1 METHOD FOR MOLECULAR ADHESI ON BONDI NG AT LOW PRESSURE 5 Technical Field

and Prior Art The present invention relates to a nol ecul ar
adhesi on bonding carried out at |ow pressure (also referred to as LPB for
"Low Pressure 10 Bondi ng") between two "wafers”. In order to obtain

a high bonding energy and limt the weakly bonded or non-bonded zones at

the periphery of the wafers, it is known to carry out nol ecul ar adhesion

bondi ng between two wafers under a reduced pressure or partial vacuum as
described particularly in docunent 15 EP 2 200 077. During nol ecul ar

adhesi on bondi ng METHOD FORSMOEECULAR ADHESFONBONDING ATLOW! i ng the
propagati on of a bondi ng wave bet mﬁﬂ‘&% ers is less than that required

at anbi ent pressure. Furthernore, t he pressure, the nore rapidly
t he bondi ng wave propagates between the wafers. 20However, the quality of a
structure obtained by | ow pressure bonding between two wafers is variable.
In fact, the Applicant has observed that bonding carried out between two
waf ers By nol ecul ar adhesion at |ow pressure, typically at a pressure |ess

than or equalTdeBnitalEibld &% pribsagaual |y likely to give very satisfactory
results and poor results in 25 terns of deformations of the wafers, even

for wafers comng fromthe sane batch. This |ack of a reproducible nature
of the results afteTheosesat irvedtlentreldtbs thagtmbleatlat elhpsionabatding of the

pond! 09, vave e Bk kil B 10shrRreRel 3l 8035 o WAERRGRRE e

se, owilfg t o Bomeingijvbatween bye dweferalui ronment in which the wafers are
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waf ers, i nhomS§eRe AliNoNebedast 78S ddheqasiphenhobiie wafass: i iskn@yvg to 2
carry out molecular adhesion bonding between two wafers under a
reduced pressure or partial vacuum, as described particularly in document

15 EP 2 200 077. During molecular adhesion bonding at low pressure, the
force necessary for initiating the propagation of a bonding wave between
two wafers is less than that required at ambient pressure. Furthermore,
the lower the pressure, the more rapidly the bonding wave propagates
between the wafers.

20 However, the quality of a structure obtained by low pressure
bonding between two wafers is variable. In fact, the Applicant has
observed that bonding carried out between two wafers by molecular
adhesion at low pressure, typically at a pressure less than or equal to 1
millibar, is equally likely to give very satisfactory results and poor results in

25 terms of deformations of the wafers, even for wafers coming from the
same hatch. This lack of a reproducible nature of the results after bonding
is due to the fact that the propagation of the bonding wave may be
initiated during the operations of alignment and progressive contacting of
the wafers before carrying out the bonding per se, owing to the low

30 pressure environment in which the wafers are placed and which promotes
such initiation.

When the propagation of a bonding wave is initiated during these
prior steps of handling the wafers, inhomogeneous deformations can
occur on one or both wafers,




These deformations are probl emati c because they are not controll able and
they are irreversible. A particular case in which the occurrence of
t hese i nhonbgeneous deformations is problematic is that of nultilayer 5
sem conductor structures (also referred 30 as "multilayer sem conductor

waf ers") produced according to the technol ogy of three-di nensional

i ntegration (3D integration) which involves the transfer onto a first
wafer, referred to as the final substrate, of at |east one | ayer forned
froma second wafer, which is bonded by nol ecul ar adhesion onto the first
wafer 10 and is gen@hem ydeﬂmi*nmatidnaf &y probiinmgtic thecaubay ey areeswpondi ng

to the portl%nﬁ,]‘opéﬂg g ﬁ‘évé ?lby@l ch el enents have been forned, for

exanple a plura nponen Q her correspondi ng el emrents nmay
optional ly also be Aor naleUIart h@asa rén wahish. the t leecserceof off fthese waf er

i ntended to GafigioderddREO N MIBANESoNs. Sid N ﬂ%!érhé’dtﬁ afs beRRUE %uftl e¥ery

smal | size or Iarqe nunber of t mcr? onents present on_a en | ayer,

each transferSFEHCY or Wi%tur%s 3JsQ Jefersedh taa%r MUHIRYSrs PRIGIcoR UFté’yer
nust be posi twafars) omroﬂheedla@iorémgsw atie (tebendlbgpt ofahpsie-dimérisioryn or

| d f d |
ordor 1o cominEoic b iitEAfaHAm Wieh TR, i ForsrE oalich MSF Wl or der
of 0.3 micromefertad bamasf the fiaahsubstbaten of cats wagt tcxmectalyey formed rfemnnant s on
the layer aftgp,dj ﬁlatféraW@’i is B&’idé‘d‘ﬁﬂ?ﬁ&eb@a%ﬂﬁé@ﬁ on?@ O P& wafer

mcrocorrponents I n he™ surface, in
order 8 procmélelsl ae@eraﬁwrtbmr@d after bonging: ’ﬁ!‘lﬂfeéa\dﬁérﬁorfﬁﬁ@t)adif@n'@ aheo

having to be pmr.dsn Qﬁ* t%% s@éﬂnde\Iamewm mmeﬁaélemreﬁfé ﬁb?é' béénr Fd@&éoonfow the
conponents presen | ecul

S ks OHes: <o e
bondi ng at | &K@ @UP rﬁléHYe MICKR50ENANENES, i YPTEESROH 'rlgoﬁ MR tEner gy
w t hout havi mgayt opiierially alsd bafoaned it tHeofirst @afér ci ng t he bonding interface

homsgeneous. def or LTS tas dnef st YRR Hits B Jo P BREREPbEE B e may
meke i fl5very imli particulat Eaﬁcaelsenof ﬁb@s\ml’bl emath size noradatigei oomiber of the
m CrOCOWPO”e'?ﬁI%rchn?d e Blestht Pn VENCla érora%‘&g@cf%rfsﬁénﬁlégﬁ%égﬂ@%st he

transfer. This type o pro femo om) e eéus bonded
vaf ers exi st $0SRYneasy Wl mn@smdﬁs favewnush bgrrasitigned: eathesfingd say in

the case in \@hb@dﬁaﬁehqmerﬁrtst Wwaré' ein deesovagt oﬁoalpéacﬁe d@nﬁpﬁr@i@p@@\%ﬁts or
i S not mtencé i cul ar cas of 3D

i ntegrati on, Flé:fﬁ g%rﬁgowghd@f EPraeh @ﬁg':'§’8§u|'1 |q{§e'f rOmCPRPY ot Br essur e

nmol ecul@r boradigng]ent with the underlying layer, of the order of 0.3 microns. It may
furthermore be necessary to carry out treatments on the layer after its
transfer, for example in order to form other microcomponents, in order to
uncover microcomponents on the surface, in order to produce
interconnects, etc., these treatment operations also having to be carried
25 out with very great precision in relation to the components present in the
layer.

Although molecular adhesion bonding at low pressure makes it
possible to obtain a high bonding energy without having to carry out an
anneal for reinforcing the bonding interface at high temperature, which

30 could damage the microcomponents, the inhomogeneous deformations
generated in the wafers as explained above may make it very difficult or
even impossible to form additional microcomponents in alignment with the
microcomponents formed before the transfer. This type of problem of
inhomogeneous deformations of the bonded wafers exists even outside

35 the scope of 3D integration, that is to say in the case in which the first



5 subsequently lead to a phenonenon of m salignnent of the m croconponents
of the various layers. This m salignnment phenonenon also referred to as
"overlay", described with reference to Figure 5, is manifested in the form
of defects of the order of 50 nm nuch Igss than the alignnment precision of
the substrates at the nmonent of nol ecul ar 10bondi ng. Figure 5
Illustrates a three-di nensional structure 400 obtai ned by nol ecul ar

adhesi on bonding at | ow pressure between a first wafer or initial substrate
410, on which a first series of mcroconponents 411 to 419 is forned by
phot ol i t hogr aydfgr lpeserots cahpeseavicrocmmpanents posisi hok intendad tde€ame t he
regi ons for ft@élﬁ% @n of the patterns corresponding to the m croconponents
to be produced, d a second wafer or final substrate 420. The initial
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between certain of the microcomponents 411 to 419 on the one hand, and

421 to 429 on the other hand, such as the offsets A1, Ay, Asz, Ags

indicated in Figure 5 (respectively corresponding to the offsets observed

25 between the pairs of microcomponents 411/421, 412/422, 413/423 and
414/424).

These offsets do not result from elementary transformations

(translation, rotation or combinations thereof) which could have resulted

from imprecise assembly of the substrates. These offsets result from

30 inhomogeneous deformations which occur in the layer coming from the

initial substrate during its bonding to the final substrate. Specifically, these

deformations lead to nonuniform local displacements level with certain

microcomponents 411 to 419. Also, certain of the microcomponents 421

to 429 formed on the exposed surface of the substrate after transfer

35 exhibit position variations with respect to these microcomponents 411 to



10t hese pi xel s. Thi s m salignment phenonenon also |eads to a

reduction of the quality and the value of the multilayer sem conductor

waf ers being fabricated. The inpact of this phenonenon is becom ng nore and

nore critical because of the incessantly increasing requirenments in respect

of 15the mniaturization of the m croconponents and their integration

density per layer. Summary of the Invention 20It is an object of the

i nvention to provide a solution which makes it possible to limt the

i nhonbgeneous deformati ons which occur in a wafer or a substrate during its
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Summary of the Invention

20 It is an object of the invention to provide a solution which makes
it possible to limit the inhomogeneous deformations which occur in a
wafer or a substrate during its bonding by molecular adhesion onto
another wafer or substrate, while preserving the advantages of low
pressure bonding.

25 To this end, the present invention provides a method for
molecular adhesion bonding between at least a first wafer and a second
wafer comprising at least a step of mechanical alignment, a step of
bringing the two wafers in contact and a step of initiating the propagation
of a bonding wave between the two wafers, in which method, during the

30 said steps of mechanical alignment and bringing the two wafers in
contact, the wafers are placed in an environment at a first pressure
greater than or equal to a predetermined pressure threshold value, and in
that during the step of initiating the propagation of a bonding wave, the
wafers are placed in an environment at a second pressure less than the

35 said predetermined pressure threshold value.



In the particular case of 3D integration, this greatly reduces the 15

ri sks of m salignnment or "overlay" during the subsequent fornation of

addi tional layers of m croconponents or during the bonding of two wafers,
each conpri sing nni croconmponents i ntend to be nutually aligned.

According to one aspect of the invention, the predeterm ned pressure
threshold value lies between 20 millibar and 5 mllibar. 20 For exanple,
during the step of nechanical alignnment and bringing the two wafers in
contact, the two wafers are placed in an environnent at a first pressure of
about 400 milli bar . BiXexiut hofl thesmetihed ©F thée ipvertiom, dt ismposgiblecactarey exceed
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before the stcoptast wittniriiheatiskapf dnitiating dhel propagstion ohs handingieave, i n
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| east three spacer ele mal ntain a

space betwee rpreqirttefweﬂatmewl@ nelug, egelesedacnaidiingly, anng dﬁﬂ%&]tst(%nﬁﬁd
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t he pudfer. obtained, exhibiting very few defects of the "void" type and controlled
deformations because the initiation of the propagation of the bonding
wave takes place at a second pressure less than the predetermined
pressure threshold value.
In the particular case of 3D integration, this greatly reduces the

15 risks of misalignment or "overlay” during the subsequent formation of
additional fayers of microcomponents or during the bonding of two wafers,
each comprising microcomponents intended to be mutually aligned.

According to one aspect of the invention, the predetermined
pressure threshold value lies between 20 millibar and 5 millibar.

20 For example, during the step of mechanical alignment and
bringing the two wafers in contact, the two wafers are placed in an
environment at a first pressure of about 400 millibar. Nevertheless, the
first pressure may approach or exceed atmospheric pressure without
departing from the scope of the invention.

25 According to a particular embodiment of the method of the
invention, before the step of mechanical alignment and bringing the two
wafers in contact, the wafers are arranged facing one another while
interposing at least three spacer elements between the two wafers so as
to maintain a space between the two wafers, the step of mechanical

30 alignment and bringing the two wafers in contact comprising:

- retracting one of the spacer elements,

- applying a first lateral force by a pusher onto the wafers so as
to align the two wafers with respect to one another, the wafers being
retained by at least one holding finger,

35 - retracting the other spacer elements,



5According to an aspect of the invention, during the step of initiating a
bondi ng wave, the wafers are placed in an environnent at a second pressure
of less than 1 nbar, so as to spontaneously initiate the bondi ng wave.
According to another aspect of the invergion, the step of 10 initiating a
bondi ng wave conprises the application of a mechanical pressure point onto
one of the two wafers. The present invention also relates to a

met hod for producing a three-di nensional conposite structure conprising a
step of producing a first layer of mcroconnponents on one face of a first
waf er and at |east arettactiigeiheqfusireghani cal alignment and a step of

o sconponent o i n cARPIATE i credi: Wk GOSNy Ban b adBe NS SRy by o
step of initiwafersgantde propagati on of a bondi ng wave between the two
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bet weendt he waf ers AFEOrdidr tedamAsPRAt ffctieldneentitng nduning Bbadsteg ekt hod
according to iﬁiﬂ&tim@\éeﬁéhd]ﬁé wave, the WBRersiHRe Pladdirinah iirdhnidie diresent
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el i m nate or Hondirlg whee. 25 phenonmenon of misalignnent ("overlay") and to
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presenfl® i nvdmtiatng sa i bondirg awave t onaprisase heli applichtomn| ofc @anpoedhagical r uct ur e
conpri si ng a_p‘f‘@§5‘i} e?B@t%n'tn?lSﬁé d‘?fthégﬂbmltc.t or 30 crystalline materi al
bonded on said waref by nol ecular adhesion, the |layer having a first face

|l ocated in the vici AgyPresenthavertien sipo relales d6ea Heetheenfos Hradueipara and t he

waf er and a sheerdinictepraPRO/ijosite Stilteudd Eampfiging. a tdhép lofybdating a

sem conduct or. cr staltl ne material compri jl n% ? fﬁ_rit %e“ earagf
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ponents an he second’Series o nnicroconnponents are 1 ess
than 100 nm [t gkaseaend wafer, follavesh biyra skapr ofipiiasing the rropagatiore of W t h
such a |'im t gdhsRdihgUddveabb@idB the tNS VP&reH, ' @RP&tEfized in that the steps
of mechanical alignment, bringing the wafers in contact and initiating the
20 propagation of a bonding wave between the wafers are carried out in
accordance with the bonding method according to the invention.

The use of the method of the present invention for molecular
adhesion bonding carried out at low pressure makes it possible, during the
transfer of a layer of microcomponents, to eliminate or limit the

25 phenomenon of misalignment ("overlay") and to produce multilayer
semiconductor wafers of very high quality. The layer of microcomponents
may in particular comprise image sensors.

The presents invention still relates to a three-dimensional
composite structure comprising a wafer and a layer of semiconductor

30 crystalline material bonded on said wafer by molecular adhesion, the layer
having a first face located in the vicinity of the bonding interface between
said layer and the wafer and a second face opposite to the first face, the
layer of semiconductor crystalline material comprising a first series of
microcomponents on its first face and a second series of microcomponents

35 on its second face in alignment with the first series of microcomponents,



5 manufacturing defects such as short circuits, distortions or connection
def ects between the m croconnponents of the two series of m croconponents
i s considerably reduced. In the case in which the first series of

m croconponents conprises imagers fornmed; by pixels while the second series
of m croconnponents conprises colour filters intended to be 10aligned with
each pixel, the colouration function can be ensured for all pixels.
According to an aspect of the invention, the residual alignnent offsets
between the first series of mcroconponents and the second series of

m croconponent s ar ewhesgintthamesSiduainaligneneritt offsets bebO8érothd first Sariesof 150f
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10 aligned with each pixel, the colouration function can be ensured for all

pixels.

According to an aspect of the invention, the residual alignment
offsets between the first series of microcomponents and the second series
of microcomponents are less than 50 nm over at least 50% of the surface

15 of the structure.

According to another aspect of the invention, the structure has a
diameter of 300 mm or more.

Still according to another aspect of the invention, at least some
of the microcomponents are image sensor.

20
Brief Description of the Figures

Other characteristics and advantages of the invention will
become apparent from the following description of particular embodiments
25 of the invention, given by way of nonlimiting examples, with reference to
the appended drawings in which:
Figure 1 is a flow chart of the steps of a molecular adhesion
bonding method of the invention illustrated in Figures 2A to 21,
Figures 2A to 2I are schematic views of a molecular adhesion
30 bonding method according to an embodiment of the invention,
Figures 3A to 3D are schematic views showing the
production of a three-dimensional structure by using the molecular
adhesion bonding method of the present invention,



Figures 3A to 3D are schematic views show ng the production of a

t hree-di nensi onal structure by using the nol ecul ar adhesi on bondi ng net hod
of the present invention, 8 -Figure 4 is a flow chart of the steps carried
out during the production of the three-dinensional structure illustrated in
Figures 3A to 3D, Figure 5 is a schematic view showi ng a

t hree-di nensi onal 5structure after nol ecul ar adhesi on bonding at | ow
pressure according to the prior art. Detailed Description of Enbodi nents of
the Invention 10The present invention applies in general to the production
of conposite structurefiguweapt isaripvatchadast thésteps earviedrowtdthasngthédondi ng
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connection or nol echmtummlesmmﬂmmhn@ﬂsm&gmmquéwihkritﬁvm pet kat A9n poi nt
bor Vsl o 1 oPolSTHEREHR Pibsie O sRRE N Garssfort bERARGL I padkd ogn V2"
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poi nt is typispadifi nhéﬂeh!aﬁ(éiﬂue?b(/ea%)?’ 'H?Qz@#?h%ﬂtﬁaén 8%&%&%%&90&8& he
exposed surface o one
nevert hel esst etuifacgs to be bonded are sufficiently smooth, and free of
particles or contamination, and that they are brought sufficiently close
together in order to make it possible to initiate contact, typically at a
20 distance of less than a few nanometres. In this case, the attractive forces
between the two surfaces are high enough to cause the propagation of a
bonding wave which leads to molecular adhesion (bonding induced by all
the attractive forces (Van Der Waals forces) of electronic interaction
between atoms or molecules of the two surfaces to be bonded).
25 The molecular adhesion is achieved by initiating at least one
contact point on one wafer in intimate contact with another wafer in order
to trigger the propagation of a bonding wave from this contact point.
Here, a "bonding wave" refers to the front of connection or molecular
adhesion which propagates from the initiation point and which
30 corresponds to the spreading of the attractive forces (Van Der Waals
forces) from the contact point over the entire surface of intimate contact
between the two wafers (bonding interface). The contact point is typically
initiated by applying a mechanical pressure onto the exposed surface of
one of the two wafers. This contact point may nevertheless be generated
35 spontaneously by subjecting the two wafers in contact to a very low




35spont aneously by subjecting the two wafers in contact to a very low 9

pressure, typically less than 5 mllibar (nbar) and/or by the action of the
force of gravity of one wafer on the other. Al t hough nol ecul ar
adhesi on bonding at | ow pressure nmakes id possible to inprove the quality

of the bonding, the Applicant has observed 5 that if the bonding, and nore
preci sely the propagation of a bonding wave, is initiated during the phase
of nmechani cal alignnent and bringing the wafers in contact, inhonogeneous
def ormati ons can be produced in the wafers. To this end, the invention
proposes to qaessureutypidadly dpss ditanoh snitibat {mbaey bad/araby &heé gotiem bfﬁh@l
bringing the | | emin an environnment having a
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can be reducdhe bedfens.t he defined pressure threshold value in order to allow
the initiation of t ' : | waf ers.
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an enbdlli nentmeghanital aligmoenband teinging: e viafeis| In eaniadeby plasingotieni t h
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substrate 20 is Iac%d I,Nn q? chan‘ier 10 ,oI_' &bondl ng, [(Tgcty ne 100, the
chanber corrprﬂrg-cfi'@eait%m aMalue, Helew WhisncEnele & &is ig.'mﬁ‘f'ét‘r!ﬂj%?rate
hol der devi cgrdfagatinpr bf e borlingp wive3 Betweat ehéOtwahivaferdauriigpripgir t y
defects pref %ﬁgt" | ess than 15 microns. The support plate 40a holds the

first wafer " exanpl e by neans of an electrostatic or suction system
associ dbed wi t h t heThapgpont "ambiest poessore’bis temdeas to aneary thevpréssargi ew t o

e heboryat QRSP ERERI LAY haReRh A B8 s itk kg 20
a pumping means, this pressure corresponding to the atmospheric
pressure of the environment in which the bonding machine is located. The
pressure threshold value is less than atmospheric pressure.

20 Once these operations have been carried out, the pressure of the
chamber can be reduced below the defined pressure threshold value in
order to allow the initiation of the propagation of a bonding wave between
the two wafers.

An example of molecular adhesion bonding between two wafers

25 according to an embodiment of the method of the invention will now be
described with reference to Figures 1 and 2A to 21.

In Figure 2A, a first wafer or substrate 20 is placed in a chamber
110 of a bonding machine 100, the chamber comprising a substrate holder
device 40 (Step S1). The substrate holder device 40 comprises a support

30 plate 40a which has planarity defects preferably less than 15 microns. The
support plate 40a holds the first wafer 20, for example by means of an
electrostatic or suction system associated with the support plate 40a or by
simple gravity, with a view to assembling it by molecular adhesion with a
second wafer or substrate 30. The associated systems for holding the

35 wafer (electrostatic or by suction) are used in so far as it has been



35wafer (electrostatic or by suction) are used in so far as it has been 10
checked that they do not deformthe wafer so as not to |lead to an increase
in the problens of msalignnent ("overlay"). Once the wafer 20 is
hel d on the support plate, three spacer gl enments 41 to 43 intended to
tenporarily prevent contact between the two wafers are put in position.
The bondi ng machi ne furthernore conprises a pusher 44 which conprises a
head 441. The pusher 44 is displaced between a retracted position in which
the head 441 is at a distance fromthe edges of the wafers 20 and 30 and
does not exercheakdcrthat dney hdo et adefofmsthd wefer abeds i motFt@uead 28) anand a
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The wafer 30 is then deposited on the spacer elements 41 to 43
20 so as to arrange the lower surface or face 32 of the wafer 30 facing the
upper surface 22 of the wafer 20 (Figure 2B, Step S2). At this moment,
the pusher 44 is in its mechanical alignment position and exerts a holding
force on the wafers against the fingers 45 and 46.
In a well-known fashion, the surfaces 22 and 32 respectively of
25 the wafers 20 and 30 intended to be bonded have been prepared
(polishing, cleaning, hydrophobic/hydrophilic treatment, etc.) in order to
allow molecular adhesion.
During the subsequent operation, the spacer element 41 is
retracted then the pusher 44 is placed in its retracted position (Figure 2C,
30 Step S3), which makes the portion of the wafer 30 present at the location
of the spacer element 41 and of the holding finger 45 descend onto the
wafer 20,
The pusher 44 is again placed in its alignment position in order to
keep the wafers aligned (Figure 2D, Step S4). The spacer elements still
35 present between the two wafers, namely in this case the spacer elements



11 42 and 43, are retracted while the pusher 44 is still inits position
hol ding the wafers in alignnent (Figure 2E, Step S5), at which nonent the
waf ers 20 and 30 experience conpressive stresses. The pusher 44 is then
placed in its retracted position in ordﬁﬁ to relax the stresses applied to
the wafers 5 and in order to release the wafer 33 from bei ng hel d agai nst
the fingers 45 and 46 and allowits |lower face to rest entirely on the
upper face of the wafer 20 (Figure 2F, Step S6). The pusher 44 is
once nore placed in its nmechanical alignment position in order to ensure
t hat the waf é2saD43ndreSfeteacted waplerthe plshened isldilldafits position ihaldiegp of t he
pr opagati on ' | 2 : i en
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onto the waf @0sarmb3arekpsencs gomereasiveSitegssgs) The pusher 4histhan plgced t he
nvent i on, -ty SeRSctSl dRith IPSrer S FeRRINE sHieBsERBPAIRY RHhaibfebs Pl aCi ng
the wafers in an environment at a first_ 15 pressure Pl1. To this end, as
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pressure but greateThehpushar 430isporeme mereipigmbdpine ks unechamicd laligpdmeat ue. | n
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bondi ng wave. 12 .
a préssure less than the ambient pressure but greater than a
20 predetermined pressure threshold value. In the latter case, the chamber
comprises partial evacuation means such as a vacuum pump or the like
(not represented in Figures 2A to 2H).
More precisely, and as explained above, the first pressure P1 is
greater than a predetermined pressure threshold value, for example lying
25 between 20 mbar and 5 mbar, in order to prevent the initiation of the
bonding propagation during the steps of mechanical alignment and
bringing the wafers in contact. Specifically, from Step S3 onwards, a
portion of the bonding face 31 of the wafer 30 lies in contact with the
bonding face 21 of the wafer 20. Consequently, from this moment on and
30 if the wafers were to be placed in an environment whose pressure is less
than the pressure threshold value, any contacts or shocks applied to the
wafers during their handling, in particular during the contact between the
pusher and the wafers or when it is retracted so as to make the wafer 30
descend onto the wafer 20, would be liable to cause the initiation of the

35 propagation of a bonding wave.



By resorting to a pressure Pl above the threshold value, at this stage of
the method it is possible to avoid triggering the propagation of a bonding
wave which could give rise to i nhonogeneous deformations in the wafers and
subsequent phenonmena of mi salignment ("gyerlay"). The 5 pressure Pl of the
environment in which the wafers are placed during the steps Si to S8 may or
may not be constant (i.e. potentially it is variable during the steps of

al i gnnent and contacting). After the steps of nechanical alignnment
and bringing the wafers in contact, the nol ecul ar adhesion bonding is
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35poi nt, t he pRRBRRAGIRCMNE iAR{BORBEPNS generated in the wafer are 13
reduced while carryhn 0 tt Iie | ar fld;}ﬁSIiOB@?iondlpg?egnra” if tqr}e
surfaces of the two ﬁ/gllll#’éag‘ﬁ Eﬁglg@t. THE IPEIFUORCk B Brepagaetied ¥y@t he end
52 ont @0t he \wahdng3Wave magi dlteredtibsly nbautandéd toue sy maemrebera 53l 50
equipped with a stylet 51 making it possible to apply a mechanical contact
point onto the wafer 30. Advantageously but not obligatorily, the
mechanical pressure exerted by the stylet 51 onto the wafer 30 may be
controlled in order to limit the deformations at the level of the contact
25 point. As illustrated very schematically in Figure 2I, the tool 50 may
comprise a dynamometer 53. The stylet 51 is connected to the
dynamometer 53 and comprises a free end 52 with which a mechanical
pressure is exerted onto the wafer 30 in order to initiate a contact point
between the two wafers 20 and 30. Knowing the value of the area of
30 contact 52a of the tool 50 with the wafer 30, it is possible to apply a
mechanical pressure of between 1 MPa and 33.3 MPa by controlling the
bearing force F exerted by the tool onto the wafer (bearing force =
mechanical pressure x bearing surface). By thus limiting the pressure
applied onto one of the two substrates during the initiation of a contact
35 point, the inhomogeneous deformations generated in the wafer are



The bearing elenent, and nore particularly its end intended to 5 cone in

contact with the wafer, may be nade of or covered with a material such as

Teflon(r), silicone or a polynmer. In general, the end of the bearing

el enent is made or covered with a suffi?]i}ently rigid material in order to

be able to apply a pressure in a controlTed way. Specifically, too flexible

a material could deformand lead to an i nprecise contact surface 10 and,

consequently, to a lack of precision of the applied pressure. Furthernore,

too rigid a material could lead to the formation of defects (inprint) on

the surface oédidee wafiler carrying out Irholesulbrrddhesionr dondig bheal cofr shee t he
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series of nicroconpmnentfarthbPmere sl fleceaigl e igretdure wghinr ipra
substrate 10Q preferabl de of,a sem conductor crystalline terial
(Figuro aa SEOBeSt onase Retee 108 afeh Af Shachisnical aligdent A Brindi@nent s
and/ or 16nl y &heavaferhén eacdntadthandnthe ateps wii sinititimgl fite prdpagatidme of a
nonol ayer st rbﬁﬁah'lrgewa\%é).r exanple a layer of silicon, or a mul til ayer
structure such as~a Structure of the SOT type. The m croconponents 110 are
fornmed by phot ol i t h&ge dpeihoglyofrinm invsmtignnigsapisrblegta the,assarblng ef def i ne
the regions Hay t{pe BRirh&@rial cOMbhEBRSWith molecular bonding, and in particular
semiconductor materials such as silicon or germanium, glass, quartz,
20 sapphire etc. The wafers to be assembled may in particular have a
diameter of 100 mm, 150 mm, 200 mm, 300 mm, or 450 mm. The wafers
may furthermore comprise microcomponents on the majority of their
surface or only on a limited region.
One particuiar but not exclusive field of the bonding method of
25 the present invention is that of the production of three-dimensional
structures.
A method for producing a three-dimensional structure by
transferring a layer of microcomponents formed on an initial substrate
onto a final substrate, according to an embodiment of the invention, will
30 now be described with reference to Figures 3A to 3D and 4.
The production of the three-dimensional structure starts with the
formation of a first series of microcomponents 110 on the surface of an
initial wafer or substrate 100 preferably made of a semiconductor
crystalline material (Figure 3A, Step S10). The microcomponents 110 may
35 be entire components and/or only a part thereof. The initial substrate 100




5 corresponding to the nnicroconmponents 110 to be produced. During the
formation of the m croconponents 110 by photolithography, the initial
substrate 100 is held on a substrate hol der device 120. The substrate

hol der devi ce conprises a support plate;320a on which the initial substrate
100 is pressed, for exanple by neans of "an el ectrostatic or 10suction
system associ ated with the support plate 120a. The face 101 of the
initial substrate 100 conprising the nnicroconponents 110 is then
positioned facing and in contact with a face 201 of a final wafer or
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bondi ng. microcomponents which is held by the substrate holder device while the
initial substrate 100 is brought on top of the final substrate 200.
An oxide layer, for example of SiQO;, may furthermore be formed
on the face 101 of the initial substrate 100 comprising the
25 microcomponents 110 and located at the vicinity of the bonding interface
between the initial substrate 100 and the final substrate 200 and/or on the
face 201 of the final substrate 200 intended to be bonded to the face 101.
According to the invention, the pressure in the chamber or
enclosure (not represented in Figures 3A to 3D) containing the aligned
30 substrates 100 and 200 brought in contact with one another is lowered to
a value of less than 5 mbar, which, as explained before permit to initiate a
spontaneous bonding between the substrate (Step S30, Figure 3B)
Indeed, in most instances, it has been observed that lowering the
pressure in chamber to a value of less than 5 mbar, an preferably less
35 than 3 mbar, initiation of a contact point and propagation of the bonding



In case where the pressure in the chanber is not |lowered to less than 5
nmbar or to ensure the initiation of a contact point in any case, a contact
point may be also initiated between the two substrates by 10 applying a
nechani cal pressure Pmonto the substratg 200, preferably in proximty to
Its edge. As indicated above, the pressure Pmmay |lie between 1 MPa and
33.3 MPa and be applied onto a bearing surface |l ess than or equal to 1 mm®2.
The initiation of the contact point |eads to the propagati on of a bondi ng
wave over the interface between the initial 15 substrate 100 and the final
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conposite st rzbﬁture 300 formed by tThe final substrate 200 and the | ayer

100a is held a support plate 130a of a substrate hol der device 130
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substrate 100 is a substrate of the SOI type, the buried insulating layer
25 may advantageously be used in order to delimit the thickness of the
remaining layer 100a. A composite structure 300 is then obtained, formed
by the final substrate 200 and the layer 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), by
30 chemical etching, or by cleavage or fracture along a weakened plane
formed beforehand in the substrate by atom implantation.
As represented in Figure 3D, the next step in the production of
the three-dimensional structure consists in forming a second series of
microcomponents 140 on the exposed face 102 of the layer 100a (Figure
35 3D, Step S50). The microcomponents 140 may correspond to



15conpri ses m croconponents. By virtue of the nol ecul ar adhesion
bondi ng nethod of the invention, it has been possible to bond the initial
substrate 100 onto the final substrate wi thout deformation or at the very

| east with a reduction of the defornmati ggs such that significant residual
alignment offsets of the 20 m croconponents 110 are no | onger observed
before and after transfer of the initial substrate 100 onto the final
substrate 200. It is thus possible to limt the residual offsets to val ues
of | ess than 100 nm honobgeneously over the entire surface of the wafer. In
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quality. the deformations such that significant residual alignment offsets of the
20 microcomponents 110 are no longer observed before and after transfer of
the initial substrate 100 onto the final substrate 200. It is thus possible to
limit the residual offsets to values of less than 100 nm, homogeneously
over the entire surface of the wafer. In the particular example of figure 3
the initial substrate 100 comprising the first series of microcomponents
25 110 on its face 101 is first positioned on a bonding support. Then a final
wafer or substrate 200 is positioned on the initial substrate 100, its face
201 facing and contacting the face 101 of substrate 100. Spontaneous
bonding, that is to say without application of an additional mechanical
pressure, that has been observed while the pressure is reduced to a value
30 less than 5 mbar, or preferably less than 3 mbar, leads to limit the
residual alignments offsets A, between the aligned pair of
microcomponents of the first and second series of microcomponents 110
and 140 to values of less than 100 nm homogeneously over the entire
surface of the wafer, and to value less than 50nm over at least 50% of
35 the surface of the wafer.



CLAI M5 1. Method for nol ecul ar adhesi on bondi ng between at | east a
first wafer (20) and a second wafer (30) conprising at least a step of 5
mechani cal alignment, a step of bringing the two wafers (20, 30) in contact
and a step of initiating the propagatiog,of a bonding wave between the two
waf ers, characterized in that during the said steps of nechani cal
alignnment and bringing the two wafers in contact, the wafers are placed in
10 an environnent at a first pressure (Pl) greater than or equal to a
predeterm ned pressure threshold value, and in that during the step of
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el ements (41, between the two wafers so as to mainftain a space

42. .43
bet ween the tt\ﬁg 'E%‘% U08nd in that the step of nechanical alignnment and
bringi ng the two wafhesbondiagnneethod ooprihge presenteinveationgcomseqiiétily of t he
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(45, 46), 1 farfCiAM EakleirP tifith S BRS QlaRhr$ &St Bride? Znicfsbomponents, the
method in the end makes it possible to eliminate the phenomenon of
misalignment ("overlay") during the transfer of one circuit layer onto
another layer or onto a support substrate, and to produce multilayer
15 semiconductor wafers of very high quality.



retracting the pusher (44), applying a second lateral force by the
pusher (44) onto the two wafers (20, 30), and 35- retracting the pusher
(44). 19 4. Method according to any one of Clainms 1 to 3,
characterized in that during the step o;sinitiating a bondi ng wave, the
wafers are placed in an environnent at second pressure of less than 1
nbar, so as to spontaneously initiate the bonding wave. 5 5.

Met hod according to any one of Clains 1 to 3, characterized in that the
step of initiating a bonding wave conprises the application of a nechani cal
pressure point ontocppagMd the two wafers. 106. Method according to Caim
4, characterized in that the nechani cal pressure applied by the nechanica
pressure point onto one of the two wafers |ies between 1 MPa and 33.3 Mra.
157. Method for produgdetbod fohrraetediiae rmih@sitn bongingi betvedaruet Ueast(300)
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initiating the propagation of a bonding wave the wafers (20, 30) are
placed in an environment at a second pressure (P2) less than the said

predetermined pressure threshold value.

15
2. Method according to Claim 1, characterized in that the
predetermined pressure threshold value lies between 20 millibar and 5
millibar.
20 3. Method according to either one of Claims 1 and 2,

characterized in that before the step of mechanical alignment and bringing
the two wafers (20, 30) in contact, the wafers are arranged facing one
another while interposing at least three spacer elements (41, 42, 43)
between the two wafers so as to maintain a space between the two
25 wafers, and in that the step of mechanical alignment and bringing the two
wafers in contact comprises:
- retracting one (41) of the spacer elements,
- applying a first lateral force by a pusher (44) onto the wafers
(20, 30) so as to align the two wafers with respect to one another, the
30 wafers being retained by at least one holding finger (45; 46),
- retracting the other spacer elements (42, 43),
- retracting the pusher (44),
- applying a second lateral force by the pusher (44) onto the two
wafers (20, 30), and
35 - retracting the pusher (44).



30 9. Method according to Caim8, characterized in that it
furthernore conprises a step of producing a second series of

m croconponents (140) on the opposite face (102) of the layer (100a) from
the face conprising the first series ofygicroconponents (110). 20

10. Method according to any one of Clains 7 to 9, characterized in that
before the bonding step, it conprises a step of form ng an oxi de | ayer on
the face of the first substrate (100) conprising the first series of

m croconnponents (110). 5 11. Method according to any one of
Cains 7 to 10, chadaMethodzactordingHetarynend of Slaimelisto 3f ehdrabetized i
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are less than 50 nmover at | east 50% of the surface of the structure.

15 7. Method for producing a three-dimensional composite structure
(300) comprising a step of producing a first series of microcomponents
(110) on a first face (101) of a first wafer (100) and at least a step of
mechanical alignment and a step of bringing the first face of the said first
wafer (100) comprising the first seris of microcomponents in contact with

20 a face of a second wafer (200), followed by a step of initiating the
propagation of a bonding wave between the two wafers (100, 200),
characterized in that the steps of mechanical alignment, bringing the
wafers in contact and initiating the propagation of a bonding wave
between the wafers are carried out in accordance with the bonding

25 method according to any one of Claims 1 to 6.

8. Method according to Claim 7, characterized in that after the
bonding step, it comprises a step of thinning the first wafer (100) to froem
a layer (100a).
30
9. Method according to Claim 8, characterized in that it
furthermore comprises a step of producing a second series of
microcomponents (140) on the opposite face (102) of the layer {100a)
from the face comprising the first series of microcomponents (110).
35



3015. Three-di nensi onal conposite structure according to claim13 or
wherein said structure has a dianmeter of 300 nm or nore.

Thr ee- di nensi onal

wherein at | east sone of the m'crocorrpoants are i mage 35sensor.
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10. Method according to any one of Claims 7 to 9, characterized
in that before the bonding step, it comprises a step of forming an oxide
layer on the face of the first substrate (100) comprising the first series of
microcomponents (110).

11. Method according to any one of Claims 7 to 10, characterized
in that the first substrate (100) is a structure of the SOI type.

12. Method according to any one of Claims 7 to 11, characterized
in that at least the first series of microcomponents (110) comprises image
Sensors.

13. Three-dimensional composite structure (300) comprising a
wafer (200) and a layer of semiconductor crystalline material bonded on
said wafer by molecular adhesion, the layer having a first face located in
the vicinity of the bonding interface between said layer and the wafer and
a second face opposite to the first face, the layer of semiconductor
crystalline material comprising a first series of microcomponents on its first
face and a second series of microcomponents on its second face in
alignment with the first series of microcomponents,

wherein the residual alignment offsets between the first series of
microcomponents and the second series of microcomponents are less than
100 nm homogeneously over the entire surface of the structure.

14. Three-dimensional composite structure according to claim 13,
wherein the residual alignment offsets between the first series of
microcomponents and the second series of microcomponents are less than
50 nm over at least 50% of the surface of the structure.

15. Three-dimensional composite structure according to claim 13
or 14, wherein said structure has a diameter of 300 mm or more.

16. Three-dimensional composite structure according to any of
claims 13 to 15, wherein at least some of the microcomponents are image
SEnsor.

14,
16.

conposite structure according to any of clainms 13 to 15,



