A METHOD OF BONDI NG BY MOLECULAR BONDI NG Technical field and prior art The
present invention relates to the field of 5 producing multilayer

sem conductor wafers or substrates produced by transfer of at |east one

| ayer for marholyi4e312i nitial substrate onto a final substEmRev0FHIE
transferred | ayer corresponding to a portion of the initial substrate. The
transferred |layer may further conprise 10 all or part of a conponent or of
a plurality of mcroconponents. More precisely, the present invention
rel ates to themuobl em edndmice B¥gROBECSLAR BRNMENGONS t hat appear during
transfer of a layer froma substrate ternmed the "donor 15 substrate"” onto a
final substrate termed the "receiving substrate". Such deformations have in
particul ar Deshndlsgér feeld Ph@TéBRt 8X% of t hree-di mensional conponent

i ntegration technekogy-£¢3R iintegtabhondlamhi co requttesdtde transfer of one

or nore |ayers of .m croconponents_ 2 ) f] sYppoLt.. suhstrate, and
al so in the %%Cﬁﬂgl&)%flgolfmﬁlr Uit r%%g?lg@&%ro% r‘?}a{%%gsp?bd%\?ﬁ on of back-lit

i magi ng devimeslucieby r arwissiate @t ajet it |WrerdYpackoERed Hy an

M croconponeiy:s itel echsoRite PRLOGl echiDihstete), ptoducethsaterredst in part

on an initial substrate, said 25 layers.then heing.s ed onto a final
substrate t%y%§056§§§>%rf§iqgt g?é)l f ¥% ude Ocoﬁglgngﬁféfgtarti‘cul arly because
of the very swducedesi ZBhard drgfgeratnbareoMaphé Uk BRHCOFONER s present on

the samg J ayer;, gagh-transs erdm@dnkayesr nistz ha upasiti-oned on the final 30
substrate with great accuracy in order to be in very strict alignnent with
t he subj acem Fa&FP Eatthermore, it may be necessary to carry out

treatments on thelorgyereaisdy t ranspepstherisvfention Exawpte it Grder to
form ot her mcHOCRTRONEDE SyoddhMNEOMBE otte: TG QEARPOBEBAS @iring

transfer of a layer from a substrate termed the "donor

15 gubstrate" onto a final substrate termed the '"receiving
substrate". Such deformations have in particular been
observed in the context of three-dimensional component
integration technology (3D integration), which reguires
the transfer of one or more layers of microcomponents

20 onto a final support substrate, and alsc in the context
of circuit transfer or in the production of back-1iit
imaging devices. The transferred layer or layers include
the microcomponents (electronic, optoelectronic, etc)
produced at least in part on an initial substrate, said

25 layers then being stacked onto a final substrate that may
possibly itself include components. Particularly because
of the very reduced gize and large number of the
microcomponents present on the same laver, each
transferred layer must be positioned on the final

30 substrate with great accuracy in order to be in very
strict alignment with the subjacent layer. Furthermore,
it may be necessary to carry out treatments on the layer
afrer transfer thereof, for example in order to form
other microcomponents, to uncover the microcomponents on

15  the surface, to produce interconnections, etc.

However, the Applicant has observed that, after

transfer, there are situations in which it is very



35 the surface, to produce interconnections, etc. However, the
Appl i cant has observed that, after transfer, there are situations in which
it is very WD 2010/ 149312PCT/ EP2010/058244 2 difficult or even inpossible

to form aggi tdi@n@k;m croconponents in alignment wth pogeftyegaaponents
formed before the transfer. Thi s ;phenonenon of misalignment is

described with reference to Figures lAto |E that illustrate an exanpl e of
produci ng a three-di nensional structure conprising transfer, onto a final

substrate, of; alayer.of .fi.cracomponent s, f 05 ed@N -aBrkNi tial substrate,
and the formation of an addjtiagnal |ayer tgg; fgjtf’(r:\r qQconponents on 10 the

exposed face B YRECPRFEF 2 1% FosSraeatart Frg OB Es S A and 1B

illustrate afvidmid balfosabsits atrearnkFemi.th a first series of mcroconponents

11 forned thereon, ;The, n nLs ] f. | t hogr aph
@mal Eh@%ﬁ&%ﬁﬁﬂ&&”%lgél}%m?%g:f%!%%ggbbe@QLﬂh{ grapny

using a nmask in order to define zones_foOl ~formation of 15 patterns
cor r esporidi iR FKE AP T BEGforténts 1% tepbe PrEdaeEeq. 20 SXaMTAE can pe
seen i n Fi guse ckQduthesf acenofetheshnithal substoatke cdfipcdadord sing the

m cr ocomponent s, H.J Sobben, brguaht. katp.Lot i gmte coatagt with one face of a

final 20 substrate 20. Bonding between the initial "substrate 10 and the
final subst reteZoTPsngeRer EINRE &Fr FBJ I bLET DYy SYOEECEFEr Bonditify. Thus, a
buri ed | ayers®fmdatiienoconponentis ibhailslabtai aeduiatrcbbepboadisigd nt er f ace

betmeenjkpe éﬂ?%&&%&gé %QE@QHE%QE ék&@ﬁa?qgﬂkﬂga%%da§§er bonding.
Figures 1A and 1B illustrate an initial substrate 10 with
a first series of microcomponents 11 formed thereon. The
microcomponents 11 are formed by photolithography using a
mask in order to define zones for the formation of
15 patterns corresponding to the microcomponents 11 to de
' produced.

As rcan be seen in Figure 1C, the face of the initial
sybgstrate 10 comprising the microcompeonents 11 is then
brought into intimate contact with one face of a final

20  substrate 20. Bonding between the initiel substrate 10
and the final substrate 20 is generally carried out by
molecular bonding. Thus, a buried layer of
microcomponents 11 is obtained at the bonding interface
between the.substrates 1¢ and 20. After bonding and as

25 can be seen in Figure 1D, the initial substrate 10 1s
thinned in order to withdraw a portion of the material
present above the layer of microcomponents 11. Thus, a
composite structure 20 is obtained, formed by the final
substrate 20 and a laver 10a corresponding to the

30 remaining portion of the initial substrate 10C.

As can be seen in Figure 1E, the next step in
producing the three-dimensional structure consists in
forming a second layver of microcomponents 12 at the
exposed surface of the thinned initial substrate 10, or

35 of carrving out additicnal technical steps on that
exposed surface in alignment with the components included
in the layer 10a (contact points, interconnections, etc).



25 can be seen in Figure 1D, the initial substrate 10 is thinned in order
to withdraw a portion of the material present above the |ayer of

m croconponents 11. Thus, a conposite structure 30 is obtained, forned by
the final wgesiiadhie 20 and a | ayer 10a correspondi ng sau/Erhee8824emai ni ng
portion of the initial substrate 10. As can be seen in Figure 1E the next
step in producing the three-di nensional structure consists in formng a
second | ayer of m croconponents 12 at the exposed surface of the thinned

initial Subgto&ﬁtcg 1gm%s§»§o%f sCALT YE Neh 0 addi thenabnd aehudi eal steps on
t hat exposed surfac nment with the conponent cluded in the |ayer
10a (cont act“HSoi-REs; F}h%et"r%h B¢ CFBRSTPRTES " BSr @ P]HJZ %%rtposes of

sinplificatidfides theamemnitngdepaofethe textltitgefter MtlimpasesAponent s” is
applied to deyi %eéagh@@yo&t fa%r oPatLer ns-d eﬁ#'lta%r@gsf&@éﬁé hewpr ocess st eps

carried out on or at are 1n | ayers where 0Si t.i oni st be
accur at ey GUIICSPPEES ey Hfaf ctRES BeY a‘?ﬁr}t\ﬁ?l Bpasé “ba%n%g‘ﬁénts, with

a single comaAclktpoknbr ofadsitie cntpocennectiionsa single Thusadtn order to
formthe mcr aconponent Jr?tér'?:oih‘a%ﬂ&@é wi th the buried m croconponents

11, a 10 phcﬁo]hthograp y mask is used that is similar to that used to form
the ni croconponeiEs1 10 THela arﬁsff@F]f“e’élhﬁ3 é&‘/“é%ré)‘:of“?ﬁ%e?% iayer 10a,
typical |y i ngliug@enar ksth botd vat-ithemi evetorgfortehesni €r oconponent s and at

the ! evel, of Lhie ualer Lorming L he Layerydhat aigysedbyide 15

posi tioni ng B urin roce55| n ) such as those
carri ed out WREd R§ PphBTOTES hfbg?rrgﬁﬁyponen*'s ll Th ans O

lavers, like the layer 10a, typically include marks, both
at the level of the microcomponents and at the level of
the wafer forming the layer, that are used by the
15 positioning and alignment tools during the processing
steps such as those carried out during photolithography.
However, even when positioning tools are employed,
offsets are produced between certain of the
microcomponents 11 and 12, such as the offsets Dy, Loz,
20 Ay, B, indicated in Figure 1E (respectively
corresponding to the offsets observed between the palrs
of microcomponents 11:/12:, 11,/12,, 115/12; et 11,/124).
Such offsets do not result from elementary
transformations {translation, rotation or combinations
25 thereof) that could originate from an inaccurate assembly
of the substrates. These offsets result in non-
nomogeneous deformations that appear in the layer
originating from the initial substrate during its
assembly with the final substrate. In fact, such
30 deformations cause local, non-uniform movements at
certain microcomponents 11. In addition, certain of the
microcomponents 12 formed on the axposed surface 0f the
substrate after transfer have positional variations with
said microcomponents 11 that may be of the order of a few
15 hundred nanometers or even a micrometer.
said phenomenon cof misalignment {(also termed
"overlay") between the twe layers of microcomponents 11



However, even when positioning tools are enployed, offsets are produced

bet ween certain of the m croconponents 11 and 12, such as the offsets A,
A22/ 20 A33: A44, indicated in Figure 1E (respectively corresponding to the
of fsets oQgehYedshet ween the pairs of m croconponent seciriegbdnss2dl2/ 122,

113/ 123 et 114/124). Such offsetg do not result fromelenentary
transformations (translation, rotation or conbinations 25 thereof) that
could originate froman inaccurate assenbly of the substrates. These

offsets resulls bn nog-HOMPUGNEONS odeLarpmld ang,ithal aapRgari s the | ayer
originating fromthe“initia substrage during its assenbly wwth the fina
substrat e. Iﬁ“ﬁé@??ksﬂéHﬂ§€“ﬂ€ﬁ8Pnﬁ?r%ﬁ§séﬁﬂgngOE F, non-uniform novenent s

at certain micheeonpenents dfl.chentaddiéyery . céituai nwbént e m cr oconponent s
12 formed on Lhe .expaged; suidags.ahLhe-Subsld.ale qali ets Lianplenyhave
positional variations wih sal m croconponents 11 that nay be of the order
of a few335 thrdeednAahbrote s LGANETRA &l 7/ (I Ve terPS SAF Y PHERG Enon of

m sal i gnmente{ & terpeds i pyerl ay) ehehween-idwe tweelayes siafs of

m crocomponent s 11, V0 2010114951 28CTL ER2010/ 8582444 rand.d Ry be a

/
source of short-crrcuits, distortions e stack or connection defects
bet ween t he sdict deoapbnents of the two | ayers. Thus, when the transferred

m croconponent s aked FRghAfedayiccesibal fethdyt thus results in a

10  reduction in the guality and value of the multilayer
semiconductor wafers produced. The impact of that
phenomenon ig becoming much greater due to the constant
demand for miniaturization of microcomponents and thelr
integration density per layer.

15 nlignment problems during the manufacture of three-
dimensicnal structures are well known. The document by
Burns et al., "A Wafer-Scale 3-D Circuit Integration
Technology”, IEEE Transactions on Electron Devices, vol.
53, No. 10, Oct 2006, describes a method of detecting

20 alignment variations between bonded substrates. The
document by Halisma et al, "Silicon-Wafer Fabrication and
(Potential) Applications of Direct-Bonded Silicon",
Philips Journal of Research, Vol. 49, No. 1/2, 1935,
emphasizes the importance of wafer flatness, in

25 particular during the polishing steps, in order to obtain
good quality final wafers, i.e. with the smallest
possible number of offsets between the microcomponents.
However, those documents deal only with the problem of
positioning the wafers during assembly thereof. As

30 explained above, the Applicant has observed that even
when the alignment between two wafers is perfect while
rhey are being brought into contact (using marks provided
for that purpose), non-homogeneous movements of certain
microcamponents occur following initiation of the honding

35 wave,



5 pixels and the post-transfer treatnent steps are intended to form col or
filters on each of these pixels, a |loss of the colorization function has
been observed for sone of said pixels. Said phenonenon of m salignnent thus
results in a 10 reduction in the qualit? and value of the multilayer

sem conductor wafers produced. The inpact of that phenomenon is becom ng
much greater due to the constant demand for mniaturization of

m cr oconmponéwisazyidofhehe LRYeREHPRon density per |ayer. Al i gnnent

probl ems during fhgsoHenuhast Use Ofni hreerdhiensi ofadk StEHICIpF@SidE € avel |
known. The docunent bﬁgBur ns gt, al., "AWafer-Scale 3-D Circuit ration

Inte
Technol ogy" SOFEEECT 5He&c CREn< 181 CEINEE MO ATERSRE OTTE 14453 é&ﬁngt
2006, descrhppsag nehhod ofsuthetestieng R@-iald grenisfear | atlicrssibetavesn
bonded substra £s. Thg gocEnent by Haisma et al, "Silicon-Wafer Fabrication
and (Potent?3?§ AbpfHEEtTBnS of Direct-Bonded Silicon", Philips journal of
Research, Vol. 4B¢chipdifg2, tk995z enphasti zessphketi npol t afibe ofpuedent
flatness, it icu urjynng ; { shin S, nEN o] tain
good qual i t)g/n ?ﬁgﬁg&éf eélg%rlg. e%&pvmﬁt%qft IQie%lcisrrgﬁ I g‘?t%th%%ss? I elg(%l%@rr%%% ok?}b
of fsets betm@éﬂcﬂhérn¢é¥6ﬁéﬁb&mﬁﬂ%ﬁﬂF%ﬁe@@@?ttHbsgoﬂ%%uWEﬁ?§ L T TRY

with the proBhem ofrROSi tbaRi-agihhe paafiersrduy Nheasisd yrddiereofsnds 30

expl ai ned above, the_ Applicant has observed that even when the al]gnment
bet ween twoURBEEr s"&ESherdEct | e"PREY a %C%efﬁg ught“Fht o"Tomntact
(usi ng nmar kenhpravidedzEar irthathgur posehtanen-fmxgengonppitednent stiof

certain mcpoconRonent s, 06euhe" ol OWdl nbhLatd on 8L the, beadlog 35, wave.
order to initiate a bonding wave between the two wafers,
the peripheral side corresponding to any portion of cne
of the two wafers that is situated at the periphery of
salid wafers and that is not parallel to the faces of said
wafers.

By means of the method according to embodiments of
the invention, mechanical contact between the tool for
initiating application of the contact force and the face
of a wafer may be avoided. Thus, non-homogeneous
deformations caused in the wafer may be reduced while
carrying out bonding by molecular bonding over the
entirety of the surfaces of the two wafers in contact,
the vertical component and/or the vibrations resulting
from application of the contact force allowing initiation
cf a bonding wave.

Furthermore, by applying a contact force to the
peripheral side of one of the two wafers, even if
deformations are induced, these may be localized to the
edge of the wafers, i1.e. outside the useful zones of the

wafer.



Summary of the invention Enbodi ments of the invention seek to provide
a solution that can limt non-honbgeneous defornmations that appear in a
substrate during transfer thereof onto another substrate. According to
a first aspect of the present inventiom®there is provided a nethod of
bondi ng by nol ecul ar bondi ng between at |east a | ower wafer and an upper
waf er, conprising positioning the |ower face of the upper wafer over the
upper face of they| sherehsf sinishaiaect endzddqlating eorEMIIRE i s

applied to &Q@ap@pl phekal %ﬂyd%ga‘lyaitng %aS&OQQ&prbmﬁtt% wakelsy igheor der
to initiate a bondi ng wave between the two, wafers, %5% erlphgral si de

cor r espondi AEt3aRY C}for ERBn Witife oF tH&E o “RafRy PRALPELAEd at
the peri phenylefusaid W@éﬁdﬁn@nd tdrad | $imeds pab&||eh1£@11@ﬁméﬁtestmﬁ sai d
waf ers. : Eé Feans p od acc% d|n tgéegggdlgggtstgf the
invention, HeEhRAFEST (?V%f ay’etm%%ﬁn?h oof TV R A5 i €ati on
of the contadfiitoogel ahdyehe bécmlofoaompbeenhaymbg kewosdeddedhus,
non-honugeneols g4l QLiBLIaRR LAl t BeLuat &L ga)éfbecl'feedﬂ?\%'#ﬁ
carrying out bonding by no ecular I ng over the entirety of t surfaces
of the two ﬁbféﬁ@SthQQHQhﬁthh% W%@@l%@lmééﬁﬁéﬁénﬁhﬁn&WQ'W%ﬁ?ﬁﬁtﬂ%ulons

resul ting fpenyapshi GRirioRy Oatpgsﬁfcwﬂsz@caff e @bhongrboktl at ivpeof a
bondi ng wave. Furt hér nore, $g$§¥ ﬁ contact force to the
e

peri pher al epaR UFf%ﬁeCBWPFﬁéeﬁmﬁnmﬁ €Y SBefor mati ons are i nduced,
these may be localized to the edge of the wafers, i.e. outside the useful
zones of the wafer. ba By thereby mnim zing and isolating the

def ormati ons usual |y caused by applying a contact point to one of the
surfaces of the wafers in order to produce bondi ng by nol ecul ar bondi ng,
the risks of msalignnent or distortion (overlay) during the subsequent
formation of additional |ayers of m croconponents nay be avoi ded. I n
accordance with one enbodi nent of the invention, at |east one chock is used
to maintain the two wafers in position during application of the contact
force. When each wafer conprises an alignnent key such 6 as a notch or a
flat, a chock is preferably placed at the alignnent keys in order to
maintain the mcronetric alignment of the two wafers produced when
positioning them before bondi ng by nol ecul ar bondi ng. The chock is
preferably disposed in a position dianmetrically opposite to the region for
application of the contact force.



The contact force nmay be applied to the peripheral side of a single wafer
or both wafers at the sane tine depending on the size and shape of the tool
used. The contact force may be directed in a direction substantially
parallel to the plane of the wafers or fay forman angle therewith.

The contact force may be applied to the side of one or both wafers in a
direction formng an angle with the plane of the wafers in the range -90 to
+90. By @ompiehl ioag at Heddnglde aiiadk Vit e frr ol aetaded cet i shappl i ed

to one or bgthWRERES. kblsi SjROSSLALS t@othyﬁﬁtébﬁ Vehti cal cponpepent of
t he cont act force to a certain extent, In fact, the larger the angle

between t he®diBBEEREN BF SRS | EHPI OFPEFTT h@TOMAEE FBFEe BREt e HIne of

the wafers, thbe geeater bwhhhngebyhmoyebhmal beadpegent, and vice versa.

I n accordance MA%F one, enpodi.ment o i nv t|oné the_contact force is
applied to the péPPph&PaF~si 48 oP*t 8rﬁ§b ?8?5 Qai U™f of ceP BRI
directed indaambteatammyfmmpdgyuﬁlamgmaamﬂégimm pbanepdlisstd appet waf er
that is nor h d t han +45. I n accordance with a further
enbodi nent gpg %gngﬁggn F%%é ‘the contact force is applied to the peripheral
side of the | oweFhRafasmtassi dEeBEeeTBE| M dipRtied ite 4hf reeriBheTdni ng

an angl e wi thakhe Pl angiafbisaighdoves, Wabeh thaled$ FBr @ pkhahmstSeand | ess
t han O. By |Iﬁltlng t he angl e formed between the direction of

appllcatlondﬁPePﬁéngoﬁPa Peféﬁéé and cherpl ehetde tREIWEFEFs, a verti cal

conponent of theTeent@stitdOf CEJreCrRayedd hat raeansd that aa @Dﬁ@ld:ﬂgomave
with a magn IS sqﬁ]ler th n th t_of %h cont t force can be

creat ed, ne&HﬁﬁgaP%éPEng Sits Hhd ?r% 385 G éafé%'@%ﬁ The™Waf er

can be ninlmbzmdan anglelmhawewndance wi t h anot her enbodi nent of the

i nvention, the i ngJ fo t o] oLce rgﬁﬁg a
nmechani cal pressgbg of &¥€§% ¢$%§%Hk£FdTﬁeggggggg o8 el eq%%n%g%t
force is preétersylly wphtiedipoat @W‘qlﬁér%@r@»% ah andleastiheth? the

two wafers Byaak b§a§heoagquguE%ethgh%ahggul@@on@b he grepeat ed one or nore
times until a bondln%ﬁmave isSinitjia The Cnﬁ%FCt force ma

appli ed by pressPig BANETPSOLREN F%% ﬁ%GQ%ﬁKHW%tIélagl oﬁ@ﬁorCBBFﬁgﬁafers

force is applied to one or both wafers, it is possible to
adjust the wvertical component of the contact force to a
certain extent. In fact, the larger the angle between
the direction of application of the contact force and the
pilane of the wafers, the greater will be the vertical
component, and vice versa.

In accordance with one embodiment of the invention,
the contact force is applied to the peripheral side of
the upper wafer, said force being directed in a direction
forming an angle with the plane of said upper wafer that
is more than 0° and less than +45°.

In accordance with a further embodiment of the
invention, the contact force is applied to the peripheral
side of the lower wafer, said force being directed in a
direction forming an angle with the plane of said lower
wafer that is more than -45° and less than 0°.

By limiting the angle formed between the direction
of application of the contact force and the plane of the
wafers, a vertical component of the contact force is

created that means that a bonding wave with a magnitude



The end of the tool intended to press on the side of one or both wafers
preferably conprises on its surface a material selected fromat |east
Teflon, silicone and a pol yner. According to a second aspect of the
present invention, there is provided a rethod of producing a conposite

t hree-di nensi onal structure, conprising a step of producing a first |ayer
of m croconponents on one face of first wafer and a step of bonding the
face of thethakstiswaterltenptitgsingthhe lcdyekhof arndestonpenent Sagntlee a
second waf ep by gl e%&!ﬁ{n?n@hag ddeRihodhbebng charasiesi zed {ie t hat
the bonding Step i s carried out in accordance with the bondi ng by nol ecul ar
bondi ng et k8§2asfdEPEnEateR £AB PRrBinagpast- Enpl oyi ng t he bondi ng

by nol ecul ar bonging d@d&%rﬁfethﬁzﬂhes%ﬁﬂoﬂﬂwnté@]ﬂoﬂﬁﬁﬁﬁtth@ﬁ diméd ng
transfer of ,a |layer of mcr QcQl nts, h@ﬁ)heno no. ?verl a% can be

el i m nated oFPVFfiPBd a tHLQt r]s: i g i P HHS IS?Q &5 tohduct or
waf ers can berperedunédd. tﬁhalmyehanﬁcﬂcmwmxmmﬁ ey si roiar t 2 ddibar

i ncl ude imag{ﬁl ?;383853. According to a third aspect of he present

i nvention ere-rs |ded a device for bonding by nol ecul ar bondi ng

bet ween at | east Tbﬁe towepchaf EPrand am ubpefevwabey, epRpEEdi ngPa Sudstrate

carrier deVb%?a%B@xélt QQlsef s appl YeRGta LRNACT HOT 6Go Lhe ety Waf er
bei ng held on the support%&aten and the | ower face of the upper vvafer

bei ng posit F6AEE G nfRHeStppert Face™BELERe MEgnere \Aé?@?atﬁfjrarcﬁ{f?t ¥ zed in
that the appbireatiggst Q@tluSaabbaagag‘ WQVépﬁlby:Lﬁltgat@ﬂt.aCt force to the
peri pheral side at_| ast ope s . in.order to initiate a
bondi ng wave betwe€n gﬁ?‘é?smatyh %eF‘PBﬁréF% rléi{ dB*EBFFESpdtiti hg to
any portiontoblone ohet peruphewaﬂessdehaﬁ peesictruabeth atfele.peri phery of
said wafers and t t r | ¢ Hb% e In
accordance with gﬂge adlg%e e Ei:Iﬁiéﬂdevrg:c prgéosrr%?c:"rge%ﬁ%té %%s?fone
chock to nmichtaiar tmtetkpeﬁfm@ aprefevabivt ﬁ@mpwésww &k GitP aYigimenta

relative topgaghigthelelected FPoRCEEr daNGA Wi gROt her 1eebed B .ot he
substrate carrier device conprises a support platen having flatness defects
of |ess thaRC1B™/icroneters. Brief description of the figures Q her

characteristics apdoadvagt ages of thedonentigpedEcoBE apnas enprésentt he
fol l ow ng description of artlcul ar Vgglee%nent ati ns of he _i vent| on, given

by way of ndn~Fitfng ERahpl i B ge To" CP% acco%g ViChd9dr Awi ngs

in which: compogite three-dimensional structure, comprising a step
of producing a first layer of microcomponents on one face
of first wafer and a step of bonding the face of the
first wafer comprising the layer of microcomponents onto
a second wafer by molecular bonding, the method being
characterized in that the bonding step is carried out in
accordance with the bonding by molecular bonding method
ag defined in the first aspect.
Employing the bonding by molecular bonding method of
the present invention means that, during transfer of a
layer of microcomponents, the phenomenon of overlay can
be eliminated or limited and that very high gquality
multilayer semiconductor wafers can be produced. The
layer of microcomponents may in particular include image

SEnsors.



Figures A to |E are diagrammatic views show ng the production of a prior
art three-di nensional structure; Figures 2A and 2B are diagrammtic
views of a nmethod of bondi ng by nol ecul ar bonding in accordance with one

i npl enentation of the invention; Fi gurEaZC shows a variation in the shape
of the alignnment keys for the wafers of Figure 2A Figure 3 is a
graph showi ng the vertical and horizontal conponents resulting from

appl i cation of aReeArdéndfbpPca ithiadceerPpasde afi the theTeVent Rt 10N,

Figures 4 apfepear s dig@iAadd i G Videws ehowohd phaahiAgl eppntmdi&mundr a
met hod of bondi nggb nol ecul ar bond| ng of the invention wih wafers having
r

respect i vel §OBFE isfde Rbundiaf g@BﬁetJr“?"éesr wgger and phg HRREBA g
6D are di agwagegti Cowipe\is isiaove ngubberpteductsrdreofdavide eendi renssanal

t t | oyi th t of, bend I I f
br csent { nveREi SRELYNEE20L 01 TGPl EP0 07 038354 9ot PUBEHEY (s a
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arranged to apply a



The present invention is of general application to the production of
conposite structures, conprising at |east bonding by nol ecul ar bondi ng of a
first substrate or wafer onto a second substrate or wafer. 10Bondi ng by

nol ecul ar bonding is a technique that i $ well known per se. It should be
recalled that the principle of bonding by nolecular bonding is based on
bringing two surfaces into direct contact, i.e. without using a specific
mat eri al (ag8haspgs, fmpce st dek¢ngeribhera)l. sd@eh ah apefapisén AUk es

that the sughacesybo herbonded besiff i cicentiby rsamat hy fregaOhgpafd+&! es or
contam nation, and that they be brought sufficiently close to each other to

al | ow cont aPELWEERe tRfi 8t &@.LSEPpi (419 PO RISHSY ahicd® FOTERTPPRATA f ew
nanonet er s. £30 adydeyozaiich Gif chimstanceRe the atifeast intad arcesibeivedn the

two surfaces,_ are hi gh .enough to cause | ecul ar. hesi.on ondi ng. i nduced
byt b bor CBF e A R 4 SELC IR EE plh, SRR LY AR IR PG !
i nteracti ontbethweemaatensioeandl welikes.of the two surfaces to be bonded).

25Mol ecul ar  bondifg i% GaEH-ed Qi ?&ﬁ | idd atidg 2 &Pé“@&&i@% pL-Ofle 2 Waf er
inintimate contact with another wafer in order to trigger the propagation
of a bondi n§oWaVéSEFomT hhgagbnPaet PRk .tqh@a@éﬁwnbd?ﬂﬁ neeweveeTHker ei n

neans the cgRRRCtHHN tie MBLBCULBHcRONAINT Tk RheRO AL S, Pr epagased from
the initiation point; it corresponds to the diffusion of attractive forces
(Van der wagrge orces) fromthe contact point over the entire intimte

contact surface batweenrthecewniwaf errfodtrandimgd et actle Flhescontact

point is typically initiated by.applying _nechani.cal pr.essure {he exposed

surface of ﬁ£r8F¥t EVEGS ﬁéwg%'ges A é%ppogk plé%eﬁ)haVLng %fﬁtn@ss
defects of less than 15 micrometers.

Brief description of the figures

Other  characteristics and advantages of the
invention become apparent from the following description
of particular implementations of the invention, given by
way ©f non-limiting example with reference to the
accompanying drawings in which:

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

* Figures 2A and 2B are diagrammatic views of a
method of bonding by molecular bonding in accordance with
one implementation cof the invention;

» Figure 2C ghows a variation in the sghape of the
alignment keys for the wafers of Figure 2A;

« Figure 3 is a graph showing the vertical and
horizontal components resulting from application of a
contact force in accordance with the invention;

+ FPigures 4 and 5 are diagrammatic views showing one
implementation of a method of bonding by molecular
bonding of the invention with wafers having respectively

different edge rounding gecmetries;



WO 2010/ 149512PCT/ EP2010/ 058244 10 The Applicant has denonstrated
that the relative novenents between certain patterns or m croconponents in
a single wafer appear follow ng the steg of bonding that wafer to another
by nol ecul ar bonding. Mre precisely, 5°@xperinents carried out by the
Applicant have shown that stresses (tensile and/or conpressive) arise at
the contact point, i.e. the region where the nmechani cal pressure is

appl i ed. These str&sgegesr 62t Heo s6hr caref dipurpmafoifbgE¥aerds ePBimMati ons
appearing i ankhereafer il0 ad.a ahRd esiildns RindhesdBlative angh ypeqyal
nmovenents of ceftain patterns or ncroconpaonents relative to one another,
The Appl i caftehZ§tEseAfe PAWEN Y RSSO MO D rhci bl Pyesotht ed at
and around theeg@AbaGt point and 15 that these deformations are el astic.
These deformations nay extend over a radius of up to 15 cm[centineter]
about the contact point when this results from nechani cal contact of a
tool, for exanple a stylus, on the surface of one of the two wafers. As a
consequence, by applying 20 a contact point to one of the exposed faces or
surfaces of one of the two wafers, deformations are created in the useful
portion of the wafer, i.e. the portion intended to form devices such as

m croconponents. Consequently, the present invention proposes a 25 sol ution
that means that a bonding wave can be initiated between two wafers w thout
appl ying a mechani cal contact point directly to the surface of one of the
two wafers. To this end, in accordance with the nethod of the invention, a
bondi ng wave is initiated between two wafers 30 by applying a contact force
to the peripheral side of one of the two wafers. The tetnt 'peripheral
side" of a wafer neans any portion of wafer that is |ocated at the wafer
peri phery and that is not parallel to the faces or surfaces thereof. The
peri pheral side nmay correspond to



35 the side of the wafer or to inclined or rounded surfaces, as often
happens when the wafer has an edge rounding at the periphery of its
surfaces, acting to facilitate their WD 2010/ 149512PCT/ EP2010/ 058244 11

mani pul at {{Qhefidedi® avoi d breakages that coul d occur pdr/drh@sesssisdes
proj ected, such breakages being sourceg of particle contanination at the

waf er surfaces Application of the contact force at the wafer 5 peripheral
side may be carried out using a tool. In Figure 2A, a first wafer or

substrate 20 is pl n L te carrier
device 40. The subg?gﬁljfﬂ!een7c:11rs'lr3|%e(réh 25%%3”% %%Plsgégg$%ﬁ%%%%hgl aten 4|Oa

that pref er abiiingasinel RTeREE- ider 8ét 08 "R 1T PRaR™a5 Giiéfers. The
support pl aten.4Qaahelids, thenfddsstawad edn 20, for exanple by means of an

el ectrostatic or suction system associated with the support platen 40a or
simply by grawtﬁt9 Wwth a viewto assenbling it wth a second, wafer or
substrat & 3Pehpideictararinfcih R i%%e’&@tfg‘s‘t?&saf’édtgﬁs’t%vﬁmﬁw hol di ng
the wafer (el ectrgst f;lt:ia@ez@df byesuebhony @f eyaused lpepywl detkidmat-oi t has been

ascertai ned that the [ h 0 rease in
overlay is ctghes &d’° g Xt heé m%%g%s%é gt%@{tﬁ{ e Eg%ﬁg%oé CELpl aten, the

| ower surf ackeamt h@@éﬁkgq @f g aché SaPerd 3oy |Csf §0§PFFBn%‘éP%‘t&"€| fg t he upper
surface 21 Qﬁrhﬂﬁeﬁﬁﬁﬁﬁozﬁ dFigdr euBBYrate or wASelrs expl ai ned bel ow and in

known ner, ive .surface 3 -and 30 that
are mtrra:eﬁded to %é’ géﬁﬁc%y HiRS Bash %?é%%r?%g' %*ofe. sﬁm%&éz%%cl egnl ng,
hydr ophobi c/#8idr &phivhi eet reat méryt sheved 9 ‘—Tﬁ{‘@érlefiot}éﬂ oWhol ecul ar
bondi ng. priddl %CQEd@E&Q&ﬂ@ ) epecaspectoefiitheiknventd am the

et el ar djg}ggélg R
using a specific material (adhe31ve, wax, soldering,

15  etc). Such an operation requires that the surfaces to be
bonded bhe sufficiently smooth, free cf particles or
contamination, and that they be brought sufficiently
close to each other to allow contact to be initiated,
typically to a distance of less than a few nanometers.

20 Under such circumstances, the attractive forces between
rhe two surfaces are high enocugh to cause molecular
adnesion (beonding induced by the set of attractive forces
(Van der Waals forces) of electronic interaction between
atoms or molecules of the two surfaces to be bonded).

25 Molecular bonding is carried out by initiating a
contact point on a wafer in intimate contact with another
wafer in order to trigger the propagation of a bonding
wave from that contact peint. The term "bonding wave"
herein means the connection or molecular bonding front

30 that is propagated from the initiation point; it
corresponds to the diffusion of attractive forces (Van
der Waals forces) from the contact point over the entire
intimate contact surface between the two wafers {(bonding
interface). The contact point is typically initiated by

35 applying mechanical pressure to the exposed surface of

one of the two wafers.



30 from becom ng offset relative to each other during application of the
contact force. In the exanple described here, the wafers 20 and 30 each
i nclude an alignment key 23, 33 in the formof a notch that facilitates

their posid QnRiNgsem croscopic 35 alignnment) prior topheRshR@ssk this
exanple, the chock 41 is preferably in,gontact with the side of wafers 20

and 30 at the alignnment keys 23 and 331 n order to ensure WO
2010/ 149512PCT/ EP2010/ 058244 12 that the mcrometric alignnent between the

two vafers is caused dusi g.anpld Gali0cpl. Lhe gantact  Lprce,e The chock 41

has a shape and/ or d| nsI ons t to penetrate at least partially
into the key8o23ead @ﬁtW5F$gﬁﬁ¥¥%a§ PRF BTt Ys HYSOREFP@XAMS % n whi ch
t he waf ers 38 anthi40wattael age=at i gnrentnkeyse 3¥cpand 23ndimy tdrecf orm of a

et ool S0 Secllp chpcio by BLelataly Pis,s Coglanay o Shope |
cont act Fbrc%ﬁ@%?ﬁﬁe§ﬁér§%¥9led Quu by the applicant have shown that
stregses {(tensile and/or compressive) arise at the
contact point, 1.e. the region where the mechanical
pressure 1s applied. These stregses are the source of
the non-homogenscus deformations appesaring in the wafer
10 and, as a result, of the relative and unegual movements
of certain patterns or microcomponents relative to one
another.
The Applicant has cobserved that the deformations are
principally located at and around the contact point and
1%  that these deformations are elastic. These deformations
may extend over a radiusg of up to 15 cm [centimeter]
about the contact point when this results from mechanical
contact of a tool, for example a stylus, on the surface
of one of the two wafers. Bs a consequence, by applyving
20 a contact point to one of the exposed faces or surfaces
of one of the two wafers, deformations are created in the
useful portion of the wafer, i.e. the porticn intended to
form devices such as microcomponents.
Consequently, the present invention proposes a
25 solution that means that a bonding wave can be initiated
batween two wafers without applying a mechanical contact
peint directly to the surface of one of the two wafers.
To this end, in accordance with the method of the
invention, a bonding wave is initiated between two wafers
30 by applying a contact force to the peripheral side of one
of the two wafers. The term "peripheral side" of a wafer
means any portion of wafer that is located at the wafer
periphery and that is not parallel to the faces or
surfaces therecf. The peripheral side may correspond Lo
35  the gide of the wafer or to inclined or rounded surfaces,
as often happens when the wafer has an edge rounding at
the periphery of its surfaces, acting to facilitate their



applied at a region of the peripheral side of one or both wafers that is
dianetrically opposite to that in contact with the chock. In certain
configurations, one or nore additional chocks may be used. This happens in
15 particygsgs, as illustrated in Figure 2A, a cheaekefidiohss2gesi red at
the keys 23 and 33. If it is not possip/e to apply the contact force at a
regi on of the side of one or both wafers dianmetrically opposite to the
chock 41, for exanple because of the bulk of the bondi ng machi ne 20

enpl oyed, dibi I 4 t sed in a
regi on d|arne*trlgﬂjl"i“l%cé b %@?t%§?§&%ﬁ%§x%§k ég%t&g? Cﬁh&& ?%3%%3%90f t he
contact forcehese Sldeﬁnpé%??%ﬁQ@~céﬁFFgﬁF%&K%ﬁﬁ? D@&éﬁ é§u¥$ﬁﬁﬁ9ﬁwhere t he
contact forcgztsidAppkbrtdatndiiersisde-bt taweafetrsc2b. si mul taneously, it
may be preferable | ot I flush a support
pl aten (by suctio Egﬁcéﬁé%?fgéﬁ%%i§8$§%%%f¥ For éxa hgg?ég%%t sinply to
pl ace it on @?ﬁ%ﬁﬂ%@ﬁén51@%émﬁh6€kCéFréﬁédN§iﬁﬁéﬁgbélﬁ@0¥he-6h|y means for

hol di n? t he mj@res 2N ROSi td ORva 3R arFsgwr_e:a%& 2!0%1;!91&@@1 o & Ic?)nt act |
p0|nt or C g rrie (9] ustrate

in a highl m)% é"m% mgfgﬂgmrﬁr%m rq““%’m |gu$%g§ at: CQFE % %‘flscel r%Dt he form of
a stylus con‘ﬁ?iié? ﬁ%tgatﬁe@wrsﬂawm %IWF&J-@@H'[ actuPRite i s exerted on

the 35 pferl phes @adn %lodetlaét a%rémslms;ng%@ffﬁa&ets\é?d@@é@m 20,1¢30. ] | Thfe
cont act OI‘C nm e.a lie to e S| de er. .o r to the side o
two waf ers si’ IT%éane Y-SR g’@/i%@%f%bé?ﬁ%%ﬁoiB? 295 in a

di rection su%@t%nt‘niaélerﬂ@)ar@ﬂ éxapmpleney plemie of theswetersstericn a

direction fOémsﬂ&t@@naﬁgé@Méd@dcﬁ@t@lianﬂﬁ:@ftﬂeh%uwéﬁﬁ Sp1dde, angl e being in
the range -90 t %

or sxmp ¥ v gravity, with a view £o assembling it with a
saecond wafer or substrate 30 by molecular bonding. The

15  associated systems for holding the wafer {electreostatic
or by suction) are used provided that it has been
ascertained that they do not deform the wafer so that no
increase in overlay is caused. Once the wafer 20 is held
on the support platen, the lower surface or face 31 of

20 the wafer 30 is posgitioned facing the upper surface 21 of
the wafer 20 (Pigure 2ZB).

As is explained below and in known marmer, the
respective surfaceg 21 and 31 of wafers 20 and 30 that
are intended to be bonded have been prepared (polishing,

25  c¢leaning, hyvdrophobic/hydrophilic treatment, etc) in
order to allow molecular bonding.

In accordance with one aspect of the invention, the
peripheral side of wafers 20 and 30 is in contact with a
chock 41, in particular in order to prevent the wafers

3¢ from becoming offzet relative to each other during
application of the contact force.

In the example described here, the wafers 20 and 30
cach include an alignment key 23, 33 in the form of a
notch that facilitates thelr positioning {(microscoplc

35  alignment) prior to bonding. In this example, the chock
41 is preferably in contact with the side of wafers 20
and 30 at the alignment keys 23 and 33 in order to ensure



In the inplenmentation described here, the contact force applied with the
tool 50 to the peripheral side of at |east one of the two wafers is
oriented in a direction formng an angle with the plane P of the wafers
that is pgafaialbszmore than 0 and | ess than 45. Mr eqreisekss when a
contact force F is applied to the 10 peripheral side 32 of the upper wafer
30, the tool 50 is orientated relative to the plane P of the wafers at an
angle O of nore than O and less than +45. Simlarly, when a contact force

F is appli e%dia% the H?&%&K@Jﬁ'a m 2n0fbd iR HPRaE Wab s 2Ms tike tool 50

s orlentate 15 relative to the gSP of the fers at nangle TF, of
| ess than - %Fén‘il‘%ﬁiﬂdcatmﬂ oA AT Be25EeACF R Fi gUt®e 3, when the
cont act fOI’Cc&deSc apphieda tahdgee apdr bphéirednsice :Bzabfalh@w uppére waf er 30,

the angle Tk éﬂ% @%%ebgp%gé @%rdagmlm&fu%ok@pel heaghomof the contact
force vect or the wafers creates vertical ct%[ onent of

the forcé, Fv tﬁ‘&tg%gnE(F rﬁ%%%téaaeaoﬁw%ewp Gr theVhrore is angle is
| ess t han +4}Eaﬂ@3:somderaxﬁ.@ i niimiczedthel vermdrmcalkegonpdnemtd B8 't hat cannot be

determ ned precisely beg 25 Igplf Lhe absgnce ofedithget gechanical contact
with the surface of the wafer. By I'imting the angle to val ue of |ess

than 45 rel ®i&FETESIVhEED| AFEGENTHEATRFHIDS e OXTBF] PUYR TH5REgni t ude of
the verti calwoonmperenty\viappldcedsper pendi cul ar to the plane of the wafer

Lo A 30 past hald Jbat. ol e LONLAGL LARE. Force, 1o SOMRNGII { Shoul d
be notedthat a bHon g wave nay a be initiated b P§ g Iy| n%é)a cont act
pFan

force in a dirreditscontsabseait &5 )?nBaP%Jr@Fe’iac} tree “Waf ers. The
contact forcgtdhen chagducesimandihriation thadsids b ngstt he mft@rcs; cl oser and

can initiate, a.00nding peve s, coccaBY SEhECHNM R acgerdancaon th the
i nvention, a’ p0|n % or app Ilcatlon 0 contact force that is
additional chocks may be used. This happens 1n

15 particular when, as illustrated in Figure 2A, a chock 41
ie desired at the keys 23 and 33. If it is not possible
to apply the contact force at a region of the side of one
or both wafers diametrically opposite to the chock 41,
for example because 0f the bulk of the bonding machine

20 employed, then an additional chock 42 is used that will
be disposed in a region diametrically opposite to that
available for application of the ceontact force.

In certain configurations, such as those where the
contact force is applied to the gide of two wafers

25  simultaneously, it may be preferable nct to hold the
lower wafer flush against a support platen (by suction or
electrostacic force, for example), but simply to place it
on the platen, the chock or chocks then being the only
means for holding the wafers in position.

30 In Figure 2B, initiation of a contact point for
molecular bonding is carried out using a tool 50, As
iliustrated in a highly diagrammatic manner in Figure ZB,
the tool 80 is in the form of a stylus comprising a free
end 51 with which a contact force is exerted on the

15 peripheral side of at least one of the two wafers 20, 30.

The contact force may be applied to cne side of a

wafer only or to the side of two wafers simultaneocusly,



WO 20101149512PCT/ EP24110/ 058244 14 | ocalized on the peripheral side
thereof, the inpact of deformations on the quality of the wafer is
mnimzed. In fact, even if deformations are created foll ow ng application
of the cogipmifseice, they extend over a 5 restrict edpeomeontsdzihe side of
the wafer that is located outside the pseful portion of the wafer. In
order to further mnimze the appearance of deformations on the wafer
surface, the rrechani cal pressure exerted on the surface of the wafer by the

10 verti cal anentc£e3 Ul Ling. fhom Lhs, LOMACt:of obeepisndref aradl y | ess
than 1 Mra. ]l er to achj eve imtation to the nechani cal pressure
in the vertl"é%ﬁ”%ﬁﬁonén% dﬁlfeqtsmﬁos@?%i‘%g FHrAogEnEet tR° ol the

val ue of thesfechaniagalspressunglexeeted by tiwe reogbae?015:d or%€ .F on the
peripheral side of, ttgfgl é‘%ﬁ%&mezﬂé@%@ﬁpﬁéé&'ﬁﬁo&i H@gm tude.of-the contact

force F may be CONt ro connectin t ool to a dynanoneter 52.
Knowi ng the Wﬁ%@@%&?ﬂa‘@eﬂhr% 5981f ‘%%eﬁl}eoéﬂer?sﬁhﬁf?% Y& $&ri pher al
side of the d@flﬁiastvvﬂh@hoﬂﬁiyne frolo exdnaphejs 2 fmeted theardigedc® M

[square m ||} meter {T%rﬂz t ossible,t optrol the exerted

mechani cal p%r: essurg] *co olltjﬁ r%l%t egé%l;%act CEfhc%r ggtg%F %x%% ed by the tool
on the vvaferpl(&fi%?@bim‘é@ﬁ%n‘iw 05r é88uresx Bt irg “sur¥ake area). As

i ndi cat ed abeve;isHiRcewhbe @-f’ﬁﬁﬂttaldﬂefef:cél"&e 25 arertiecakocomponent of the
contact .force and, as a.co i¢al .pLre rted at the
surface 0f tHE \ﬁa“fee % |sgd|n€1f ¥@ %ggeg’g%r%n S a?% gé\ﬁ%fﬁ%’se for the
contact for cesiarensit r@%@ﬁ‘&és@t@ XBFENY Matﬁleca'ﬁ BE&s&ur® on t he

peripheral sige Of.tHe more than 0° and less than +45°. Similarly,
when a contact force F' is applied to the peripheral side
22 of the upper wafer 20, the tocl 50 is orientated
15 relative to the plane P of the wafers at an angle 8y of
less than -4%° and more than 0°. |
Ag can be seen in Figure 3, when the contact force
is applied to the peripheral side 32 of the upper wafer
30, the angle 8: formed between the direction of
20 application of the contact force vector and the plane of
the wafers creates a vertical component of the force, Py,
that can initiate a bonding wave. Furthermore, this
angle is less than +45° in order to minimize the vertical
component Fy that cannot be determined precisely because
25  of the absence of direct mechanical contact with the
surface of the wafer. By limiting the angle to a value
of less than 45° relative to the plane of the wafer, the
amplifude or magnitude of the vertical component Fy
applied perpendicular to the plane of the wafer is at
20 least half that of the contact force F.
However, it should be noted that a bonding wave may
also be initiated by applying a contact force in a
direction substantially parallel to the plane of the
waferg. The contact force then induces a vibration that
35  brings the wafers cleser and can initiate a bonding wave.
By selecting, in accordance with the invention, a

point for application of the contact force that is



30 wafer of less than 2 MPa in order to ensure that the nechanical pressure
on the surface of the wafer is less than 1 Mra. Furt hei xnore, as
illustrated in Figure 3, the contact force F principally has a horizontal
conponent wiHaigHigsigont act force applied with the toolpdsemiansaudsted in the
formof a brief inpulse (shock) of duration that is typically less than 1
second or less than half a second. 20101149512PCT/ EP2010/ 058244 15 If a
bondi ng wave is not initiated during a first inmpulse, it may be repeated

until a bonding wavg b LAl tdalgde 10, DEATING 00! cpandufmbie dpart icul arly

its end 5 inten to cone into contact with the peripheral sjde of the
waf er, may BEEBRGEEESFPOMIST BeveFEdoh T dmiter Paf SULHF Us Tefl on(r),
silicone or m pelyneevet ni fehdicala tt bes esnde ofrdahedt 6ol 1éwimpr oduced from or

coated with g, /mlarial (hald S.SULLLCEERLLY (L) dik@nbeopbl & Lo 10 transmi t
t he contact 33rce in_a relrable manner. Too fléxible a material could
def or m afid ressUlE citpdaRons e dirafe I8 oft aet® HHFEEcER2EUT ME¥9for*E, too rigid

a material cowddasesuktuiardihedreioat bontied wefeacts (i npressions) on the
waf er . ne el Q%@Jﬁgﬁiﬁ!ﬁ@%xbﬁi hegyl al. honding,of dhe invention may

be carried out autormatica bondi ng machi ne or device. Under such
ci r cunst anced i G tAREhI P TEpRiteEs U StbRt rdtte "CaFATEFEdevi ce similar to
t hat descri hed-ahovecand:adtooltreonneched ¢0 @ astwat oy (Hor

10 vertical component resulting from the contact force is
preferably less than 1 MPa. In order to achieve this
limitation to the mechanical pressure in the vertical
component, it is possible, for example, to control the
value of the mechanical pressure exerted by the contact

15 force T on the peripheral side of the wafer. The
amplitude or magnitude of the contact force F may be
controlled by connecting the tool 50 to a dynamometer 52.
Knowing the contact surface area 5la for the tool 50 with
the peripheral side of the wafer, which may, for example,

20 be in the range 0.3 mm® [square millimeter} to 1 mm?, it
is possible to control the exerted mechanical pressure by
controlling the contact force F exerted by the tool on
the wafer (load = mechanical pressure X bearing surface
area). As indicated above, since the amplitude of the

25 wvertical component of the contact force and, as a
consequence, the mechanical pressure exerted at the
surface of the wafer, is divided by at least 2 compared
with those for the contact force, then it suffices to
exert a mechanical pressure on the peripheral side of the

30 wafer of less than 2 MPa in order to ensure that the
machanical pressure on the surface of the wafer is less
than 1 MPa.

Furthermore, as illustrated in Figure 3, the contact
force F principally has a horizontal component Fy., The

3% contact force applied with the tool is transmitted in the
form of a brief impulse (shock} of duration that is
typically less than 1 second or less than half a second.



20 exanple a jack or a nechanical arm. The nmachine al so includes a
servocontrol intended to control the actuator. The servocontrol controls
the actuator in a manner that controls the angle of application of the
contact fQEGewARRId ed by the tool. The nechanical pressupmiesrted by 25
the tool may also be controlled by thgsservocontrol that receives data from
a force sensor and conpares the data wth a predetermned load that is a
function of the mechanical pressure that is intended to be applied and of

the surface ar eayof sthe end ot Lbe bearinacelerens. e bonding devi ce

may further incl u or nore chocks i ntend 0 _ensure. mcrorretrl C
al i gnment béf@geRet het iBFerS ZSPHRFFI a8'% %ﬁ?éi‘%gt"f‘?er% i al i gnment
during appl iicatkap=0f the contact force. Figure 4 shows the application of

t he met hod of 35 lec r

h € RG 1 i3l thzon bet ween two
waf ers 320 and SEgQ’r espectl \Fg% Hiﬁ\p@?ﬁ%&onlt@%e%?ﬁyeﬁée% de 322 and
332 an edge irgendrAgte reife %Prr?o i‘zl%fﬁ%ﬂ‘%%ﬁlo %@23 16 of
_cham_‘ ers. | m;el“lara;s@ﬂp mRANe pasdubhat flescrirbedvabevesitthe bondi ng wave is
initiated bg?a%gg ‘Ilé)klil %Jsﬂer}gogg)t o§) lgéjgge Q)f.r g 59 ' fthe F onto the

peri pheral one  of ers gur e Qows t he
appl i cation qﬁﬂ%ah’et Hod w1 Wndirfg By nvt é?ﬁﬂdélf:eﬁon?d‘i’%d” Tof~ Fﬁg i nventi on

bet ween two vyyaaﬁae@smézg«»@ml 430 nespetfiwvishy loonprisi ny on alhei Foperi pheral

side 42 d 432
tlhe bontzﬁ ﬁg W&mﬁ f?‘?%%q ng. LD &, roundedyfor m.fs- desghi bed above,

flexible a materlal could deform and result in an
inaccurate contact surface. Furthermore, 00 rigid a
material could result in the formation of defects
{impressions) on the wafer.

The method of bonding by molecular bonding of the

=
w

invention may be carried out automatically in a bonding
machine or device. Under such circumstances, the machine
comprises a substrate carrier device similar to that
described above and a tool connected to an actuator (for

20 example a jack or a mechanical arm). The machine alsc
includes a servocontrol intended to control the actuator.
The servocontrol controls the actuator in a manner that
controls the angle of application of the contact force
applied by the tool, The mechanical pressure exerted by

25 the tool may also be controlled by the gservocontrol that
receives data from a force sensor and compares the data
with a predetermined load that is a function of the
mechanical pressure that is intended to be applied and of
the surface area of the end of the bearing element.

30 The bonding device may further include one or more
chocks intended to ensure micrometric alignment between
the wafers as well as to maintain them in alignment
during application of the contact force.

Figure 4 shows the application of the method of

35 bonding by molecular bonding of the invention between two
wafers 320 and 330 respectively comprising on theilr
peripheral side 322 and 332 an edge rounding in the form



10 by application, using a tool 450, of a contact force F to the peripheral
side of one of the two wafers 420, 430. The net hod of the invention
is applicable to assenbling any type of material conpatible with nolecul ar

bondi ng, iy RAHbHYl ar sem conductor materials such agrhipaeiokbsaon,

gernmani um gl ass, quartz, sapphire, et The wafers to be assenbled may in
particul ar have a dianmeter of 100 mm[mllineter], 150 nm 200 mm or 300
nm The wafers may al so i nclude m croconponents over the nmgjority of their

surface or onlv.oyet.a | ifltad 2ane r20ApaUd iklanobuls ol sxakysi ve fiel d
for the bonding 0 the present 1 nvention is,that of%Pprodum ng

t hr ee- di rrens@lﬁﬁpﬂéitlﬁac‘t“{@‘i’%sls lnltla)&emlho%lap&fwﬁ%aﬁm
t hr ee-di mansttmab st r get yreornador dnsterr afn@ Itﬂmepe@ipmmiommonent S
fornmed on an ini '%%ﬁSHR§%&ﬁ£Es°§E@ a;fd nal substrate in accordance with

One Q
one i npl enment at on nvention 1s described bel ow w t{] reference to
cture commences

Figures 6A to 613ighge7> FrPGucHEg2BPt Hreeldl Endi BRAMCST
by form ng asdridisly ser heseoildr thadonponenits: it@ean: bthebSvesur frawce of an

| nitial el er. o1 SYbat Lake 00 LELOULEBAaben S, oThe,di.or ocomponent

110 may be whol € “cofrponent s an ortion thereof. The initial
substrate 10@=rimpche ashéﬁo"%%/@ﬁdsti?%c@%r 9§ GOUSLARBI B & ITEEE6E si | i con,
or a nultil aygk, st Mﬁil@é@rﬁb&ﬁh aasva, StHe 3531’[@&@@ structsriens tFheed

T oo SRR o DY Bhptols o Rk sea s me et con
the peripheral smde of one of the two wafers 420
The method of the invention is applicable to
assembling any type of material compatible with molecular
bonding, in particular semiconductor materials such as

15 silicon, germanium, glass, guartz, sapphire, etc. The
wafers to bpe assembled may in particular have a diameter
of 100 mm [millimeter], 150 mm, 200 mm or 300 mm. The
wafers may also include microcomponents over the majority
of their surface or only over a limited zone.

20 A particular but not exclusive field for the bonding
method of the present invention is that of producing
three-dimensional structures.

A method of producing a three-dimensional structure
by transfer of a layer of microcomponents formed on an

25 initial substrate ontc a final substrate in accordance
with one implementation of the invention is described
below with refsrence to Figures 6A to 6D and 7.

Producing a three-dimensional structure commences by
forming a first series of microcomponents 110 on the

30 surface of an initial wafer or substrate 100 {Figure 64,
step S1). The microcomponents 110 may be whele
components and/or only a portion therecf. The initial
substrate 100 may be a monolayer structure, for example a
layer of silicon, or a multilayer structure such asg a SOI

35 type structure. The microcomponents 110 are formed by
photolithography using a mask that can define zones for

forming patterns corresponding to microcomponents 110 to



WO 2010/ 149512PCT/ EP2010/ 058244 17 be produced. During the formation of the
m croconponents 110 by photolithography, the initial substrate 100 is held
on a substrate carrier device 120. The substrate carrier device conprises a

support phat angsdfa against 5 which the initial substp@tepdsds hel d
flush, for exanple by means of an el eciyostatic or a suction system

associated with the support platen 120a. The face of the initial
substrate 100 conprising the m croconponents 110 is then positioned facing

one face of fd - bs : P, i ) wth a
view to bondllgérr\) O;#ur_%%}jécu %H@%g}%ng&%ffa%?ofg%%%ﬁ%fﬂf%%%g% e Si02,
may al so be }bY id roatehet RSyt RBS| Hrttiad!l substrare 190 ‘Fonprising the
m cr oconponerd 54 B0 sapdbotrofe therfaceqofidda fo.nakhsubshsata 200 15

i ntended to be brought.into int.imat . accordance with the

i nvention, acecl:%rn egct%e%’%?%eg@plrts*sgegp%i gég&g%c,{ r?elapt):grni %%g?a{&%n%g 210 of the

final substrate20deusihyial to815:280¢ (52 ep B3R ITReUFBr cB°F is applied in a

8' regt: on foﬁiﬂn@géﬁl&yaﬁg&% viit hint Beopt afe-0f1 20 rt Bessubsds afye el more than
and | ess than :

0,and, 55, Lhgn A5y ol prchpllcalptessig, axpiled on the ol de 210 o the
contact force caG@i@st@p@édﬁ@orinéFiélb’ﬁmﬁﬁ#’git\ﬁa\iéooﬁomwéiﬁjmgertﬁace bet ween
the initial microcomponents 110 is then positioned facing one face of
10 a final wafer or substrate 200 (gtep 52, Figure 6B) with
a view to bonding by molecular bonding. A layer of
oxide, for example S51i0,, may &lso be formed on the face of
the initial substrate 100 comprising the microcompenents
110 and/or on the face of the final substrate 200
15 intended to be brought into intimate contact.

In accordance with the invention, a contact force F
is applied to the peripheral side 210 of the final
substrate 200 using a tocl 250 (step S53). The force F isg
applied in a direction forming an angle with the plane of

20 the substrate of more than 0° and less than 45°. The
mechanical pressure exsrted on the side 210 of the
substrate 200 is preferably less than 2 MPa.

Application of the contact force causes propagation
of a bonding wave on the interface betwsen the initial

25 substrate 100 and the final substrate 200. The two
substrates are then bonded together by molecular bonding
over the whole of thelr surfaces in contact (bonding
interface), without or almost without deformation in the
initial substrate 100 comprising the microcomponents 110.

30 Thus, a buried layer of microcomponents 110 1s obtained
at the bonding interface between the substrates 100 and
200.

In a variation of step 82, the final wafer or
substrate 200 is placed on the substrate carrier device

35  and the substrate 100 provided with microcomponents is
positioned facing this substrate 200. A contact force ¥
is then applied to the peripheral side 210 of the final



25 substrate 100 and the final substrate 200. The two substrates are then
bonded together by nol ecul ar bondi ng over the whole of their surfaces in
contact (bonding interface), w thout or alnost w thout deformation in the

initial syRsih@l®sd00 conprising the mcroconponents gdfrpdldeddaus, a buried
| ayer of m croconponents 110 i s obtai nﬁj at the bonding interface between

the substrates 100 and 200. In a variation of step 52, the final wafer or
substrate 200 is placed on the substrate carrier device 35 and the

substrate 100 .pr.ovi de ith. mcroc onents 1. .pQsitioped facing this
@S&raé:ﬁt g%W e F9 %ﬁghgg“%‘%%éflfaeld%ﬁg‘et ﬁg g%%i pheral side 210

substrate 20077°AC orce Fis then
of the finalsubADZOE0192959DPCEIERP2G183068244 18 substrate 200 and/or to

Lhedperi phgral simé@m@eﬂm Sid ake %80«;&&?&_9 s@etno?h ﬁg@ure 6C, Ogol | owi ng
ondi ng and as can _be.seen in Figure, the initial. supstrate 100 is
thinned in or rmtl&l\%/iltﬁg?%%asteagégrtllsofr:\hjo?n? & T SESFT al® predsnt "above t he
| ayer of 5mi cx azorgonent stid Onystide 150y eserplichie Sibstrate 400 is a SO
type substrate;rddepbuehed insulatdongs) ayesmdmyredwantageessioo be used to

define the thickness of the remainint Iag r. 10q“a.f,.A C osizge structure 300
is then 10 o%t%?%g"él?ef BPFRRE DY 1 ﬁg‘@f gﬁﬁf ‘gujtfé“ctur a?t“é”ngoggg%l &4 ayer 100a
cor r espondi meltan telgeorehmi g N ggorcki dafofe tHee indiiciakssupStrzt e 100. The
initial substgpt:e;100:pRYy bendhi nnedombbs pas td cul-an By chend oaledmechani cal
pO|IShI%93 obtained, formed by the final substrate 200 and a laver
100a corresponding to the remaining portion of the
initial substrate 100. The initial substrate 100 may be
thinned, in particular by chemical mechanical polishing
(CMP), chemical etching, or by splitting or fracture
1% along a plane of weakness that has previcusly been formed
in the substrate by atomic implantatiomn.

As can be seen 1n Figure 6D, the next step in
preducing the three-dimensional structure congists in
forming a second layer of microcomponents 140 at the

20 exposed surface of the thinned initial substrate 100
(Figure 6D, step 55}). The microcomponents 140 may
correspond to complementary portions of the
microcomponents 110 in order to form a finighed component
and/or to distinct components intended to function with

25 the microcomponentg 140. In corder to form the
microcomponents 140 in alignment with the buried
microcomponents 110, a photolithography mask 1s used that
is similar to that used to form the microcomponents 110,
Tn similar manner to the formatlion of the microcomponents

30 110, the composite structure 300 formed by the final
aubstrate 200 and the layer 100a iz held on a support
platen 130a of & substrate carrier device 130 that is
identical to the device 120. The photolithography mask
is then applied to the free surface of the layer 100a.

15 In a variation, the three-dimengional structure is
formed by a stack of lavers, each laver having been
transferred by the assembly method of the present



(CWP), chem cal etching, or by splitting or fracture 15 along a pl ane of
weakness that has previously been fornmed in the substrate by atomc
i npl ant ati on. As can be seen in Figure 6D, the next step in producing the

t hr ee- di mepshAR %tructure consists in foLm ng a secepppbAY sl
m croconponent s 14 at the 20 exposed Zgrface of the thinned initial

substrate 100 (Figure 6D, step SH). m croconponents 140 may correspond

to conpl enentary portions of the m'croconponents 110 in order to forma

finished congonent and/ or. to di t| nctt{ corrponen#s |ntende to function with
o]

25 the mcrot® ‘?fec’rﬁsafﬂoea?ﬁ O Forth the i oddhBon®ht s 140 in
al i gnnment wi ﬁhmct‘tel}bm;*edentclmonent s 110, a photoli t hogr aphy mask is

used that is si mir@ryetcoaaaaaey&%dr 0 foer mthers m.or aceErenent 50410. In
simlar manner to the formation of the mcroconponents 30 110, the

conposi te st FHEY (TER366 5P o ME B RHWEFnal substrate 200 and the | ayer
100a is Hheld on a&'suppehbdpbatiemd3tn bof malsubbir doeddagr pértidevi ce 130

that is identjcal:i En@ﬁngevh£@ 11@%asT@%eth5Qéiﬂl@@roaﬁmﬂd”?ﬁcg is then
applledtothefrees;g)r ace of e n a varjation, the

t hr ee- di mensiBhat? strdetaresi s¢¢ o“rorré?g‘@bﬁﬁa%t%‘@W‘B’fatleai‘}’é?:gowéach | ayer
havi ng been fsansizgriredobyat hesass enthy aneefiod: ofn tile dpfessationAD

2010/149512PQI&ER%Q&Q@QEﬁgéﬁcant offsets in the microcomponents 110
10 Dbefore and after transfer of the initial substrate 100
onto the final substrate 200 are no longer observed.
Thus, said residual offsers can be limited to wvalues of
less than 200 nm, or even 100 nm, in a homogeneous manner
over the entire surface of the wafer. The
1%  microcomponents 140, even those with very reduced
dimensions {(for example < 1 um [micrometer}), may then
readlily be formed in alignment with the microcomponents
110, even after transfer of the initial substrate. This
means, for example, that the microcomponents present in
20 two lavers or on two distinct faces of the same layer can
be interconnected via metal connections, minimizing the
risks of poor interconnections.
Consequently, the method of the present invention
means that the phenomenon of overlay during transfer of a
25 circuit layer onto another layver or onto a support
substrate can be eliminated, and that very high cguality

multilayver semiconductor wafers can be produced.



19 invention, and each layer being in alignment with the directly adjacent

| ayers. In yet another variation, the final substrate 200 al so

conpri ses m croconponents. 5The net hod of bondi ng by nol ecul ar bondi ng of
the invention nmeans that it has been po$%ible to bond the initial substrate
100 to the final substrate w thout deformation or at |least with a reduction
in deformations such that significant offsets in the mcroconponents 110 10
bef ore and &kfeMStransfer of the initial substrate 100 onto the final

substrate 290 @r@e@ﬁoaoegeﬁo@@§§gvsg m$mé§u1a@IQoh@ihguabtaééﬁebﬁ can be
limted to values of |ess than or even 0 i n,a,honogeneous

manner over FﬁéteﬁPFréo§8Ff3€€@6faFﬁeaRaFBPerTW@gfg ' nFePBESRPBHent s 140,
even those pbtshltxzehyngeduaemodweaabensf(f:ne axpepl eafel owEkm cheneter]),

may then readil in,alli t mnt t he. m croconponents 110 even
after transtP&P€ %f??ﬁs geghgllg ?gr Tﬁlgr%ggﬁrlzﬁgrngxgﬁp%e that the
nlcroconponenn$apte§eMCe|msZéppM@eﬂayersherpemlph@rdﬂsﬁﬁdctOﬁaaes of the

same | ayer qagsbecat srooneeted,yia,aetal ceannecti ons.1atnl i zi ng the

ri sks of poor 1 nterconnections Consequent | é hod of the
present i nveRNCSAINEANS Pﬁéwe?ﬁetbﬁeﬁwﬁeWéﬁeéﬁ oV8El RFTdBREHg Lt FaASfer of a

25 circuit Layeks BhalQQOEBeényayéktabnoakoo@es@@p@h% swbstkgkescan be
el i m nated, and that ver¥ guallt [til ayer s nlc%nductor m%fers can
be produced that is situated he periphery oI sai ers and

is not parallel to the faces of said wafers.

2. A method according to claim 1, characterized in that
the peripheral side of the two wafers is in contact with

at least one chock.

3. A method according to claim 2, characterized in that
the peripheral side of the wafers each comprise an
alignment key, said at least one chock being in contact

with gaild gsides at said alignment kevys.

4. A method according to any one of claims 1 to 3,
characterized in that the contact force is applied to the
peripheral side of cone of the two wafers or to the
peripheral side of the two wafers simultaneously, said
contact force being directed in a direction substantially
parallel to the plane of gaid wafers or in a direction

forming an angle with the plane of said wafers.

5. A method according to claim 4, characterized in that

the angle is in the range -9%0° to +90°.

6. A method according to claim 4 or claim 5,

characterized in that the contact force is applied to



20 CLAIM5 1. A nethod of bonding by nol ecul ar bondi ng between at | east one
| oner wafer and an upper wafer, conprising positioning the |ower face of

t he upper wafer over the upper face of the | ower wafer, characterized in
that a contact force is applied to the peripheral side of at |east one of
the two wafers in order to initiate a bonding wave between the two wafers,
the peripheral side corresponding to any portion of one of the two wafers
that is sitbheedenirbhvapepiphery bhesuPBcRaraEsrangaifatorsenbeipdrall el

to the faceg;pfcgaldiwabensraceioh ESEH@Hgaaﬁoaﬂgma h@tﬁ'@hg‘élane
characterized in that the peripheral side of the't ﬁn&rs is_in contact

with at | eaSf 8A&IcHBERY Y3feA hBehodSalEBRdF H@ntB cPRAM-95SchBfHct eri zed
in that thesperi pheral side of the wafers each conprise an alignnent key,

said at | east one chock being in contact with said sides at said alignment
keys. 4. A nethod according to any one of clainms 1 to 3, characterized in
t hat the contaatmgohoé mscappliingdtbocihémpeér opheflakmsbde of one of the two

waf ers or t83£%§c€8£%9@8r§£ EhQE eg ot BBt U ehers §gggg 20egus Y¢pgai d

contact forc ern i rect I'rection substanti Bara el to the
pl ane of saparmh@rgloslriﬁ Qfdnth@cfipb’ﬁrf vRifelg &R18n§PECR PR1PAe pl ane of

sai d WaferSdlréctédrr%hada@czeewbﬁgf59m§h§| Bndanehar getar kzedphanthat the
angle is in the ran tg + nmet hod accordin aim4 or

c
claim 5, chSﬁaéPéglgSHanwﬁﬁﬁF FH@tcﬁﬁtQEFefGP@@ |§5apﬁg@egeﬁﬁ t2%% he
peri pheral skde of the upper wafer, said force being directed in a
direction formng an angle with the pl ane of said upper wafer that is nore
than O and less than +45. 7. A nethod according to claim4 or claimb5,
characterized hRnmehabdt hecoodtiagt tborog pscapfl icédimg Lhé&cp&ri pheral side

of the !OMB%H&@BﬁEerEQFQ tare aEehﬂg ghksﬁ%%@y'Bfatﬂbreghkaetfee gg an

angle with e plane o sald omer wa is nore than -45 and | ess
t han 0. applied corresponds to a mechanical presgsure of less than

2 MPa.

9. A method according to any one of claims 1 to 8,
characterized in that the contact force is applied to the
peripheral side of at least one of the two wafers by

means of one or more impulses.

10. A method according to any one of claims 1 to 9,
characterized in that the contact force is applied by
pressing a tool on the peripheral side of at least one of

the two wafers.

i1. A method of producing a composite three-dimensional
structure, comprising a step of producing a first layer
of microcomponents on one face of first wafer and a step
of bonding the face of the first wafer comprising the
layer of microcomponents onto a second wafer by molecular
bonding, characterized in that the bonding step is
carried out 1in accordance with the bonding by molecular

bonding method as claimed in any one of claims 1 to 10.



8. A nethod according to any one of clains 1 to 7, characterized in that
the intensity of the contact force applied corresponds to a nechani cal
pressure of less than 2 MPa. 9. A method according to any one of clains 1
to 8, characterized in that the contact24orce is applied to the peripheral
side of at |east one of the two wafers by nmeans of one or nore inpul ses.
10. A nethod according to any one of clains 1 to 9, characterized in that

t he contactlPordemngthagphtredrdyngr eesthgia Lbol charapecperephenarharde of
at | east 0”?;°Eo&£§i£$@ VWakeLs. chd InoAuiBEhed-9f Rrodugi B9 ancRAPRSi te

t hr ee- di nensj onal " structure, conprising a step of producing a first |ayer
of m croconpBReht¥5bn"dhETface of first wafer and a step of bonding the
face of the first wafer conprising the | ayer of m croconponents onto a
second wafer_by_nol ecul.ar bonding, .characterized in_that_the bonding step
is carried out %nm§E§8gd3988r&fF% Fﬂec%%hﬁi%g BY ﬁg?é%uiar bondi ng net hod
as cl ai mred thaaaytenézefi thathstlitofdOtheR2codridemaethstemccdbrding to
claim1l, c jzed_j at_jt..c i e.hopdin ep, a
tep of thi PACASCtRa fi Ferohar spvbr 19TPR SEPRaRbLELSL B pELTRRRLED: C
claim 12, chérabeefized wafenappPesibet her thenprisesocrrstepnsf theoduci ng a
second | ayeg; of M g,@CORBPORERLSBRpLhentace of the first wafer opposite to
the face conprising the first |ayer of m croconponents. 14. A nethod
according to any one of clainms 11 to 13, characterized in that it
Cgﬂp;iSES,fmﬁhOAf@@thba ?@adkagngtep,aﬁyﬁbﬁf_@f &?amhggla tayes, of oxide on
the face o e rst er ri.sing the first lLayer of. mcroconponents.
15 A et hofPAERGFATNGS o Bng RORe L bi COPRFRESA1 PE ) CRhaPACERRESER | n t hat
the first watep,ia at80 ofypermtingctuteyerl6f éxmdthod abeofdtagofo any one
of claim 1l,L0:15. charact ebhpedsifgt AL gl LeastyLbeqkirst |ayer of

m croconponent s conpri ses i mag S81isor §. . evrce for bondi ng by

mol ecul ar boadragobeeneehsat | east one | ower wafer and an upper wafer,
conprising a substrate carrier device and a tool for applying a contact
force, the |lower wafer being held on the support platen and the |ower face
of the uppeFSma%eWeBEPﬁgaﬁﬁgréﬁﬁﬁeﬁof%EVnanghgfuﬁgéﬁmFa&é 6P the | ower

waf er, charaphestzedikzadt hat thhe appl fcaktonakeel iksaasoangegdeto apply a
cont act forcg to _the peripheral side of at |east one of the two wafers in
order to inPEFHEE"A®hondi ng wave between the two wafers, the peripheral
side corresponding to any portion of one of the two wafers that is situated

at the periphery gft:§akd Wabeusndndot BalL bie"8E PaLahkehiteothg faces of

sai d wafers. . ‘
characterized in that at least the first layer of

microcomponents comprises image sSensors.

17. A device for bonding by molecular bonding between at
least one lower wafer and an upper wafer, comprising a
substrate carrier device and a tool for applying a
contact force, the lower wafer being held on the support
platen and the lower face of the upper wafer being
positioned facing the upper face of the lower wafer,
characterized in that the application tool is arranged to
apply a contact force to the peripheral side of at least
one of the two wafers in order to initiate a bonding wave
between the two wafers, the peripheral side corresponding
to any portion of one of the two wafers that is situated
ét the periphery of said wafers and that is not parallel

te the faces of said wafers.



WO 2010/ 149512PCT/ EP2010/ 058244 23 18. A device according to claim 17,
characterized in that it further conprises at |east one chock to hold the
peri pheral side of the two wafers in alignnent relative 5 to each other.

19. A deviwgepageseidi ng to claim 17 or claim18, charastrarznedsse# t hat t he
substrate carrier device conprises a suypport platen having flatness defects
of 10 less than 15 m croneters.

18. & device according to claim 17, characterized in that
it further comprises at least one chock to hold the
peripheral side of the two wafers in aligmnment relative

5 to each other.

19, A device according to claim 17 or claim 18,
characterized in that the substrate carrier device
comprises a support platen having flatness defects of

10 less than 15 micrometers.



