1 System and method for evaluation of heterogeneous deformations in multilayer wafers Background of
the invention The present invention relates to the field of the production of multilayer semiconductor
wafers or substrates produced by transfer of at least one layer formed from an initial substrate onto a final
substrate, the layer transferred corresponding to a portibn of the initial substrate. The layer transferred
may further comprise all or part of a component or of a plurality of microcomponents. The present
invention concerns the problem of the heterogeneous deformations that occur in a layer bonded by
molecular adhesion to a substrate, and to be more precise on the transfer of such a layer from an initial
substrate called the "donor Sibterend aetapddiesteralvationied retriogessiostrate”. Such
deformations have notably been obseteddrith #itoersi ohieitegbnoledy ef three-dimensional integration
of components (3D-integration) which necessitates the transfer of one or more layers of microcomponents
onto a final support substrate but also in the case of transfer of circuits or in the production of back-lit
imaging devices. Because in partlcular of the very small size and the large number of microcomponents
generally present onS#e 44y NUAEh of them must be positioned on the final substrate with
great accuracy in order to cofﬁ]ﬂymatvmmeetm atigiesetnt with filetd vofd EhlyipgptiyatioMMofeover, it may

be necessary to cariyidyertEBRTG LS, lRurerlien dsERBEIspiodarmparnipemataer
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However, the App|l as noticed that after such a transrer ther?ﬁt?:t situations In which it is very

difficult or even imp Q¥ﬂ§|§rﬁ5‘f RS TRPRAGS FONnTH BREIAT | IRkt whpstrRtenitAScomponents
formed before the tréafetransferregs pRgAorraic Bt ompaitisfde sonmeengnthaegérence to figures
1A to 1E which showlinglignufenicreminabentinge-dimensional structure comprising the transfer onto a

final substrate of a layer of mﬁ{gcog}ggé}ﬁntsirﬁggﬁ%on Ahéaitial sqﬁgtraﬁ(ﬁp‘gﬁhe dermaion of an 2
heterogeneous deformations that occur in a layer bonded by molecular
adhesion to a substrate, and to be more precise on the transfer of such a
layer from an initial substrate called the “donor substrate” to a final
substrate called the “receiver substrate”. Such deformations have notably
been observed in the case of the technology of three-dimensional
integration of components (3D-integration) which necessitates the transfer
of one or more layers of microcomponents onto a final support substrate
but also in the case of transfer of circuits or in the production of back-lit
imaging devices. Because in particular of the very small size and the large
number of microcomponents generally present on the layers transferred,
each of them must be positioned on the final substrate with great
accuracy in order to comply with a very strict alignment with the
underlying layer. Moreover, it may be necessary to carry out treatments
on the layer after its transfer, for example to form other
microcomponents, to uncover microcomponents on the surface, to make
interconnections, etc.

However, the Applicant has noticed that after such a transfer
there exist situations in which it is very difficult or even impossible to form
additional microcomponents in alignment with the microcomponents
formed before the transfer.

This phenomenon of misalignment is described with reference to
figures 1A to 1E which show one embodiment of a three-dimensional
structure comprising the transfer onto a final substrate of a layer of
microcomponents formed on an initial substrate and the formation of an




additional layer of microcomponents on the exposed face of the initial substrate after bonding.

Figures 1A and 1B show an initial substrate 10 on which is formed a first series of microcomponents 11.
The microcomponents 11 are formed by photolithography by means of a mask enabling definition of the
areas of formation of patterns corresponding to the miclocomponents 11 to be produced. As shown
in figure 1C, the face of the initial substrate 10 comprising the microcomponents 11 is then brought into
intimate contact with a face of a final substrate 20, thus forming the composite structure 25. The bonding

between the initial substrate 10 and the final substrate 20 is effected by molecular adhesion. There is thus
obtained a buried laypsidiiantriexem e rivisroomaatento vdiriientxpasedo e @ tthe soblstrates 10 and
20. After bonding, argisstrat®aftentiigidiagl D, the initial substrate 10 is thinned in order to remove a
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As shown in figure 1E, the next step in the production of the
three-dimensional structure consists in forming a second layer of
microcomponents 12 at the level of the exposed surface of the thinned
initial substrate 10, or in carrying out complementary technological steps
on this exposed surface, in alignment with the components included in the
layer 10a (contacts, interconnections, etc.). For simplicity, in the
remainder of this text the term “microcomponents” refers to devices or
any other patterns resulting from technology steps effected on or in the
layers and the positioning of which must be controlled accurately. It may
thus be a question of active or passive components, contacts or
interconnections.

Thus, in order to form the microcomponents 12 in alignment with
the buried microcomponents 11, a photolithographic mask is used similar
to that used to form the microcomponents 11. Here similar masks means
masks that were designed to be used in association during a fabrication
process.

The layers transferred, such as the layer 10a, typically comprise
marks (or markers) both at the level of the microcomponents and at the



These offsets are not the result of basic transformations (translation, rotation or combinations thereof) that
could originate in inaccurate assembly of the substrates. These offsets result from heterogeneous
deformations that occur in the layer coming from the initial substrate when it is assembled with the final
substrate. These deformations lead to local and non-un¥form movements at the level of some
microcomponents 11. Also, some of the microcomponents 12 formed on the exposed surface 14b of the
substrate after transfer feature variations of position with these microcomponents 11 that may be of the
order of several hundred nanometres or even one micron. The phenomenon of so-called "overlay"”
or misalignment betgveh gfdh@sliag e mingichec@ygotaitarel noiably wsag by theskiamiog of short
circuits, distortions iratige Sigokettctrviecdiomiptdichhelvgen theatneracstmporadisay thedavo layers. Thus
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5 The technique described in the document WO 2007/103566 A2 is, not designed to evaluate
heterogeneous deformation resulting from bonding of two wafers, however, and in particular bonding of
molecular adhesion type the mechanisms whereof are still very badly understood at present. The
Applicant has noticed that the behaviour of the heterogéneous deformations resulting from bonding by
molecular adhesion is random and in any event very different from the classic homogeneous
deformations. At this writing, no model enables reliable evaluation of the level of heterogeneous
deformations generated in a layer bonded by molecular adhesion to a substrate. There therefore exists a
requirement to evaluate in a sievyReeind égfeessiblentinneacers &y dheseh pasitigeingoigstdafohmations in
multilayer structuresgstedu¢mehingbeneingitiyl nxolestrdae agihe siernat@naarliesmmgadTtgir fabrication.
Obiect and summarkohiIgdgantas on tOBRBLAERIRS A LiafvATABipeERgSe a solution
enabling a response to be gi ement gsé oFmu lated ﬁﬁﬁ %g j:?%thls eE q the present
invention proposes a method 8F ec{ygﬂ,’lat'ion QH'&%'? heous FEforMmatio "& iy wiat ? the first wafer
being bonded by motestEtaAfEidh %ﬁ‘%@@@n&hﬁ&féﬁ”ﬂ@ é\%ﬁ?&fﬁfﬁ%lﬁo@‘@oﬁ;ﬁﬁ?ﬁﬁh@ a step
of surveying a pluralityirofet e atiat mebstpaimtsasach dkthecpdadurbméne plmats deshygitoclly
representative of thep@lﬁbﬁfn@ete%?ﬁﬁ)%@éﬁuﬁa&edﬂﬁﬂ&fE@W@ﬁ% structaréteﬁiﬂ@ﬂméﬁﬂ@aﬁon of at
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first wafer as a functf@H'BlﬁS{ardNﬂfaf‘acterlstlc magnitude.
A technique for determination of misalignments in a

semiconductor wafer is moreover described in the patent document
WO 2007/103566 A2. To be more precise, this technique aims to evaluate
misalignments liable to occur in a wafer during a photolithography step,
these misalignments resulting from mechanical stresses generated in the
wafer.

In practise, this technique consists in carrying out curvature
measurements on one face of a layer produced by deposition on a
substrate. From curvature data obtained at different points of the layer,
the internal mechanical stresses of this layer relative to the substrate are
determined. Knowing these stresses, it is possible to evaluate the
“movements” of this layer relative to the substrate. The evaluation of
these movements before or during a photolithography step notably makes
it possible to determine how to compensate or correct the
photolithography parameters in such a manner as to minimize the
misalignments.

However, this technique concerns only the evaluation of
deformations generated over the whole of a layer produced by deposition
on a substrate (or possibly by ion implantation, annealing or etching).
These so-called homogeneous deformations are in fact the result of a
mechanical equilibrium obtained over the whole of the layer deposited on
the substrate. This type of deformation exhibits a behaviour that is now
relatively predictable thanks to the use of models taking into account in
particular the laws of mechanics and the thicknesses in play (cf. equation
5 on page 5 of the document WO 2007/103566 A2).



Thanks to the evaluation method of the invention it is possible to evaluate the level of heterogeneous
deformations in an initial substrate immediately after it is bonded to a final substrate. 6 Based on
the evaluation of a level of heterogeneous deformation, it is possible to estimate the offsets that have
occurred between the buried surface and the exposed Surface of the initial substrate. More particularly,
the method of the invention enables estimation of the level of misalignments that would be likely to come
about if microcomponents were to be fabricated on the exposed surface of the initial substrate. Thus
a simple and effective evaluation of the heterogeneous deformations is possible before proceeding to the
thinning of the initial substratéh&He&idwgtdaseidrd droftite degement JWe2007 HEGSES AR the presence
of microcomponentsignribe éxsigeed sortactuatdhrariiasidutisatizofpeaorihesirBrNEOf

microcomponents bujiggirthe MB%‘FQ%??\W@V%PFE@W%%&%@%H#P@ew%@é%mg%a”y through a

relatively small thickness of the remaining initial substrate_ The luatign of a leyel of heterogeneous
deformations may thﬁ@%g'%%r g ot \?é%/h%'?'ﬂjﬁgt% %el%ft?lrée f%?@)fﬁxg%%a@&%%%e ?Pg%er%%e-dimensional
structure. The BREER%ON method of the invention is preferably carried out just after bonding of the
initial substrate to the final substratapplicactechésr anbiesdn. thais athadsbedayiogr outfadttitonal
technology steps (thiutislggereauUstiaRIrMHOsS MRRIRMG . FtemthabsaiHg Piyve mbreurity and costly if
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heterogeneous deformations are detected in an initia| substrate'a Ondmgéﬁblﬂ en possible to detach

the initial substrate FRMAIETFRHS ASERFRBUANT -t HS NI By RHIRQASH SOIGRA. The
evaluation method o€ Yakiatigsnaoinenlgyel Pilbletereasirequs. detyyanabons aenerdtedsitogtRyer if the bonding
has led to heterogenssndedefgrmalisnular adhesiirgd paditidasenbbdimentrifersusiasts profile is
determined by measyremenieins dishRredilangdgliansiecbinedirmbwalernEnigwifugtion applies of
course when the frs| ater fos 5 Sybiantllu HindTeel shapec, . e i Rosailg 3 oo
measurement points On AIISTENL diamatera of the flrst watsr m G IR0y rEpreSentative of the

heterogeneous defoRYABRISSWReRIhesIPRo R sNiRarfigsisipge of their fakFicaties: embodiment, the
characteristic magnitude is preferably the second derivative of the surface profile.

Object and summary of the invention

One of the objects of the invention is to propose a solution
enabling a response to be given to the requirement as formulated
hereinabove. To this end, the present invention proposes a method for
evaluation of heterogeneous deformations in a first wafer, the first wafer
being bonded by molecular adhesion to a second wafer, the evaluation
method comprising:

a step of surveying a plurality of measurement points, each of
the measurement points being locally representative of the level of the
exposed surface of the first wafer;

a step of determination of at least one surface profile of the first
wafer passing through a plurality of measurement points;

a step of processing the surface profile of the first wafer to
determine therefrom a magnitude characteristic of the processed surface
profile; and

a step of evaluation of a level of heterogeneous deformations in
said first wafer as a function of said characteristic magnitude.

Thanks to the evaluation method of the invention it is
possible to evaluate the level of heterogeneous deformations in an initial
substrate immediately after it is bonded to a final substrate.




7 Moreover, the evaluation step of the evaluation method may comprise at least one of the following
tests: a first test to determine if the second derivative has at least one change of sign; and a
second test to determine if the second derivative has at least one absolute value greater than a
predetermined value. Each of these two tests endbles simple and effective evaluation of a level of
heterogeneous deformations in an initial substrate after bonding by molecular adhesion to a final
substrate. In one embodiment of the invention, only one of the two tests described above is carried
out. Alternatively, both tests are carried out to evaluate a level of heterogeneous deformations in the
first wafer. In a second Basgd@imie expiuatidacy prisviel ¥f deteregapedy ArfagnasigNt points
disposed along a cir@eighpogsiblee @f whtichatoinkilestedth thatcealre oksaicktirievaéen the Inone
particular _embodimegﬁrggae gyﬁg@ti%ﬂdng;gog@ggggiggﬁg@ér)gpq@ti%fog%@gté_tep@redetermination
of a plurality of S“rfaBSr |£8Tgr§,%tehﬁ1ggﬁgt\ﬂv %Fethe invention enables estimation of the level of
misalignments that would be likely to come about if microcomponents
were to be fabricated on the exposed surface of the initial substrate.
Thus a simple and effective evaluation of the heterogeneous
deformations is possible before proceeding to the thinning of the initial
substrate. The evaluation method of the invention does not necessitate
the presence of microcomponents on the exposed surface of the initial
substrate or even the presence of microcomponents buried in the initial
substrate in such a manner as to be observable optically through a
relatively small thickness of the remaining initial substrate. The evaluation
of a level of heterogeneous deformations may thus be carried out very far
upstream in the fabrication process of a three-dimensional structure.
The evaluation method of the invention is preferably carried out
just after bonding of the initial substrate to the final substrate by
molecular adhesion. This avoids carrying out additional technology steps
(thinning, production of microcomponents, etc.) that could prove of no
utility and costly if excessive misalignments were detected afterwards in
the initial substrate.
When excessive heterogeneous deformations are detected in an
initial substrate after bonding, it is then possible to detach the initial
substrate from the final substrate and to try bonding by molecular
adhesion again. The evaluation method of the invention thus enables
reuse (i.e. recycling) of an initial substrate if the bonding has led to
heterogeneous deformation.
In a first particular embodiment, the surface profile is determined
by measurement points disposed along a diameter of the first wafer. This
situation applies of course when the first wafer has a substantially
cylindrical shape.
It is thus possible to log measurement points on different
diameters of the first wafer in order to obtain data representative of the
heterogeneous deformations over the whole of the first wafer.
In this first embodiment, the characteristic magnitude is
preferably the second derivative of the surface profile.



for each surface profile of the plurality of surface profiles, carrying out of a processing step for determining
therefrom a magnitude characteristic of the processed profile, wherein, during the evaluation step, the
level of heterogeneous deformations is determined as a function of said characteristic magnitudes so
determined. Alternatively, a plurality of logs of meésurement points may be produced, the logs being
spaced from each other and produced in the same direction. In this way, all the logs of measurement
points produced are parallel to each other in a first direction. There may in particular be envisaged the
situation in which the logs are uniformly spaced from each other and oriented according to the same first
direction. Moreover, andlefgbkethdwreexivatianshgierohtine ievelpatismeeimdduey a plurality of
additional logs in whigirihéseeialzagt menbp dhetsolibeaehtestse logs are in the same second direction, this

second direction being differenfeomadhefigghaifgrion teienss ARV aMelRIRgRIng of
measurement points Ea?é%e arried oalot in accordance with a 8 grid formed by lines parallel to the first

and second directionC I 2 r%g&'blfﬁﬁ e uniform and the first and second directions could be chosen to

be perpendicular. More®\RECan@ ReatdatREmipiltehsr erpamntbgarivstive Rrsagtileastvith a
measurement step, treerabsgute vaine s teeitigdetpredatziramedivakton of a dimension of at least one

pattern of the first wafc_er. _Edéhomtﬁ@ggc% gg@c@{gmég,gmw@ﬁemétg@mayoﬁubstamially
correspond to half a gimengian gf %@%ggcéeag%f?h "?'dEFSfM’ Bhe! NP PRTHIGH Bl 5aRSe 2 pplfern has a

rectangular shape on the_ex%osed S e initial su Istrgte, the measurement step substantially

corresponding to halP¥4Rd Yd@%eﬁ*l'i@rp%‘_ﬁré‘?ﬂpn to a'ﬁ_’?@ : a5%-an appropriate measurement step,
and this as a function of a dirfie@sioreaTegameshaf the fireentignr or\a@renefdesuaven taslisit enables no
account to be taken agésunpédfisiiesiniadyraatadutariations in the level of the exposed surface of the first

wafer, these variations causimé/ﬁréﬁl%}wiz&gw@@&ge&gfg%gf e ssconyldesivativepfihe
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carried out by acoustiC MICTOSCOpY.

In a second embodiment, the surface profile is determined by
measurement points disposed along a circle the centre of which coincides
with the centre of said first wafer.

In one particular embodiment, the evaluation method comprises
carrying out the following steps:

- determination of a plurality of surface profiles of the first wafer,

- for each surface profile of the plurality of surface profiles, carrying
out of a processing step for determining therefrom a magnitude
characteristic of the processed profile, wherein, during the
evaluation step, the level of heterogeneous deformations is
determined as a function of said characteristic magnitudes so
determined.

Alternatively, a plurality of logs of measurement points may be
produced, the logs being spaced from each other and produced in the
same direction. In this way, all the logs of measurement points produced
are parallel to each other in a first direction. There may in particular be
envisaged the situation in which the logs are uniformly spaced from each
other and oriented according to the same first direction.

Moreover, and still in the context of this alternative, it is possible
to produce a plurality of additional logs in which the measurement points
of each of the logs are in the same second direction, this second direction
being different from the first direction mentioned above. For example
logging of measurement points may be carried out in accordance with a



The present invention also concerns a method of selection of at least one structure comprising a first
wafer bonded by molecular adhesion to a second wafer, the selection method comprising:
evaluation of the heterogeneous deformations in the first wafer of each structure by the evaluation

method as described above; and

characteristic magnitudes determined for each structure evaluated. Accordingly, if the
the second test are carried out during the evaluation step, for example, a structure is selected only if
these two tests are negative. The selection method of the invention enables retention,
comprising a pluralitgrd reumeg/dysingsparglef tretkatfbtictnd seaandrdisecionhodbithariiave an
acceptable level of heserdpeneiesroefindrtiadifins, antdsetioroalicrtdrib eild e epsaytoghan

a step of

a step of selectio of one or more structures on the basis of the

first test and

from a batch

unacceptable level Br@@enous deformations. The present invention further concerns a
device for evaluation of heter, eneOt#s‘ii;:1| eformations in a flr er tf;le f'rr%% wafer bein \‘ﬁ bonded by
molecular adhesion to a sec %\?aFe ee”é'%fﬁ'é?%@e@? ?ﬁ%\ 9 May O (AT eans for

surveying a plurality Wﬁﬁ]éd’é@%@ﬁi%lﬁ@%éﬁﬁ Bﬁéwﬁﬂ%&@ﬂ&ﬁ%lﬁﬁ%mﬁﬁqﬁlﬁ/
representative of theflentibofahe dikpessdnsaffaicieast thiecfipatigarfaf, the first wafer.

In one particular embodiment, the measurement step may
substantially correspond to half a dimension of a pattern of said first
wafer. In one particular case, a pattern has a rectangular shape on the
exposed surface of the initial substrate, the measurement step
substantially corresponding to half of one side of this pattern.

The choice of an appropriate measurement step, and this as a
function of a dimension of a pattern of the first wafer, is advantageous in
that it enables no account to be taken of any infinitesimally small
variations in the level of the exposed surface of the first wafer, these
variations causing very localized changes of sign of the second derivative
of the corresponding surface profile.

Moreover, the logging of a plurality of measurement points may
be carried out by acoustic microscopy.

The present invention also concerns a method of selection of at
least one structure comprising a first wafer bonded by molecular adhesion
to a second wafer, the selection method comprising:

a step of evaluation of the heterogeneous deformations in the first
wafer of each structure by the evaluation method as described above; and

a step of selection of one or more structures on the basis of the
characteristic magnitudes determined for each structure evaluated.

Accordingly, if the first test and the second test are carried out
during the evaluation step, for example, a structure is selected only if
these two tests are negative.

The selection method of the invention enables retention, from a
batch comprising a plurality of multilayer structures, of the satisfactory
structures, i.e. those that have an acceptable level of heterogeneous
deformations, and elimination of the structures having an unacceptable
level of non-homogenous deformations.

The present invention further concerns a device for evaluation
of heterogeneous deformations in a first wafer, the first wafer being



calculation means for determining at least one surface profile of the first wafer passing through a plurality
of the measurement points and for determination of a magnitude characteristic thereof; and

evaluation means for evaluating a level of heterogeneous deformations in the first wafer as a function of
the characteristic magnitude. It will be noted that the advantages stated and comments made with
reference to the various embodiments of the evaluation method and the selection method of the invention
apply in analogous manner to the various embodiments of the evaluation device and the selection device
of the invention. In one particular embodiment, the characteristic magnitude is the second derivative
of the surface profilebonded|hyhiRoieawiatiasiesionete el setind mesers theydyaluatitiguieda® execute at
least one of the followsngpir#ig: a first test for determining if the second derivative has at least one

change of sign; and a S%%th f%éé‘?\@r?ﬁm'E&Jemﬁgseac%grgﬁvv%?vﬁwﬁéﬁ?ém one absolute

value greater than a etermine

[g) g ? él e me Eﬁ?% Ta(niy be co %ur o that the
measurement points oIC3ciF96g Qe a@&?es(ﬁ'rgmﬁ R Ys Warsrnatve ernatively, the
measuring means ar@e &Ry Hdheryroses sUlsrs tV‘Sfﬂbﬁé"@f‘?ﬁeasurement points, the logs being
spaced from each other and peatuEdmntiearsafoe diéteotidring at ledbieaneasdidng preflesomay further be

configured so that thexangasuiarae phesiHy Libaghhl plLAsRY SR eRcadiréhriagepeiRnantstep, the
measurement step bﬂpgé{’g}ﬁﬁﬂ}i%ﬁ %a%%@ﬁﬂ% @Eﬁa%@gﬂﬁgqﬁér@&?ﬁﬁﬁone pattern of the first wafer.
evaluation means for evaluating a level of heterogeneous
deformations in the first wafer as a function of the characteristic
magnitude.

It will be noted that the advantages stated and comments made
with reference to the various embodiments of the evaluation method and
the selection method of the invention apply in analogous manner to the
various embodiments of the evaluation device and the selection device of
the invention.

In one particular embodiment, the characteristic magnitude is the
second derivative of the surface profile.

In this embodiment, the evaluation means may be configured to
execute at least one of the following tests:

a first test for determining if the second derivative has at least
one change of sign; and

a second test for determining if the second derivative has at least
one absolute value greater than a predetermined value.

The measuring means may be configured so that the
measurement points of each log are measured along a diameter of the
first wafer.

Alternatively, the measuring means are configured to produce a
plurality of logs of measurement points, the logs being spaced from each
other and produced in the same direction.

The measuring means may further be configured so that the
measurement points of each log are measured with a measurement step,
the measurement step being determined as a function of a dimension of
at least one pattern of the first wafer.



10 In one particular embodiment, the measurement step substantially corresponds to half a
dimension of a pattern of the first wafer. Moreover, the measuring means of the invention may
comprise an acoustic microscope. Brief description of the drawings Other features and advantages
of the invention will emerge from the following descriptith of particular embodiments of the invention,
provided by way of example, given with reference to the appended drawings, in which: Figures 1A to 1E
are diagrammatic views showing the production of a prior art three-dimensional structure; Figure 2 is a
perspective half-section of a composite structure comprising a first wafer bonded to a second wafer;
Figure 3 represents, in flowcAart fona, therticsinrsteppkadimentaludhon rmapmdemens sekettion method
conforming to one padistéatianybockraspirafdite ingtntodimergivsasctla 4i3téehaot i maspectively
represent a diagram{patic view of a first example of bonding a first wafer to a second wafer, the curve of a
surface profile correspondinqﬂo this flrsi_'examgle the curve of the corres ond| second derivative along
C

a particular diameter, and a 9 reeﬁfe B u PhE 821N Snpsvf)'? 88n'ﬂ 1R MR ater along a

particular radius; ~ an acoustic microscope.
Brief description of the drawings
Other features and advantages of the invention will emerge from
the following description of particular embodiments of the invention,
provided by way of example, given with reference to the appended
drawings, in which:

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

- Figure 2 is a perspective half-section of a composite structure
comprising a first wafer bonded to a second wafer;

- Figure 3 represents, in flowchart form, the main steps of an
evaluation method and a selection method conforming to one
particular embodiment of the invention;

- Figures 4A, 4B, 4C and 4D respectively represent a diagrammatic
view of a first example of bonding a first wafer to a second
wafer, the curve of a surface profile corresponding to this first
example, the curve of the corresponding second derivative along
a particular diameter, and a curve representative of the
misalignments present in the first wafer along a particular radius;

- Figures 5A, 5B, 5C and 5D respectively represent a diagrammatic
view of a second example of bonding a first wafer to a second
wafer, the curve of a surface profile corresponding to this second
example, the curve of the corresponding second derivative along
a particular diameter, and a curve representative of the
misalignments present in the first wafer along a particular radius;

- Figures 6A, 6B, 6C and 6D respectively represent a diagrammatic
view of a third example of bonding a first wafer to a second
wafer, the curve of a surface profile corresponding to this third
example, the curve of the corresponding second derivative along
a particular diameter, and a curve representative of the
misalignments present in the first wafer along a particular radius;




Figures 5A, 5B, 5C and 5D respectively represent a diagrammatic view of a second example of bonding a
first wafer to a second wafer, the curve of a surface profile corresponding to this second example, the
curve of the corresponding second derivative along a particular diameter, and a curve representative of
the misalignments present in the first wafer along a padticular radius; Figures 6A, 6B, 6C and 6D
respectively represent a diagrammatic view of a third example of bonding a first wafer to a second wafer,
the curve of a surface profile corresponding to this third example, the curve of the corresponding second
derivative along a particular diameter, and a curve representative of the misalignments present in the first
wafer along a particular radidggureé Fianesenth iagr aialigaliiraatieaypla ekanpiecustia acoustic
microscopy technique for meas¢rosgopystatan® pedidemedguringa saptesepisfdeperspective half-section of
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The present
n a first wafer

Considerkavhere is the case of the composite structure 125 as shown in Figure 2. In
this example, the composite structure 125 is formed by bonding by molecular adhesion a first wafer 110

ﬁ&%ﬁl%&gg&ﬁ@ -laﬁggiglag égfﬁ%%%iﬁ%ﬁ to a second wafer 120 so as to bury the
The present invention proposes a solution enabling evaluation of

a level of heterogeneous deformations in a first wafer corresponding to an
initial substrate bonded by molecular adhesion to a second wafer
corresponding to a final substrate.

Considered here is the case of the composite structure 125 as
shown in Figure 2. In this example, the composite structure 125 is formed
by bonding by molecular adhesion a first wafer 110 having
microcomponents 111 on its bonding surface 114a to a second wafer 120
so as to bury the microcomponents 111 at the level of the bonding
interface.

In the examples described here, the wafers used to form the
composite structure 125 have a diameter of 300 mm. It will nevertheless
be understood that the invention applies to other wafer sizes and/or
shapes.

There are described with reference to Figure 3 the main steps
(steps E1 to E3) of the evaluation method of one embodiment of the
invention, this method enabling evaluation of a level of heterogeneous
deformations in the composite structure 125 shown in Figure 2.

The Applicant has found, surprisingly, that it is possible to obtain
information on the heterogeneous deformations in the first wafer 110 by
studying the reliefs on the exposed surface 114b of the first wafer 110.

Thus there is first carried out a step E1 of logging a plurality of
measurement points, each measurement point being locally representative
of the level of the exposed surface of the wafer 110. Each logging effected
thus corresponds to a surface profile of the first wafer 110 in a particular
direction or along a particular curve and over a particular length.



In the examples described here, the wafers used to form the composite structure 125 have a diameter of
300 mm. It will nevertheless be understood that the invention applies to other wafer sizes and/or shapes.
There are described with reference to Figure 3 the main steps (steps El to E3) of the evaluation method of
one embodiment of the invention, this method enablinglévaluation of a level of heterogeneous
deformations in the composite structure 125 shown in Figure 2. The Applicant has found,
surprisingly, that it is possible to obtain information on the heterogeneous deformations in the first wafer
110 by studying the reliefs on the exposed surface 114b of the first wafer 110. Thus there is first
carried out a step El of logginthdsphgegitsusiace:asofitnivaapdiatorefdenrapsesanatienopdig being locally
representative of therddieel(of thectxposedustiadada of paetisater diddttioaddr laguini-efiedadehus

corresponds to a surgﬁgeopépfg%giftmg}rgn\q?{gr 110 in a particular direction or along a particular curve
and over a particular length. 1:L hus here surf c%gro ile means aﬁéofilﬂepreﬁ?n tive of the
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relief (or level) of a surface in %_ Hlﬁti%'[ﬁ%\?n(?ir%%ﬁﬁ‘)n?g? rfCUBr B SR BY sa'ﬁa _ ar length.

In the present case, EREASRIYMaOhsNRdRYEhOpHRHES f Hiafynesne SEHRaR & 180198 RS I8l relief of the
exposed surface 114imtdrtiedivis-aadeablixisiZ-parseadiaxiar Zopsaidendiostar sorfaiel Eifinsed surface

114p. The or each Iog_ ofaeRseseM R Beiricdsubdpiety Rfitastes mimgr@r@mgqg@ni_cal or optical
profilometry equ'pm%%gxa@tﬁ{égﬁggw T%rfBEﬁéﬁ}'}gﬁdﬁPo%dBV%ﬁ %ﬁﬂ?&ﬁ?ﬁ'@é&é‘?ﬁ@%@% using an

acoustic microscopy technique, this_technique enabling a ageous reduction in t asurement time

of each log. Figﬁ?lrree?‘?ﬁﬂﬂ@en@%ia@?&mﬂﬁ%ti@éﬂ bl AHECSHaMSRgudit RfeHsE opy technique
enabling measureménictisEqmofirelniaye eiis sechsigtceneRlipb pevairgeouferedugtion in
the measurement time of each log.

Figure 7 represents diagrammatically an example of an acoustic
microscopy technique enabling measurement of a profile of the exposed
surface 114b of the first wafer 110.

A probe 147 comprises a source 148 configured to emit an
incident acoustic wave 140 in the direction of the composite structure 125.
This acoustic wave propagates in the first wafer 110 and then in the
second wafer 120, thus encountering three successive interfaces, namely
the exposed surface 114b of the first wafer 110, then the buried surface
114a of the first wafer 110, and finally the rear face of the second wafer
120. The acoustic wave 140 is partially reflected at each interface, each
time producing an echo that is sent back to the acoustic sensor 150 of the
probe 147. There is thus detected by means of the acoustic sensor 150
the reception of the echoes 142, 144 and 146 respectively resulting from
the reflection of the acoustic wave 142 at the rear face of the second
wafer 120, at the buried surface 114a and at the exposed surface 114b.

It is then possible to determine the distance between the wafer
147 and the exposed surface 114b of the first wafer 110 from the time
necessary for the echo 146 to reach the probe 147. Alternatively, the
thickness of the first wafer may be measured at a given position from the
time shift between reception of the echo 146 and reception of the echo
144,

By moving the probe in front of the composite structure 125, it is
thus possible to produce a log of measurement points corresponding to a
profile of the exposed surface 114b of the first wafer 110.



A probe 147 comprises a source 148 configured to emit an incident acoustic wave 140 in the direction of
the composite structure 125. This acoustic wave propagates in the first wafer 110 and then in the second
wafer 120, thus encountering three successive interfaces, namely the exposed surface 114b of the first
warfer 110, then the buried surface 114a of the first wafb¥ 110, and finally the rear face of the second
wafer 120. The acoustic wave 140 is partially reflected at each interface, each time producing an echo
that is sent back to the acoustic sensor 150 of the probe 147. There is thus detected by means of the
acoustic sensor 150 the reception of the echoes 142, 144 and 146 respectively resulting from the
reflection of the acoustic wavh 1HEaexaepier deseribtheseeding waeasurzmenttroinisicareurface 114a
and at the exposed sogtpet dddd.a diamiktiertDeofpoesitiist taafeternindrihe shistadcexaaiplesn the wafer
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from the time shift b&feel ﬁ%fﬁ Eﬁ%% r?eg (?? éﬁetrhé ecﬁ%glajf By moving the
probe in front of the ebbiskiie @ﬁ%‘ﬂi‘r‘étﬁ]ﬂfaﬁ'@@fﬁ‘ﬁme to produce a log of measurement points
corresponding to a profile of thewexeosddisuptssiblel th cirtlyedistnvate thid).od8 logginth dhie example

described here the meagiiement eiRts ﬁf%ﬂﬂg@%tﬁéﬁﬂgn@ﬂjﬁmeé@/@§%&sméﬂo In a second
example e measu{ﬁénan#%?&ﬂtsaﬁaef %qgﬁg eia?a%F%Cﬁé\/ql‘ﬁgX: eSSt g%e ra H&I8ﬁ\gl2CVCafer
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notably of the constragets, and.yequirepheniseofi= gigeonsiterdopléhiedechbolegytieeriogrnesl, the required
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the radii of which are chosen 30 as 10 ‘(%strlbu aesﬁaremen 0|nt rgvgr?ﬁe surface 8f the wafer.

There is then effectediAriaele @?@I@BFW&?@F%PY@&@%&Erﬁﬁ%‘éfetb?o‘ﬁ%f%f the wafer 110, each
profile passing through a plurBlieyeoisrieers eféend pches 62 afapi@moinetidnrofra &estBhé\ surface

profile may thus corrggmgjﬁ@ﬁ@me PleallFEENE 0N RABHTBrORIRL RAINEHY AhrolRsh R plueRe, iBfthe step El. If a
plurality of measurerpen gmglgts l%%& gu%%dépoﬁﬁéaem L—‘théi%téz)agireﬁgmgégf (Iadﬁlgletermmed for

each of them in the ste Once the ste
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a different kind. prod e dniorehpre@ipet the Aakosahbas sleflensndstéhatrdiffoe datkeatments based
on the surface profilqﬁmqm}q@&gbt@@ step E2 enable information to be obtained representative of the

level of heterogeneous deformatlor%ﬁé:) s%gsnéinﬁgg é’gﬁre]f?‘ected processing is carried out

(step E3) for each surface profile obtained in the step E2 in order to
deduce therefrom a corresponding characteristic magnitude. As explained
in more detail hereinafter, this characteristic magnitude may be of a
different kind.

To be more precise, the Applicant has determined that different
treatments based on the surface profile determined in the step E2 enable
information to be obtained representative of the level of heterogeneous
deformations present in the wafer 110.

In a first embodiment of the invention, during the step E3, a
second derivative is calculated from measurement points obtained along
the diameter D of the wafer 110. The second derivative calculated in this
way provides information on the variations of the slope of the surface
profile along that diameter.



In a first embodiment of the invention, during the step E3, a second derivative is calculated from
measurement points obtained along the diameter D of the wafer 110. The second derivative calculated in
this way provides information on the variations of the slope of the surface profile along that diameter. 14
The Applicant has noted, surprisingly, that the second #érivative of a surface profile provides information
representative of the level of heterogeneous deformations existing in the first wafer 110 bonded by
molecular adhesion to the second wafer 120. In a second embodiment of the invention, there is
determined during the processing step E3 the spread of a surface profile determined in the step E2, that

surface profile correspondinglitcaAPPIGRT 16gs Thtedpplicaisingly, dhak bhedsesonstisieryativeat the spread
(as measured by a sganglasgttderigiiorfiler phsyidigeianaenatibre esptascitaivaust and firimefim values) of a
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would be obtained b\éﬁ:ﬁlbrlcatl otolithography mask similar to that

used to fabricate theATHMRSbNIIONBIAEIMYM  andr SUREURY ¥ aHhIRlarR he RhoPiti&here are
various ways to expledtaspendia@terigtiirawajniedorisg. orenisdes drfomartinmierresamatéyredd) of a surface
profile to evaluate a theelevtheferegengensdisfafefatinasonsacxistery in thé&Xmsoplesef using a second
derivative of a surfaqe,prefile e RAIMAGR \GIHELER &f thievel i Risgaensous deformations (first
embodiment) are described ﬂfﬁt with Eﬁ]éerence t%th§ &:,éam%l‘is of Figlur%]s 4Af£§ﬁ\ e‘nd A.f In all the
examples considered here, the fistwa err]sciir&f W R 10 haVe™ SHS '39 2oncave's sa(p))e before they

are bonded to the se¥RIPARTERYD Si6fPREARSA90 thesfiesttivalpr Fdlchs s, fnctiematieof the first
wafers 210, 310 andchathbizsitiee magrittide albyadxed) de thie dtepFigurBy sy ddationl éAghlespectively.
Moreover, in each ofitpgstienadlefe misalignments that are liable to occur later in the
fabrication of a heterostructure such as that described with reference to
Figure 1E.

Referring to the case of Figure 1, for example, the invention
enables estimation of the level of alignment faults A11, A22, A33 and A44
that would be obtained by fabricating the microcomponents 12 with a
photolithography mask similar to that used to fabricate the
microcomponents 11.

To this end, the Applicant has found that there are various ways
to exploit the characteristic magnitude (i.e. the second derivative or the
spread) of a surface profile to evaluate a level of heterogeneous
deformations in a wafer.

Examples of using a second derivative of a surface profile
enabling evaluation of a level of heterogeneous deformations (first
embodiment) are described first with reference to the examples of Figures
4A, 5A and 6A.

In all the examples considered here, the first wafers 210, 310
and 410 have a slightly concave shape before they are bonded to the
second wafers 220, 320 and 420, respectively. For clarity, the curvature of
the first wafers 210, 310 and 410 has been intentionally exaggerated in
Figures 4A, 5A and 6A, respectively. Moreover, in each of these examples,



15 microcomponents (211, 311 and 411) are present on the surface (214a, 314a and 414a) of the first
wafer (210, 310 and 410). In the first and second cases shown in Figures 4A and 5A, respectively,
the first wafers 210 and 310 are placed on a support S (commonly known as a chuck) and have a
concave shape on that support. The curvature of the fidst wafers 210 and 310 is directed away from the
support S so that the surfaces 214a and 314a comprising the microcomponents 211 and 311 are
exposed. The second wafers 220 and 320 are then placed on the surfaces 214a and 314a of the
first wafers 210 and 310, respectively, in order to proceed to bonding. A contact force is applied
over a region (or at ApoREPBRNeteddAd, wiibranzRd1dn BB Plegenkanstbe avdpggidaidtaool
(respectively denote@123laaddi 34d) of bieedirstassfar (2 1ge3atad iy the applicator tools 231 and 331 in

each case enables initiation qf]atpgnﬁl,tgg W%Q%H@%é@? Efﬁfvﬂ'pqrﬁ m;j__,gva‘fgr%n'ghgﬁ{lrst wafers 210
and 310 are thus bonded b@({ sion t §| Qwa ers and 320, res esctlvely In each
case, the mlcrocom Sﬁ%“?ﬁ t%%%agfﬁe}ﬁ’%fe {ﬁe %g%]l naage% en'tfe WEP 8 dsecond wafers.
In the first case (F|g&F@@KPQW&‘BBH’(’&@H@rE@q@éﬁﬁﬁeﬂa&?tﬁé%ﬁ’ﬁﬁé‘%ﬁpﬁj@% B¥athelBBeHnd wafer 220.

In the second case (Figucarsalyrenaththethiest hamfeyshzl Gomdcs f6rie dreqipticavatytisooetive of the second
wafer 320. Thesthipdrasse spownde Rigirestediféers fram she fn§1ng1d@m¢|§>,r§i,@asg§éin that the
second wafer 420 is ﬁ?g&@ﬁ%ﬂgﬁ&tly qnaj#@ﬂipglcg@ % fII’St wafer 410 is then placed on the second
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wafer 420, the face rst wa compr|5| ‘microc omponents 411 bemg directed

toward the second wafer 420! "€ SECRNLRRIE T8 %nfh O, pFtidaeR: RRCRL ARt fEfARSwafer 410 by
means of an applica®d @33 litropfiéheofiritiatefeie iGparmAtid® ofeskratiely iaasdsstieen the first
wafer 410 and the sggocebuvabesohaiing. In the three cases considered here a composite structure is

therefore obtained comprising %ﬁgéwqfﬁ,&@qg%w% BolecylpE AFRERIPRL R ARRA9 F%V\fﬂgi‘l’ (as shown in
Figure 2). Note that, in the exaFnIpS escn% %here a cont ct force.of 3.7 N js | (ré) 'é% Vqr 6 seconds to

initiate the bonding WaVond ware and by means o an applicator too
denoted 231 and 331). The contact force generated by the applicator tools
231 and 331 in each case enables initiation of a bonding wave between
the first and second wafers. The first wafers 210 and 310 are thus bonded
by molecular adhesion to the second wafers 220 and 320, respectively. In
each case, the microcomponents are then buried at the bonding interface
between the first and second wafers.

In the first case (Figure 4A), the contact force is applied at the
peripheral edge of the second wafer 220. In the second case (Figure 5A),
on the other hand, the contact force is applied at the centre of the second
wafer 320.

The third case shown in Figure 6A differs from the first and
second cases in that the second wafer 420 is positioned directly on the
support S. The first wafer 410 is then placed on the second wafer 420, the
face 414a of the first wafer 410 comprising the microcomponents 411
being directed toward the second wafer 420.

A contact force is then applied at the centre of the first wafer 410
by means of an applicator tool 431 in order to initiate the propagation of a
bonding wave between the first wafer 410 and the second wafer 420.

In the three cases considered here a composite structure is
therefore obtained comprising a first wafer bonded by molecular adhesion
to a second wafer (as shown in Figure 2). Note that, in the examples
described here, a contact force of 3.7 N is applied for 6 seconds to initiate
the bonding wave.



16 Heterogeneous deformations are then liable to occur in the first wafers 210, 310 and 410
following their assembly with the second wafers 220, 320 and 420, respectively. It will further be
noted that, in the three cases represented in Figures 4A, 5A and 6A, the second wafers 220, 320 and 420
are of plane shape. However, the second wafer may inléach case have a non-plane shape, for example a
concave shape similar to or different from the first wafer with which it is assembled. Once bonding
by molecular adhesion has been effected in each of the three cases considered above, there follows the
evaluation of the levels of heterogeneous deformations in the first wafer of each of the composite
structures obtained. Inititgteregrisons gefeemationmatsstiheméablgdintecsuritie g bssid surface of

the first wafer of eaciwarttoe CONFIGSHAGH LCHORSNmGrorilcasséatey Mjth the dectiel aasfessdescribes
here, the measuremggb,p%%%qmgg%ﬁm@_ particular diameter D of the first wafers 210, 310 and
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given position on theEiaTédf Meandihatdie reeaBERRIGHS20ehachdt, AR Fodi#f of each
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examples described here, the step C
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production of a curve represetaivePBaIAS By AR %F%ﬁl@q;l‘fﬁﬁ{b&qﬁ agrvaliected ik other hand,

the subsequent stepsfdihgdhiesttagast erasineeediaboray thereafokansuthgigvalitationind Hecessary to

produce such curvesevels of heterogeneous deformations in the first wafer of each of the
composite structures obtained.

Initially, a log of a plurality of measurement points on the
exposed surface of the first wafer of each of the composite structures is
produced (step E1).

In the cases describes here, the measurement points are logged
along a particular diameter D of the first wafers 210, 310 and 410 by
acoustic microscopy.

Each measurement point corresponds to a height Z of the
exposed surface of the first wafer relative to a predetermined reference
height, each height being associated with a given position on the surface
of the first wafer. In the examples described here, the position of each
measurement point is defined by a position X along the diameter D
concerned.

Alternatively, each measurement point may equally be associated
with a pair of coordinates (X,Y) corresponding to a position in two
dimensions on the exposed surface of the first wafer.

Moreover in each of the examples described here, the step E1 of
producing logs of measurement points further comprises the production of
a curve representative of the surface profile obtained in this way.

On the other hand, the subsequent steps of the method of the
invention may be carried out without it being necessary to produce such
curves.

Figures 4B, 5B and 6B represent the surface profiles 232, 332
and 432, respectively, observed for the three cases considered.



Figures 4B, 5B and 6B represent the surface profiles 232, 332 and 432, respectively, observed for the
three cases considered. 17 The study of the surface profiles 232, 332 and 432 has shown height
variations of the order of 25 pm in the figure 4A example, 12 pm in the Figure 4B example, and 30 pm in
the Figure 4C example. There follows the step E2 &f calculating the second derivatives from the
surface profiles obtained in the step El. As indicated above, the production of the curves 232, 332
and 432 is not necessary, as each second derivative can be calculated directly from measurement points
of the corresponding log. In each of the examples considered here, the calculation step E2 further
comprises the production of d kersieid¥presbatatitfacst niefdesdd démdaane dB2alasdshomis way. The
curves 234, 334 andhéightosiesiondofottieeoseeoofl 2kpivativesedidhe: threexarifieelprofiles 232, 332 and

432, respectively.  the Eib’%ﬂﬂ@@i‘éﬁﬁﬁapgﬁéi?@ﬁﬁ]‘?ﬁ%ﬁ@ﬁ’gﬂﬂ@\f@ Q;g}ﬁquépgeneous deformations
without producing any graphiiﬁl repFrT]]senfaFEi]on gf thaE se on?l d%ivatives. It is rPdo]%%ibletto limit the process
to the calculation and exploit I6h-oft Oe‘x?a s _(Ia*pe &%eﬁ%ﬁa é'?ﬁ/éﬂ@éeco NEEGR derivatives
calculated in the stefy@® Eiapisfacrurrafites obkeiesdiibrthetdrRyEheous deformations in the first wafer for
the three cases considered (Againditiotedtepdy8).the pradhectigrplafaiitehasmmesi@Sa (B3ttendecond
derivative of a surfacgpriafipiepsess) s \Qaf RedrfUErotans aintbe suidasecaf dhediipt wafer and
that by studying theiﬂaowr%%@g%&@ét&&gg%ﬁ@ﬁg@am&Pot&_ a level of heterogeneous

deformations in the first water. i i
In each of the examples considered here, the calculation step E2

further comprises the production of a curve representative of the second
derivative obtained in this way. The curves 234, 334 and 434 correspond
to the second derivatives of the three surface profiles 232, 332 and 432,
respectively.

It is nevertheless possible to evaluate a level of heterogeneous
deformations without producing any graphical representation of the
second derivatives. It is possible to limit the process to the calculation and
exploitation of the values of each second derivative.

The second derivatives calculated in the step E2 enable
evaluation of a level of heterogeneous deformations in the first wafer for
the three cases considered (evaluation step E3).

The Applicant has noticed that the second derivative of a surface
profile is representative of the deformations on the surface of the first
wafer and that by studying these surface deformations it is possible to
evaluate a level of heterogeneous deformations in the first wafer.

It has for example been found that the presence of at least one
change of direction of curvature in the same surface profile demonstrates
the existence of large heterogeneous deformations in the first wafer.

In one particular embodiment of the invention, there is therefore
effected a first test consisting in determining if a second derivative of a
surface profile includes at least one change of sign. If this first test is
positive, there is deduced from this that large heterogeneous
deformations exist in the first wafer considered.

The efficacy of this first test has been verified experimentally by
evaluating the level of heterogeneous deformations in the three composite
structures tested using the acoustic microscopy technique described above
with reference to Figure 7.



It has for example been found that the presence of at least one change of direction of curvature in the
same surface profile demonstrates the existence of large heterogeneous deformations in the first wafer.
In one particular embodiment of the invention, there is therefore effected a first test consisting in
determining if a second derivative of a surface profile id€ludes at least one change of sign. If this first test
is positive, there is deduced from this that large heterogeneous deformations exist in the first wafer
considered. The efficacy of this first test has been verified experimentally by evaluating the level of
heterogeneous deformations in the three composite structures tested using the acoustic microscopy
technique described above with hsfensieenwtgurin tha dirst cage (FdgwisrtpledhRerainterefirst case
(Figure 4A), there wetssehedrvadiandeaserfach 2f4hofitbievidsinaienadslignsaligamentsefor the most
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present at the centrecyposedigstripaeed 1l of the firgtrwsfaD 350 dheBDIaegs dvisatignthentsrm of curves
the misalignments meestisetbateddér phsticidsy partias ticcanitref dhd Htsheaienptial dgeand 410,

respectively. ILFeRESMEELITEE: i TEPRADING HGPEEIRBLLRIFHE HistyvRie ryetRameasured

using a standard measy ené'ﬁnrkpg?censﬁ'?ér?t% gre%%:r ec Wtithlr erence to Figures 1A to 1E: the first wafer is
thinned after bonding, a SAVHILRIRR A AMRRsDredMhe mn aqlahments present between the

microcomponents buried at the BhHIRg FrRepradeweRAbi st ARG Shat PR KIIRISH(mponents
fabricated on the exp6SedEtintaserEicthé4biohbukffisttwafiar. 10 have misalignments less than

100 nm. Greater misalignments, generally from 100 nm to 150 nm, are
present at the centre of the first wafer 410.

Figures 4D, 5D and 6D represent in the form of curves the
misalignments measured along a particular radius of each of the first
wafers 210, 310 and 410, respectively.

In these three cases, the misalignments present on the first
wafer were measured using a standard measurement process, as
described with reference to Figures 1A to 1E: the first wafer is thinned
after bonding, after which there are measured the misalignments present
between the microcomponents buried at the bonding interface between
the two wafers and the microcomponents fabricated on the exposed
surface of the thinned first wafer.

The abscissa axis in Figures 4D, 5D and 6D represents the
distance (in mm) relative to the centre of the first wafer.

In the final analysis, the samples tested for the second case
(Figure 5A) are those that have the highest levels of non-homogenous
deformations. This is confirmed by the fact that only the second derivative
334 of the surface profile 332 includes at least one change of sign. To be
more specific, it has been found that the second derivative 334 includes
two changes of sign, which reveals large variations of slope at the surface
of the first wafer 310.



The abscissa axis in Figures 4D, 5D and 6D represents the distance (in mm) relative to the centre of the
first wafer. In the final analysis, the samples tested for the second case (Figure 5A) are those that
have the highest levels of non-homogenous deformations. This is confirmed by the fact that only the
second derivative 334 of the surface profile 332 includd§ at least one change of sign. To be more specific,
it has been found that the second derivative 334 includes two changes of sign, which reveals large
variations of slope at the surface of the first wafer 310. 19 Conversely, for the samples tested for
the first and third cases, the second derivatives include no change of sign, which indicates that these
cases lead to lower levels of fervrigeliieferstbereamalisnitesities foe thechrd eadethird cagasill be noted that
the number of change afesigit dedeiotaiés tielageons! desivadiver afighe samak sudifesedothatay equally

provide information gpde devel pidrtsrRARISRYSIS BioHRRHSNS Ry R Rersithimche frahveater.

Moreover, the Applicant has observed that a surface profile having strong slope variations and therefore

high second derivative Vau&€€ould equally correspond to large heterogeneous deformations within the

first wafer. Accordingly Itnvéll Badated tHistiFse pianinthangesinf v dalssteddiiation of a level
of heterogeneous ddfmensiond in¢hediret wifdhis camedsodioas ddgnotin efjtiady ghoeddsf the second

derivative obtained ithtBerd@8rEeh the leldloe ¥efaRrlReHR)es iaFHRARbAYIEREHAG RithlHakean step E3 a
second test consistiqgg’p rmining if a second derivative of a surface profile includes at least one value

greater than a predetermined threshold value. If this second test is Positive, that means that large
t

heterogeneous deformations aPEe8YESerit'h FRPHFENNAIRS. OPservgdtetiiht thisUsiatietBififed value may
notably be chosen abayimstiondsieRecERtRINERAddheirenighssecend detisativecsidesned
(technology concernesliltegqiralty levetopoatiatylinrgecuiperentnir, éééormations within the

first wafer.

Accordingly, in a variant of this first embodiment of the invention,
the evaluation of a level of heterogeneous deformations in the first wafer
is carried out as a function of the values of the second derivative obtained
in the step E2.

For example, there is effected during the evaluation step E3 a
second test consisting in determining if a second derivative of a surface
profile includes at least one value greater than a predetermined threshold
value. If this second test is positive, that means that large heterogeneous
deformations are present in the first wafer.

Note that this predetermined value may notably be chosen as a
function of the constraints and requirements of the situation concerned
(technology concerned, required level of reliability, equipment used, etc.).

The tests described hereinabove are nevertheless given by way
of example so that other methods of exploiting the second derivative of a
surface profile may be used according to the situation. For example, the
number of times a second derivative of a surface profile overshoots a
predetermined value may be taken into account, for example, and so on.

Evaluating a level of heterogeneous deformations may also be
envisaged that combines different tests relating to the second derivative
of surface profiles, for example by cumulation of the first and second tests
described above.

There is described now an embodiment in which the
characteristic magnitude obtained in the processing step E3 corresponds
to a spread of a surface profile (second embodiment), this profile



The tests described hereinabove are nevertheless given by way of example so that other methods of
exploiting the second derivative of a surface profile may be used according to the situation. For example,
the number of times a second derivative of a surface profile overshoots a predetermined value may be
taken into account, for example, and so on. Evaldfting a level of heterogeneous deformations may
also be envisaged that combines different tests relating to the second derivative of surface profiles, for
example by cumulation of the first and second tests described above. There is described now an
embodiment in which the characteristic magnitude obtained in the processing step E3 corresponds to a
spread of a surface gefife{seddndheriiorife Oy resOPENGtR0 dracvMmmrasinameritei®iBs corresponding
to a log of measurenpsérirpatsieipgircular shape. To be more precise, there is considered here a

composite structure 525 havipg a,strygsHee ﬁ]‘é@ié@f’@ﬁeﬁ% the %Hgitdgpeyﬁé;lgsgiQ%%ngﬁ'@above (Figure
8A). The structure 52? thys Cc ises a first wafer 510|bondeg| mglecular ilgge ion.ho second wafer
520, The first wafer STUSILS SOBERERGR SHLB 8 S B AN 7 208, Ty surface
514a, these microcolfheiRaReY en(BEm§duridte StiHEWOP &7 HEIHSARRGSPIcAkE. wafer |y the logging
step El, the measuréeni@riiquoiedsbyrendispdseddiesigratdemstovredcivafertbéd@ertrefobimhatarcoincides with
tf;e cemre CT of thi‘ $'I§F%%o%&ié@!ﬂﬁﬁﬁi§@dm;yr€ rﬂi@ﬂ&@ﬁﬂﬁ%ﬂ?@i i‘Qﬁﬁ%jﬂQ%ﬁﬁﬁ@ Cafd“E% out
along three concentr, n : [ an :
respectively (these rg@ﬁ%%?r%%géﬁ%%ﬁ%ﬁ?)?%&%%}gﬁﬁégg,ﬁa Bﬁy\l/%lzﬁJ ??efﬁ%é.ée%résiégg%uowever, that

there may be any nuPRBENGFBIESS1ong which the measurement points are logged. This number may
notably be chosen as a functiontoethesgingrsiep dr/dhehepasEFAIMEDT trintgaiiatidanerad to be carried
out in the step E4. Thivmyatbleast citelesdd thinetrmespsfolwchactiatiel gy efitratiy caagenad distribute the
measurement pointsyy 'EH_QrﬁP!;Y W‘é%r@?(ﬂﬁ@&r"e@%ﬁ)‘? m%,@@@ﬁ@&@@;gegq{@,@%@aﬁ@atwe of the
heterogeneous deformations ayerinc iole ofihe Malorn2id. Allemaliehc] 1s passibje g log
measurement pointsI aFong At fead one diredIaParc the CEhtr churvaturé Whareor 2omeides with the

centre CT. It is equafliGRss S €AJgFHisR lrdHh Mg Bt sesRAy e besn sagile®ipgneed on CT.
At least one surface {nafikhalf ohéhirstafexrfS18)LO is then determined in the step E2, each of these profiles

passing through a plurality offmgaissainestsesiatshoir G esiROmdionag BEOSHEedMblieopreceding step

El. In this example, IBFE éHf&%@W&ﬂ'?ﬁﬂne%%ﬁ%’?i%‘r?nt‘?ﬂ?e%ggéﬁi”? iéﬂnmﬁ MGy these

corresponding to al Rotta%y o hement oint= logged glong the crdceer tra ?QH:E%% pectively.
the evaluation then to be carried out in the step E4. The number of circles
and their respective radii are preferably chosen to distribute the
measurement points uniformly over the surface of the wafer, so as to
obtain data representative of the heterogeneous deformations over the
whole of the wafer 510. Alternatively, it is possible to log measurement
points along at least one circular arc the centre of curvature whereof
coincides with the centre CT. It is equally possible to log measurement
points along at least one spiral centred on CT.

At least one surface profile of the first wafer 510 is then
determined in the step E2, each of these profiles passing through a
plurality of measurement points of a corresponding log produced in the
preceding step E1. In this example, three surface profiles P1, P2 and P3
are thus determined in the step E2, these corresponding to all of the
measurement points logged along the circles C1, C2 and C3, respectively.
The spread of each surface profile obtained in the step E3 is then

determined (step E4). This spread calculation may be implemented in
different ways.



The spread of each surface profile obtained in the step E3 is then determined (step E4). This spread
calculation may be implemented in different ways. 21 In a first variant, the minimum value Vmin(i)
and the maximum value Vmax(i) of each of the surface profiles Pi (i=1, 2, 3) are determined. These
values Vmin(i) and Vmax(i) correspond to the measurethent points of the profile Pi locally representative
of the lowest and highest level of the exposed surface of the wafer 510, respectively. There is then
determined for each profile Pi the difference Ai such that Ai = Vmax(i) - Vmin(i). On the basis of the
values Ai, a third test is effected to evaluate the level of the non-homogenous deformations present in the

first wafer 510. A predetermifedlifiiit vatiendnibs vifidBdNToRésevpia (T Rathtne terinditonsists in
determining if Ai Amax|(toWindx@ @f Sadih 96 tHeeslavat@prsieb rinGgenops dato deairatisgaresent in the
wafer 510 is judged highellapledhA RS ShASIRIMATUWISIIRCR) SR ERRACHRRIAPIIILY Criterion
Amax associated witll %F’tch \E/%l[l?? Cp.f fhce Lpdex [ maﬁqtbfe varp%e, Inotaf%ly iréﬁ]re?eﬁingg ffo tlﬁ (}ﬂegree that the
diameter of the circlés C1TPES hdredS8sY FoPERS 8 S cirGie@Wi _ I I%' S _%\ée and 145 mm,
the values of Amax ¢b8IcEBRASEHastbTapprekintaeyVafehictdPs sptPegiMarondaiesecthal . A
variant of the third ted¢teomsistd fosthach swofikeinj the differemce diAdunhdttiatin=dividaxgithis result by

what is commonly cajfigghthe warp of the structure, defined by the difference between the maximum

overall height of the surface ﬁgﬂ%cggg?%p%ié %’Iﬂg’s’c&?da%ﬂﬂ'&tiég?%W@c%\t’%eﬁﬁgeggigg'f For a structure

uniformly curved as a parab revolution, for example, the warp Is equa ow oef the structure.

The second stage oF%éQyﬂiéﬁtthetHQrfmm%r&%g ORI RTFRS T Tk 6 HicteE RS tween the sum
of the Ai and the warpls Rpsefeiernireddmimvialoa daay,isdixedanopiexenpie ofbertbird sk so, the level
of heterogeneous detttsmadinsistisitcaesidenathtpifl Aif Batntbe (eyeil-of detard)atipss, ishedasilered as high.
In a second variant, theyg s gissENDES dBRAAAL HeviAiN Mdorfacs B E3EagReHRITI: A fourth test
is then carried out which oreﬁlsﬁsé\llg d%[eée nin tfé%l Is %ealtgr th nor %uz?.‘_ltg glc regaebtlﬁmlned
maximum standard devl flon &or |:L orn?ﬂ. SO, the WA iSTondidersd 3SR b high level of

avin
heterogeneous defoffEioRsAPavRERCEER MR BBV & lecohigdndexolmayobe Vari‘?’h?@rvariants
described above arenoiais}y inoreiasiitin tpetind degnemthalf the dinmetiemairitialurgesdoh wkilldd in the art will

understand that othghglégeaatives axamnpr efdrisaard {oitidleiametiiracthessiaashal e1suriace profile that
do not depart from ﬂ%ﬁesq;%\?t?egf H?GAWSPth‘uId be equal to approximately 5 microns and
15 microns, respectively.

A variant of the third test consists firstly in summing the
differences Ai and then in dividing this result by what is commonly called
the warp of the structure, defined by the difference between the
maximum overall height of the surface on which logging is conducted and
its minimum overall height. For a structure uniformly curved as a
paraboloid of revolution, for example, the warp is equal to the bow of the
structure. The second stage of this variant of the third test consists in
determining if the coefficient between the sum of the Ai and the warp is
less than a predetermined value, for example of the order of 0.7. If so,
the level of heterogeneous deformations is considered low. If not, the
level of deformations is considered as high.

In a second variant, there is determined the standard deviation oi
for each surface profile Pi. A fourth test is then carried out which consists
in determining if ai is greater than or equal to a predetermined maximum
standard deviation (for i=1, 2 or 3). If so, the wafer 510 is considered as
having a high level of heterogeneous deformations. If not, the
deformation level is considered low.



The processing step E3 and the evaluation step E4 of the method of the invention may be implemented,
for example, by a computer, a calculator or any other equipment capable of calculating a second
derivative or a spread from measurement points of a surface profile and effecting a test relating to a
second derivative or respectively a spread, such as oné2of the tests described above, for example.

The present invention further concerns a method (steps El to E5) of composite structures comprising a
first wafer bonded by molecular adhesion to a second wafer. The main steps of the selection
method of one particular embodiment are shown in Figure 3. A level of heterogeneous deformations
in a first wafer is first evaluatéi®y siacieessivelesstideting ahe\gepsEl, EREERY anddRlinitii@ evaluation
method of the inventipnbodithentonopogite kiveative. and thiurpigsarsedkitkan isteth&rthevil are then

selected one or more, ¢QIPARGRHSIUGHHEPSIRRRYAIFES Rl Sia bt Ry gL RelRiiRYel RS
non-homogenous deformatiops. . For exam (be t|t S po s%le t rry qQut the first afnﬂfecond tests or
the third and fourth (EE%s e HEAEDBIR P Lot dlile SRARIET! L CHERES ISor e then
selected if the result'BY8REQBsts effected is negative. It is also possible to carry out only one of these
tests. In this special case, thd bempmusss rsjratpieSanstrid eedustomasstepdid ab thig thettext carried out is
negat_ive. How%yeghéhm@@ﬂg@ﬁomgyemqrﬁwmﬁém&ptm iéxrag{ﬂi@_)itgy 15Y] H@ﬂquy@ee;(@ﬁples of tests
described above. Ot@g&&ﬁ%ﬁit'%’ﬁ chrl%tH?ﬁrl%@J Q&S%%Bgﬁ éje&ﬂ"aéé‘f&ﬂtﬁ]ﬁuga‘g&% ile may be
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ovaluation methad Iy YARNE Akl ek i JIRERHSTIR RPMHLALA FHEESH ARSI BBled surface of

the first wafer. effecting a test relating to a second derivative or respectively a spread,
such as one of the tests described above, for example.

The present invention further concerns a method (steps E1 to
E5) of composite structures comprising a first wafer bonded by molecular
adhesion to a second wafer.

The main steps of the selection method of one particular
embodiment are shown in Figure 3.

A level of heterogeneous deformations in a first wafer is first
evaluated by successively effecting the steps E1, E2, E3 and E4 of the
evaluation method of the invention on the composite structure.

During a selection step E5, there are then selected one or more
composite structures identified in the step E4 as having a low level of non-
homogenous deformations.

For example, it is possible to carry out the first and second tests
or the third and fourth tests as described above. The composite structure
or structures is or are then selected if the result of the tests effected is
negative.

It is also possible to carry out only one of these tests. In this
special case, the composite structure or structures is or are selected if the
test carried out is negative.

However, the selection method of the invention is not limited to
the two examples of tests described above. Other selection criteria
bearing on the second derivative of a surface profile may be used,
individually or in combination.

The logging of measurement points in the step E1 of the
evaluation method may furthermore be carried out according to different
lines on the exposed surface of the first wafer.



23 "Star" logging, i.e. logging on a plurality of diameters of the first wafer, may in particular be
envisaged. This technique enables a good representation to be obtained of the levels of heterogeneous
deformations in a first wafer with a limited number of logs produced. In one particular example, there
is produced in the step El a plurality of logs of measuref@ent points, logging being carried out along first
parallel lines spaced from each other. It is furthermore possible to produce additional logs along second
parallel lines spaced from each other and that may be perpendicular to the first lines, for example. Thus
logging is carried out in accordance with a grid, which grid may be on the whole or part of the exposed
surface of the first wafer consi@aedlogging FietHeasiogeoif eheltfirslite of dasoatsss efoefistarried out, for
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on the macroscopic scale. It is possible in practise that the exposed
surface of the first wafer has infinitely small variations in level that are
reflected in very localized changes of sign of the second derivative of the
corresponding surface profile or profiles. These infinitesimally small
variations may originate, for example, in very slight variations of thickness
of the first wafer. This type of variation does not give usable information
as to the level of heterogeneous deformations in the first wafer of a
composite structure.

To avoid having to take into account negligible surface defects, it
is possible to carry out logging in the step E1 so that the measurement
points are measured according to a measurement step.

This measurement step could be chosen as a function of the
situation concerned. It will preferably be chosen as a function of a
dimension of a pattern of the first wafer.

Here “pattern” means a geometrical arrangement disposed, or
intended to be disposed, on the exposed surface of a first wafer, this
geometrical arrangement repeating several times over the surface of that
wafer. A pattern may for example correspond to a cell of one or more
microcomponents disposed at several locations on the exposed surface of
the first wafer concerned.

For example, the measurement step may substantially
correspond to half of one dimension of a pattern of the first wafer.



It will also be noted that the number of logs produced during the step El of the evaluation method could
depend on various parameters such as, for example, the constraints of the fabrication process in terms of
cost, time allotted to the tests for each batch of wafers, required level of reliability, etc. Moreover, a
give level of heterogeneous deformations may be accefftable for a given microcomponent technology
(because it represents a relatively slight constraint in terms of positioning photolithography masks) and
unacceptable for another technology. Consequently, the following parameters could be chosen depending
on the situation concerned: the choice of the number of logs to be produced, the line of each log (length,
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reliability, etc.

Moreover, a give level of heterogeneous deformations may be
acceptable for a given microcomponent technology (because it represents
a relatively slight constraint in terms of positioning photolithography
masks) and unacceptable for another technology. Consequently, the
following parameters could be chosen depending on the situation
concerned:

- the choice of the number of logs to be produced,

- the line of each log (length, direction),

- the number of measurement points per log,

- the measurement step used,

- the method or methods of exploiting the second derivatives
obtained in the step E2, and

- the criterion or criteria for selection of the composite
structures.

It will be noted here that numerous mechanisms may be the
source of misalignments (or overlays) in a first wafer bonded by molecular
adhesion to a second wafer.

When a first wafer is bonded by molecular adhesion to a second
wafer, the heterogeneous deformations generated in the first wafer may
notably result from combination of deformations originally present in the
first and second wafers before bonding. The method of the invention can
thus enable pertinent information to be obtained on the deformations of
the two wafers before they are assembled by molecular adhesion (degree
of concavity, flatness defects, etc.).

The present invention can also reveal, for example, the presence
of foreign bodies such as a particle between the support S and the wafer
directly in contact therewith. These elements may be the source of
heterogeneous deformations in the first wafer and thus of misalignments.

The invention can equally highlight problems of calibration of the
bonding machine (notably at the level of the application of the contact
force by the applicator tool).



When a first wafer is bonded by molecular adhesion to a second wafer, the heterogeneous deformations
generated in the first wafer may notably result from combination of deformations originally present in the
first and second wafers before bonding. The method of the invention can thus enable pertinent
information to be obtained on the deformations of the tdlo wafers before they are assembled by molecular
adhesion (degree of concavity, flatness defects, etc.). The present invention can also reveal, for
example, the presence of foreign bodies such as a particle between the support S and the wafer directly
in contact therewith. These elements may be the source of heterogeneous deformations in the first wafer
and thus of misalignments. Morepyering ibieatech alpyslyoniceh ia@tqorpasits Sifeelibeakion of the
bonding machine (ndtednyfatriieel |byeholdbsapadicedion, ahtd ¢icoiacéfaendsy thamfytoator tool). 25
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for evaluation of heténggetieobsfdefdhinaiiog thie firstretafetfer (110), said first wafer being bonded by
molecular adhesion to a second wafer (120), said evaluation method comprising:
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Claims

1. Method for evaluation of heterogeneous deformations in a first wafer (110),
said first wafer being bonded by molecular adhesion to a second wafer (120), said
‘evaluation method comprising: i

a step (E1) of surveying a plurality of measurement points, each of the
measurement points being locally representative of the level of the exposed surface of
the first wafer; _

a step (E2) of determination of at least one surface profile of the first wafer
passing through a plurality of measurement points; '

a step (E3) of processing the surface profile of the first wafer to determine
therefrom a magnitude characteristic of the processed surface profile; and

a step (E4) of evaluation of a level of heterogeneous deformations in said first
wafer as a function of said characteristic magnitude, '

wherein the characteristic magnitude is the second derivative of the surface
profile,

wherein the evaluation step comprises at least one of the following tests:

a first test for determining if said second derivative has at least one change of
sign; and -

a second test for determining if said second derivative has at least one absolute
value greater than a predetermined value, and |

wherein the surface profile is determined by measurement points disposed

along a circle (R1-R3) the centre whereof coincides with the centre of said first wafer.

2. Evaluation method aécording to Claim 1 wherein the characteristic

magnitude is the spread of the surface profile.

3. Evaluation method according to any one of Claims 1 to 2, wherein the
following steps are carried out:
- determination of a plurality of surface profiles (C1-C3) of the first wafer,
- for each surface profile of the plurality of surface profiles, carrying out of a
processing step for determining therefrom a magnitude characteristic of the processed
profile, wherein, during the evaluation step, the level of heterogeneous deformations is

determined as a function of said characteristic magnitudes so determined.

4. Evaluation method according to any one of Claims 1 to 3, wherein the




27

measurement points of each log are measured according to a measurement step, said
measturement step being determined as a function of a dimension of at least one pattern

of said first wafer.

5. Evaluation method according to Claim 4, wherein said measurement step

substantially corresponds to half a dimension of a pattern of said first wafer.

6. Fvaluation method according to any one of Claims 1 to 4, wherein the

logging of a plurality of measurement points is effected by acoustic microscopy.

7. Method of selection of at least one structure comprising a first wafer (110}
bonded by molecular adhesion to a second wafer (120), said selection method
comprising:

- a step of evaluation of the heterogeneous deformations in the first wafer of
each structure by the evaluation method as defined in any one of Claims 1 to 6; and
- a step (E5) of selection of one or more structures on the basis of the

characteristic magnitudes determined for each structure evaluated.

8. Device for evaluation of heterogeneous deformations in a first wafer, said
first wafer being bonded by molecular adhesion to a second wafer, said evaluation
device comprising: |

measuring means for surveying a plurality of measurement points, each of said
measurement points being locally representative of the level of the exposed surface of
the first wafer;

calculation means for determining at least one surface profile of the first wafer
passing through a plurality of measurement points and for determination of a magnitude
characteristic thereof; and

evaluation means for evaluating a level of heterogeneous deformations in said
first wafer as a function of said characteristic magnitude,

wherein the characteristic magnitude is the second derivative of the surface
profile, '

wherein said evaluation means are configured to execute at least one of the
following tests: | '

a first test for determining if said second derivative has at least one change of
sign; and '

.a second test for determining if said second derivative has at least one absolute
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value greater than a predetermined value, and
wherein the surface profile is determined by measurement points disposed
along a circle (R1-R3) the centre whereof coincides with the centre of said first wafer.

9. BEvaluation device according to claim 8, wherein said measuring means are
configured to produce a plurality of measurement peint logs, said logs being spaced

from each other and produced in the same direction.

10. Evaluation device according to any one of Claims 8 to 9, wherein said
measuring means are configured so that the measurement points of each log are
measured according to a measurement step, said measurement step being determined as
a function of a dimension of at least one pattern of said first wafer.

11, Evaluation device according to Claim 10, wherein said measurement step

substantially corresponds to half a dimension of a pattern of said first wafer.

12. Evaluation device according to any one of Claims 8 to 11, wherein said

measuring means comprise an acoustic microscope.




