1 RELAXATI ON OF A STRAI NED MATERI AL LAYER W TH

APPLI CATION OF A STI FFENER Technical field of the
invention 5 The present invention relates to a nethod
of fabricating a layer of a nmaterial that is at |east
partially relaxed for electronigs, optoelectronics or
phot ovol tai cs, including the supply of a structure
conprising a strained material |ayer situated between
a reflow layer and a stiffener |layer and the
appl i cation of a heat treatnment that brings the reflow
| ayer to E’lT Afs?ﬁ%} E‘lfM‘):[T@ﬁ@fL EAVER WITH
glass transition tenperature of ~sard Terlow ayer

The invention al so ARPRIGATION tOF A SPIFRENERN of

sem -conductor devices fromthe |layer of materi al

that is at least partially relaxed. 15 Prior art Wen
substrates are unavail able or are very expensive in
solid form they may be obtained in thinner |ayers by
epi tEedhdicgirfieldrofdhedawdntiobst rat es.  Nevert hel ess,
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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 Iater or even

~ the compression stress or tension stress of the layer. '

- Techniques for relaxing such strained material !ayerS'. aire known,
particularly by introducing a reflow layer between the straihed layer and a



elastically. The structure fornmed froma | ayer stack

may al so be degraded and the layer to relax nay be
detached fromthe remainder of the 5 structure. In

addi tion, when the material is conpression strained,

this elastic relaxation may | ead to buckling of the
material, the roughness and anplitude between the

peaks and val |l eys of the buckled | ayer then cannot be
reconciled with the desired utilizations. Wen the

mat esupRort ssubsiraten Bult rtheaed techniquasl astait inoh  wieldencompletely

Fougtise RSy Al ARy 1€ nBb @SR o trmaletgly relaxed
I sl adldstically CPR® Istraibture YOmhed ot a 1ayert$tadk Mt alkb be d8graded
the Journal of Applied Physics, vol 94, nunber 10

publanshdbe Jayes tRolelwpanayobe) defashed bsem: the demainder of the
lsat ehRlondad 14°, ({!1’&5111,' %erne'tf?é“?'{uét%ﬂa! A rregéiﬁbpgtrained, this
stressed material's as | npl enenting two conpetitiVve
phereastivareldcationdnayg léad tdbacklguokthe, maitdrial sthe roughness and
phenoneno onsists of the lateral relaxation of the
strm@lﬁua%@@%@@ the,pgaks an %ﬁ['%@no herpyskipshigyerthen cannot
fro il S j :
110 BRENEE il WP deck BRI GRS SR TRE rterlalds tension

- explshiairest, tthatrelaxati@d oftenl preduces craxdkanahd ahdnérasserin surface
%)he | ateral relaxation (which is accentuated by the

Phi (RUGLESS the strained material |ayer). This

- -lateral relaxation enables a filmof substantially

flat relaxed material to be obtained, wth | ow surface
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critical 3 wvalue. This phenonenon iIs further
2p e| amaller the island; therfastehiherataralowlaxation (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.
7'-30_ -~ Buckling leads to obtaining a film that is at least partially relaxed. but very
- rough, and even to fracturing the film if th_e roughness exceedé_ a critical



easy curvature. In order to obtain a relaxed materi al
with the best norphology, H Yin recommends sl ow ng
down t he buckling phenonenon and pronoting the 5

| ateral relaxation phenonenon. To do this, he proposes
depositing a |l ayer of non-straiged material on the
filmof material to be relaxed.“This layer allows the
total thickness of the material on the reflow |l ayer to
be increased by formng a bilayer (strained materi al
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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



di sadvant ages and to propose a nethod for fabricating
a layer of a material that is at |east partially

rel axed for electronics, optoelectronics or

photovol taics and that is rapid, effective and
practical to inplenent. 5 Accorgling to the invention,
this object is reached by the fact that the nethod
conprises a progressive reduction in the thickness of
the stiffener |ayer during application of the heat

t reaklfenebjerd 10f dhparinventioar | i aleyv aremedyudhern@ienementioned

t he | ' | { ' [ ti ' a sle
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el echatenapteitiis at lesdiprinigly igtaxdiefatgledtrstcsradpoélabtronics or
| ayer before application of the heat treatnment. 15
Acc ahetopligicsandihat durapid sifestivaand Mactisrl to Hoplemesn,

he strained naterial l|ayer is formed through the

ol | owi ng successive steps: a) Deposition of the
nondarcpsding | fontheo rinyaitipar \teisabbjeok istreacmed! byatrer fadt that the

| ayer on .a nucl eation substrate b) Assenb of th .
st eDRcRaraRisee 7 Bjedreanive odudiout i Barbldkipss of the stffencr
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particul ar enbodi nent of the invention, the renoval
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181 9 &8 e P APR Al manB b Yhp Ao ethnd in addition
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| ay eleqtemagngliq irmadigdiopfindhe |stainedomeaterialdayer dwioreyapplication
mat ek ial i .l [ gular, the material is a
bor%h@%%ﬁ%&r‘%ﬁ@a ng. gl ass conprising between 3 and 7%
boron and preferentially between 3 and 5% 30 5

Accar di to a preferred enbodi nent of the inyention

1810 ASEPITIBREIO |4 Rartiowar ameadimamicoL ithe iy@nHee tha strained
| ay $hatbRal Byb SFDHASE thBEgRUEL FSIRWRhg S0Ecessive steps:

a) Deposition of the monocrystaliine or polycrystalline strained material
layer on a nucleation substrate
b) Assembly of the strained material layer and a support substrate through
20 areflow layer
¢) 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. o
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



stiffener layer is perforned in an atnosphere
conprising HCI. 5 The invention also relates to a

nmet hod of fabricating sem conductor devices
conprising the supply of a layer in a material that is
at least partially rel axed accgrding to the invention
and the formation of at |east ne active |layer on the
at least partially relaxed naterial |ayer. In
particular, these active |layers are the active |l ayers

of |Assordingrpenereferred em enbof thiednventison dme stiféener layer is
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active layer or layers are in a llINmmterial and the
formation of the active layer or layers is carried out
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fabrication of active |ayers on a Ia%er of materi al
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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 '
- Fig.ures 5 to 8 illustrate the different steps of fabricating a
substrate for relaxing a strained layer in conformance with an
_ embodiment of the invention. ) l_ |
.30 o - Figures 9 to 11 illustrate a variation of fabricating a substrate for
relaxing a strained layer in conformance with an embodiment of
the invention.



Figures 15 to 17 illustrate an exanpl e of

i npl ementation of the 5 nethod for fabricating a

substrate for relaxing a strained |ayer in

conformance with an enbodi ment of the invention.

Figures 18 to 20 illustrate an §xanple of

i npl emrentation of the nethod f rel axi ng the

strained material layer islands in conformance with

an enbodi nent of the invention and of the 10 transfer

of islands Figussgpdetor hé iﬂiﬁra’cedhpdabmat;ﬂrbof apiéve layers on a

terial. ' ' fot { 15
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r|g|d|ty of ruc ure ng applica
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during whicfy t f I
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25 |t was nocarddrmhaade waﬂmﬁarembodsnerﬁfm‘rtrmdlrtmnasn and of the
trained res tivel tension or, i.n SS

Bhel nor | BASELAESEnR toePRas e Gpbied GPRER o1 (8 miterial
| ays when its lattice paranmeter is respectively |ess

than or greater than its nomnal lattice paraneter,
that is, its lattice paranmeter in the natural 30

be. Metalhe sRatrRtan S GRURYbERN of (he erm that

is, that the layer may be conti nuous or
di scontinuous. 7 Reflow |layer is understood to refer
180 Higuget renreaantam pHeluse ik eamarising ralayer shstraingd material

becal nglﬁt Ctﬁé’(ﬁ e S g t

beyon %{ aséeyﬁré]ar'{lg'fi \%Volﬁp%'g%pgé%taars gﬁé%%gggg? regerably,

I omtrustnmsrt(y afsef 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.



5 layer is used for the invention, that is, a |ayer
whose glass transition tenperature is rather |ow For
exanple, the glass transition tenperature of a

hi gh-vi scosity oxide is on the order of 1000C or even
bel ow 1200C, the gl ass transit%on tenperature of a

| owviscosity oxide is situated between 600C to
1000C. 10 The anor phous nmaterial of the reflow |layer 2
according to the invention may be a glass such as a
l'ithium based gl ass or an oxide such as Si 02, doped

por dp i deuieadiéte it ROPTBE R BB ot Bmemigpus prateria
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glass transition tenperature of the oxide, 1t is thus
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In conformance wth a particular enbodi nent of the

i nvegid°Grip 1008°Cef low layer 2 is in

3orophosphosi licate glass and the boron content of the
xide is preferably between 7% and 3% Wen one

W shife BRAPPIRSW thatbridl GHtHeeraIRMAdYee 20%BE0rBRI lo e Invention

boron content is preferentially less than or “equal _
4% manbe a @iass such pefa bihivraybased glass be ast oxide ushias SiO.,

t hart e BOYRECT Yo Bh iR ASYSR EEE Bhdsligate glass
t he (Bsg)C orsharbphesphdiflicate ajlassl (bpé@)! iAd th@ysiopdrtfdry of boron
| east partially relax and | eads to _a | ayer

t f
hut dldeImibasne glags trangiionyemnesaiuje ok fhecatids, itmityss possible
e < . : . g
o) 335158 ¢ 5300 B 6 1 VAL g Wy b9 sppretre
4 atFartexamnpleate diiss ttarkitiome terhpgraturé obrd nayert ef bpsg that

to limtin e speed . of defornmati uckling, b

f or RoRls 48 o BN if ApPRral s AP S he LRptRLakot the refiow

Favpdyed2 nfdyebal cHéRLAr SR Mt thethdaGreatment 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 '_t'he viscous state, the strained material layer 3 may at least partially relax -
and leads to a layer of material that is at least partiaily relaxed 5. This
relaxation is done by elastic deformation that is mainly lateral due to the



stiffener 4 in contact wwth the strained materi al

| ayer 3 opposes the 5 relaxation of the strained

material. As long as the opposition exerted by the
stiffener, that depends in part on the thickness of

the latter, is not |nS|gn|f|ca§t faced with the force

pushi ng tomards rel axation, the“relaxation of the

strained material remains partlal. This is why

progressively reducing the thickness of the stiffener

4 whpreseneg ﬁ¥ thenstideneret et its swrfaggerhe siiffeaet tayer 4 contributes
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mat eri al deposited so as non stra
advahea*g@huessl ohithé mlffenerpnewhll@mnmnta]mngltbe reflonelayer 2 at a

1:“;:;%&}!3'9{%9? i gre n%t £ t 2 stl;%r eslggélsgrgﬁgftlrgeﬁ temperature  allows
depQﬁinthGuéT?éMQﬁmH?Qﬁ tABYoR@sCAANEY and’ 2 TO@IMBPSt least partial

i quid phase chem cal deposition, chem cal vapor
depdeteralgalaxationof the sttainad materiabepy die ohiainethe
material of the stiffener [ayer 4 may be
nonocrystal line, polycrystalline or anorphous. It

shoPrdfgrablye theadsfive day8eris BRGAD sdlondr aBekidses transition
to ensure a sufficient rig |d|t{r at the consi dered 30
u
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const erl al
is cmdmmh hddietrsatmerdnat theplefetrafbthe psflove rizgérall imag also be
Si nci@’Wé‘éJns | ess expensive to form Its thickness may
50 nmand 1 mcroneter. The nethod for
progreSS|ver reduci ng the thickness of the stiffener
|l ayer 5 4 may be dry etching of the plasna-assisted
2ar y Teecstifieger Jgyer omagralso 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. lf 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 HI/N material. If



etchi ng by gas phase chem cal reaction. The etching

techni que used nust be conpatible with the

tenperature of the heat treatnment applied to the

structure. 1o The thickness of the stiffener |ayer 4

may be reduced until the |ayer %s conpl etely renoved.
Whereas the duration of the heal treatnent is

dependent on the end of the etching, it is possible

that the strained material of layer 3 is not _

conpiikgas {5 ehosen.fihei ailicory is erefeeably Inolygiystaliineesingadt is less
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strained material and lead to a layer 5 of a materi al
that_is conpletely or at |east partial _IK rel axed,
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| ayedindug@. that the layer of material 3 at |east

partially relaxes, preferably laterally, while
preventing the formation of buckling, cracks and

ur f.ace,, .roughness. 25._.The ] ayer, of strai ned nateri,al )
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in conformance wth the invention, the strained

mat glapgndest on ithe Nendhoérthel etching, cibripr pessiblecthaieliie strained
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| ayer of straine e’cut Irnto
of materials 3a, 3b as represented in Figure 3. These
he rel axati buckl i

cr adicordna doste Hm fiachaniHbARoreR tiethe stfaime materia
rel apoph ilger 3 tarddhpartie6RAYEE PB8A4R! RobiBlus 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 /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%. .



accel erate the thickness reduction speed of the
stiffener layer 4 while conserving the mainly |atera
rel axation that leads to a material that is at |east
partially laterally relaxed 5a, 5b illustrated in
Figure 4. These islands may bj of any shape and si ze.
Squar e shaped islands are pref Pred for 10 practica
reasons concerning their fabrication; their sizes may
vary according to the initial stress of the materi al
from 100 mcroneters x 100 mcroneters to 3 nmx 3
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20
According to one variation of the invention, pattemns 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



for exanple by epitaxy, on a nucleation substrate 11

for which the lattice paraneter of the materi al

differs fromthat of the nmaterial of |layer 3. The

epitaxy may be carried out according to a known net hod
such as MOVPE (Metal Organic }){a}por Phase Epitaxy) or

MBE (Mol ecul ar Beam Epitaxy) 1o and a |layer 3 that nay

be continuous in a nonocrystalline or polycrystalline
strained material is then obtained. A |ayer 3 of

poI yediajnadh materdalgaiae i3abs rapresestecdin biguae et prder to optimize
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prevent the accunul ated stress fromleading to plastic
deformations, thus 15 altering the cr stal | o%r aphi c
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0o emtan gl hacTeteriabA Hars o dhet ohthg ekl aldgwer 3. The
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th a si"ze ranging from m cr onet er
m c(Rdl@ﬂle@s;amco\ZapnthaSenErpltewa}omMﬁEa(l‘dolebelanfBeam Epitaxy)

hape., The nucl n __sub trate be solid or
18 BBt b 1BNCE o it dnaliBer ZeBtiniolS LN cam s taline or
See%oly%)’)@d"talﬁﬁeo%tﬁéﬁlle%h ifedaY 85 3hat | bbbeﬁné@rrwd 18p¢r 3 of

nmechani cal support 16, (not represented in th
f| g belyysialine moaterinb mayd alsot bgeoliainedi Iy simple deposmon The

o onPEkfess6t I, SleaDeRAT BT Iy BT Blaon ARG iBrorcer to
nec pasveritthe wiepomulatéd etrebs fro deading e pladtict déBamansis, thus
of the substrate if 30 the mechanical support 16 is

1ol piteljeg e chestallographic gralithef the matagal qulayw Bhlt may vary
r ef SEESEd ;ﬁ?]& HaRyrE: ofathg%h@’l‘ahé‘lbﬁl irf g|a%ﬁbel§lbér§go hm to 2

dep strai ne

on tiieroshetars) edithaite creatingagiefects o’fathestllslcaraﬁohher crack type

sup or.t substrate 1. The faces of layer 3, 3a, 3b and
HPRSBOWEbstrate 1 are then assenbl ed through the

reflowlayer 2, 2a, 2b as 5 illustrated in Figure 7.

Thi s assenbly nmay conprise nol ecul ar adhesi on
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. |



bondi ng. The reflow | ayer 2, 2a, 2b may then present a
thickness from0.1 mcroneter to 5 mcroneters. The

nucl eati on substrate 11 is then renoved at | east

partially fromthe 10 |layer 3. V%en the renoval is

conpl ete, for exanple by nechaqu or chem ca

thinning or electromagnetic irradiation at the

interface with layer 3, the stiffener layer 4, 4a, 4b

is deposited directly on the exposed face of the

st r dVitbarefereaee 40 Figyker 63 a2 @dlovaiayentd, 12a,heb iedepesited on the
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and or chemcal thinning or by spitting, for

at tibstraleell arg then @ssembledibrmugiothe 18flow f@h%rrrg 2a, 2b as
ub | s e [

oo sligded b gl 1 TR, Sl FH it hdeinesio
t he BshdingySTheatefioWllagr 2n2a o2y maygthenrpreseplea Itiasknéssr from 0.1
exanp| e accordl ng,to the Smart Cut TM technol ogy, as

r epriBSEMEET IR SHNIRBEWISThe renmi nder 14 of the

nucl eation substrate 11 illustrated in Figure 11 may

then format |east one part of the stiffener |ayer 4.

A | ayrer nubleaﬁoarSLdvlstrate/ 14l sothem tepoeed ed least paitially from the

0 THRGS. B 55 B 1 bSO, R0 Bl 4o PhdeHrcal o
nmay @%M]@ﬂhﬁﬁ\iﬁ&ﬁ?’@%&@nagﬁ] t%ﬁ?ﬂa@ﬁjti@h étﬁﬁeﬁhté‘rfa%@%ﬂh layer
| ayer 4. The-thickness of e remai nder varies

- accoh dhgglifenemayends 4. 47 ia ﬂ@pwiﬂdadif%ﬂlyucumhe exiendaskface of

by ¢Sy eE PP byl 0F S VB G iR S P I R 8 Bt

m crion@iceto stAlttdectl dipresémtednaFigureadspect of the
i nvention, once the heat treatnment is applied and a

1Payer of material that is at |least partially rel axed

I5:i g&?aﬂ;%lb’reﬁﬁvalpr of | e éaal‘i'bﬂr %hb%‘trat% 1! H’ay " %t%l'ﬁed by

I'S obtained, e poOssI remain of 't
st i frhectemi¢apad aof, ch@m;cdikthlrm:mgaunbpdpmm,épr examplef at the level

822 og,anngpbngl@(r?/q%%ogf?e{grg{he subssfreﬁe 11 gﬁl%s*rgtgdolrnn?:igures 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 léyer 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,



6a, 6b as represented in Figure 13. The materials of

| ayers 5, 5a, 5b are 5 preferably chosen to present,

once at least partially laterally relaxed, a lattice
paraneter that is identical or very close to that of

the material of the desired acﬁgve | ayers 6, 6a, 6b.

As these layers 5, 5a, 5b are used as seed | ayers,

the active | ayers obtained 6, 6a, 6b thus have very

good crystallographic qualit For exanp for a
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20 ditectly on structure 10, it is prefera
heatcrystal&Igfsphlctcmﬁbw dtarraxampiat fos matdreplately agkaxeddaysr 5, 5a,

By e (R bBSE I o BB IsOhetRedio R A0, I materia o

- 800fét |t owbpﬂ’@é@hﬂﬁldy'eﬁﬁBQNHﬂ eferdbBObdvih InGaN comprising
advant ageously conprise a boron <content of |ess than

4% azsindiyng iangavé oanddiie. The /adtivedayerals arg thyussrelaxed and

3 et S oS B r TS s o

paﬂwyi tpy prasent kit curayldtive thizkness & SEDY nhe té rnsié®meters.
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of
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order to present the enent r epitaxy

t he dimtdasve | ayers. 14 A first exanple of enbodi nent
in conformance with the invention is now described.
Wth reference to Figure 15, a layer of indiumnitride

and|n 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

o content of less than 4%.

25

 In the case of polar HI/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 partiaily 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 lil face

for epitaxy of the active layers.



gal lium (I nGaN) 3 containing 10% i ndi um and a

t hi ckness of 50 nmis deposited by epitaxy on a

nucl eati on substrate 11, constituted of a 5 nechanica
support 16 in sapphire covered by a seed | ayer 15 of
gallium nitride GaN. This | ay 4of I nGaN presents a
|attice paraneter difference of " approximately 1% w th

the seed layer 15 of galliumnitride on which it is

fornmed. It presents a dislocation density of |ess than

or eubnst ﬁéamm)@f embodimenhin peribenancy vwithithesinveniign is now

B el

is tgmltume@@GlaN@CB eontdisingay®% wididm Gad 3 tfﬂékness of 50 nm is
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InGaN and the’l ayer of
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of the gallium |ré‘ﬂ’@ﬁ | Bk QHnttﬁtﬁoﬁhB\%hm%té‘ glass whose boron
renmai nder 14 constituted of a t hi ckness of

150 confery is K afstis dhen deDﬂSllegQﬁ éhqmezs:f/inﬁawe&% aff illustrated in

o SRR S R O A b
expcbaw_,m)L of SIOL @¢ 69 roh (hdierebesmites M) dingedre) 8! diﬁ:ﬁvs:ted on the

ayers, deposited on the support 1 and on the | ayer
1%@&\%"@%9‘%6%@1 inGalyin %&erﬂ% greewie the adhesian ¢f t&arre@l)enai with

for y1 & CMP (Chem cal Mechani cal Poli shing)
tecﬁﬁféggggtﬁa(?ole 30 putting themin close contact. The
reflow | ayer Hyidnodgpenr ophes phohkydriogahe andl dsdiutrhuisns are then

o e S0l B e P AR el et n he
dur iGM,DMrbﬁQh NBe 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.



15 A splitting heat treatnent is then applied in
order to detach the renmai nder 14 fromthe negative 12
at the level of the enbrittlenment zone 13 forned in
the nucleation substrate 11. This heat treatnent may
be conpleted by the input of hani cal or any ot her
type of energy. Wth 5 reference to Figure 17, the

| ayer of InGaN 3 transferred onto the support
substrate 1 is obtained through the reflow | ayer 2 and

t he remai nder A4plittisg irptdreatment ds tinem appbed a3 order to detach
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at nosphere contai nin IS app the structure
to Bihe rejraimed dayaroof InfyaN 2zandthdoglod layer @ ass etched by a

Rourtenddtd EFPRRREihing meTBST s oy B bia g tslands
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f i f f . 4 ' L
ot e BesafuSd to 158 ¥uriClaer, o Kyef roh Grihderre. itis

buckéfengnaed by eas dadlieas dorfdrasiands 14zeand Visibaldféreticed by 4a
uality of the material, of the layer of In@GN 3, 3a,
1gb @Rdi4R | ayer of InGaN 5, 5a, 5b, as illustrated 25

in Figure 19. ATy | | )
5, 5a, 5b preéeﬁ?asﬁ?&ggﬁgﬁr?tg ;h e&lftﬁgs? (S'ﬂ%h t(a épﬁéraenéﬁginmg HCI
ont ¢ appléd ot thelstrudturestot irimg Hyareflow Eysf Eay 20 beyond its glass

o DB E AR oA b et h N B strner
andidyayerss ARis #ihned duAn® Welinait treatment by the etching effect of
20 the atmosphere containing HClL. 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 [ateral 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 12 and removal of substrate 1 énd layers 2a, 2b, via a bonding
n layer 17 as represented in Figure 20. Thus the layer of InGaN material '5,
5a, 5b presenis an exposed gallium polarity face. Active_ Iayers 6, 6a, 6b



| ayer 17 as represented in Figure 20. Thus the |ayer

of InGaN material 5, 5a, 5b presents an exposed
galliumpolarity face. Active layers 6, 6a, 6b 16
conprising one or nore layers in Il1/N material such

as 10% InGN or with a conpar e i ndium content may

then be deposited by epitaxy on the galliumface of

the layer of InGaN 5, 5a, 5b that is conpletely and
laterally relaxed. 5 According to a second exanpl e of

emb SAMMRIRING PNEIRE MeTRiayerson, Hlﬂﬁmatav@lrswh gt I8GaN or with
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and the islands 3a and 3b thus forned 10 present a
si zd®6¥€¥- nm x 1 mm The reflow | ayer 2a, 2b is al so

eposi ted di scontinuously and aligned on islands 3a,

b. The reflow |l ayer material is borophosphosilicate

gl ass with 4. Rdcbating. toThe $egoerd Zxantile i of depbsdiresht of the
with a thic S C ters. . Then the | ayer 3a, .
5. dnirtes. Sik et of faaihet S & BioumaGaae of8% is deposited
thr%&fbrﬂlh@oﬁﬁ | on ih%yﬂbcl%%tloﬁbst%sttr%&eﬂpﬁg Gﬁhbsﬁ'rﬂgsk The
step applied to the layer that participat n

r endRigkness of this dayestier1 08X nimt sndtthe amaads 3aTared 3b thus formed

ucl rate 11 is conpletely renoved by
I?i%%‘%ﬁr‘l’l %ggﬁb irﬂmdl sconti nuous stiffening

| ayer 4a, 4b Ghe r%ﬂowaay@rf 2512 |d 8180 Hebbsited dﬁ;contmuously and

deposited on islands 3a, 3b wth a thickness of 200

nm aigned opdplasrs &g, 3b. Eéetr@ﬂ@w layergnaterial isnborophaaghosilicate
s With Qlaéfigt BCE"@:{\ "?ﬁé @Eﬁ{%ﬁg &g pe:holgﬂga %NI{}} 3 Zhlckness of 2

neu ral. gas an €re T's

st r msitroraetiecs.t Thentthe Ryt f2aesbl ayérthé, s&cifaport Hubistrate 1 are
silicon. The si Ilﬁoztgermy in fact be etched at this

15 enpSpahled Hyroks ae¥pineE 2dnehiafiei@ I-@/‘P\Aﬁptﬁhmg step
enalgh Biied % ?ﬁ‘é‘ﬁ Eé’t Datieated ﬁgttﬁeg rdrRSya iscﬂmienﬁﬂ%?neter of its

eat treat I's ‘contl nued urs eyond
coanekmﬁSSrermval of the stiffener layer 4a, 4b in

order to obt aLI'ﬂe nucl%a%on Lgét?éte 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
- HCl 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. |



rel axation of the layer of InGN 3a, 3b in the |ayer

of InGaN 5a, 5b. Subsequent steps for transferring the

| ayer 5a, 5b in view of 30 the formation of active

| ayers 6a, 6b are in conformance with those described

in the first exanple. 17 d ai 1. A nethod of

fabricating a layer of material that is at |east

partially relaxed (5, 5a, 5b) for electronics,

opt oel ectroni cs or photovoltaics 5 conprising the

f ol IGW'W@ steps: - supply of a structure (10)

conprising a support substrate (1) on which a reflow

| ayer (2, 2a, 2b) lays and a, |layer of strained

mat et.i A rr(e’ihoé’beof fHbricatihgiad ¢alydredfreedtenalr it dw dtaeist partialty
(2, 2a, and a stiffener |layer (4, 4a, 4b) 10

appl i cé?'% dP: Daheak) W@&!@i%'mm%aﬁptaelﬁﬁggmpﬁeovz dhotayoltaics
layer ) t rature equal to or
gstraeatef&gw ﬁ{ght%Qng@gﬁg ﬁgﬁgltl on tenperature of said
reflow | ayer (aupm oﬂa))strab’mraﬂ@)rccmphsmg hl”atppbtt&eubstrate )

nmet hod conprises g.pro SIV redyct i on
t hi ckness of t%"@?g? % OYVaEaé’Pr & é@a Zéf)o)la)(ﬁ“qnﬁga layer of
the applicati %‘Bra‘iﬁed %téﬁéld‘/sh%%t 35 QRLARA bethrech'$ reflow layer

nmet hod according t cﬁa I ouUs c alm characterized
in that said (Beda, Zb)@’t istiffeserdppéi @d 4ap4bhe entire
ﬁt ructure (10) an reduct.i

Bhi ckness of rriberhen e hefregiei Ay Bingd e refiow layer

carried out 2Q2byadrp) t@tect@nﬁmaratu"re b ﬁ%re%rgﬁén the glass
phase chem cal reaction etching

according to 6@36Dﬂﬂ$mqﬁf@mr@@§S@Ida’ﬁﬁﬁwdhmra(é—’t 8ai 2

in e C
0, o hplel 3R SOl A oPoRle L4 icton
el ect rﬂmmitﬂmwslofﬁhdls&ﬂener Idyer (Jh,e4é,a4‘l§9rdlﬂfng251e application of
strained ,nateri al és before the application of said

TReat tPAdiNRSH{realmenthe net hod according to the

previ ous claimcharacterized in that patterns (2a,

2b), aligned on the islands (3a, 3b), are forned in at

| ea2 Toaagthod asicordipgtthith& peedouns cldim clredrbotsrizagién that said
(2). heat treatment is applied to the entire structure (10) and in that the
reduction of the thickness of the stiffener layer (4, 4a, 4b) is carried out

20 by dry etching, in particular by gas phase chemical reaction etching.

3. The method according to one of the previous claims characterized in

that the method also comprises a step of forming islands (3a, 3b),

| ~ particularly by etching or by electromagnetic irradiation, in the layer of
25 strained material (3) before the application of said heat treatment.

4. The method according to the previous claim characterized in that
- patterns (2a, 2b), aligned on the islands (3a, Sb), are formed in af least
-one part of the thickness of the reflow layer (2). |

30 | |



30 18 5. The nethod according to one of clains 1 to 4
characterized in that the |layer of strained materi al

(3, 3a, 3b) is forned through the foll ow ng

successive steps: a) Deposition of the |ayer of
nonocrystalline or polycrystalljgpne 5 strained

material (3, 3a, 3b) on a nucleation substrate (11) b)
Assenbly of the strained material |ayer (3, 3a, 3b)

and of the support substrate (1) through the refl ow

| ayet- Fize mathog!ba)cczo)'dlngrtmm of claines 3tto 4 eharagtarizgdrin that the

or evi ol o018, e XoiePRL G5 54" FRLE Bfisd Hion the fotowing

r enovakucdedshe gtapla,eati on substrate (11) is perforned
to forma_remainder 1(14 14a, 14b) of the nucleation
subst r at @)( Peposaitign; AT tthat Iay@heofsmqwme&taﬂlwe@r (Eolycrystailine

4b f
T4, " Tha, " 1305 "SRl al R} 0ot SBTBH Aty Fed By Hate (1)
The net hdx Assemblyngf the shreingdaimatériad hayac(&;rmesb)l and of the
that a conplete ¥qatlﬁ (?f t he nucl eati on quJstrate

(11) is per?’lb?‘?f'ér& hityoygh thesigfiondayer (Za2ar 2ph,
4a, 4b) |(§ #ermf'g &%Q;g%%?mhgg&éé}q%gg ég)r ai ned

material [aye e met’hod accordi ng
to one of clainse 6 or 7 characterized in that the

Brc GroT hEnSHER BRHTCInG SR prERE AT GaE e Red in that a
char acpaitia? Rsmbal (a‘ﬁhbhﬁiclééﬂi‘)ri Sutsstres 31 9f lSt ;B’@n‘ormed to form a

stiffener |ayer (4, 4b) is reduced until said -

sti f f erasnaindge(1 41461..a1 Ayt the odelpationisybstatevdd )and in that -
'C(r;n: Pﬁ{&etdgiﬁet ||%3zee}t 40!21 OHHL% ﬁg%%tsti Sghﬁrr%ﬁ%)%y g remainder

conpl e, y4aenmu)e@rthamubqbatuﬁhesumtﬂewi(ﬁqcordl ng to one
of the previous clains characterized In that the

18tiffener layer (4, 4a, 4b) is in polycrystalline
si | 7¢Oflhe method according to the claim 5 characterized in that 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).

20
8. The method according to one of claims 6 or 7 characterized in that the
nucleation substrate (11) is removed by splitting.
'9._ The method according to one of the previous claims characterized in
25 that 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 after the stiffener layer (4,
. 4a, 4b) is completely removed.

30 10. The method according to one of the previous claims characterized in
. that the stiffener layer (4, 4a, 4b) is in polycrystalline silicon,

- germanium or a {lI/N material.



germaniumor a I11/N material. 19 11. The net hod
according to one of the previous clains characteri zed
in that the strained material layer (3, 3a, 3b) is a
nonocrystalline 11/N material, in particular the
layer is in InGN. 5 12. The ngighod according to one
of the previous clains characterized in that the
stiffener layer (4, 4a, 4b) is in GaN, the strained
material layer (3, 3a, 3b) is in InGN and the
etching of the stiffener layer (4, 4a, 4b) is carried

out 1 éfﬁécﬂ"&%ﬁ@r lopk tHQ re?r%u%%laﬁé‘r@ﬁ%%gterized in

of rlcalng semcon ct or s conprisin
Suppl ythabftha $tegiped ahatesioe laysr (Bha‘a |3b)at; daeasmocrystalline /N

parti al | axed , _Ha, 5b). .obtaiped foll ow ng the
ot hodMBeAIcATiEugR ey BHS BeGPBs ci ai e,
gharacterized in that the method al so conprises the

formation of at 15 | east one active |layer (6, 6a, 6b)
on thZ Tde meded pacoidind fo pakafdbe previeusallaimsyehargbterized in

acer e Afieas Re: B 2 X B Gah e Yypihel Ratorial layer
el ect r @), @, te9 6T MG end thé etdhingBr thedtifeer Byae(4,%a, 4b)

the previous claimcharacterized in th

met hodislasded obpin e gtraspheramongrisyig Hﬁ'én Iayer of at
beast partially relaxed material (5, 5a, 5b) onto a
i nal substrate (18) before the formation of the

act i18e A mathod of ff@!ylwﬁmgﬁserﬁa@on@hﬁtor dbvitbe cﬁﬁtd?@ﬁhg the supply
according to one of clainms 13 or 14 characterized

t hat ‘QfSat FRyer e maerial thadaist abdeastaparialy | rglaxed (5 5a, 5b)
t
ot vettained fefloyile) tHemethdd adogringB'did & thelgigvious claims,

mat er | eﬂarantderlzedenf thatehée anethiodt hisoa@cirhpﬂsésmm formation of at
I

15ave. JPARLORE PR0NR 1Y (9.1 581 BBLAT oneFate ekt drarfaly retaxed
from tl'h@terlaﬂﬂer% 8h, 5BA%H pRRidulA ActiveahgsRdeTBReBbRbf laser

(5, 5a
components photovoltaic components or electroluminescent diodes.

14. The method according to the previous claim characterized in that the

20 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).

15._The method according to one of claims 13 or 14 characterized in that

25 the layer of at least partially relaxed material (5, 5a, 5b) is in a lII/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 lll element of the material from the
~layer of at least partially relaxed material (5, 5a, 5b).



