Title of the invention A METHOD OF INITIATING MOLECULAR BONDING Technical field and prior
art The present invention relates to the field of producing multilayer semiconductor wafers or
substrates pMUBONIH8tansferring at least one layer formed from an initiaP§SUERRAE/86E5A final
substrate, the transferred layer corresponding to a portion of the 10 initial substrate. The transferred
layer may further comprise all or part of a component or a plurality of microcomponents. More
precisely, the present invention relates to the problem of heterogeneous deformations that appear
during 15 transfef ‘of B8apdr e & Bifigsttakemermed the "donor substrate” onto a final substrate

termed the "recelvingsubstrate”. Suchrdeformationshave.heenwbseryed in particular with the
three-dimensional component integration technique (3-D integration) that requires 20 transfer of one or
more layers of microcomponents onto a final support substrate, and also with the transfer of circuits or

with the fabricatibi St BacRIit i&dets 2Ple BahSferffitiayer or layers include microcomponents
include confponents. Phtrarilyrisecause iofthe vénnsmall sizesandbtheHargei mimbertof

microcomponentsresenton a.single layer, each transferred Jayermust be positioned 30 on the final

S - LTIG : i ith the subjacent layer.
substrate with hlggcpé%%lfsslgnk!?f O{%%Etgfceozmﬁhnéo g/grylaélggrtnegégvl ayer fjormed rom

an initial substrate onto a final substrate, the
transferred layer corresponding to a portion of the

10 initial substrate. The transferred layer may further
comprise all or part of a component or a plurality of
microcomponents.

More precisely, the present invention relates to the

problem of heterogeneous deformations that appear during

15 transfer of a layer from a substrate termed the "donor
substrate" onto a final substrate termed the '"receiving
substrate". Such deformations have been observed in
particular with the three-dimensional component
integration technique (3-D integration) that requires

20 transfer of one or more layers of microcomponents onto a
final support substrate, and also with the transfer of
circuits or with the fabrication of back-1lit imagers.
The transferred layer or layers include microcomponents
(electronic, optoelectronic, etc) produced at least

25 partially on an initial substrate, said layers then being
stacked on a final substrate that may optiocnally itself
include components. Primarily because of the very small
size and the large number of microcomponents present on a
single layer, each transferred layer must be positioned

30 on the final substrate with high precision in order to
come into very strict alignment with the subjacent laver.
Further, it may be necessary to carry out treatments on
the layer after it has been transferred, for example to
form other microcomponents, to uncover the surface of the

35 microcomponents, to produce interconnections, etc.

However, the Applicant has observed that after

transfer, there are circumstances when it is very



Further, it may be necessary to carry out treatments on the layer after it has been transferred, for
example to form other microcomponents, to uncover the surface of the microcomponents, to produce
interconnecM30W823Bvever, the Applicant has observed that transfer, tH¢&/BPREREGPAEances
when it is very WO 2010/023082PCT/EP2009/060250 2 difficult if not impossible to form additional
microcomponents that are aligned with the microcomponents formed before transfer. This
misalignment phenomenon is described with 5 reference to Figures IA to 1E that illustrate an
exemplary embddirh&Rtord thiée ifrhe AdIBREISStRIcturecohepTising Fahsferadnto a final substrate, of
a layer of microcomponenistormedon-an thitalsubstrates and farmation efian-additippaldayer of

microcomponents gn, 10, the exposed face of the initial substrate after bonding. Figures IA and 1B
illustrate an initial substrate 10 gn which a first series of microcomponents 11 is formed. The

microcomponents 11 are formBd 1y piBtBRAGgRIPRY URHY R maskIhar car aefife bttern formation
zones 15 cdrresperding 1o thecmidtdcompenéitstld totbe: produteéd ust ks eambe seen in Figure 1C,

the face of the initiad spbstrateckd-eempdsingdie mictosomponasts:1 Listhendrgughtinto intimate
contact with one face of a final Eubstra%e 20. Bogding fween th%ir]étial substr%te 1(.)120 and the final
i ey O, rat O

substrate 20 is g%%rggaﬁlilgclal}ﬁe out | ﬁy molecutar bén |rjfél. ussl,l asburlaédelayer of mlcar‘ggormponents

11 is formed at té BBhERCRtE IR Between §aBshated Olard 26 1AREPSGAdHg and™® can be seen
in Figure 1D, thefinitiad stibsirate ldisdbignedonal layer of microcomponents on

10 the exposed face of the initial substrate after bonding.
Figures 1A and 1B illustrate an initial substrate 10 on
which a first series of microcomponents 11 is formed.

The microcomponents 11 are formed by photolithography
using a mask that can define pattern formation zones

15 corresponding to the microcomponents 11 to be produced.

As can be seen in Figure 1C, the face of the initial
substrate 10 comprising the microcomponents 11 is then
brought into intimate contact with one face of a final
substrate 20. Bonding between the initial substrate 10

20 and the final substrate 20 is generally carried out by
molecular bonding. Thus, a buried layer of
microcomponents 11 is formed at the bonding interface
between substrates 10 and 20. After bonding and as can
be seen in Figure 1D, the initial substrate 10 is thinned

25 in order to remove a portion of the material present
above the layer of microcomponents 11. A composite
structure 30 is thus formed from the final substrate 20
and a layer 10a corresponding to the remaining portion of
the initial substrate 10.

30 As can be seen in Figure 1E, the next step in
producing the three-dimensional structure consists of
forming a second layer of microcomponents 12 at the
exposed surface of the thinned initial substrate 10 or of
carrying out additional technical steps on that exposed

35 surface in alignment with the components included in the
layer 10a {(contact points, interconnections, etc). For

the purposes of simplification, the term



25 in order to remove a portion of the material present above the layer of microcomponents 11. A
composite structure 30 is thus formed from the final substrate 20 and a layer 10a corresponding to the
remaining pB@3A18/08388hitial substrate 10. 30As can be seen in Figure 1EPREERRPYAEP2AY producing
the three-dimensional structure consists of forming a sexond layer of microcomponents 12 at the
exposed surface of the thinned initial substrate 10 or of carrying out additional technical steps on that
exposed 35 surface in alignment with the components included in the layer lea (contact points,
interconnections, &t FBIIREPUEHOSES ofsimplificationtthe fepmawGer of this text
2010/023082P CTH=RRODDAREQRE0: reisracomponentsids used ir thesreraainden efthistext to define

devices or any other,palters resulfina Lam teghnical sigps garried.aut on o 0 the layers that must be

positioned with precision. Thus, they may be active 5 or passive components, a mere contact point, or
interconnections™® PR%Gra&PISRAMthe niitFochiigdhentd 185 afigieRewitk theBlried
microcompdnentsl Iy asphiotslithographymhask s usedethatistsimilaptoithat used to form the 10
microcomponents il Jhedransfersed layers, like the layer 10a, typically include marks both at the
microcomponents and at the section forming the layer, that are in particular used by the positioning and
alignment tools during the tgcrﬁ%‘igaltt?ea %]é%nt SRS ST 5S TREEETS Eaﬂri?edléht%hﬁ%ment
photolithography?1 t i HBhR VB E\eh Uty pestiBrmgss|s] offsetseetrbétweenrsame of the
microcomponentsaki-and 12ssdch as the effsats Aldly A22, A33: Ad4ddadicateddprigure 1E

(respectivaly flozrgela%rgg@fﬂa%24;gﬁtogf8?§. Obﬁ%fgeg 20heussn.the,pairs, of microcomponents 111/121,
layer 10a, typically include marks both at the
microcomponents and at the section forming the layer that
are in particular used by the positioning and alignment
tools during the technical treatment steps, such as those

15 carried out during photolithography.

However, even using positioning tools, offsets occur
between some of the microcomponents 11 and 12, such as
the offsets Ay, Az, Ay, Ay indicated in Figure 1E
(respectively corresponding to the offsets observed

20 between the pairs of microcomponents 11:/12;, 11,/12,,
115/125 and 11./124) .

Such offsets are not the result of elementary
transformations (translation, rotation or combinations
thereof) that could originate in inaccurate assembly of

25 the substrates. These offsets result from non-
homogeneous deformations that appear in the layer derived
from the initial substrate while it is being assembled
with the final substrate. In fact, such deformations
involve local and non-uniform displacements of certain

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

35 This phenomenon of misalignment (also termed
"overlay") between the two layers of microcomponents 11

and 12 may be a source of short circuits, distortions in



Such offsets are not the result of elementary transformations (translation, rotation or combinations
thereof) that could originate in inaccurate assembly of 25 the substrates. These offsets result from
non-homog&He 3083t inations that appear in the layer derived from the iR AERAEHBEB25hile it is
being assembled with the final substrate. In fact, such deformations involve local and non-uniform
displacements of certain 30 microcomponents li. In addition, certain of the microcomponents 12
formed on the exposed surface of the substrate after transfer exhibit positional variations with those
microcompbnents™EL thaf fitay 58 of tleTGraler efselrefaltindred viarsmieiers, or even of micrometer
order. 35This phehemenonodmisalignrteni{alsowermead severlaythbeiwegndhe twe layers of

microcomponents-and 12 a2y, be Asauee oL sart ciguits, disfodions . WO o
2010/023082PCT/EP2009/060250 the stack, or connection defects between the microcomponents of

the two layers. TRUE SWhen I traRSeRR8 micF et Fonents aFd Rdgets FREIEER of bRRTS, and the
post-transfe? treatment stejpssarecdinmedfat formingeolarfitters6n gach of thoselpixels, adess of the

colorizing functiosis:ohsererfor seHainofiihese pixels. o, Ihe oyeray phenemenon thus results in

a reduction in th%}%@gty %nzgetjjg value of the fabricated muItiI_ayer 1Q semiconductor V\{a_fers._Th_e
impact of the phenomengn IS inCreasing because of the ever-increasing demand for miniaturization of
microcomponents and thefr iftRasad imbgratipardensity per ierlRmbiems withchlighiment during
fabrication of three- thdimeagiongl steutturs are wWed kiowh d hegdoeumant dyBurps B ab A

Water-Scajg 3-D,Cirewit iniggration, Jeebpglogyr,|EER Transagtions Qn Electron Deyices, vol
increasing because of the ever-increasing demand for
miniaturization of microcomponents and their increased
integration density per layer.

Problems with alignment during fabrication of three-
15 dimensional 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
variations in alignment between bonded substrates. The
20 document by Haisma et al, "Silicon-Wafer Fabrication and
(Potential) Applications of Direct-Bonded Silicon",
Philips Journal of Research, vol 49, No 1/2, 1995,
emphasize the importance of wafer flatness, in particular
during polishing steps, in order to obtain good quality
25 final wafers, i.e. with as few offsets as possible
between the microcomponents. However, those documents
are concerned only with the problem of positioning the
wafers while they are being assembled. As explained
above, the Applicant has observed that even when the two
30 wafers are perfectly mutually aligned when put into
contact (using marks provided for that purpose), non-
homogeneous displacements of certain microcomponents

occur following initiation of the bonding wave.

35 Summary of the invention

The invention aims to provide a solution that can



53, No 10, Oct 2006, describes a method of detecting variations in alignment between bonded
substrates. The 20 document by Haisma et al, "Silicon-Wafer Fabrication and (Potential) Applications
of Direct-BoW&EY B2 Philips Journal of Research, vol 49, No 1/2, 199, €449/ 4p0 _
importance of wafer flatness, in particular during polishifg steps, in order to obtain good quality 25 final
wafers, i.e. with as few offsets as possible between the microcomponents. However, those documents
are concerned only with the problem of positioning the wafers while they are being assembled. As
explained above, thB Applicant PACEESEVEd Bt BVRRaIRERT tHe 136 Mieders are perfectly mutually
aligned when putintstantaet @singrmatksproficledfhe that pupase) antharmogeneoUsa t e

displacements of certaingieiocomperentseequyr fallawing initiation of the honding waye. W
2010/023082PCT/FP.2009106t0250 limi non-hom%genous deformatlo,ns.whlt_:h appear In a substrate
during transfer thereof ontd Anotter'st StrHee? T PSS end R pedeH |_i’?\?éﬁi@)ﬁnfﬁ066‘§es a
method of irtiating ffoleéular Bending vedmprising bringingedre §dadeoka first Wafeeorsubstrate to

face one face of asesand wafer-orsubsiraie ﬁgé@iﬁﬁwfﬁﬁp@i@@f&gﬂkﬁ%&E?%e%tthe twohfac'ingl
faces, the metho i haracterized.in that the point of contact is injtiate applying mechanica
pressure to one gﬁg%% %ﬁgﬁéﬁ% stglg p%r(‘e"]s%uf%l einy igﬁﬁg Sl‘é.né]%l 8,1%#&. .e%;?ﬁ&_%cal] to 33.3
MPa.  Thus, By fhRingahe presstite Bpplied RFoRe bRihefve subisirtes dufing nitiatioh of a point
of contact, the nén-hempgenegusdeformations cadsed irtheavates ase 161educed, while,carrying out

bonding by molesulas bonding. er s whole;surace.atibe tyoWglers inconiact. ., Py minimizing
thereby the defo ma 'orIlIs normally caused by application of a point of contact to produce bonding by

molecular bonding, the risks of overlay during
Thus, by limiting the pressure applied to one of the

two substrates during initiation of a point of contact,
the non-homogeneous deformations caused in the wafer are

15 reduced, while carrying out bonding by molecular bonding
over the whole surface of the two wafers in contact.

By minimizing thereby the deformations normally
caused by application of a point of contact to produce
bonding by molecular bonding, the risks of overlay during

20  subsequent formation of the additional layers of
microcomponents are substantially reduced.

In accordance with a first aspect of the invention,
the mechanical pressure is applied over a surface area of
1 mm® [square millimeter] or less.

25 In accordance with a particular aspect of the
invention, initiation of the point of contact is achieved
by applying a tool to one of the two substrates, the tool
having a contact surface area on the substrate in the
range 0.3 mm° to 1 mm° and in that the bearing force

30  exerted by the tool on the substrate is in the range
0,1 N [newton] to 10 N.

The present invention also provides a method of
producing a composite three-dimensional structure,
comprising a step of producing a first layer of

35 microcomponents on one face of a first wafer or substrate
and a step of bonding the face of the first wafer

comprising the layer of microcomponents onto a second



20 subsequent formation of the additional layers of microcomponents are substantially reduced. In
accordance with a first aspect of the invention, the mechanical pressure is applied over a surface area
of 1 mm2 [sHishreIMMiIEter] or less. 25In accordance with a particular asp@ETHEPROKN0Elon,
initiation of the point of contact is achieved by applying a tool to one of the two substrates, the tool
having a contact surface area on the substrate in the range 0.3 mm2 to 1 mm2 and in that the bearing
force 30 exerted by the tool on the substrate is in the range 0,1 N [newton] to 10 N. The present
invention also priites athetHosoiprbduciiga aothpesiteothias: dithensional streetlréncomprising a
step of producing adirstdayeref roiccocorppanents esonedace f afirsbwater @4 substrate and a step

of bonding the fage of e et weler comatsing the layer of migrpcamponents anig 7 second WO
2010/023082PCT/EP2009/060250 6 wafer or substrate, the metho 1[%)elng characterized in that during
the bonding step’ THdie@liarBoftfifg Rinftfatéd fn 28c6H8AAEE with the molecular bonding initiation

method of tie inventionT BF he asexdf eammoteloedar lbondingihitiationrm ethod iofthenprésedt swention

can, during transfef-ofa-layer, of micrasempanents, eliminate of limitthe phepomengn of overlay and

igh. i [ i .. The layer of microcomponents may 10 in
produce very hlqglq:uracyy m ult}ll%){letrss,e@fgrt}g%%grewgzeriimk.lt e/he phenomengn of Y

: . ompo

particular include image SERSOTS.
overlay and produce very high quality multilayer

semiconductor wafers. The layer of microcomponents may

10 in particular include image sensors.

Brief description of the figures
® Figures 1A to 1E are diagrammatic views showing
the production of a prior art three-dimensional
15 structure;
¢ Figure 2 is a diagrammatic view of a molecular
bonding initiation method in accordance with one
embodiment of the invention;
* Figures 3A to 3D are diagrammatic views showing
20 the production of a three-dimensional structure using the
molecular bonding initiation method of the present
invention;
¢ Figure 4 is an organigram of the steps carried out
during production of the three-dimensional structure
25 shown in Figures 3A to 3D;
® Figures 5 to 7 show, highly diagrammatically,
implementations of the molecular bonding initiation

method of the invention.

30 Detailed description of implementations of the invention
The present invention is generally applicable to the
production of composite structures including at least the
bonding of a first substrate or wafer onto a second
substrate or wafer by molecular bonding.
35 Bonding by molecular bonding is a technique that is
well known per se. It should be recalled that the

principle of bonding by molecular bonding is based on



Brief description of the figures Figures 1A to IE are diagrammatic views showing the production of a
prior art three-dimensional 15structure; Figure 2 is a diagrammatic view of a molecular bonding
initiation met¥@ a4 ance with one embodiment of the invention; PQUFR30BX0IBED are
diagrammatic views showing 20 the production of a three-dimensional structure using the molecular
bonding initiation method of the present invention; Figure 4 is an organigram of the steps carried
out during production of the three-dimensional structure 25shown in Figures 3A to 3D; Figures 5
to 7 show, highly*iagrahmmaticallys impleftentatiors ofitke atoleeularbéndihg snitiatidmmethod of the
invention. 30 Detailed descryftion efdeplgmentaions oh the(inaestiare , Thepreseatinvention is

generally applicable. ta thg produetion okepmpasite sluicutes.ncluding.atleast e bopding of a first
substrate or wafer onto a second substrate or wafer by molecular bon mﬁ onélng y molecular
a

bonding is a techriqué At isWelt RnBin et se< rEhbli B8 stdled tRatthe Prf@ife of bonding by
molecular bbndirg istaskeisor WOL20101028G82RG THEP 2009/060259 Ehfifigingdwolsurfaces into

direct contact, i.e; Without Hhe-use of a specifis material(agbesive - waxbrazing naterial, efc). Such an

opemﬂbnrequw%gggigﬁggqgg less than a few nanometers. The attractive
forces between the two surfaces are then sufficiently
high to cause molecular bonding (bonding induced by the

10 set of attractive forces (Van der Waals forces) of
electronic interaction between atoms or molecules of the
two surfaces to be bonded.

Molecular bonding is carried out by initiating a
point of contact on one wafer in intimate contact with

15 another wafer in order to trigger the propagation of a
bonding wave from that point of contact. The term
"bonding wave" used here is the bonding or molecular
bonding front that propagates from the initiation point
and that corresponds to diffusion of the attractive

20 forces (Van der Waals forces) from the point of contact
over the whole surface area between the two wafers in
intimate contact (bonding interface). The point of
contact is initiated by applying mechanical pressure to
one of the two wafers.

25 The Applicant has demonstrated that the relative
displacements between certain patterns or microcomponents
in one and the same wafer appear as a result of the step
of molecular bonding of that wafer onto another. More
precisely, experiments carried out by the Applicant have

30 demonstrated that stresses (tensile and/or compressive)
are produced at the point of contact, i.e. the region
where the mechanical pressure is applied. These stresses
are the source of the non-homogeneous deformations
appearing in the wafer and as a result of the relative

35 and unequal displacements of certain patterns or

microcomponents relative to each other.



for bonding to be sufficiently smooth, to be free of 5 particles or of contamination, and to be sufficiently
close together for contact to be initiated, typically a distance of less than a few nanometers. The
attractive foN@2HENERE the two surfaces are then sufficiently high to causRGHERKIISHing
(bonding induced by the 10 set of attractive forces (Vansder Waals forces) of electronic interaction
between atoms or molecules of the two surfaces to be bonded. Molecular bonding is carried out
by initiating a point of contact on one wafer in intimate contact with 15 another wafer in order to trigger
the propagation of a bordifig Wl fFeM thafSoiRPEEEoMact: IFhE t&fhe "Berding walerh ased here is

the bonding or molecwtardeanting fseatithat propagates e tha iniiatiopaint and taatcorresponds
to diffusion of the,atfractive 20 farces {¥an der Waals fgrrcgs)%{gggpg point, of contact over the whole

surface area between the two wafers in intimate contact (bonding interface). The point of contact is
initiated by apply\%weg%%g&ﬁﬁﬁﬁﬁlsp@%ur%}%% GFRE tRoeafers 2BhePASslicaft k&8s demonstrated
that the relafive disglatémehtsretaleentceriain pattersal miceacomeonantd incend and the same

wafer appear as a resulf,of therstep of malecular-handing cf thatwafgr ppigangther. More precisely,

experiments carried out y the Applicant have 30 demonstrated that stresses (tensile and/or _
Fons Oe%%ﬁh&%%in?%?%%ﬁ%%#fe? e fegion \‘%’%ielﬁw Rechifical pressure is

compressive) are produc ' : . th : cal pre
applied. These sfie8§esarehierSoutee BFfiRINGhéAbyentbes deforartions appearing imthe wafer

and as a result ofthel eelativessh agd Lineguakdisplagameptsgheritain paierns giJnicrogpmponents
rdaﬂveto?§Ch(%Q@E between the two wafers in contact. In accordance
with the invention, the pressure applied at the point of
contact is in the range 0,1 MPa to 33.3 MPa. The
initiation point may be located anywhere on the wafer.
It is preferably located close to the edge thereof. The
15 surface area of the zone of application of this pressure
is typically less than a few mm®, for example 1 mmZ.
Larger application surface areas are possible but run the
risk that too large a contact surface area (more than
5 mm*, for example) could result in aggravation of the
20 deformation (overlay).

The application of such a mechanical pressure is
sufficient to initiate a point of contact between two
wafers and as a result to allow the propagation of a
bonding wave over the whole contact surface between the

25 wafers without causing stresses that are too high. Thus,
by controlling the mechanical pressure applied to
initiate the point of contact, the deformations arising
in the wafer are reduced. Preferably, the pressure
applied at the point of contact is less than 10 MPa; more

30 preferably, this pressure is in the range 0,1 MPa to
5 MPa.

The period during which the mechanical pressure is
applied corresponds to at least the minimum period that
can activate the phenomenon of propagation of the bonding

35 wave. This minimum period substantially corresponds to
the period necessary for the bonding wave to propagate

over the contact surface between the wafers. The



WO 2010/023082PCT/EP2009/060250 2 The Applicant has observed that the deformations are
principally localized at and around the point of contact and that these deformations are elastic. These
deformationy eh#l €028 over a radius of up to IS cm 5[centimeter] about tRETIBROSY ¢ES8ure
application. As a result/ the present invention proposes controlling the mechanical pressure
applied at the contact point in order to limit the stresses in this zone while allowing initiation and
propagation of a bonding 10 wave between the two wafers in contact. In accordance with the
invention, the pré&TréAppfdd BERRTISt Groohtact s Prihesange 01 MPRr3d.3MPa. The
initiation point mé&y bedecated anywheresen thelwafertpisqareferably decated eloserto the edge thereof.

The 15 surface area of the.zane of.application pf this pressyre,is.typically less than a few mm2, for

example 1 mm2. Larger %pplicatlon surface areas are possible but run the risk that too large a contact

surface area (more than Bmm3" for exanThI8PEIUIE P AtinHg gravatiH STthe RO RIErfRation
(overlay). > Theapplicativrrefistthcaimechanizabpressire iskufficient:te initiate & peiat of contact

between two wafess and as astasuiiia allowdhe prepagationiof aybending waveQuer the whole contact
surface betweenctg%gg au s that are too high. , by controlling the

) - Us
mechanical pressure aﬁp\%?elg z%:ggggst%ga;ég%t%%%s%sﬁgct, hé deformations Brisiitintha Wafer are
reduced. PreferabiipRR& pré&site applieFareissint 6f coreRais lessaham 10 MPalwiore preferably,
this pressure is ip the sange/0d<MPatte SolflPah i chThe period Hiring Whick the meghanical pressure
is applied gerrespends tq-at,least the minjimumyperiod thay cap activate the phenomenpn of
mopaganonofﬂxg %@d@ , for example by means of an electrostatic or
suction system associated with the support platen 40a or
simply under gravity, with a view to assembling it by
molecular bonding, with a second wafer or substrate 70.
15 The associated systems for holding the wafer
(electrostatic or by suction) are used provided that it
has been ascertained that they do not deform the wafer so
as not to accentuate problems with overlay.
As explained above and in known manner, the surfaces
20 61 and 71 respectively of wafers 60 and 70 that are to be
bonded have been prepared (polishing, cleaning,
hydrophobic/hydrophilic treatment, etc) in order to allow
molecular bonding.
The surfaces 61, 71 of wafers 60, 70 are then
25 brought into intimate contact with each other.
Initiation of the point of contact for molecular bonding
is carried out by means of a tool 50. As shown in a
highly diagrammatic manner in Figure 2, the tool 50
comprises a bearing element 51, such as a stylus, and a
30 dynamometer 53. The bearing element 51 is connected to
the dynamometer 53 and comprises a free end 52 via which
a mechanical pressure is exerted on the wafer 70 in order
to initiate a point of contact between the two wafers 60
and 70. The end 52 has a contact surface area 52a that
35 is in the range 0.3 mm’ and 1 mm°. Knowing the area of
the contact surface 52a of the tool 50 with the wafer 70,

it is possible to apply a mechanical pressure in the



gtz. wave. This minimum period substantially corresponds to the period necessary for the bonding
wave to propagate over the contact surface between the wafers. The WO
2010/023089PCT1H230%%0/060250 9 mechanical pressure application perioBGE/EBHE AP BEtween 1
and 10 seconds, typically S. seconds, in order to assemlle wafers with a 200 mm _diameter. _ The
controlled application of mechanical pressure may be carried out using a tool. In Fl_gure 2, a first wafer
or substrate 60 is placed in a bonding machine comprising a substrqte support device 4_0. The
substrate suppofttieiice’4d c8mprises a supplitpl&ten avatthe Plamarity eférts ofiwhich are
preferably less thamrt(: 15 neicrans«ant)y The suppert p@temﬂ@aﬁw&@gthgjgﬂwﬁgr%gy example

by means of an glectiostatic, or %iggﬂétg\m@ggggl I% é@% supp! pIatein 40% or S|mply under

gravity, with a vie to assembling_ it by molecular bon |ng with & seconc wafer or substrate 7. 15 The

associated systemRToF hoidig the wafer (EleEiitstafic OF by ReichEmtare 1 etisproviied Whatithas
been ascertainedthalt fiseyddo aotdeform thé wafdhse as mot to aecentuatesproblesas with gverlay. As
explained above wgdiin kiiown manner, the surfaces 20 61 and 71 respectively of wafers 60 and 70

that are to be bonded have been pre red( lishing, cleaning, hydrophobic/hydrophilic treatment, etc)
in order to allow molecu%ar bondﬁ}g Sripte %%e sum?5 3%1‘%% of WAl §/460, 7 arethBR25 brought

into intimate cont&éﬁﬁtﬁ%h%%ﬁéﬁ tifiatiort of theipointef contactfor mbleouterasondinglis carried
out by means of astoel 5@ sAs. shown bvadighly diagrametaticananner infigurer2,the taal 50,

comprisesgmbeagng glementdl, suchasasylys,and 8 (¢ 1icn has a contact
surface area of 1 mm®, a bearing force of 3.5 N is
applied, for instance for about 6 seconds.
The bearing element, and more particularly its end
intended to come into contact with the wafer may be

15 produced from or covered with a material such as Teflon®,
silicone or a polymer. In general, the end of the
bearing element is produced from or coated with a
material that is sufficiently rigid to be able to apply
the pressure in a controlled manner. Too flexible a

20  material would deform and result in an imprecise contact
surface and as a result in a lack of precision in the
applied pressure. 1In contrast, too rigid a material
could result in the formation of defects (impression) on
the surface of the wafer.

25 The molecular bonding initiation method of the
invention may be carried out automatically in a bonding
machine. The machine then comprises a bearing element
connected to an actuator (for example a cylinder or a
mechanical arm). In some embodiments, the machine has the

30 ability to position the bearing element at any location
on the surface of the wafer, or along a diameter or a
along a radius of the stack formed of the bonded wafers.
The machine also comprises a force sensor (dynamometer,
stress gage, etc) and a servocontrol intended to drive

35 the actuator. The servocontrol drives the actuator in a
manner that controls the mechanical pressure applied by

the bearing element. More precisely, the servocontrol



30 dynamometer 53. The bearing element 51 is connected to the dynamometer 53 and comprises a
free end 52 via which a mechanical pressure is exerted on the wafer 70 in order to initiate a point of
contact betWER AW EA$Ivafers 60 and 70. The end 52 has a contact surfaBE HEFZWIAQRH 35 is in
the range 0.3 mm 2 and 1 mm2. Knowing the area of the contact surface. 57a of the tool 50 with the
wafer 70, it is possible to apply a mechanical pressure in the WO 2010/023082PCT/EP2009/060250
10 range 0,1 MPa to 33.3 MPa by controlling the bearing force F exerted by the tool on the wafer
(hearing force = FReehafieal pressuferebeating Sarface arew)oThehearingferce exelted by the end

52 on the wafer 7Q isicenteolied & by-thiemdynamometerh3. diis force-isy the yange QN ;%510 N.

As an example, if aimechanical pre e 5 MPa (pressure sufficient to initiat oint of contact
and, as a result, a b%{}\d?r%%r\!%v%vép eﬁ%er[? t %hﬁ/\lllol\?v% e@f@%gﬂﬁebé%ﬁﬁlies v?/ﬁhfca?lt%gl the end of
which has a confRPSdFacaea st I-hitnZ & beasing ftee of 3TN i BBpd, FBeinsemeeror about 6
seconds. 5 Thebeardng elethentnant imerenpartieulaty itsend istended e eamenisto-contact with the

wafer may be 15produged fromsoLcqvared with a matetial sueh.as.Teflon(r) silicone or,a polymer. In

general, the enda?rgctthe bearin%element is grq{duced from or coated with a material that Is sufficiently

rigid to be able & applythe pressiité i & tontroll8d ntanrer tob iekibiea 263M5tetiaPRotiEdeform
and result in an ifHpTeEise tontdt Sarface ardrsss Fesuit ina lack of prexisibe irbtheddppiied pressure.
In contrast, too rigid-a materiak eeild sesulbimtbe farmation ofcqﬁfﬁats&rne@%@@(%@nf@e sHdace I(I)f .
the wafer. ;The mq i ding initiation method of the invention may be carried qut automatically in
a bonding ]fn@achir?é?(%%%r,trggglhigg %Eiegr? (é:%pmﬁﬁsgg a’ géé)rrllnegdilg%qe?ﬁ%éﬁﬁeecﬁ@arfg %n actuator (for
example a cylind&t T Erh8chasie&s6R® - embodiments, the machine has the

Preferably, the wafers have limited bow deformation.

It may be difficult to initiate, in a repeatable manner,
the development of the bonding wave with the limited

15 pressure of the invention (in particular when the
pressure is selected so as to be less than 10 MPa, or in
the range 0,1 to 5 MPa). Tests carried out by applying a
force of 3.7 N close to the edge of the wafer, by using a
stylus with a contact surface having an area of

20 approximately 1 mm® have shown that the acceptable
deformation for wafers or substrates in order to ensure
good bonding should be in the range -10 um to +10 um for
the final substrate or wafer (support substrate) with a
200 mm diameter and in the range -45 um to +45 pm for the

25 initial substrate or wafer comprising components (this
wafer having a wider range of tolerable deformation since
deposition of the oxide or anything of any other nature
that is carried out on the components in order to
facilitate the molecular bonding step introduces

30 additional deformation). These measurements were carried
out by means of a capacitative measurement using ADE type
equipment from KLA-Tencor Corporation. These limiting
deformation values to ensure good bonding correspond to a
constant bow to wafer diameter ratio. As a result, they

35 are also valid for wafers with a larger diameter (for
example 300 mm), with the appropriate correction for

taking into account the larger diameter value.



o ability to position the bearing element at any location on the surface of the wafer, or along a diameter
or a along a radius of the stack formed of the bonded wafers. The machine also comprises a force
sensor (dyn®¥AdHe3fess gaae, etc) and a servocontrol intended to driVRCEHERSAIASZVhe
servocontrol drivesactuator in a manner that controls heanechanical pressure applied by the bearing
element. More precisely, the servocontrol WO 2010/023082PCT/EP2009/060250 11 receives data
from the force sensor and compares them with a predetermined value for the bearing force that is a
function of the mechanit&PteSéFrehatstidul® be Epplivd Badof the sidacaarea of the end of the
bearing R elemert fitiemmaching may alsp comprisesa meastrement systemdo determine the wafers

deformation (such:as-bow.andewaipimeasyrements). Asqt will he understood from the discussion

below, low pressure 50. initiate the on(gng wave (for instance below 1 MPa), could be achieved if the

10 initiation locafii is positiohed at préfetShniHE SpetiftFosticii. 1 SPrétéfably,tHe faférs have
limited bow elefofadm may behdifficultre initfatehin avrepeatalileananrner, thecteyetopment of the

bonding wave withvihealirpitech 18.pressure cf the-inventian, (iR pagticular when the pressure is selected
SO as to be less 10 M or in.the range 0,1 tq 5 MPa). Tests carried out by applying a force of
3.7 N close to thg%%ge of%ah%lsv%?esr?%?us%%ra rgﬁ(;ﬂ?scﬁ ﬁg%ocnr%g&pﬁﬁfacé%a & Qrea of 20
approximately 1 Wirh 2 Rave skl st ere atcepablecderbaniation foravafers darmsubstrasds in order to
ensure good bonding shousldiberiatthenange t1:pmiorkispmder the=final substrateraryuafer (support

substrate) with 8,200 myp diagelet and In the rafige.-45.4m 19,545 o1y foy the Zpintal substrate or
oler €

wafer comprisin%coméponents‘(this wafer havin%a wider range o able deformation since
deposition of the-0xidé BF anythind 8 &IRF othdr halite thatis RatiePdutior thefompariatts & order to
facilitate the molec@lar poadingstey introduces additional; el eferfration). iEhesermmeasiements were

carried out by mpansiehasapasitativeImeasueman using-ARELYRS sauipment feopg KLA;Tencor
Corporation. Th%s}<ea%m'Eingadg;%ql}:(ationfv%lu% to ensure_good honding correspond to a constant bow

to wafer diameter ratlg. s a result, tﬁ’gy g(e a S%R/aﬂaﬁfomg]%r with af’f’éjraétz(ﬂgmet&b(‘?or example
300 mm), With tRCappropfiafeedirettion o takirfliney ascmint the lavgeodiameteriaing cal

pressure Pm is then preferably located at point A, namely
at the center of the concave deformation, rather than at
point B since the mechanical pressure that has to be
applied to initiate bonding would be higher in absolute

20 terms at point B than at point A and as a result would
produce greater deformations. A test has been carried out
with wafers of substrates similar to thogse illustrated in
figure 5. In this test, a force of 0,3 N is applied
during about 2 seconds at the center of the generally

25 concave wafer or substrate 520 positioned in contact with
the generally flat wafer or substrate 510. This generally
flat wafer or substrate 510 is placed itself on a flat
wafer/substrate support device of a bonding machine. In
this particular configuration, the limited force is

30 sufficient to initiate the bonding wave while minimizing
the wafers deformation.

The point of contact could also be selected such
that it corresponds to a location where the wafer support
device and the supported wafer are in close contact or at

35 the shortest distance from one another, in particular
when the supported wafer presents at least a concave or

convex deformation.



WO 2010/023082PCT/EP2009/060250 12 When one or both of the wafers carries a deformation, it
may be advantageous to select the location at which the point of contact (place of application of the
mechanical Y@ 38r8138hitiated as a 5 functicn of the shape of the wafers BGE/BR2I8PAEYHIinto
contact in order to further minimize the mechanical pres3ure necessary for molecular bonding. If the
two wafers to be bonded are not perfectly planar, the local mutual separation of the surfaces of the
facing wafers 10 will not be constant. Thus, as shown in a highly diagrammatic manner in Figure 5, a
wafer 520, for example B@fwit\isfer Ragingeteshciverdefornatiort nidst betended by molecular
bonding onto a plarararafer 5@ fosexampleia bidk wafer that may have hees axidized. The point of
contact iniiated by agplieatiomof a meghaaical pressiie PyLis ghen prefeiably located atoint A
namely at the center of the concave deformation, rather than at point B since the mechanical pressure
that has to be apphied {6 riitiate Bohdirig Fobf BE Righef n HBLsitite ST trkistatPBoint B than at point
A and as a Fesult wouldSproduee Yreater deformations FA testdas bednecarded afit r wafer/substrate

support device of a:banging-machine; in-this padicslar configurationetheimited:force is sufficient to
initiate the bondi(gg%Na\é?a\Q/Qg}%minimeizin% .tre% wafers deformation. The point of contactd also be

or 1. eve concave and convex
selected such that'it corresponds to'a location whers the wafer supportn

portions relative to another flat wafer 610, then
preferably the point of contact and thus application of

10 the mechanical pressure Pm is initiated at the center of
the concave zones of the wafer 620. The center of the
concave zones corresponds to the regions of the wafers
where the distance between these regions and the flat
wafer 610 is the smallest and as a result requires the

15 application of a lower mechanical pressure than at other
zones on the wafers. And preferably, the mechanical
pressure is applied at a location where the substrate
support device is in close proximity of the wafer 610 to
avoid any vertical displacement of the bonded stack while

20 the bonding wave is being displaced.

In Figure 7, the two wafers to be assembled 710 and
720 each have their own deformation. The choice of the
point of application of mechanical pressure Pm to
initiate the point of contact between the two wafers is

25 determined as a function of the position of the two
wafers when they are placed facing each other.

Information of the wafers shapes collected from the
wafer deformation measurement system could be used to
determine the most appropriate location.

30 In a variation, for example where a tool (stylus)
used to initiate the point of contact cannot be displaced
relative to the wafers, a predetermined deformation may
be imposed on one or both wafers so that the zone of the
wafer present beneath the tool corresponds to the point

35 requiring the least mechanical pressure. Under such
circumstances, with a bonding machine in which the tool

is in a fixed position above the center of the wafers, it



device and the supported wafer are in close contact or at 35 the shortest distance from one another, in
particular when the supported wafer presents at least a concave or convex deformation. WO
2010/023089OCT230%0/060250 13  These last two requirements insUR€THANE/H2&ssary
pressure that is applied to initiate the bonding will leadité a minimal vertical displacement of the wafers
and thus to minimize wafer deformation. 5Similarly, as shown in Figure 6, when a wafer 620, for
example a circuit wafer, has a more complex deformation, i.e. with several concave and convex
portions relative 16 &nothe¥ fI&t AR 6100 thetPreférhdly the PErtsst contdctandrREs application of
10 the mechanicahpressareiPfivistiaitiated atithe lcenterofihe congaveizones of the wafer 620. The

center of the concave zppes cogespands-tq.the regions,af the wafers wherg,the distance between

these regions and the flat wafer 610 is the smallest and as a result requires the 15 application of a
lower mechanical HrE8EUT&HRaR BY othéP Zofiés BA thié WitersAhd e ePARG tthe IfieéHdrical
pressure is applied & albsatidrowherathelsubstrate support devite s ihuclose proximity of the wafer
610 to avoid any=verticaldisplacemant efthehonded stackwhile,20.the bondingrwave isheing
displaced. _ Infioure 7, (e o wafers o herassembled 710 and. 20 each fiave their own
deformation. The choice oe? the point of application of mechanical pressure Pni'to Titiate the point of
contact betweerfthe"foSvafefs £25 Heterrmirfed s a3dRctioh 6Fthé positivn of e twigfers

may also include microcomponents on the majority of their
10 surface or only in a limited zone.

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

One method of producing a three-dimensional

15 structure by transfer of a layer of microcomponents
formed on an initial substrate onto a final substrate in
accordance with an embodiment of the invention is
described with reference to Figures 3A to 3D and 4.

Production of the three-dimensional structure

20 commences by forming a first series of microcomponents
110 on the surface of a wafer or initial substrate 100
(Figure 3A, step 81). The microcomponents 110 may be
entire components and/or only a portion thereof. The
initial substrate 100 may be a monolayer structure, for

25 example a layer of silicon, or a multilayer structure
such as a SOI type structure. The microcomponents 110
are formed by photolithography using a mask that can
define pattern formation zones corresponding to the
microcomponents 110 to be produced. During the formation

30 of microcomponents 110 by photolithography, the initial
substrate 100 is held on a substrate support device 120.
The substrate support device comprises a support platen
120a with which the initial substrate 100 lies flush, for
example by means of an electrostatic or suction system

35 associated with the support platen 120a.

The face of the initial substrate 100 comprising the

microcomponents 110 is then brought into contact with one



wafers when they are placed facing each other. Information of the wafers shapes collected from the
wafer deformation measurement system could be used to determine the most appropriate location_
30In a varialsh24b#/€84B3ple where a tool (stylus) used to initiate the point CdOBRRALIY LA be
displaced relative to the wafers, a predetermined deformsation may be imposed on one or both wafers
so that the zone of the wafer present beneath the tool corresponds to the point requiring the least
mechanical pressure. Under such circumstances, with a bonding machine in which the tool is in a fixed
position above the*Eéntef ofithelwafers/df a4 may Fob ekambfe, Peossisite t& inpadseon the upper
wafer a deformatiaa simitarde that-ef Rigured.e cuThe proaessef thedanventionapplicablel&o

assembling any iype of material that is;comnatible with, moleqular honding.Jp pagticular serpiconductor

materials such as silicon, germanium, glasquartz, sapphire, etc. The wafers to be assembled may in

particular have A diaheter ST, SL50 AnE D80 i BE366 Tt 1 FRE RIEIRTARY alsblificlude
microcompénentsral the majarity of thedr 1 sunfacefdmenly smbdimitedezone) inOmedeatticular but

non-exclusive figld foy,thg assembh-methodnafthe prgsantdnvention is that of producing

three-dimensional strucjyres, One nethod af glodycing a fhige-dimengional .

contact is initiated between the two substrates by
applying a mechanical pressure Pm on the substrate 200,

10 preferably close to the edge thereof (step S3,
Figure 3B). As indicated above, the pressure Pm is in
the range 0,1 MPa to 33.3 MPa and applied to a bearing
surface of 1 mm® or less.

Initiation of the point of contact involves

15 propagating a bonding wave on the interface between the
initial substrate 100 and the final substrate 200. The
two substrates are then bonded together by molecular
bonding over the whole of their contact surface (bonding
interface), without or almost without deformation in the

20 initial substrate 100 comprising the microcomponents 110.
This thereby produces a buried layer of microcomponents
110 at the bonding interface between the substrates 100
and 200.

After bonding and as can be seen in Figure 3C, the

25 initial substrate 100 is thinned-down in order to remove
a portion of the material present above the layer of
microcomponents 110 (step S4). When the substrate 100 is
a SOI type substrate, it is advantageously possible to
use the buried insulating laver to define the thickness

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

35 polishing (CMP), chemical etching, or by splitting or
fracture along a plane of weakness that has been formed

in the substrate by atomic implantation.



15 structure by transfer of a layer of microcomponents formed on an initial substrate onto a final
substrate in accordance with an embodiment of the invention is described with reference to Figures 3A
to 3D and 4Wa3oi9AR3A83f the three-dimensional structure 20 commences B THRRAMY/B6A2EP series of
microcomponents 110 on the surface of a wafer or initiabsubstrate 100 (Figure 3A, step S1). The
microcomponents 110 may be entire components and/or only a portion thereof. The initial substrate
100 may be a monolayer structure, for 25 example a layer of silicon, or a multilayer structure such as a
SOT type structure. Thé-ficidtoRpoherts 110 BEretaited by phetalitiograpipusing a mask that can
define pattern fopmatinnezones: terresponding; to=the ivicsacompenenis 4 1040 beqraduged. During the

formation 30 of reigraeampanents. 110 by phofolithography, e injtial. substrate 100,is held on a
fs .

substrate support device 120. The substrate support device comprises a support platen 120a with
which the initial SUBRTREE'160 TiE§ AGsk foF BRarpie By fekni&of drnidiéetostaie bF ahi&iohS stem 35
associated with th&isuppertilatentEie fice of tiddsubstratectfifocemprising Wy

2010/023082PCTAR2009/060250 15.face-afa finakwafsr of sHbstiate 200 (step 52) with a view to
bonding by moIeCliJIa£ bongingfleAn!gger qfooxtide, or example of i0§, may also be formed on the face
of the initial substrate 100 Comprising the mictolohPoRents T andBFBRTRE fadd oY the final
substrate 200 infePdéd $6 bedroGghPintsintimate contied to IFasesrtance With theénvention, the

point of contact is initiateskheiwerndhe 4wo substratesdy applyipga meehanical pressure Pm on the
SUbS”auf%Qp’1%£%%%@ﬂ%¥8¥5§§8tﬁ%@dQStQ%%§%£%SE5§ith the buried

microcomponents 110, a photolithography mask is used that
is similar to that employed to form the microcomponents
110. As during formation of the microcomponents 110, the
composite structure 300 formed by the final substrate 200

15 and the layer 100a is held on a support platen 130a of a
substrate carrier device 130 that is identical to the
device 120. The photolithography mask is then applied to
the free surface of the layer 100a.

In a variation, the three-dimensional structure is

20 formed by a stack of layers, each layer having been
transferred by the assembly method of the present
invention, and each layer being in alignment with the
directly adjacent layers.

By using the molecular bonding initiation method of

25 the invention, the initial substrate 100 can be bonded
onto the final substrate without deformation or at least
with a reduction in the deformations in such a manner
that significant offsets of the microcomponents 110
before and after transfer of the initial substrate 100

30 onto the final substrate 200 are no longer observed.
Thus, these residual offsets can be limited to values of
less than 200 nanometers (nm), or even 100 nm in a
homogeneous manner over the whole surface of the wafer.
The microcomponents 140, even those with very small sizes

35 (for example < 1 pm), may thus be formed easily in
alignment with the microcomponents 110, even after

transfer of the initial substrate. Thig, for example,



Figure 313). As indicated above, the pressure Pm is in the range 0,1 MPa to 33.3 MPa and applied to
a bearing surface of 1 mm- or less. Initiation of the point of contact involves 15 propagating a bonding
wave on theNexepidR¥E-veen the initial substrate 100 and the final substrdt€ ZBR20PHB6ER substrates
are then bonded together by molecular bonding over the;whole of their contact surface (bonding
interface), without or almost without deformation in the 20initial substrate 100 comprising the
microcomponents 110. This thereby produces a buried layer of microcomponents 110 at the bonding
interface between¢ha substedtes 19 0maind 20 Aftershonding aseas can bevsedreinazigurer30, the 25
initial substrate 10Q4s dhipned-Aowanig:order torremove partion of the matetial rgsent above the
layer of microcorggggerggnl%gc(gteé) %%)évynhetn tpe substrate 100 is a 501 type substrate, it is
advantageously possible to Use the butied insulating Ayer toGetitre e thikkAéSS of the remaining
layer 100a. Thust &¢om Sdsitecstiuctires300PR pr6ddEat, formed from the final substrate 200 and a
layer 100a corresponding ta:thesremainingiportion efteyinitiat sulstete 109. Fhe dnitial substrate 100
may in particular;he thinned-d by-c: ical-meghanical %ki ing (CMP), chemical etching, or by
splitting or fractu:rtzgélon g%la%\%ﬂof%\:/g;i{n%gs%?ha?t%as%gle%erﬁo o%r%é]g t%a%t\g eaﬁgr%% iéﬁlp%r?l%?ion. \We
2010/023082PC%F€15‘§O%©?063(§2§G“?6 AL be $E&Fn Bighire éﬁ?ﬂ%?ﬁexias@ﬁ irPprdefiEg the
three-dimensional struatdgretconsists ohforminglasecdnd tayes of midrgcompahents 140 at the

exposed surfacerpfthe thipped-down-ipiial substratg 400



5(Figure 3D, step SS). The microcomponents 140 may correspond to complementary portions of the
microcomponents 110 to form a finished componenr_i nd/or to distinct components intended to function
with the microcomponents 140, In order to form the 10 microcomponents 140 in alignment with the buried
microcomponents 1101 a photolithography mask is used that is similar to that employed to form the
microcomponentsMslO. As during formation of the microcomponents 110, the composite structure 300
formed by the final substrate 200 15 and the layer 100a is held on a support platen 130a of a substrate
carrier device 130 that is identical to the device 120. The photolithography mask is then applied to the

free surface of the layee100al 16 @ vatiation: thesthteg-dinensionalrsiructyre ds2p formed; by a stack of
layers, each layer fk?ving heen transferred by the assembly method of the present invention, and each
layer being in alignfeht WithIhé ditBEty S8jacénfia é@?%yvf?sﬁ?grth%om fEctilat boRGY fitiation method
of 25 the inveitien, dbe initiahsibstrateah@ can be bonded onto the final substrate without deformation or
at least with a reductioncin t@e deformati.onts in Puch a manner tthat sirgn'f'cant off%ets of t
microcomponents 110 before and after transfer of the initial SUbstrate 100730 6nto the final substrate 200
are no longetlobsérvedt Thas dhese desideal offsétseambe tindtedtomatuesadidess than 200 nanometers

(nm), or even thO nm |r%ﬁehomo eneous manner over 11[_he Whgéen%urf%cecgwhgivgger. The

. ere 1nt n oln C S .
microcomponents flfb, even those with v%ry small sizes (?or exampﬁe ¢ 1 pm), may thus be formed easily
in alignmentagithlthenaicrecoronents. 1 10, cevenrafteritransferrafeh e iital Substrateo T his, Tor example,

means that IIQE Jni%oogr]%orﬂ&ggs present irb%/vqclgge ar h§)§g on tgv\pe(}isgncé J@iqi%sc(gf a single layer can

be interconnected via metal connections, minimizing the risks of poor interconnection.
surface area of 1 mm° or less.

2. A method according to claim 1, wherein the mechanical

pressure is in a range from 0.1 MPa to 10 MPa.

3. A method according to claim 2, wherein the mechanical

pressure is 1n a range extending from 2 MPa to 5 MPa.

4, A method according to claim 1, wherein the contact
surface area is in a range extending from 0.3 mm® to 1 mm?
and is between a tool and one of the first or second
wafers, and exerting a bearing force in a range extending
from 0.1 N to 10 N on the one of the first or second wafers

by the tool.

5. A method according to claim 4, further comprising
providing a polymer material on an end of the tool intended

to bear on the one of the first or second wafers.

6. A method of producing a composite three-dimensional

structure, comprising:



As a result, the assembly method of the present invention can eliminate the phenomenon of overlay
during transfer of one circuit layer onto another laye gr onto a support substrate and produce very high
guality multilayer semiconductor wafers. 18 CLAIMS 1. A method of initiating molecular bonding,
comprising: bringing a surface of a first wafer to face a surface of a second wafer; and initiating a

point of contact betyesaihe syrface of the first, wafey angitbesustaseraf the seeonchwatercwherein the
initiating the point of contact comgrises applying mechanical pressure in a range extending from 0.1 MPa

to 33.3 MPa4d ofie o i tid Wt ier & ¥bntact surface area of 1 mm2 or less. 2. A method

according to claim kswhereinsthengeabaricalipressuieds ibatange frone04-MPade 1hMPa. 3. A
method according to claim 2, wherein the mechanical pressure js in a range extending from 2 MPa to 5
MPa. 4. A method aCEBrGIc A LowhBréin te BoaCeSTHACk Areats T a TGS btending from 0.3
mm2 to 1 mmR2eanskisdieivwean agdoohandione ofi therfitsb atisecantbwaters, angbexerting a bearing force
in a range extenglin .fron% 0.1 N to 10 N.on the one of thetfirst ar secgnd W%felis the tool. 5. A method
according to Claim 4, furt epggr%ﬁﬁgi%glp%\%dﬁ]agngﬁoﬁ/%eernmé{é?ia én'anend o tﬁe%cc))ol intended to
bear on the 6i3e af thiesfirstersecondniafers.s6 rAanetheded pedducingna compesite theee-dimensional
structure, comprising:, 19 roducing a first layer of microcomponents an one face of a first substrate;
and  establihing MlGcUIAr bonda betweer tho 1a2a of the freP sUbbate and a Fack of & second
substrate, whereha the éstablishing the metecutar bonesiconyirisesteggplying neechanical pressure in a

range exteaniggéro(?f OtlhglPﬁae oté%?) %@@yg& contact surface area of 1 mm2 or less to one of the
two substrates at a location aligned with a point of contact between the face of the first substrate and the

face of the second substrate.

7. A method according to claim 6, further comprising
thinning the first substrate after establishing the
molecular bonds between the face of the first substrate and

the face of the second substrate.

8. A method according to claim 7, further comprising
producing a second layer of microcomponents on a second
face of the first substrate that is opposite to the face of
the first substrate comprising the first layer of

microcomponents.

9. A method according to claim 6, further comprising
forming a layer of oxide on the face of the first substrate
comprising the first layer of microcomponents before
establishing the molecular bonds between the face of the

first substrate and the face of the second substrate.

10. A method according to claim 6, wherein the first

substrate comprises an SOI structure.

11. A method according to claim 6, wherein microcomponents



7. A method according to claim 6, further comprising thinning the first substrate after establishing the
molecular bonds between the face of the first substrgBe and the face of the second substrate. 8. A
method according to claim 7, further comprising producing a second layer of microcomponents on a
second face of the first substrate that is opposite to the face of the first substrate comprising the first layer

of microcompenents. £ Asmethpg-accordingde staimde, furher comprising farmigg a layer of oxide on the
face of the first substrate comprising the first layer of microcomponents before establishing the molecular
bonds between thfice of the first substrate and the face of the second substrate. 10. A method
according to claim 6, wherein the first substrate comprises an SOI structure. 11. A method according to
claim 6, wherein microcomponents 20 of the first layer of microcomponents comprise image sensors. 12.
A method ackBrding (5 EIAIR S, HHETEM E defofmaR6rBf fe A3t Sidtrale SohTBHETEHHe first layer of
microcompoaneéntstis irf a range extending:=frammd 0 jpm tey +48e13.1A methag@eccortling to claim 12,

wherein a deformation of the second substrate is in a range extendjng from -10 pm to +10 pm. 14. A
mLCrocomponents, 1S 1n a .range ext%ngl E%% -4 4% o + &
method accorélng {6 claim 6, further comprising: %easurlng a deformation of at eagT one of the first

substrate angrihe second substrate; and selecting a location of the point of contact as a function of
the measured deformation. 15. A method according to claim 14, further comprising locating the point of
contact at a center of at least one of the first substrate and the second substrate. 16. A method according
to claim 14, fusther ommprising: soppadibgdhé secdrd suBstratelopra sobstrate Suppeit device; and

wherein the paing EC%%t8§%i§ aé@b%%%%}%wb‘éreiweaswﬁ@ée 85&%%%9?%‘@"0%?&? the segpnd substrate
are at a shortest distance from one another. 17. A method according to claim 14, further comprising
imposing a predetePmitied deformation on at least one of the first substrate and the second substrate

while establishing

14. A method according to claim 6, further comprising:
measuring a deformation of at least one of the first
substrate and the second substrate; and
selecting a location of the point of contact as a

function of the measured deformation.

15. A method according to claim 14, further comprising
locating the point of contact at a center of at least one

of the first substrate and the second substrate.

16. A method according to claim 14, further comprising:
supporting the second substrate on a substrate support
device; and
wherein the point of contact is at a position where
the substrate support device and the second substrate are

at a shortest distance from one another.

17. A method according to claim 14, further comprising
imposing a predetermined deformation on at least one of the

first substrate and the second substrate while establishing



21 the molecular bonds between the face of the first substrate and the face of the second substrate. 18.
A method of fabricating a semiconductor structure, comprising: directly contacting a surface of a first
semiconductor substrate with a surface of a second semiconductor substrate; contacting one of the
first semiconductor substrate and the second semiconductor substrate with a tool at a point of contact;

providing a contaci@rea @f aboutch aun of lessrbeatween dhe teot andthe phetofdhe first semiconductor
substrate and the second semiconductor substrate at the point of contact; and applying mechanical

pressure in &Fshde ExtéAditig ot 051 RESPIE 3 $NiBAbetween the first semiconductor substrate and
the second semiconductor substrate at the point of contact and establishing direct molecular bonds

between the Séjrface of tr%gbfi[gt s§m%c%nd.uctor substrate and the surface of tthe second semiconductor
substrate. 19°A metHBaaEedrdifg 16 Riahtiols: Fortier oS iEghTy SppIing 3 fores 1if a range extending

from 0.1 N ta&0\- 0B theyone of the first semiconductor substrate and the second semiconductor
substrate using the&gol. Zcqigmethodcggcordlng to claim 19,ffurth r. corjgpggrqgcsele tlgg the tool to

comprise a polymer material; r?(ﬁa{}v%%reln%%n?ac%iﬁa A& Oneé of the first semiconductor substrate and the

second semicohductot sulpsttate avithuthezoel cdmprisesccontactingt thenshecabthe first 22 semiconductor
Substrate ang JB% ggg%réq semiconductor substrate with the polymer material of the tool.
contacting one of the first semiconductor substrate
and the second semiconductor substrate with a tool at a
point of contact;
providing a contact area of about 1 mm® or less between
the tool and the one of the first semiconductor substrate
and the second semiconductor substrate at the point of
contact; and
applying mechanical pressure in a range extending from
0.1 MPa to 33.3 MPa between the first semiconductor
substrate and the second semiconductor substrate at the
point of contact and establishing direct molecular bonds
between the surface of the first semiconductor substrate

and the surface of the second semiconductor substrate.

19. A method according to claim 18, further comprising
applying a force in a range extending from 0.1 N to 10 N on
the one of the first semiconductor substrate and the second

semiconductor substrate using the tool.

20. A method according to claim 19, further comprising
selecting the tool to comprise a polymer material, and
wherein contacting the one of the first semiconductor
substrate and the second semiconductor substrate with the

tool comprises contacting the one of the first
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semiconductor substrate and the second semiconductor

substrate with the polymer material of the tool.



