of the cylinder 712 which
actuates the rod in order to position it at the equivalent distance dt (dt =
Azc).

20 When the bonding curvature KB in the form of a paraboloid of
revolution is imposed on the first wafer 100, the support plates 710 and
720 are moved closer together so that the most advanced portion 500z
{crown) of the wafer 500 is delicately placed in contact with the exposed
surface of the second wafer 600 and thus the propagation of a bonding

25 wave is inftiated (Figure 7D, step S50). The means for holding the second
wafer 600 on its support plate 720 have been deactivated before or during
the contacting of the two wafers so as to allow the second wafer 600 to
conform to the deformation (curvature KB) impased on the first wafer 500
during bonding.

30 Alternatively, it is possible to place the two wafers at a distance
Azc apart and then to deform one of the two wafers so as to bring the
surfaces into infimate contact by moving the rod 713 over a distance dt =
Azc, In this way, the bonding curvature KB in the form of a paraboloid of
revolution and the initfation of the propagation of the bonding wave are

35 simultaneously imposed. In this case too, that wafer which is not




20 deformed to the predefined bonding curvature must be free to conform to the bonding curvature in
the form of a paraboloid of revolution imposed on the other wafer during the propagation of the
bonding wave. Once the propagation of the bonding wave has been initiated, 5 the second wafer 600,
then released from its support plate 720, conforms to the curvature imposed on the first wafer 500 as
the bonding wave progresses (Figure 7E, step 860) When the two wafers are completely bonded
together, the first wafer 500 is fully released from its support plate (Figure 7F, step 570). A 10
three-dimensional structure 800 having the target curvature KF in the form of a paraboloid of revolution
defined above is then obtained. The |nhom%€eneous deformations usually appearing during

uncontrolled bondlr%}é?@ﬂqu@\;gﬁlpé:%%ﬁ ROTHRGCHEVAHES BBisHRR MR teFRIOFY 880 may be
subjected to a modErateondingesiirraiin dntt{iselonnsugor pawm bals int mexskiies onasetrength between
the two wafers, allomw $h®sémranaféﬁmm¢hemﬁcph§mmdhmmd@nmthe microcomponent 510
and 610. As shown in ﬁwqﬁ%,&éﬁw@p%@%ﬁm O3S I9ERMANRRortion of
material present a r 5 Oi%é sional
structure 81 form%ﬂ%?%gr%s{@exgéefgéggﬁ % ] % 1],5 Fﬁ g‘ze)%gi %Sn%mpremammg

and a
portion of the first wafETBEHEHEN ’Hiﬂg?ﬁgao'ﬁé%r i t@%{%@?&ﬁ% ¥ & the
microcomponents PE0@ B6eR Hanel’ R g9 Ssble to deposﬁ an oxide 25 Iayer for example made of
Si02, on the surface of the Wvbewdlfer e ivafine sezanthpletiely, fmnthel jugetise ofHeofiding preparation.

This or these oxidevasarsanay fulihesmete iR epaigshbi iaarineiguRialconiactpadstherein, for
example mage of cpREkiRFRMAG" SHiLalle o IR L EXRER MRRARIFS 98- g able to bring
the mlcrocompone?ts o? a paraboloid of revolution defined above is then obtained. The
inhomogeneous deformations wusually appearing during uncontrolied
bonding are thus very significantly reduced.
After bonding, the structure 800 may be subjected to a moderate
15 heat treatment (below 500°C) so as to increase the bond strength
between the two wafers, allow subseguent thinning of one of them and
not to damage the microcomponents 510 and 610.
As shown in Figure 7G, the first wafer 500 is thinned so as to
remove a portion of material present above the fayer of microcomponents
20 510 (step SBO). A thres-dimensional structure 810 formed from the
second wafer 200 and a layer 500a corresponding to the remaining
portion of the first wafer 500 is then obtained.
According to an  alterative embodiment, after the
microcomponants have been formed, it Is possible to deposit an oxide
25 layer, for example made of Si0;, on the surface of the first wafer and/or
the second wafer, for the purpose of bonding preparation. This or these
oxide layers may furthermore be prepared by forming metal contact pads
therein, for example made of copper, in contact with all or some of the
microcomponents so as W be able to bring the microcomponents of one
30 wafer into contact with those of the other wafer. :
The bonding surfaces of the wafers may also be treated. The
treatments carried out for the surface preparation vary depending on the
hond strength that it is desired to be obtained. If it is desired to obtain a
standard, that is to say a relatively low, bond strength, the surface may be
35 prepared by carrying out a chemical-mechanical polishing step followed by



30wafer into contact with those of the other wafer. The bonding surfaces of the wafers may also
be treated. The treatments carried out for the surface preparation vary depending on the bond strength
that it is desired to be obtained. If it is desired to obtain a standard, that is to say a relatively low, bond
strength, the surface may be 35prepared by carrying out a chemical-mechanical polishing step
followed by 21 a cleaning step. Alternatively, if it is desired to obtain a high bond strength between the
two substrates, the surface preparation comprises an RCA cleaning step (namely the combination of
an 3C1 (NH40H, H202, 1-120) bath suitable for removing particles and hydrocarbons and of an 5C2

(HCI, 5 H202, H20) bath suitable for removijng metal contaminants), a plasma surface activation step,
an additional clean%aesatgiﬁ%ﬁ'f‘a%e%ﬁg?%hﬁ?i}ﬁﬂ{r?& I§l%?f‘f‘re§ toﬁﬁéa&)ﬂ%]'ﬁg Eoﬁ%?il%ﬁﬁv’carried out at a
controlled temperafffavesra e el sHetRsm Pt aure i fRRATERHsENIREANERS tiid Rfaflers. 10 The
bonding curvature irietiviripretepf Gopaedp diedoofigivetigronfisscaRla{dil i éldgcels®ing means of
the bonding machipgtarsoyL rleshoIeR SRR SamHie-hansing shacsing gsngHae formulae or

equations (23 to (7).descri ingLclpvat impose #?lﬁg a bonding 15
machine tha% incluc)flﬁlzs8 4 rﬁ%%ik%%%%ﬁ%@é@ M@J\#é%ﬁ%??&\% %Eﬁa H%f’e %?ofi or said wafer,
C

the membrane havﬁ‘\’éfgcﬁ ncgﬁ‘g'ssgr? ?f e%%%%wa%& %%D@%\H é{ﬁ?{j@% the form of a

paraboloid of revol&#h, or using a bonding machine comprising a holder for the first wafer that has a
curvature corresponding to Baicbpneitefiiscpieiordibn dimgaclovdhtaire irottoliodhicofpedvaboloid of

revolution, it being espeeiathtpessigledapdisthel derdahe: drivrsraiteansd oatrlled by the machine in
order to confgrm to the bondiag GHYRIIGAFUAPH L RIBIERR ARSI BRAIIBR Ry associated

calculation means. The contacting of the second wafer with the tirst wafer and the freeing of the 25
second wafer befofé %%jtlag%%péﬁaﬁijgn %'fog%glﬁginaqﬁvagee ?ﬁ iltbﬁ:ate%"égq% t%.ﬁ?gfiﬁltaeceo %15% described

above. equivalent means away from the bonding machine using the formulae or
equations (2) to {7) described above. '

The bonding curvature may also be imposed using a bonding

15 machine that includes a membrane interposed between the first wafer and
the holder for said wafer, the membrane having a curvature
corresponding to said predefined bonding curvature in the form of a
paraboioid of revolution, or using a bonding machine comprising a holder
for the first wafer that has a curvature corresponding to said predefined

20 bonding curvature in the form of a parabotoid of revolution, it being
especially possible for the holder to be deformable and controlied by the
machine in order to conform o the bonding cwvature calculated
beforehand by said machine or by associated calculation means. The
contacting of the second wafer with the first warer and the freeing of the

25 second wafer before the propagation of a bonding wave is initiated both
take place as described above.

By virtue of the bonding method, the two wafers may be bonded
together with homogeneous deformations causing oniy alignment defects
that can be corrected by algorithms during the formation of

30 supplementary microcomponents afier bonding, resulting in a reduction in
overlay misalignment. Thus, it is pessible to iimit the misalignment
between microcomponents o negligible values that are homogeneous
over the entire surface of the wafers. The microcomponents, even of very
small size (for example < 1 ym}, may then be easily formed s0 as 10 be in

35 mutual alignment. This makes it possible, for example, for the




By virtue of the bonding method, the two wafers may be bonded together with homogeneous
deformations causing only alignment defects that can be corrected by algorithms during the formation
of 30 supplementary microcomponents after bonding, resulting in a reduction in overlay misalignment.
Thus, it is possible to limit the misalignment between%%uicrocomponents to negligible values that are
homogeneous over the entire surface of the wafers. The microcomponents, even of very small size
(for example < 1 pm), may then ba easily formed so as to be in 35mutual alignment. This makes it
possible, for example, for the 22 microcomponents to be mutually interconnected by means of metal
connections, while minimiziré%the risg ofba RROr igﬁ[erco ngction1t 3t\}Nhat iS clairped iFs: 1. A method
for reducing overlaif/'l %ﬁ%%?@ ﬁgrq{s duﬁ_ng?_h_e et ”’_bé%ﬁi’n‘é“é‘? 5_ Irst \)Oafgﬁ}nasviﬁg & g‘[ intrinsic
curvature to a secditINREFRANRV S YHEUARG THERK of R/ RRYISNRRFPRIREES the first wafer comprising
at least one series of microcomponents thereon, which method comprises: contacting the wafers
with each other so as to initiate the propagation of a bonding wave between the wafers, and
imposing a predefined bonding curvature in the form of a paraboloid of revolution on one of the first or
second wafers during the contacting, with the predefined bonding curvature depending at least upon
the first intrinsic curvature of the first wafer comprising the at least one series of microcomponents
thereon, with the other of the first or second wafers being free to conform to the predefined bonding
curvature. 2. The method according to claim 1, wherein only the first wafer comprises
microcomponents and which further comprises calculating the predefined bonding curvature in the
form of a paraboloid of revolution is the following formula:



KB=K1-((K2-K1)/6) in which KB is the predefined bonding curvature in the form of a paraboloid of
revolution, K1 is the intrinsic curvature of the first wafer before bonding and K2 is the intrinsic
curvature of the second wafer before bonding. 3. The method according to claim 1, wherein each of
the wafers comprises at least one series of microcomponents and which further comprises calculating
the predefined bonding curvature in the form of a paraboloid of revolution is calculated from the
following formula: KB =(K1+K2)/2 in which KB is the predefined bonding curvature in the form of a
paraboldithat Eew8iotshisK 1 is the intrinsic curvature of the first wafer before bonding and K2 is the
intrinsic curvature of the second wafer before bonding. 4. The method according to claim 1, wherein

the wafers are circular silicon wafers having a diameter.of 300 mm.,.5.The method accaording to claim
ok e B PG T R TSty 6 (18 LB BT B LA ner by
first andrsatama ficdtlevsinséspaothbely, twithsteoficshtdd brinngosisecondlirriirsicveafeatire, prtefined
bonding gupluicmithiejofen o ARRIAS AP LY rsxgle,dgﬂ@spasirorrﬁereemm%waé?é6A9wmtact with

each other in order to initiate the propagation of a bonding wave; and releasing the second wafer
from theREEeAPHBRIE S efore or during the contacting with the first wafer so that the second wafer
conforms to thespredgfigetdoaatingwithwdohedihdhe dormtofiatjzasatbel picd pdgatimiutiDa bupdisgd on the
first waf rmg R [ f the bonding wave. 6. The method according to claim 5, wherein the
predefinﬁeygqbgon inggﬁjﬁf'\%g\&gr%% the form of a paraboloid of revolution is imposed on the first wafer by
actuating a Cy“ﬁa@,irﬁp@ﬁ‘ﬁl@a predsdradogiag curvature in the form of a paraboloid of revolution

on one of the first or second wafers during the contacting, with the predefined bonding
curvature depending at least upan the first intrinsic curvature of the first wafer comprising the
at least one series of microcomponenis thereon, with the other of the first or second wafers

being free to conform fo the predefined bonding curvature.

2. The method according to claim 1, wherein only the first wafer comprises
microcomponents and which further comprises caiculating the predefined bonding curvature
in the form of a paraboloid of revolution is the-foliowing formula:

KB=K1-{(K2-K1)}/8)

in which KB is the predefined bonding curvature in the form of a paraboloid of
revolution, K1 is the intrinsic curvature of the first wafer before bonding and K2 is the intrinsic

curvature of the second wafer before bonding.

3. The method according to claim 1, wherein each of the wafers comprises at least one
series of microcomponents and which further comprises calculating the predefined bonding
curvature in the form of a paraboloid of revolution is calculated from the following formula:
KB =(K1+K2)/2
in which KB is the predefined bonding curvature in the form of a paraboloid of
revolution, K1 is the intrinsic curvature of the first wafer before bonding and K2 is the intrinsic

curvature of the second wafer before bonding.

4. The method according to claim 1, wherein the wafers are circular silicon wafers

having a diameter of 300 mm.

5. The method according to claim 1, which further comprises:



7. The method according to claim 6, wherein the predefined bonding curvature in the form of a
paraboloid of revolution is imposed on the first wafer by a membrane interposed between the first
wafer and the first holder, with the membrane configured and dimensioned to have a curvature in the
form of a paraboloid of revolution corresponding to the predefined bonding curvature in the form of a
paraboloid of revolution. 8. The method according4o claim 6, wherein the predefined bonding
curvature is imposed on the first wafer by the first holder, with the first holder having a curvature
corresponding BB iedIdiFiedaienanty Barsatond ik farinorainribdi Brstedttuiernd. The
method aseeidingdpaiaian ] wivhereinrtheouiie s pesRcComMprsRNigseaoMPeReIiEen Higigirgspective
bonding faces, Wil gldsast same of s mictecompansnts, of ene pLihe firstorsecond wafers being
intended t0 be & ignedewﬁh bt 1ea8PSome of the mictoco ponents 7 e OthEF & the TirSPor Second
wafers arghaaishmhes hosidg ap thiligeethefiron dasivmgfcubeading eavgucted to reduce or minimize
ol\/grlai/ miﬁroc%ﬁ%%mbﬂﬂgfnﬁ&%ggwf&w dl E%g%@%&&?@rﬁoléghﬁaﬁ)g@smogml _ rtﬂ?t?g to
claim 1, wherein the imposijng of the predefined bonding curvature is achjeved by applying a force on a
contral SRR IG Hik RLF LBRIBFShY Hd % FE280BAIe LR Y Rircko derHERE e Ehdo obtain

a desireduradiuseofreuheatiorer  6fl aT herabethod aiccevdintpto clainsdd, amhidle flirtheraiempriseg
releasing §g§&pgfgé\ggr§g[n@f(gé\jgponforms to the predefined bonding curvature and after the
wafers are bonded together. 127 The method according to claim 1, wherein the imposing of the
predefined bonding curvature is achieved by applying a membrane adjacent to the first wafer
comprisiglg the Bivdeastiont seibedin oiciaeoBpanenim theyepadafitademimbiana ey ingigecurvature
correspqnding tq th efin ding curvature. .13, The method according to claim 12, which
further ggn%%r%fteg Pe%{agags%fioédth&edégesc)cgunwﬁge!rr%a&t%sfel? c%nn;[c?rem?% %%%rgaeﬁﬁtgggwgng int %&? Rature and
after thenjpafelesne hedeldeddrither. 14. The method according to claim 1, wherein the wafers are
bonded together in an apparatus that includes first and second holders for holding the first wafer and
the second wafer respectively, wherejn the first holder comprises means for imposing on, the first wafer
the predbfined bBRATR) G- FSETE ShiP RLRL By (HRAR B Y SSRGS O BB AR i SRl to
release thavsetenpvesidpittorh helstcoris nuldeed efotbaofidtinvadahbycamtertigratmigrpdast wafer so

that the BeAnch WHET SORMREMSHIPHIEHREAGRRE A RAANAN G SHIVANE S A0 6 L 2haT AiaiaBRleyd of
revolution imposed on the first wafer during the prog:gégatlnﬁgof a bonding wave. 15. The method

accordin§ f¥athr4raiyeieiheHerapphraeratidrtsrvphiion sroEsongnadanResrdatnesing the
- predefinedhbgnptgvetunai ted ioihe dbanpabagisithbioleidiofisgevolution depending on the intrinsic
curvature before bonding of each of the wafers or a radius of curvature corresponding to the
predefined bonding curvature in the form of a paraboloid of revolution. 16. The method according to

claim 148 wherdiRah@#th e finehd? wipriSesvhepimdes caiseasleed ibpuing sievpledefined

bondingigtpvasdresd #he fismvwaiter paraipeldicsofaelutigmomshadfirstaualernaitithe eyiaglaebeing
controllegogggog%i&g t(ioa,(gadiysd Ofts %lg\%at#é% gocrrr%s ondin tc% the gedefine& bgn ing qutr.vature in the
form of & para%olm D revolttion, and the appa“r‘atﬁélrceoiﬁt TS the e%&’r%ar? q&r Th'GTGer 0 release the
second wafer from the second holder after contact with the first wafer so that the second wafer

conformg to therpeedgfingehondingrirvaiure nhe formafaiparpolgid mfdevoldonipppsgd on the

first wafer during the propagation of a bonding wave,, o
microcomponents on their respectivé bonding faces, with at |east some of the

microcomponents of one of the first or second wafers being intended o be aligned with at
least some of the microcomponents of the other of the first or second wafers and with the
imposing of the predefined bonding curvature conducted to reduce or minimize overlay

microcomponent misalignment between the bonded wafers.
10. The method according to claim 1, wherein the imposing of the predefined bonding
curvature is achieved by applying a force on a cenfral area of the first wafer comprising the

at least one series of microcomponents thereon to obtain a desired radius of curvature.

11. The method according to claim 10, which further comprises releasing the second



26 17. The method according to claim 14, wherein the first holder has a curvature corresponding to
the predefined bonding curvature in the form of a paraboloid of revolution or in that the apparatus
further includes a membrane interposed between the first wafer and the first holder, with the
membrane having a curvature corresponding to the predefined bonding curvature in the form of a
paraboloid of revolution. 18. A method for reducir&gf overlay misalignment during the direct bonding of
a first wafer having a first intrinsic curvature to a second wafer having a second intrinsic curvature, with
at least Wefei afipafceudpipmasindhatneadaiond sendse rHikabompbatatdinaratens wisidiPrdethod
compris@sgethercontacting the wafers with each other so as to initiate the propagation of a bonding
wave between the wafers, and imposing a predefined bonding curvature in the form of a
paraboloid of revolution on one of the first or second wafers during the contacting, with the predefined
bonding Burvatire deptedirgcrtbag toptainth @, firbenstinnbie cupestogeodftieeriiestefiaddr tmoipgsing the

at least Qg $EHE T ARIETABPROBRINE hRIEMR IS LRELALIGLrSIRE SESARHsIRIGHS Being free

to conform to the predefined bonding curvature, and before the wafers are bonded together:

measurilfgthePRErFIRe of dRIRARAIROMRISCANGIRRThg TR SREdBTHHER Hh DAY Irdafiieatsim the
measuremeaspatiuiiegiehepreaidned bENRECIHBEINBING METHOD WITH REDUCTION IN
OVERLAY MISALIGNMENT
13. The method according to claim 12, which further comprises releasing the second
wafer after it conforms to the predefined bonding curvature and after the wafers are bonded

together.

14.  The method according to claim 1, wherein the wafers are bonded together in an
apparatus that includes first and second holders for holding the first wafer and the second
wafer respectively, wherein the first holder comprises means for imposing on the first wafer
the predefined bonding curvature, and wherein the apparatus controls the second holder in
order to release the second wafer from the second holder before or during the contacting
with the first wafer so that the second wafer conforms to the predefined bonding curvature in
the form of a paraboloid of revolution imposed on the first wafer during the propagating of a

bonding wave.

15. The method acodrding to claim 14, wherein the apparatus further comprises
processing means for calculating the predefined bonding curvature in the form of a
paraboloid of revolution depending on the intrinsic curvature before bonding of each of the
wafers or a radius of curvature corresponding to the predefined bonding curvature in the

form of a paraboloid of revolution.

16. The method according to claim 14, wherein the first holder further comprises a
cylinder capable of imposing the predefined bonding curvature in the form of a paraboloid of
revolution on the first wafer, with the cylinder being controlled according to a radius of
curvature corresponding to the predefined bonding curvature in the form of a paraboloid of
revolution, and the apparatus controls the second holder in order to release the second
wafer from the second holder after contact with the first wafer so that the second wafer
conforms to the predefined bonding curvature in the form of a paraboloid of revolution

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



ABSTRACT A method for the direct bonding of a first wafer (100) having an intrinsic curvature
before bonding to a second wafer (200) having an intrinsic curvature before bonding, at least one
(100) of the two wafers comprising at least one series of microcomponents (110). The method
comprises at least one step of bringing the two wafers (100, 200) into contact with each other so as to
initiate the propagation of a bonding wave betweettthe two wafers. During the contacting step, a
predefined bonding curvature (KB) in the form of a paraboloid of revolution is imposed on one of the
two wafers depending at least on the intrinsic curvature before bonding of the wafer (100) comprising

one serigs.of migcampeneatsddliy, tbemiier wafeiels fles MKonimear tasaid pcadetined

bondingc%l#‘[{\alsaé%%iqéB% Ewlg 'p?e[%fgﬁndeg IIzﬁcmding curvature in the form of a paraboloid of revolution
or in that the apparatus further includes a membrane interposed between the first wafer and
the first holder, with the membrane having a curvature comresponding to the predefined

bonding curvature in the form of a paraboloid of revolution.

18. A method for reducing overlay misalignment during the direct bonding of a first wafer
having a first intrinsic curvature to a second wafer having a second intrinsic curvature, with
at least the first wafer comprising at least one series of microcomponents thereon, which
method comprises:

contacting the wafers with each other so as to initiate the propagation of a bonding
wave between the wafers,

and imposing a predefined bonding curvature in the form of a paraboloid of revolution
on one of the first or second wafers during the contacting, with the predefined bonding
curvature depending at least upon the first infrinsic curvature of the first wafer comprising the
at ieast one series of microcomponents thereon, with the other of the first or second wafers
being free to conform {o the predefined bonding curvature, and before the wafers are
bonded together:

measuring the curvature of each wafer; and

calculating the predefined bonding curvature from the measured curvature of each

wafer,
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DIRECT BONDING METHOD WITH REDUCTION IN OQVERLAY
| MISALIGNMENT

ABSTRACT

A method for the direct bonding of a first wafer (100) having an
intrinsic curvature before bonding to a second wafer (200) having an
intrinsic curvature before bonding, at least one (100) of the two wafers
comprising at ieast one series of microcomponents (1183). The method
comprises at least one step of bringing the two wafers (100, 200) into
contact with each other so as to initiate the propagation of a bonding
wave between the two wafers.

During the contacting step, a predefined bonding curvaturs (KB)
in the form of a paraboloid of revolution is imposed on one of the two
wafers depending at least on the intrinsic curvature before bonding of the
wafer (100) comprising one series of microcomponents (110), the other
wafer being free fo conform to said predefined bonding curvature (KB).

Fig. 5D and 5E



