DI RECT BONDI NG METHOD W TH REDUCTI ON | N OVERLAY M SALI GNVENT Techni ca
field and prior art 5The present invention relates to the field of

mul tilayer sem conductor structures or wafers produced according to the

t hree-di nensional (3D) integration technology for transferring, onto a
first wafer, called the final substrate, at |east one layer forned froma
second wafer, this layer correspondi ng 90 that portion of the second wafer
in 10 which elenents, for exanple a plurality of mcroconponents, have
been fornmed, it being possible for the first wafer to be a virgin wafer or
to conprise other correspondi ng el enents. In particular because of

the very small si 7gReQY BOWDING $ETHODANTTH REDECUOMPIN OVERL AYEsent on a
gi ven | ayer, each transferred Iayelg'1 %@Wﬂl s to say each wafer
conprising the layer, must be posi it e final substrate (the first
waf er al one or already having other transferred |ayers) with a correct

precision so as to neet an alignnment tolerance of around 0.3 microns with
t he subjacent | ayer. Furthernore, it may be necessary to carry out

treat nent s onechrdcal fighd angltpsioriakt has been transferred, for 20 exanple to

form other m croconponents, to expose, on the surface, mcroconponents, to
produce_interconnects, etc., these treatpents also having to be carried
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15 is to say each wafer comprising the layer, must be positioned on the final
substrate (the first wafer alone or already having cther transferred layers)
with a correct precision so as 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, t0 expose, on the surface,
microcomponents, to produce interconnects, etc., these treatments also
having to be carried out very precisely with respect to the components
present in the layer.

The elements, such as microcomponents, are typically formed by

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

30 apparatus, commonly referred to as a “stepper”, which, unlike an
apparatus for overall irradiation, 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.



The transfer of a layer onto the final substrate involves bonding, 5 for
exanpl e by direct bonding (also called nol ecul ar adhesion), between a
first wafer and a second wafer of the type described above, the second
waf er then being in general thinned. During bonding, the two wafers are
mechanically aligned. At |east three prijqnciple types of deformation
resulting in alignnent defects may be observed between the two wafers, 10
nanely deformations of the offset or shift type, deformations of the
rotation type and deformations of the radial type (also known as run-out
def ormati ons, corresponding to a radial expansion that increases linearly
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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 misalighment phenomenon, also calied “overlay”, which
is described in relation to Figure 1. The overlay takes the form of defects
of around 50 nm in size, these being markedly smaller 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 initial substrate 410,
on which a first series of microcomponents 411 to 418 have been formed
by photolithography by means of a mask for defining the pattern
formation zones corresponding to the microcomponents to be produced,

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



5However, even using positioning tools, offsets occur between certain of
the m croconponents 411 to 419 on the one hand, and m croconponents 421 to
429 on the other, such as the offsets A A -U -221 A33, Aeg indicated
in Figure 1 (corresponding to the observed of fsets between the pairs of

m croconponents 411/421, 412/422, 413/4 and 10 414/ 424 respectively).
These offsets do not result fromindividual transformations (translations,
rotations or conbinations thereof) that could stemfrom an inprecise
assenbly of the substrates. These offsets result frominhonbgeneous
deformati ons that appear in the layer, comng fromthe 15 initia
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density per nagmcom@@nentts 45! to 419. Thus, certain microcomponents 421 to 429
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 overiay phenomenon may make it impossible 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 appilication. It is therefore
very difficult, if not impossible, to form supplementary microcomponents
25 in alignment with the microcomponents formad 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-transfer processing steps is to
form colour filters on each of the pixels, a loss of colouring function for
certain of these pixels is observed.

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

35 semiconductor wafers fabricated. The impact of this effect becomes



Summary of the invention The object of the inventionis to
provide a solution for reducing the appearance of the overlay effect after
bondi ng two wafers by direct 10 bondi ng. For this purpose, the
present invention provides a nethod for the direct bonding of a first

waf er having an intrinsic curvature befdge bonding to a second wafer
having an intrinsic curvature before bonding, at |east one of the two

waf ers conprising at | east one series of mcroconponents, 15 the mnethod
conprising at |east one step of bringing the two wafers into contact with
each other so as to initiate the propagation of a bonding wave between the

two wafers, %ééﬁﬁﬁ&' ém%an nbéda%%eddf’ the e méaam NeqsfreMents Riigdef i ned

bondi ng curvature | orm.o arabol oi d of ol ution i osed on
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intrinsic cugeativy Eeb%fyerawé?e@fdl ng of the wafer corrprl sing one series of
m croconponents, e other wafer being free to conformto said predefined

bondi ng curvat ure. As will be explained belowin detail, by
control bing the curvature of the wafers while they are being bonded

dependi ng ong h:‘ﬁnéﬁgégm@,ﬁv%&prvature of the layer conprising the

m cr oconponents of a paraboloid of revolution, it is
possible to control the defornations induced in this wafer durlng and
after bonding so t hhe igMfactasreLHRSFHOBAGH hsyt@fpr@\h@eraadcbiatsomr@ﬁredlrmﬁ is to

h def t t hat by th I d
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m cr ocopponenbading. According to one aspect of the invention, before
th f b d t
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formul a5 5KBtfe fethof2cdidpridg at ieast one step of bringing the two wafers into
~ contact with each other so as to initiate the propagation of a bonding
wave between the two wafers, characterized in that during the contacting
step, a predefined bonding curvature in the form of a paraboloid of
revolution is impased on one of the two wafers, said bonding curvature
20 depending at least on the intrinsic curvature before bonding of the wafer
comprising one series of microcomponents, the other wafer being free to
conform to said predefined bonding curvature,
As will be explained below in detail, by controliing the curvature
of the wafers while they are being bonded, depending on the infrinsic
25 curvature of the layer comprising the microcomponents and in the form of
a paraboloid of revolution, it is possible to control the deformations
induced in this wafer during and after bonding so that they are essentially
of the radial type, that is to say homogeneous deformations that can be
corrected by the algorithms used by apparatus of the stepper type during
30 the production of microcomponents. |
According to one aspect of the invention, before the wafers are
bonded together, the method comprises the following steps:
- the curvature of each wafer before bonding is measured; and
- the predefined bonding curvature is caiculated.




in which KB is the predefined bonding curvature in the formof a

parabol oid of revolution, KL is the intrinsic curvature of the first wafer
before bonding and K2 is the intrinsic curvature of the second wafer

bef ore bondi ng. 10According to yet another aspect of the invention, when
each of the two wafers conprises at | east one series of m croconponents,

t he predefined bonding curvature in the Tormof a paraboloid of revol ution
is calculated fromthe following forrmula: KB = (K1+K2)/2 15in which KB is
t he predefined bonding curvature in the formof a parabol oid of

revolution, Kl is the intrinsic curvature of the first wafer before

bonding and K2 is thétdré'fnﬁl fSaRothdF wapetk oraheliRgerRRFOWhetbaly thelmse
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predefined bonding curvature in the form of a paraboloid of revolution is
calculated from the following formula:

= (K1+K2)/2
15 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
20 having a diameter of 300 mm.
According to one particular aspect of the invention, the method
comprises the following steps:
- the first wafer and the second wafer facing each other are held
by a first holder and a second holder respectively, the first holder
25 imposing on the first wafer the predefined bonding curvature in the form
of a paraboloid of revolution;
- said wafers are brought into contact with each other in order to
initiate the propagation of a bonding wave between said wafers; and
- the second wafer is released from the second holder before or
30 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 propagation of the bonding
wave.
According to one particular embodiment of the invention, the
35 predefined bonding curvature in the form of a paraboloid of revoiution is



6 i nposed on the first wafer by actuating a cylinder nounted on the first
hol der. According to another particul ar enbodi nent of the

i nvention, the predefined bonding curvature in the formof a parabol oid of
revolution is 5 inposed on the first wafer by a nenbrane interposed
between the first wafer and the first hgl der, said nenbrane having a
curvature in the formof a parabol oid of” revol ution corresponding to the
predefi ned bondi ng curvature in the formof a paraboloid of revol ution.
According to yet another particular enbodi nent of the invention, 10 the
predefined bonding curvature in the formof a parabol oid of revolution is
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curvature in t formof a parabol oid of revolution corresponding to the
pr edef i ned b5A Ghg curvature in the formof a parabol oid of revolution.
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t he predef i neligimhdithqi3&asirsoateobthenmidrocéropongrits of fihe abudroiarecof
revolution depending,on, t& of the present invention is also a bonding apparatus
for the direct bonding of a first wafer having an intrinsic curvature before
20 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
25 predefined bonding curvature in the form of a paraboloid of revolution
depending at feast on the intrinsic curvature before bonding of the wafer
comprising the layer of microcomponents, the apparatus controlling the
second holder in order o release the second wafer from the second holder
before or during the contacting with the first wafer so that said second
30 wafer conforms o the predefined bonding curvature in the form of a
paraboloid of revolution imposed on the first wafer during the propagation
of a bonding wave.
According to one aspect of the invention, the apparatus
comprises processing means for calculating the predefined bonding
35 curvature in the form of a paraboloid of revolution depending on the



7 intrinsic curvature before bonding of each of the two wafers or a radius
of curvature corresponding to the predefined bonding curvature in the form
of a parabol oid of revolution. However, these nmeans may neverthel ess be
shifted relative to the bonding apparatus. In other words, the nethod may
al so operate if the treatnent neans are:;eparate fromthe bondi ng

appar at us. According to one particular enbodi nent of the

i nvention, the first holder further conprises a cylinder capabl e of

i mposi ng the predefined bonding curvature in the formof a parabol oid of
revolution on the first 10 wafer, the cylinder being controlled according
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the first wafer during the propagation of a bonding wave.

According to another particular embodiment of the invention, the
first holder has a curvature corresponding to the predefined bonding
curvature in the form of a paraboloid of revolution or the apparatus

20 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 revoiution.

According to another aspect of the invention, the first and second
holders are designed to accommodate circular substrates measuring 100

25 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
30 have been bonded by direct bonding according to the prior art;
- Figures 2 and 3 show wafers exhibiting bow-iype deformations;
~ Figures 4A to 4C 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 show ng the production of a
t hree-di nensional structure inplenenting the direct bonding nethod in
accordance with one enbodi nent of the present invention;

Figure 6 is a flowchart illustrating the steps enployed in 5producing the
t hr ee- di nensi onal structure iIIustratedénn Figures 5A to 5G  Figures 7A
to 7G are schematic views illustrating the production of a

t hree-di nensi onal structure inplenmenting the direct bonding nmethod in
accordance w th anot her enbodi nent of the present invention; and - Figure
8 is a flow chart iIIustrating the steps enployed in 10producing the
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i mposi ng on 25 said Rﬂéﬂf’%r 1548 QW KR HIE}JS%@t'BQngh BY VARV h Tt " has
been de@i nedpmm@mmmeem@engona! sthecting itiusthatedrin &igures GA toh#G.waf er or
waf ers conprising the m croconponents. Bef ore they are bonded,
each wafer has an |ntr| nsr c curvature whi ch rray be concave, as in the case
of the wafer LB | 2 Of @iMIR SIS tiom case of the wafer 40
in Figure 3. This curvature determ nes the curvature deforrratron of the
wafers, referred to_as_ "bow' in the sem conductor_ technol ogy.

illustrated in Fi gufles inveatignzaprlige tedne Airest b&”ﬂﬁlgebe%eﬂe@ﬁbh@gerﬁo t he
di stangg (deft %ést@h)e orgﬁr@.reatwd Wm‘ér%udfcﬁﬂ ﬁémghﬂaceatunﬁmnefnté Bigatwadey |

P ﬁtemmg? e? :g gée? rcpgg dggf?qgé ¥Rec%on¥hng Séér%uolny f:or trPeal a0e Of whi ch
simplifi catron 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
simpie 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 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

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 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 perfectly fiat plane) on which the wafer rests freely and the




9 wafer itself. On the scale of the dianmeters of the wafers normally used
I n the sem conductor field, nanely between a fewtens of mllinetres and
300 millimetres, the bowis measured in mcrons, whereas the curvature is
generally nmeasured in m1 or km1l since the curvature of the wafers used 5
in the sem conductor field is very small, and consequently the
correspondi ng radi us of curvature is veﬁy | ar ge. Figures 4A to 4C
show t he 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 K1 and K2 respectively, 10 that is to say intrinsic
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conpri $6ng t he i %Wﬂéholdérsb@ﬂ QQJoIﬁ@ﬁ'f@' Ma@hﬁ@raé (P Be GRE&mER] | ONs
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formed beforg angh AlLabn ML Wnding 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 caiculated 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 &f a/, entitied "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 possible for these deformations to be compensated for by
compensating aigorithms of the stepper-type apparatus during formation



In contrast, if after bonding the wafer conprising the m croconponents has
virtually only defornmations of the radial type, that is 5to say
honbgeneous deformati ons, these can be corrected after bondi ng by

al gorithmns. Therefore, the aimof the present invention is to
control the post-bonding curvature so tE t the wafer or wafers conprising
m croconponents have, after bondi ng, on deformations of the radial -

10t ype, which can be corrected. In the case of bonding between a
first wafer, in or on which m croconponents have been fornmed beforehand
and having an intrinsic curvature K, and a second wafer with no

m croconponegf sﬂPS!ehﬂéﬁité}g ARrédHrh poisdrits Gty dorbmglPesultngg APRhdsaRibidas
denonstr at ed tha ., o obtain onlg 15 radi a

| def t he first
wafor, the dEVERRE DEWESH HRITKTGLImRRIRIES fRStecReTRre PRA ErgRPOndig.
postl-b?_ndi nchur;/a_terecmrastﬁt ifoeaﬁte;tbentﬂingmthé awaf@rabnhmritirfg thet
revol ution. I . - . 4 .GU .
| cast appr oxi eEPyDoRE IR G T SeteBraR bf id B e, e o
particubar ofto spidrinegensonpeefarmaiions thase pam biectoreected aftarfbandig
par abol oi d Ofbg/.ra?#@"iﬂﬁmson)’ making it possible to obtain a post-bonding

i

curvature of ar shape after a bonding curvature in the formof a
par abol oi d of revol URgEfoRathe R O ke Peepent invention Ag te sONEPl thenRRgh-

pet - lse, “the egHafnigon chi&l/aﬁ%felf eﬁPantﬁ&gg@h@itwgfegf 2@r pg«vﬁb@i Oidénﬁﬁmuiqsing
ind 2 are t hIEAEPREPRAN G, bRt T EE SN BaaBaRETatenS <k Bt RIR! and b
I's a cebst antype, which carflbe coyfdcbett.i cal equation for a parabol oid of
o P | om "ebor 1wl ShEaB8 SCbbANED BEeD 20REEMater i o5 HELIE L%, 0"
y2). narscontpanents hava beckFfosmed paforiwingi and thaving ot inbinsiay be
cal culated fegrpgtine kP! dfivh R8chRE W8 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 KE must be in the form
of a paraboloid of revolution. For this purpose, the wafers have an initial
curvature at least approximately in the form of a paraboloid of revoiution
(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 foliows:
25 Xt +y? = 2pz (2)
where X, vy and z are the Cartesian coordinates of the paraboloid
of revolution and p is a constant.
The cylindrical eguation for a paraboloid of revolution may be
written as foliows:
30 p? = 2pz (3)
where p is the cviindrical coordinate of the paraboioid 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°) @



35Kp p2/ (p2p2)(4) 11 The m ni num def ormati on of the first wafer
conprising the m croconponents is obtained by nmaking KF = KlI. |If this
condition is applied to equation (1), a mninmmdeformation of the first
waf er i s obtained by inposing a bonding curvature KB in the formof a

par abol oi d 50f revolution, such that: Kg = K1- ((K2-K1)/6)(5) In
the case of bondi ng between a first waf } and a second wafer each

conpri sing mcroconponents forned before bonding and having an intrinsic
curvature K1, and K2 respectively, the deformations of the first 10 and
second wafers nust be mnimal and the post-bonding curvature KF nmust be in

the formof a parabph@i giimunev@fafmaton of the firshewsfcp! B&tﬁbﬂﬁh%r&?éion of
the first and ,second mafgrs %gggraélq? tqg m ocggpogﬁ ts I s obtained by
maki ng KF = (RETPROMPENENS {5 OBMuBRd: B SRENEY dipI T kit 8 Mo HInSHIqnLyS a
Lﬁ nij_rrum def oappﬁed)nooéqmatmmgl),f arsﬁniwafmrdéf.ermbtim rufdtﬂelj firspesifag i ]
ondl ng curv . .ot f _ ' | t hat :
B = (Rasio) Popdiied By ifhoding &'BBind B6RR; 8 o, e FEF ob ' SlaBibR ar ur o
KB in the foohrefolaignsabbltbétd of revolution to be inposed on the wafers
during bondi ng usi nQBZ_OKflg{r(@qu ﬁ@) ?n(SforrruI a (6) depending on the fact
that one or the two wafers conpgl_e roconponents or both wafers
conpri se i cr oconpokHiestaseaipeending betwesn asfine Walkraand! aiRecpad walehdi ng
curvature KFehflcopiprirrsmidtoconbonamts fPmeldbdfbr b@iﬁ@hg%ﬂd"ﬁéﬂh? an
conpri sing th%.nLcroco onent s %fgge controllq%QS@%;hat.theﬁg Hedpr tions
are of the 2HTEARHEFUNGHE kinaind K2, SECHVEY e SRETHUPR: REATSHESE hat
can bel@onpeandtsdohd rwifers nugstriee minmall god ithépostFbendingvatrvatse KIF and
1<2 are neas i | s of optical neasurenent
i nstruments ﬁﬁ%ﬂkgﬁﬁﬁhg%@Eﬂ9$gﬁ%%?5@5§i§2R%?@ﬁﬁ?he conpany KLA- Tencor
Corp. (or by any nedls@rewsmurasdafpranatiapaciit the Gmtigandr segondptwalers or
30mechani cal cgrplising Bl thi¢BathbOserits §s Rbraihed B MakfgkHedik1+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 comprise microcomponents 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
microcomponents 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 exampie 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 enabling 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 empioying a bonding method with reduction of the
overlay misalignment in accordance with one embodiment of the invention



An exanpl e of the production of a three-dinmensional structure by
transferring a |l ayer of m croconponents fornmed on a first wafer 100 onto a
second wafer 200 enpl oying a bondi ng nethod with reduction of the overlay
m sal i gnment in accordance with one enbodi nent of the invention 12 wll
now be described in relation to Figure EA to 5F and Figure 6. The wafers
may especi ally have dianeters of 150 nn} 200 nm and 300 mm The
production of the three-di nmensional structure starts with the formation of
a first series of mcroconponents 110 on the surface of the 5 first wafer
100 (Figure 5A, step Si). The m croconponents no may be entire conponents
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whi ch, duri ngndholaliengiructyyeses a bondi ng curvature KB in the formof a
par abol oi d_of reVO'ﬂ’i%Q@cdﬁa fAferdiod 8% ?@5 gﬁrﬁ didfbts HRBAIN %Rgﬁgu% her
wafer to conformto the curva ure 1 np propagation of t ondi ng
wave between3Bhe two wafers. This operatlon makes it possible to obtain

15 The microcomponents 110 are formed by photolithography using
a mask for defining the zones for forming patterns 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 imporiant 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 a target parabol oi dal post-bondi ng curvature KFc that enables the
deformation of the first wafer 100 to be controlled so that it is only
radial, that is to say honbgeneous, deformations resulting in

m sal i gnments that can be corrected using an appropriate algorithm In the
exanpl e descri bed here, the wafers 100 d 200 have curvatures Kl and K2
of 13 parabol oi d& formrespectively. Therefore, a predefined bonding
curvature KB of paraboloidal formis inposed here on the wafers.

As illustrated in Figure 5B, the bonding operation is carried out using a
bondi ng machi ne or apparatus 300 that conprises a first support 5 plate
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’
bondi ng curvature osed on said 35wafer. During actuation of the
cyl i nder 312{FigHie 2B+ $8B1S4e force of the

Next, in accordance with the invention, a curvature
corresponding to the paraboloidal bonding curvature KB is imposed on the
first wafer 100 (or alternatively on the second wafer), which curvature has

25 been calculated by means of formula (5) given above and makes it
possible to 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 53).

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 piate 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 actuation of the cylinder 312, the attractive force of the




14 nmeans for holding the support plate 310, nanely the suction force or
the electrostatic force, may be controlled by the bonding machine so as to
be reduced, or even elimnated, in a defined concentric central zone on

t he hol ding face 311 of the plate 310 so as to reduce the stresses on the
Swafer as it is being curved by the rod, 313. The bondi ng machi ne
-300 controls the distance dt by which thé rod 313 projects fromthe
hol di ng face 311, this distance dt being determ ned dependi ng on the
bondi ng curvature KB to be inposed on the wafers. Mre precisely, the
cylinder 312 is equipped with a servocontrol 10 (not shown) which

controls thepd ik ' i
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Where D 1s ¢ REaPAEEEasHn s rigehdle Ba0 sieskiberb fere. Mord breasey,“tie ) ()
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 paraboioidal bonding curvature KB to be imposed, using
formuia (5) given above and inverts this value in order to obtain the
corresponding target radius of curvature Rcb (Rch = 1/KB).

The final parameter to be defined, which must be sent to the
servoconirol 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,
between a reference plane, here the holding face 311 of the surface of the
wafar, 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 to impose the bonding curvature.

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

Azc = Reb JJReb? -{D/2)%) (7)
where D is the diameter of the wafer to be curved.




15 Once it has been cal cul ated, the nunmerical 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 =
Am) . 5To inpose a parabol oi dal bonding curvature on the wafers during
bondi ng, the rod 313 of the cylinder 31i5is pl aced at the centre of the
waf er 100. When t he parabol oi daF“bondi ng curvature KB is inposed
on the first wafer 100, the support plates 310 and 321 are noved cl oser
together 10 so that the nost advanced portion 100a (crown) of the wafer
100 is delicately placed in contact wwth the exposed surface of the second

waf er 200 and thus | I gure
5, Step 54). The neaes't oeed 8?{“““88‘22@‘&@'““@?@ e o R Birger
d%

ort
plate 320 habevhden iadansione EfRrseng QuEPh ﬁ%@ edindgE 131y Ja’?he t Wo

15 wafers scacmtésn tigd Irdlv sohgs 36 qeusitioma feat %Oeqawal@nt Qligtahee Ubemt =
def or mati on fvature KB) inposed on the first wafer 100 during bondi ng.

Al ternativel 't is possible to place the two wafers at a di stance Azc
apart ahd then to d'éebmmposme pErabbieidahvbondifigraireaiues onahbrwafgra derirsyr f aces

into intimt %Rg,amg %thﬂa%?ttﬁbhglnaﬁr A9 de%I%&% 6P GnS L3nBkesr EP%B and

di stance dt= ar abol 0i onding curvature
the initiati oyafer 1$(Yhe propagati on of the bonding wave are sinultaneously
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a rem nder, ..t he princjple ndi i s

surfaces int geﬁﬁzaﬁgié{'topi%gd EEFO&AaFﬂW cwe @s@gt%gqaggso?%gggggmﬁ%g{ t he

use of a spe@DDianchiiie the pleptigationeof abondingrayveds dnitiateslifffigare 0er at i on

requires tharst%d“§?£%h§%é§ﬁ§?oiil‘?olaﬁlﬁt{ﬂ@%%g?ﬁ@%%tf&e%()@bﬁ ntsomﬁ;g; i%t&' ently

snoot h, free I'es t am na Iciently

cl ose t oget hé20t laavawgeelatcéea@tn@tﬂdabefqr@mrcdwnw dhescantaeting of dhe| Y5 t han
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di'rect bond! KGIVBGHBIKGY 928564 01 B ROV Bl E Bnder act ve forcos |
(Van der Waal s forcAlgarnatively, 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 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
25 propagation of the bonding wave.

Direct bonding is a technique well known per se. As a reminder,
the principle of direct bonding is based on bringing two surfaces info
direct contact with each other, that is t0 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 close together to
initiate a contact typically at a distance of less than a few nanometres. In
this case, the attractive forces between the two surfaces are quite 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)



16 involving the electronic interaction between atons or nol ecul es of the
two surfaces to be bonded together). Once the propagation of the
bondi ng wave has been initiated, the second wafer 200, then rel eased from
its support plate 320, conforms 5 to the curvature inposed on the first
waf er 100 as the bondi ng wave progresse§6(Figure 5D, step SH).

When the two wafers are conpl eted bonded together, the first wafer 100 is
fully released fromits support plate (Figure 5E, step S6). A

t hree- di nensi onal structure 350 having the target parabol oidal curvature
10 KF defined above is then obtained. The i nhonbgeneous defornmations

usgal 'ﬁ appeanvaigng the mipcironin tnteﬂaicﬁdn@@b.déaga?%rgsbhm%mna% _@Fﬁhtié gw?antly
reduced. structure may be subjected to a
noder at e heatsu{ftagég%ih?i&@%@&?%%g%)'so as to increase the bond strength
15 between the twoOneedhe propagabisr qfetitd ponding hivave rasobedrh dmitiasid; hout
In any way d | ) , - | L.gure
SF, the i) r st oapaond Waret SOGRABA 38RAE Hiin s sypport A3t 228 ortalth gl 3

present 2abovéOthe Fryakurss impesedcondbaetiest wafer (Hikgs3he. bandingawave 100
may be thi nnegograsey ¢Fi 8D iteglagyl cal - 20 mechani cal polishing (CW),

by chem cal et ching,,qr cl eava or. fracture on | ane o akness
fgrmad bef or ehand iwﬂ-ler‘f'ey'ﬁu'b“g’?r‘%{g%rs bF @ﬁﬁ%ﬁ%%@fﬁﬁﬁﬁﬁ%ﬁ%ﬁﬁﬁ%ﬁ | f
the first wafwafer 40aris Ay reipessslifromm axa;upi@arti plateh €Figase SBEB@p iﬁg@).rmyt be
advant ageous u Ll ' ' e et chi.ng stop

| ayer i g Ordéi];u%[eog’@eqtn?f‘%n? Ftshg'g%gf%@bhgigg t@% {aﬁi&r éﬁésﬂ‘% Il%r@tu Oa.

Al t er ndfli vel YF define abovei i therbabtainedi sTheadithashogertsniuk defoemiations dgep
cont act pads hd | ' n

cni torm y- spiged asartercr PRANG AR dereing aft b Vo SRAMERNIE:

bef or ehand il'iecﬁl‘f@ tatter during formation of the conponents so as to stop
the mechani cal thi naftegbéngihis thegru@Repssetmanbe subjectd tdh §RodhARASI Onal

e el BTG SHBRE V2 5, PO e M Borkh Sreneter
obt ai néAf. between the two Wefersndnuiregeseantid &b dhimon® 0§ thwmahithoabirear i ng
during 35uncapynol) aSnbgRd (e AicfoddMBoneihy 139N ficantly reduced. ~Af ter
bondi ng, a _
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 S7). The wafer 100 may be thinned in particular by chemical-
20 mechanical polishing (CMP), by chemical etching or by cieavage or
fracture along a 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 tatter during formation of
the components so as to stop the mechanical thinning (polishing)
30 operation.
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 uncontrolied bonding are thus very significantly reduced. After bonding, a



17 second series of mcroconponents 120 may be formed in correct alignnent
with the m croconponents 110, any m salignnent between the m croconponents
of the first and second series being corrected by neans of an alignnent
correction algorithm (Figure 5F, step 58). 5Anot her exenpl ary enbodi nent
of a three-dimensional structure obtaingd by transferring a layer of

m croconponents 510, forned on a first wafer 500, onto a second wafer 600,
whi ch al so includes a | ayer of m croconponents 610, enploying a bondi ng
met hod with reduction in overlay msalignment in accordance with one
enbodi nent of the invention 10 wll now be described in relation to

Fi gures 7A t geddhdinsbrigisgwfe nficrocomponeng ol maay , behéorwedcerian T0Beand 600

v or o may 1 A EPE R Fre BicianBbibas 16 38 gtent BBt B, T

Product i on ofmittosotripopentti oftie Brshlandtsagond series eimetng eorréciedhdyrBeans mat i on

f a first f the first waf
500 (Fi r3resﬁf'aﬁ%'@""?fs)cﬁﬁ%ﬁﬁﬁﬂ?ﬁt@%@hgé*-*%f 38 omponent s 610 on
Uhe surbace of the ABg@RE sxamal awoam iignang of g tlyte@rﬁ!@,@oylonahﬁructure

m cr oconponeghgifdd BN HafdferiRy P eyRRtdfr m.@@mgeﬁéﬁsam Ofor@RdyoRad ti al
crijb first wafer 500 is a

500" di Z&Eﬁéﬁ%%'ﬁ@taﬁgi@ reten Bl whith 280 mCies Sugker bbi ng o
f;l L(r:o20I2ayfem|5|@>ﬁompoaeat§36u0ateen|ﬁl6\,‘ungahsbomrﬁd@ mktiod iwddn redudiioni ﬁda(r)l)o(ll de
et Traon Sy Msfiofich: b atcafigntie With Bé EffboRfhUfeS: Hadnb Aiicn.
struct i@e of wilhoowebe deperitad i ratatidnate Figeses Mctodf@ana‘rﬁgls"eo&)rﬁm tlms er 600

is a silicong ; Q&,pérﬂ? w10 and
610 are for rrenﬁ{?%"mﬁot’o aggggagg@?taﬁa 600 have ?n Tﬁ]ﬁal’ﬁ(&?or det i ni n the
zones in whi @ﬂafF@i@U‘P@@ @oi’q\’ i Thig W@ %é’iaﬁ Er R HRWBR BAYS ﬁ;n@j?@rs

pr oduced areOSQBQWﬁ@ﬂzgon“nandjbgrﬁwproconponents 510 and 610 are
e s °rhe bttt 0 el e i Sh et S5 GBS 058
each cbhsti t formmagiomef pdirst seried of heickoaoppoeehtd Blmn_npthmmqsxoof the form
cireuits by hhe SpiiteERENNeRilen /A SRIJ CERGYCARY § TR6RIPLBRG SoPL0 and
microcomponents 610 on the surface of the second wafer 600 (Figure 7B,
step 520). The micrecomponents 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
Insuiator) type comprising a silicon layer 503 on a substrate 501, also
made of silicon, a buried oxide layer 502, for exampie made of Si0,, being
placed between the layer and the siiicon substrate. The wafer 500 may
also consist of a multilayer structure of another type or a monolayer
25 structure.

The second wafer 600 is a silicon wafer 300 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 microcomponents 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 is



18 therefore inportant to be able to ensure good alignnent between the

m croconponents 510 and 610 while the wafers are bei ng bonded together. In
accordance with the invention, a bonding machine is used 5 which, during
bondi ng, inmposes a bonding curvature KB in the formof a parabol oi d of
revolution to one of the wafers while ahgowi ng the other wafer to conform
to the curvature inposed by propagation of the bonding wave between the
two wafers. This operation nmakes it possible to obtain a target

post - bondi ng curvature KF in the formof a paraboloid of 10 revolution

t hat enabl es the deformation of the two wafers 500 and 600 to be

control | ed stherefdret ineport@vet®iey abledt@lensue gbodogigmemarst, betefeanntia ons
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subsequent | yt®gethed in the remmining layer 500a 15 after thinning, which
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600 r n r ective
support  pat 8o C0ef AR ARrof Kilydedle R e R Br o BaforofIRCEL' 1P
t he i nl@nti orgvalutian mlﬂr@bdﬁﬂm@s@afaana@om of the tworwafers 500 ead G089 &B i n
the form of Bepaihbeledd 8 4 EO'tH«%\}OHa{/é o SeAN td1e Hdmadertdlgr S00

(or alternatiyv on the secon I ng curvat as been

cal cul ated b§le jops  48syltipgulia (\@ngs}@h‘t atﬁ'ﬁ‘% lgfrmemﬁaka@tvvqenpom ble to

obtain the tasmpbnoest5ImpAAH 81 0Cad pbidiblyKh dubsédeerftasvare S # B e oi d of
revol ution dete ned beforehand o as

o i ndu ssenti.ally
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710 conpri se tor or cylinder 712 provided 19 with a rod
713 whi ch, mﬁgﬁro[phiﬂfé"éllgﬁﬁw is actuated, extends beyond the holding face

711 of the plate 7148 iltﬂg‘éﬁam inviiauer 4o ethenbomdingtopgaaten ipcarriedpeessed.
Aﬁs'h Ielsuzh rat aﬁthleélbghaxgiqn (EPunéla p;%:ﬁ;ét%%b*gﬁ%f&ﬁ ASEL, Tlﬂ(@%hé’ﬁ}afcﬁ@ od 713
Eondi ng cur vggﬁrcgsf:‘ﬁb% @B‘P\éﬁf‘rn@ S‘F’StaSLﬁRB%Bfa@@ d 18t hawd I%E&ngo C8alld waf er.
20 designed to hold the first wafer 500 so as to face the second wafer 600
which is heid 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 plates
25 (Figure 7C, step S30).

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 fto induce essentially radial deformations in the two
wafers (Figure 7D, step S40).

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

35 support plate 710 comprises a linear actuator or cylinder 712 provided



The bondi ng machi ne 700 controls the distance dt by which the rod 713
projects fromthe holding face 711. As expl ained above, this distance dt
is determ ned by the processing neans of the machine 700 10 which, after
havi ng cal cul ated the bonding curvature KB in the formof a parabol oi d of
revolution to be inposed, using fornula1§6) gi ven above, and this val ue
Inverted so as to obtain the corresponding target radius of curvature Rcb
(Rcb = 1/KB), determ nes the correspondi ng target bow Azc corresponding to
t he di stance dt by which the rod 713 nust extend during 15i nposition of

t he bondi ng curvature (A= = Rcb-V(Rcbh2 -(D12)2)). Once it has been
cal cul ated, with autdriGavhich, wehaf théeylirmieged abivatd, cevtends bagond tied to

bogi £ on it “bpﬁbr@‘aec‘&mﬁth?edﬁ o iﬁ@“@éﬁ%@&ﬁf&ﬁé@s HE B e 083 ai g
curvat ure KBpresseteAs ditustisfted ipdiiguyel 4D,dndhis easel el ae iendi MBaselithen t he
first wafer 199,74 80 tﬁéaéeﬂrgreg%? edns %Owgfe‘? ThuRDy ClrRaging et her

so that _the nost advanced por
del i cat el y prgheedibendbie sufvaiisein fae e‘szﬁas@‘da Rarebeleic of ravolytied N waf er
600 and t husshideyfeepagati on of a bonding 25 wave is initiated (Figure

7D, st S50 Th f hol di n er 600 on it ort
pl atz (;20 hazle begn %‘gg’sgﬂfj% E@Cg g?éﬁﬁpngﬁ‘sr}g’&vﬁﬁt@n{;&?& srba‘efﬁe t Wo
waf ers so asroe 73 projebs fecorttevwhbldngd fibat Glﬁ:omfsoemlametihab@l%‘ othigat i on
t K

(curvarune, KEIATROGEE BB 3 12 GoScaRo HEARD PP Mcipe 70 o
apart &Ad theﬂnial'o afedronaving calsulatee theubonding survatue KB imthe domhefsur f aces

t t rrat t b t In
this way. th DR R Ot AR oty oﬁm@ﬂlér@ﬂéﬁgﬁ e
revol ution aﬁB ttht-f’ \f i inMarkRd &9 asHe Qhtaipadet SBEPPNEiNg Boarh Meiiugol are
35si mul t aneoughvtireRgede 2 1/RB3, @ét%ﬁntr@i@ théfa@rrrewémmgwﬂa@ét 'b&w'”'&ic 20

oo e o e SR I Lo fh PSRy 2B LIS o
t he ot her wafrepositicn D@thmbopdmgacgmature ()![&zciheRdme @ij \@%%) Yonce the
800 hen rel eased Piam ia® Hor ecaty, b iEflal VAIOE SRS b BLE L ¢
i mposed on t hewr AE@USMBWEEEP& theeseyaaPmiowal ¢heradindss #4.2( mhigir e 7E,
step S60). 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 initiated (Figure 7D, step S50). The means for holding the second
wafer 600 on its support plate 720 have been deactivaied before or during
the contacting of the two wafers so as to allow the second wafer 600 to
conform to the deformation {curvature KB) imposed 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 intimate 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 initiation of the propagation of the bonding wave are
35 simultaneousiy imposed. In this case tco, that wafer which is not




When the two wafers are conpl etely bonded together, the first wafer 500 is
fully released fromits support plate (Figure 7F, step S70). A 10

t hree-di nensi onal structure 800 having the target curvature KF in the form
of a paraboloid of revolution defined above is then obtained. The

I nhonogeneous deformati ons usual |y appe?blng during uncontroll ed bondi ng
are thus very significantly reduced. After bonding, the structure 800 may
be subjected to a noderate 15 heat treatnent (bel ow 500C) so as to

i ncrease the bond strength between the two wafers, allow subsequent

t hi nni ng of one of them and not to danage the m croconponents 510 and 610.
As shown in FEefomeed & thdﬁprddeﬁaEd\AmminéﬁﬁWamrehnmaﬁé freeds donforemtye a

(ot ep So0) . Ang i SaBhuRDR Bl Bl Bt SEnd epflo 8F PREANGNR SoBBsel e o
200 and a | ayertheomihecwaferspoing the propapatior ofithe bondiog wawe. of the first
waf er 500 is then opjghnpd. p%géﬂbﬂ%foﬁéabéﬁ%lﬁglM&@%Q%%@gqmﬁég&gr the

mcroconponents have been f0 n oxi de 25

layer, Por elB@sEeOnmhUWarestos, chehdrlaaned §mm éFé'é‘-@PUEtl‘iéa‘fa 740, semand/ or
the second Mbeuhe t@vvatire umud@,@aeo@fthbomt NGafeF S0 atitpe. bdRdifig Ofaldiese

oxi de | ayers furt r red by form ng netal contact pads

t herei n, yfor PEQ r‘?ﬁ?%sdﬁg}g jE ég%fggggi n contact with all or sone of the

ni croconponents so Whenotheetad|veafees bré agniphetelyi borndeitogethers the firge
30wafer into n]%& g% i ng
surfaczfs) of mﬁers Lﬁr& %ﬁ;ﬁg@;g’?? gﬁ@f (gtff"ﬁ%r?tgf sE%ﬁé?@ﬁ;}gut for
t he sutPace [pine iaﬁnswna €n aing Hbebiangets cusvabune Khain kthei s
desired to b t t is to
say a relati S%'ﬁ# cﬁow%baﬁcgdd %ﬁeﬁﬂﬁh?rﬁéﬁé&’@g?%@v@ g ﬁ‘fe"f\?)g repar 2@% %
carrying out i %gﬁr@élusné‘ﬁ%@rﬁﬂ@&?nspdﬁt@mn@@?@wg oAHEREd UsEontrelied

cl eani ng stem»onéirtg%rea;huyeéw SIgﬁlﬂchntlﬁrétﬁﬁjeﬁed to obt ain a high bond

RCA cl'eaning step (RAREPY ARG, HinaTHctr o A0Dman beBuBRRIGHS S iBodarato0y
bat h siibt abl d&ehbrireammntn(hadewt 5O08S) asnd dsy o qnarrdaeestrmwd:cvfd atreﬁgﬂ: (HCI :
between the two wafers, allow subsequent thinning of one of them and
not to damage the microcompgnents 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 iayer of microcomponents
20 510 (step S80). A three-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
microcomponents have been formed, it is possible to deposit an oxide
25 layer, for exampie made of SiG;, 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 to be able to bring the microcomponents of one
30 wafer into contact with those of the other wafer. :
The bonding suifaces 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
35 prepared by carrying out a chemical-mechanical polishing step followed by



5 H202, H20) bath suitable for renoving netal contam nants), a plasnma
surface activation step, an additional cleaning step followed by a
brushi ng step. The bonding is preferably carried out at a
controlled tenperature so as to reduce the tenperature difference between
the two wafers. 10 The bonding curvatupe in the formof a paraboloid of
revolution is calculated by the processing neans of the bondi ng machi ne or
by equi val ent neans away from the bondi ng nachi ne using the fornul ae or
equations (2) to (7) described above. The bondi ng curvature nay al so be

I nposed using a bonding 15 mnachine that includes a nmenbrane interposed
bet ween t he fidisaningftap. ddickradtévahglifiikris Hesirathtalobi@ires , high eone sbreagth havi ng
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cal cul ated befiFaehandvddionssteg, sRcidittoredl clanprssepdbliswed byl BEhingreans.
The contacti %%of the second wafer with the first wafer and the freeing of

the 25 secofitthhvaf er before the propagation of a bonding wave is initiated
bot h take pl ace as fksbontieg ialpreerably carried Byt at ataoetolied hemperatureg

dof or ma | ons % 2D rEBGethe R R ARERACE hothibch BTRAGIRILS o by
al gori 18ns duri ng thee bendingi dvaurad tha fiymeakaparabaligradcevglotients after
bondi ng, resgjlkiiRted iy thedyeddeaBingh nfsHs f fﬂesaddr@rr;&%acﬂihé%r gy i's
possible to limt, the 'm salignnent “betweep m croconporients to negligible
val ues that 59%"@@%6@%@“’8\92?0‘? echpn @gm&g&nﬁgmgtéﬁ!@ {%FF‘@ . OThe
m c_roconponeeqaatim‘z)qb (Vyﬂgsgrmd am\me_ (for exarrp! e <1 prr?, may fthen be
For exanpl e, for cnEhe gl SRR Ay BRE e st B0 o iR cu by
means b5 met alachimenkhat irhsdesd membraneninkgmpgsachbeivwesn thie firspuafer and
interconnect yQ. nofr 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 paraboloid of revolution, it being
especially possible for the holder to be deformable and controlied by the
machine in order to conform to the bonding curvature calculated
beforehand by said machine or by associated calculation means. The
contacting of the second wafer with the first wafer 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 only alignment defects
that can be corrected by aigorithms during the formation of
30 supplementary microcomponents after bonding, resulting in a reduction in
overiay misalignment. Thus, it is possibie to limit 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 um), may then be easily formed so as to be in
35 mutual alighment. This makes it possible, for example, for the



CLAI M5 1. Method for the direct bonding of a first wafer (100)
having an intrinsic curvature (Kl) before bonding to a second wafer (200)
having an 5 intrinsic curvature (K2) before bonding, at |east one (100) of
the two wafers conprising at |east one series of mncroconponents (110),
sai d method conprising at |east one stepjof bringing the two wafers (100,
200) into contact with each other so as to initiate the propagation of a
bondi ng wave between the two wafers, 10characterized in that during the
contacting step, a predefined bonding curvature (KB) in the formof a

par abol oid of revolution is inposed on one of the two wafers, said bonding
curvat ure depeinthoonpinentaso de u'lhlﬂtuah‘yrirlheﬂconmntedttbyen'(eﬁﬂls befmewl

bondi ng of t onents (110),
t he ot her ma?@rﬂgé?%g #&@érﬁ@ﬂ@%% q@fgﬁggbgﬁ'ﬁéﬁgbﬁéggﬁggndlng
curvature (KB). 2. Met hod accordlng to Caim1l, characterized in
that, before said wafers (100, 200) are bonded together, the nethod
conprises the followi ng steps: 20- the curvature (K1; K2) of each wafer
(100; 200) before bonding is neasured; and - the predefined bonding
curvature (KB) is cal cul at ed. 3. Method according to Claim1l or 2,
characterized in that only 25 the first wafer conprises at |east one
series of mcroconponents and in that the predefined bonding curvature in
the formof a paraboloid of revolution is calculated fromthe foll ow ng
formula: KB = K1-((K2-K1)/6) in which KB is the predefined bonding
curvature in the formof a 30 paraboloid of revolution, KL is the
intrinsic curvature of the first wafer before bonding and K2 is the
intrinsic curvature of the second wafer before bonding.



4. Method according to Caim1l or 2, characterized in that each of 35the
two wafers conprises at | east one series of mcroconponents and in 24
that the predefined bonding curvature in the formof a parabol oi d of
revolution is calculated fromthe following fornmula: KB = (K1-EK2)/2 in
which KB is the predefined bonding curvggure in the formof a5

parabol oid of revolution, KL is the intrinsic curvature of the first wafer
before bonding and K2 is the intrinsic curvature of the second wafer

bef ore bondi ng. 5. Method according to any one of Clains 1 to
4, characterized in 10that the wafers (100, 200) are circular silicon
wafers with a dianeter of 300 nm CLAIMS6. Met hod according to any one
of Clainms 1 to 5, characterized in that it conprises the follow ng steps:
15- the first wafer (100) and the second wafer (200) facing each other are
hel d by a first hol HeMefi3xDjordie direstdondirgotiefirgt3@ajerr{dfpebavinglan sai d
first hol der idtﬁﬁ@iﬁ'd“ugvé’d]gé gﬁgbéﬂ? Bﬁé&irn]gst%'éjsﬁétﬁfbe\‘cnﬂafé?d(z%mleuoﬂg an __.
curvature in e formo ar abol ord or revolution - said

waf ers $100, INODICapusvBIBaGHR)i Pefore ARnding,wett Irashameo( ) ebithedmier to

initiate them@@aa@fhgﬂasngf af |8pRdbNe seRue FrehieeRofmbaeME! B 1)) al

- the second v&%er éZ Oé. is rel eased fro(ggaéhe.se ond holﬁer éﬁ O% e

o during t hEYBAd SETRGING PnSaRcons piep Glelranaind o5 bae Walars @002

waf er conf or infotcantde witledatih nticersnds by imtiateather propagatith of a bonding
wave between the two wafers,

10 characterized in that 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, said bonding curvature depending at least on the
intrinsic curvature (K1) before bonding of the wafer (100} comprising one
series of microcomponents {110), the other wafer being free to conform

15 to said predefined bonding curvature (KB).

fore
ond

2. Method according to Claim 1, characterized in that, before said
wafers (100, 200) are bonded together, the method comprises the
foliowing steps:

20 - the curvature (K1; K2) of each wafer (100; 200) before bonding
Is measurad; and
- the predefined bonding curvature (KB) is calculated.

3. Method according to Claim 1 or 2, characterized in that only
25 the first wafer comprises at least one series of microcomponents and in
that the predefined bonding curvature in the form of a paraboloid of
revolution is calculated from the foliowing formula:
KB = K1-((K2-K1)/6)
in which KB is the predefined bonding curvature in the form of a
30 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. Method according to Claim 1 or 2, characterized in that each of
35 the two wafers comprises at ieast one series of microcomponents and in



25form of a parabol oid of revolution inposed on the first wafer during
propagati on of the bondi ng wave. 7. Method according to Caim 6,
characterized in that said predefined bonding curvature (KB) in the form
of a paraboloid of 30revolution is inposed on the first wafer (100) by
actuating a cylinder (312) nounted on t?g first hol der. 8.

Met hod according to Caim?7, characterized in that said predefined bondi ng
curvature in the formof a paraboloid of revolution is 35i nposed on the
first wafer (100) by a nmenbrane interposed between the 25 first wafer
(100) and the first holder (310), said nenbrane having a curvature in the

formof a pataiokes Cbrééleﬁ':%ﬁ)'béin'dﬂ@ %9N£§1@W'tﬂ§ foPrrS @F &y kaa?&%lblﬂeﬁf
bondi ng curvature,_.in.t o] oid of revolution. t hod

accordi ng t o "eYQliteryis ﬁ%g@der,r@@g@eafhﬁqw@g SHNH!3r edef i ned bond| ng
curvature is inposelBen(Khekp)ist wafer (100) by the first holder (310),

said first h a ur 0 to redef i ned
bondi ng curvi‘% q&élcﬂ kph f % g?ﬁegfr%gr g’Bhﬁi‘Bdr& Qﬁ‘é’@ol'ﬁt#@ne o119 0% c

10. Met hod apewmidileid oforevpjution Kt iglthenintringio corvatueer af ttbeifirstl wafet hat
said wafers a&l;tgq@n [ Q’{%’P‘?é"tﬁ HEINEY gc?ﬁ@ hei r
respective bonﬁ:9 38%25 eaésttﬁgowteﬁﬁﬁet em E%;Ocorrponen S 6’%@

one (100) of befaye #8.bei ng i ntended to be aligned with at | east 1550ne
of the m'crocorrponents (210) of the ot her (200) wafer. 11. Bondi ng

apparatus (300) for e _direct on of a first fer 0), having an
intrinsic curvature’ l&ﬂhoﬁ[& ¢F QF g[?é'BﬁgBWa?'eé Q%T@)"Z #AT ng an
i ntringdbc cuthatt tlrreew(am (b@ﬂprzeebumd|oirgulaatsillceaSWafm£ with a diameter of

300 mm.

6. Method according to any one of Ciaims 1 to 5, characterized in
that it comprises the following steps:

15 - the first wafer (100) and the second wafer (200) facing each
other are held by a first holder (310) and a second holder (320)
respectively, said first holder impesing on the first wafer said predefined
bonding curvature in the form of a paraboloid of revolution;

- said wafers (100, 200) are brought into contact with each other

20 in order to initiate the propagation of a bonding wave between said
wafers; and

- the second wafer (200) is released from the second holder
(320} before or during the contacting with the first wafer (100) so that
said second wafer conforms to the predefined bonding curvature in the

25 form of a paraboloid of revolution imposed on the first wafer during
propagation of the bonding wave.

7. Method according to Claim 6, characterized in that said

predefined bonding curvature (KB) in the form of a paraboloid of

30 revolution is imposed on the first wafer (100) by actuating a cylinder (312)
mounted on the first holder.

8. Method according to Claim 7, characterized in that said
predefined bonding curvature in the form of a paraboloid of revolution is
35 imposed on the first wafer (100) by a membrane interposed between the



20 of the two wafers conprising at | east one series of m croconponents,

t he apparatus conprising first and second hol ders (310, 320) for holding
the first wafer (100) and the second wafer (200) respectively,
characterized in that said first holder conprises neans for inposing on
the first wafer (100) a predefined bond?gg curvature (KB) in the formof a
parabol oid of 25 revolution depending af™least on the intrinsic curvature
(K1; K2) before bonding of the wafer conprising said at | east one |ayer of
m croconponents, the apparatus controlling the second holder (320) in
order to rel ease the second wafer (200) from said second hol der before or

during the cepstagiaferd(Yad)hahfetHe figdt welder (610V) s&i@ fedibrape chags@nyl waf er
30 (200) conforg\% t o, tﬂ_%faredeg ned BOE’C& nE cunvature in t’?{ﬁ f(r)qrm OHL a
par abol oi d of HPEFiEN} QFBbSEA BARPRICIG OF SEVRIHHQY PTEaROring A3 %
propagat i on @kegefneddiorglinguervature in the form of a pi?abdipigbofatews!udioaor di ng to
Claim1ll, characterized in that said 35apparatus conprises processing

means for calculating the predefined 26 bonding curvature (KB) in the
form of 5a par abol oi 9 dfiethedoratordingddpekiaimg 7onchaiactaized nisi dhaursaid ur e
(KI; K2) bef %F@dé?méfé' Béhdiha RafTbrefe Id1ibuked'6 the Mt Aafdd{ 1Dy ey vat ure
correspondi ng to Id predefine Jgrvature | n the of a

S ) ndj ng cu or
par abol oid o ”'5%9%‘%@? i(gm): csaid first Rodﬁqﬁyﬁbﬂ gt SVERES r ArFRFPERAING: Hur  of

Cainms 11 andait2,prediefiret &d | urivBtdres&i dthel fetm hef d@fPéﬁbb@)oicﬁ upf her
conprises a ¢ Illntder (312) capable of inposing said predefined bonding
curvature (K VAIUehe form of a parabol oid of revolution on the first

waf er (@00), the cylinder 10 being controlled according to a radius of

formof a par abol of ionehRE A BN aff nd B CEMEE WS, bRzl 1
hol der (320) in thadrsaist wates {1885 20@ headeconaristamigrocopopnenishidd; d18kcond

(500) " cont or oE e ieshbctlvel Bonin Thooth ot jeadk e o the mRRIFRIRAE hal e

par abol oi d oﬁ*@wﬂt‘iﬁﬁ éoq)rﬁfﬁg@d"%ﬁ"st ﬁ@nﬁiim%ngaﬂﬁ%bﬁigﬂﬁe W'ﬁ'éalb{e@ﬁ%gati on
of a behdi ngspmeesf the microcolporima(2t0)softbewtdem@00) vedfeher of Cainms 11

and 12, characterized in that said first holder has a curvature

corresponding to 20 said predefined bonding curvature in the formof a
par abol oi d of revol Lt.i 8ondingi apparatus {8300 fpathe udrdctrhdreiing rof| aidest a
menbr ane int 20 fd er,
sai d nmenbr an?ﬁ%ﬁﬁ?o@g{acp%g% E’r?t éldéﬁéuer\sl)%ﬂ:ﬁ%idﬁi p%fo@%;ﬂghaﬁlgdﬂg][?tﬁgg@ﬁb%ndi ng
curvature (Kmpafern(aa%é haying a infripsic apsyasiee Of2)rsfaraubongding 28t least one

20 of the two wafers comprising at least one series of microcomponents, the
apparatus comprising first and second holders (310, 320) for hoiding the
first wafer (100) and the second wafer (200) respectively, characterized in
that said first holder comprises means for imposing on the first wafer
(100) a predefined bonding curvature (KB) in the form of a paraboloid of

25 revolution depending at least on the intrinsic curvature (K1; K2) before
bonding of the wafer comprising said at least one layer of
microcomponents, the apparatus controlling the second holder (320) in
order to release the second wafer (200) from said second holder before or
during the contacting with the first wafer (100) so that said second wafer

30 (200) conforms to the predefined bonding curvature in the form of a
paraboloid of revolution imposed on the first wafer (100) during the
propagation of a bonding wave.

12. Apparatus according to Claim 11, characterized in that said
35 apparatus comprises processing means for calcuiating the predefined
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bonding curvature (KB) in the form of a paraboloid of revolution
depending on the intrinsic curvature (K1; K2) before bonding of each of
the two wafers or a radius of curvature corresponding o said predefined
bonding curvature in the form of a paraboloid of revolution.

13. Apparatus according to either of Claims 11 and 12,
characterized in that said first holder (310) further comprises a cylinder
(312) capabie of imposing said predefined bonding curvature (KB) in the
form of a paraboloid of revoiution on the first wafer (100), the cylinder
being controlled according to a radius of curvature corresponding to said
predefined bonding curvature (KB) in the form of a paraboloid of
revolution, the apparatus controliing the second holder {320) in order to
release the second wafer (200) from said second holder after contact with
the first wafer (100) so that said second wafer (200) conforms to the
predefined bonding curvature in the form of a paraboicid of revolution
imposed on the first wafer during the propagation of a bonding wave.

14. Apparatus according to either of Claims 11 and 12,
characterized in that said first holder has a curvature corresponding to
said predefined bonding curvature in the form of a paraboloid of
revoiution or in that said apparatus further includes a membrane
interposed between the first wafer (100) and the first holder, said
membrane having a curvature corresponding to said predefined bonding
curvature (KB) in the form of a paraboloid of revolution.



