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COVPCSI TE STRUCTURE W TH HI GH HEAT DI SSI PATI ON FI ELD
OF THE I NVENTION This invention relates to a conposite
structure for optical, optoelectronic or electronic
applications, conprising a support wafer and a | ayered -
structure conprising at |east one |layer made of a '
materi al chosen from anong 1nonocrystalline material s.
In particular, such a conposite structure is ained to
be a substrate for the formati on of a nonocrystalline
useful layer, or is ained to include such a
nmonocrystal line useful layer, this useful |ayer
i ncl udi ng devi ces or conponents which cause a strong
tenperature increase in the useful layer during their
operation. BACKGROUND OF THE | NVENTI ON For this type
of useful layer, it is clear that dissipation of heat
rel eased by conponents becones a critical problem
when the operating frequencies of these conponents
~and | or their degree of mniaturisation increase. For
exanple, there is the case of CMOS applications for
which mniaturisation of conponents and reducti on of
the thickness of useful |ayers exacerbates heat
di ssi pation problens, particularly in the case in
whi ch these wuseful layers are nore or less thermally
separ TEAPONTE SFROEFDNE WIFRHIGH AEAT BisdLATION Y
formed. In particul ar, CMJIS conponents made In SO
(S|I|con- On-Insulator), SIGA (SiGe-On-Insulator),
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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




power frequency (typically nore than 900 MHz) that can
cause tenperature rises that could disturb or even
damage them To overcone this disadvantage, the
useful layers are normally made of a nitride

sem conductor with better charge carrying properties
(high saturation rate of caBriers at high voltage,
hi gh breakdown voltage, etc.) than materials such as
AsGa. This is particularly true for HEMI (Hi gh
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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




for high power frequency applications requiring strong
thermal dissipation. A first purpose of the invention
is to propose a conposite structure with good thernal
di ssi pation. A second purpose of the invention is to
propose such a conposite structure manufactured in
such manner that its economdx cost is |ower than the
econoni ¢ cost of a structure nmade of nonocrystalline
bulk SIC, and that it is available in sizes |arger
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~applications with good thermal conductivity and a semi-insulating electrical

characteristic (i.e. highly resistive).

SUMMARY OF THE INVENTION
According to a first aspect, the invention proposes a composite structure

for applications in optics, opioelectronics 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, characterised in that the
materials from which the support wafer is made, the layer made of
monocrystalline material and the dielectric layer are chosen, and the thickness

of each layer is adjusted, such that the thermal impedance of the composite




consi dered) per input power in Watts. The thernal
resistivity is also equal to the ratio between the
t hi ckness of the l|ayer (or the substrate) considered,
and the thermal conductivity of the material used.

- This conposite structure includes the follow ng other
characteristics: - the suppcott wafer is nade of a
material with a significantly |ower -thernal
i npedance than the thermal inpedance of
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- 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 times the thermal
impedance of a crystalline bulk SiC wafer with the same dimensions as the
composite structure;

- the dielectric material is SiO, and / or SisN4 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 fhat the thermal impedance of

the composite structure is, between ambient temperature at 600°K, less than or




the nonocrystalline material is Si, SiGe or CGe; the
" layer made of a semiconductor material conprises at
| east one CMOS type el ectronic conmponent; the
nonocrystalline material in the |ayer nmade of a
nonocrystalline material is chosen so that a
nmonocrystalline nitride semdconductor can be
successfully grown, the conposite structure thus
acting as a substrate for the growh of this nitride
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- the support wafer is made of polycrystalline SiC; the layer of
monocrystalline material is made of <111> Si and its thickness is chosen
between 0.2 and 1 micrometre; and the layer of dielectric material is made of
Si0. and its thickness is about 0.2 micrometre;

- the support wafer is made of polycrystaliine 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
SiO2 and its thickness is about 0.05 micrometre. |

According to a second aspect,‘ the process according to the invention
proposes a hybrid structure, comprising the said composite structure and an
upper monocrystalline structure on top of the monocrystalline material layer, the

material(s) forming the upper structure being adapted to make the quality of the




O her characteristics of this hybrid structure
i nclude: the | ayer of nonocrystalline material is made
of SiC, <111 > Si, or GaN, the upper structure
conprises a |ayer nade of a material chosen from
among the - follow ng alloys: Al XInyG(j_XYy)N,
InyGa(j_y)N, Al XG(j..X)N wgere 0 < x < 1 and 0Oyl; -
the concentration of at |east one of the alloy
el ements chosen from anong the alloys
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donor wafer; (b) reduction of the donor wafer so as to
1@HF')D F¥a/% a remmined structure on the support wafer,
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(a)  bonding a support wafer to the donor wafer;

(b) reduction of the donor wafer so as to 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.

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




and 600K; the support wafer is chosen to be nmade of

pol ycrystalline bulk SiC, polycrystalline bulk AI'N or
ceramc; step (a) includes the formation of a bonding

| ayer made of a dielectric material between the
support wafer and the donor wafer, such that the

t hi ckness of this bonding | &er is I ess than a maxi num
t hi ckness above which the thermal inpedance of the
conposite structure is not, between ambient
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- step (b) is applied by mechanical and / or chemical means capabie
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 irhpedance of the compoéite 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 a composite structure;

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

- the donor wafer is made of monocrystalline bulk Sic;




the donor wafer initially conprises the said |ayer
made of nonocrystalline material and an adapted
growt h substrate, and the process also conprises a
step before step (a) to formthe donor wafer including
crystalline growth of the |ayer nade of

. nmonocrystalline material on8the adapted growh
substrate; the growh substrate conprises bulk Si or
bulk Ge and a buffer |ayer nmade of SiGe, and the
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mal& (4 _mdhborstalin® rsaterisl $uenthd) theyconfiguration 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.

Other characteristics of the process for manufacturing a composite
structure include:

- the upper structure comprises a layer chosen from among the
following alloys: AlinyGags.xyN, IhyGa(1.y)N, AlkGapxyNwhere0<x<1and0<y
<1

- the upper structure comprises a layer chosen from among the
following alloys: ALInyGapxyN, InyGanyN, AlkGagyNwhere0<x<1and0=<y




9 < 1, the concentration of at |east one of the

el emrents in the chosen alloy varying progressively

t hrough the thickness. Other characteristics, purposes
and advantages of the invention will becone clearer
after reading the follow ng detail ed description of
the invention, given as a ®on-linitative exanple with
reference to the appended figures, wherein: BRIEF
DESCRI PTI ON OF THE FI GURES Figure 1 diagranmatically
<shens c@ntfdrﬂr%‘hoﬁ @ﬂ@ﬂl&a&@on‘d 6UDE Wiemeante o tHenghdsen dilbg varying
i nventi on, ure di agrammatically shows a second
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Figure 3 diagrammatically shows a third composite structure according to

the 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 fo 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.




The material (s) formng the support Wafer 20 is (are)
chosen mainly for its (their) high thernal

conductivity properties (high thermal conductivity

means conductivity significantly greater than the
conductivity of nonocrystalline bulk <100> silicon).

The material from which thel®upport wafer 20 will be
chosen will be a material with a thermal conductivity
such that its thermal inpedance is, between anbient
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relq[;prggm ng the support wafer 20 is | ess than or equal
to about 1.3 tines the

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*
chms.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




t hermal inpedance of a nonocrystalline bulk SiC.wafer
with the sane 11 di nensions as the conposite structure
40 between anbi ent tenperature and 600K (typica
operating tenperatures of high power frequency
conponents). In particular, the thickness of the
monocrystalline |ayer 11 cobld be chosen to be nore
than a threshol d thickness, bel ow which the inpedance
of the conposite structure would not be |l ess than or
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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 operafing 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.




electrical resistivity (nore than 104 ohns.cm. Wen
the useful |ayer has been forned, the conposite
structure 40 according to the invention can then be
used to dissipate |large quantities of heat rel eased
by the conponents, particularly in 12 the case in

whi ch these conponents opert?e at a hi gh power
frequency, which is the case for exanple for HEMI
transistors Preferably, and with reference to Figures
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t he no ocrysta l'ayer . Therefore, noving the
adgptedhguadthahits dee guirfase is bka given aisfanse froen the insulatlng 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
monocrystaliiﬁe 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




nonocrystalline |ayer 11) away fromthe buried

i nsul ation layer 13 thus inproves heat dissipation.
Figure 1 shows a first conposite structure 40
according to the invention, 1in which the |ayered
Structure 10 is conposed only of the nonocrystalline
layer 11 directly in conta&g Wi th the support wafer
20. In this configuration, the nmain 13 paraneters that
have to be adjusted are materials chosen to formthe
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11, are already established.

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

For example, the component material could be chosen to be SiO; and / or
SisN4 and / or SixOyN..

Knowing this, we could also choose a monocrystalline layer 11 with a
thickness of befween 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 layer of monocrystalline material 11 is made of <111> Sl and

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




Si3N4 and | or SixOyNZ. Knowi ng this, we could al so
choose a nonocrystalline layer 11 with a thickness.of
between 0.06 and 1 pm For exanple, the follow ng
conposite structure 40 woul d be possible: - the
support wafer 20 is nmade of polycrystalline SiC, the.

| ayer of nonocrystalline matérial 11 is nade of <111 >
Si, and its thickness is chosen to be between 0.2 and
1.0 micronetre; and 14 the dielectric material |ayer
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araohbubn kayaprove theqbiaityrefithetusesul 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 laftice 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,GapuyN, IGayN, or ALGa,N (where x is
between 0 and 1 and y 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




particularly avoiding the creation of an excessive
density of dislocations, and generated in a useful

| ayer that would be constrained to resist excessive
lattice msmatches with its growth support). For
exanpl e, we could choose an upper structure 12
similar or equivalent to bul¥er structures divulged in
docunments US 2003/136333 and US 6,617, 060, nanely an
upper structure 12 conprising at |east one | ayer nmade
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shown in Figures 5a to 5e. Figure 5a shows a donor
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mat eA¢cdrding to a second configuration, the donor wafer 30 initially

comprises a growth subsfrate 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>O3), SiC,
- bulk ZnO or monocrystalline bulk <111> Si, and we could form a Iayér made of
an SiC, <111> Si, GaN, AIN, InN, ALIn,Ga.xy INyGaugyN, or ALGaixN
monocrystalline material layer, where 0 s x<1and0<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




According to a second configuration, the donor wafer
30 initially conprises a growh substrate adapted to
grow h of a |ayer of nonocrystalline naterial to be
transferred. This growh substrate typically conprises
a support mnade of a nonocrystalline bulk material. W
could thus have a growth subBtrate nade of sapphire
(A1203), Sic, bulk ZnO or nonocrystalline bulk <111>
Si, and we could forma |layer made of an Sic, <111>
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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, between 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 (SiOz) 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 1.3times the thermal impedance of




shown) to be transferred onto the support wafer 20. In
particular, this inplantation is applied such that
the |l ayered structure thus delimted includes a
nonocrystalline material in the formof a |ayer and
for which the nature and thickness of each | ayer
conposing it are such that flke thermal inpedance of
this conposite structure 40 to be formed (i ncluding
this layered structure after transfer and the support

nsHoRFysiliine® Bk PeRsiesbiwiesn BRI tAPerfile and 600°K. For
tenperature and 600K, less than or equal to 1.3 tines
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pmto 0.2 pm The bond surface (i.e. the surface on
t%?'@ﬂ”'ﬁﬁl%eﬁ’ -mpl antati on was done) of the donor wafer
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insulating dayrir 15 detwesns tha supperg vmferpmwﬂn heed@m@nwafelr 30 is

rchs%Hrég% 26 ndt © Prgoé ) % esni?eot e?m?Pgar‘rf‘éP do g@;_%‘i Afesipibh, in

nor vva er sur
otReefveorals| ;he dimickmesg!| af ithg Waﬁeertsmbosm'ewimlmsﬂhpt fthe nib@rmal

nigsaBge dintm FoDReals SIHECHR 40 H g8 Gimetla(see Figufe B2) 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 treatiments 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.




i nsul ating |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

ot her words the thickness of the wafer is chosen such
that the thermal inpedance of the conposite structure
40 to be fornmed (see Figurei1®e) is, between anbient
tenperature and 600K, |ess than or equal to about 1.3
times the thermal inpedance of a wafer of
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"~ _prepare ly possi bly be brought into contact at
.S%QHQDFEW?F gﬁperature Once the two substrates have been
bondegls réhainkanduetiie B8 dt9duh 9%&%%%]%@%& ‘Iéy&ed structure

thermal energy, for exanple by baking at nore
1000 'be founediwodhe support wetferr 40\ceher enargy supplirg rr@yebegvlermaf

o/ 3R RSAT PR B PR Y P 20 e
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technigue 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 fo 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).




edition" by J-P Colinge (Kl uwer Academ c Publishers,
p. 50 and 51). According to one variant, the donor
waf er 30 can be reduced fromthe structure shown in
Figure 5c by a technique other than Smart-Cut@ the
steps preceding the bonding and bonding itself then
bei ng the sane as those prd8ented above, except for
the inplantation (shown in Figure 5b). This other
techni que for reducing the donor wafer 30 uses
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little roughness (see Figure 5e). Wth reference to

Figure 5e, the final result is a conposite structure
;ording to the invention conprising a | ayered
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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
thermal 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




upper structure 12 on the layered structure 10 may be
applied so as to obtain one of the hybrid structures
50 shown in Figures 3 and 4. Exanple 1: The applicant
performed conparative studies for conposite structures
~according to the invention including a support wafer
20 made of polycrystalline 2&6i C, and a | ayered
structure 10 conposed of nonocrystalline |ayer 11 nade
of <111> silicon and an insulating |layer 13 made O
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11, the nature of the support wafer 20, and the power

tﬁ-?ssn pat ed by HEMI conponents. The results are given

in Figur ' W ;
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The composite structure 40 according to the invention (represented as
configuration |l 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 11 made 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 simulated composite structure is approximately the same

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




Al'l these supports (I, II, IlIl, 1V) had the sane

di nensions. Curve 1 (in dotted |ines) shows the case
in which the applied power is 5 Wmm curve 2 (dashed
l'ines) the case in which the applied power is 10 Wnmm
curve 3 (continuous lines) the case in which the
applied power is 15 Wnm  @hich are powers typically

- di ssipated by a power conponent. The conposite

structure 40 according to the invention (represented
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aft'#Hd dake 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.




GaN |l ayers, unlike a support 11 nmade of
polycrystalline SIC. This conposite structure 40 is
further economcally nuch nore attractive than a
support | nade of nonocrystal line SIC. Figure 7 shows
a sinmulation of the maxi mumtenperature T (normalised)
of a GaN | ayer when different powers are applied to it
(shown on the abscissa), this useful |ayer of GaN
havi ng been forned on a cor@site structure 40
conprising a polycrystalline Si C support wafer and a 2
pmthi ck nonocrystalline |layer of <111> Si. This
graph is a conparison betgyegmst he case in which this
conposite structure 40 conprises a 1 pmthick Si02
-insulating layer (curve 4) and the case in which it
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conponent materials of the support wafer, of the
| ayer made of nonocrystalline material, and of the
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dé.menéb%%%s@st‘&?urg%%ﬂntgeto the preceding claim, characterised in

‘that the material is also chosen to have an electrical resistivity of more than

about 10*%ohms.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 thickness and that the




structure. 2. Conposite structure according to claim
1, characterised in that the support wafer is made of
a material with a significantly |ower thermnal

i npedance than the thermal inpedance of
nmonocrystalline bulk silicon. 3. Conposite structure
according to the preceding claim characterised in
that the material is also chosen to have an el ectrica
resistivity of nore than gyut 104ohnms.cm 4.
Conposite structure according to one of the preceding
two clains, characterised in that the support wafer

: e
BT (e Rlot Tath!dfghorralfnd e ST (in b0
equabioea threshiolsl thickiness$i ng cl ai ns, characterised in that
the said adjustnent to the thickness of the | ayer of
dielectric material was such that the thickness of.the
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er than or equal to a threshol d thickness. 6.
Conposite structure according to one of the preceding
clainms, characterised in that the dielectric materi al
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structure according to the rece I'ng two: cl ai s,
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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 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.




structure. 8. Conposite structure according to the
preceding claim characterised in that the thickness
of the layer made of a dielectric material is also
chosen to be nore than about 0.02 micronmetre. 9.
Conposite structure according to one of clains 1 to 7,
characterised in that the material in the |ayer nade
of a nonocrystalline material is chosen from anong
sem conductor materials sozas to be able to form
therein at | east one electronic conponent. 10.
Conposite structure accordi ng to the preceding claim
chgr a%&ﬁbnﬁﬁt@ étrﬂctu?@ééoowlﬁ tRYRE oﬁﬁg‘f’)r{fge two clalms
nDnoc ne materi al nprises a one
charasterised in that ttiemn@@mtﬂllmemat@aal iBbifse. 08 C‘ﬁ r uct ure
accordl ng to one of the preceding two clains,
characterised in that the nonocrystalline material is
Si12. Slenpmnite@ucﬂJEe acmmgiog ta ens of claims ”etoa&mbnamatqisad
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structure accord| ng to claim7 or 8 combined wth
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than about 1 m croneter.
15. Composite structure according to the preceding claim, characterised in

that the thickness of the layer of monocrystalline material is also chosen fo 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:




16. Conposite structure according to claim1,
characterised in that: - the support wafer is made of
pol ycrystalline SiC, the nonocrystalline materi al

| ayer is made of <111> Si and its thickness is chosen
to be between about 0.2 and about 1 micronetre, and -
the dielectric material layer is nmade of SIQ2 and its
thi ckness is about 0.20 mcronetre. 17. Conposite
structure according to claigg 1, characterised in that:
25 the support wafer is made of polycrystalline SiC
the nonocrystalline material |ayer is nmade of <111 >
Si_and i [ : en about
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following alloys: AldnyGagtxyN, InyGag.yN, AkGagxyNwhere 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 AldnyGa g1xyN, InGa.yN, AGagyN where 0 <x<1and 0<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 HEMIs, conprising a

conposite structure according to one of clains 12 to

17 or a hybrid structure according to one of clains

18 to 20, and an over-epitaxied | ayer made of

nonocrystalline GaN, 26 22. Process for manufacturing

a conposite structure starting froma donor wafer

conprising a nonocrystalline nmaterial, conprising the

follow ng steps: (a) bondigg a support wafer to the

donor wafer; (b) reduction t he donor wafer so as to

only leave a remained structure on the support wafer,

i ncludi ng the said nonocrystalline nmaterial _in the

f of4n dirogessdpemanufastifinga eompesitenpirughidrestating from a
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dméag?nq,%sgsggé E@flggéﬂel%t@:ﬁre.pm ycrystalline bulk AIN or

cera cess for manufacturing a conposite
structure according to one of clains 22 to 24,
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- 600°K, significantly less than the thermal impedance of monocrystalline 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




| ess than a threshold thickness above which the
thermal inpedance of the conposite structure is not

| ess than or equal to about 1.3 tinmes the thernal

i npedance of a wafer of nonocrystalline bulk SIC with
the sane dinensions as the conposite structure

bet ween anbi ent tenperature and 600K. 26. Process for
manuf acturing a conposite structure according to one
of clainms 22 to 25, furthe7 conprising a step, before
step (a), of inplantation of atom c species under the
bondi ng surface of the donor wafer at a depth

|68 B QQHre‘éﬁolﬂstthnéﬁ Bbéve WHicHP the\BRFRES fmpdtdrice dNhe
in that step (b) 1includes energy input so as to
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structure. 27. Process for manufacturing a conposite
structure according to one of clains 22 to 25,

charos; P%(téé@ffoﬂ Mahb@buﬁhgra &ch‘hpcbﬁteadmlcttﬁé abbfordlng to one of
mechani cal _ and or chem cal neans capab
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one of clains 22 to haracterised in
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onor wafer with a ness chosen suc
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re‘n‘rafaddtstractorfe.a waf er of nonocrystalline bulk SIC with
the sane dinensions as the conposite structure. 28 29
Process for manufacturing a conposite structure
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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
alayer 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.




according to claim 28, characterised in that the donor
wafer is made of nonocrystalline bulk Sic. 31.

Process for manufacturing a conposite structure
according to one of clains 22 to 27, characterised in
that the donor wafer initially conprises the said

| ayer nmade of nonocrystalline material and an adapted
growh substrate, and in that the process al so
conprises a step before ste@ (a) to form the donor

waf er including crystalline growh of the |ayer nmade

of nonocrystalline material on the adapted growth
subsbbat e pratdss FrdfSRFaétdfind B HShRRIHS SRciAreCRBBRINS B the
structure according to the preceding claim
rrpeediogeclad@d ¢haraptarisaske igrivat Hheudonpatwatesnisr imade of

ks OF f ayer made of Si Ge,
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material is <100> Si or SiGe. 33. Process for

manuf,act uging a c osite structure_accordin to

cl o 1031, Peited BT sahbfufdihghen o enroS s Sapgture
acooldidgstdwldm 28ppharaetefifdd 33 )thatntheodonst akafdrnie Maté of
Si C, bul k qu;(ﬂﬁ r bulk <111> Si, and the |ayer made of
RN Y St erial is nade of SiC, <111> Si |

GaN, AIN, | nN, AlAn.G (,_,,_Y)N InyGa(,_y)N,

AlGal ,tN where 0 < x <1 and 0 <y 1. 34. Process for
manuBict uPrasgsafarnyprnuiacuiinga Grapesikmstrugtyrg according fo
o 8PS & 272 charERRRsE] ir? iHat e ddhor Weférdhifidlly Sorhpiises

process for manuracturing a conposite structure
theceist layergmede ohmooecrystalling nzterial apd an ddaptagegrowth
| - I
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theatomor wafes lindludingrenystalliak gsaeth df e layeremada bf monacrystalline
of the e tructure and . the materials from which
m efﬁaE”&EL%Bao‘%@ rgwﬁh%qps?rﬁg—}r the quality of the |ayer
of nitride sem conductor layer is better than it
woul d _have been if the nitride sem conductor were
- made 3. r eBrdogsefortrpanufagturingra gemposite abuddieaacardingto
[PF-1 . r f rd j .
thgﬁe&%@ﬁ% eclé?argc 8!5%??}%@%5 N thHBAY RS duBGirite WoRdrfes 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 manufacturing a composite structure according
tfo claim 31, characterised in that the growth substrate includes bulk
sapphire (Al203), monocrystalline bulk SiC, bulk ZnO or bulk <111> Si, and the
layer made of monocrystalline material is made of SiC, <111> 8Si, GaN, AIN,
InN, AldnyGa 1y N, InGaiyN, AGa, N where0<x<1and0<y<1.

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




the preceding claim characterised in that the upper
structure conprises a layer chosen from anong the
followi ng alloys: AlxlnyG(, ,-y)N, In"(3atl.y)N,

Al XG(l _x)N where O<x< 1 and 0 :Sy:S 1. 36. Process
for manufacturing a hybrid structure according to one
of the preceding two clains, characterised in that the
upper structure conprises a |ayer chosen from anong
the follow ng alloys: Al ,tlagyGa(l _Xy)N, InyGa(j_y)N,
AlxG(l_ x) Nwhere 0 <x <1land 0<y <1, the
concentration of at |east one of the elenents in the

cryste%llﬁﬁ E@Qg’l‘s |.d?YanV apperGhoRbaYS@fine Véethutturé o H#NIEVBE 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 preceding claim, characterised in that the upper structure comprises a layer
chosen from among the following alloys: Alln,Gay. xy)N, InyGagu.yN, AlGau-xyN where
0<x< 1 and 0 <y< 1.

36. Process for manufacturing a hybrid structure according to one
of the preceding two claims, characterised in that the upper structure comprises
a layer chosen from among the following alloys: Aldn,Gag.xyN, InGagyN, AlGan
x Nwhere 0 <x<1and 0 <y <1, the concentration of at least one of the elements in

the chosen alloy varying progressively through the thickness.




