
WO 2010/102686PCT/EP2009/067919 1 A METHOD OF PRODUCING A HETEROSTRUCTURE
WITH LOCAL ADAPTATION OF THE THERMAL EXPANSION COEFFICIENT Technical field
and prior art 5The present invention relates to producing heterogeneous
structures formed by bonding at least one first substrate having a first
thermal expansion coefficient to a second substrate having a second thermal
expansion coefficient that is different from the first 10 thermal expansion
coefficient. Said heterostructures are used in microelectronics or in
optoelectronics in particular. When assembling two substrates with
different thermal expansion coefficients, for example differing by 15at
least 10% or 20% at ambient temperature (20C), 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 behavior of one of the two substrates
relative to the other generate stresses and/or deformations in the
heterostructure that increase the defectivity thereof and reduce the
quality 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 200C to 600C)             In
general, because of difference in the thermal 30asion coefficients,
variations in temperature, for 



from 200C and above, may cause strains, but may cause delamination or
splitting of the substrates or layers that are present, and/or plastic
deformations       and/or fractures and/or breakage of one or more
35substrates or layers that are present.  WO 2010/102686PCT/EP2009/067919 2
As a consequence, the problem arises of finding a method that can avoid
such effects in such a heterostructure during rises in temperature. United
States document US-A-6 858 517 describes a 5 method of producing a
heterostructure by assembling a first and a second substrate having
different respective thermal expansion coefficients. In order to reduce the
deformations and strains generated by the difference in thermal expansion
coefficients between the first and 10 second substrates, that document
teaches bonding a third 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. 15Further, 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 25One 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 deformations within it during heat treatments. 30To 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 second
thermal expansion coefficient, the first thermal 35expansion coefficient
being different from the second thermal expansion coefficient, in which
method, prior bonding, trenches are formed in at least one of the two  WO
2010/102686PCT/EP2009/067919 3  substrates from the bonding surface of the
substrate and the trenches are filled with a material having a third
thermal expansion coefficient lying between the first and second thermal
expansion coefficients. 5Thus, because of the presence in the trenches of a
material having a thermal expansion coefficient lying between those of the
first and second bonded substrates, the thermal expansion coefficient in
the structure is matched at least locally at the bonding interface between
10 the two substrates. In this region, each substrate including such a
material at its bonding surface has a mean thermal expansion coefficient
that is closer to that of the other substrate, and as a result is better
matched. This thereby significantly reduces the 15 deformations and/or
strains normally observed between the two bonded substrates during heat
treatments.       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 25substrates. The fisubstrate may in particular be formed
from 



a Trti Lalcted from at leastgermanium coei fic Lent of a'oproximat 30  WO
2010/102686PCT/EP2009/067919 4 bonding surface, the trenches being filled
with the material having said third thermal expansion coefficient. In this
configuration, the trenches formed in the 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.       In accordance with one aspect of the invention, components
are formed on at least one of the first and 10 second substrates. Under
such circumstances, the trenches are preferably produced in predetermined
zones that are a function of the positioning of components and in
particular in zones intended to separate said components, such as zones
corresponding to cutting lines, 15for 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 material selected from at least cilicon, germanium, 30ilium
arsenide and gallium nitr.(GaN), while the Lecond substrate may in
particular Ly formed from a 



material selected from at leastpohire, a borosilicate glass, and silicon.
In a liarticular embodiment, both the first and the  WO
2010/102686PCT/EP2009/067919 5  trenches of the first substrate are
preferably aligned with the trenches of the second substrate.        In a
further particular embodiment, at least one of the first and second
substrates includes components. The 5 components may be disposed in zones
defined by the trenches. Brief description of the figures Other
characteristics and advantages of the 10 invention become apparent 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:  Figures 1A to 1F are diagrammatic views showing 15 the
production of a heterostructure employing a method of the invention;
Figure 2 is a flow chart of the steps carried out during production of the
heterostructure shown in Figures 1A to 1F; 20 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 25The 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. 



30The 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 matel-ial that
has a thermal expansion coefficient lying 35be-I.,2, rates. a mono-
structuIe a inqi cliaLrial) that my--. include mo   WO
2010/102686PCT/EP2009/067919 6 and/or components, or a multi-layered
structure (stack of layers of different materials). With a multi-layered
structure, it is the thermal expansion coefficient of the material of the
layer that is closest to the bonding interface that is taken into account
in selecting the thermal expansion coefficient of the material filling the
trenches.        By way of non-limiting example, the method of the
invention is of particular application to the production 10 of
heterostructures formed by assembling together two substrates respectively
constituted, for example, by sapphire and silicon, 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 (Al203). 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 Sl, Figure 1A). The trenches 111 may be
formed by chemical dry etching, photolithography, or any other suitable
30technique.       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 35st: 7ture com isinc I layf silicon onpport, _layer, fc _ _ WO
2010/102686PCT/EP2009/067919 7 from S107, being disposed between the layer
and the silicon support.       Once the trenches 111 have been produced,
they are filled with a material 130 (step S2, Figure 1E) with a 5 thermal
expansion coefficient that lies between that of silicon and that of
sapphire, thereby constituting a thermal expansion coefficient adaptation
material. More precisely, a material 130 is selected that has a thermal
expansion coefficient of less than 5 x 10-6/C (thermal 10 expansion
coefficient of sapphire) and more than 3.6 x 10-6/C (thermal expansion
coefficient of silicon). The material 130 may in particular be selected
from silicon-germanium (SiGe), germanium, a nitride such as silicon nitride
(Si3N4), and an oxide such as BPSG 15(borophosphosilicate glass).       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 deposited in excess is
withdrawn completely and the planarization pad comes into contact with the
subjacent portions of material of the substrate 30located 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 35other
techniques (for example usiny 'T.-ives) (step S3, Figure 10),  WO
2010/102686PCT/EP2009/067919 8       With direct wafer bonding, the
surfaces 110a and 120a, respectively of the substrates 110 and 120, are
brought into intimate contact and pressure is applied to one of the two
substrates in order to initiate 5 propagation of a bonding wave between the
surfaces in contact.       As is well known per se, the principle of direct
wafer bonding, also known as direct bonding, is based on bringing two
surfaces into direct contact, i.e. without 10using a specific material
(adhesive, wax, solder, etc). Such an operation requires that the surfaces
to be bonded be sufficiently smooth, free of particles or contamination,
and that they come sufficiently close to allow contact to be initiated,
typically to a distance of 15 less than a few nanometers. The attractive
forces 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 This 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 (H2SO4: H202). Cleaning may be followed by
scrubbing.          In order to increase the bonding energy further, the
30surface 120a of the'.7u)--37,2ate 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 35fac 1-f the initial substratE. 110, which
_ith a 1- of c__'also ted by lCLL treatment. nlne bondin sull_aces  WO
2010/102686PCT/EP2009/067919 9 of the substrates 110 and 120 may be
activated by  exposing them to argon, or other. plasma treatment is not
described simplification.        Once the substrates one against the other,
a  comprising a network of buried trenches 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 a7olution for 30silicon),anical 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(r)
technique (implEn.ting ions in the substrate to form a zone of 35:long
which the substrate is fred).                _hinning the initial subs_110,
the bond or, more particularly, the bonding ene/yy, may be  WO
2010/102686PCT/EP2009/067919 10 reinforced by a bonding stabilization
anneal. Because of the local matching of the thermal expansion coefficients
as described above, this anneal may be carried out at high temperatures,
which means that a high bonding energy 5 between the substrates can be
obtained.        In accordance with one aspect of the invention, the
heterostructure 200 may be used to produce components. Under such
circumstances, microcomponents 114 (forming all or a portion of an
electronic, optoelectronic etc. 10 component, or a plurality of electronic
microcomponents such as circuits or contacts or active layers) are formed
on the transferred layer 112 (step S5, Figure 1F). The microcomponents 114
are formed by photolithography using a mask that can define motif formation
zones 15 corresponding to the microcomponents 114 to be produced. 



When components or other elements (motifs, materials, 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 zones 113 in which it.:.ended to produ.ce the
microcomponents 114. Thus, 30the cc,!Ints are f ...r:eJ in portions of the
layer 120 that co plise silicon alone (in the direction of the thickn.sc of
the layer 120). Each microcomponent 114 may, for example, be removed by
cutting along the trenches 111. 35reddefin 'uct ui ci..Lects.In
particulaiJ, t1-1 Lenche6bubbles  WO 2010/102686PCT/EP2009/067919 11 at the
bonding interface between the two substrates. When the trenches are
produced in the sacrificial portions of the substrate as described above,
the bubbles are then trapped in zones beyond the useful zones of the
5substrate, i.e. the zones in which microcomponents are intended to be
produced.       The shape, width, depth, and number of the trenches are
variable, and they are determined in particular as a function of the mean
thermal expansion coefficient that 



10 is to be obtained in the neighborhood of the bonding interface. Figure 3
illustrates 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.  WO
2010/102686PCT/EP2009/067919 12 CLAIMS 1. A method of producing a
heterostructure (200), comprising bonding at least one first substrate
(110) having a first thermal expansion coefficient onto a 5 second
substrate (120) having a second thermal expansion coefficient, the first
thermal expansion coefficient being different from the second thermal
expansion coefficient, the method being characterized in that prior to
bonding, trenches (111) are formed in at least one of 10 the two substrates
from the bonding surface (110a) of said at least one substrate (110) and in
that the trenches (111) are filled with a material (130) having a third
thermal expansion coefficient lying between the first and second thermal
expansion coefficients. 15 2. A method according to claim 1, 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 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 25first 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. 355.:.ccording
tc.7;ne of claims 1 to 4, char a_In that compents (114) are formed on at
least one of the first and second substrates (110, 120).  WO
2010/102686PCT/EP2009/067919 13  6. A method according to claim 5,
characterized in that the trenches (111) are produced in predetermined
zones that are a function of the positioning of the components 5(114).  7.
A heterostructure (200) comprising at least one first substrate (110)
having a first thermal expansion coefficient bonded to a second substrate
(120) having a 10 second thermal expansion 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        (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 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 claim 9, characterized 35in that tt
:nches (111) of the first sub:110)    _ alignwith the trenches of the
second substrate (120).  WO 2010/102686PCT/EP2009/067919 14  11. A
heterostructure according to any one of claims 7 to 10, characterized in
that at least one of the first and second substrates (110, 120) includes
components (114).  12. A heterost ucture according to claim 11,
characterized in that the components (114) are disposed in zones defined by
the trenches. 


