A METHOD OF FABRICATING A MULTILAYER STRUCTURE WITH CIRCUIT LAYER TRANSFER
Technical field and prior art 5The present invention relates to the field of multilayer semiconductor
structures (also known as multilayer semiconductor wafers) produced by transferring at least one layer
formed from swoipMtiah&elstrate onto a final substrate, said layer correspendimegztaciiee L8 portion of
initial substrate in which a plurality of microcomponents has been formed, for example.
Three-dimensional component integration technology (3D-integration) requires the transfer of one or
more layers of microcomponents onto a final substrate, said 15 final substrate itself possibly
incorporating microc@niFetiEPRs OFh & hRREFATEdfa e rOFETETER I IR HYERBED MPGHents (electronic,
optoelectronic, etc. components) producedatieasapygrarrraNarERtial Substrate, said layers then
being stacked on a final 20 substrate. Primarily because of the very small size and large numbers of
microcomponents present on a single layer, each transferred layer must be positioned on the final
substrate €vith gr% ?lé%%ﬁraa%y%g E!‘?1‘%1tat’ﬁ%eyy‘?ai?é?/l(.erji}zg‘l:osely align)(/ed with the sFl)ijacent layer. Further, it

25 may be rfecessary tBrarRF BEEREaiBATE 6R T fayerastteritShianéfet forexample to form other
microcomponentsy it Oiderdo exquosesthiumicrocemparisnts®n{thbssuface;togeroduce

interconnectionsygta:; Saigdreatments-alse haveohe sariadautwith-great 30-acsuragy having
regard to Ihe components prgsentln lie lavalaa cHoWawer he Apelicantas dlscgipgd that following
' Il '

transfer, there are circumstances where it is very cult It not impossible to form additional 35

microcomponent® thitate ahgRedith afitfthé FHitFoSSHpERBAR TOte béfdTe the transfer. WO
2010/102948PCHFER2010062i65:1al substrate in which a plurality of
microcomponents has been formed, for example.

Three-dimensional component integration technology
{3p-integration) requires the transfer of ons or more
layers of microcomponents onto a final substrate, saild

15 final substrate itself possibly incorporating
microcomponents. The transferred layer or layers include
microcompenents (electronic, optoeslectronic, etc.
components) produced at least in part on an initial
substrate, said layers then being stacked on a final

20  substrate. Primarily because of the very small size and
large numbers of microcomponents present on a single
laver, each transferred layer must be positioned on the
final substrate with great accuracy so that they are very
closely aligned with the subjacent layer. Further, it

25 may be necessary to carry out treatments on the layer
after its transfer, for example to form other
microcompenents, in order to expose the microcomponents
on the surface, to produce intercomnections, etc.; said
treatments alsc have to be carried ocut with great

30 accuracy having regard toe the components present in the
ilaver.

However, the Applicant has discerned that following
transfer, there are circumstances where it is very
difficult if not impossible to form additional

3% wmicrocvomponents that are aligned with all of the

microcomponents formed hefore the transfer.



2 This phenomenon of misalignment is described in relation to Figures |A to 1F, which illustrate an
example of the production of a three-dimensional structure by transfer of a layer of microcomponents
formed on an 5 initial substrate onto a final substrate followed by the formation of an additional layer of
microcomponeotsamtheiexposed face of the initial substrate after bondimgr/Eiguied#idustrates an
initial substrate 10 that has its own shape or "inherent geometry". In fact, as 10 represented in a
deliberately exaggerated manner in Figure IA and using a grid (dotted lines) to make the deformation
zones visible, the initial substrate 10 is constituted by a wafer of semiconductor material that has
deformations on the mitrsmebitsealkentbat pFincipslyitsenespondasr bbwland to a warp or buckle.
The bow of a wafencharagterizesi thecegncave:er cenvex deformatien of the wafetassimeasurement

of the position from the median, surface 4o the oepter of the-wafer, while the warp gharacterizes the

deformations corres%ondlng t% the 20 differgnces between the maﬁwlmum distance and the minimum
C

distance of the nTédaR Stitfate falafivsTo Areferehae BRREBVE e W

on TL .
& Whold& 6f fiie median surface of

the wafer. Theselfid-fypessobaéfrfration meanithat thé Wirerent §ebietrysf aliwafer€an be
characterized; fof 2insimiplificatioapthisi¢anibenglassified-as Thip type: gepmetnt Asoan be seen in

Figures 1B and 19,2 fitst sesiessafdnicyecemponents il isfeuned:an the surfaseof:the initial
substrate 10. The microcqmponents. 11 arg %%I"&%E’i%&’a Rhgolithographly ysing g mask that can

define the zones .fo?%rmlng patterns corresponding to the microcomponents 11 to be produced. As

the microcomporérits T ard B¢ GefitBa By Pio@Risgrabhy, thetinttid Subrate 10 is held on a
substrate cafrier:35devicetEZ The substratecalrier e conpristdnamupporplaten 12a on which
the initial substrate dbkis helddfish,donexampld By reans®f amelectrostatig:dVehe

2010”D2943ché%%%ggyﬂﬁgQ%%es vigible, the initial substrate 10 is

constitutred by a wafer ¢of semiconductor material that has
deformaticong on the micrometric gcale that onrincipally

15 correspond Lo a bow and to a warp or buckle. The bow of
a wafer characterizes the concave or convex deformation
of the wafer as a measurement of the position from the
median surface to the center of the wafer, while the warp
characterizes the deformations corresgponding to the

20 differences between the nmaximum distance and the minimum
distance of the median surface relative to a reference
plane, over the whole of the median surface ¢of the wafer,
These two types of deformation mean that the inherent
geometry of a wafer can be characterized; for

25  simplification, this can be clasgified as chip type
geometbry.

As can be seen in Figures 1B and 1C, a first gserieg
of microcomponents 11 is formed on the surface of the
initial subgtrate 10. The microcomponents 11 are defined

30 by photelithography using a mask that can define the
zones for forming patterns corregponding toe the
microcomponents 11 to be produced. As the
microcomponents 11 are being defined by photolithography,
the initial substrate 10 ig held on a substrate carrier

3% device 12. The subsirate carrvier device comprises a
support platen 12a on which the initial substrate 10 is

held flush, for example by means of an electrostatic



3 system or a suction system associated with the support platen 12a. The substrate carrier device 12
can hold the initial substrate 10 in a "stiffened" position, i.e. in a position in which bow/warp type
deformations of the 5 initial substrate 10 are reduced compared with those presented by the same
substrate whevoitisomebdseld by the device 12. In other words, the microcecmmpanentssidkare formed on
a substrate that is initially slightly stressed (under tengion or in compression), the stresses 10 being
relaxed once the substrate is freed from the device 12. The level of that stress is also linked to the
temperature to which the substrate is subjected during the step of defining the microcomponents, that
temperature possipht beingthe ambientiemperature:ebtheatB@rwironntér, oraccoritrolled

temperature impgsed &y theasubsiratecarger deyicearri A8 crrbeseen wuhigused 13ashe face of the
initial substrate 10 cempyising.the microcomponents, 1l-is then.brought jnto intimate contact with one

face of a final 20 substrate 20. Bonding between the initial s%bstrate 10 and_the final substrate 20 is

carried out, for eR8fpié Fnd preferably BY-WHRT Dondiitg I8 BUFEHHSRF of mitRScomponents 11 at the
bonding intebface Bihieen HESubEAES 105 d 201s THuS DbBARed. Biteh beeE®y and 25 as can be
seen in Figure 1préecinitial Substiate dbnis thinned-incerderda withdrawapartian aighe material

present above th@n‘éY@EsQiH&Cﬁ%omﬁﬁn%@%%lw];% a EQ@Q@@FMH&x@QéSP@aned formed by
the final substrate 20 ndal yer 10a corr sg%ndlgg to the 30 ¢ maﬂ gél_LO.l’ tilof the initial substrate

T
10. Once it has been bonded to the final substrate thlesgégrlnetry of the inftial SUbstrate 10 is

different from that WIRRASENAHTAGAIY Fr-EHGEreTA lﬁ*h%oﬁﬁﬁeg%?frﬁﬁt)ry oftfie %fﬁﬁ§’§l§strate 10 after
bonding 35lfesultsimparticleaciionnthe fact tisatthefaia subshrate@0faiso Has=anéntigrent geometry
with bow/warp deformatigasiteatdifter fromtheseriginallypeesentadeW@o the

2010/102943PCT[ER20101052765 4;hy the pitial sybsirate. 19-As a,6ansequenca when the initial

substrate 10 is br?ﬁ ght into intimate cqntact with the final substrate 2 A l;[ge initial substrate 10 and the

final substrate 20 REvE 15adapt At 183 pat g crocomponents,

temperature possibly being the ambient temperature of the
15  environment, or a controlled temperature imposed by the
substrate carrier device.

As can be seen in Figure 1D, the face of the imitial
substrate 10 comprising the microcomponents 11 is then
brought into intimate contact with one face of a final

20 substrate 20. Bonding between the initial substrate 10
and the final substrate 20 is carried out, for example
and preferably by wafer bonding. A buried layer of
microcomponents 11 at the bonding interface between the
substrates 10 and 20 is thus obtained. After bonding and

25  as can be seen in Figure 1E, the initial substrate 10 is
thinned in order to withdraw a portion of the material
present above the layer of microcomponants 11. Thus, a
composgite structure 30 is obtained formed by the final
substrate 20 and a laver 1l0a corresponding to the

30 remaining portion of the initial substrate 10.

Once 1t has bheen bonded to the final gubstrate 20,
the geometry of the initial substrate 10 is different
from that which it had initially in Figure 1A. This new
geometry of the initial substrate 10 after bonding

35  results in particular from the fact that the final
gsubstrate 20 also has an inherent gecmetry with bow/warp

deformatvions that differ from those originally presented



5 each others geometries, which creates zones of tensile and compressive stresses in each of the
initial 10 and final 20 substrates. When they relax, these stresses cause a modification in the geometry
of the initial substrate, i.e. a modification of its original bow/warp 10 type deformations. This
modification efagheigeametry of the initial substrate 10 is even more prormeumeenhaftsritshas been
thinned (Figure 1E). Once thinned, the thickness of thhe remaining portion of the initial substrate 10, 15
corresponding to the layer 10a, is much smaller than that of the final substrate 20 that then "imposes"
its geometry to a greater extent on the structure as a whole. The layer 10a must then conform to the
geometry of the fimaksgbstratei20 andhtsatehel devidgte FrotnnBeROSREHNY YTONERY of the initial
substrate 10. Asican beseamindrigtee 1, ibe mextstep improdiurcingdhe threezdimensional structure

consists in forming,a,segand layer of microcemponents 42,01 the, expased suracenfihe thinned initial
substrate 10. In 25 order tgL defiﬁe the mic%c?ﬁ(m onents 12 in ali ngneenttwith the buri,gd
o)

microcomponenttshfl, &Ib%otglﬁ 85%% ey mas é"LsiFan'iltaf“ar) t8 tRat used form the %%&oco?nponents 11is
used. The transfe#ed IAyBRE JikeAAEI&)E: T0a, WIPICAINRERIFENEIREDAN at 1S vl of the 30
microcomponentsngind atthetesiel of $he eafes farmingtheddyéh evhich mrelused bypdhe positioning
and aligning tools duing thestashnical drcatment-stepsihatargcarrieskeuisduidag hotolithography.

However, even when positioning 1ogls.ar. ed,.35 t of the
microcomponentcsa.][lf éa)n f\f,dét?c]hgg‘g %%eg %%&ﬁp?%%%%%%i#n%%%%ﬁ%%ure 1F (respectively

corresponding t&* & 6846 WoP20 PO B0 5B TP 561016829655 warp

10 type deformations.

This modification of the geometry of the initial
substrate 10 is even more pronounced after it has been
rhinned (Figure 1E). Once thinned, the thickness of the
remaining portion of the initial substrate 10,

15 corresponding to the layer 1Ca, is much smaller than that
of the final substrate 20 that then "imposes" its
geometry to a greater extent on the structure as a whole.
The layer 10a must then conform to the geometry of the
final substrate 20 and thus further deviate from the

20 starting geometry of the initial substrate 10.

As can be seen in Figure 1F, the next step in
producing the three-dimensional structure consists in
forming a second layer of microcomponents 12 on the
exposed surface of the thinned initial substrate 10. In

2%  order to define the microcomponents 12 in alignment with
the buried microcomponents 11, a photolithography mask
similar to that used to form the microcomponents 11 is
used. The transferred layers, like the laver 1i0a,
typically inciude marks both at the level of the

30 microcomponents and at the level of the wafer forming the
laver, which are used by the positioning and aligning
tools during the technical treatment steps that are
carried ocut during photolithography.

However, even when positioning tools are usead,

35 offsets occur between some of the microcomponents 11 and
12, such as the offgets Ay, Ay, 0r Age indicated in
Figure 1F {respectively corresgponding to the offsets



observed between the pairs of microcomponents 111/121, 114/124 and 118/120. As when forming the
microcomponents 11, the composite structure 30 formed by the final substrate 20 and the layer 10a is
likewise held flush 5 against a support platen 13a of a substrate carrier device 13 that is identical to
the device 1&v{T bawones of stress (tension and compression) imposed pifitRe26oMPTsite structure 30
and in particular on the layer 10a are at least in partsdifferent from those present during 10 the
formation of the microcomponents 11, since the layer 10a has a geometry in terms of bow/warp
deformations that is different from that presented by the substrate 10 before bonding and thinning. As
a consequence,thierastlinarpRenshife e 6F nidalgimeRPEISE Khbfv4s/T5 bverlay) between the
two layers of migmcampenents 1) ang 12 that misynbé the sourca:ef short@heuigrodognnection faults

between the micrpcomponents of the twe layers-Jhat pheneraengn ofevetlaythus results in a
reduction in the duglity and Yf‘%%gat?{%gmﬂg'aggrf&@iggnggh%g&ggewagefa thatare fabricated. The

impact of this pﬁ’e ehon i§ ecoming greater because of the constant demand for increasing the

miniaturizatfon GFFATRESoMpBORRATE BB o fitreaging tHRirMtsyraticR d&tsity Ber layer.
25Photolithograpky teelslifcludetalgeriintas foredrreeting € et Bfodes of 6v&r&yTfstation,
translation, etc) thatdpay e apphed e atlempideonianiize the nopeday betwebn two steps of defining

or forming the components. However, it has been ohsepved:30 that this misalignpaent isanot
homogeneous (i.e. cannagt be reduced to el m ntar}g tr sforrr%%tl%rés)';[:%uséﬁ IS 9113‘,91 sible to correct
the photolithograpify %’ip&)?ﬁf’etinlélg%‘?]%?af% g 8%1 /'manner i d%Ltaln, or each

n Shfisfactdry manner iR order to o
exposed fielR of the wWaferaa safisfitGRANTAXIRARPSBARANE forlthe VRS FOF exa¥iie less than 100

nm [nanometer] o 5am)a Arsoirectipniof theyparanfefersigoveming floetitivgraphyiexposure for
each field of the ; § wafer is pot industrialy degirable, aed $8/itisénpaastéa seek to optimize the set
Ofpanﬂneuﬁsthgépyggtg%%%&%gvgg%Ythinning. s a conseguence, this

results in & phenomenon of misalignment {also known as

15 overlay) between the two layers of microcomponents 11 and
12 that may be the source of short circuits or connection
faulte between the microcomponents of the two lavers.
That phenomenon of overlay thus results in a reduction in
the guality and value of the multilayer semiconductor

20 wafers that are fabricated. The impact of this
phenomenon is becoming greater because of the constant
demand for increasing the miniaturization of
microcomponents and for increasing their integration
density per layver.

25 Photolithography tools include algorithms for
correcting certain modes of overlay {rotation,
translation, etc) that may be applied to attempt to
minimize the overlay between two steps of defining or
forming the components. However, it has been observed

30 that this misalignment is not homogeneous (i.e. cannot be
raduced to elementary transformations); thus, it is not
possible to correct the photolithography exposure in a
general and satisfactory manner in order to obtain, for
each exposed field of the wafer, a satistactory maxlmum

25 value for the overlay (for example less than 100 nm
[nanometer] or 50 nm). A correction of the parameters

governing the lithography exposure for cach field of the



Further, when a layer of microcomponents is 5 transferred onto a final substrate having a first layer of
microcomponents, it is very important to be able to minimize the overlay between the
microcomponents of each of the layers when they ar@ to be interconnected. Under such

circumstances, it is not possible to compensate for 10 overlays existing between the microcomponents
of the two layers, by lithagraphy. Sumraany: gfi the igvention Embgdiments;ef the invention seek to
propose a 15 solufion that, during ahrication of mulilaygrof, comppsie Stuqutes. canreduce the
phenomenon of ov@ﬁay and distortion between the microcomponents formed on one face of a first

substrate and thB*fiftrodGRponenty EGb&Equently formed on another face of said substrate 20 after
transfer onto a secondBubshate. WheOne aspers of the breSeRTRaRHGH ptévides a method of
producing axompasitersiricidre;rcomprising=a stepcet peackuGiagr arfirstlafer ©f migyecomponents on
one face of a first supstrate,said ficstsubstrate bejag 25 heldflush-against adraldingssurface of a first

support during pradugtion.of said microcomponents, and a,step.of handing, the face gt the first
substrate comprlsm% the Fayer of microcomponents Ont%ﬁ. second substrate, Whereicr% during said

bonding step, th& firstr SEGHE slibSFatesd i$held fusK agirst 2o58Eon e Supportthe holding

301 against a’secon supporrf
surface of which®eEa HareSs it ¢§ fessi thalForeguBP@ that Bf fite fiFSIRERPOFEUSER during
production of theomicrozpmponantsnThios oy &oldihg, dunng boretimgdrre of tHé:evs @5 substrates
flush against a syuppertniplding-surfagai€e. the surface with which the substrate is held flush, that
presents at its surface a flatness that is identical 7 to or less than that of the holding surface of the
support used during foLmati ntgethg rgigrgcomponents, the risks of overlay and distortion during

S axg 8 . nven %on
subsequent formation of additional l[ayers of microcomponents can be
Embodiments of the invention seek to propose a

1% solution that, during fabrication of multilayer or
composite structures, can reduce the phenomenon of
overlay and distortion between the microcomponents formed
on one face of a first substrate and the microcomponents
subgeguently formed on another face of gaid substrate

20 after transfer onto a second substrate.

One aspect of the present invention provides a
methed of producing a composite structure, comprising a
step of producing a first layer of wmicrocomponents on one
face of a first substrate, said first substrate being

25 held flush against a holding surface of a first support
during production of said microcomponents, and & step of
bonding the face of the first substrate comprising the
layer of microcomponents onto a second substrate, wherein
during said bonding step, the first or second substrate

30 is held fliush against a second support the holding
gsurface of which has a flatness that is less than or
equal to that of the first support used during production
of the microcomponents.

Thug, by holding, during bonding, one of the two

35 substrates flush against a support of holding surface
i.e. the surface with which the substrate is held flush,
that presents at its surface a flatness that is identical



5 substantially reduced. By fixing the first substrate during bonding in a geometric configuration, at
least in terms of bow/warp type deformations, that is similar to that presented thereby when the
microcomponents are formed, it is 10 possible to reg?ain that geometric configuration during formation
of an additional layer of microcomponents on the other face of the first substrate. Even if the first
substrate has a diffeggntgaemetiy-onea relgased foigwing-hondings for example due to the difference
in 15 geometry compared with dhe,secondssubsirate, thexfirst substrale- may-regain itsggometry

presented at the mapent of honding when the.second substrate washeing held flush against a
support having afséimnillag ﬂatne§s to, ait.off'gh%f t referen%eggggort used dH[CirSlg <pa[l(,)idgce:tion of the 20

s‘man i log‘%ma ioh of the seconf%@rg?%??nlcrocomponents on the

microcomponents. g’] IS ma r, aurin
face of the fitst siB&H5EE'0 %['(]J%fe%%ﬁaeqdm rising the first layer of microcomponents or on the
exposed face of said fifsY ldyer-Tife FERabitity Bf tREightvént ofthBD25°BhotdHthagraphy mask with the
microcomponent$SGTHRETHSt Bfef trife Fitsttaca of <id faydt &FdaE £leMthecdiality and value of
the wafer, may b&viafprévéarmatiqasccbidande withras @mbedirierit aTtRe smFastion, 30 the flatness
of the holding surfaceafithetfirst siygport ds 2animioometexkor fessned, Inacésrdance with another
embodimentoof the imdenition, dursgprsaiddiendingstep rthe first Substratei ischeld flust against the
second support. 85tmaccordacewitbaanotherembediment bfdhe taehiiomn eutingathe bonding step,
at least the first substeteds raiptaiped ata temperaure substantiatly-equivalent(prefesably by 0.5C
or less) to the tepgrature 10140, %W@i%@'ﬁﬁgbj@&g%ggyyngﬁgg step of praducing the first layer of
microcom_ponent§o 1 10%3&09}%%9@@ &poé@g&gm@o&g@e@cg of the jpvention, during the bonding
yep,ﬂmaﬂg%an%ggﬁgggy compared with the second substrate, the first
substrate may regain its geometry presented at the moment
of bonding when the second substrate was being held flush
against a gupport having a gimilar flatness to that of
the flat reference support used during production of the
20 wmicrocomponents. In this manner, during formaticn of the
second layer of microcomponents on the face of the first
substrate opposite to that comprising the first layer of
microcomponents or on the exposed face of said first
layer, the reliability of the alignment of the
25 photolithography mask with the microcomponents of the
first layer or the first face of sald layer and as a
regult the guality and value ¢f the wafer, may be
improved.
In accordance with an embodiment of the invention,
30 . the flatness of the holding surface of the first support
igs 2 pm [micrometer] or less.
In accordance with another embodiment of the
invention, during said bonding step, the first substrate
ig held flush against the second support.
35 In accordance with another embodiment of the
invention, during the bonding step, at least the first
substrate is maintained at a temperature substantially
equivalent (preferably by *0.5°C or less) to the
temperature to
40



5 substrates are maintained at a substantially equivalent temperature. The temperature difference
between the first and the second substrates is preferably 0.5C or less. In accordance with another
embodiment of the 10 invention, after the bonding stegp, the method comprises a step of thinning the
first substrate. In accordance with another embodiment of the invention, the method further
comprises a step;af producing assecenrd layedof migrecampeagntsron thelfrce.5wfdhe first substrate
opposite to the fagg-gemprising the firstlayerpgbmicrogomponents. Before the bonding step, the
method may comprise a step of fauming g, layerof axide on theface. of the firgi.substrate comprising

the first layer of mmrocgm&gne@&% 1%%'”1:%%(:%9%89% &v@:ggotr@; embodiment.of the invention, the first
substrate is gonstlt%te% g)éan SO amgttuctur Durl§g tpe steg[f{ producmg the flrst layer of
S

aine
mlcrocomponents ancf onaln OSSI tle t use a su tPéte%arrl EEVICG comprising a

support platen wﬁﬁ%’ﬁiﬁttﬁﬁrrst%aﬁst AERETRISHT ?he SOBSHSRE Carrier T ewcet ging capable of
holding the first sudstlatéHhish™SyaRSCiE ot ?)Tﬁ@nl?h%?ﬁ?gﬁﬁ’%ﬁa ‘mayhéheld flush

against the 30 suifsit platen by suction (vacuum pump), by capillary attraction (substrate held flush
against a rigid support, ¥or exafipletormed Homrralbie, sRdeetHnsed tidrebRy capillary attraction),
or by an electrostaticeforé¢enThe iiserof-dus etestribstatic foree rhay beesdpeciayosefid 85when
vacuum bondingds ¢@ befcarizo-duty thAndtheraspéctofdhe present invention provides an
apparatus for molecular honding-gubskates; the:appastuscorapHsing asubsisate carrier device,
wherein 9 the sulsitate cairier devigeemprises rdlding surHace for=a sybstrate having a flatness of
2”“0””nenﬂsor@§§uc1ng a second layver of microcomponents on the face
15 of the first substrate opposite to the face comprising
the firgt layver of microcomponents.
Beforze the bonding step, the method may comprise a
step of forming a layer of oxide on the face of the first
gubstrate comprising the first layer of microcomponents.
20 In accordance with another embodiment of the
invention, the first substrate 1s constituted by an SOOI
type structure.
During the step of producing the first layer of
microcomponents and the bonding step, it is possible to
25 use a substrate carrier device comprising a support
platen with which the first substrate is flush, the
substrate carrier device being capable of holding the
first substrate flush against the support platen.
The first substrate may be held fiush against the
30 support platen by suction (vacuum pump), by capillary
attraction {substrate held flush against a rigid support,
for example formed from marble, and retained thereon by
capillary attractiocn), or by an electrostatic force. The
use of an electrostatic force may be especially useful
35 when vacuum bonding ig to he carried ocut.
Another aspect of the present invention provides an
apparatus for molecular bonding substrates, the apparatus
comprising a substrate carrier device, wherein



In accordance with one embodiment of the invention, 5 the substrate carrier device is adapted to
receive circular substrates (wafers) 200 mm [millimeter] or 300 mm in diameter. In accordance with
another embodiment of the invention, the apparatus also has a treatment chamber 10 enclosing the
substrate carrier device, the treatment chamber comprising temperature control means. Brief

description of the figures.Other ehatactedsticrand advantages-ef thends dvention-beeeme apparent

from the following description.of-particylarimplermentations efithe inventiaagiven by way of
non-limiting example.and made with reference to the accompanying drawings, in which: Figures 1A to

1F are diagrammatic views showing 20 the prior art gr%du&tion %f af%hr e-dimensignal structure;
Figures 2A to 2E are d%@rﬁﬁ?ﬁgé] g@ige%vé’g Showing the production o a?hhr%e% imensional structure
employing the asdemBlyaRBEGE of He hFeseht Tiéntich; TH Bitiite i & B Ehart of the steps
employed duringireduttionafiibe threesdimensional stracture ithistiatedtirFigures 2A to 2E. Detailed

disclosqre of implgmentations;of.the- invention 30The present invention is of general application to the
production of composite. structures comprising at least bonding, ot gxanple By wafer bonding, a first
substrate or wafer comprising components onto a second substrate or wafer, 35As described above,

after bonding, thé §Eame s of HRE fresHiRstie 3 dftferafit froht SRt WhichEREG =™

10 enclosing the gubstrate carrier device, the treatment

chamber comprising temperature control means.

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

» Figures 1A to 1F are diagrammatic views showing

20 the prior art production of a three-dimensional
structure;

e Figures 2A to 2B are diagrammatic views showing
the production of a three-dimensional structure employing
the assembly method of the present invention;

25 « Figure 3 is a flow chart of the steps employed
during production of the three-dimensional structure

illustrated in Figures 2A to 2E.

Detailed disclosure of implementations of the invention

30 The present invention is of general application to
the production of compogite structures comprising at
least bonding, for example by wafer bending, a first
substrate or wafer comprising components onto a gecond
substrate or wafer.

35 As described above, after bonding, the geometry of
the first substrate ig different from that which it had



WO 2010/102943PCT/EP2010/052765 10 when the components thereof were being formed. As a
consequence, after said bonding, offsets are created in the structures of the first substrate, which
causes an overlay and a distortion between the originally formed 5 components and those formed
subsequentlywo 201y weder to minimize these phenomena and to allow theC3uFsetvsatgsroduction of
components in alignment with those formed on the first substrate before bonding, the present invention
proposes holding, during bonding, one 10 of the two substrates on a support of holding surface that
has a flatness similar to or less than that of the support used to hold the first substrate during formation
of the componenfssTheifiatresy of e holdifg seFfaeerss theisithpotrused duthg*bonding is
preferably less Ithasthat of the supposusedwheinthe edmpenenis-arebeingeformed.  The

holding surface of the.suppart corresponds testhe surface withavhighithe suhsitate is,flush, i.e. the
surface of the su por in contact with the %li%sr}r%tgt %Oe?le;g%gdiig:gioq Itlg%%)g)efoj_, support used, this
0

. 710l & 18LOL . =3 .
holding surface a?/r &4 &itinucus or disEontinuous surface. r%xamp : when using a support

with an electrostafERIEpHfary BtraBf6R s§tEHdo T8 e Stbsiate, the support generally has a
continuous holding surfacestha25cks eritirety. mec iritage Withethersulssteaté wWiver tHe@substrate is flush

against the suppast: 19.eentastnwith AospRAMSHTY sustion fereesia hold dhesubsirate, for example,
the support may have grogves.or cavifies on its. surfgee faatcan bold the. subsiate by, 30 suction

£ .
through them. Un%er such circumstances, the holdin §urface f the suggggicorres onds to the

surface of the sUPoTEIbCatEd FPEaRE tHE Gr8558s BF cavitids, 8 eI sUrtACE i tontact with the
substrate When it fs hbRl flush aghiistakesupport. BEMRWE présdistlifvatieNrthefatness corresponds
to the value of thendistanee betineendhae lewest peint and:thédighestpointaf the hotding surface of the

support. support used to hold the first substrate during formation
of the components. The flatness of the holding surface
of the support used during bonding is preferably less
15 than that of the support used when the components are
being formed.

The holding surface of the support corresponds to
the surface with which the substrate is flush, i.e. the
surface of the support in contact with the substrate.

20 Depending on the type of support used, this holding
surface may be a continuous or discontinuous surface.
For example, when using a support with an electrostatic
or capillary attraction system to hold the substrate, the
support generally has a continuous holding surface that

2% is entirely in contact with the substrate when the
substrate is flush against the support. In contrast,
with a support using suction forces to hold the
substrate, for example, the support may have grooves ox
cavities on its surface that can heold the substrate by

30 suction through them. Under such circumstances, the
holding surface of the support corresponds to the surface
of the support located around the grooves or cavities,
i.e. the surface in contact with the substrate when it is
neld flush against the support.

35 In the present invention, the flatness corresponds
to the value of the distance between the lowest point and

the highest point of the holding surface of the support.



WO 2010/102943PCT/EP2010/052765 11 As an example, a flatness of x micrometers means that
every point of the designated surface is located between two parallel planes spaced apart by x m. A
method of producing a three-dimensional structure 5 by transfer of a layer of microcomponents formed
on an initial sebstratecontd a final substrate in accordance with one impleg®Rratimnoiziie invention is
described below with reference to Figures 2A to 2E and 3. The substrates are wafers that may have
diameters of 150 mm, 10 200 mm or 300 mm. Production of the three-dimensional structure
commences by forming a first series of microcomponents 110 on the substrate of a wafer or initial
substrate 100 (Fgurer2 &g S1). T He' Aiisrstoniforie fts T R Be 1% &ftird E6mponents and/or
only portions theseef:n e exantplerdesteiothere] the drfitiakslsstiate=180 i$a 308mm diameter

SOl (silicon on i%a&}%w%q@%%@g}gga layeyvef silican 193 on a support 101, also of silicon,
a buried oxide layer 10 t?‘ ac.g‘u%) for umg fromtgﬁg ebﬁﬂge ésggggg gqy\{g.gg the layer and the
al Substrate

silicon support. The |n|t| ma also constitute a multl ayer structure of

another type or Watrﬁﬁﬁélfa?ér%frﬁtl}@ %T‘Hb GO RBRTESHEHIS 5L 10 AR foried By
photolithographyiusingea rrméi@tttpaitt@n@éﬁfﬂweﬁzéﬁé@%ﬁf@ﬁﬁﬁ@bﬁtt@@n@t@@@ﬁé@@@ﬁ@ing to the
microcomponents:; 110 e, beiprotuaed: b aceosianceawith-the fnvention, deben thed0

microcomponents, 110, are being formed. by:phatolithography the-nitigl substrate, 100 is held on a
substrate carrier device 120. The subs%[rate cgrrier dewgﬁz comprises a suppart Pé%ten 121 having a

holding surface f?l}fé?%ﬁ‘r\f/ﬁlc%rﬁe fitial substrats 1001 hel ]fﬁljs tl?sﬁﬁg an

10 200 mm or 300 mm.

Production of the three-dimensional structure
commences by forming a first serieg of microcomponents
110 on the substrate of a wafer or initial substrate 100
(Figure 2&, step $1). The microcomponents 110 may be

15 entire components and/or only portions thereof. In the
example described here, the initial substrate 100 is a
300 mm diameter SOOI (gilicon on insulator} type wafer
comprising a layer of silicon 103 on a support 101, also
of silicon, a buried oxide layer 102, for examplie formed

20 from 8i0;, being disposed between the layer and the
gilicon support.

The initial substrate 100 may also be constituted by
a multilaver structure of another type or by a monolayer
structure.

25 The microcompeonents 110 are formed by
photolithography using a mask that can define zones for
forming patterns corresponding to the microcomponents 110
o be produced.

In accordance with the invention, when the

30 microcompenents 110 are being formed by photolithography,
rhe initial substrate 100 is held on a substrate carrier
device 120. The substrate carrier device comprises a
support platen 121 having a holding surface 1lZla with
which the initial substrate 100 is held flush using an

35  electrostatic system associated with the support platen
121. The flatness of the holding surface 121la of the



35 electrostatic system associated with the support platen 121. The flatness of the holding surface
121a of the WO 2010/102943PCT/EP2010/052765 12 support platen 121 is'generally 2 micrometers
(m) or less. After forming the microcomponents, a layer of oxide 104, for example of Si02, is
deposited ormtibesurfersesof 5 the initial surface 100 comprising the micr@€oEpsm@iz7dsL0 with a view
to preparing for bonding (step S2), Figure 2B). Optignally, on the back face of the initial substrate (i.e.
the face not comprising microcomponents 110), it is possible to form compensating layers in order 10
to reduce the bow and/or warp that could have been created by formation of the components.

Next, the surface d@azrsf theagdtellayer s04usawell bs theSurrasee200a of drfindFsubstrate or wafer
200 formed fronm sdigon are prepared in order to bond 15 them (step S3). Metal pins, for example

formed from copper, may.be pravided on the surace ofthe dayer 1Q4a angringoniastwith all or part of
the microcompongnts %10 in order. to b% ang% to hring,said micggcgrqlpt%rt])enstg ir%toc%orggct with other
Su u

. : : Ced & SOr :
mlcrocomponeng’s fesenit i the %beﬁr?a fate” As with the inital s strate,%he final substrate 200

may also compriseea i&jerichoxide S obtionaiPmEtalsins ih s boREME FALE: The treatments
carried out in ordertoqprepare thewurfacervaryrds:g finctiof e boéntiary Aergy that is to be 25
obtained. If a standardbangding ensrgyis.ia be ohtained vecrelasivelyweakdanding €nergy, the

surface may be prpareg.ty earrying.gut eemicalmeghanical pglishingdoliawer g clean

Alternatively, if a high bonding energy IS to be gbtained between the 30 two substrate§ reparation of

the surface inclubfed’an RCATyFETiean thamel At ortBREHER o STT fiéaffRent (NH4OH, H202, H20)
that is adapfed torentsiecpaltifedandaydiregaryons, BiritSCPHeaftiEst GFEE, H202, H20) that is
adapted to removednetalliegontammaints), pfasma surfaeendb activation, and an additional clean

followed by ScrUbbing'Next, the surface 104a of the oxide layer 104 as

well as the surface 200a of a final substrate or walfer
200 formed from silicon are prepared in order to beond

15 them {(step S3). Metal pins, for example formed from
copper, may be provided on the surface of the layer 104a
and in contact with all or part of the microcomponents
110 in order to be able to bring said microcomponents
into contact with other microcomponents present in the

20  final substrate. &g with the initial substrate, the
final gubstyate 200 may also comprise a laver of cxide
and, optionally, metal pins on its bonding face. The
treatments carried out in order to prepare the surface
vary as a function of the bhonding energy that is to be

25  obtained. If a standard bonding energy is to be
obtained, i.e. relatively weak bonding energy, the
surface may be prepared by carrying cut chemical-
mechanical polishing followed by a clean. Alternatively,
if a high bonding energy is to be obtained between the

30 two substrates, preparation of the surface includes an
RCA type clean (namely a combination of SCL treatment
(NH,0H, Hp0., H;0) that is adapted to remove particles and
hydrocarbons, and SC2 treatment (HCl, Hz0,, H;0) that is
adapted to remove metallic contaminants}), plasma surface

15 activation, and an additional clean followed by

scrubbing.



WO 2010/102943PCT/EP2010/052765 13 In a variation, the final substrate 200 may also comprise
components that are either directly formed thereon-or formed during a preceding transfer step. In
accordance with the invention, during bonding, 5 the back face of one of the two substrates is held on
a support of heltmgpsuréace that has a flatness that is similar to or less tharAtrat afdessupport used
during formation of the microcomponents, i.e. a flatnggs of 2 micrometers or less, preferably less than
2 micrometers. 10 As can be seen in Figure 2C, the back face of the initial substrate 100 is held on a
substrate carrier device 220 belonging to a bonding apparatus (not shown in Figure 2C). The substrate
carrier device comprise¥ra suppoitaiaten 22k aling b koldirigrstdacd 2 20avwithsld which the back
face of the initial sulgtrate: 100qs hede Hushriymeansof-ae eletirastatic systamassociated with the

support platen 221, The, ﬂaglesisoggg@ E%@i’}%sgr@%c?@dﬁz @aig%qtg n221is 2 mor less,

preferably less than 2 pm. 20As can be see g}ip Fe exam escriped he the initial substrate

on which the componeh[tl% Fave beBRf6rmied that' s b%\f? ?%Iac %H& f]rslﬂ ‘against the
support. Under siiéf cittindtaftes themfh ¢t ftidFsulssthas o e wpﬁ@&fﬁné’&n@that bow and/or
25 warp of said suilpstrate caf be tdinpernsatéd fer, ihpartielar ifif doesanot nedudea compensating

Il;ayer or if ghebsurg?qei@g%p%@geg steps h@¥§1{e§l‘1‘£€ﬁcj@ the creation of Sggacﬁfég&r@agons Furthfer,
ringing the back.fa a substrate info contact wit support 0 ay result | creation o
defects (scratchtl;fs %‘gr%cufréte go%amlnatfﬁg%c%%g an ngo |tf|)s pre erggle for the% face of the initial

substrate to be |ﬁ“&8ﬁf§%ﬁ\ﬁﬁ?t@s&ﬁﬁ8ﬂ BihRETRRLW éﬁﬁﬁmlfbéliﬁlﬁ%at%%nce the initial
substrate ha8 beaa plaseddrcase hietd fhghegainst thiesssport Piten @2 1tbkthiasgistiate carrier
device 220, the finabsubstrate 200is held on a substrate carrier device 220

belonging to a bonding apparatus {(not shown in
Pigure 2C). The substrate carrier device comprises a
support platen 221 having a holding surface 221la with

15 which the back face of the initial substrate 100 is held
flush by means of an electrostatic system assocliated with
the support platen 221. The flatness of the holding
surface 22la of the support platen 221 is 2 um or less,
preferably less than 2 um,

20 As can be seen in the example described here, 1t is
the initial substrate on which the components have been
formed that ig preferably placed and held flush against
the support. Under such circumstances, holding the
initial substrate on the support means that bow and/or

25  warp of sald substrate can be compensated for, in
particular if it does not include a compensating laver or
if the surface preparation steps have resulted in the
creation of such deformations. Further, bringing the
back face of a substrate intoc contact with the support

30 may result in the creation of defects (scratches,
particulate contamination, etc), and so it is preferaple
for the back face of the initial substrate to be in
contact with the support, since this will subsequentlv be
thinned.

35 Once the initial substrate has been placed on and
held flush against the support platen 221 of the
substrate carrier device 220, the final substrate 200 1is



WO 2010/102943PCT/EP2010/052765 14 placed on the initial substrate in order to bring the surface
104a of the initial substrate into intimate contact with the face of the final substrate 200 with a view to
bonding by wafer bonding (step S4). Bonding by 5 wafer bonding is a technique that is known per se.
It should be recetiad/ tbratihe principle of bonding by wafer bonding is based/preduinging two surfaces
into direct contact, i.e. without using a specific matenial (adhesive, wax, solder etc). Such an operation
requires 10 that the surfaces for bonding are sufficiently smooth, free of particles or contamination,
and are sufficiently close together to allow contact to be initiated, typically at a distance of a few
nanometers or léssaq@ie aftrddtiveifbidasbeRvasT IRE fwosUriades dre thehrsightks enough to cause
molecular adhesiary thordingdaduged by theitoial ofdheaitractive forees(Vansder Waals forces) of
ﬁlectrc]gnicbintzr_a@mge%%ﬁt%ﬁ@é @%gqid@clp&@é Ofsthe twg SUfaces.to, ?@f tm%?da-l'\'ext, blonding
y wafer bonding proper is carried out elicately pressing using a tool, for ex e a stylus, on
the upper face o?’[ﬁﬁ%“%%%ﬁ&?ﬂg :rg“élt% %Ho,mfﬁ}oe? (;:-!P ¥ #r%[%tes(gr%%%g%%%h of & Bgﬁlaﬁzgnﬁave (step S5).
The point attwhid? &7 18518 Spplied Maf Sforeh@ifpleide Ib8atstPaftiecgerit@r or &t the edge of the
25 wafer. The metchanitabpressiaélex@rtdthby the toolimayrbeinthexandieny M aafegapascal] to
33.3 MPa and is@ppiigeito a beasing sifase akitpmsauare millimetar) orless. d he two substrates

are then bonded Jogether by wafer,banding aqrtpe whgle. otreir sydages in contact 30 (bonding
ding _

interface). This thereby produces a buried layer of microcomponents 110 at the bonding interface

between the subSHAtES 160 af®200° - BUrfdg BondingS thé teriBErathre bf iRe8ubSiates is
preferably é8ntrolfezt: Tid ehis ehtie 88 bbaring 38 dpharatuss bl foredkEmpiecomprise a closed
chamber enclosifgdbecslihstiate cartiebdevicet Thertemperatareiobthe sulisttatesipay be adjusted by

temperature congroh WQ Z910/L02943RETHPOAPNB2765 e initiated,

typically at a distance of a few nanometers or less. The
attractive forces between the two surfaces are then high

15 enough to cause molecular adhesion (bonding induced by
the total of the attractive forces (Van der Waals forces)
of electronic interaction between atoms and molecules of
the two surfaces to be bonded).

Next, bonding by wafer bonding proper is carried out

20 by delicately prassing using a tool, for example a
stylus, on the upper face of the final substrate 200, in
order to initilate propagation of a bonding wave {step
35). The point at which the tool is applied may, for
example, be located at the center or at the edge of the

25 wafer. The mechanical pressure exerted by the tool may
be in the range 1 MPa [megapascall to 33.3 MPa and is
applied to a bearing surface of 1 mm® [square millimeter]
or less. The two substrates are then honded together by
wafer bonding over the whole of their surfaces in contact

30 (bonding interface). This therebhy produces a buried
layer of microcomponents 110 at the bonding interface
between the substrates 100 and 200,

During bonding, the temperature of the substrates is

preferably controlled. To this end, the bonding

35  apparatus may, for example, comprise a closed chamber
enclosing the substrate carrier device. The temperature
of the substrates may be adjusted by temperature control



15 means belonging to the chamber (heating and/or cooling system for the atmosphere in the
~chamber) and/or belonging to the substrate carrier device (cooling fluid circulating in the support platen
and/or heating means 5 integrated into the support platen). In accordance with a first aspect, the
substrates 108ande20Bare maintained at a substantially similar temperairerie/dsrnperature
difference between the two substrates is preferably §55C or less. 10The temperature of the substrates
may be accurately controlled at a reference temperature by maintaining, in the closed chamber of the
bonding apparatus, an atmosphere at a controlled temperature during the steps of preparing to bond
the substrates (Sttabbines theaning, 15 brirgingatoontaes eie)andthebonding s&ps. The
temperature of thg Stppofiplater onuwbichkanding isikariesdeobtas weldas.the fluids applied to the

substrates (cleaning,36iuhbing) is.alse.santralled aecarding tuthe teference temperature. _
20Preferably, it is also ensured that tb]he ter(%perature dLéI’Ing Qggglnxg %ngp.ptlonaﬁlélxrgsurlng the bonding
[

preparation step$i§ %ﬁ]basgalrﬁgalﬁ/nsi}:n g {106, r%lt?‘]eetrelmpera?ure at which the microcomponents

110 are formed of HRETRiIfE st SPate FOG RERPER theZBstrate 25 carrier device 120 by
photolithography. This prewentsgianeHeststdf exgansion asnrckoftgendratingtart ogeday between these

various steps. 1 offtanBondings fhe fesuting:stiuciure;undergaas-a maderate heat treatment (below
S00C) in order tq 3Q increass, the *%%Bf%d‘Q&&%%@X&%W?ff‘f@@&%%@%%@% and tq gllow one of them

to be thinned subsequently. As can be seen In Fﬁure 233, the Initial substrate 100 is thinned in order
€

to lift off a portioRtTtheHateridl greSaitab fayer of mitfScomponents 110

10 The temperature of the substrates may be accurately
controlled at a reference temperature by meintaining, in
the closed chamber of the bonding apparatus, an
atmosphere at a controlled temperature during the steps
of preparing to bond the substrates (scrubbing, cleaning,

15  bringing into contact, etc) and the bonding steps. The
temperature of the support platen on which bonding is
carried out as well as the fluids applied to the
substrates {(cleaning, scrubbing) is also controlled
according to the reference temperature.

20 Preferably, it is alsc ensured that the temperature
during bonding and optionally during the bonding
preparation steps is substantially similar (to x0.5°C) to
the temperature at which the microcomponents 110 are
formed on the initial substrate 100 held on the substrate

25  carrier device 120 by photolithography. This prevents
any effects of expansion and of generating an overlay
between these various steps.

After bonding, the resulting structure undsrgoes a
moderate heat treatment {below 500°C) in order to

30  increase the bonding energy between the two substrates
and to allow one of them to be thinned subseguently.

As can be seen in Figure 2D, the initvial substrate
100 is thinned in order to lift ¢ff a portion of the
material present above the laver of microcomponentsg 110

35 (step 87). The initial substrate 100 may be thinned,
especially by chemical-mechanical polishing (CMP), by
chemical etching or by cleavage or fracture along a plane



35 (step 37). The initial substrate 100 may be thinned, especially by chemical-mechanical polishing
(CMP), by chemical etching or by cleavage or fracture along a plane WO
2010/102943PCT/EP2010/052765 16 of weakness previously formed in the substrate by atomic
implantation. Whendhedmitial substrate is a SOI type substrate as it is heserthexpuriethdpsulating layer
may advantageously be used as a stop layer for cheygical 5 etching to define the thickness of the
remaining layer 100a. Alternatively, if the initial substrate is formed from bulk material, long pins, for
example pins formed from metal material regularly spaced on the surface of the substrate, may have
been formed therginwelaém dise I@reomponéntstamsrbaingforime dsinbarde: te step awectianical thinning

(polishing). Thus; apempasite.structre.300.Jormed;Ry the finak sykstrate,2QQ and.a layer 100a
corresponding to_the rem igirg% pg{ti% o{lthreeinitj&! g%@}@tg 19I9 Liﬁ élg ifgrm§g As can be seen in
produci

: SUPSTra , }
Figure 2E, the next step In ucing the three-dimensional striciure consists |H%rrrrrl¥lar}@ a second

layer of microcoBBRBNEY TA8IM¥hE expoREdEIrfack SPtheAkftal tRmneasSis&iate 100 20(Figure 2E,
step S8). The migfstompohnentei40eayeorespbndss compleenertaay portbrisiotthe
microcomponentsdii) in ardertedormeaa finishedieempaepent angdlarsdistine Gampengsts intended to

function with the microeonyponents-149. In g rﬁgggtmggg 22 migracompanents, 140 in alignment
litho

with the buried n}igr%:omrg%o ents 11(%, onto n rapk#/ mask is use that%s similar to that used to
form the microcomﬁonents 15‘%3?& a8 for the Tormaticn of e?ﬁ]icFoc?orﬁBS &nfs £10, the composite

structure 300 forRi&d ByRRE FiEt 30MSUhStrte 20teand hETay & E0GA s WERPort BSsupport

10 components are being formed in order to stop mechanical
thinning {polishing).

Thus, a composite structure 300, formed by the final
gsubstrate 200 and a layer 100a corresponding to the
remaining portion of the initial substrate 100, is

15 formed.

As can be seen in PFigure 2F, the next step in
producing the three-dimensional structure consists in
forming a second layer of microcomponents 140 in the
aexposed surface of the initial thinned substrate 100

20 (Figure 2E, step S8S8). The microcomponents 140 may
correspond t¢ complementary portions of the
microcomponents 110 in order to form a finished component
and/or distinct components intended tco functicon with the
microcomponents 140, In order to form the

2%  nicrocomponents 140 in alignment with the buried
microcomponents 110, a photolithography mask is used that
ig similar tc that used to form the microcomponents 110.

Just as for the formaticon of the microcomponents
110, the compesite structure 300 formed by the final

30 substrate 200 and the layer 100a is held on a support
platen 130 of a substrate carrier device 130 that is
identical to the device 120, i.e. a platen having an
electrostatic holding system the surface of which has a
flatness of 2 micrometers or less. The photolithography

35 mask is then applied to the free surface of the layer
100a.



platen 130 of a substrate carrier device 130 that is identical to the device 120, i.e. a platen having an
electrostatic holding system the surface of which has a flatness of 2 micrometers or less. The
photolithography 35 mask is then applied to the free surface of the layer 100a. WO

2010/102943RG 2okiPARL0/052765 17 In a variation, the three-dimersionalpstnoeiiresis formed by a
stack of layers, each layer having been transferred ysing the assembly method of the present
invention (a first layer may already be present in the 5 final substrate), and each layer being in
alignment with the directly adjacent layers. By means of the method of producing a composite
structure of the inventidh itispadsiblecto. bofe theTTtaltsasstritenE0 f-hecfinatsdsstrate without 10
deformation, or atdeasiawith asreductionsin thewdefermations Lmysuch.axmanneetat significant offsets

of the microcompqnents 11,0, hefare. and afteg biansfer, of theriiliab subsisals 10@.0nto the final

substrate 200 can no Iorg%)er be o?serve ltis thus oasislirlzélaet éo Imit 15 thgrsl,g rggidt_%;tel offsets to values

C ok TS ar . reg .
3h s than 1 m, in homogerﬁéous fanner over the entire surface of

of less than 200 Fithy, Bt ¢ . : :
the wafer. The nii¢feRENTIGIFEHE A0, veh 6PGETy SHal oFBxEMPTELeT iy tEn thus be

formed easily in alignmientwtithythedgecreconipanents 20 110, even after transfer of the initial
substrate. This means,for gxamplesthat the Misrecarnperenisqresent fpie tuadayers or on two

distinet faces of ihe.5ame, |aver:can be ietconggeted viamalal Lannedignsofherey minimizing the

risks of poor interconnection. 25As a consequence, the method of the gresen%inv%ntion means that

the phenomenont-Bf-&vériay doFnGtransfar of & c?&%iﬁé?g}oﬁfbbﬁﬁgﬁﬁ‘e? 14y&r'8Fonto a support
substrate chh bedelfmireasd or atdsastretiered, dhdtvery Frglguafsy Aulthager semiconductor wafers
can 30 be produge@ormatrions, in such a manner that siganificant offsets

of the microcomponents 110 before and after transfer of
the initial substrate 100 onto the final substrate 200
can no longer be cbserved. It is thus possible to limit

1% these residual offsets to values of less than 200 nm, ox
even less than 100 nm, in a homogenecus manner over the
entire surface of the wafer. The microcomponents 140,
evenn of very small sizes (for example < 1 um), can thus
be formed easily in alignment with the microcomponents

20¢ 110, even after transfer of the initial substrate. This
means, for example, that the microcomponents present in
the two lavers or on two distinct faces of the same laver
can bhe interconnected via metal comnections, thereby
minimizing the risks of poor interconnection.

25 As a conseguence, the method of the present
invention means that the phencmenon of overlay during
transfer of a circult laver onte another laver or onto a
support substrate can be eliminated or at least reduced,
and very hicgh guality multilayer semiconductor wafers can

30 Dbe produced.



18 CLAIMS 1. A method of producing a composite structure, comprising a step of producing a first
layer of microcomponents on one face of a first substrate , said 5 first substrate being held flush
against a holding surface of a first support during protfiction of said microcomponents, and a step of
bonding the face of the first substrate comprising the layer of microcomponents onto a second
substrate, wherei&%%' said bonding 10 step, the first or the second substrate is held flush against a
second support the holding surface of which has a flatness that is less than or equal to that of the first

support used during pr BN SFtheRSERayReY of nicFatopEnéitsi 95" A method according to
claim 1, wherein therflathessofahetralding sordabe oftheafirst seppoatis2 Afn or less. 3. A method
according to claimil-eeelatpodanberein 2hduring saick bandingsstep.tha fisst supstratesis held flush

against said seccpd Yonojt & A 118110d 2G601dIng 0 40,90 of caiMs;L 43 Bpwherein during said

bonding step, the first and second_25 subsirates are_ maintained %%a substantially equivalent

temperature. 5. K'Wafhod &dcdtding & afyidre or Gam&d 78 WhErSH during’sald bonding step, at
least the first 30 Suisstrtene vRaRtaned st atethperatdrdsubs@antialy efuimlert tothat of said first
substrate during thierste psafproducing thefirst layerofanicspeampd nents:Borb6..Atmethod

according to claim4-or glaggcgn\@hg[gjgtd}gmrs@ﬁ&c&dﬁng&%éhgggm@Qgﬁggrggdifference between
the first andlg]e 5&985?' %:%gt%%%ilzs 8:1':5%7% lessé%ond substrate is held flush

against a second support the holding surface of which

has a flatness that is less than or equal to that of the

first support used during production of the first laver

of microcomponents.

15
2. A method according to claim 1, wherein the flatness of

the holding surface of the first support is 2 um or less.

3. A method zccording to claim 1 or claim 2, wherein
20 during saild bonding step, the first substrate is held
£lush againgt said second support.

4. A method according to any one of claims I to 3,
wherein during said bonding step, the first and second
25 substrates are malintained at a substantially eguivalent

temperature.

5. A method according to any one of claims 1 to 3,

wherein during said bonding step, at least the first
30 substrate 1s maintained at a temperature substantially

asquivalent to that of gald first substrate during the

step of producing the first layer of microcomponents.
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5 7. A method according to any one of claims 1 to 6, wherein it.comprises a step of thinning the first
substrate after the bonding step. 10 8. A method according to any one of claims 1 to 7, wherein the
second substrate comprises microcomponents. 9. Alfhethod according to any one of claims 1 to 8,
wherein it also comprises a step of producing a second 15 layer of microcomponents on the face of

the first substrateEppRo ié%}%% &hgé%%erég%riggy%ﬂ%grsi _I%X,ercgf Tg'ncr%co opnents. 10. A method

. . cerel
according to any one,_of claims 1 to erein it comprises, before the onamg step, a step of

formation of a layBroftkias th e e itheH st 8o SFARCaPR&Ing thefet & er of
microcomponentsetWgerA plethbd zrcordifgitbsaneonadf eldiaisr 16 40: 25 Wheréindhe first
substrate is constiiged by a SOI type structure. 12. A method according to any one of claims 1 to 11,
wherein during the step of producing the first layer of 30 microcomponents and the bonding step, a
substrate carrier device comprising a géjfgort platen is used, the substrate carrier device being

capable of holding tHe fﬂ%?g Bsft €352 on tH& Foldfty gérfgég ofthe sﬁ%pgrt platen. 13. A method
according to claifitEZ adRefdin SREFiFStESIstrate 58 helfd ftishaginstitie Support platen by 5 suction,
by capillary attracticis orby=arsélectrostatic-tatdend 4= Aggparatus for molecular bonding substrates,
said apparatus comprising a substrate carrier device, and 10 wherein the substrate carrier device
comprises g holding gurface far a subsyate having, 3 flatmess of 2 micrometers;or less.

wherein the second substrate comprises micrccomponents.

9. A method according to any one of claims 1 to 8,
wherein it also comprises a step of producing a second

15 layer of microcomponents on the face of the first
substrate opposite to the face comprising the first layer

of microcomponents.

10. A method according to any one of claims 1 to 9,
20 wherein it comprises, before the bonding step, a step of
formation of a layer of oxide on the face of the first

substrate comprising the first layer of microcomponents.

11. A method according to any one of claims 1 to 10,
2% wherein the first substrate i1s constituted by a S0I type

structure.

12. A method according to any one of claims 1 to 11,
wherein during the step of producing the first layer of

3¢ microcomponents and the bonding step, a substrate carrier
device comprising a suppcert platen is used, the substrate
carrier device being capable of holding the first

substrate
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15. Apparatus according to claim 14, wherein the 15 substrate carrier device is adapted to receive
circular substrates 200 mm or 300 mm in diameter. 16. Apparatus according to claim 14 or claim 15,
wherein it further comprises a treatment chamber enéfbsing the 20 substrate carrier device, said
treatment chamber comprising temperature control means.

10

15

20

on the holding surface of the support platen.

13. A method acceording tc claim 12, wherein the first
substrate is held flush against the support platen by
suction, by capillary attraction or by an electrostatic

force.,

14. Apparatus for molecular bonding substrates, said
apparatus comprising a substrate carrier device, and
wherein the substrate carrier device comprises a holding
surface for a =substrate having a flatness of 2

micrometers or less.

15. Apparatus according to claim 14, wherein the
substrate carrier device is adapted to receive circular

substrates 200 mm or 300 mm in diameter.

16. Apparatus according to claim 14 or claim 15, wherein
it further comprises a treatment chamber enclosing the
substrate carrier device, galid treatment chamber

comprising temperature control means.



