1 COMPOSITE STRUCTURE WITH HIGH HEAT DISSIPATION FIELD
OF THE INVENTION This invention relates to a composite structure for
optical, optoelectronic or electronic applications, comprising a support
wafer and a layered structure comprising at least one layer made of a
material chosen from among monocryistalline materials. In particular,
such a composite structure is aimed to be a substrate for the formation of
a monocrystalline useful layer, or is aimed to include such a
monocrystalline useful layer, this useful layer including devices or
components which cause a strong temperature increase in the useful
layer during their operation. BACKGROUND OF THE INVENTION For
this type of useful layer, it is clear that dissipation of heat released by
components becomes a critical problem when the operating frequencies
of these components and / or their degree of miniaturisation increase. For
example, there is the case of CMOS applications for which miniaturisation
of components and reduction of the thickness of useful layers
exacerbates heat dissipation problems, particularly in the case in which
these useful layers are more or less thermally separated from the support
substrate on 2 which they are formed. In particular, CMOS components
made in SOI (Silicon- On-Insulator), SiGeOl (SiGe-On-Insulator), GeOl
(Ge-On- Insulator) or SGOI (SI/SIGe -On- Insulator) structures can create
il H 4 . by

of components) partlcularly due to the fact that the oxide Iayer (typlcally
forming the |nsulat|on for these structures) forms a thermal barrier
e Xample made of silicon, and

This invention relates fo a composite structure for optical, optoelectronic
or electronic applications, comprising a support wafer and a layered structure
comprising at least one layer made of a material chosen from among
monocrystalline materials. In particular, such a composite structure is aimed to
be a substrate for the formation of a monocrystalline useful layer, or is aimed to
include such a monocrystalline useful layer, this useful layer including devices or
components which cause a strong temperature increase in the useful layer

during their operation.

BACKGROUND OF THE INVENTION

For this type of useful layer, it is clear that dissipation of heat released by

components becomes a critical problem when the operating frequencies of
these components and / or their degree of miniaturisation increase.

For example, there is the case of CMOS applications for which
miniaturisation of components and reduction of the thickness of useful layers
exacerbates heat dissipation problems, particularly in the case in which these

useful layers are more or less thermally separated from the support substrate on



the useful layer. For example, this type of SO[, SiGeOl, SGOI, GeOl
structure may be made by Smart-Cut(r), as described in US
2004/0053477. For example, there is also the case of components
operating at a high power frequency (typically more than 900 MHz) that
can cause temperature rises that cogld disturb or even damage them. To
overcome this disadvantage, the useful layers are normally made of a
nitride semiconductor with better charge carrying properties (high
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appearanc possmle CcO |ancep enomena. However, the materials
clearg elicaensionpropertiadiftbientslalysatiemdadepporarriers at high voltage, high

breakdown voltage, etc.) than materials such as AsGa. This is particularly true
for HEMT (High Electron Mobility Transistor) transistor type components. To
form this type of nitride semiconductor based layers, growth supports made of
monocrystalline bulk SiC, bulk <111> Si or bulk sapphire (Al,03) are used, for
which the lattice i)arameters are very similar to the lattice parameters of
monocrystalline bulk <100> silicon.

However, the thermal impedances of <111> Si and sapphire are still {oo
high for some high power frequency applications that require greater dissipation
of released heat, and although monocrystalline bulk SiC is a reference material
in terms of heat dissipation, this material is still too expensive.

US 6,328,796 and US 2003/0064735 documents disclose composite
structures made by bonding thin layers to support wafers made of polycrystalline
materials chosen for their thermal, electrical conductivity and thermal expansion
properties (such as polycrystalline SiC substrates), by means of a bonding layer

made of a dielectric material with the function of improving bond between the



wafers, and methods of manufacturing the structure, are chosen so as to
satisfy physical specifications such as thermal conduction, electrical
conduction and thermal expansion. 'Eherefore, to satisfy these various
specifications, a choice of a structure” that implies compromise solutions,
cannot give complete satisfaction. Therefore, composite structures
described in these documents are not optimised for high power frequency
applications requiring strong thermal dissipation. A first purpose of the

thin laventrindistihe propped anciaipasite renioeeege dbedapreartance of possible

comﬂiéﬁ%@ﬂ@,@rﬁrﬁgﬁgnd purpose of the invention is to propose such a
composite structure manufactured in such manner that its economic cost
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purpose of the invention is to improve the gperation of miniaturised HEMT
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and a semi-insulating electrical characteristic (I.e. y resistive).
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. materials of the support wafer, of the layer made of
thern‘r@%%@% Ine material, and of the dielectric layer are chosen, and the

thisleaasndf peigiosey of ibadiuastipsushtchardpeskesntl impetwusitefstructure
manﬁtﬂfctured in such manner that its economic cost is lower than the economic cost

of a structure made of monocrystalline bukk SiC, and that it is available in sizes
larger than 3 inches.

A third purpose of the invention is to improve the operation of miniaturised
HEMT or CMOS components at a iow cost.

A fourth purpose of the invention is to make a structure for HEMT applications
with good thermal conductivity and a semi-insulating electrical characteristic (i.e.

highly resistive).

SUMMARY OF THE INVENTION
According to a first aspect of the present invention, there is provided a composite

structure for applications in optics, optoelectronics or electronics, comprising a
support wafer and a layer made of a material chosen from among monocrystalline
materials and a layer made of a dielectric material,



composite structure is, between ambient temperature and 600K, less than
or equal to about 1.3 times the thermal impedance of a monocrystalline
bulk SiC wafer with the same dimensions as the composite structure. 4
Note that the thermal impedance of a“structure 0 is calculated from the
thermal resistivities R; of the different layers i of the structure (I = 1/E; R;).
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substrate) considered, andthe thermal conductivity of the material used.
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significantly lower thermal impedance than the thermal impedance of

the safu GIRRRSIANS BSIENS CIRPPRIH SIEYRPI®mM which the support wafer is
made also has an electrical resistivity of more 104 ohms.cm; the support
wafer is made of polycrystalline bulk SiC, polycrystalline bulk AIN or
ceramic; the thickness of the layer made of dielectric material and the
thickness of the layer made of monocrystalline material are chosen such
that the thermal impedance of the composite structure is, between the
ambient temperature and 600K, less than or equal to about 1.3 times the
thermal impedance of a crystalline bulk SiC wafer with the same
dimensions as the composite structure; the dielectric material is SiO2 and
/ or Si3N4 and / or SixOyNz; the thickness of the layer made of a dielectric
material is chosen to be



less than about 0.20 micrometre, and possibly more than about 0.02
micrometre, the thickness of the layer made of a monocrystalline material
then being chosen as a function of this thickness such that the thermal
impedance of the composite structufe is, between ambient temperature at
600K, less than or 5 equal to about 1.3 times the thermal impedance of a
monocrystalline bulk SiC wafer with the same dimensions as the
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layer made of a mgnocrystalline material is chosen so that a
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nitride semiconductor, and to have an electrical resistivity of more than
the matefial H§#%hms.cm: the said monocrystalline material is SiC, <111 > Si,
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- the material from which the support wafer is made also has an
electrical resistivity of more 10% ochms.cm;

- the support wafer is made of polycrystalline bulk SiC, polycrystaliine
buik AIN or ceramic;

- the thickness of the layer made of dielectric material and the thickness
of the layer made of monocrystalline material are chosen such that the thermal
impedance of the composite structure is, between the ambient temperature and
600°K, less than or equal to about 1.3 fimes the thermal impedance of a crystalline
bulk SiC wafer with the same dimensions as the composite structure;

- the dielectric material is SiO2 and / or SisNg and / or SixOyN;;

- the thickness of the layer made of a dielectric material is chosen to be
less than about 0.20 micrometre, and possibly more than about 0.02 micrometre,
the thickness of the layer made of a monocrystalline material then being chosen as
a function of this thickness such that the thermal impedance of the composite
structure is, between ambient temperature at 600°K, less than or



the support wafer is made of polycrystalline SiC; the layer of

monocrystalline material is made of <111> Si and its thickness is chosen

between 0.06 and 1 micrometre; and the layer of dielectric material is

made of SIC2 and its thickness is algout 0.05 micrometre. According to a

second aspect of the present invention, there is provided a hybrid

structure intended to be a substrate for the crystalline growth of a nitride
equalsenaibontiuciolinessnpeisingrenad inmsiensisusiu eranuseristalinensul Si€ wafer
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1, varies progressively through the thickness. Example empodime
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10 OEn over-epitaxied layer made of monocrystalline GaN. According to a third
f the present invention, there is provided a
- the said monocrystalline material is SiC, <111 > Si, or GaN;

- the thickness of the layer of monocrystalline material is more than a
threshold thickness of about 0.06 micrometre, and possibly less than about 1
micrometre,

- the support wafer is made of polycrystaline SiC; the layer of
monocrystalline material is made of <111> Si and its thickness is chosen between
0.2 and 1 micrometre; and the layer of dielectric material is made of SiO; and its
thickness is about 0.2 micrometre;

- the support wafer is made of polycrystaline SIiC; the layer of
monocrystalline material is made of <111> Si and its thickness is chosen between
0.06 and 1 micrometre; and the layer of dielectric material is made of SiO; and its
thickness is about 0.05 micrometre.

According to a second aspect of the present invention, there is provided a
hybrid structure intended to be a substrate for the crystalline growth of a nitride
semiconductor, comprising a composite structure according to one of the preceding

claims and an upper monocrystalline structure on top of the monocrystalline material



process for manufacturing a composite structure starting from a donor

wafer comprising a monocrystalline material, comprising the following

steps: (a) bonding a support wafer to the donor wafer; (b) reduction of the

donor wafer so as to only leave a repzained structure on the support

wafer, including the said monocrystalline material in the form of a layer,

the nature and thickness of the material being such that the thermal
layer intpedanterial e foomiprsithestupgiaredtustioempdiigy ketasiea ambiaptove the

te rature and 600K, less than or equal to about 1 3 times the thermal .
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as Tollows: the said’process also comprises a choice of a bulk material for

the support wafer for which the thermal impedance is significantly less

than the 7 thermal impedance of monocrystalline bulk silicon between

ambient temperature and 600K; the support wafer is chosen to be made

of polycrystalline bulk SiC, polycrystalline bulk AIN or ceramic; step (a)

includes the formation of a bonding layer made of a dielectric material

between the support wafer and the donor wafer, such that the thickness

of this bonding layer is less than a maximum thickness above which the

thermal impedance of the composite structure is not, between ambient

temperature and 600K, less than or equal to about 1.3 times the thermal

impedance of a wafer of monocrystalline bulk SiC with the same

dimensions as the composite structure;



the said process also comprises a step, before step (a), of implantation of
atomic species under the bonding surface of the donor wafer at a
determined depth so as to form a zope of weakness in it, and step (b)
comprises energy input so as to detach the remained structure from the
donor wafer at the zone of weakness, the implantation depth being
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monocrystalline material is of <100> Sior SiGe; growth substrat
procapg|eespanusagivhing (A1203RestA0SH)stANIge starting from a donor wafer

comprising a monocrystalline material, comprising the following steps:

(@)  bonding a support wafer to the donor wafer;

(b)  reduction of the donor wafer so as io only leave a remained structure
on the support wafer, including the said monocrystalline material in the form of a
layer, the nature and thickness of the material being such that the
thermal impedance of the composite structure thus formed is, between ambient
temperature and 600°K, less than or equal to about 1.3 times the thermal
impedance of a monocrystalline bulk SiC wafer with the same dimensions as the
composite structure.

In example embodiments, other characteristics of the process for
manufacturing a composite structure are as follows:

- the said process also comprises a choice of a bulk material for the
support wafer for which the thermal impedance is significantly less than the



bulk SiC, bulk ZnO or bulk <111> Si, and the layer made of
monocrystalline material is made of SiC, <111> Si, GaN, AIN, InN,
AlXInyGa(l.. Y N, InyGa(l_Y N, AIXGai_xN whereO<_x< landO<_y
<_1; Example embodiments of the present invention propose a process
for manufacturing a hybrid structure gomprising production of a composite
structure according to the said process for manufacturing a composite
structure, further comprising crystalline growth of an upper
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such that the configuration of the upper structure and the materials from

alhRit s composed enable making a layer of nitride semiconductor layer
with a bettetiguglipphanyifisiogldimen he R itheaniifigelyaseyatatin@dusion SiC,

ere e djrectl the layer made of a monocrystalline material. In
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invention will become ¢ er reading the following detaile
theesenpisitestiectineention, given as a non-limitative example with
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implantation of atomic species under the bonding surface of the donor wafer at a

determined depth so as to form a zone of weakness in it, and step (b) comprises
energy input so as to detach the remained structure from the donor wafer at the
zone of weakness, the implantation depth being determined such that the zone
of weakness and the bonding surface together define the remained structure;

- step (b) is applied by mechanical and / or chemical means capable
of reducing the thickness of the donor wafer;

- the donor wafer is made of monocrystalline bulk material, and step
(b) is implemented so as to only keep a layer of the donor wafer with a thickness
chosen such that the thermal impedance of the composite structure formed is,
between ambient temperature and 800°K, less than or equal to about 1.3 times
the thermal impedance of a wafer of monocrystalline bulk SIiC with the same
dimensions as a composite structure;

- the donor wafer is made of monocrystaline butk Si or
monocrystalline bulk Ge;

- the donor wafer is made of monocrystalline bulk Sic;



Figure 1 diagrammatically shows a first composite structure according to

the invention. Figure 2 diagrammatically shows a second composite

structure according to the invention. &igure 3 diagrammatically shows a

third composite structure according to the invention. Figure 4

diagrammatically shows a fourth composite structure according to the

inventio¥EigdRRPEa YR sHHW ¥ psTpMiRsisRsthdhof sRduckdiebf snade  of
monckARPAANE FIEIEHAE AcOsANAdRHR IRYSRARNs figHIRS O ARl thehpKsdhes also

results of simulations of thermal behaviours made on different GaN
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show four examples of composite and hybrid structures according to the
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Example embodiments of the present invention propose a process for

wher:

manufacturing a hybrid structure comprising production of a composite structure
according to the said process for manufacturing a composite structure, further
comprising crystalline growth of an upper monocrystalline structure on the layer
made of a monocrystalline material such that the configuration of the upper structure
and the materials from which it is composed enable making a layer of nitride
semiconductor layer with a better quality than it would have been if the nitride
semiconductor were made directly on the layer made of a monocrystalline material.

In example embodiments, other characteristics of the process for
manufacturing a composite structure include:

- the upper structure comprises a layer chosen from among the
following alloys: Alin,GayxyN, inyGapyN, AkGagNwhere 0 £ x < 1and0 = y
=1,

- the upper structure comprises a layer chosen from among the following
alioys: AldnyGag.xyN, InyGag.yN, AlGagyNwhere0 < x < 1and0 =y



more than the thermal impedance of a wafer of monocrystalline bulk SiC
with the same dimensions as the composite structure. In this case,
monocrystalline bulk SiC is a referer§ce in the field of thermal conductivity
of crystalline materials, its thermal conductivity typically being about 440
W/m.K at ambient temperature (i.e. 300K), within 20% depending on the

= 1, thealiyraedisaiiouct of thesthatwiall thearlelvetls dhobencbassntiadoy varying
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invendie sBiveBRE RN IMiative sxarele witbpsierries 20 theyapasifed figures,
wher#]ghes might be required. In particular, we might also choose a support
wafer 20 made of polycrystalline SiC, polycrystalline AIN or a thermally
adapted ceramic. It would also be advantageous, particularly in HEMT

BRIEPPcats troshorsg s mpeerRwafer 20 with high resistivity, in other
words more than 104 ohms.cm. The supEort wafer 20 is covered by a
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invergligsen, and for which the thickness is adjusted such that the thermal
impedance of the complete composite structure 40 including the support
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invention.

Figure 4 diagrammatically shows a fourth composite structure according to
the invention.

Figures 5a to 5e show steps in the method of production of a composite
structure according to the invention.

Figures 6 and 7 show the results of simulations of thermal behaviours made
on different GaN supports, including a composite structure according to the
invention.

DETAILED DESCRIPTION OF THE INVENTION
Figures 1, 2, 3 and 4 show four examples of composite and hybrid structures

according to the invention, each intended for use in optical, optoelectronic or
electronic applications. Each composite structure 40 comprises a support wafer 20
and a monocrystalline layer 11 made of a material chosen from among

monocrystalline materials.



particular, the thickness of the monocrystalline layer 11 could be chosen

to be more than a threshold thickness, below which the impedance of the

composite structure would not be less than or equal to about 1.3 times

the thermal impedance of a wafer made of monocrystalline bulk SiC with

the same dimensions as the compodife structure 40 between ambient

temperature and 600K. In particular, this threshold thickness may be

about 0.06 pm for materials such as Si, SiGe, Ge, <111> Si or GaN. For
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deterioration. According to a second configuration, the composite
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The choice of material for composition of the support wafer 20 also
depends on economic cost constraints of the material (the cost must be
significantly lower for monocrystalline bulk SiC), and availability and size
constraints. In terms of size, a support wafer 20 larger than 3 inches might be
required.

In particular, we might also choose a support wafer 20 made of
polycrystalline SiC, polycrystalline AIN or a thermally adapted ceramic.

It would also be advantageous, particularly in HEMT applications, to
choose a support wafer 20 with high resistivity, in other words more than 10*
ohms.cm.

The support wafer 20 is covered by a monocrystalline layer 11 for which
the component material(s) is (are) chosen, and for which the thickness is
adjusted such that the thermal impedance of the complete composite structure
40 including the support wafer 20 is less than or equal to about 1.3 times the

thermal impedance of a monocrystalline bulk SiC wafer with the same



to dissipate large quantities of heat released by the components,
particularly in 12 the case in which these components operate at a high
power frequency, which is the case for example for HEMT transistors.
Preferably, and with reference to Figures 2 and 4, the layered structure
10 also comprises an insulating layerl13 made of a dielectric material
such as SiO2 and / or Si3N4 and / or SiXOYNZ, and arranged at the
interface with the support wafer 20. This insulation layer 13 may be
dipagticitadyassdiel mdsmpoaiiakhimttﬂseo?ﬁpbettm:nuemhém@ {aspesdribeand
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such that its free surface is at a given distance from the insulating layer
H®B. This insulating layer 13, even if it is chosen to be thin remains a
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operation of components included within a useful layer epitaxied on.the
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eRitREROLIMR:al or optoelectronic components such as CMOS type transistors.
In this case, the materials chosen for the monocrystalline layer 11 may be made
of Si, SiGe or Ge. In this case, the components that will be formed in the
monocrystalline layer 11 or that are already formed in the monocrystalline layer
11, will benefit from the particular structure of the composite structure 40 to
evacuate the large amount of heat that they will release during operation, thus
reducing risks of disturbance or even deterioration.

According to a second configuration, the composite structure 40 is a
substrate for the formation of a useful layer composed of a material capable of
including components operating at high power frequency, such as a nitride
semiconductor (for example GaN). The materials chosen to form the
monocrystalline layer 11 may then for example be SiC, <111> Si, or GaN, AIN or
other nitride semiconductors. These materials are also chosen to have a high
electrical resistivity (more than 10* ohms.cm). When the useful layer has been
formed, the composite structure 40 according to the invention can then be used

to dissipate large quantities of heat released by the components, particularly in



monocrystalline layer 11) away from the buried insulation layer 13 thus
improves heat dissipation. Figure 1 shows a first composite structure 40
according to the invention, in which the layered structure 10 is composed
only of the monocrystalline layer 11 directly in contact with the support
wafer 20. In this configuration, the majn 13 parameters that have to be
adjusted are materials chosen to form the support wafer 20 and the
monocrystalline layer 11, and the thickness of the monocrystalline layer
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thickness above which the thermal impedance of the composite structure is not,
between ambient temperature and 600°K, less than or equal to about 1.3 times
the thermal impedance of a wafer of monocrystalline bulk SiC with the same
dimensions as the composite structure 40. The choice of thicknesses for the
insutating layer 13 and for the monocrystalline layer 11 may be made one before
the other, or using a method by successive approximations.

In particular, the thickness of the monocrystalline layer 11 may be
adapted such that its free surface is at a given distance from the insulating layer
13. This insulating layer 13, even if it is chosen to be thin remains a thermal
barrier that can introduce heat dissipation problems during operation of
components included within a useful layer epitaxied on the monocrystalline layer
11. Therefore, moving the epitaxied surface (i.e. the surface of the
monocrystalline layer 11) away from the buried insulation layer 13 thus improves
heat dissipation.

Figure 1 shows a first composite structure 40 according to the invention,
in which the layered structure 10 is composed only of the monocrystalline layer

11 directly in contact with the support wafer 20. In this configuration, the main



and 0.2 pm. For example, the component material could be chosen to be
Si02 and / or Si3N4 and / or SixOyNz. Knowing this, we could also
choose a monocrystalline layer 11 with a thickness of between 0.06 and 1
pm. For example, the following composite structure 40 would be possible:
the support wafer 20 is made of polydBystalline SiC; the layer of
monocrystalline material 11 is made of <111> Si, and its thickness is
chosen to be between 0.2 and 1.0 micrometre; and 14 the dielectric
paratedtdrmyeat b3y ndse afjGRA and itateickisessoseatioudn2he support
icrometre. For,.example, the following compgsite structure 40 .would b
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~the nature and configuration of the upper structure 12
layer 11 and a layer of dielectric material 13 between the support wafer 20 and
the monocrystalline layer 11. The thickness of this insulating layer 13 is chosen
to be less than a threshold thickness above which the thermal impedance of the
composite structure would no longer be less than or equal to about 1.3 times the
thermal impedance of a wafer of monocrystalline bulk SiC with the same
dimensions as the composite structure 40 between ambient temperature and
600°K, obviously considering that the materials chosen for the support wafer 20
and the monocrystalline layer 11, and the thickness of the monocrystalline layer
11, are already established.

Thus, the thickness of the insulating layer 13 may be between 0.02 uym
and 0.2 pm.

For example, the component material could be chosen to be SiO; and / or
SisNg and / or SixOyN..

Knowing this, we could also choose a monocrystalline layer 11 with a
thickness of between 0.06 and 1 pm.

For example, the following composite structure 40 would be possible:

- the support wafer 20 is made of polycrystalline SiC,

- the fayer of monocrystalline material 11 is made of <111> §i, and

its thickness is chosen to be between 0.2 and 1.0 micrometre; and



are chosen to improve the quality of the useful layer to be formed
compared with the case in which this useful layer is formed directly on the
monocrystalline layer 11, adapting a lattice parameter starting from the
composite structure 40 so as to become closer to the lattice parameter of
the useful layer to be formed (thus pggticularly avoiding the creation of an
excessive density of dislocations, and generated in a useful layer that
would be constrained to resist excessive lattice mismatches with its

growth suppRE)dietceiempirupispsid thorsmanappeiCstariute thickness
_ similar or equivalent to buffer structures divulged in documents US
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onocrystalline material.” According to a first configuration, the donor

stipsferaGhaheectoia tosse NybadrisristnsafRarRarisdady well-arranged

to act as a substrate for the crystalline growth of a useful layer made of a
material adapted to high power frequencies, such as a nitride semiconductor
such as GaN. In this case, the nature and configuration of the upper structure 12
are chosen to improve the quality of the useful {ayer to be formed compared with
the case in which this useful layer is formed directly on the monocrystalline layer
11, adapting a lattice parameter starting from the composite structure 40 so as
to become closer to the lattice parameter of the useful layer to be formed (thus
particularly avoiding the creation of an excessive density of dislocations, and
generated in a useful layer that would be constrained to resist excessive lattice
mismatches with its growth support). For example, we could choose an upper
structure 12 similar or equivalent to buffer structures divulged in documents US
2003/136333 and US 6,617,060, namely an upper structure 12 comprising at
least one layer made of AlIn,GapxyN, InyGaiyN, or AlL,GaixN (where x is
between 0 and 1 and v is between 0 and 1), with a layer with a composition that
does not vary within its thickness and / or a layer with a composition that varies

progressively within the thickness according to the most technically and



If it is required to make a composite structure 40 for a CMOS type
application, we could thus choose a donor wafer 30 made of <100> Si or
monocrystalline bulk Ge. If it is required to make a composite structure 40
acting as a substrate for crystalline growth of a subsequent layer made of
nitride semi-conductor, we could chddse a monocrystalline SiC or
monocrystalline <111> Si material. According to a second configuration,
the donor wafer 30 initially comprises a growth substrate adapted to
egrowthi oy laiferctienonofigystdiine. Mzt igiper sdruchusée i2dnEas so that a
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monocrystalline material to be transferred, this intermediate structure
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lattice parameters and / or to confine defects. Thus for example, we could
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accorgiriltg itso ;[_gguciir%sdin?oarr}%}?g e;g)éocnqgggii?g Ss?rﬁ%:et{jggngg ngrag CMOS type
application, we could thus choose a donor wafer 30 made of <100> Si or
monocrystalline bulk Ge.

If it is required to make a composite structure 40 acting as a substrate for
crystalline growth of a subsequent layer made of nitride semi-conductor, we
could choose a monocrystalline SiC or monocrystalline <111> Si material.

According to a second configuration, the donor wafer 30 initially
comprises a growth substrate adapted to growth of a layer of monocrystalline
material to be transferred. This growth substrate typically comprises a support
made of a monocrystalline bulk material.

We could thus have a growth substrate made of sapphire (Al,03), SiC,
bulk ZnO or monocrystalline bulk <111> Si, and we could form a layer made of
an SiC, <111> Si, GaN, AIN, InN, Akin,Gapxy, INyGapyN, or AkGasnN
monocrystalline material layer, where 0 <x<1and 0 <y < 1.

This growth substrate may further comprise an intermediate structure
between the support and the layer made of monocrystalline material to be

transferred, this intermediate structure acting as a buffer structure, and possibly



to form an area of weakness 35 at a determined depth in the donor wafer
30 with a determined mechanical weakening. For example, we could
implant atomic species such as hydrogen ions, with between 5 x 1016
and 8 x 1016 atoms per square centimetre implanted at an energy of
between 10 and 200 keV. The depth ofthe zone of weakness 35 is
chosen so as to define a material thickness (between the zone of
weakness 35 and the surface of the donor wafer 30 that will be bonded to

baifgRResHyaiesAAaesashnseisthe fieaifhrentegnoFgermackiiainsion and /
includes at least part, of the layered structure (nQt shown) to, b
of TR B o TS 30 A oo AL RSl Taus for
eapplsd, swehcthad thenkay erechatsuctstza i sageimitatkin¢lades:a Si, or relaxed
monogrystallin aterial, in.the form of a layer apd for which the natur.
SIRE: OIS PG PG SISULH S el (AP Als ) SiCe, the
compendie af thie doufiposityastrueiyieglprodredsivabd (moluglingghikickness
ayered structure after_transfer the support wafer,20 t nded) is,
o R T A B B B G e
the théfitharafgredemde Biguen&try thallisenion|kwsier. ptiorthityy, émplanted by

eyl "y : : ; :
o AR 0 B R L oo o
tqSm?) andiren afnmeas(SISNED aice/ detsikdrdzyapith wthiekdessrswerer 30

L e dnisimnal Imbadancs we%gﬁgpﬁap%ﬁmﬁwr YaLR RS ImALtomic

see Figure 5e) is less than or equ about 1.3 times the therrqgll
shpEgadidelord hyaiogetrieslinath RBREBdweth arbiehrtdPperttre per

80980 iR EFHDRI Y S OISOy BrIBYRLOEPHBHARDH0 ke BN4

and / or SIXOyNZ with a thickness varying from 0.02 pm to 0.2 pm. The
bond Sbfadentne othéhsurace & WeRKHAEE ishIiheiRielirdaneporefine a

material thickness (between the zone of weakness 35 and the surface of the
donor wafer 30 that will be bonded to a support wafer 40 according to the step
shown on Figure 5c) that includes at least part of the layered structure (not
shown) to be ftransferred onto the support wafer 20. In particular, this
implantation is applied such that the layered structure thus delimited includes a
monocrystalline material in the form of a layer and for which the nature and
thickness of each layer composing it are such that the thermal impedance of this
composite structure 40 to be formed (including this layered structure after
transfer and the support wafer 20 to be bonded) is, belween ambient
temperature and 600°K, less than or equal to 1.3 times the thermal impedance
of monocrystalline bulk SiC.

Optionally, an insulating layer 13 is formed on the implantation surface
before or after this implantation. For example, this insulating layer 13 may be an
oxide (Si0O;) and / or a nitride (SisN4 and / or SixOyN;) with a thickness such that
the thermal impedance of the composite structure 40 to be formed (see Figure

5e) is less than or equal to about 1.3 times the thermal impedance of



the donor wafer 30 is then optionally prepared for bonding. It may thus be
cleaned to eliminate contaminants (metallic, particulate, hydrocarbon
element) and to make the surface more hydrophilic, mechanochemically
polished, activated by plasma, etc. Optionally, if we have formed an
insulating layer 13 on the implantationysurface, the insulating layer may
be completely removed during this cleaning step. With reference to
Figure 5c, a support wafer 20 is put into contact with the donor wafer 30
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Preferably, an insulating layer was previously formed on the surface of
the support wafer 20 that is to be bonded. In all cases, the thickness of the
insulating layer 13 between the support wafer 20 and the donor wafer 30 is
chosen so as not to form an excessive thermal barrier to heat dissipation, in
other words the thickness of the wafer is chosen such that the thermal
impedance of the composite structure 40 to be formed (see Figure 5e) is,
between ambient temperature and 600°K, less than or equal to about 1.3 times
the thermal impedance of a wafer of monocrystalline bulk SiC with the same
dimensions as the composite structure 40.

Before bringing the support wafer 20 and the donor wafer 30 into contact,
the bond surface of the support wafer 20 was prepared for bonding for example
by applying cleaning treatments to make it more hydrophilic and / or to remove
contaminants.

Optionally, other preparations of the two surfaces to be bonded may be
used, such as CMP (Mechanochemical Planarisation) or plasma activation in

order to improve the bond energy.



be brought into contact at ambient temperature. Once the two substrates
have been bonded, the bond can be reinforced by inputting thermal
energy, for example by baking at more than 200C for 2h00. With
reference to Figure 5d, energy is added on such that weak bonds located
at the zone of weakness 35 will break@nd that a remained structure 36 is
detached from it, this remained structure 36 then remaining bonded to the
support wafer 20. This remained structure 36 at least partly comprises the
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According to one variant, the donor wafer 30 can be reduced from the
structure shown in Figure 5¢ by a technique other than Smart-Cut®, the steps
preceding the bonding and bonding itself then being the same as those
presented above, except for the implantation (shown in Figure 5b). This other
technique for reducing the donor wafer 30 uses mechanical thinning (polishing,
lapping, etc.) and / or dry chemical etching on the back face until the determined
thickness is reached, which may be a few tens of microns. Different
mechanochemical polishing steps can then be used to thin the donor wafer 30 to
only leave the remained structure 36 like that shown on Figure 5d. Regardiess
of the technique used for reducing this donor wafer 30, a surface finishing step
is applied for the remained structure 36 in order to remove any roughness and
contaminants on the surface.

This detachment surface may be prepared to become an "epi-ready"
surface (namely ready to receive elements to be epitaxied), for example using

CMP and / or wet or dry chemical etching (for example by RIE plasma).



surface (namely ready to receive elements to be epitaxied), for example
using CMP and / or wet or dry chemical etching (for example by RIE
plasma). 19 We could also use techniques for selectively removing
material, such as a selective chemical etching. In this respect, we could
then provide a stop layer for this seleggive material removal in the
remained structure 36. Optionally, this stop layer could then be removed
in order to obtain a final layered structure 10 with good surface quality
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h a composite structure 40 when it supports a'GaN
one of the hybrid structures 50 shown in Figures 3 and 4.

Example 1:
The applicant performed comparative studies for composite structures

according to the invention including a support wafer 20 made of polycrystalline
SiC, and a layered structure 10 composed of monocrystalline layer 11 made of
<111> silicon and an insulating layer 13 made of SiO.. In this case, the
resistivity of the support wafer 20 made of polycrystalline SiC was greater than
10° Ohm/cm. These composite structures 30 were made using Smart-Cut® (for
which the main steps were illustrated with reference to Figures 5a to 5e).

The comparative study made by the Applicant consisted of simulating the
therma! behaviour of such a composite structure 40 when it supports a GaN
layer including HEMT components in operation, compared with other types of
supports of the same layer of GaN.

One purpose of this study is to know how the temperature in the GaN

layer is influenced by the different parameters such as the thickness of the



layer including HEMT components in operation, compared with other
types of supports of the same layer of GaN. One purpose of this study is
to know how the temperature in the GaN layer is influenced by the
different parameters such as the thickness of the 20 insulating layer 13,
the thickness of the monocrystalline lager 11, the nature of the support
wafer 20, and the power dissipated by HEMT components. The results are
given in Figures 6 and 7. Figure 6 contains a graph showing the estimated

ir@um%t%p@ermyﬁﬂé&me@ﬁmiwﬂa therftacreratihespanpenant(kature of
under the component grid), depending on the support type chosen for the
S SNIRRGE} R 20 RIS R SRR ISR AmRRIE T, -

the supRrorésuissaaslgiobpotyERystalliseahulk SIC, - the support Il is made
of <111> Si /. SiO2 / polycrystalline bulk SiC, - the suppor} IV is a support
made S RoERLENmA BUAR L A9 918Y I LRl oATeI PR HER T

(ibensaliveddimensidigireunietidiestapedditted) shonsetheheaseritpuiuiel grid),
the applied power is 5 W/mm, curve 2 (das ines) the case in which
BN ErRs AR Fo5ro £5 A BSan ALy e case in
which the aphbeslipparei is A/ ofmondie)stakinoneaisSipically
dissipated by a power camponent. The composite structure 40 according
to the'inventﬁé% %Feorg’r%rsgeﬂn%sép ggec%rﬁfaﬂ?g%%ﬁ ﬁl %ri"ﬂﬂ%%r(g’ph) comprises
a layered stibetirepp@rtdihposedds a2<pit thiSk mBidiery staljiogy $ésiéne bulk
made of <111> Si and a 1 pm thick insulating layer 13 made of Si02. The

results of this simulation show that a composite structure 40
- the support IV is a support made of monocrystalline bulk <111> Si

All these supports (I, 1, ll, IV) had the same dimensions.

Curve 1 (in dotted lines) shows the case in which the applied power is 5
W/mm, curve 2 (dashed lines) the case in which the applied power is 10 W/mm,
curve 3 (continuous lines) the case in which the applied power is 15 W/mm,
which are powers typically dissipated by a power component,

The composite structure 40 according to the invention (represented as
configuration Ilf on the graph) comprises a layered structure 10 composed of a 2
um thick monocrystalline layer made of <111> Si and a 1 pm thick insulating
layer 13 made of SiO,.

The results of this simulation show that a composite structure 40
according to the invention has much greater heat dissipation {of the order of 20
to 30%) than in the case of a support IV made of monocrystalline bulk silicon,
and only of the order of 10 to 20% less than in the case of a support | made of
monocrystalline bulk SiC, and the difference is even lower compared with a
support 1l made of polycrystalline bulk SiC (depending on the powers applied fo
the useful layer of GaN). Therefore the temperature increase of a component in
the GaN layer in the simulated composite structure is approximately the same

as the temperature increase obtained on a monocrystalline bulk SIC substrate.



according to the invention has much greater heat dissipation (of the order
of 20 to 30%) than in the case of a support IV made of monocrystalline
bulk silicon, and only of the order of 10 to 20% less than in the case of a
support | made of monocrystalline bulk SiC, and the difference is even
lower compared with a support Il magle of polycrystalline bulk SiC
(depending on the powers applied to the useful layer of GaN). Therefore
the temperature increase of a component in the GaN layer in the

TRENNIREARDREEEESHNSIURR 48 JBHIRSIMASRBHIA AN SRS tBRucture with a
ttemperature increase obtained on a monocrystalline bulk SiC substrate.
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bti&nSistoit iis Gatisflagtery dutmipigbepativer dfeguétcids. MoesiverititaN layers
site strugture 40 enables epitaxy of high quality GaN layers, unlike
Wzt?érﬁﬁ]oﬁq\fvr%raﬁ 2Bt pngly?gfystalline SiC. This composite structure 40 is
furthdviecanamidally surchasiteeshtticivtived thanabpepitarvacie igh quality

talline SIC. Ei 7 imulation.of &k i
B BB e e are
applighi® fogsivositeosinteiubstisisafiries asonrigalvhBER marmgtiractive
HReen g%ré@gﬁ ?%%&@Wﬁ%cﬁk‘t%ﬁﬂﬁ% 4Qccomprising a polycrystalline SiC
afer an

support a 2 pm thick monocrystalline layer of <111> Si. This
graphFig@reohatrieem sénuaiothel daganaximien fisigperature T (normalised)

of a GaN layer when different powers are applied to it (shown on the abscissa),
this useful layer of GaN having been formed on a composite structure 40
comprising a polycrystaliine SiC support wafer and a 2 pm thick monocrystalline
layer of <111> Si. This graph is a comparison between the case in which this
composite structure 40 comprises a 1 uym thick SiO; insulating layer (curve 4)
and the case in which it does not include such an insulating layer (curve 5).

The results of this simulation show that a thin insulating layer (less than 1
um thick) does not significantly modify the thermal dissipation properties of the
composite structure 40 (of the order of 0% for a power of 5 W/mm to 5% for a
power of 15 W/mm).

The Applicant has thus demonstrated that a composite structure 40 can
very well contain an insulating layer 13 without significantly attenuating its

thermal dissipation properties.



composite structure 40 comprises a 1 pm thick SiO2 insulating layer (curve
4) and the case in which it does not include such an insulating layer
(curve 5). The results of this simulation show that a thin insulating layer
(less than 1 pm thick) does not significantly modify the thermal dissipation
properties of the composite structure 40 (of the order of 0% for a power of
5 W/mm to 5% for a power of 15 W/mm). The Applicant has thus
demonstrated that a composite strugtgre 40 can very well contain an
insulating layer 13 without significantly attenuating its thermal dissipation
properties. 22 CLAIMS 1. Composite structure for applications in optics,
optoelectronics or electronics, co@igikifig a support wafer and a layer
made of a material chosen from among monocrystalline materials and a
layer made of a dielectric material, characterised in that the component

mteridloompeitsuppatuitafer aplivetiape ineRICoH! aRiPrRIea sralRser
efdateHRSs, A Rhtisgala Rl ALterERd ARSRR nlb BE Rikaess of each

layer is adjusted, such that the thermal impedance of the composijte .
chgsrmfrems aman R apBrSItom Paisipls & Btver et apdieigakic
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wafer with the same dimensigns as the.compqgsite, structure,.2.
e e S S B S BRI M e ayer are
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omposite structure according to the preceding claim, characterised in
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mbadcrystalline bulk SiC wafer with the same dimensions as the composite
structure.

2. Composite structure according to claim 1, characterised in that the
support wafer is made of a material with a significantly lower thermal
impedance than the thermal impedance of monocrystalline bulk silicon.

3. Composite structure according to the preceding claim, characterised in
that the material is also chosen to have an electrical resistivity of more than
about 10%hms.cm.

4.  Composite structure according to one of the preceding two claims,
characterised in that the support wafer is made of polycrystalline bulk SiC,
polycrystalline bulk AIN or ceramic.

5. Composite structure according to one of the preceding claims,
characterised in that the said adjustment {o the thickness of the layer of
dielectric material was such that the thickness of the layer made of a
dielectric material is less than or equal to a maximum thickness and that the



about 104ohms.cm. 4. Composite structure according to one of the
preceding two claims, characterised in that the support wafer is made of
polycrystalline bulk SiC, polycrystalline bulk AIN or ceramic. 5. Composite
structure according to one of the preceding claims, characterised in that
the said adjustment to the thickness of the layer of dielectric material was
such that the thickness of the layer made of a dielectric material is less
than or equal to a maximum thicknegg and that the 23 thickness of the
layer made of monocrystalline material is greater than or equal to a
threshold thickness. 6. Composite structure according to one of the
thieeeiagtihmiayernsdetefi secrinalyatatiaelimieicial marméeidisioarand

é@aﬁggm()@rt@mﬁgé 7. Composite structure according to the
Sleaed ]

ceding two claims, characterised in that the thickness of the layer
made of a dielectric material is chosen to be less than about 0.20

m@rom@ta%sf;aa@e'@ﬁh@wh@ Hhicknang & 6’?‘\%_ |§§’ﬁfé@ﬁ@§éﬁiﬁg claims,
monocrystalline material is chosen as a functign of this thickness of tge
hpERGiRIReEra haldbeidinseiia reaistialdet é%é‘ﬂﬁa{l C}uh?dé%;ﬁé@ for
$heomposite structure is, between ambient temperature and 600K, less
than or equal to about 1.3 times the thermal impedance of a
monocrystalline bulk SiC wafer with the same dimensions as the
c@mpo$immpratrrl8taengeesitdisgdottihe apterdiigdo e pleitesling
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material is also chosen to be more than about 0.02 micrometre.
chosen to be less than about 0.20 micrometres, and in that the thickness of

the layer made of a monocrystalline material is chosen as a function of this
thickness of the layer made of a dielectric material, such that the thermal
impedance of the composite structure is, between ambient temperature and
600°K, less than or equal to about 1.3 times the thermal impedance of a
monocrystalline bulk SiC wafer with the same dimensions as the composite

structure.

8.  Composite structure according to the preceding claim, characterised in
that the thickness of the layer made of a dielectric material is also chosen to be
more than about 0.02 micrometre.

9.  Composite structure according to one of claims 1 fo 7, characterised in
that the material in the layer made of a monocrystalline material is chosen
from among semiconductor materials so as to be able to form therein at least

one electronic component.

10. Composite structure according to the preceding claim, characterised in
that the layer made of a monocrystalline material comprises at least one

CMOS type electronic component.



9. Composite structure according to one of claims 1 to 7, characterised in
that the material in the layer made of a monocrystalline material is chosen
from among semiconductor materials so as to be able to form therein at
least one electronic component. 10. Composite structure according to the
preceding claim, characterised in that the layer made of a monocrystalline
material comprises at least one CMOS type electronic component. 24

11. Composite structure according ta4ne of the preceding two claims,
characterised in that the monocrystalline material is Si, SiGe, or Ge. 12.
Composite structure according to one of claims 1 to 8, characterised in
that the Goompes sthinbireatecizidingHe tayephilel prefadingrioorgkiatime

cRatsglisahenen 5 1ahaanaRRusiioRritide semisrgyctor can be

i _ .
successtully grown, the composite structure thus acting as a substrate for
the growth of this nitride semiconductor, and so as to have an electrical

registivityophpBie hact@auschidi) D AB of SafrMPRSHEchiEHstUERsed
according to the @,recedlng claim, characterised in that the said

in thafribRopgsivsafismatialen belpyasimads Al amopdshyRialive
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growtt onhpisintraieistmicendautdrgdodhe prete ting claiolecthisshnieriteityiof
g;éat th§ migg)@e?f of the layer of monocrystalline material is also chosen to

more AR A aBSUE L icrometer. 16. Composite structure according to
claiin 1Camapasiier sediorthatcordireg supipe rreedding cuiote dfaracterised in

that tt'%o%%ﬁ%ahl%?ys%(ﬁihe material is SiC, <111> Si, or GaN.

14. Composite structure according to claim 7 or 8 combined with claim
11 or 13, characterised in that the thickness of the layer of monocrystalline material
is more than a threshold thickness of about 0.06 micrometre.

15. Composite structure according to the preceding claim, characterised in
that the thickness of the layer of monocrystalline material is also chosen to be less

than about 1 micrometer.

16. Composite structure according to claim 1, characterised in that:

- the support wafer is made of polycrystalline SiC;

- the monocrystalline material layer is made of <111> Si and its
thickness is chosen to be between about 0.2 and about 1 micrometre, and

- the dielectric material layer is made of SiO; and its thickness is

about 0.20 micrometre.

17.  Composite structure according to claim 1, characterised in that:



the monocrystalline material layer is made of <111> Si and its thickness
is chosen to be between about 0.2 and about 1 micrometre, and - the
dielectric material layer is made of SiO2 and its thickness is about 0.20
micrometre. 17. Composite structure according to claim 1, characterised
in that: 25 the support wafer is made of polycrystalline SiC; the
monocrystalline material layer is made of <111 > Si and its thickness is
chosen to be between about 0.06 argsabout 1 micrometre, and the
dielectric material layer is made of Si02 and its thickness is about 0.05
micrometre. 18. Hybrid structure intended to be a substrate for the
crystalline theosuppairbwelied és seatdecsichatigsryasbaipresBi¢c a composite
structure agcordi . r ' i A
monoorysta e e TR SR B S a5
thicknesnagseehogoréerhin feheagmpzb ettt Q@ beinhoat Aptdel eonghisrciedthe
quality of the layer of nitride semiconductor to be formed on the hybrid

structure it ARSI AR A BRELS MAFR R R gl dhiasaa dtor

about 0.@yefivroridtikave been formed directly on the layer made of
monocrystalline material. 19. Hybrid structure according to the preceding
claim, characterised in that the layer of monocrystalline material is made
es a

f SiC, ,<111> Si G in.that th truct '
B or tEb AR R D Rk iR FrlolR S ane
growtmmﬁmai(ﬂjgm_mlnyﬁm_éts_mmcm@a(igix)g_\la/vhen_@@site: th:mmg_aymjrdiz@.
id st e r r erised i t
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the hybrid structure in comparison with the case in which the nitride semiconductor

fayer would have been formed directly on the layer made of monocrystalline material.

19.  Hybrid structure according to the preceding claim, characterised in
that the layer of monocrystalline material is made of SiC, <111> Si, or GaN, and in that
the upper structure comprises a layer made of a material chosen from among the
following alloys: AlnyGagayN, InyGaayN, AlkGan N where 0<x< 1 and 0 < y< 1.

20.  Hybrid structure according to the preceding claim, characterised in
that the concentration of at least one of the alloy elements chosen from among
the alloys AlIn,Ga (1N, In/GayyN, ALGayNwhere 0 <x<t1and0<y<1,
varies progressively through the thickness.

21. Structure to be applied in HEMTs, comprising a composite structure
according to one of claims 12 to 17 or a hybrid structure according to one of claims
18 to 20, and an over-epitaxied layer made of monocrystalline GaN,



21. Structure to be applied in HEMTs, comprising a composite structure
according to one of claims 12 to 17 or a hybrid structure according to one
of claims 18 to 20, and an over-epitaxied layer made of monocrystalline
GaN, 26 22. Process for manufacturing a composite structure starting
from a donor wafer comprising a monocrystalline material, comprising the
following steps: (a) bonding a support wafer to the donor wafer; (b)
reduction of the donor wafer so as to.gnly leave a remained structure on
the support wafer, including the said monocrystalline material in the form
of a layer, the nature and thickness of the material being such that the
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ambient temperature and 600K, less than or equal to about 1.3 tin;
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stéli@ensions as the composite structure. 23. Process for manufacturing a

composite structure according to claim 22, further comprising a choice of
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hermal impedance of monocrystalline bulk silicon. 24. Process for , .
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for manufacturing a composite structure according to one of claims 22 to

ampiendpeRaiatag RPN, (85 sribRIies sbabinahpi dlipeRdNey layer
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dimensions as the composite structure.

23.  Process for manufacturing a composite structure according to
claim 22, further comprising a choice of a bulk material for the support wafer
for which the thermal impedance is, between ambient temperature and
600°K, significantly less than the thermal impedance of monccrystalline bulk

silicon.

24.  Process for manufacturing a composite structure according to the
preceding claim, characterised in that the support wafer is chosen to be
made of polycrystalline bulk SiC, polycrystalline bulk AIN or ceramic.

25. Process for manufacturing a composite structure according to one of
claims 22 to 24, characterised in that step (a) includes the formation of a
bonding layer made of a dielectric material between the support wafer and the
donor wafer, such that the thickness of this bonding layer is



donor wafer, such that the thickness of this bonding layer is 27 less than
a threshold thickness above which the thermal impedance of the
composite structure is not less than or equal to about 1.3 times the
thermal impedance of a wafer of monocrystalline bulk SiC with the same
dimensions as the composite structure between ambient temperature and
600K. 26. Process for manufacturing a composite structure according to
one of claims 22 to 25, further comgrising a step, before step (a), of
implantation of atomic species under the bonding surface of the donor
wafer at a depth determined so as to form a zone of weakness in it, and
Iésshihestep trpsholddéscknesgyabpve sehéichtdhiethenndab impedasde of the
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epth being determined such that the zone of weakness and the bonding

ipAdeecR gemuradrTintnorsystaliag BlicRife Wit theovarss @imensions as
tReAIHRBR NGB GOr RREHE SrHGIEN BErAbaRg e aRg eulelaims 22 to 25,

characterised in that step (b) is applied by mechanical and / or chemical
means capable of reducing the thickness of the donor wafer. 28. Process
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ess than or equa about 1.3 times the thermal impedance o

inghideotRRIGYCNRIAIRRABUIR Srtaghtihg sasripedisiadisasiesnibe donor
vRAEIRASHR SbHetwewd8kness, the implantation depth being determined such

that the zone of weakness and the bonding surface together define the
remained structure.

27. Process for manufacturing a composite structure according to one
of claims 22 to 25, characterised in that step (b) is applied by mechanical and /
or chemical means capable of reducing the thickness of the donor wafer.

28. Process for manufacturing a composite structure according to
one of claims 22 to 27, characterised in that the donor wafer is made of
monocrystalline bulk material, and step (b) is implemented so as to only keep
a layer of the donor wafer with a thickness chosen such that the
thermal impedance of the composite structure formed is, between
ambient temperature and 600°K, less than or equal to about 1.3 times
the thermal impedance of a wafer of monocrystalline bulk SiC with the same
dimensions as the composite structure.



29 Process for manufacturing a composite structure according to the
preceding claim, characterised in that the donor wafer is made of
monocrystalline bulk Si or monocrystalline bulk Ge. 30. Process for
manufacturing a composite structure according to claim 28, characterised
in that the donor wafer is made of monocrystalline bulk Sic. 31. Process
for manufacturing a composite structure according to one of claims 22 to
27, characterised in that the donor vgsfer initially comprises the said layer
made of monocrystalline material and an adapted growth substrate, and
in that the process also comprises a step before step (a) to form the
donordRafer fohsdindocrystalifactgriowth airrokilgestmatiseiccording to the
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for man ufacturing a composite structure according to the precedmg claim,

nepRpslitialing FPP%‘@ ﬂf@ﬁ?@@ﬂﬁ%ﬁﬂi@ﬁé’ﬂé‘%@ﬁpnses bulk Si or bulk Ge
and a buffer layer made of SiGe, and in that the layer made of
monocrystalline material is <100> Si or SiGe. 33. Process for

manufitturifd 2°&SHipoie sMRAIHRSHEIREng 3o FQMPES ERarSLiHALYES
dodbeditiee goowihirauBSirateaachatieadutk tisapphéredghb?QB&fer is made of

' Ik.SiC, bulk ZnO or bulk <111> Si, and the layer made
rﬁ%%gﬁ%/}:%ry I%hﬁgr%absterlal is made of SiC, <111> Si, GaN, AIN, InN,

AlxInyGa(i_,-y)N, InyGa(,_y)N, AIXGai_XN where0<x<land 0<y:<1.
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a composite structure accordlng to the process for manufacturlng a

08 MBI Euré. LLBRHST I8 bietntdhmelonorwafsr initigily,comprises
treOSARTIBIEr 29ade of monocrystalline material and an adapted growth

substrate, and in that the process also comprises a step before step (a) to form
the donor wafer including crystalline growth of the layer made of monocrystalline
material on the adapted growth substrate.

32. Process for manufacturing a composite structure according to
the preceding claim, characterised in that the growth substrate comprises bulk Si
of bulk Ge and a buffer layer made of SiGe, and in that the layer made of
monocrystaliine material is <100> Si or SiGe.

33.  Process for manufacturing a composite structure according
to claim 31, characterised in that the growth substrate includes bulk
sapphire (Al,Os), monocrystalline bulk SiC, bulk ZnO or bulk <111> §i, and the
layer made of monocrystalline material is made of SiC, <111> Si, GaN, AlN,
InN, Aldn,GaayN, InyGapyN, Al,GaNwhere 0 <x<1and0<y<1.

34.  Process for manufacturing a hybrid structure comprising
production of a composite structure according to the process for
manufacturing a composite structure according to one of claims 22 to 33,
further comprising



crystalline growth of an upper monocrystalline structure on the layer made
of a monocrystalline material such that the configuration of the upper
structure and the materials from which it is composed are such that the
quality of the layer of nitride semiconductor layer is better than it would
have been if the nitride semiconductor were made directly on the layer
made of a monocrystalline material. 35. Process for manufacturing a
hybrid structure according to the preggeding claim, characterised in that
the upper structure comprises a layer chosen from among the following
alloys: AlxinyGa~, x_yN, InyGa~1_yN, AlxGa~, X)N where 0<x<1
crystagiimgO gyeirB6f Rrocrgsfomoramtristallimeg sirbighrid strutharéagecordidg tf a
monoBARIHRERERSAIBIN 0 IR CHABRIAHAGS MNGLIRE URRBLAYTUAY e
comprises a layer chosen from among the following alloys:
matenglgtamawhichy N jsipomosad, Zeas thet theRbadity eftkellaar ofniride
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composite structure. The invention also relates to a process for
manufacturing this composite structure (40). Figure 2.

30

ABSTRACT OF THE DISCLOSURE

COMPOSITE STRUCTURE WITH HIGH HEAT DISSIPATION

Composite structure (40) for applications in optics, optoelectronics or
electronics, comprising a support wafer (20}, a layer made of a material chosen
from among monocrystalline materials and a layer made of a dielectric material
{(13), characterised in that the materials from which the support wafer (20) is
made, the layer (11) made of monocrystalline material and the dielectric layer
(13) are chosen, and the thickness of each layer is adjusted, such that the
thermal impedance of the composite structure (40) is, between ambient
temperature and 600°K, less than or equal to about 1.3 times the thermal
impedance of a monocrystaliine bulk SiC wafer with the same dimensions as the
composite structure.

The invention also relates to a process for manufacturing this composite

structure (40).

Figure 2.



