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When assembling two substrates with different
thermal expansion coefficients, for example differing by
15 at least 10% or 20% at ambient temperature (20°C), or
during any subsequent treatment of the two assembled
substrates, temperature rise stages may take place, for
example to reinforce the bonding interface.
During rises in temperature, variations in the
20 Dbehavior of one of the two substrates relative to the
other generate stresses and/or deformations in the
heterogstructure that increase the defectivity thereof and
reduce the gquality of the bond between the substrates.
Furthermore, such stresses may result in at least one of
25 the two substrates breaking by a stress relaxation
phenomenon once the temperature reaches a few hundred
degrees (for example a temperature in the range 200°C to
6£00°C) .
In general, because of difference in the thermal
30 expansion coefficients, variations in temperature, for
example from 200°C and above, may cause strains, but may
also cause delamination or gplitting of the substrates or
layers that are present, and/or plastic deformations
and/or fractures and/or breakage of one or more

35 substrates or layers that are present.



from 200C and above, may cause strains, but may cause del am nation or
splitting of the substrates or layers that are present, and/or plastic
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As a consequence, the problemarises of finding a nethod that can avoid
such effects in such a heterostructure during rises in tenperature. United
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ainms of the invention is to overcone the , .
substrate onto one of the two substrates, which third
substrate is formed from a material that is identical to
one of the two substrates or has a thermal expansion
coefficient that is close thereto.

15 Further, document US-A-7 067 393 describes the
production of a heterogeneous structure formed by
assembling two substrates having different thermal
expansion coefficients, wherein motifs having an
elasticity in the plane of assembly of the substrates are

20 produced on one of the two substrates in order to absorb
thermoelastic strains in the assembly during temperature

rises.

Summary of the invention

25 One of the aims of the invention is to overcome the
above-mentioned disadvantages by proposing a solution
that means that a heterostructure can be produced that
has been designed in order to reduce the strains and/or
deformationg within it during heat treatments.

30 To this end, the present invention proposes a method
of producing a heterostructure, comprising bonding at
least one first substrate having a first thermal
expansion coefficient onto a second substrate having a
gsecond thermal expansion coefficient, the first thermal

35 expansion coefficient being different from the second
thermal expansion coefficient, in which method, prior to

bonding, trenches are formed in at least one of the two



above-nenti oned di sadvant ages by proposing a solution that neans that a

het erostructure can be produced that has been designed in order to reduce
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end, the present invention proposes a3nethod of producing a

het erostructure, conprising bonding at | east one first substrate having a
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The heterostructure produced in accordance with the
method of the invention may then undergo high-temperature
heat treatments that can in particular increase and

20 render uniform the bonding energy between the two
substrates. The trenches can also reduce the defectivity
in the heterostructure by trapping elements that are the
sources of defects. In particular, the trenches can trap
bubbles at the bonding interface between the two

25  substrates.

The first substrate may in particular be formed from
a material selected from at least silicon, germanium
(thermal expansion coefficient of approximately 5.8 X
10°°.K"), gallium arsenide (AsGa, thermal expansion

30 coefficient of approximately 5.8 X 107°.K'), and gallium
nitride (GaN), while the second substrate may in
particular be formed from a material selected from at
least sapphire, a borosilicate glass (thermal expansion
coefficient of approximately 3.3 x 10°.K*'), and silicon.

35 In accordance with a particular implementation of
the method of the invention, the trenchesg are produced

both in the first and in the second substrates from their



a Trti Lalcted fromat |eastgermaniumcoei fic Lent of a' oproximat 30 WO
2010/ 102686PCT/ EP2009/ 067919 4 bondi ng surface, the trenches being filled
with the weterdwmbsshavi ng said third thermal expansi on ceefrfEpedoentzord n this
configuration, the trenches fornmed in4the first substrate are preferably
aligned, in a direction 5 perpendicular to the plane of the substrate, with
the trenches formed in the second substrate when the two substrates are

bonded. | n. accordance th one ect of t ent conponent s
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15 for example.
The present invention also provides a
heterostructure comprising at least one first substrate
having a first thermal expansion coefficient bonded to a
second substrate having a second thermal expansion
20 coefficient, the first thermal expansion coefficient
being different from the second thermal expansion
coefficient, the heterostructure being characterized in
that at least one of the two substrates includes trenches
in its bonding surface with the other substrate and in
25 that the trenches contain a material having a third
thermal expansion coefficient lying between the first and
second thermal expansion coefficients.
The first substrate may in particular be formed from
a material selected from at least silicon, germanium,
30 gallium arsenide and gallium nitride (GaN), while the
gsecond substrate may in particular by formed from a
material selected from at least sapphire, a borosilicate
glass, and silicon.
In a particular embodiment, both the first and the
35 second substrates include respective trenches in their
bonding surfaces, the trenches containing the material

having said third thermal expansion coefficient. The



material selected fromat |eastpohire, a borosilicate glass, and silicon.
In a liarticular enbodi nent, both the first and the WO

2010/ 102686RCy/R3009/ 067919 5 trenches of the first sweostEratos/0are9
preferably aligned with the trenches 8f the second substrate. In a
further particul ar enbodi rent, at |east one of the first and second
substrates includes conponents. The 5 conponents nay be di sposed in zones
defined by the trenches. Brief description of the figur Q her

Char acter: st ESISHHE At aHPRGEb Bt PHRELBFRvVEHE | BHebebORLY aBbAPRAE from t he
foll owi ng descthpthentoénpaesi clil ahei spten@nsabsonstef the invention, given
by way of ”0”"'”15'%?6§§§H359p£?9§%M&£P %ﬁ%&&?ﬂ&ﬁt?°a£r€e§§€°898”étng

draw ngs in which: ures 1A to are diagranmati c views show ng 15 the
producti on ofha heref ostduetorederpboliagea nethededf CORRONAVEAL | ORRE

Figure 2sis @o&ﬁ@%éﬁ@@?&agfbéh§i§§§§§d0§ﬁrt@ﬂe@uﬁeﬁyﬁéﬂgb9r@ﬂé0tiOn of the
het erostructure shown in Figures 1A to 1F, 20 Figure 3 shows another

confi gurati ot & %¥®nches in the bonding surface of a substrate in an
enbodi nent of the invention. Detail ed description of inplementations of the

i nvention 25§P§e93%$9%%§%t£95 ggeéﬁgtfigggggion is of general application

to the production rostructures ned by assenbling at | east one
first substrate Wilkhen seeondteubstas eand hedsabsaeas est halieng di fferent

ther mal ;@xpansi o £oefHi bRt Spparent from the following description
of particular implementations of the invention, given by
way of non-limiting example made with reference to the
accompanying drawings in which:
e Figures 1A to 1F are diagrammatic views showing
15 the production of a heterostructure employing a method of
the invention;
e Figure 2 is a flow chart of the steps carried out
during production of the heterostructure shown in
Figures 1A to 1F;
20 e Figure 3 shows another configuration of trenches
in the bonding surface of a substrate in an embodiment of

the invention.

Detailed description of implementations of the invention

25 The method of the present invention is of general
application to the production of heterostructures formed
by assembling at least one first substrate with a second
substrate, the substrates having different thermal
expansion coefficients.

30 The method of the invention proposes producing
trenches in at least one of the two substrates to be
assembled together, the trenches being produced in the
bonding face of the substrate and being filled with a
material that has a thermal expansion coefficient lying

35 between those of the two substrates.

Each substrate may be congtituted by a mono-layered

structure {(a single material) that may include motifs



30The nethod of the invention proposes producing trenches in at |east one
of the two substrates to be assenbl ed together, the trenches being produced
in the bomoging/foagse of the substrate and being fill ed wpCh/Ee200eior9 al t hat
has a thermal expansion coefficient |ying 35be-1.,2, rates. a nono-
structule a inqgi cliaLrial) that my--. include no WO
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invention is of particular application to the production

10 of heterostructures formed by assembling together two
substrates respectively constituted, for example, by
sapphire and gilicon, or by gallium nitride and silicon.

In general, the method of the invention is
advantageously applicable to assembling together two

15 substrates with a thermal expansion coefficient
difference of 10% or more (relative to the lower thermal
expansion coefficient) .

With reference to Figures 1A to 1F and 2, a method
is described for producing a SOS (silicon on sapphire)

20 type heterostructure from an initial substrate 110 (top)
of silicon and a support substrate 120 (base) of sapphire
(A1,05) . The substrates are wafers that may in particular
have diameters of 150 mm, 200 mm and 300 mm.

In accordance with the invention, the trenches or

25 grooves 111 are formed in the substrate 110 from its
surface 110a that is intended to be brought into contact
with the support substrate during assembly (step S1,
Figure 14). The trenches 111 may be formed by chemical
dry etching, photolithography, or any other suitable

30 technigue.

In the example described here, the initial substrate
110 is a silicon mono-layer structure. However, the
substrate 110 may also be constituted by a multilayer
structure such as a SOI (silicon on insulator) type

35 structure comprisgsing a laver of silicon on a support,

also of gilicon, a buried oxide layer, for example formed



Wth reference to Figures 1A to 1F and 2, a nethod is described for
producing a SOS (silicon on sapphire) 20 type heterostructure from an
initial swbroatoesss 10 (top) of silicon and a support sulpstrEeb@ob®i¢ base)
of sapphire (Al 203). The substrates are wafers that may in particul ar have
di anmeters of 150 mm 200 nm and 300 nm |In accordance wth the invention,
the trenches or 25 grooves 111 are forned in the substrate 110 fromits
surface 110af£hat 18 ended 1o be(% cont act t he support
substrate durifg asSentS {StepESe |gure %?%ﬁ?h “991 may be
formed by chenicabndﬁypeochtng, photollthography, or any other sui tabl e
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sapphire, there stitutl expansion coeffi ci ent adaptatlon
materi al . Nb?%P@@%éQ%e¢9€f51ﬁﬁ$%?|%f 1885 shae| 2ot e t HAE Haseameher nal
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coefficient of ;sa d nore than 6/ C_( rrmal expansi on
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In particular, the trenches may be filled by
deposition over the whole of the surface of the
substrate, for example by plasma enhanced chemical vapor
deposition (PEVCD). Under such circumstances, the
20 material is deposited in the trenches, but also in excess
over the portions of the substrate located between the
trenches, creating a surface topology. Planarization
(polishing) is then carried out over the surface of the
substrate in order to remove the topology and prepare the
25 substrate surface for bonding. Said planarization may be
selective, i.e. removal of the material may be stopped
when the material deposgited in excegs ig withdrawn
completely and the planarization pad comes into contact
with the subjacent portions of material of the substrate
30 located between the trenches.
The trenches may be oxidized prior to being filled
with the material 130.
The initial substrate 110 is then assembled with the
support substrate 120 by direct wafer bonding or by using
35 other techniques (for example using adhesives) (step S3,

Figure 1C).



20 material is deposited in the trenches, but also in excess over the
portions of the substrate |ocated between the trenches, creating a surface
t opol ogy.wBl2amameesat i on (polishing) is then carried out por@r2dde@edus f ace of
the substrate in order to renove the 8opol ogy and prepare the 25 substrate
surface for bonding. Said planarization may be selective, i.e. renoval of
the material may be stopped when the material deposited in excess is
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surfaces 110a and 120a, respectively of the substrates 110 and 120, are
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substrates in ordes to vaellilatevd peropagat tlon ofiachohdi of wavecbet ween t he

surfaces in At ac : i I 0 pr L NCi di rect
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initial substrate ,
between the two surfaces are then high enough to cause

molecular adhesion (bonding induced by the ensemble of
the attractive forces (Van der Waals forces) due to
electronic interaction between atoms or molecules of the

20 two surfaces to be bonded).

Before carrying out bonding of the initial substrate
110 to the support substrate 120, the bonding surface
120a of the sapphire support substrate that has been
polished, typically by CMP polishing, may be prepared.

25 Thig preparation may in particular consist in chemical
cleaning especially, for example, by a RCA clean or a
Caro's type clean or Piranhaclean type clean (H;S04: Hy0;) .
Cleaning may be followed by scrubbing.

In order to increase the bonding energy further, the

30 surface 120a of the substrate 120 may be activated using
a plasma treatment.

The surface 110a of the initial substrate 110 may be
covered with a layer of thermal oxide formed, for
example, by oxidizing the surface of the substrate

35 The surface 110a of the initial substrate 110, which
may optionally be covered with a layer of oxide, may also

be activated by plasma treatment. The bonding surfaces



110 to the support substrate 120, the bonding surface 120a of the sapphire
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descri bed si i i Once the substrates one agalnst the other,

ification.
a conprising?ﬁpiéfﬁB?ElB?'buried trenches 111 filled with 10 material 130
(Figure 1D). Becabseeofhtheupsesenee ofot Aednater hale 188ehnakbhembbiti a

substrate 11 (N ngi ng ac ] [t bstra 120 .cl ose
to the bondi%%gi%_%??ggegh%h%§#%%ti%IM%E%E%ggfgggggehaéga% o%%ﬁaﬁ%%ﬁ
t her mal expafQipnlevedfichehtvorhapliBuhigierrehanes 111 filled with

10 material 130 (Figure 1D). Because of the presence of the
material 130 in the initial substrate 110 at its bonding
surface with the support substrate 120 close to the
bonding interface, the initial substrate 110 has a local
mean thermal expansion coefficient that is higher than

15 that of silicon and, as a consequence, closer to that of
the sapphire constituting the support substrate 120.
This local matching of the thermal expansion coefficient
means that thermoelastic stresses and differential
expansion that are normally generated during rises in

20 temperature between two materials with different thermal
expansion coefficients can be reduced.

In the example described here, production of a
heterostructure is continued by thinning the initial
substrate 110 in order to form a transferred layer 112

25 corresponding to a portion of the initial substrate (step
S4, Figure 1E). The substrate may be thinned using any
known technique such as dry etching (reactive ionic
etching), also termed plasma etching, and/or wet etching
(chemical etching using, for example a TMAH solution for

30 silicon), mechanical polishing (grinding), chemical-
mechanical polishing (CMP) (a well known polishing
technique using a pad associated with a polishing
solution), or the well-known Smart Cut® technique
(implanting ions in the substrate to form a zone of

35 weakness along which the substrate is fractured).

Before thinning the initial substrate 110, the bond

or, more particularly, the bonding energy, may be



15 that of silicon and, as a consequence, closer to that of the sapphire
constituting the support substrate 120. This |l ocal matching of the thermal
expansi onwoaefdiogésent nmeans t hat thernoel astic stressespamdgpdicbfoerognt i al
expansion that are normally generatedioduring rises in 20 tenperature
between two materials wth different thermal expansion coefficients can be

reduced. In the exanpl e described here, production of a
het erostructure_i.s gt%nued bédthinnkng. initial gstrate 110 i@ or der
to forma trans?g?Fgﬁ Vel 11392B9c5FF %EbﬁaFﬁan 8”&66 rti 6ACGHSEhe

initial substhatéOQQﬂepa84hlﬁggufetmE)th@hea$ubspaaseonayobefnbhaned usi ng
any known teﬁQ”&8ﬁ8r§BQHn§§09éy eheli o gnég§aﬁgkys agke, Igcghgggt al so

termed plasma etchin or wet etc usi ng, for
exanpl e a7o|HFBBnt?6P83®§PF?§onyhaﬁhcéﬁaﬁélthrng bg@hnbpné}ﬂgcheﬁrgal-

mechani cal pekt&BEAJtLEVEYbEA - MeLE kRawRepoht shhbhg .t echni que using a pad
associated with a ollshlagnsolu i on or the well -known Smart Cut

t echni que (i npl EnTti AGSPHAETR WﬁEhsﬁﬁﬁt?ﬁP%CFoOFoFﬁ?a1§8ﬁ§t6P“35tgﬁng
whi ch the substeatetiscfned)200 may be used tohpnotuget bémpbhehak.subs_110,

t he bond or, i r bo ne/ ma
2010/102686P%#$%§2g§5§o§g£§§%%6a%£?%fo&gégg%gm % ?nélgtéEOFm%a9|on
anneal . Becaabst of &heolbtan ﬁﬁt@hl@bé©tr®hECth@phgﬁlﬁxpansnoneCoefflC|ents

as descﬁkbedcéﬁﬁﬂﬁenéh'§ra@gﬁﬁur§§¥t§eo§aéIé@grQHica&l@f@@@&?ﬁﬁ@ﬁagures
whi ch nmeans thgh a hi ener 5 between the substrates can

obt ai ned. i %tE%?H%ﬂc%rmf?%t%ﬂ%Sa%Ee%?theth%Y?ﬁ%én%F%nfOFW@d
heterOStrUCtumetR@CtﬂENsb@rﬁé@dl&peﬁrDﬂﬂCes@@@DQQﬁnF§guk@d§F SUChhe

ci rcunst ance roconponents, 114 (formi ort io

el ectroni c, %p?%% ec??%ﬁ?%seif4 10° corpon %g?y ?OEP i %??? Efuﬁf%%tronlc
mi crocorrpone@trsa@@lctth@s cin cle f sSnorncont atetsnariactzeeesayers) are formed

on the neansiersedobareia 102 (ol ofs SPocEhautiedP)y, Jhe, M orpcorpongnt s 114

are formed by photollthography usin at can de ormati on
zones 15 correspo%kﬁ?mf?@?@mﬁﬁ%ﬁc?%c@%%%ﬁeﬁ¥@mQHMSt6“%@1%$oduced

materialsg, etc.) are to be formed on the heterostructure
of the invention, the trenches are preferably produced in
sacrificial portions of the layer 120 that are determined

20 as a function of the intended positioning of the
components (overall pattern of the photolithography) .
These sacrificial portions act in particular to define
useful zones of the layer, i.e. the zones in which it is
intended to form the components or circuits. The

25 sacrificial portions correspond in particular to regions
separating the components or circuits and/or cutting
lines. As can be seen in Figure 1E, the trenches 111
have been produced so as to define the zonesg 113 in which
it is intended to produce the microcomponents 114. Thus,

30 the components are formed in portions of the layer 120
that comprise silicon alone (in the direction of the
thickness of the layer 120). Each microcomponent 114
may, for example, be removed by cutting along the
trenches 111.

35 The trenches can also reduce the defectivity in the
heterostructure by trapping elements that are the sourceg

of defects. 1In particular, the trenches can trap bubbles



When conponents or other elenents (notifs, materials, etc.) are to be
formed on the heterostructure of the invention, the trenches are preferably
produced wo 288¢mRdssci al portions of the layer 120 that ace/mpedspeioned 20 as
a function of the intended positioning of the conponents (overall pattern
of the photolithography). These sacrificial portions act in particular to
define useful zones of the layer, i.e. the zones in which it is intended to

formthe co nents, or .circuits. .The 25 sacrifjcial ions correspond in
particul ar P%grggloﬁ?ngéﬁaréPFﬁﬁfFﬁg Ghpefentse on8|FBE?F§a§ﬁ§/or cutting
|l i nes. As calihbe EbentranﬁhgareréEprbhecbdemnheseléichafecbeen produced so

as to define Egglﬁﬂgeéﬁlgﬁesguﬁgkggt Fsgnggg%ggdprgg%e?e hheFubbles

nlcroconponeﬁts 114 rons of the
| ayer 120 thﬁ?ec6hﬁﬁlééaépﬁﬁcéﬁ abone Pewonfetler eeefon @bnehethtbhn sc of

the |ayers 129ﬁbsgﬁgben1Qr@COHHQnQBBe%1§n”§Mnc£0&1@§éggﬁﬁongﬁtéegn¥6d by
cutting anngFthe trenches 111. 35reddefin 'uct ui ects

particul ai J, TF1€19¢@ntReBBUBHPELCSHD 2010/ 102686PCT/ EP2009/ 067919 11 at the
bondi ng i nterfaceThet seepet heitivbh, sabsthat esd Mhebetheft trachesnanes

produced in icial_poriions_of .the substrate as, des rlbed above,
Phe bubhl o SrS TREl é%ig i EhLg %Eeb%egndm%ﬂe uSBf BFT 20RBE2Bf “Thd
5substrate, Fuectipe Qﬁnéée me@m|thenm@lo@@p@nﬁenmscaeéfunnendedhao be

producedo is tdhgeSbaPLinddLh, tﬁ@pﬁgl?ﬁﬁgrﬂHgge5f %héhﬁo£ﬁ§ﬂ hes are

variable, and they are determned In icular as a function of the nean
t her mal expah%? %%%ffI%}%%¥etﬁaillustrates a variation in which a

substrate 300, for assembly with another substrate having
a different thermal expansion coefficient, includes
concentric trenches 301. These trenches are filled with

15 a material 302 having a thermal expansion coefficient
that lies between those of the two substrates.

The trenches may be formed and filled in the bonding
surface of one or both substrates. When the trenches are
present in both substrates, they are preferably produced

20 so that the trenches formed in the first substrate are
aligned with the trenches formed in the second substrate
when the two substrates are assembled together. With
trenches present in both substrates, the trenches formed
in the first substrate may be filled with a first

25 material and the trenches formed in the second substrate
may be filled with a second material that is different
from the first, the first and second filling materials
having respective thermal expansion coefficients that lie

between those of the two substrates.



10 is to be obtained in the nei ghborhood of the bonding interface. Figure 3
illustrates a variation in which a substrate 300, for assenbly w th anot her
subst r at ewbaviong2aedi f f erent thermal expansi on coeffi ci egorEP2oviosDes
concentric trenches 301. These trenches are filled with 15 a material 302
havi ng a thernmal expansion coefficient that |ies between those of the two

substrates. The trenches may be forned and filled in the bonding
surface of on or, both substrates. Wen the trenches are present in both
substrat es, é§ dre preferably produced 20 so that the trenches forned in

the first substaametabé afi greduwnihy theeteenebesctat-aed2in)the second

substrate mhgg Bg$§a?89§55ﬁtg§r§rg ssegb%gd Eog % grant gﬁérenches

present in bot h énches “formed %trate may
be filled mnbﬁvanﬁlﬁsﬁlﬂstnﬁh@rmaﬂ aﬁﬁanheonrencﬁéSCﬁ@nnedntn ahe second

substrat & naxeesnalgtggtwhkg @1§@9OHQVHB565'égcgﬂétthérﬂgﬁfg& E59"1the

first, the flrs% and second filling nmaterials having respect | er mal
expansi on coBPFFEFBREREL halke| Férpet WBBATEhoSEPBRSERB Pﬁéf§$6§?ﬁ§tes WO

2010/102686PﬁEiE@26@9f@65&&9fiBmCLAéNﬁé&@nA aaébﬁgzoéxpaﬁsu@hng a
heterostructg %200% r|5| one flrst substrate

S
(110) havi ngca it ?Eér F %§g§ﬁ§ %ﬁl%%egé?f?gﬁ?rbﬁ?g a15tBakoRgior
substrate (120)btading. atsecondst het bl aexpansied toebti teéent, ohheofi r st

t her mal 1%xpa@§é09w50§u}£g&£§9ésb§£ Qhéfﬁ{%ﬁaﬁn{,fgﬂk SeS%ggﬂg ) Lher mal

expansi on coefficient, the nethod bein aracterized In prior to
bondi ng, tre%%h%sa¥1ﬁﬁﬁs%r%n¢o$%%ﬁt¥ﬁt%t 1tast apdeinf thatt heet wo substrat es

fromthe bonﬂr@@cﬁ@éfGEEl(1&9@)f9i1§@'91@$ &eﬁéﬁeﬁﬂélsub§byaBEVQA%0£ and in
that the tre che élll re filled mnth%g naterlf (130) haV|ng athird
thermal expanston tdef ? i BTSy Dethketni¢he +Y+19 %%HW%%EO @2t her mal
expansi on coéif$t|@mﬂssedéna.tweﬂmahoﬁxp@m@idmn@oéﬂfﬁéﬂéﬂté, characteri zed
in that ,tthe first substrate (110) is forned froma naterial selected from
at | east silicon, germanium gallium arsenide and galliumnitride and in
that the second® 2esbdtzeterdix)te sciaimel, felomractharerédl isetleated from

at | east sapphiresrs borosilticat g g psse ANhSH ! #£9R 2 material
selected from at least silicon, germanium, gallium
arsenide and gallium nitride and in that the second

20 substrate (120) is formed from a material selected from

at least sapphire, a borosilicate glass, and silicon.

3. A method according to claim 1 or claim 2,
characterized in that trenches are produced both in the
25 first and in the second substrates (110, 120) from their
bonding surface, the trenches being filled with the
material (130) having said third thermal expansion

coefficient.

30 4. A method according to claim 3, characterized in that
the trenches (111) formed in the first substrate (110)
are aligned with the trenches formed in the second

substrate (120) when the two substrates are bonded.

35 5. A method according to any one of claims 1 to 4,
characterized in that components (114) are formed on at

least one of the first and second substrates (110, 120).



3. A nethod according to claim1 or claim2, characterized in that trenches
are produced both in the 25first and in the second substrates (110, 120)
from t heiwokondiongesur f ace, the trenches being filled wpCh/Epb@onatoas i al
(130) having said third thermal expansi on coefficient. 30 4. A nethod
according to claim3, characterized in that the trenches (111) forned in
the first substrate (110) are aligned with the trenches forned in the
second substrate (120) when the two substrates are bonded. 355.:.ccording
tc.7;ne of clains 1 to 4, char a_In that conpents (114) are forned on at

| east one of 6t he fhiersbdandcsedand subsfrates, (&&ara&ZeklzeM[hn.that

2010/ 102686PCI L EP 7 3 A th d. accor to _cl.aim5,
characterlzegEE %% 85%% Q%?l c gg ?ff%ﬁ age pro ucegg RBredé&Parfi ned
zones t hat a?éaé fuAcei bnnefirhecposhei bapngiohingeofonpenentsobehtd). 7.
A heterostructyse (200) conprising at |east one first substrate (110)
having a first thermal expansion coefficient bonded to a second substrate

(120) having a 10 second thernal expansion coefficient, the first thermnal
expansi on coeffhcheﬂérbetﬁgcdhiéenenb fe@ﬁptbglﬁgcgﬂdléégtn@heefpaaﬁiOn

coefficient, Q he&er9§£5yc£ure bei n terized in that at |east one
of the two stb %ra?es {10y ?ngf gsgﬁ?ﬁﬁé eS*PA"Ft€bondi ng surface
(110a) 15 withethecoeherbsulistravea(420pndndubatthae (heolreaches a(111)
contai n1a MeLerbah éﬁé@%abagk néléﬁ L POL TR, €X QSEQPSEOEQ%kgé?”t lying

bet ween the first and second erna expansi on coefficrents
heterostruct%%%a%%b%@dF%@fﬁbcéﬁ%Fn??ln%h%¥%%@§¢$§eﬁr@m that seqend| r st

substrate (1d03rhslforpras{somaenpleiéat, sehectedefooMm-atcheaste shdi con,

ger mani um characterized in that at least one of the two substrates

(110) includes trenches in its bonding surface (110a)

15 with the other substrate (120) and in that the trenches
(111) contain a material (130) having a third thermal
expansion coefficient lying between the first and second

thermal expansion coefficients.

20 8. A heterostructure according to claim 7, characterized
in that the first substrate (110) is formed from a
material selected from at least silicon, germanium,
gallium arsenide and gallium nitride and in that the
second substrate (120) is formed from a material selected

25 from at least sapphire, a borosilicate glass, and

silicon.

9. A heterostructure according to claim 7 or claim 8,

characterized in that both the first and the second
30 substrates (110, 120) include respective trenches in

their bonding surfaces, the trenches containing the

material having said third thermal expansion coefficient.

10. A heterostructure according to claim 9, characterized

35 in that the trenches (111) of the first substrate (110)
are aligned with the trenches of the second substrate
(120} .



gallium arsenide and galliumnitride and in that the second substrate (120)
is formed froma material selected 25 fromat | east sapphire, a

bor osi | i cmbeogl@sss and silicon. 9. A heterostructure aceardico®etone cl aim 7
or claim8, characterized in that botfa the fiand the second 30substrates
(110, 120) includeive trenches in their bonding surfaces, the trenches
containing the material having said third thermal expansion coefficient.

10. A heterostructure according to claim9, characterized 35in that tt
:nches (111) of the first sub:110) _alignwith the trenches of the
second substrat en(h20rrosVO120%0L102686RCE5EP20Q9/064818r14121ke A to

het er ostruct ure ording.to.an e _of clai 7 to 10, characterized in
that at |eas BOngﬁ% a?hggfﬁ?gtléngﬂggcgﬁdhgaggtPQFeg%(&Tﬁ,%ifﬁf PHEI udes
conponent s ($¢4ynd gabsparheeer 63t Ouctdfe ancondengecbopohanmslllisg) .
characterg zed in that the conponents (114) are disposed in zones defined by

t he trenches. '
12. A heterostructure according to claim 11,

characterized in that the components (114) are disposed

in zones defined by the trenches.



