1 Method for molecular bonding of silicon and glass substrates FIELD OF THE INVENTION . The
field of this invention is that of Silicon On Glass (SiOG) structures. 5More precisely, the invention
relates to an improved method for making such structure. BACKGROUND OF THE INVENTION
Silicon On Insulator (S01) technology is becoming increasingly 10 important for high performance thin
film transistors, solar cells, etc. SOI wafers consist of a thin layer of substantially single crystal silicon
(generally less than one micron) on an insulating material. ~ Various structures and various ways of
obtaining such wafer&@RANA Molaesior ianding @f ailisan BRd s InthsRirRiASf silicon
bonded 15 to another silicon wafer with an oxide insulator layer in between. Because of its rather
high thickness, in particular as compared to the other parts, a major fraction of the cost of such
structures has Eéﬁﬁ%@%a@%ﬁﬁ% ihiEdANubstrate which supports the oxide layer, topped by the thin

silicon layer. Thus, to foysdieFasiohSOTSH S WHaStmIe 2sunney aubstipig28imade of

materials less expensive than silicon has been tried, in particular glass or glass-ceramics. SOI
structures dsing such YRS S VARG MeERIeT ARSI BRE TMIPEe dv el Resulp hBAlEHEd.
Processes for prgvidinga,ansi&G structure are for example described by US patent n 7,176,528. Such a
process is 25 represented by figure 1. A source substrate 1 b, generally made of silicon, is implanted
with ionic species like hydrogen. The implantation leads to the

BACKGROUND OF THE INVENTION
Silicon On Insulator (SO1) technology is becoming increasingly
16 important for high performance thin film transistors, solar cells, etc. SQOI
wafers consist of a thin layer of substantially single crystal silicon (generally
less than one micron) on an insulating material.

Various sfructures and various ways of obtaining such wafers are

known. Typically, used structures are formed with a thin film of silicon bonded-
15 to another silicon wafer with an oxide insulator layer in between.

Because of its rather high thickness, in particular as compared fo the
other parts, a major fraction of the cost of such structures has been the cost of
the silicon substrate which supports the oxide layer, topped by the thin silicon
layer. Thus, to lower the cest of SOI structures, the use of support substrate

20 made of materials less expensive than silicon has been fried, in particular
glass or glass-ceramics.

SOI structures using such glass-based substrates are called SiOG
structures, as already mentioned. Processes for providing a SiOG structure
are for example described by US patent n° 7,176,528. Such a process is

25  represented by figure 1. A source substrate 1b, generally made of silicon, is
implanted with ionic species like hydrogen. The implantation leads fo the
creation of a buried, weakened zone 7. Further, the source substrate 1b is
bonded with a glass-based support substrate 1a and then separated by
splitting the source substrate 1b to a depth corresponding to the penetration

30 depth of the implanted species. In this way, a SiOG structure containing the

original glass-based support substrate 1a and a layer 8 from the source



creation of a buried, weakened zone 7. Further, the source substrate Ib is bonded with a glass-based
support substrate la and then separated by splitting the source substrate Ib to a depth corresponding
to the penetration 30 depth of the implanted species. In this way, a SIOG structure containing the
original glass-based support substrate la and a layer & from the source 2 substrate Ib, and a
remaining delaminated substrate being a part of the former source substrate Ib are produced.
However, it is not a simple matter to replace a traditional SOI support substrate with a glass-based
support substratePEfRiPotEntANERIMAISIUGHS Btnated sibhistt Sepporaspbstrate fasgenerally

contains metalsg4{RadicWas %Iggg%@é]qtpg}%rmggggnts which may be harmful to silicon or other

semiconductor materials of the layer 8 from the source substrate Ib. Therefore, a barrier layer is
generally required bet@¢8 YRS dld8s Bhsesigtiponaltesteate tdeandaitasiinoe! stbstmaterbrt

Moreover, this bapierdayerhCrnayiasliig é%ﬁ)mngs@%yémgg&é .ﬁ%il%%egﬂﬁwdél%ca

glass-based support substrate la by making hydrophilic the bo urface o onlayer 8. In
this regard,”a SPXM@jer calbe-basachsHbMTier HErate ob i eyeralbhike stafaserootmitiairs

hetween he olgsrRaer swERelthI Al ARSI UYELE Lo Rty SID e gen be

directly formed on a silicon source substrate Ib by exposing it to the atmosphere prior to
Alternatively, WHE® L S6aNCBHRERIG s Tl alsetinbdcasidhdrproctss produe ssintsits’ 415102

layer between tassieaB SeuiseAUPSHRIFINAMELING GstRATRCISURRIDSUNALAIa 1A g4 SI2

layer can be actively deposited or grown on thé 20 source substrate |b prior to boriding. S Patent

7,176,528 discideRoahsiEtisiie b amhinersayesravigiscaieptbyitiedasy e thisobiv henkiver process,
this barriet fayenbgingcaimedifipd w&ygrwmééﬁ im@%&'@a&%ﬁds%%;u &I@t—%%ggjth a

reduced level of ions. The disclosed anodic bonding substantially removes 25 alkali and alkali earth

glass constitueRtEBAT SHRSISIt R M dBMeP DRy dhapalicHamBierdingiofaremidhelsdiaoroo nm
thick top layer giyae glagsthRsreEbaiSBasIO. layer can be used as a barrier layer to obtain

hydrophilic surface conditions between the glass-based support substrate 1a
and the silicon layer 8.

15 A native SiOz layer can be directly formed on a silicon source substrate
1b by exposing it to the atmosphere prior to bonding. Alternatively, when
anodic bonding is used, the anodic bonding process produces “in situ” a Si02
layer between the silicon source substrate1b and the glass-based support
substrate 1a. Else, a SiO2 layer can be actively deposited or grown on the

20 source substrate 1b prior to bonding.

US Patent 7,176,528 discloses another type of a barrier layer which
can provided by the anodic bonding process, this barrier layer being a
modified top layer of glass in the glass-based support substrate 1a with a
reduced level of ions. The disclosed anodic bonding substantially removes

25 alkali and alkali earth glass constituents and other positive modifier ions that
are harmful for silicon from an about 100 nm thick top layer of the glass-based
substrate.

Molecular bonding is then usually performed by putting the two
substrate surfaces into very close contact. Pressure is applied to the

30 substrates by means of a mechanical piston in order to locally approach the
two surfaces at a sub-nanometer scale distance. In case of hydrophilic

bonding, it leads to the establishment of hydrogen bonds in between water



Molecular bonding is then usually performed by putting the two substrate surfaces into very close
“contact. Pressure is applied to the 30 substrates by means of a mechanical piston. i_n order. to I(_)cally
approach the two surfaces at a sub-nanometer scale distance. In case of hydrophilic bonding, it leads
to the establishment of hydrogen bonds in between water 3 molecules adsorbed at the two
hydrophilic surfaces. With the progressive establishment of hydrogen bonds at the edges of the N
already bonded area, the bonded area gradually increases. A bonding wave thus_propagates until it
reaches the ed@eoifeit ksasidsmhsfdhet stissttate shydpiistiorsamtzcet the/Brbendingourpegprepagation

or of the bondi ubstrate may lea the trapping of an air bubble 9.
Such air bubblre%5 gé %)Y§a yépﬁg\%éﬁ%%ﬁggj%it%ﬁe%%tc% i)({)%%,ew % 8&&585%%?@@%%8%&&?@epar_ated
from the sourceRsbsimaied s eanl Wodded iorthie giess-Baseddiup peavsubsisatedpagateapessnted in

fi 2.10Th | for.a met for banding the two substrates that avoids the
rapping of BUBIE T e Mol oLl Bar e SO G A ERVIGR THe hiio! he
'p\)/lresent invinti(’é}ﬁ)i‘éjtﬁq;)w&it% mﬁgnag@iﬂny mmﬂd#?eédiﬁlg@?m;w?%gtmg?ﬁ éur;}gceg@]%g@?s.s .
\ ,
oreover, the RRasaRLiD g&éﬂég@()c@ A2 a&%g}ﬁgs?ﬁ% gl% E%E e %uc 3 H}&I‘gﬁtﬁ:

order to speed up industri ocesses and sa ese purposes vention

provides a methsa@lyr beniny Hérstuhiisiate tadingd firdtisrfzmestes araeesnid silosteaerhgving a 20
second surface, GpARGISTAESHIM AL SRIBPUSEINE. PR 9 NElSIRg N sk supstite by ot least
two support points, o
support substrate 1a, as represented in figure 2.
10 There is consequently a need for a method for bonding the two

substrates that avoids the trapping of bubbles during the molecular bonding.

SUMMARY OF THE INVENTION
The aim of the present invention is to provide high quality bubble-free
15 bonded substrates of silicon and glass. Moreover, the present invention also
aims at providing an efficient bonding of series of substrates, in order to
speed up industrial processes and save cost.
For these purposes, the present invention provides a method for
bonding a first substrate having a first surface to a second substrate having a
20 second surface, characterized in that it comprises the steps of:
- holding the first substrate by at least two support points,
- positioning the first substrate and the second substrate so that the first
surface and the second surface face each other,
- deforming the first substrate by applying between at least one pressure point
25 and the two support points, a strain toward the second substrate,
- bringing the deformed first surface and the second surface into contact,

- progressively releasing the strain.

Preferred but non limiting features of the present invention are as

30 follow:



_- positioning the first substrate and the second substrate so that the first surface and the second _
surface face each other, deforming the first substrate by applying between at least one pressure point
75 and the two support points, a strain toward the second substrate, bringing the deformed first
surface and the second surface into contact, progressively releasing the strain. Preferred but non
limiting features of the present invention are as 4 the surface area of the convex hull formed by the
set of pressure points is null and the surface area of the convex hull formed by the set of support and

pressure points®is HihsHiface wiefirst Subswarels hdldwyrstkerdhs et ptes supppdipisings; 5
cach sucke s OHEsD e FFAVICAEN o R SR SMENTAG 015600, syaper camprsing o

least two spacers respectively on each sides of the second substrate,’said spacers g er than
the thickness oPtRESSEEGIRIrYE SRR null; the first substrate is held by resting on the spacers, the

support points 10 bei n S r he first substrate; the support
comprises at Ieast%f%é%%ﬁi@ﬁ?ﬁ%%%ﬁ%@é&&% %%%s@%%%g gtr}i%ég &%’&%‘%5 BSH?%d by gt Iea_st one
piston rod; he4irseaohstuakeisalylbsd Shedelandophesein;the second substrate is a silicon tile; 15

fret substrate por ShLonaEELsAIeT B 2P ek B st OB LB SR HotoNce and
sequentially apgiies@actesprasivelthefirs=bstidds; of the second substrate, said spacers
being higher than the thickness of the second substrate:
e the first subsirate is held by resting on the spacers, the support points
10 being points of contact between the spacers and the first substrate:
e the support comprises at least one sucker holding the second substrate:
o the sirain is applied by at least one piston rod;
e the first substrate is a glass sheet, and wherein the second substrate is a
silicon tile;
15 = the first substrate is sequentially bonded to a plurality of second substrates
by applying a strain to the first substrate per second substrate:
e the at least one piston rod is mounted on a mobile device and sequentially
applies each strain to the first substrate; |
e the first substrate is simultaneously bonded to a plurality of second

20 substrates by deforming the whole first substrate.
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of this invention
25 will be apparent in the following detailed description of an illustrative
embodiment thereof, which is to be read in connection with the accompanying
drawings whereirn:
- Figure 1 previously described represents steps of a known process for
making SiOG structures ;
30 - Figure 2 previously described is a traversal view of a detail of a defect

due to the presence of a bubble in a SOI structure ;



the first substrate is simultaneously bonded to a plurality of second 20 substrates by deforming the
whole first substrate. BRIEF DESCRIPTION OF THE DRAWINGS The above and other objects,
features and advantages of this invention 75 will be ag;parent in the following detailed description of an
illustrative embodiment thereof, which is to be read in"connection with the accompanying drawings
wherein: - Figure 1 previously described represents steps of a known process for making SiOG
structures ; 30- Figure 2 previously described is a traversal view of a detail of a defect due to the
presence of a bubble fAZHESOB SPRERFRN S5 aHRATIGI B dPREAIRE DRI G PFBIShGatioPler@ during a
molecular bonding ; Figuegf represents an embodiment of a step of holding a substrate in a process
according to the invention ; 5- Figure 5a-e represents alternative embodiment of a step of holding a

substrate in a process #e@ dingRoapRNfvaRtRmbatigipe s & rdsie SEiteldine essivesételssiof an
embodiment of a procgss@accrdnadRiihg IBveRARanfiigHre 7a-b are upper views of alternative
possible dis;aositions of _ i ]
- Figure 5a-e represents aliernative embodiment of a step of holding a
substrate in a process according to the invention ;
- Figure Ba-d represenis successive sieps of an embodiment of a
process according to the invention ;
- Figure 7a-b are upper views of alternative possible dispositions of
10 substrates on a support in an embodiment of a process according to
the invention ;
- Figure 8a-f represents successive steps of another embodiment of a

process according to the invention.
15 DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Referring fo the drawings, a method according to a possible
embodiment of the invention will now be described.
To avoid the trapping of bubbles, the only solution is fo carefully control
20 the propagation of the bonding wave, as represented by figure 3. Indeed, the
bonding wavefront is the curve delimiting at a given time the area already
bonded (i.e. already travelled by the bonding wave), and extending towards
unbounded areas by molecular attraction. A bubble is trapped if two distinct
points of this curve join, thereby surrounding an unbound area. As air cannot
25 escape from such a surrounded unbound area, the bonding wavefront stops,
So, at any moment, the bonding wavefront has to be continuous.
In the represented case, the bonding starts by a contact at the point
P1. Then, the bonding wavefront radially extents: L(t1), L({2) and L(t3)
represent the position of the bonding wavefront at three instants t1<t2<t3.
30 From the central bonding initiation, the bonding wavefront extends up to the

edges of the second substrate 1b, expelling the air without trapping it.



“10substrates on a support in an embodiment of a process according to the invention ; Figure 8a-f
represents successive steps of another embodiment of a process according to the invention. 15
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT Referring to the drawings, a
method according to a possible embodiment of the invention will now be described. To avoid the
trapping of bubbles, the only solution is to carefully control 20 the propagation of the bonding wave, as
represented by figure 3. Indeed, the bonding wavefront is the curve delimiting at a given time the area
already bonded (i.e. alfBaystraQuirsd. bifrthdryendion wes)sandeextetiviol fowardslimpaeuridsd areas

by molecular atisaguea PHDRIE frdrapRed Liwe distinctpoinis ol s chpveloin. fhereby surtounding
an unbound area. As air cannot 25 escape from such a surroungeg unbound area, e%on%ir?g
wavefront stopsSE&Et aHyiRemel; tie pYnshgtiavefrradation [vd chetinbooding watke is

represented case ifigiRending siartebsastackah the point (i%ésmﬁ&?‘@o&rﬁ%t g wavetront radially

extents: L(t1), L(t2) and L(t3) represent the position of the’bonding wave ree‘instants ti<t2<t3.
30 From the’ centfal BRRHRPMINEA6HCHe BoRdingl WeldTisnoesiciids sartmthe edksfestef thessecond

substrate 1b, expgllingdhes airaushout tappiag it,ng s 05 dpveation PipRosesa
method for bonding a first substrate la having a fi?st ssuur':gé%é Zg%?oniiagé%cgﬁgﬂue%?sﬁ%ﬂe b a?}ifﬁtg a
second surface 2P SHaRiEh HRIGFBBEgHIIHRRHS Hemiding Wwil@eas conteclicberesfirdhsubstate 1a is

held by at leastdueseanost aRints STRRCEBARRBHAERNRAI B0 408 Ind BIRDIGTONS g second

substrate Ib so that first surface 2a and second surface 2b face ea e first substrate is

deformed in orddte PRI Bdrdieisatlean the twe sugacssizinds &2 mrthiXefeimmation is
Ohtaed OuApY teaarsnaR Sbigarl APBIRRSLIRP S LTSRN de Mo aHpReTiRaTLe >
the deformed ftirs

and S2 a strain 10 F toward the second substrate Ib, and then bringin surface 2a

and the second®8iff5Ee b M TisheRIoTHsSHERRM Aol in Spbtapbridimeg iontiatiordefasnte first
surface 2a and gaefspaend siiface dbraphistoreniasteraliernatively e firsy %&R%E%Lezlc? gay be
ce 2aby

deformed, and then its first surface la brought into contact with the second surfa
into contact, or aiternatively the first substrate 1a may be deformed, and then

its first surface 1a brought into contact with the second surface 2a by
IS5 ftransiation once the deformation is compiete. From this contact, which is
located at the pressure point P1, the bonding wave is initiated. The warpage
of the first substrate 1a is about a few hundreds of micrometers, which is very
small compared to the lateral dimensions of typically used substrates, i.e. a
few hundreds of millimeters. For instance, the force needed for obtaining a
20 warpage of 200 microns in the middle of a 775 micron thick silicon substrate
having a surface of 20cm x 20cm and supported at its edges is about 1.3N,
and the force needed for obtaining a warpage of 200 microns in the middle of
a 500 micron thick silicon substrate having a surface of 20cm x 20cm and
supported at its edges is about 0.2N.
25
A first embodiment is represented on figure 4. In this advantageous
embodiment, the first substrate 1a is held at four support points S1, 82, S3
and S4 by a vacuum system, a sucker 3 being placed at each support point.
The first substrate 1a is then positioned within a few tenths of millimeters
30 above the second substrate.
Figure 5a-e shows alternative geometries for support and pressure

points that enable initiating the propagation of the bonding wave at different



15 translation once the deformation is complete. From this contact, which is located at the pressure
point P1, the bonding wave is initiated. The warpage of the first substrate la is about a few hundreds of
micrometers, which is very small compared to the lateral dimensions of typically used substrates, i.e. a
few hundreds of millimeters. For instance, the force néeded for obtaining a 20 warpage of 200 microns
in the middle of a 775 micron thick silicon substrate having a surface of 20cm x 20cm and supported at
its edges is about 1.3N, and the force needed for obtaining a warpage of 200 microns in the middle of
a 500 micron thieRaiMsn Sy thate Haumed @sirfacsofaains. ven avehtoppertest ftriteddges is

about 0.2N. 25 4, %ﬁésg]emgggig@m r fi is advantageous embodiment,
the first substrate Ya is held at four supg)tgtt% gﬁt@%?@? % g%ggé} %J% %%/glc%lﬂ&%q(s@% e ?\gi%cker 3
being placed atRi@ef SUBpOrt pomb RreUIR Rstintstratstadithém hesitfones avithiha festdenths of

millimeters 30 ghgvgihe gaapnd substrate.  Figure S5a-e shows alternative geometries for support
and pressure points that enable initiating the propagation of the bonding wave at different 7 locations.

Only two su?)port points are required. The invention is not limited to any one of these geometries, and

aman skiled in the aryweyd e "one R BISRS SUAARE. A RISRRUTE RPkIs Apgarsing (g hg shape

and the material of the first substra e geometry oOf suppor pressure pol ay for
example respedtVBEsHERIGhs: -at least two support points Si and S2 have to be unaligned with at

eastone pressure poinPlolsokgs woge i oavet hyllfamedfy 119,40 sl uplprt apd

pressure points (i.e. the smallest polygon containing at least every point of this's
non-null surface ar€3SHBMREPERSHER RRTHB bhiysiiilesuppets Mbarsomnishharé fotaldduntheal: for

example, asucker etiolaeh bR AhSYRAGEA IS ILING SUFHEIRS Ao IAGe equl, geqmeties

as represented by figures 5d-e do not contradict 15 this first con mbodiment

of the method accdF@HHSINPRIvE Rl dhisebnbas kkbasso or-aipl walfgcef asficidntipdistant
support points. -if e aEeat IRAPHPERPESBISP ARSI X HRA" BR fSBR punctual: for

example, a sucker 3 enlarges upon several cm?. Thus, if the suckers 3 are
large enough, geometries as represented by figures 5d-e do not contradict
I5 this first condition and can be used in embodiment of the method
according to the invention, as one sucker 3 acts as a plurality of sufficiently
distant support points.
- if there are at least three pressure points, they shall not form a
triangle. in other words, the convex hull formed by the set of pressure
20 points has to have a null surface area. if a triangle is formed, when contact
between surfaces 2a and 2b is made, the bonding wavefront links the
edges of the triangle, and air may be trapped inside. To the contrary, if all
the pressure points are forming a line, no zone where air may be frapped

appears.

The first substrate 1a Is then bent by applying the strain F between the
at least one pressure point P1 and the support points, for example thanks to
the movement of a piston rod 5 in contact with the first substrate 1a at the
pressure point P1. Besides, the contact between the piston rod 5 and the first

30 substrate 1a may be linear and not punctual, according to the second

condition explained above. in this case the strain F is applied between the



triangle. In other words, the convex hull formed by the set of pressure 20 points has to have a nuII_
surface area. If a triangle is formed, when contact between surfaces 2a and 2b is made, the bonding
wavefront links the edges of the triangle, and air may be trapped inside. To the contrary, if all the
pressure points are forming a line, no zone where air fhay be trapped appears. 25 The first substrate
la is then bent by applying the strain F between the at least one pressure point P_l and the support
points, for example thanks to the movement of a piston rod 5 in contact with the first substrate la at the

pressure point PAPBSiBe8tth e ortde tanstieriegsesidion fod/Bhendttie tivst 30 swlsti2dedadnay be
linear and not pneEl 2ECRENNG L0 ﬁ%‘&é&ﬂg%ﬁ%ﬁé 'qﬁiﬁé{(%glned above. In this case the strain F is
[ re

applied between the 8 support points (Si, S2) and a pressure ine P. When the two s_urfaces 2a and 2b
get in contact, the molEd@larBoridary ifititessleasghthmssisaip iE téaelensbehdatming teoies the
bonding wave @W@_SA first considered possibility is to simply release the vacuum at one stro_ke
and provoke a high-speed propagation of the bonding wave. However, the Applicant noticed thqt this
propagation is faster dt tHESbggeve tHedinsarihditnds Mseimehe. rFlassmthal weraiof the donding

wavefront mightigiradipias® 1R SeNHgHPESRAS LY LIRAC e IHD S 695 QNS SUBSIALG, |t 10

might cause the trapping of a bubble.
J the F/)4\F§Jp lcant noticed that this propagation is faster at the edge of the
g

substrate than elsewhere. Thus lateral parts of the bonding wavefront might
join whereas the central part has not yet reached the edge of the substrate. It
10 might cause the trapping of a bubble.

To prevent this risk, the solution proposed by the invention is fo
progressively, and not suddenly, release the strain F applied between the
support and pressure points (S1, $2, P1...}, in order to control at any time the
propagation of the bonding wave. To this end, suckers 3 may be for example

15 mounted on telescopic arms 4.

Advantageously, in a variant of the method according to the invention,
the first substrate 1a is bonded to a plurality of second substrates 1b. Indeed,
the first substrate 1a is for example a glass sheet, while the second substrate
1b is a silicon tile. Large sheets of glass can be easily manufactured, so that

20 they can receive a plurality of silicon substrates, as said substrates have
generally a width between 20 and 30 cm. However, the invention is not limited

to the bonding of glass and silicon substrates.

Figures 6a-d schematically represent a bonding sequence of a first

25 substrate 1a and a piurality of second substrates 1b according to a second
advantageous embodiment of the invention.

initially (Fig. 6a), the second substrates 1b are pre-positioned on a

support 10 and maintained by an optional vacuum system of suckers 12. The

first substrate 1a is then positioned and laid on spacers 11 located on each

30 side of the second substrates 1b (i.e. between two rows). These spacers 11

have a height exceeding the thickness of the second substrates, preferably by

at least 200 um. In the case of Silicon tiles having a thickness of e.g. 775 uym,



To prevent this risk, the solution proposed by the invention is to progressively, and not suddenly,
release the strain F applied between the support and pressure points (Si, S2, Pt.), in order to control at
any time the propagation of the bonding wave. To this end, suckers 3 may be for example 15 mounted
on telescopic arms 4. Advantageously, in a variarit of the method according to the invention, the
first substrate la is bonded to a plurality of second substrates Ib. Indeed, the first substrate la is for
example a glass sheet, while the second substrate Ib is a silicon tile. Large sheets of glass can be
easily manufactife@eidihat spasess chh eesiiera itardlity of Jtiseh $UhstratéEhaspaickssidstrates

have generally gicleieri20 710 40 oo HauBKEr e favanlion is gt igited 1 hg bonding of
glass and silicon substrates. Figures 6a-d schematically represent a bonding Sequenceof a first
25 substrate la #tFassigramydsrisdesisgdubstrates Ib according to a second advantageous

embodiment of the in IQR. it Fi th trates| re-position na
support 10 and maint\é}gr?élge )é iagk% %%?i%r%g? F\?a??::lﬂ% %g@%ﬁ@%&@? 1%‘%%%%5% iggé?rate%g is then
positioned and Bty spaarett toearidasnredch carsiRt of the wectind sobstehtastie(centmtween

two rows). These spagais bt Y%ﬁé‘ﬁi@&%&?ﬁ%@f‘@@% thgKDESS, t%éeﬁ%g%ﬂ %ﬁé%%@ e

preferably by at least 200 pm.In the case of Silicon t aving a thickhess o

height of space?$eNtiefSofe Yahcihes abreuktibes fiat. Tubstprieerkal hatebupportthisetifosthe first
substrate Ia (thega, sy howeyer be g-siircession.alidatyastead), uing aisecond step (Fig, 6b). the

piston rod 5 applies the strain F. As 5 already explained, the piston rod 5 can get in a punctual contact

at the center oﬁ@&&?@ilé@bﬁé@iﬁ(ﬁ?liﬂéhﬁ’é@rﬁ%@@i@@.%@@hdﬁ%).@ﬁ@@ﬁaﬂamﬂﬂedfh}y piston rods 5
el b okl Tty G D
ail the nine simultaneously (using nine pistons, or using three linear contact
rods, not shown), or for example row by row (using three pistons as shown on
figure 7a), or for example one by one (using one piston, not shown).

The sucker 12 Is then released, so the second substrate 1b becomes

15 only held by the pressure point P1 where moiecular bonding is made. The
piston rod 5 is thus progressively shortened, the second substrate 1b rising up
from the support 10 as the bonding wavefront extends (Fig. 6c). With a
deformation of the first substrate 1a corresponding to a displacement of its
edges with respect to the pressure point P1 of at least 200 pm (due to the

20 height of each spacer 11), it is possible to control the bonding wave speed so
that the bonding wave velocity ideally in each point of the bonding interface
does not exceed the minimum bonding wave velocity that is observed in the
center area of the bonding interface during an uncontrolied bonding, to
prevent the formation of bubbles. The invention enables the bonding wave

25 speed velocity to be reduced in the center as well as in the periphery of the
bonding interface.

The bonding ends when the piston rod 5 reaches again its start
position. The bonding wave has propagated over the whole surface of the
second substrate 1b (Fig. 6d)

30 The method can then be applied on the next second substrate 1b or
line of second substrates 1b. Advantageously, the piston rod 5 is mounted on

a mobile device 6. This mobile device 6 is for example a 3-axis robot. it can



10 substrate la. The nine tiles shown on figure 7a may for example be bonded all the nine
simultaneously (using nine pistons, or using three linear contact rods, not shown), or for example row
by row (using three pistons as shown on figure 7a), or for example one by one (using one piston, not
shown). The sucker 12 is then released, so the second’substrate Ib becomes 15 only held by the
pressure point P1 where molecular bonding is made. The piston rod 5 is thus progressively shortened,
the second substrate Ib rising up from the support 10 as the bonding wavefront extends (Fig. 6¢). With
a deformation @%fff%%é&@ﬂd'@@r@sé@%ﬁ@ﬂd‘é drRaethesrans itsedgetialitrarRsct to the
pressure point Rk ek afilepsh30@pm (due to the 20 height of each spacer 11), it is possible to control
the bonding wave speed so that the bonding wave velocity ideally in each point of the bonding
interface does not exceed the minimum bonding wave velocity that is observed in the center area of

the bonding interface durgafh UacanBRliad RANdingdo R euANIBR ORMBHi RO Rubiss: Tine

invention enables the bonding wave 25 speed velocity to be reduced in the center as well as in the

periphery of thé'BSiRIiAEInteRstate ek Befrimgenandvites theynstdimeli®raisissadhm its start
position. The benghngavedian e opssniesover ihandielsssuriace efihgseerndisupsiratald (Fig.

6d) 30The method can then be applied on the next second substrate Ib or line of second substrates Ib.
Advantageousl{!8hB358iBe RRALSEFRohAMESON AR IBIERISid e PPsIEeREIIc R BB BRIBS: example

a 3-axis robot. iticamrdOsmovefom pre distd lingief suksiatedy W aretber andseaugatialy applies the

strain F to them. According to another advantageous embodiment of the invention, the 5 whole first

substrate la is SERFRIEIC 2% 15 BOAYR SiRluiaiE RIsRPRO b PHamjest dBcshivalBERRed®. In this
case, as itjoan Hepsren 10 figHre Sadhedbonsingeeapanss PRONSIMIN & SieRohREERRREPING the

substrates. The first substrate la is held under vacuum by suckers 3 at the extremity of telescopic arms

4 above a plurdBPELSEL I aaIuPREE HAvhie LIS Blihe Eiisoifaes Raef seksidisubatrate b
may be held bysakéensiiasas3 UG A2 S5Bhedead Kthearpowiife Tir.caaten i thedisisurface 2a

of substrate la is kept at least 100 pm above from surfaces 2b of the second substrates Ib. For

deforming this substrdt@ 4 CEEIRALRIE St IRieclanmpte AL RIR TSI [ AXaHRRiR EuRiAtaTe
substrate la at to@ mRINE Rh 2upkeEs JAAGhe substrate 1a at the point P1. Suckers 3 and

15 telescopic arms 4 are movable in rotation so that the substrate 1a can take a
free form, imposed only by the points S1 and S2 of contact between the
substrate (1a) and the suckers 3, and the point P1 of contact with the head of
the piston rod 5. By lengthening the piston rod 5, the strain F is applied and
the point P1 get closer to the substrates 1b, as represented by figure 8b.

20 A contact force of less than 10 N (e.g. 2-10 N) is applied to begin the
molecular bonding (Figure 8c). The bonding propagation wave is then initiated
by gradual release of the bending imposed on the first substrate 1a. For this,
the telescopic arms are lengthened (Figure 8d). The speed of this release is
limited so that a uniform bonding wavefront propagates between the two

25  substrates 1a-b.

When the bonding wavefront reaches other second substrates 1b, as
represented by Figure 8e, advantageously auxiliary pistons rods 5 embedded
in the structure 10 initiate bonding waves on the other second substrates 1b.
Bonding sequence ends when the strains applied on the entire first substrate

30 1a are released (Fig. 8f).

In particular, it is important to distinguish two cases depending on the

number of rows of second substrates 1b is odd or even. While this number is



15 telescopic arms 4 are movable in rotation so that the substrate la can take a free form, imposed
only by the points Si and S2 of contact between the substrate (la) and the suckers 3, and the point P1
of contact with the head of the piston rod 5. By lengthening the piston rod 5, the strain F is applied and
the point Fl get closer to the substrates Ib, as represeh’ted by figure 8b. 20 A contact force of less than
10 N (e.g. 2-10 N) is applied to begin the molecular bonding (Figure 8c). The bonding propagation
wave is then initiated by gradual release of the bending imposed on the first substrate la. For this, the

telescopic arm$4f IRy rigigeed) the Spceprianisisaieade rNithiteadge thhtheuform
bonding wavefrogipsppRaaates heverRbe: oRRiSURSRGS dBlact iWMRemiheRasding wavefront

reaches other second substrates Ib, as represented by Figure 8e, advantageously auxiliary pistons
- rods 5' embedd& HEHE S BRI RCTGIMIRBRBETIHAY Wik Semenibthersishtreibstrates Ib.

Bonding sequence engtgwerdhgisisainseRrlisAandae:epra st sUbRIRie-30dn ARdpisased (Fig.

8f). In particular, it is important to distinguish two cases depending on the number of rows of

second substraiE S REBHIHUSIER! WIRHE Bis Humbdria it @veiieas diewran bgurew)dtsé first
contact is made QEth&1BAgsef,the tWegentah s b SumbeYis Rodhedist sgniagtis in the

middle of the central row. The bonding mechanism is the same for the lateral rows. This embodiment
of the method 4CE8aME 8 AAIGSSRISHERRsIES Pensine dpadiasinubiahiprabibearegisiBlurality of
silicon tiles can be bound at once. Moreover, as only a small number of handlings are required, such a
method guarantees a very precise bonding leading to high-quality products. 12 CLAIMS 1.A method
for bonding a first substrate (la) having a first surface (2a) to 5 a second substrate (Ib) having a second
surface (2b), characterized in that it comprises the steps of:



holding the first substrate (1a) by at least two support points (Si, 52), positioning the first substrate
(la) and the second substrate (Ib) so that the first surface (2a) and the second surface (2b) face each
other, 10 - deforming the first substrate (la) by applying between at least one pressure point (P1) and
the two support points (Si, S2), a strain (F) toward the E2cond substrate (Ib), bringing the deformed
first surface (2a) and the second surface (2b) into contact, IS - progressively releasing the strain (F).
2.A method according to claim 1, wherein the surface area of the convex hull formed by the set of
pressure points is null and the surface area of the convex hull formed by the set of support and
pressure points is non-null. 20 3. A method oo e of claims 1 to 2, wherein the first
substrate (la) is held by suckers (3) placed at the supportpoints (51, S2). 4. A method according to
claim 3, wherein each sucker (6) is linked to a 25 telescopic arm (4). 5. A method according to one of

claims 1 to 2, wherein (Ib).is.p n ort (10) comprising at least two
spacers (11) res@p')ectiv'(hatll‘/?n oéf?%%ééﬁgi%?é@ﬁnébﬁé%o%ﬁ%ﬁgﬁé‘é rz"tizél’gﬁfvég%d%ﬁé%tegg ’%%’ﬁ?g(éﬁ)ﬁfbher
than the thicknez$efénel setsidtrbtratediy a36camiethdd@ecatding i atimsdnhatein ithe first
substrate (1a) isdiibrises the steps of:

- holding the first substrate (1a) by at least two support points (81, 82),

- positicning the first substrate (1a) and the second substrate (1b) so that the
first surface (2a) and the second surface (2b) face each other,

10 - deforming the first substrate (1a) by applying between at least one pressure
point (P1) and the two support points (S1, $2), a strain (F) toward the second
substrate (1b),

- bringing the deformed first surface (2a) and the second surface (2b) into
contact,

15 - progressively releasing the strain (F).

2. A method according to claim 1, wherein the surface area of the convex
hull formed by the set of pressure points is null and the surface area of the
convex hull formed by the set of support and pressure points is non-null.

20
3. A method according to one of claims 1 to 2, wherein the first substrate

(1a) is held by suckers (3) placed at the support points (81, 82).

4, A method according to claim 3, wherein each sucker (6) is linked to a

25 telescopic arm (4).

5. A method according to one of claims 1 to 2, wherein the second
substrate (1b) is placed on a support (10) comprising at least two spacers (11)
respectively on each sides of the second substrate (1b), said spacers being

30 higher than the thickness of the second substrate (1b).



by resting on the spacers (11), the support points (Si, S2) being points of contact t_xetween the spacers
(11) and the first substrate. 5 7.A method according to one of claims 5 to 6, wherein the s_upport (10)
comprises at least one sucker (12) holding the second substrate (1b). 8.A method according to one pf
claims 1 to 7, wherein the strain (F) is applied by at ledst one piston rod (5). 10 9. A method according
to one of claims 1 to 8, wherein the first substrate (la) is a glass sheet, and wherein the seco_nd
substrate (Ib) is a silicon tile. 10. A method according to one of claims 1 to 9, wherein_the first _
substrate 15 (lafis seduentitiiycbencedingatplotality bf ebensth shbstiates Bt yeapplying esirain (F)

to the first substrat e n ate (Ib), 11. A methad acgording to claims 8 and 1Q,
wherein the at IEesgs(:fec()slir?%l %lé{ﬁﬁ@%d%é% |§§1(ﬁa§é % SRR BiteReiltte %B’a%%)sgal%ﬁéﬂg}tﬁp?ﬁles |
each strain 20(Fprtuake febiveabdirateacdsi(. 1) anetiios fact analing #o=one of claims 1 to 9, wherein
the first substrate (la) is simultaneously bonded to a plurality of second substrates (1b) by deforming

the whole first substrate (la).
5 7. A method according to one of claims 5 to 6, wherein the support (10)

comprises at least one sucker (12) holding the second substrate (1b}.

8. A method according to one of claims 1 to 7, wherein the strain (F)is
applied by at least one piston rod (5).

10
g, A method according o one of claims 1 to 8, wherein the first substrate

(1a) is a glass sheet, and wherein the second substrate (1b) is a silicon tile.

10. A method according to one of claims 1 to 9, wherein the first substrate
15 (1a) is sequentially bonded to a plurality of second substrates (1b) by applying

a strain (F) to the first substrate (1a) per second substrate (1b).

1. A method according to claims 8 and 10, wherein the at least one piston
rad (5) is mounted on a mobile device (6) and sequentially applies each strain
20 (F) to the first substrate (1a).

12. A method according to one of claims 1 to 9, wherein the first substrate
(1a) is simultaneously bonded to a plurality of second substrates {1b) by

deforming the whole first substrate (1a).



