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Such a substrate is intended to be used in applications in the field of electronics,
optics, photovoltaics or optoelectronics.

Nitrided materials of IIUN type arc materials in which nitrogen is combined with
an element from column I11 of the Periodic Table, especially gallium nitride (GaN)
and various nitrides or nitrided alloys based on indium (In), boron (B) and
aluminium (Al).

These are promising materials for applications in high-power high-frequency
clectronic devices or for those subjected to high temperaturcs, such as a
light-emitting diode (LED) emitting in the visible or the ultraviolet, or a blue/violet
laser diode.

For information, # will be recalled below that the crystal structure of GaN has
hexagonal symmetry, this being shown schematically in the appended Figure 1.

It may be seen in this figure that gallium nitride has a hexagonal crystal siructure
defined by a crystal unit cell which is a prism, the base of which has edges of the
same length a (3.1896 A or 0.31896 nm) and oriented at 120° 1o each other. The
height of the prism is denoted by ¢ (5.1855 A or 0.51855 nm). In hexagonal
crystals, it is common préctice to use a notation based on 4 indices (% £ i )
associated with the vectors a;, az, 4 and ¢ for naming the crystallographic planes.

The most common gallium nitride (GaN) substrates have the crystatlographic c-
axis normal to their surface. Their growth is said to be along the c-axis or their
growth plane is the c-planc. These substrates are called “standard GalN" substrates
in the rest of the description and are termed polar.
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The atticle “Transfer of two-inch GaN film by the Smart-Cut™ technology”
Electronics Letters 26th May 2005, Vol. 41, No. 11 by A. Tauzin et al. describes

15  the possibility of transferring a standard GaN film onto a support substrate by the
Smart-Cut™ technology. This article studied the conditions for blistering in a GaN
material. Blistering occurs only when the GaN is implanted with doses of
hydrogen of at least 2x10"7 H'/cm®.

20  The articles “Formation of nanovoids in high-dose hydrogen implanted GaN”, from
Applied Physics Letters 89,031912(2006) by L. Radu et al., “Investigation of hydrogen
implantation induced blistering in GaN", Phys Stat. Sol. (¢) 3, No. 6, 1754 - 1757,
(2006) by R. Singh et al. and “Blistering of H-implanted GaN” Journal of Applied
Physics, Volume 91, Number 6, 15 March 2002, pp 3928 - 3930 by 5.0. Kucheyev

25 et al. also mention the appearance of blister-defects following the annealing of
standard GaN implanted with hydrogen at doses equal to or greater than 2.6x10"7
H /et

The article “Infrared and transmission electron microscopy studies of ion-
30 implanted H in GaN”, Journal of Applied Physics, Volume 85, Number 5, 1 March
1999, pp 2568 - 2573 by C.H. Seager er al. also shows the appearance of
pyramidal cavities in standard GaN implanted with H™ ions with doses between
2x10% H/em?® and 1x10'7 H'/cm® followed by a thermal budget of one hour at
around 8§90°C.
35
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process. layer of a nitrided material of hexagonal crystal structure and of the HI/N type,
especially gallium nitride (GaN), which is easily industrialized, that is to say which
uses implantation doses lower than those described in the literature, for example in
the article “Transfer of two-inch GaN film by the Smart-Cut™ technology”,
Electronics Letters 26th May 2005 Vol. 41 No. 11 by A. Tauzin ef al. in which the
doses described range from 2x10' H'/em? to 5x10" HY/em?

Embodiments of the invention also seek to provide a layer of a nitrided material of
hexagonal crystal structure, of III/N type and of good crystal quality, including
after it has undergone ion implantation and layer transfer steps.

According to a first aspect of the present invention, there is provided a process of
obtaining a hybrid substrate comprising at least one “active” layer of a nitrided
material of the II/N type intended for applications in the field of electronics, optics

or optoelectronics,
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- the implantation into the source substrate (1) is carried out exclusively
with He" helium ions; ‘

- the implantation dose of He" helium ions is between 1x10'® He"/em®
and 1x10'" He'/em?*;

- the transfer of said active layer of nitrided material comprises a
molecular adhesion bonding step in which a stiffener is bonded to the implantation
face of said source substrate;

- the cavity growth thermal budget is applied before said stiffener is
bonded;

- the cavity growth thermal budget is applied after said stiffener is
bonded;
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- said cavity growth thermal budget comprises the application of a
temperature of at least 800°C;

- the complementary detachment energy budget is of mechanical origin;

- the implantation energy of the He™ helium ions is between 30 and 250
keV;

- said source substrate is made of a material chosen from gallium nitride
(GaN), aluminium nitride (AIN), indtum nitride (InN), boron nitride (BN) and
nitrided alloys of at least two materials taken from aluminium, gallium, boron and
indium; _

- said source substrate is made of bulk nitrided material of III/N type,
having a hexagonal single crystal crystallographic structure, the grthh plane of
which is the c-plane, and in that the bulk material is cut so as to form the source
substrate in such a way that one of the faces of the latter lies in a plane parallel or
approximately parallel to the crystallographic c-axis of said bulk material;

- said source substrate is made of bulk nitrided material of III/N type,
having a hexagonal single crystal crystallographic structure, the growth plane of
which is an a-plane or an m-plane; and '

- said source substrate is a composite substrate comprising a seed
support material covered with a layer of single-crystal gallium nitride (GaN), the
growth plane of which is an a-plane or an m-plane, in such a way that its free face

is parallel or approximately parallel to its crystallographic c-axis.

According to a second aspect of the present mvention, there is provided a hybrid
substrate intended for applications in the field of electronics, optics or
optoelectronics, characterized in that it comprises an "active" layer of nitrided
material of the III/N type, having a hexagonal single crystal crystallographic
structure, the crystallographic c-axis of which lies in a direction parallel to one of
the faces,
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Among the aforementioned materials are gallium nitride (GaN), aluminium nitride
(AIN), boron nitride (BN), indium nitride (InN) and nitrided alloys of at least two
materials taken from aluminium, gallium, boron and indium, such as ternary alloys,
for example indium gallium nitride (InGaN), aluminium gallium nitride (AlGaN)
and boron gallium nitride (BGaN), and such as quaternary alloys, for example
aluminium indium gallium nitride (AllnGaN),

Preferably, this source substrate 1 is manufactured from bulk nitrided materials
having an hexagonal single crystal crystallographic structure, the growth plane of
which 1s either the c-plane, namely the (0001) plane, or an a-plane, for example the
(1120) plane, or an m-plane, for example the (1010) plane. It should be noted that
there are several a-planes and m-planes but only a single c-plane.



Fi gure 2A shows a "source" substrate 1 made of a nitrided material of the
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materials are galliumnitride (GaN), alum niumnitride (AIN), boron nitride
(BN), indiumnitride (InN) and nitrided alloys of at |least two materials
taken fromalum nium gallium boron and indium such as ternary alloys,

for exanple indiumgalliumnitride (Im@N), alumniumagalliumnitride

(Al GaN) and boron galliumnitride (BGaN), and such as quaternary all oys,

for exanpl e Hl éhaifinstuwnse indituch talgkavwtmpiant of de (it m@ahl) s ter eplpabhy, this
sour ce subst el S f I Lt L | & ving an
hexagonal si%lgfegalgrlkstc%?qur %gegﬁr F%%%g;gﬂf&%gs??@ﬁ#‘fgﬁdtdﬁgtﬁ?%%h%t%fane of
which is eitP@pendiaile tothineplang facy in theh conay fhaphenface &Y of said spirste, f or
erarrpl e thehsubl(q%zﬂtgzz Q))taﬁigarlﬁ:s iara @I&nﬁ‘r@lr:ﬂl&e,orf@lproemﬂ' 4 iyepatrm(ij (téLGhei‘l. 0) )

pl ane. 1t_shqu e noted .t hat . r . several a-planes and m pl anes but
only a siEth gytq:t?lr]ﬁ%‘ﬂ) i C"?Xlslogbaférlg?]tﬁﬁgla%lhf%St case in which the growth plane
of the bulk material is the c-plane, the material is cut in wafers al ong

pl anes hper penfing Ybdhd QhscaR Rk thBLRk)L PRAPENGI Gulkahatb@al ik 2 p1apt ape face,
I'N such a wa

g thalt t he. f@;e 10 of 'said so@t rcetisubs.tra ef'L ogéa'gne lies in
a pl ane par af? BFP81S dpiSrsk PRE B CpRFRTT &1 °% & “?1%81%?:9@’& 459 ogPapHi ¢ c-axi s
of said bul ksomteeubsttate | inttihecadipdionth € akee parallioc hpprhergtebpdralidlame of t he
bulk mat £ i alnel o AloBrPhiRASxRb 18l BRkARGiLI L 18 not necessary to prepare

it by cutting since ace 10 of said source substrate 1 intrinsically
lies in a plane parallel or approximately parallel to 10t he

cryst al | ogr apht exieessivh Saffrodme@lynabdicaioaeipehds (Ghe aegparesSironce from
"appro?ingtehﬁsggggyégﬂf' corresponds to an angular difference fromthis
axis o :

15  The source substrate ! of m-plane or a-plane may also come from epitaxy on a
sced substrate, the surface of the material of which has the appropriate
crystallographic plane well known to those skilled in the art (the reader may refer
to the article “Study on optimal growth of a-plane GaN grown on r-plane sapphire
by metal-organic chemical vapor deposition”, Journal of Crystal Growth 300

20 (2007)308 - 313 by T.S Ko ef al.).

The a-plane GaN may for example be obtained by epitaxy on a sapphire substrate,
the surface of which has an r-plane, and the m-plane GaN from m-plane SiC or
{(100) LiAlO- substrates.

25
As may be seen in Figure 2B, the source substrate 1 then undergoes an
implantation of helium ions (He™"), this implantation being preferably carried out
on its face 10, called hercafter in the rest of the description and the claims
“implantation face”.

30

Optionally, said implantation could be carried out via its opposite face 11.

In other words, this implantation is carried out perpendicularly or approximately
perpendicularly to the "¢" crystallographic axis of the source substrate 1.
35
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appropriate crystall ographic plane well known to those skilled in the art
(the readew mweyosnker to the article "Study on opti nal PGYBRE/G6T488- pl ane
GaN grown on r-pl ane sapphire by netal -organic chem cal vapor deposition”,
Journal of Crystal Gowmh 300 20(2007) 308 - 313 by T.S. Ko et al.). The
a-plane GaN nmay for exanple be obtained by epitaxy on a sapphire substrate,
t he surface of which has an r-plane, ~aAd-the mplane GaN from mplane Si C
or (100) LiAl02 substrates. As may be seen in Figure 2B, the source
substrate 1 Thempamdeiogase anatilppt ant®t Hercof. Rreferabin ﬂtCﬂBStIS()HIGS)G thgrhi s

| mpl antat | ong beimgrcnes! RN preainled RUlc@fd §S1d'agR A4¢ gl Ledihereaf ter
in the rest of, thze description and’the clains “inplantation face".

Optional ly, Haigmi npl antation could be carried out via its opposite face
11. In other words, this |rrpl antation is carried out perpendicularly or

appr oxi mi el yyog @ﬁngao%%n% tbgmyep&‘ a w6V E ALY Q01 BR0L Gkl 1 Qg t he

source stra ose Is at east
He-/ern2. Pr @Teﬁqr@bsr petwieen 38 c@lds?cﬁol Jéﬂéé ﬂoh‘&nf040‘95&16137 waakened gpne jESH

preferably, ifitabis f&eﬁme ah& 49 irfplHe L€V d piidrel 264 tJthHQi'bhﬁddﬁmcE%Qof

i npl antati on ener%y S §I %cgn a few tens of keV and a few hundred keV,
preferably bEFNEERORS HAYHED kev, so as to obtain a weakened zone profile
suitable for fracture and an inplantation depth relative to the desired

thi ckness, of thcﬁ‘?dﬂlflytﬁé 1&1813%*[1&{ angiREd 8k eﬁcl@sﬁ’xfe%f Qh@bhdfiumt Rsi(Aehant ati on
is canied out. exclusively with heliumions Nevert hel

necessary, oneSHRE:: d ﬂ%@é@%l‘m&t‘l’f ¥ ?roﬁ?"c?aé %‘?relf"%‘f ﬁPﬁS}efgi n}i‘aﬁfp{’%nt ed in
the source sithgimat @ the sdihesabstortd ipltest at-ioplastipsstepstitthidlivonoions may be

si nul t aneous QIbis inplantation has the effect of form ng,
wi thin the s%ﬁ?%gﬁsu slt%rog OrEJ}.lCat a controlled average inplantation depth, a

nunber of nanocavities, that is to say cavities of nanoscal ¢ di nensi ons.
These caviti ﬂ?ﬁrs&fr@laﬁﬁhﬁzﬁ iha@lthcogffaap pr vy, eliyhis phesheal subsirith lastdi anet er of

about 1 to 2 or}l@o-ligcg %;[rerggre 1mp?¥nt&1%¥1l & th, a%u%%? %‘f‘ n%f?&%wﬁg’s that is to say
cavities of nanoscale dimensions. These cavities are spherical or approximately
spherical, with a diameter of about 1 to 2 nm. Together they define a weakened
zone 13.

20

This weakened zone 13 is the boundary between, on the one hand, an active layer
14 that extends as far as the implantation face 10 and, on the other hand, a
remainder 15 that extends as far as the face 11.

25  The implantation energy is adapted according to the depth at which the weakened
zone 13 is intended to be defined, or more precisely according to the thickness that
it is desired to give the active layer 14 in the final substrate obtained.

To give an example, an implantation energy of He' ions of 90 keV used in a
30  gallium nitride (GaN) substrate makes it possible to define therein a weakened
zone 13 lying at a depth of about 400 nanometres from its implantation face 10.

It should be noted that the aforementioned helium implantation doses are low
compared with the doses of implanted H' ions commonly employed in the prior art



20 Thi s weakened zone 13 is the boundary between, on the one hand, an
active layer 14 that extends as far as the inplantation face 10 and, on the
ot her hand, a remminder 15 that extends as far as the face 11. 25The

i mpl ant at m@zeeneogy | S adapted according to the depth eti/mincednstdse weakened
zone 13 is intended to be defined, or nore precisely according to the
thickness that it is desired to give the active layer 14 in the final
substrat e obt ai ned. To give an exanple, an inplantation energy of He
ions of 90 keV used in a 30galliumni-tei de (GaN) substrate nmakes it
possible to define therein a weakened zone 13 lying at a depth of about 400
nanomet res f fo@rrantfsrringpd asiliami nividealeger1 his deseOthen fhomgtfrans¥ er 6k1Y a gal | i um
nitride Iayeﬁﬂ,&his dose then being from3 to 5x10" /cn2 H. The process
according to t'fie ‘i nvention therefore makes it possi ble for the
5inplantation tinmes to be considerably reduced, in proportion to the
reduction i nTn&@r&f@@eamH% Nexthe ihfitias tthyefdrayiiked 4t ipsssislantss ekg ed, whi ch

10 This 1 aybiaieded FRATE perRRE B RRr A Reredup s BR ARG buager to
acconpl i sh t #éss usksl achnent, hereafter called "overall energy budget".
Next, the actix}e layer 14 is transferred, which requires it to be detached from the
remainder 15 of the source substrate 1.
10
This layer 14 is transferred by providing a sufficient energy budget to accomplish
this detachment, hereafter called “overall energy budget”.

This is made up of a thermal budget, called “cavity growth thermal budget”,

15  capable of causing said nanocavities 12 to be transformed into larger cavities 127,
and into a complementary energy budget, called “detachment energy budget”,
capable of causing the active layer 14 to be detached from the remainder 15 of the
source substrate 1.

20  According to a first method of implementing the invention, illustrated in figures
2C and 2D, this transfer is carried out by molecular adhesion bonding of a stiffener
2 onto the implantation face 10 of the source substrate 1, followed by the provision
of at least one budget of thermal nature, sufficient to cause the nanocavities 12 fo
grow, that is to say to increase their dimensions.

25
For information, the expression “thermal budget” denotes a (duration of the heat
treatment/temperature at which the treatment is carried out) pair.,

Through the action of this thermal budget, the nanocavities 12 grow, so as to form
30  cavities 12°, for the most part of cylindrical shape, which lie parallel or
approximately parallel to the c-axis of the source substrate 1. These cavities reach
several tens of nanometres in length after being annealed for a few minutes at 1000
- 1100°C for implantation with for example a dose of 1%10" He /em® and an
encrgy of 100 keV. This step is illustrated in Figure 2D.
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This is nmade up of a thermal budget, called "cavity growmh thermal budget”,
15 capabl e of causing said nanocavities 12 to be transforned into | arger
cavities 12', and into a conplenmentary energy budget, called "detachnent
ener gy busigetiiymseapabl e of causing the active |ayer l4r¢DERecsdeig@ehed from
the remai nder 15 of the source substrate 1. 2 OAccording to a first nethod
of inplenenting the invention, illustrated in figures 2C and 2D, this
transfer is carried out by nol ecul ar adhesi on bonding of a stiffener 2 onto
the inplantation face 10 of the sourtei®ubstrate 1, followed by the

provi sion of at |east one budget of thermal nature, sufficient to cause the
nanocavi ti esTHR stiffergr AW,is tpheftrably tlossayiono manetdadevinped rdifferomesodns. 25
For informatj . Lon: "t " fon of the
hoat  tr oat o FATReE S pd Wplien (7ETBlay RAGH ThoydiBHRh Kpls SSHELE o T
Through the HetdcBye bfvet A 4o tavaiqi acessiglyekigh thessan e the Bactary Rfpbw, so as
to form 30 cawihbRsfiddbondi@r the nost part of cylindrical shape, which lie
paral l el or approximately parallel to the c-axis of the source substrate 1.
These cavities reach several tens of nanonetres in length after being
anneal ed f or Mardomey, therroatedal af tHe0wienerIm@O® fimsen denlcagivan de wiaghof or

exanpl e a dogg hi dlfre’3 HeAROR 180E sBRcRRS QY@ fol 9 ci¥y, R hdtShEP 1S
illustrated i Eerablstgéﬁehosen from

Fi e 2D, - 10 - The stiffener 2 is pr
mmt or 1 ai s hadk i BT FEH etieonbore FIEREO 6t (4 HERRr e off (cTe)
that is | ow magughow tlowneppecslit o that of the active |ayer 14 to avoid
excessivgly high stresses during the fracture heat treatment after bonding.

5 Moreover, the material of the stiffener may be chgsen de(gendi ng on the
usage of t he"ichdic dtfergpeep &1F bvemibamatepiak ¢fdbsitifiaeis ansthploff@ed for an
epi taxy, theadimtesicald Gfvelhgight dsfih emesxawipld ofadaranbdgeohisd, thdbernetwsen so as
to have a CTE cl ose.t0..1h eri.al i i en the
difference i ﬁ)r@?%%%g?%%ﬁlte@ nnﬁ%t%}ﬁlsfa 3n§$t V1:gif’t1ﬁe)q\égl'fi ﬁ?‘% é‘%@raaééagﬁgﬂ%ﬁﬁﬁ? of the
active | ayer Imthejesanyple pf Kiaghandasspphire; He cormapicestioruGammandezagpifat e, t he
struct urgs f opBRAeoriRNdbRandN SOy IRLEEdBINg iGaNNBiemMIf NEtsangeload high a
heat treal Ml « NSniALSuah FANRD0iSReNA% e usomgsl s strusture

before bonding the stiffener.

Next, the annealing to stabilize the bond contributes to the energy budget to be
20  provided in order to fracture the GaN. It may be supplemented with the application

of a mechanical stress.

The thermal budget applied to grow the nanocavities 12 is at least a few minutes at
at least 800°C.

25
A person skilled in the art will adapt this budget according to the nature of the
nitrided material and the implantation conditions (in particular the helium

implantation dose).

30 To give an example, experiments carried out on gallium nitride (GaN) have
demonstrated that the cavities 12° do not develop after a heat treatment of 3 hours
30 minutes at 660°C but do start to appear after a heat treatment of 2 minutes at
1100°C. A person skilled in the art knows that applying a heat treatment at a lower
temperature requires the treatment to be applied for a longer duration.
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15 treatnment of no nore than 300C w thout causing its disassenbly. It is
therefore judicious to apply the "grow h" theonal budget needed to formthe
cavities 12' before bonding the stiffener. Next, the annealing to

st abi | i zewtdmob@nadzcontri butes to the energy budget toPOBERO@wHStled i n
order to fracture the GaN. It may be supplenented with the application of a
mechani cal stress. The thernmal budget applied to grow the nanocavities 12
is at least a few nmnutes at at |east 800C. 25 A person skilled in the art
wi || adapt this budget according to thel mature of the nitrided material and
the inplantation conditions (in particular the heliuminplantation dose).
30To gi ve anTexarpinecxaepize phlivemt wtraiarshoes theuformatiagad caymienilfl ki  GaN) have

denonstrat ed L Lii £%0d=¢ do not devel op after a heat treatnment of
3 hours 30 n?%%?%g §?°§§§% but do start to appear after a heat treatnent of

2 mnutes at 1100C. A person skilled in the art knows that applying a heat
treat nent at Agel @wEtink QLR Woeth egthilesdidien dongatmandry keerhebadpl i ed for a
| onger duration... To gkve. an, exanpl i Lt de. WSt formation
of aavi tice. £2oplit B RuRng HE R Ren I8) LA E S TR e
provi di ng t heladaerithgusgodulitasqundr mal budget, a conpl ementary energy budget
5is applied for effecting the detachnent, for exanple nmechani cal opening

using a bladeg, or. the use of ultrasound. em cal_ef chi treatnent using a
hot phosphorEE“E%@d“@E%%ﬁ@ﬁ?wB?uﬁB%£s&ﬁdﬁgﬂghp8iwﬁgﬁgk@§5O%Bﬁﬁ?wgh can al so
be applied fbydrodtia@Oiysolttenaet alvebd aypdicd ot deteoviey e activeilsyecaséunmes t hat

the faceg,of the substrate which nmust not be treated are protected.

Finally, the conpl enrentary ener budget al sQ be of thernmal nature.
y HowreT\Per, this assum%s that th%yfaces 09 g-e sﬁ%&te wh?ch must not be treated are

protected.
Finally, the complementary energy budget may also be of thermal nature.

The hybrid substrate obtained after detachment from the remainder 15 is shown m
Figure 2E. It bears the reference 3 and comprises the stiffener 2 and the active
layer 14 of nitrided material.

20 If the stiffener 2 is thin, that is to say around 5 pm, it serves merely to carry out
what is called “delamination” transfer of the active layer 4. However, if the
stiffener 2 is thicker, for example around 100 pm, then the hybrid substrate 3
obtained is thick enough to be self-supporting and to be used for example to carry
out epitaxial regrowth.

25
A second method of implementation is illustrated with reference to Figures 3A to
3E. The elements that are identical to the first method of implementation bear the

same numerical references.

30  This method differs from the first by the way in which the active layer 14 is
transferred.

In this case, the transfer takes place by the deposition of a layer of material 4 on
the implantation face 10 of said source substrate 1. The formation of this layer of
35  material 4 is shown in Figure 3C. It is continued until a certain thickness is



The hybrid substrate obtained after detachnment fromthe remainder 15 is
shown in Figure 2E. It bears the reference 3 and conprises the stiffener 2
and the active layer 14 of nitrided naterial. 20If the stiffener 2 is thin,
that is twosap@aand 5 gm it serves nmerely to carry RUWERMES06148 cal | ed
"del am nation"” transfer of the active |ayer 14. However, if the stiffener 2
is thicker, for exanple around 100 gm then the hybrid substrate 3 obtained
is thick enough to be self-supporting and to be used for exanple to carry
out epitaxiat regrowh. 25 A second metthod of inplenmentation is illustrated
with reference to Figures 3Ato 3E. The elements that are identical to the
first methodreadheil olshovenindtigwn 3Deor ckdmapls smadlomuamsti-waporting eirusfise®. 30Thi s
met hod di ffegesﬁﬁa?lg%ﬁn@d.fi rst by the way in which the active layer 14 is
transferred. this case, the transfer takes place by the deposition of
a layer of material 4 on the inplantation face 10 of said source substrate
1. The f or marhi9gembitibhinaybayetiedbut3hmmtepitixal 4 is shown in Figure 3C. It is
continued until a certain thickness is - 12 - reached, as shown in Figure
3D, for exanple to allow a self-supporting structure to be finall
obt ai ned. ThT¥s deipo it prefsrablycapiedca PR &y cRitKy wcmﬁeaélﬁingé%qucwlg epi t axy
iks prefer aﬁl yno%rktb:tilﬁﬁe %ﬂe@iﬁ tﬁ@are,@h@ma@%mmm (fstalsiang dheaial gupes: wel | |
nown to those ski . t.he art uc S tal .organj. em ca
vapour deposftPPyHI™): ﬁ%ﬁ%%%%%@%b&iﬁ@l’%ﬁ?e epl(ﬁ%%i@c)u!&r%é%?f}lﬁ%lxgcul ar beam
epi t axy) andaEIO®Géqiitasini laterdl avareadwibker growt h). 10

10

This epitaxy may be a homoepitaxy or heteroepitaxy, depending on the nature of

the layer of material 4 and on that of the source substrate 1.

Tn the case of a heteroepitaxy, the material of the layer 4 will for example be
15  chosen to have a lattice parameter matched to that of the active layer 14 so as to
grow a crystalline structure having a low defect depsity. This material may also be
chosen according to the difference between its coefficient of thermal expansion
(CTE) and that of the active layer 14 so as to avoid the formation of cracks in one
of the two layers upon cooling,
20
According to the first method of implementation, the epitaxy step is carried out at a
suitable temperature and for a suitable time in order to provide the thermal budget

sufficient to transform the nanocavities into larger cavities.

25 This thermal budget may also include an additional heat treatment if the thickness
of the desired epilayer is reached before the structure has been provided with the
budget needed to develop the cavities 127

The complementary detachment energy budget is then applied. This is of the same
30  nature as that described in the first method of implementation (for example, the use
of a blade, of ultrasound, or chemical etching, or heating).

According to the second method of implementation, the cavity growth thermal
budget is applied before the epitaxy step.
35



This epitaxy may be a honoepitaxy or heteroepitaxy, depending on the nature
of the layer of material 4 and on that of the source substrate 1. In the
case of a heteroepitaxy, the material of the layer 4 will for exanple be 1
5 chosen w® hewesoes2l attice paraneter matched to that oPCT/EEOG#HGI4E | ayer 14
so as to grow a crystalline structure having a | ow defect density. This
material nay al so be chosen according to the difference between its
coefficient of thermal expansion (CTE) and that of the active layer 14 so
as to avoid the formation of cracks intdme of the two |ayers upon cooling.
20 According to the first nmethod of inplenentation, the epitaxy step is
carried out Eheansﬂysmbﬂenmampbsan@n@gﬁhdﬁkbﬂmaaxmﬂﬁabﬁedﬁ%dﬂanOﬁrder to

provide the f h@%bﬂe@%yre?ll'ﬁlgﬁﬁq af&%fmsdgat éﬂfhé&%f'%é@u%ﬁ!@rn@ﬁt@@qg%th& es into

| arger cavities his ther de an additional heat
treatnent if%pKE ’t‘hfh&(ﬁaé‘gsthﬁfepftﬁ’@ H@gﬁeé& efi P%@ @W@H “Before the
structure hasudgeen provided with the budget needed to devel op the cavities
12' . The ionplenentary detachnment energy budget is then applied. This is of
the sanme 3 Onature as that described in the first nethod of inplenmentation
(for exanpl eFinghy e third mebpdabimmbimentations basaitaxyrs eHERFRAY 18EEM ng, or

heating). Acg@kglicRg dnfird hera8eaenrd bididnactded « wpkRrBBLAiicaByertibe cavity
grow h thermal budget is applied before the epitaxy step. - 13 - The

epi taxy step then provides an energy budget that contributes to detachnment
of the activésisayer inPiguThEswhitds gytalpad gler detaphinentriee dybid sublsisate 3

SupDI et edori HNEL RE Uer [ M\rilichel 6.t flapiidt axy provi des al | or
part of the detachnment energy budget.

Two illustrative examples of the invention will now be described in greater detail.

Example I:
15 A gallium nitride (GaN) substrate of hexagonal crystal structure was subjected to

an implantation of helium ions with a dose of 6x10°° He'/om® and an energy
of 90 keV on its implantation face parallel to its crystailographic c-axis.

This implantation was used fo define cavities forming a weakened zone at a depth

20 of 400 nanometres from the implantation face.

This substrate was then subjected to a GaN epitaxy using the aforementioned
HVPE technique until a thickness of a few hundred microns of GaN was obtained.

25  The growth process lasted 3 hours at a temperature of around 1000°C, after which
the source substrate was fractured in the plane of the weakened zone. A hybrid
substrate was thus obtained. In this case, the epitaxy provided both the cavity
growth budget and the detachment budget.

30 Example Z:
A gallium nitride (GaN) substrate of hexagonal crystal structure was subjected to
an implantation of helium ions with a dose 6x10'® He/em® and an energy of 90
keV on its implantation face parallel to its crystallographic c-axis,



Finally, in the third nmethod of inplenentation, the epitaxy is sufficient
by itself to provide the entire overall energy budget needed to transfer
the active |layer 14. As shown in Figure 3E, what is obtained after

det achmentwa moemazhgdari d substrate 3' 1 Oconprising the eCUErmed/@myss 14
transferred onto the epilayer 4. Two illustrative exanples of the invention
w Il now be described in greater detail. Exanple 1. 15A galliumnitride
(GaN) substrate of hexagonal crystal structure was subjected to an

i npl antation of heliumions with a dos&dof 6x1016 1lie*7cnR and an energy of
90 keV on its inplantation face parallel to its crystallographic c-axis.
Thi s inplantNthpmﬂwasﬂ&mdgﬁMOadﬁﬁknmneamﬁkfmsomﬁCnmngIQFWEQMBn@dmtone at a
depth 2007 4RQ NBAGERINRS fsﬁ%ﬁﬂgmeﬂmn@m ds0f [RGB Y Saflisipate was

t hen subjected to t axy Ing t orenen i oned HVPE t echni que
Until a thi oAb Grmnst BitarnlrBe WRsoRS B SEeiEliad oKt AIWEE 85 The
growt h pr oceggathiasti@tofInd @i 1akr B.t enperature of around IOOOC, after which
the source substrate was fractured in the plane of the weakened zone. A
hybrid substrate was thus obtained. In this case, the epitaxy prOV|ded bot h
the cavity gNewi s mbligetcdaimplanked e daderentbraghiisto nGoERapee Wwh A gal | i um

nitride (GaNyubstrighegof dexagQnalfechd Sbal 1t GHQtHbEraasn SHRj @6d ed to an
i npl antation of heiiumions with a dose 6x1016 He7cn2 and an energy of 90

keV on its iBPYftation face parallel to its crystallographic c-axis. - 14

10 The assembly then underwent an annealing operation so as to strengthen the
bonding interface, this annealing being carried out at a temperature below the
temperature at which the two substrates separate.

Mechanical stress using a blade caused the material to fracture m the weakened
15  zone of the GaN.

A hybrid structure comprising a sapphire support covered with a GaN layer was
thus obtained.



Next, a thermal budget at a tenperature between 1000C and 1100C was applied
for a tine suitable for enabling the nanocavities 12 to grow into cavities
12", without fowing blisters on the surface of the substrate 1, and
yvithout any delam nation of the actiyg |layer 14. 5 Next, its unblistered,

i npl anted plane face was brought into intinmate contact with a stiffener 2
having a CTE very different from tERAEMN substrate, in this case sapphire.
10The assembly then underwent an annealing operation so as to strengthen

the bonding interface, this annealing being carri d out at_.a,tenperature
bel ow t hé- tenﬁ’é’tcﬁ%sl.ﬂfé’bﬁﬂmﬂﬁﬁgﬁg@‘ﬁ &5 ’ts%geaé Qedeafalive 16y chani cal

stress UgitigedamleAsieofoRu SN the inRhéd Rk apphéahaﬁi it thei field bé clseakeced 15zone

oftheGaNAhbdt t d wi
GaN | aye PPt Af Fegeietr iR Ty daed SRRR S SRR RIEREE 1y "
substrate conpri silagingt ‘s@ast” auhe:ratcaxmad«/efnﬂmad,@nn@tﬁnaiquﬂﬂ@%ﬂ’pnat erial of
the I11/N type i %{?}E@fguﬁc o] %rr%ﬁ thif Al ARS8 fxéhlltnp?t)ns B dnRf soBIL GLEQRLS,

optics, photovol f ectroni cs, said process conprising the steps
consi st i Hyough- onssef Betlhery, @ﬁileédb‘? ‘anplanipten A8 ’rrﬁ@éh%?“m%? iofideroiaE er i al  of

| TUN 1yP&iside said sub‘géétéy'aﬂga Q!dﬁtr@l!bd' apLapd atiphmtalonHaeha! |aU|ﬂhinE815 dfnto this
source substrate, throug onegq? f aces, cal I e t he ]é‘éﬂ%p tation face"

for the }3@#%@@@%@‘3{?’&#&4 Wﬁalieﬁ éat%%@ﬂ’&ﬁéa e | ed aver age
i npl antati on depthBasferny Ry a&fverﬁaﬂﬁcwldbiaelsmﬁaf iffinh ghea rateakdmad thene, t he
| atter defining said active |ayer; and
source subsfrate,
said process being characterized in that the source substrate of nitrided material
of TI/N type has a hexagonal single crystal crystallographic structure, in that the

6( 4

implantation face lies in a plane parallel with the crystallographic axis of said
nitrided material or makes an angular difference with this “c™ crystallographic axis of
+5° in that the implantation dose is equal to or greater than 1x 10" He'/em?, and in that
the transfer of said active layer is done by applying an overall energy budget which
comprises a thermal budget called the “cavity growth thermal budget", capable of
causing said nanocavities to be transformed into larger cavities, and a complementary
energy budget called "detachment energy budget", capable of causing the active layer

to be detached from the remainder of the source substrate.

2. Process according to claim 1, characterized in that the implantation into the source

substrate is carried out exclusively with He' helium ions.

3. Process according to Claim 1 or 2, characterized in that the implantation dose of

He" helium ions is between 1x10™ He'/om® and 1x107 He'/em?,

4. Process according to one of the preceding claims, characterized in that the
transfer of said active layer of nitrided material comprises a molecular adhesion
bonding step in which a stiffener is bonded to the implantation face of said source

substrate.



transferring said active layer by detaching it fromthe remai nder of the
source substrate, sai d process being characterized in that the source
substrate of nitrided material of HUN type has a hexagonal single crystal
crystal l ographic structure, in that the inplantation face lies in a plane
parallel_wth the "c¢" crystal.l.ographi c axis .of id ni.trid rjal or
nmakes ans-angLﬁra?eSEIiaF‘F‘g&’é‘ﬁé@a(tW’l“ﬂ4t ﬁi‘aé'aci?,me rlf}stP%I %6?‘3%%?@%(?@1@1@ ! 5 in
that t henidgpliaapidddrfdtossdissifagnad bandedr greater than 1 x1016 He' /cn2,
and in that the transfer of said active |layer is done by applying an
overal | energy budget which conprises a thermal budget called the "cavity
growt h téher melProbesd getordingapaBlain df craaeitningdsiai thatrtha sewity gfossh derpal
t ransf oi i r AV AL £S5 conpl ementary energy budget call ed
"det achrrge}%%egelgrgg%%/e%bu é%éti&¥i1%%%ggl%ag?@causi ng the active layer to be
detached fromthe remai nder of the source substrate. 2. Process according
to claiml, chALAGtREIARE NChhRY, theatttplanhathbomeitiinefet B ssduictes
substrate is carried out. excl usivel l}'/ w t.h, He .Hel i u]? ions. . 3. Pr%eess
accor di ngYerooicpigidadimgterial CORBRES A ptED & JeROTHES 3 K™ ?r]rt;sﬁnéiﬁpglt Por dose of
He hel i upji@nsidosfabestmasoliroelOibrabie+/ cn2 and 1 x 1017 He+/cnR. 4. Process
according to one of the preceding clains, characterized in that the
transfer of said active layer of nitrided material conprises a nol ecul ar
adhesi on8bondPrgest emoidingbchlaams?i Chaneerite! boribedsaid dapesifiegp|isnt ati on
face of ﬁgrhgl S ce substrate. 16 5. Process according to Caim 4,
characterized im'that the cavity growh thermal budget is applied before
said stiffener is bonded. 6. Process according to Claim4, characterized
in that ghe caycty SEQWiRe tBetIRh budBghcis PR iREt afifl edepsaitign sisi 4 fener is
bonded. 7. Process according to Claim1, characterized in that the
t r ansf er hgjfroRifa¥Yact i ve | ayer of nitrided material conprises a step of
depositing a layer of material on the inplantation face of said source
substr at 8,, Process accqrdi to daim.7 haract erj zed 0o th sai d
deposi t i i?r i syﬁ’cﬁ%nﬁ%cﬁf(ﬁﬁg(&? égﬁn Ffé}ée%sgﬂaag%%&cﬁ%ﬁggt %a{dﬁ% r?*) % 8kp
char act epicziits iall ot hat oftiedadiepgoith thenhal taidbelt er oepi t axy.  10. Process
according to Claim8 or 9, characterized in that the epitaxy step provides
all or part of the cavity growth thermal budget. 11. Process according to
one of Clii msP@cess agorditgfmerepf hdms P thhl, smeckspzehid thet 8y 6%V des al |
or part of %%i.&@%ﬁ%%ﬁﬂbf%@feﬂ%h&@ﬂ%&gyﬂldg&f ocess according to Claim8
or 9, characterized in that the epitaxy step provides the overall energy
budget for transferring said active | ayer.

12.  Process according to Claim 8 or 9, characterized in that the epitaxy step

provides the overall energy budget for transferring said active layer.

13.  Process according to one of the preceding claims, characterized in that said
cavity growth thermal budget comprises the application of a temperature of at
least 800°C.

14.  Process according to one of the preceding claims, characterized in that the

complementary detachment energy budget is of mechanical origin.

15.  Process according to one of the preceding claims, characterized in that the

implantation energy of the He™ helium ions is between 30 and 250 keV.



13. Process according to one of the preceding clains, characterized in that
said cavity growmh thermal budget conprises the application of a
tenperature of at |east 800C. 14. Process according to one of the preceding
claims, characterized in that the conpl enentary detachment energy budget is
of mechani cal origin. 15. Process according to one of the p edin cI ai s,
char act etd.zedPiogesstageondheg ionpraAt MG BIFCEHRE GAIHF: ?l}?éaqtfé'lzﬁgllptfﬁ?

bet ween ﬁﬁr&n&bg@ge keMade %F a rferid’BEREST@RE Cg@ﬂﬂﬁrrﬂﬁltﬁ@e @ﬂ\fpfalmﬂﬁﬁnm ec edl ng
cl ai s, character din id sour(:ﬁ Eﬁgi te |ds q ter| al
chosen fRigidegat Nl) A mﬁa%e E@&Db(’%’? GHAT H&B TGS § 3(5 n| tride
(InN), basORartibkitden (BN aandniomt caited, Bdroowsd ofdiat. | east tvvo material s
taken fromalumnium gallium boron and indium 17. Process according to

one of the preceding clains, characterized in that said source substrate is
made of bul k erceasdae:dozrdatgm ahe of thd praedippelaimay Plragacicrinsdagonal s8dngl e

crystal Cr&fét de' ?%t;%) a%eSJf" lﬁ{tﬁde& Fﬁl +HaPWE TIRE 3R 9?1\71\‘}@'21%)&3@01{&@9

c- pl ane, ebuI material Is cut so as to.fofFmthe soyrce
subst r at engiﬁ Osmeﬂ aysialperavhic Bivetvss. the eroh glangro t"ﬂ@clll i thec-plpnss 23R a pl ane

paral I el ;f @ dﬂ%‘ bﬁfkyIﬁBt%Hﬂqg bR & 16 T Te@bueaktbsiuldin vaties kak et oha a pl ane
whi ch maf( +5 th

sal crystall ogr 18. Process according to
one of CPEFh?sfaiesth the, atfﬂ‘ié’reéé’f‘ érHiirg@dpeglf;\Il %ﬁ%ttgggqyatagggp@gcscu%gi f’g?aé&)l s made
of bul k- Bifkrhal@ehl Bates plahe ahichkddidis Eypeith baidicngtalopewhganalis.si ngl e crystal
crystal l ographic structure, the gromh plane of which is the a-plane or

m pl ane. 19. Process according to one of Clains 1 to 16, characterized in
t hat sai dSSOUPmemmbngtq sneaof Clpiosilt © bﬁ;b@talraateembrmthat g squseed

| T d
?g%)rt gﬁ;s%}a{e o 1884/ e&;feﬁlm}é‘ %}ld@% xﬁé{&{aﬁf 1§11/1Q9( %, %(%6%{% éfgalngehs!ﬁ H%ig ' Ih e way

t hat |tscfys@émfyar@éogrgplpas@w@qe mgrwh@#%tozﬁw g K PG Ry B-RftSakes 5
with said crystallographic c-axis. 20. Hybrid substrate i ntended for
appllcatlonsmthefleld of el ect quonlcs hot ov s or

tics
opt oel ectlPoni E&oceenafoarties i 88° Phi{HERE i g@rﬁ?@f”'g@ z “h \5‘3‘1 1SVEF of
nitrided spmip@rd Bla @cfmlsdaﬁe Ishibdtitet Y@prishay i mgedasdp@mgﬁmaha;smgfed witly st al

crystall i.C stru I ra (o} lies in a
directi og%ﬁéBE’FP ag W?iﬁbd%f(ﬁ’ia@i the “Hg Pfapr 8%‘}1& aggm(ﬂﬁ Qf hdlrs hybri d
subst r at @nafi- pmleeﬁl @ch\natdmaﬁmaﬂlti frentfackds earaﬂhll 9 iéﬁcm/&teﬂdgimc bekisgrbonded
by nol ecula§(e§%9n\g ngalﬁgrﬁtaﬁgggiaﬁ@%r ax@nd in that this hybrid substrate is

obt ai ned ™ rocess “acco ng to any one of the preceding clains.

20.  Hybrid substrate intended for applications in the field of electronics, optics,
photovoltaics or optoelectronics, characterized in that it comprises an active layer of
nitrided material of the III/N type, having a hexagonal single crystal crystallographic
structure, the crystallographic c-axis of which lies in a direction parallel to one of the
faces, called “front” face, of this hybrid subsirate or makes £5° with said front face, this
active layer being bonded by molecular bonding to a stiffener and in that this hybrid

substrate is obtained by the process according to any one of the preceding claims.



