1 RELAXATION OF A STRAINED MATERIAL LAYER WITH APPLICATION OF A STIFFENER Technical
field of the invention 5The present invention relates to a method of fabricating a layer of a material that is
at least partially relaxed for electronics, optoelectronics or photovoltaics, including the supply of a
structure comprising a strained material layer situated betyween a reflow layer and a stiffener layer and the
application of a heat treatment that brings the reflow layerto a 10temperature equal to or greater than the
glass transition temperature of said reflow layer. The invention also relates to the fabrication of
semi-conductor devices from the layer of material that is at least partially relaxed. 15Prior art When
substrates are unavailable or are very expensive in solid form, they may be obtained in thinner layers by
epitaxial growth on seed substr&ted XKRdVeitHefeds StHaAdMperiitsIdites d-AadeRsWbstlates are not always
20 adapted to the materials from which ongpishes HimEUsHheEgeyER.- In fact, seed substrates may
present, for example, a thermal expansion coefficient and a lattice parameter that are different from those
of the materials from which one wishes to carry out growth, which produces a certain number of defects in
the layer formed, such as cracks that may 25 develop during the growth or cooling of the structure, or the
presence of lattice defelcés tpﬁa\t a{leﬁtejﬁ]e &Pﬁm%ff‘r%‘\?é’ '[I%f nthe devices formed later, or even the compression
stress or tension stress of Hle(fayer.

5 The present invention relates to a method of fabricating a layer of a
material that is at least partially relaxed for electronics, optoelectronics or
photovoltaics, including the supply of a structure comprising a strained
material layer situated between a reflow layer and a stiffener layer and the
application of a heat treatment that brings the reflow layer to a

10 temperature equal to or greater than the glass transition temperature of
said reflow layer.

The invention also relates to the fabrication of semi-conductor devices

from the layer of material that is at least partially relaxed.
15 Prior art

When substrates are unavailable or are very expensive in solid form, they
may be obtained in thinner layers by epitaxial growth on seed substrates.
Nevertheless, the properties of these seed substrates are not always
20 adapted to the materials from which one wishes to carry out the growth. In
fact, seed substrates may present, for example, a thermal expansion
coefficient and a lattice parameter that are different from those of the
materials from which one wishes to carry out growth, which produces a
certain number of defects in the layer formed, such as cracks that may
25 develop during the growth or cooling of the structure, or the presence of
lattice defects that reduce the efficacy of the devices formed later, or even
the compression stress or tension stress of the layer.
Techniques for relaxing such strained material layers are known,

particularly by introducing a reflow layer between the strained layer and a



Techniques for relaxing such strained material layers are known, particularly by introducing a reflow layer
between the strained layer and a 2 support substrate. But these techniques do not yield completely
satisfactory results; the strained layer is not always or completely relaxed elastically. The structure formed
from a layer stack may also be degraded and the layer to éelax may be detached from the remainder of
the 5 structure. In addition, when the material is compresSion strained, this elastic relaxation may lead to
buckling of the material, the roughness and amplitude between the peaks and valleys of the buckled layer

then cannot be reconciled with the desired utilizations. \When. the magerial is tension strai the
relaxation often producséléégroargkss %%S(frg%eincgrggsaéﬁ%sgux\é%ﬁeﬁ%r%%g 8es%9§ﬁéezq?icﬁ§mw&?§%g
suppression of SiGe isBaitsaetPtorephiat thfostiairest Byl iyinotealays viecoourieiglufralagidd Physics,

vol 94, number 10, publishgeAp. H¥hdlewarhier RARRIIRTATIDRS e Blastiajaira Nk draduskiing

relaxations of compression stressed materials as implementing two competitive phenomena. According to

this document, a first pRBAoHIB NG FoRi<Ras theYaldaRipeISH ArBMHbe e ARltetialNfhis relaxation
then propagates frem tbewetges o thaditiononisiandséommadrial the Gompoddsiorestesioéthetiikn or island.

It is thus explained that the,. 20 smaller the island, the faster the lateral relaxation (which is accentuated
by the thicknese of the SSl s R e A e e e S B T
relaxed material to be étealiiede Witinesn shefacaks aginadieyE of éhaubijsisled0anicrhiereasnot0

micrometers SiGe islangs fgepheRIERANAD HilRLSIRADAKPSAImUtR R9eAEraBkuRFoNtent

25relax laterally and lead to obtaining a flat film whose roughness rms is less than 2 nm. Such as

explained in the previoS¥R AR XTI RETREHaGEs and an increase in surface

10  roughness.

The article “buckling suppression of SiGe islands on compliant substrates”
by H. Yin et al. (in the Journal of Applied Physics, vol 94, number 10,
published on 15 November 2003) describes the elastic, lateral and
15  buckling relaxations of compression stressed materials as implementing
two competitive phenomena. According to this document, a first
phenomenon consists of the lateral relaxation of the strained material; this
relaxation then propagates from the edges of the film or islands formed in
the film to the center of the film or island. It is thus explained that the
20 smaller the island, the faster the lateral relaxation (which is accentuated by
the thickness of the strained material layer). This lateral relaxation enables
a film of substantially flat relaxed material to be obtained, with low surface
roughness. For example, 60 micrometers x 60 micrometers SiGe islands
from epitaxy on an initial silicon substrate with a 30% Germanium content
25 relax laterally and lead to obtaining a flat film whose roughness rms is less
than 2 nm.
Such as explained in the previously cited article, the second phenomena is
relaxation by buckling, wherein the speed does not depend on the surface
of the film or the island to be relaxed but on the stress in the material.
30 Buckling leads to obtaining a film that is at least partially relaxed but very

rough, and even to fracturing the film if the roughness exceeds a critical



relaxation by buckling, wherein the speed does not depend on the surface of the film or the island to be
relaxed but on the stress in the material. 30Buckling leads to obtaining a film that is at least partially
relaxed but very rough, and even to fracturing the film if the roughness exceeds a critical 3 value. This
phenomenon is furthered by relatively thin films, which allow easy curvature. In order to obtain a relaxed
material with the best morphology, H. Yin recommends slowing down the buckling phenomenon and
promoting the 5 lateral relaxation phenomenon. To do this, he proposes depositing a layer of non-strained

material on the film of geriat o s eiaxed The IavsLAllows 10 toia) tiskagss ol s matgyial on the
reflow layer to be increased by forming a bilayer (strained material layer and covéring ayers) and thus
allows the lateral relax&@sh spa@de-be increased. The 10 deposition of this covering layer also allows a

bilayer structure that isjneshanicAbhiRAre rgidwihsdewsr W@pg&si%gqrrﬁamﬁ%ﬁﬁp Qe eptained. In
addition, as the mean stress in the bilayer is lower due to the fact of the free deposition of the covering

layer, the buckling forcESRORMENISLEI W IRGHS YR HRGRHSKIRRANGRARENBH AOD RIS the initially
15 strained material. Infesialtheaedasaticheisomntaionptes ddhiinsiie Jirepsessade fualainges luyéhe bilayer. A
multi-cycle method is tho?nngro%osedcjn n%{ger oen ouEﬁlr%eolfater?l r.e|atxaggnrg])athe dxlahriim nt of buckling

i . )

) T n-strain erial o ria xed er
relaxation. This is to carry out heat treatmen onr{heeb ayer unﬂ € relaxation aﬁowe %ya%e new stress

balance is obtained, thehoe dbeetinglldhikressdotcethdynateriglven tiiekneewvhiieallowsea new stress
balance and a new parfigl gala@iigndmbeChiage: atitheneadhrithaisagendlélssatianaap&gling, while

reducing the buckling relaxation phenomenon. These thinning/annealing steps are repeatéd until the

covering layer is comp@ély IR otk T HibenilkREYs SHNRIOEV etis§ tay8r BFb&RERISEdd JH%nay be

identical at each cycle aepasitibe variaklecaneridgfing@aalbeingdwal af Biayiicknessief thatcvering layer

from the previous cycle. O&timjzaﬁion of the.%cles ﬁomtfining these tvv.ct') variations '%s aIsP pB’;\nned but the
mecha a y 0" be

relaxation method remains repall?f\i/e}fyrlr(])%rge &' Pt |Vr\1"tplace.owe propenstly for-curvature
obtained. In addition, as the mean stress in the bilayer is lower due to the
fact of the free deposition of the covering layer, the buckling force is lower.
But, in terms of heat treatment, relaxation remains partial in the initially
15  strained material. In fact, the relaxation is interrupted when the stresses
are balanced in the bilayer. A multi-cycle method is then proposed in order
to encourage lateral relaxation to the detriment of buckling relaxation. This
is to carry out heat treatment on the bilayer until the relaxation allowed by
the new stress balance is obtained, then the covering layer is reduced by
20 a given thickness which allows a new stress balance and a new partial
relaxation to be obtained at the end of the second relaxation annealing,
while reducing the buckling relaxation phenomenon. These
thinning/annealing steps are repeated until the covering layer is
completely removed. The thickness of the covering layer to be removed
25 may be identical at each cycle or may be variable and defined as being
half of the thickness of the covering layer from the previous cycle.
Optimization of the cycles combining these two variations is also planned

but the relaxation method remains relatively long to put in place.

30 Disclosure of the invention



4 The object of the invention is to remedy the aforementioned disadvantages and to propose a method for
fabricating a layer of a material that is at least partially relaxed for electronics, optoelectronics or
photovoltaics and that is rapid, effective and practical to implement. 5 According to the invention, this
object is reached by the fact that the method comprises a progressive reduction in the thickness of the
stiffener layer during application of the heat treatment. 10lh a particularly advantageous manner, the
fabrication method in addition comprises a step of forming islands, in particular by etching or

electromagnetic irradiation in the strained material layer befqore application of the heat treatment.
15According to a parti’ccl:?ﬁgr e(r%%cgim%ﬂlt 0 théq\ﬁ%%lﬁ%on,lihg %trz:rller?re}?]é1 at_tehr?al %%%%se oﬁrgnqg through the
following successive stéised\@nzgessition ¢ theoprsitocrystalling depdatigatatina dexeneef material layer

on a nucleation substraigrerif) iscRMR I AEIRA SRR SHALIBYRDARY, DStodRUTrShiestEte through

20a reflow layer c) At least partial removal of the nucleation substrate. Accarding to another particular
embodiment of the invél AV ARG ARA Y@ RIR I S P PARC IS H AR ARIREIN AL stiffener layer is at

least in part formed by the remainder of the nucleation substrate. 25 According to a particular aspect of
the invention, the reflov}x\(l:a(%eéi s cpn%ltuted of at Ie%slt one Iow.-wscoil}t

. aterial; in_particular, the
material is a borophosphosmca g ass c'([)]?r/]epr}tl'solrr]l’g estv@eé%cé Snd 79 %G(I)Trb a{lhrﬁad Hgfg‘zﬁlg%tﬁﬁy between 3
and 5%. method comprises a progressive reduction in the thickness of the stiffener

layer during application of the heat treatment.

10 In a particularly advantageous manner, the fabrication method in addition
comprises a step of forming islands, in particular by etching or
electromagnetic irradiation in the strained material layer before application
of the heat treatment.

15 According to a particular embodiment of the invention, the strained
material layer is formed through the following successive steps:
a) Deposition of the monocrystalline or polycrystalline strained material
layer on a nucleation substrate
b) Assembly of the strained material layer and a support substrate through

20 areflow layer
c) At least partial removal of the nucleation substrate.
According to another particular embodiment of the invention, the removal
of the nucleation substrate is partial and the stiffener layer is at least in
part formed by the remainder of the nucleation substrate.

25
According to a particular aspect of the invention, the reflow layer is
constituted of at least one low-viscosity material; in particular, the material
is a borophosphosilicate glass comprising between 3 and 7% boron and
preferentially between 3 and 5%.

30



5 According to a preferred embodiment of the invention, the stiffener layer is in GaN, the strained material
layer is in InGaN and the etching of the stiffener layer is performed in an atmosphere comprising HCI.
5The invention also relates to a method of fabricating semiconductor devices comprising the supply of a
layer in a material that is at least partially relaxed according to the invention and the formation of at least
one active layer on the at least partially relaxed material layer. In particular, these active layers are the
active layers of laser components, 10photovoltaic components or electroluminescent diodes. According to

a particular method of thcioan nnt'i\?onathreefag }gast {Rgf%?#pé r@gg&a m@éﬁiigmxgrsiﬁ#nn%rlIIIANemgterial, the
active layer or layers are’in a TN e eria and he?orma lon of the active’layer or a_yersyis carried out
15by epitaxy on the fade é3ahe theclsimadmcnpterigdttayar fivrintieGaNeastpheifigheiaxedthtaterial layer.

Brief description of the figres 2QfishePRrariaristissafRiRpiIR-Aed ae¥asIRgAT T the invention will
emerge from the following detailed description, with reference to the attached figures in which: Figures 1

and 2 illustrate a first embodiment according to the invention 25- Figures 3 and 4 illustrate another
embodiment accorgingtthdhvention also relates to a method of fabricating semiconductor

devices comprising the supply of a layer in a material that is at least
partially relaxed according to the invention and the formation of at least
one active layer on the at least partially relaxed material layer. In
particular, these active layers are the active layers of laser components,

10  photovoltaic components or electroluminescent diodes.

According to a particular method of the invention, the at least partially
relaxed material layer is in a llI/N material, the active layer or layers are in
a llI/N material and the formation of the active layer or layers is carried out
15 by epitaxy on the face of the Ill element of the material from the at least

partially relaxed material layer.
Brief description of the figures

20  Other characteristics, objects and advantages of the invention will emerge
from the following detailed description, with reference to the attached
figures in which:

- Figures 1 and 2 illustrate a first embodiment according to the
invention

25 - Figures 3 and 4 illustrate another embodiment according to the

invention

- Figures 5 to 8 illustrate the different steps of fabricating a
substrate for relaxing a strained layer in conformance with an
embodiment of the invention.

30 - Figures 9 to 11 illustrate a variation of fabricating a substrate for

relaxing a strained layer in conformance with an embodiment of

the invention.



invention Figures 5 to 8 illustrate the different steps of fabricating a substrate for relaxing a strained layer
in conformance with an embodiment of the invention. 30- Figures 9 to 11 illustrate a variation of
fabricating a substrate for relaxing a strained layer in conformance with an embodiment of the invention.

6 Figures 12 to 14 illustrate the fabrication of active layers on a layer of material that is at least partially
relaxed obtained according to an embodiment of the invention. Figures 15 to 17 illustrate an example of
implementation of the S5method for fabricating a substrate for relaxing a strained layer in conformance with
an embodiment of the invention. Flgyergs]]%q Otolacllnl ng faeth Je of jim a@{(—;’m gtatlon of the

Ficdtion. ers o
method for relaxing the strained material Tayer 1slands in con?ormance Wlt?] an embo iment of the

invention and of the 10transfer ofeigkindk mc’éﬁﬁ@béhhb e gtetepsiiapaytiglihaaiexediadbzénaied
description of the invention according to an embodiment of the invention.

- Figures 15 to 17 illustrate an example of implementation of the

5 method for fabricating a substrate for relaxing a strained layer in
conformance with an embodiment of the invention.

- Figures 18 to 20 illustrate an example of implementation of the

method for relaxing the strained material layer islands in

conformance with an embodiment of the invention and of the

10 transfer of islands to expose the desired polarity of the material.

Detailed description of the invention

15  Figure 1 represents a structure 10 comprising a layer of strained material
3 situated between a reflow layer 2 and a stiffener layer 4. Preferably,
structure 10 also comprises a support substrate 1 on which the reflow
layer 2 lays. It reinforces the rigidity of the structure 10 during application

of the heat treatment.

20
Said heat treatment is applied to bring the reflow layer 2 to a temperature
equal to or greater than its glass transition temperature during which the
thickness of the stiffener layer 4 is progressively reduced, as illustrated in
Figure 2.

25

It was noted that a material is referred to as strained respectively in
tension or in compression in the interface plane with the material on which
it lays when its lattice parameter is respectively less than or greater than
its nominal lattice parameter, that is, its lattice parameter in the natural
30 state. It is also indicated that the term “layer” must be understood in the
broad sense of the term, that is, that the layer may be continuous or

discontinuous.



15Figure 1 represents a structure 10 comprising a layer of strained material 3 situated between a reflow
layer 2 and a stiffener layer 4. Preferably, structure 10 also comprises a support substrate 1 on which the
reflow layer 2 lays. It reinforces the rigidity of the structure 10 during application of the heat treatment. 20
Said heat treatment is applied to bring the reflow layer 2 tc} a temperature equal to or greater than its
glass transition temperature during which the thickness of'the stiffener layer 4 is progressively reduced,
as illustrated in Figure 2. 25 It was noted that a material is referred to as strained respectively in tension
or in compression in the interface plane with the material on which it lays when its lattice parameter is
respectively less than or greater than its nominal lattice parameter, that is, its lattice parameter in the
natural 30 state. It is aRefigididaitet! ihandris@ed tayefeniast beyendergtoathainheusrozrisiéise of the

term, that is, that the layygf MaYPe,RANEBLMSONSEABtIAMEHSI TSRGURWHAYST is WRdsaRiRRg to refer to a

layer in an amorphous material that flows and becomes viscous when it Is brought to a temperature
beyond its glass transitRsy B e raRTe PRSP MPRIGMRcBERIP FRAYWA S04 EROtINE P the
invention, that is, aslayesywhaseuglasSoransitiovéamperditrads tatbgelowndsy gkanpiandigoplass
transition temperature (t)f a rggaq-viscosi%e%idﬁ ilg aon the oqge{hof JIOOO‘C or. evec? below 120816, the glass

transition temperature oef'rgqow-\tflrs?clgsri?y Gxide s situated between %?JQOE[:&POS '1'88 Eﬁ%rqlr%eamorphous
material of the reflow lgybigh-xissoslin@risienis mvértiordeiaf be0d Wasseyerhbabdw IHRAATChiwed glass or

an oxide such as Si02, (Joped AYsRRO R R R0re AR RHASRRAHS QiR 3iRRIREIGaiR«EASS (Psg) or
borophosphosilicate gl%%%ggqggfoéé\osoéhe proportion of boron
10
The amorphous material of the reflow layer 2 according to the invention
may be a glass such as a lithium-based glass or an oxide such as SiO,,
doped by boron or by boron and phosphorus to form a borosilicate glass
(bsg) or borophosphosilicate glass (bpsg). As the proportion of boron
15  determines the glass transition temperature of the oxide, it is thus possible
to fix the oxide composition to make it viscous at the desired temperature.
For example the glass transition temperature of a layer of bpsg that
contains 4.5 % of boron is approximately 650°C. The material of the reflow
layer 2 may be chosen such that the heat treatment may be carried out

20 between 750°C and 1050°C and preferably between 850°C and 950°C.

In conformance with a particular embodiment of the invention, the reflow
layer 2 is in borophosphosilicate glass and the boron content of the oxide
is preferably between 7% and 3%. When one wishes to operate at a
25 temperature over 850°C, the boron content is preferentially less than or

equal to 4%.

Thus, when the reflow layer 2 of the structure 10 is brought beyond the
glass transition temperature that enables the layer material to transition to
30 the viscous state, the strained material layer 3 may at least partially relax
and leads to a layer of material that is at least partially relaxed 5. This

relaxation is done by elastic deformation that is mainly lateral due to the



15 determines the glass transition temperature of the oxide, it is thus possible to fix the oxide composition
to make it viscous at the desired temperature. For example the glass transition temperature of a layer of
bpsg that contains 4.5 A, of boron is approximately 650C. The material of the reflow layer 2 may be
chosen such that the heat treatment may be carried out 2Q between 750C and 1050C and preferably
between 850CC and 950CC. In conformance with a particular embodiment of the invention, the reflow
layer 2 is in borophosphosilicate glass and the boron content of the oxide is preferably between 7% and

3%. When one wishes 1o operate at a 25temperature over 850C, the horon content is preferentially less
than o1 equal 0 4% THIE S ey & B B BB s OIS s
transition temperature tRairewiapléretispegderintglermaptiotdyshisikliog 3oytHervisgh grskat®r thg strained

material layer 3 may atimgﬁgi_a‘gmf;‘@@xraggﬁﬁggsm qé{%(,erdpf malarigldhatisianleagipadally relaxed

5. This relaxation is done by elastic deformation that is mainly lateral due to the 8 presence of the
stiffener 4 at its surfacSRB&tiffe feraaYch ¥iRribG L @NGHitMGENIRS R of RHBPRRRidRY buckiing,
by forming cracks er byénpe@singf stgasieansed maesian faydoed latetab dgipoziatiorexBueth@stiffener 4 in

contact with the strainegd material layer 3 osges.the 5 relaxatiqp. of the strained material. As long as the
opposition exerted by thee S%ﬁfl;enneerr’,é%a%t eé;[éénncps% iﬁnpg?t?tomh%?rﬁ@l?ngggsofo tﬁéh atltagt]},elrs Rot. ﬁwtssignificant
faced with the force puiisiggitoaaltrcesiaxthitre thecegpashtivntonvendsstedawetiomatiesisglpx@iains partial.

This is why progressively fRAMeIGI IS EMAIHE B SEE a1 YR F\%@’@é@i{?&ﬁ}%d&&ﬂﬂ’ layer 2 at a

10 temperature greater than the glass transition temperature allows continuous rebalancing of the forces

at play and a total or ateadVpERess 19l IHRAR0A oYiHe SRRAIBRIEIRY KYYbtailed.

10 temperature greater than the glass transition temperature allows
continuous rebalancing of the forces at play and a total or at least partial

lateral relaxation of the strained material may be obtained.

Preferably, the reflow layer 2 is brought beyond its glass transition
15  temperature by heating the entire structure 10 in a heating device so that
all of the layers constituting the structure 10 are also heated. But applying
a local heat treatment at the level of the reflow layer 2 may also be

planned.

20 The stiffener layer 4 may also be constituted of a material deposited so as
to be non strained, or advantageously with a compression or tension
stress if the layer of material 3 presents a stress respectively in
compression or in tension. The deposition methods used may be chosen
from among liquid phase chemical deposition, chemical vapor deposition

25  or molecular beam deposition.

The material of the stiffener layer 4 may be monocrystalline,
polycrystalline or amorphous. It should present adapted thermo-
mechanical properties to ensure a sufficient rigidity at the considered
30 temperatures and to present the desired stiffening effect. The material

may be in germanium or silicon or be constituted of a llI/N material. If



Preferably, the reflow layer 2 is brought beyond its glass transition 15 temperature by heating the entire
structure 10 in a heating device so that all of the layers constituting the structure 10 are also heated. But
applying a local heat treatment at the level of the reflow layer 2 may also be planned. 20The stiffener
layer 4 may also be constituted of a material deposited so_as to be non strained, or advantageously with a
compression or tension stress if the layer of material 3 pregsents a stress respectively in compression or in
tension. The deposition methods used may be chosen from among liquid phase chemical deposition,

chemical vapor depositign 250r molecular heam depositign. The material of the stiffener layer 4 may be
monocrystalline, polycrﬁgfﬁﬂn% g;rh g%egr‘swogugl.m osmlosu%regreerggh% Baﬁﬁ{éal??fg‘rem%” (r;r?e%hlgr?}%sa? properties

to ensure a sufficient rigkiignaiventd doiidisrtticBorss pranhedebyRPOI esRANthE MNsiEiffening effect.
The material may be in germanium or silicon or be constituted of a I1I/N material. If 9 silicon is chosen,
the silicon is preferably polycrystalline since it is less expensive to form. Its thickness may be between 50

nm and 1 micrometer. TH8 FEtARY 1 P Rssiieary ralGRadhRNStIeRSs S dhthetdianshd®aler 54 may

be dry etching of the plasmayassisiad elisheighongiigpplashdnasiehaty dy gashhasgmheonieayreaction.
The etching technique uts%d meSt be com atible Witr|1 the mpﬁgatU{%of the Reat treatmdent applied to the
structure. efching by gas phase chemical reaction." The etching technique used mus

be compatible with the temperature of the heat treatment applied to the

structure.

10  The thickness of the stiffener layer 4 may be reduced until the layer is
completely removed. Whereas the duration of the heat treatment is
dependent on the end of the etching, it is possible that the strained
material of layer 3 is not completely or sufficiently relaxed. In this case, the
heat treatment may be continued for several hours, for example in order to

15  complete the relaxation of the strained material and lead to a layer 5 of a

material that is completely or at least partially relaxed, mainly laterally.

According to the thermo-mechanical properties of the strained material
from layer 3 and particularly its Young's modulus and the volume of the

20 material to relax, the person skilled in the art may easily proceed with the
necessary adjustments in order to optimize the reduction of the stiffener
layer 4 so that the layer of material 3 at least partially relaxes, preferably
laterally, while preventing the formation of buckling, cracks and surface
roughness.

25
The layer of strained material 3 is preferentially in a polycrystalline or
monocrystalline material. According to an embodiment in conformance
with the invention, the strained material is a IlI/N material that comprises
element Ill and nitrogen-based binary, ternary or quaternary alloy

30 materials. Preferably the IlI/N material is monocrystalline InGaN with an
indium content of between 3 and 35%. Even more preferably, the InGaN

has an indium content of between 5 and 10%.



10The thickness of the stiffener layer 4 may be reduced until the layer is completely removed. Whereas
the duration of the heat treatment is dependent on the end of the etching, it is possible that the strained
material of layer 3 is not completely or sufficiently relaxed. In this case, the heat treatment may be
continued for several hours, for example in order to 15complete the relaxation of the strained material and
lead to a layer 5 of a material that is completely or at Ieas?t}gartially relaxed, mainly laterally. According to
the thermo-mechanical properties of the strained material from layer 3 and particularly its Young's
modulus and the volume of the 20 material to relax, the person skilled in the art may easily proceed with
the necessary adjustments in order to optimize the reduction of the stiffener layer 4 so that the layer of
material 3 at least partiaRgaeslingety preferiisignacs @fihavnuentiesvdhenayereofortiaatien BRIRIERIINg, cracks

and surface roughnesss 25aTheulavenb SERINRI NSRS Rreferantiaihe L Aagiycpigialing or

monocrystalline material. According to an embodiment in conformance with the invention, the strained

material is a III/N mated2e8fal 8RS ielae KRt aelnn My dyekindsen IRRiRe RS & BBaternary
alloy 30 materials sPrefievaddy ditlél | flomateiialliseradnetiystallinet | ntsaNbedbnesinsiissibkontent of

between 3 and 35%. Even mor prefe{abbﬁ the InS—;aN has an i di{.lrp1 content of Petwefn :11nd 10%. 10
. acceler %the hi es:?1 rq uctio ee the st|I ner aB/er while
According to another aspéect ot the invention, the layer of strained material 3’ may e cut into islands of

materials 3a, 3b as repeessaraddniifgmaindy e relanatonllvatitracks dearionatsrislithkdihis @it forming
cracks to be least partially laterally relaxed 5a, 5b illustrated in Figure 4. These islands

may be of any shape and size. Square shaped islands are preferred for
10 practical reasons concerning their fabrication; their sizes may vary
according to the initial stress of the material from 100 micrometers x 100
micrometers to 3 mm x 3 mm, for example. They may be formed by
electromagnetic irradiation thanks to an irradiation source whose
wavelength corresponds to the absorbent properties of the material. For
15 example, a laser will allow islands to be formed in a IlI/N type nitrided
material, more particularly, a laser with a wavelength of less than 400 nm
will allow trenches to be etched to form GaN islands. These islands may
also be formed by masking and etching, as is well known to the person
skilled in the art.
20
According to one variation of the invention, patterns 2a, 2b, aligned on the
islands of the strained material layer 3a, 3b are formed in at least one part
of the thickness of the reflow layer 2 in order to further minimize the
buckling process or the formation of cracks when the strained material
25 relaxes. Depending on the case, the patterns are made in the entire
thickness of the reflow layer 2 until distinct islands are obtained, as
represented in Figure 3. Preferably, these islands 2a, 2b have the same

size as islands 3a, 3b of the strained material.

30 According to the embodiment of forming these islands 3a, 3b, the stiffener

layer 4 is also cut in the form of islands 4a, 4b aligned on the islands of



5 limited while promoting lateral relaxation. It then becomes possible to accelerate the thickness reduction
speed of the stiffener layer 4 while conserving the mainly lateral relaxation that leads to a material that is
at least partially laterally relaxed 5a, 5b illustrated in Figure 4. These islands may be of any shape and
size. Square shaped islands are preferred for 10 practical reasons concerning their fabrication; their
sizes may vary according to the initial stress of the materiat from 100 micrometers x 100 micrometers to 3
mm x 3 mm, for example. They may be formed by electromagnetic irradiation thanks to an irradiation
source whose wavelength carresponds tg the absorbent properties.of the materjal. For example, a
aser will allow istands 0 BE TG RIS TN e R g e e A R0 SRt
wavelength of less thath0Blaxatiein Hilvlantsmzhcstebitlusthted 6 foawe4N islands. These islands may
also be formed by masking and etching, as is well known to the person skilled in the art. 20 According to
one variation of the invention, patterns 2a, 2b, aligned on the islands of the strained material layer 3a, 3b
are formed in at least oh2pAMEiR ATRKEELE D% MAIBAH | & R FRERGE o SHHFARFHIISe the
buckling process os thelligstratonnofFigiaeks, wie stthip &irainestin atgaal 25fliclaxesl Repesidiag on the
case, the patterns are %?%e irr1n ”]8 ntierelttg}!ckrc}%sas r(w)f tpee aé.(e)ﬂogyj tI)a r%r{ez fm"cl) rd\'ﬁltq'l%t { leaNE are obtained,
as represented in Figure 3Biokera y, these’islands 2a, b'have e Sare aize &S islands §a, 3b of the
strained material. 11 spaiaeeteratéiagsBatedialadiffersdnttpiroFigereatatiardédaygesstiniize the
relaxation in islands 5ae5:25 Hdstrated g o iR iR /ASAERBIES IO P RIbRARS fabricating

the structure 10. As 5 illustrated in Figure 5, the strained material layer 3 is first of all deposited, for
example by epitaxy, on(¥¢atI@SNS LB NPESoF AR tRE MigcdhaleawatePeRTh&ERiBSNal differs

from that of the maderialraf layeragem he epitaxynagy the catitglous ageoedingdaoarysewinenaeshod such as
MOVPE (Metal Organic %agortlgpase E |ta>8q) or MBE FM%Ie?Hg;}]r BeD m EB!taE}') I10 and a layer 3 that

may be continuous in ao%%nrgtszrygpzﬁlin% r(E)irmpo ycrr@/as e Strained matenal is then obtained > layer 3 of

polycrystalline materi.alpﬂlayraﬁallmobmm@dl agiapie b pisitioed meﬂmom@@mitmgsfmned material
layer 3 is preferably limyieq i QrdgriRREURILhRASEIMaIes Stisesdram Ifading P flastic

deformations, thus 15 altering the crystallo%aphic quality of the material of layer 3. It may vary according
to the nature of the ma@ﬁ&%gmﬁrﬁﬁ‘%@lﬁ@ detirsBsniie o '9adicroinetatio feietaieasng defects of the

dislocation or cracls typgidtrgara anisalOgrdbare theafinitakyhie aritéeidlaft ajdr 8 masiafouamed on the
nucleation substrate, a glscoptinyous layer 3.maybe biained and max somiriss isangs ga,s0 with a
ging from 50 mictometers X 50 micfometers to 3 mmx'3'mm.” THey may alSo be of any shape.
The nucleation substrateidromedgrbe wihdwr ceaipsideféctompdbitedisibsatine 1or, emdortymesing a seed
layer 15 on which the layet,3 will g formed and a mechanical support 16, (not represented in the figures)
presents the advantage of being able to separate the lattice parameter and thermal expansion coefficient
stresses between the seed layer 15 and the mechanical support 16 or for example to limit the cost of the

substrate if 20  When the epitaxy is carried out with a mask formed on the nucleation
substrate, a discontinuous layer 3 may be obtained and may comprise

islands 3a, 3b with a size ranging from 50 micrometers x 50 micrometers

to 3 mm x 3 mm. They may also be of any shape. The nucleation

substrate 11 may be solid or composite. A composite substrate 11,

25 comprising a seed layer 15 on which the layer 3 will be formed and a

mechanical support 16, (not represented in the figures) presents the

advantage of being able to separate the lattice parameter and thermal

expansion coefficient stresses between the seed layer 15 and the

mechanical support 16 or for example to limit the cost of the substrate if

30 the mechanical support 16 is polycrystalline or if it may be recycled.



30the mechanical support 16 is polycrystalline or if it may be recycled. 12 With reference to Figure 6, a
reflow layer 2, 2a, 2b is deposited on the strained material layer 3, 3a, 3b or on the strained material layer
3, 3a, 3b and the support substrate 1. The faces of layer 3, 3a, 3b and of support substrate 1 are then
assembled through the reflow layer 2, 2a, 2b as 5 illustrated in Figure 7. This assembly may comprise
molecular adhesion bonding. The reflow layer 2, 2a, 2b then present a thickness from 0.1
micrometer to 5 micrometers. The nucleation substrate 11 is then removed at least partially from the 10

layer 3. When the rem [ mplete, for example by.mechanical gr chemical thinning or
electromagnetic irradia(goolaﬂ_]zirte(';f éeﬁm g_r gcge;%llﬁ aiy%rpgfl V\éqgf{ﬁ(raz%_rggygrg éf§4§e,%sl%%%oﬁotsri]t%d directly on
the exposed face of thekaiapmpaiatiatitavaySy 3a33b 3 antihenstraéscbthaiasialdaeisHbiRairdd to lead to

structure 10 representegin Figd[R Sol 2 MR aMeNal aEdieoygleatipngubsiiale b1 fgyde obtained

by mechanical and or chemical thinning or by splttlnP, for example at the level of an embrittlement zone
13 in the substrate 11 S4RRI&dda31P 256 nRa%. AU bREAMh 3% e ik Ratd BSen formed
previously in the 2 subsétaieed libyigiredncingdonis spbiasafocexpmgienacieeldinathtxobmart CutTM
technology, as represe%ed.in Fiﬁ"ure &? Th i de& 14 of tpe nucleati(t)n %bétratg ';}1 s_frated in

re ill
Figure 11 may then form g?'l%%s o%éep’8¥¥ (l;%M e st éngr rl%%rh .nApfa%?gP of materia macy’/ma SO be

deposited on this remafmigepneates ompletertiasefisrmation of the desired stiffener 25 layer 4. Alternately,
the remainder 14 may be removed before the formation of the stiffener layer 4. The thickness of the
remainder 14 varies according to the energy of the implanted ionic species and the thickness of the layers

of material traversed by ffe SHERRGEs SHATHR D hivEER SBMAYEhAY IRAs HRBRYY dPm Referably

laterally, as illustrated iraydgBe\Wheis cldaioedyviicpessipietsmainserodithe gtitieoratayer ¢, 4a, 4b is
removed and epitaxy of one.or,more layers ?f rpaterial iS. performed to f(aqrm.ope or mare F\ctive layers 6,
I é’ ectr erf

6a, 6b as represented i Eigure 13 THE PIATSTAR 07 Jayars Bong B ghd'e interface with fayer
3, the stiffener layer 4, 4a, 4b is deposited directly on the exposed face of

the strained material layer 3, 3a, 3b until the desired thickness is obtained
to lead to structure 10 represented in Figure 8.
15
Partial removal of the nucleation substrate 11 may be obtained by
mechanical and or chemical thinning or by spltting, for example at the level
of an embrittlement zone 13 in the substrate 11 as illustrated in Figures 9
and 10. This embrittlement zone will have been formed previously in the
20 substrate 11 by introducing ionic species, for example according to the
Smart Cut™ technology, as represented in Figure 9. The remainder 14 of
the nucleation substrate 11 illustrated in Figure 11 may then form at least
one part of the stiffener layer 4. A layer of material may also be deposited
on this remainder 14 to complete the formation of the desired stiffener
25 layer 4. Alternately, the remainder 14 may be removed before the
formation of the stiffener layer 4. The thickness of the remainder 14 varies
according to the energy of the implanted ionic species and the thickness of
the layers of material traversed by these species. It may be between 50
nm and 1 micrometer.
30
According to another aspect of the invention, once the heat treatment is

applied and a layer of material that is at least partially relaxed 5, 5a, 5b,



5 preferably chosen to present, once at least partially laterally relaxed, a lattice parameter that is identical
or very close to that of the material of the desired active layers 6, 6a, 6b. As these layers 5, 5a, 5b are
used as seed layers, the active layers obtained 6, 6a, 6b thus have very good crystallographic quality. For
example, for a completely relaxed layer 5, 5a, 10 5b in In(faN whose indium content is between Sand
10%, the material of at least one of the active layers 6 wil ?)referably be in InGaN comprising an indium
range of 5 and 10%. The active layers 6 are thus relaxed and present a threading dislocation density of
less than or equal to 5-1Pe‘?§!88|‘2-|z¥£%}ﬂma BIf { %(:Mn}_ulative iclkneos[s of &’Ogngm to ZIbEréicrometers.

esen
1
15 These layers have the necessary crysta ogrlfagp{)e %ceproperlﬁggeto e'able 0 be used a8 Iaser or

photovoltaic componen&ariedectad theisiterert laksdes. 48, dulisisemayecth ane epitaxy offene attive layers
6, 6a, 6b is carried out n%')r@lirgﬁ;}g QR %ggﬁgrqsl&%m@f@rm 1'5}% tenhgat HQRENGpLegperature that

enables relaxation be greater than the epitaxy temperature of the active layers. In the case of epitaxy of
InGaN carried out at 805C Stheh BRSSO IiE AR GISs TR RIS At yE5uSly b mPri¥€ a boron
content of less thas 4%refelabipecoaserofipqlesséiily materiiseiiss paaally thiat epiyareidgeensier on the
element Il polarity face, that is, gallium for InGaN, .than on an N polarijty face, It may then.bg necessary to
ranster the at toast partalp GRSl o A0 A A RO QOB R RS 3F 0 o
illustrated in 30Figure Uesigd dniiveitry igd:, 62, Phordethesprieyers théoealameane Ustitaseeepitaxy of the

active layers. 14 A firspexampi obeRodinent pLeaniermaneg Wish t%@vgg@@n}}érpoqoggscribed.

With reference to Figure 15, a layer of indium nitride and gallium (InGaN) 3 containing’10% indium and a
thickness of 50 nm is deSSHOI P RIBIBHAIUN FOR GRIAREN TR HIRPILCYIRBEGL F¥F 2> 52Mechanical
support 16 in sappbire spvenatam asesd ikyiemliodtaallgibenvsisle 55aN. 10 %, thel istéaieoof InGaN

presents a lattice parargte}grs if(gereeg %}%f appro imearte vlv?f vygpnggls Edila%%%a/]lgf gf l%alrlljglm nitride on
which it is formed. It presen?s a disidcation ens%y orless E nor eqMa %0's. cm Bana%referably a

density of less than or eguatiom e0gemPd and 10%. The active layers 6 are thus relaxed and
present a threading dislocation density of less than or equal to 5.10°8/cm?.

They may present a cumulative thickness of 100 nm to 2 micrometers.
15  These layers have the necessary crystallographic properties to be able to
be used as laser or photovoltaic components or electroluminescent

diodes.

In addition, when the epitaxy of the active layers 6, 6a, 6b is carried out
20 directly on structure 10, it is preferable that the heat treatment temperature
that enables relaxation be greater than the epitaxy temperature of the
active layers. In the case of epitaxy of InGaN carried out at 800°C, the
borophosphosilicate glass used will advantageously comprise a boron
content of less than 4%.
25
In the case of polar IlI/N materials, it is known that epitaxy is easier on the
element Il polarity face, that is, gallium for InGaN, than on an N polarity
face. It may then be necessary to transfer the at least partially laterally
relaxed layer of material 5, 5a, 5b on a final substrate 18 as illustrated in
30 Figure 14 via a bonding layer 17, in order to present the element Il face

for epitaxy of the active layers.



A reflow layer 2 in borophosphosilicate glass whose boron content is 4.5% is then deposited on the layer
of InGaN 3, as illustrated in Figure 16, with a thickness of approximately 500 nm. Optionally, a buried
layer of Si02 of 50 nm (not represented in the diagram) is deposited on the 15 gallium face of InGaN in
order to improve the adhesion of the material with the substrate 1. Hydrogen ions or hydrogen
and helium ions are then implanted with a total dose of between 2.5 and 6.1017 atoms/cm2, in the GaN,
through the layer of InGaN and the layer of borophosphosilicate 20 glass to form an embrittlement zone
13. This embrittlement zpne delimits, on.the one hand, a negative 12 comprising the mechanical support
insapphire and the ren AR A asenany SRR SN PGSBS e o

GaN with a thickness ofaguibed.a¥vilasteiesenceFiguiious 28N Ryleyef isdrostidsphikiieaaedlass is
deposited on the suppoysFURSTIREaNYEN R HUGRESS0%% LiMMIGrAMAIETa Rk H 81056 haprtaces of the

borophosphosilicate glass layers deposited on the support 1 and on the Ia)ier of InGaN 3 are polished

(not represented in the ARAREEFoPEXEHIBIY bYh EMBYEMARICHIERIRanidal ORISR t9ErRique before

30 putting them in sloseneehimitall bepieitowdayesap phikowepbasphgsiicatel dines tinusffgemiathpresents a

thickness of approximart1I |r¥d1 gl(ijlcf\rlometer due to the removal of 500 nm of material during polishing. 15

A splitting heat treatmeni iS then applied in order to detach the remainder 14 from the negative 12 at the
level of the embrittlement zone 13 fdhisdayarthelnGeliatiesestd stratéce Parhirateiadifferanternfmay be

completed by the input gf meghanigrhos afk AHREESLREIATENEsaY Willn? FfRIeRrRREIONTR 17, the

layer of InGaN 3 transferred onto the support substrate 1 is obtained through the reflow layer,2 and the

remainder 14 formed of8ARAidtREFSERELIIRc RrR AP Ry 4ess than ohBHHRLIRAMD (kTh reference to

Figure 18, the remaindand 4réhe strpinediaigodidssiabhbaedihadel oo iayiér 2 are etched by a 10

standard lithography/etching metho ipeﬂ(r)der| to ?bgain ggpoarﬁoissl%%csiﬁi retseoe?tivsel\xlﬁ:gsrg riosriglg stiffener
layers 4a, 4b, the strained material layers a,af¥8 and th& reHow anerscfla, ?oaﬁavmg a dimension of 1 mm

x 1 mm. Being assimilatedtentireshffeirethielydepasiaedirtie layrapidoGCEN ﬁ,i@$éﬂe®rﬁ9¢@d by 4 as well
as for for islands 14a apgh lAbyefarancedh by < srafitBximately sO0RAL ESRIGHENY ImdnRslral gas

atmosphere containing HCI is applied to the structure to bring the reflow layer 2a, 2b beyond its glass
transition temperature, €& RARIble % EL0® BPY HRIGEE iR Bt Hr gy HderrRiad ed uring the
heat treatment bythe ejahing eitecbPinGaN in order to improve the adhesion of the material with

the substrate 1.

Hydrogen ions or hydrogen and helium ions are then
implanted with a total dose of between 2.5 and 6.10*" atoms/cm?, in the
GaN, through the layer of InGaN and the layer of borophosphosilicate

20 glass to form an embrittlement zone 13. This embrittlement zone delimits,
on the one hand, a negative 12 comprising the mechanical support in
sapphire and the remainder of the gallium layer and on the other hand a
remainder 14 constituted of GaN with a thickness of 150 nm as illustrated
in Figure 16.

25 A layer of borophosphosilicate glass is deposited on the
support substrate 1 with a thickness of 1 micrometer, then the exposed
surfaces of the borophosphosilicate glass layers deposited on the support
1 and on the layer of InGaN 3 are polished (not represented in the figures)
for example by a CMP (Chemical Mechanical Polishing) technique before

30 putting them in close contact. The reflow layer 2 in borophosphosilicate
glass thus formed presents a thickness of approximately 1 micrometer due

to the removal of 500 nm of material during polishing.



20 the atmosphere containing HCI. The heat treatment in neutral gas atmosphere is continued beyond
the total removal of the stiffener layer 4, 4a, 4b in order to obtain complete lateral relaxation, that is,
without buckling or other deteriorations in the crystalline quality of the material, of the layer of InGaN 3,
3a, 3bin the layer of InGaN 5, 5a, 5b, as illustrated 25in Figure 19. The exposed face of the layer
of InGaN 5, 5a, 5b presents a polarity N due to its transfe}%nto substrate 1. It is then again transferred
onto a support substrate 18, by assembly of the structure presented in 30 Figure 19 and removal of

substrate 1 and layers 2a, 2b, via a panding layer.17 as represented_in Figure 20 TPLIOJS tiEa layer of
InGaN material 5, 5a, 5b presents a'g %&%ﬁggjysg}lﬁd%%%?ﬁitﬁ E’Qgg. %%%%Lljgglé)rrsd%r _a,dg 16 comprising
one or more layers in IR reataindiesueh tiem Ghe Inexativer Watiatatoe ngyata®idhadeomhrdderesttmay then be

deposited by epitaxy opdhe gafstmdass BEthedR¥ebAINEAMNS 1 P2TRR Hial g Lamelriglyane laterally

relaxed. 5 According to a second example of embodiment of the invention, the Ia\/lg_r of InGaN 3
with an indium content SBRIFIE G oIf 4B BN MRS b AT SUEA YRS 9h &Pate%: 1M using a
mask. The thickness ofréféisdayernis HifOram7anbdheayisiarida Sanagd3pdtarsetbonadthé puppent a size of 1

mm x 1 mm. The, reflow layer .2b is,also depaosit F discontinuously and aliangd on islands 3a,
b e refiow layer mALIAI e o e S e N Y B8 e oaiiad
with a thickness of 2 mieroreeterSathisthre Lsgsk 3xtebstfientidaygspbrt substrate 1 are 15 assembled

through the reflow layer 2a, 2b after@pﬁ%\’lﬁl?%'ﬁﬁﬁﬁ%%@@r@ﬁegqg ff?gtuh% Igg,e[rh@?é,ﬁgm@gpqt@,s in the

removal of 1 micrometer of its thickness. The nucleation substrate 11 is completely removed by

mechanical thinning and% SiBRENAYES StifeFRY Byithhageiiovn 16 cfyatsIRE GRcEY ig deposited

on islands 3a, 3b vath atinckinesiiigapnyatahicds depasitad 0d@s tombevddipneduald islands 3a, 3b.

A heat treatment at 950C for 4 h?urs ina neutrﬁf,gas nd HCI atmoaphe{e 'ir? %%gt?edrigf Fgge{e?tructure to
ili i

thin the stiffener layer A{?ﬁ%?%l:\)/? SiCOn S % cgﬁrmaa}/)? R ?aaCt be etched at this emper Ure by an

3a, 3b and the reflow layers 2a, 2b having a dimension of 1 mm x 1 mm.

Being assimilated to the stiffener layer 4 issued from remainder 14, it is

referenced by 4 as well as for for islands 14a and 14b referenced by 4a
15  and 4b.

A heat treatment in a neutral gas atmosphere containing HCI
is applied to the structure to bring the reflow layer 2a, 2b beyond its glass
transition temperature, for example to 850°C for 4 hours. The stiffener
layer 4a, 4b is thinned during the heat treatment by the etching effect of

20 the atmosphere containing HCIl. The heat treatment in neutral gas
atmosphere is continued beyond the total removal of the stiffener layer 4,
4a, 4b in order to obtain complete lateral relaxation, that is, without
buckling or other deteriorations in the crystalline quality of the material, of
the layer of InGaN 3, 3a, 3b in the layer of InGaN 5, 5a, 5b, as illustrated

25 in Figure 19.

The exposed face of the layer of InGaN 5, 5a, 5b presents a
polarity N due to its transfer onto substrate 1. It is then again transferred
onto a support substrate 18, by assembly of the structure presented in

30 Figure 19 and removal of substrate 1 and layers 2a, 2b, via a bonding
layer 17 as represented in Figure 20. Thus the layer of InGaN material 5,

5a, 5b presents an exposed gallium polarity face. Active layers 6, 6a, 6b



25 atmosphere containing HCI which enables relaxation to be obtained at the same time. The heat
treatment is continued 2 hours beyond the complete removal of the stiffener layer 4a, 4b in order to obtain
at least partial relaxation of the layer of InGaN 3a, 3b in the layer of InGaN 5a, 5b. Subsequent steps for
transferring the layer 5a, 5b in view of 30the formation of active layers 6a, 6b are in conformance with
those described in the first example. 17 Claims 1 A met of fabricating a layer of material that is at
least partially relaxed (5, 5a 5b) for electronics, optoelectronics or photovoltaics comprising the steps of:

5 - supplying a structure ?t%aﬁr bnn%Uder% a} e(rar%fba aerla |al C(I%?r @p)l 'it%ﬁ‘%{e r|?]gF§Wt$]eenr:ﬂow

reflow layer (2, 2a, 2b) anda g ener lay er ying 2 h atmen
layer (2, 2a, 2b) to atemp@mmnr@téquaﬁtur@rcg@atérmﬂwh@dmasdqmsﬁﬂﬁ)rimrfeﬁm@mm@ #fe10said

reflow layer (2, 2a, 2b) guRgreiRdBickngRs of the stifensy layandtiidibiieiprasiasrivaly reduced

during the heat treatment. 2. The method of claim 1 wherein the heat treatment is applied to the entire
structure (10). relaxed.
5

According to a second example of embodiment of the
invention, the layer of InGaN 3 with an indium content of 5% is deposited
discontinuously, on the nucleation substrate 11 by using a mask. The
thickness of this layer is 100 nm and the islands 3a and 3b thus formed

10 presenta size of 1 mm x 1 mm.

The reflow layer 2a, 2b is also deposited discontinuously and
aligned on islands 3a, 3b. The reflow layer material is borophosphosilicate
glass with 4.5% boron. The layer 2a, 2b is deposited with a thickness of 2
micrometers. Then the layer 3a, 3b and the support substrate 1 are

15 assembled through the reflow layer 2a, 2b after a CMP polishing step
applied to the layer that participates in the removal of 1 micrometer of its
thickness.

The nucleation substrate 11 is completely removed by
mechanical thinning and a discontinuous stiffening layer 4a, 4b of

20  polycrystalline silicon is deposited on islands 3a, 3b with a thickness of
200 nm and is deposited so as to be aligned with islands 3a, 3b.

A heat treatment at 950°C for 4 hours in a neutral gas and
HCI atmosphere is applied to the structure to thin the stiffener layer 4, 4a,
4b in silicon. The silicon may in fact be etched at this temperature by an

25 atmosphere containing HCI which enables relaxation to be obtained at the
same time. The heat treatment is continued 2 hours beyond the complete
removal of the stiffener layer 4a, 4b in order to obtain at least partial
relaxation of the layer of InGaN 3a, 3b in the layer of InGaN 5a, 5b.

Subsequent steps for transferring the layer 5a, 5b in view of

30 the formation of active layers 6a, 6b are in conformance with those

described in the first example.



15 3. The method of claim 1 or claim 2 wherein the structure (10) includes a support substrate (1) on
which the reflow layer (2, 2a, 2b) is situated. 4. The method of any one of the preceding claims
wherein the reduction of the 20thickness of the stiffener layer (4, 4a, 4b) is carried out by dry etching. 5.
The method of claim 4 wherein the etching includes gas phase chemical reaction etching. 25 6. The
method of any one of the preceding claims wherein the method also comprises a step of forming islands
(3a, 3b), particularly by etching or by electromagnetic irradiation, in the layer of strained material (3)
before the aQE)IIi(%%tgon of said heat treatment. 307. The method of claim 6 wherein a plurality of patterns
(2a, 2b), aligne%l on the islands (3a, 3b), are formed in at least one part of the thickness of the reflow layer
(2). 18 8. The method of any one of the preceding claims wherein the layer of strained material (3, 3a,

3b) is formedy thiogkyibg B?'@Wﬂf&ﬁtﬁ?ﬁ%?@ﬁo’ﬂﬁ%érial thatd Q?%%Fiﬂé‘r@ilﬂg‘?é%ﬁC{?F@J‘OCWSta”ine

or polycrystalline strained 5material é , 3a, 3b) on a nucleation substrate (11) b) Assembly of the strained
material layer (3B86185HAUF haRABEEHALBRARNPI9UPHBIESH P aRPFSHRN G RS Ha, 2b) c)
Forming ©f the stiffening lagepfidaadyudide TI® mathod efelaimaBewbestiaivepariiabram@yal of the

nucleation substrate (11) 3a, 3b) situated between a reflow layer (2, 2a, 2b) and a stiffener layer
(4, 4a, 4b);

- applying a heat treatment that brings the reflow layer (2, 2a, 2b) to a

temperature equal to or greater than the glass transition temperature of

10 said reflow layer (2, 2a, 2b), wherein the thickness of the stiffener layer

(4, 4a, 4b) is progressively reduced during the heat treatment.

2. The method of claim 1 wherein the heat treatment is applied to the entire structure

(10).
15
3. The method of claim 1 or claim 2 wherein the structure (10) includes a support
substrate (1) on which the reflow layer (2, 2a, 2b) is situated.
4. The method of any one of the preceding claims wherein the reduction of the
20 thickness of the stiffener layer (4, 4a, 4b) is carried out by dry etching.

5. The method of claim 4 wherein the etching includes gas phase chemical reaction

etching.

25 6. The method of any one of the preceding claims wherein the method also
comprises a step of forming islands (3a, 3b), particularly by etching or by
electromagnetic irradiation, in the layer of strained material (3) before the

application of said heat treatment.

30 7. The method of claim 6 wherein a plurality of patterns (2a, 2b), aligned on the

islands (3a, 3b), are formed in at least one part of the thickness of the reflow layer

).



is performed to form a remainder (14, 14a, 14b) of the nucleation substrate (11) and in that the stiffener
layer (4, 4a, 4b) is at least in part formed by a remainder (14, 14a, 14b) of the nucleation substrate (11).
1510. The method of claim 8 wherein a complete removal of the nucleation substrate (11) is performed
and in that the stiffener layer (4, 4a, 4b) is formed by, %eposition on the strained material layer (3, 3a, 3b).
11. The method of claim 9 or claim 10 wherein the ntitleation substrate (11) is 20removed by splitting. 12.
The method of any one of the preceding claims wherein the thickness of the stiffener layer (4, 4a, 4b) is
reduced until said stiffener layer (4, 4a, 4b) is completely removed and in that the application of the heat
treatment is continued 25after the stiffener layer (4, 4a, 4b) is completely removed. 13. The method of any
one of the pr8cetiegrakiing whaminome sfiffeddirkepsting, dainaphbeareibieryeislirng stiededgermanium

or a Ill/N materigh,:821%3 The Aigthad plicdaioldihereinitasiaieedsnaiaeatliayer (3, 3a, 3b) includes

InGaN. 16. The method of any one of the preceding claims wherein the stiffener layer g,Aa, 54b) is in
GaN, the strained AtRFRCSRR (9 3{10315Y& 0 FhSBRRN A MBI gRI AL S EFe SUgEEE, 4a, 4b) is
carried osit in an atmosidreralc@guising ¢hC.rlicleativathassohfalfticpting semiconductor devices

comprising the supgly R 2.1aX5r of T LiAkR i abiRacHarelY 8128 (o8 T2 Lighard following
substrate (1) through the reflow layer (2, 2a, 2b)

c) Forming of the stiffening layer (4, 4a, 4b).

10 9. The method of claim 8 wherein a partial removal of the nucleation substrate (11)
is performed to form a remainder (14, 14a, 14b) of the nucleation substrate (11)
and in that the stiffener layer (4, 4a, 4b) is at least in part formed by a remainder
(14, 14a, 14b) of the nucleation substrate (11).

15 10. The method of claim 8 wherein a complete removal of the nucleation substrate
(11) is performed and in that the stiffener layer (4, 4a, 4b) is formed by deposition

on the strained material layer (3, 3a, 3b).

11. The method of claim 9 or claim 10 wherein the nucleation substrate (11) is

20 removed by splitting.

12. The method of any one of the preceding claims wherein the thickness of the
stiffener layer (4, 4a, 4b) is reduced until said stiffener layer (4, 4a, 4b) is
completely removed and in that the application of the heat treatment is continued

25 after the stiffener layer (4, 4a, 4b) is completely removed.

13. The method of any one of the preceding claims wherein the stiffener layer (4, 4a,

4b) is in polycrystalline silicon, germanium or a lll/N material.

30 14. The method of any one of the preceding claims wherein the strained material

layer (3, 3a, 3b) is a monocrystalline 1lI/N material.



10 method of any one of the preceding claims, wherein the method also comprises the formation of at
least one active layer (6, 6a, 6b) on the at least partially relaxed material layer (5, 5a, 5b), in particular
active layers (6, 6a, 6b) of laser components, photovoltaic components or electroluminescent diodes.
1518. The method of claim 17 wherein the method a comprises the transfer of the layer of at least
partially relaxed material (5, 5a, 5b) onto a final sub ate (18) before the formation of the active layer or
layers (6, 6a, 6b). 19. The method of claim 17 or claim 18 wherein the layer of at least partially relaxed 20
material (5, t]fa]s Sm IS In % %}%rl I th eactlv%lagﬁaaglca%g% o (?Ea e6rb a n\,}g Illrm aterial and the
formation of thé active Fayer or Ia ers 8!:5 IS carred out A YAce o)f arl?y of the Il
element of the il from the layer of at least partially relaxed materlal (5 5a, 5b).

16. The method of any one of the preceding claims wherein the stiffener layer (4, 4a,

5 4b) is in GaN, the strained material layer (3, 3a, 3b) is in InGaN and the etching of
the stiffener layer (4, 4a, 4b) is carried out in an atmosphere comprising HCI.

17. A method of fabricating semiconductor devices comprising the supply of a layer

of material that is at least partially relaxed (5, 5a, 5b) obtained following the

10 method of any one of the preceding claims, wherein the method also comprises

the formation of at least one active layer (6, 6a, 6b) on the at least partially
relaxed material layer (5, 5a, 5b), in particular active layers (6, 6a, 6b) of laser

components, photovoltaic components or electroluminescent diodes.

15 18. The method of claim 17 wherein the method also comprises the transfer of the
layer of at least partially relaxed material (5, 5a, 5b) onto a final substrate (18)

before the formation of the active layer or layers (6, 6a, 6b).

19. The method of claim 17 or claim 18 wherein the layer of at least partially relaxed

20 material (5, 5a, 5b) is in a IlI/N material, the active layer or layers (6, 6a, 6b) are in
a llI/N material and the formation of the active layer or layers (6, 6a, 6b) is carried

out by epitaxy on a face of polarity of the Il element of the material from the layer

of at least partially relaxed material (5, 5a, 5b).



