Process for obtaining a hybrid substrate conprising at
| east one layer of a nitrided nmaterial The present
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substrate, that is to say one consisting of severa
| ayers, conprising at |east one |layer of a nitrided

mat eri al of III/N type Such a substrate is intended
to be used jn ap tions in the field of ..
el ectroni cs11 roﬁﬁ ° ﬁH’é’P%%‘P’PQp&[’Wm&ﬁPH’&re‘H% oni cs.

Nitrided materi at ]seasﬁodellhyehd dfyapeitidded] matexialal s i n

which nitrogen is conbined with an el enent from col um
I1l of the Periodic Table, especially galliumnitride
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hn@hxmte Hﬁhbyp®lectron|c deV|ces or for those
subjected to high tenperatures, such as a

ght-emtting diode (LED) emtting .in the visible o
¢ ROk Srbyds Brintegfodstoghe, wyeg b egpl esigas gfhsdisld plecironics
i Bf)ﬁés!’?ﬁdt@%ltahds otloplocketrsical | ed bel ow that the
crystal structure of GaN has hexagonal symmetry, this

bei ng shown schenmatically in the appended Figure 1. It
miNitrided sweeridlnof HI/A fypgarcembtestls galwhichmitioger de:dmnfai with

h%ﬁ%ﬁ%&ﬁt ﬁswc%tlﬁtm il w%lﬁeﬁg&ﬁfﬁﬁf@d mﬁa\é ﬁug gg ! nitiftiet (GaN)

rs ase 0 ges of

t lved svareus evigidps @r (@trmséenlhy&rba@e@mge iy (e boron (B) and
O%hﬁﬁhﬁﬁ1@4%120 to each other. The height of the prism
is denoted by ¢ (5.1855 A or 0.51855 nn). In hexagona
crystals, it is conmon practice to use a notation

bdsest are ﬂrdrm@ingeﬁla‘(ehalskfori applipatims oii highehowict Mhiglérequency

rs. al
c I@%g&gtinfs o%?’vé%)el’?l 81‘ pt?anhgse H‘tgeca[nzi ng El}%"m tené%eir?tures such as a
nilighi-dueitiigadipds (XD aniesnghiavke viiblaoonytbe altiapigleiptriablue/violet
C%ﬁbfmﬂ@énal to their surface. Their growth is said to
ong the c-axis or their gromh plane is the
c-pl ane. These substrates are called "standard GaN'

S tketRAion, it 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 structure
defined by a crystal unit cell which is a prism, the base of which has edges of the
same length ¢ (3.1896 A or 0.31896 nm) and oriented at 120° to each other. The
height of the prism is denoted by ¢ (5.1855 A or 0.51855 nm). In hexagonal
crystals, it is common practice to use a notation based on 4 indices (4, k, i, [)

associated with the vectors a;, a,, a; and ¢ for naming the crystallographic planes.

The most common gallium nitride (GaN) substrates have the crystallographic c-
axis normal to their surface. Their growth is said to be along the c-axis or their
growth plane is the c-plane. These substrates are called “standard GaN” substrates

in the rest of the description and are termed polar.



in the rest of the description and are terned
pol ar. Substrates made of standard GaN have the
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pi ezoel ectric polarization effects, as explained in

the article "Structural and norphol ogi ca

characteristics of planar (11 2 0) a-plane gallium
nitride growm by hydride vapar phase expitaxy" Applied
Physics Letters, Volune 83, Nunmber 8, 25 August 2003,
plgyﬂsﬁl;i‘ﬂsslﬁﬁﬁe tﬁff ﬁgﬁlard"@e%?@ L%av@#th@' ciirﬁ;chﬁbk gf qiaﬁfﬁl%r BARKRable
not al ways perfect|y suitahle. for e prodyction o :
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industrial process for easily transferri a_l r
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aiBBi Number, 2h SfugustcT008vep 1 ¥ehl GatyfB. AmHeykellhe a/.

Smart - Cut UM t echnol ogy” El ectronics Letters 26th My

2005, Vol . 41, No. 11 by A Tauzin et al. describes )
t HBep esthsrafereynopalwavsririsetly syitable forfhamaodasties pf glectronic

0Bbﬁpéleitb%@ﬂfe_Mﬁ%ﬁt@d&d@%hﬁbl@gﬁmﬂpﬁ@bﬁl&m
technol ogy. This article studied the conditions for

blistering in a GaN material. Blistering occurs only

wire additien,Ghbtei is nonpdasntid hraddsh faosedy ahindfydinggelayof ofatll/N-
I t . 2x| / : rticles "Formation of

ngﬁ%ng %g?%zﬁ?%ﬁﬁ o§%’§§ﬁ$ogen i npl anted GaN', from
Applied Physics Letters 89,031912(2006) by I . Radu et

atrhe "4V s‘tih,,gﬁsté%,o B o Y Ir QAN éﬁlrﬁpé)ﬂ M ATSH AR A Ci%ghnology”
blisterjng in N\ Phys Stat. ‘Sol. ﬁﬁ% 3, No. 6, 1754 |
” Efertypnicy 366y 2601 Mey SORGHV ek 45 Noahliby B iTstiaini kg glescribes
g&ﬁdﬁdsﬁiﬁﬂﬁjﬂ gE&%SSfé@ilﬁg ﬁadt%rﬁigrdbg@Ni fgngﬁhb’ gligs%l@poﬁ/ @Lllsbsoﬁﬁte by the
unb e Cc <. . Q.
Kﬁ?ﬁgyg@t e%eCHP&Oﬁ%l%ﬁF@&W‘ﬁ%etﬁﬁ BB%‘HP%H?J& Eﬁmﬂng ina GaN
binasdrer.- Bébtents dooltsownlygwhbe then@alNi nginoflasttdneal ddoses of
' ey gen at doses equal to or
S?5?g${?ﬂ%29§¥%;%)?%q%g'H+/ch. The article "Infrared

and transm ssion el ectron m croscopy studi es of

| qRi ARICRR Pt FadhoRuTing ho(ﬁosé\myézﬂogéia FiPI$1&8 GaN”, from

A, B TR b MR 2 200 s
implantation induced blistering in GaN”, Phys Stat. Sol. (c) 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 S.0. Kucheyev
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"

H'/cm?.

The article “Infrared and transmission electron microscopy studies of ion-
implanted H in GaN”, Journal of Applied Physics, Volume 85, Number 5, 1 March
1999, pp 2568 - 2573 by C.H. Seager et al. also shows the appearance of
pyramidal cavities in standard GaN implanted with H™ ions with doses between
2x10' H'/cm® and 1x10" H'/cm® followed by a thermal budget of one hour at
around 890°C.



pyram dal cavities in standard GaN i nplanted wth H+
ions with doses between 2x1 016 H+/cnR and | xlI O 17

wokdoen®ebnl | oned by a thermal budget of one hoPET/BP2008/061488

10

15

20

25

30

35

around 8900C. Al'l the val ues nenti oned show that the

I mpl antati on doses for fracturing the GaN are at | east
five tinmes higher than those needed to fracture
silicon, and are therefore mwe difficult to apply in
an industrial process. This is because, depending on

t @1 iheRkaARE %{d:nﬁﬂn&iuihbevnﬁla%@ anbbén’eb%i%ﬂ ad_oﬁéﬁefoﬁpfﬁéthﬁﬁ‘é HRNGaN
of doses as hi ] ant ati.on

h as these requires an inpl;
o4 d5as l‘f@n‘élflgﬁwlﬂﬁﬁﬁffégﬁn tﬁaset Rpeder, (9, BCtirg nUicpy. g grastherefore
Finivat difficilhe @iply ol en indosteinlagbotes. Digl webstadies dogatingrsm the

and He- i.npl ant at,i on-i nduced voids in GaN epi t.axi.al .

1R P ORE LByl et SRont B gt R S By rpgpives
Dan fhplantetiorppahtiondbstomihlst upsteskv@algtnsexfgeuisment s i n

whi ch He+ heliumions are inplanted into standard GaN.

It is nentioned in this article that an inplantation

of inadly. the Agricle, legapctigntlierss sléslegegoes w3d Bevpplastqriengnduced
f obliowad daw apheati tl&)@@i”f,feﬂ?plﬁéd ®houed 16808 86,112000G(2005)
fgr\éj{r nut es Igads to the 01 mat i on of ﬁigwg ugs[. sone
oPY Fhitt AUIST & Gt ISFIPHRPTEaC T SHRBE ST Moy WER d1cpfclium ons are
pymplah@ddlints bapéardidmdever, this docunent in no way

descri bes the inplenmentation of an industrial |ayer
transfer process. One of the objects of the present

i hivie mdndian¢dsing hisparoede dleat an pmplratsion ef Ha agnsfiar@aMhgvigh doses
| ay&re 0108 ML 1EhdedowRd 8? h@{e;ﬁ?eaﬁﬁéﬁ% BRun&1H66 2k 100°C for 2

structure and of the I1I type, especially gallium
nitipjtge lepdniq) the fprnation of sagtiey, spmg st i“fé% Cytinggcaj ghape
t ané atheifphransigs shagy. ant ati on doses | ower than those
described in the literature, for exanple in the

article "Transfer of two-inch GaN film by the

Sidmtev @y tthis doburod¢rogy 'ho VEdyeddscobgscte limpleercata?ibn lof Mayindustrial

2 . 11 by A Tauzin et al. in which the
dgagle%g%{%lesgeg?qr%cee ‘range from 2x1 017 H+/cn2 to 5xl1 O 17

H+/cnR2. Anot her object of the invention is to provide

a JrRYEthbjdetd b the ﬁ%erﬂ%‘i@e’iﬁi@ﬁ is9b PASVIAOL BRIceKIT¥S @ sferring a

structure, "of 111/ tyfpe and Pf %o?d crystal qfu?ll | Ey,

i FYEL8 ﬁgnltrlded material of hexagonal crystal structure and of the III/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 et al. in which the

doses described range from 2x10"" H'/cm® to 5x10'7 H'/cm?.

Another object of the invention is 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.

For this purpose, the invention relates to a process for obtaining a hybrid substrate
comprising at least one “active” layer of a nitrided material of the III/N type

intended for applications in the field of electronics, optics or optoelectronics.
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transfer steps. For this purpose, the invention
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conprising at |east one "active" layer of a nitrided
material of the Ill/N type intended for applications
inthe field of electronics, optics or

opt oel ectronics. I n accordances with the invention, this
process conprises the steps consisting in: selecting a

" $PHECORIanS NS tiRd BvEREE, s Iﬁrbéersb @&ﬁpﬁ@s etfd @dpsQondibtidgNn:
t ype, haV| a hexagonal sin

crystarl odf gﬁmgca SOMERSE ghstta ecam?i/%ﬁ@ﬂraf@ rgpferial of IL/N type,
i tfptla@taabxag@n@lfs1ﬂgeecﬂyeﬂal umtaklxrgeapmct @tntdrme source
substrate t hrou t one ol tf %Cﬁs*h,f led th e ;

"i npl ant aFToRE 2840 WRPERlPL S SR OB a0 Hyis gpurce
apprsoxicptitreigh g el itefacod, tchllechthe’ “ehplentagomifdcogrwiphh dics in a
a 1a§e faraﬂ"l@f Sir éﬂgﬁ&hgﬁ%lﬁﬁaﬁfﬁl%ﬂh %(% ‘?_dg d;g@%l%@th;@{ﬂms ﬁf said

qua great an | xl Mo
puﬂﬁéedeméterlﬁb phith BnplARAden deseaypie or graater dhang] <10 He'Jem?’,

C @t HiQd |}ﬁ1@p0@¥ebtag6rdnﬁg| anidat kag seRtre, art] an:m&oﬁéd average
the latt

nanocavi.t i e weakened
Ganpmon Srub eyt peRecSRES (FaNG ar surgRedidpe, the larer
adtfiniag kayectiveylagppind ng an overal | energy budget

\é\'? Io\(,:\F h C?%I{ahs%ﬁ%bg dst ﬁf a%e R‘ggﬁg Oaga% 8JII§% al I'b%era(l:laé{ﬂetrély budget
naodacempases o ttbaemmr h\m@e@ rcedé@i ithet dcavity g@pwtia\thlqrmels budget”,

a@&’pa@l&&ﬂ‘%u@tﬂﬁ%ﬁrﬂan%%t%é BULIRns fitnk& Gnto q@r‘g@ﬁ&i@tﬁs{ and a

ener g capapl e of cau5|ng the active |ayer
b&oQR a@ﬁeay feiﬂ%fr%b’t gee fallsth efetermant cagigy cudget”, capable of

S ghsigathe acthRanys té Be HhegRdffRat tHe@Smeindée thayRIRdd @Bstrate.
it is possible to reduce the inplantation tine, and

therefore the total duration of the process, and al so
t ha@duoehdshdeamss obthet ineepioadincs palstbdd tvexddacedtht iaplantation

dﬁ%g gn(f:ﬁllétse? httRe thoq dﬁ?&tﬁﬁt'o&flthé er aﬁ@élgytot 1%8udeotﬂ§ cost of

pass uri ng antati on.
atheanpduse o @md@nﬁdwdammgﬁ icagpefl étathﬁrr@@er@fﬂ tlntﬁegh which the ions

I@m@ﬂﬁﬁ@»¢hé@%ﬁﬁﬁﬁﬁ%}Vldua||y or in conbination: - the
i npl antation into the source substrate (1) is carried

out exclusively with He+ heliumions;
According to other advantageous and non-limiting features of the invention, taken

individually or in combination:

- 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'/cm®
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;



the inplantation dose O He+ heliumions is between
IxIO 16 He /cn2 and | x| O 17 He+/cn®; the transfer of
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nol ecul ar adhesi on bonding step in which a stiffener
is bonded to the inplantation face of said source
substrate; the cavity growh thermal budget is applied
before said stiffener is bonded; the cavity growth
thermal budget is applied after said stiffener is

bonded; t h@het tAREh 8F sl a&Wedla%tdf\ﬁﬁrlhéﬁ’ ﬁfateﬁﬁl &Jrﬁﬁrhs@?g step of
ggterlal qgrlses a ste | % iﬁ?

BHLNE AVTAL matesieh AP 49 Bt ghe s iR svbstrate
subst r at esaifl diegbsitemas a thoaivcpisaxd dﬂramaam@axyy,or a
het er oepi t,ax the epi taxy. st.ep prOV|
of the ¢ af[/lllet §p15 Fe) tﬂ?tp ﬁoevrlgr% alg Jd gp E 8le‘Eya§fD W% {permal
pbodgeties al |l or part of the det achnent ener gy budget

t he epi.t a}q)é reﬁthggy gg]? gfoqz?({%s Lhe géﬁ% bAtHe a%%%ﬁ&é{nt%é%?tbudﬁet

for trans active layer; said cavit
t her mat  bilfgeRitaxy M Boyidondh wﬁpﬁagawew brdggt Yor transferring
t gimpat@ULgrof at | east 8000C, the conplenentary

det achnent .ener bud et chani cal t he
o ontat b G OB el buflEdt i ase T YpBlicaeR of o
S&rmwlatﬁﬁbﬂae}éastﬁ)ﬂﬁbsource substrate is made of a

mat eri al | I [
nitride ( o%{blérggt{&nrg/%e ac %]etﬂ 6%1 #&Sf%uggagl%ofn I|% H{%ﬁa%ﬁgm
(BN) and et inipdestatioin emygycﬁf the Heeaslnummsnabetwean $0 and 250

tgken fromalumnium gallium boron and indium said

source substrate is made of bulk nitrided material. o
111/ N rypéald source substrate 1s made of a material chosen from galhurn nitride

(GaN), aluminium nitride (AIN), indium 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 growth 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 sced
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.

The invention also relates to a hybrid substrate intended for applications in the
field of electronics, optics or optoelectronics. In accordance with the invention 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 or approximately parallel to one of the faces,



havi ng a hexagonal single crystal crystall ographic
structure, the growth plane of which is the c-pl ane,
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source substrate in such a way that one of the faces
of the latter lies in a plane parallel or
approximately parallel to the crystall ographic c-axis
of said bulk material; said sowce substrate is nade
of bulk nitrided material of I11/N type, having a

Pﬁﬂ?&lo“ﬁ?wént&f[ﬁ&l %foc?ﬁésa;@nﬁcgma%l ﬁlgsr aRRIcCla§ed y&hgj Wnded by
e aneo.|C| ane or’an

Il %ﬁr%etosab% afie nd v @ﬂ%@sﬁ‘f trgtablétﬁﬁge({] By the
caﬂmm&ttm@e@pﬁeeﬂ; support materl al covered with a

| ayer of single-crystal galliumnitride (GN), the

grow h plane of which is an a-plane or an mplane, in

s (herafcamyest dnalt adviagtageseef ﬂa:cmelstiqoawdll Ibe¢ora¢ apparent from the

aﬁggcﬁﬁilgﬁhﬁlt }ﬁo@% ﬁ!)\k? | wﬁl‘?réf&%n@er %Stg %19&'&1%(2 magviﬁgsat)ﬁhtsshow

vention also rel

i BY eviebe @ findicatim b@tatmlaiﬁ@gu 1@10 tlmétarflpm gevstal d?%@bkeome@@ds of
Oﬁ)[hpﬁﬁleﬁfa‘u@]ﬁ)t oel ectronics. In accordance with the
invention it conprises an "active" |ayer of nitrided
material of the Ill/N type, having a hexagonal single
ciydicad drawyrstsal | ogr aphi ¢ structure, the

crystall O%Eg%%‘ hGs & (ﬁ%rerin sfhomgltE ?al sﬂu@tu% (%ﬁéatlllu?rﬂ nitride

paral | el oOr°approxi
f §0el) efdidxegona $>mnetrf,a1@é of this hybr| d substrate,

this acti ‘F‘?gulré’é/ﬁ& tcP?E Bﬂd @QQQ e a%’ dﬂ@iaﬁfs‘ﬂlﬁsﬁra@iﬁ@ WG ctQsive
a stiffener, BQ‘%%@su bstrate i s obtalned
S

y
t AEPRPS ﬁ@ﬁeq%&emﬁ@@ %fft MHementing {hegdogssy according™to the
aguantio@ges of the invention will becone apparent from
the description that now follows, with reference to
t he appended draw ngs that show, by way of indication
bﬁigukﬂﬁAysmg/sm“dohmet’ atbsonafe §eveleall poissddll wakBtlholde TTI/N

tgti t
ft%dgef am@\ﬂﬁ% 4 'h%Q oln(g:lr letﬁgg Srystal, Sﬁxéstﬁlp%i‘ggﬁ cl étlsucﬁlre the
nictystadlegrarkin) c—ems héfxa@tﬁha iess yrmﬁeﬂﬁwtloannarﬁﬂulej uple gplerxmtely

2ga@ng1 t30nt 8f 3ErREL1¢i agranms illustrating the

successli ve
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 is either the c-plane, namely the (0001) plane, or an a-plane, for example the
(1120) plane, or an m-plane, for example the (101 0) plane. It should be noted that

there are several a-planes and m-planes but only a single c-plane.



steps of two alternative nethods of inplenenting the
process according to the invention. Figure 2A shows a
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the 1'l'1/N type, having a hexagonal single crystal
crystal | ographic structure, the crystall ographic
c-axis of which lies in a direction parallel or
approxi mately parallel to onesof its faces 10. Anopng
the aforenentioned materials are galliumnitride

( G Me. firdd SHTE Mh Wllldll' thé 'g?(ﬁvtll@lzl\llle’ ofRRE BUIkNhhtetslSs GRBN)-plane, the
|nd|%%%nltr|de h? nitrjded all oy s f at |east
ehS U {hKEATCFY oHPA$ uRARTU NRCTfEY l‘iuf?rh O o B OXIRpteLY

i @dﬂpmdlcﬂulcfm this t@ralnarfyceahﬂ oy, a fraly thxatip|fecd Milbfigaid source
?%{1@%‘8 tcrlt%de (lle Pl\a ll)rlral% Iurrellrg (lietl ? %&)g{rﬁa{l‘%ﬁ r%agﬁlel to the
qoamemmgmymaanw$Qfimwhé&anyﬁelaIun1n|un1|nd|um
galliumnitride (AllnGN). Preferably, this source
substrate 1 is manufactured frombulk nitrided.
nét 810 grendheass HyWhiIshHbs atgovihiplage wdithe byl spaggrial is an a-plane or
Chy $h-planegi ap hbtcn&km@t W prephlddt 8y cwttﬁl pdu@déeth@ffawlm: Bf said
is eith er the C ne naneF t he ﬁg? ane, or

aSYEnEY s{ere)tre wgﬁtﬁ Yl‘l Sng banﬁ)pa ]ﬁ Igymgﬂlate y parallel to
mtlpl apealldgpaphéxanyk of tdié blkGndte@gl. pl ane. 1t shoul d be
noted that there are several a-planes and m pl anes but
only a S|ngle c-plane.In the first case in which the
grlborkprpssénme apbroxireatblyl feratiet egareebpangs then engullaiélfereigs from
malieLiiabrkseocut in wafers al ong pl anes perpendi cul ar

or approxi mtely perpendicular to this c-plane face,
in such a way that the face 10 of said source

Sqlhgtsb@tfc@ts&?@ﬁt@il Tble’flnllpilzﬁﬁ c{rhrh -Alaid a{a@ aflw a(lrh@ |fr0®r[ epltaxy on a
r OXi aral.l el to,the cr. ra i c.c-axi

PO YT BT STt of inpnebidbl deu” TS Ve Abirperiate
glcqwtalﬂogiaplnie pifnetwad!] kadvin toathesd sMillédsinathe arttheneader naay refer
my Pl 'clé t‘StlaZy q;ggp%%:%%}y 0 cp h& %tl\ﬁ%rlolvn?% r%lllz;té p(%phzre

since t subs
i AY riefal- @@Iamf rlieégcqlnvmplc&ﬁewfa@tr alJogmapof Crystal Growth 300

?ﬂﬂﬁ}gﬂ@t@iybp@ﬁﬁkb@}aﬁp the crystallographic c-axis
said bulk materi al he expression "approxi mately

paral lel"” corresponds to an angular difference from
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.

As may be scen 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 hereafter in the rest of the description and the claims

“implantation face”.
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.



this axis of 5. The source substrate 1 of mplane or
a-pl ane may al so cone fromepitaxy on a seed
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the appropriate crystallographic plane well known to
those skilled in the art (the reader may refer to the
article "Study on optinmal growth of a-plane GaNgr own
on r-plane sapphire by netal -prgani c chenm cal vapor

deposition", Journal of Crystal G owh 300 (2007) 308
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ita n a sapphire i -
ST e Tor et MARN AL TGHOP- o SnBegst LD miBi GHE. eh110

f ieivicA¥pl ane Si C or (100) Li Al @ substrates. As may be
seen in Figure 2B, the source substrate 1 then

undergoes an inplantation of heliumions (He+), this

i bk ampiniation ey ip rbefvercald feve &ansiod dkeduandon few huhdied keV,

1% def&%tllye?etagé@gbt 25?) I{Q@ 5@% thObH?f? ad%ﬁlfe'ngﬁ 'zgﬂe profile

tion face". Optiona sal d

i el forifeetuee ambl atk énalamatl@a defh relptve tosthg ﬁsﬁquttélckness of

f @ayck-to bo tr@kdfekedwor ds, this inplantation is carried
out perpendicularly or apprOX|nater per pendi cul arly

to the "c" crystallographic axis of the source
s Pbftmablye the Thplantapband atiried dossciusivaly weasheliix ©nk6He").
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weakened zone profile suitable for fracture and an
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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.

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
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



may be sinultaneous or successive. This inplantation
has the effect of formng, within the source substrate
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of nanocavities, that is to say cavities of nanoscal e

di mensi ons. These cavities are spherical or

approxi mately spherical, with a dianeter of about 1 to

2 nm Together they define -a sweakened zone 13. This
weakened zone 13 is the boundary between, on the one
hasidiradferAfs 12V galligehitddt fhat Bt RREIhA@Sbéias BemtNe 5x10"
i ppl antation face 10 and, on the other hand, a

r "hder 15 that extends as far as the face 11. The

i npl antation energy is adapted according to the depth
at.whi ch the weakened,zone 13 ig intended to be .
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t maplantatiprs tivhes fa edlcansidgiably tedecedcin wepdrageto thd r¢ductibiein the
fiipad ySybstrate obtained. To give an exanple, an

i mpl antation energy of He+ ions of 90 keV used in a
galliumnitride (GaN) substrate nmakes it possible to

defekil@hd haneillya 1veRkangergRenidB rdqyirBgitad be deRrhéd #bm the
about. 40352ggonetres %ron1*ts i mpl antation face 10. It

s i OVHLSUPHE St or enent i oned hel i um

i npl antation doses are | ow conpared with the doses of

[ n ' - I [ i Qr, -
PR i 8RR BV BB ERR e Sl B PRl seppmpts
t Handese¢hment rhemager enllsd “av7ll phergyrbudgEle process
according to the invention therefore nakes it possible
for.the inplantation tines to be considerably reduced

i T hisr BpBeds aR efoa tthermab dvdestosalisd { ity ozrawilt daprmale ppdget”,
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to e et ache romthe re naer ‘ t.he ource "
L Sndap s 25D <o ey SRR, Peae? o Aot s brideet”
a cspibld afi @nsing ter agyivb leggel 4 tobadaachet ifsim theirsmainder 15 of the

d ereafter called "overall energy budget".
Tﬁé@gggﬁﬁ%gSHUp of a thermal budget, called "cavity

growt h t hermal budget",
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 to

grow, that is to say to increase their dimensions.

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
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 1x10' He'/em® and an

energy of 100 keV. This step is illustrated in Figure 2D.
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budget ", capable of causing the active |layer 14 to be
detached fromthe remai nder 15 of the source substrate
1. According to a first nethod of inplenenting the
invention, illustrated in figgres 2C and 2D, this
transfer is carried out by nol ecul ar adhesi on bondi ng
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|n05§§§§aémeJrlglnen5|ons For information, the
Fession PH% Fal budget" denotes a (duratlon of the

heat treatment/tenperature at which the treatnent is
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c-axis he source substrate 1. These cavities reach

3895?3#“{@%@08?‘W5ﬁ8 ‘res in length after being

annealed for a few mnutes at 1000 - 11000C for
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and "an éner
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thsrexample P%Qﬁ@&ndt BPPHER: thyy cqrpRosie tSFW%tuTea%ﬁ@ru@ﬁrgPoa heat
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treatnment after ho reov ,
ofitisialsCR A HEhwaR Bhati PRSI o o egies 12
otmﬁﬁmmdnwugﬂmsnﬂmmmre 3 obtained. If the structure 3

is used for an epitaxy, the material of the stiffener
wi || advant ageously be chosen so as to have a CTE

cNssk the anraling de siakilize shep dorg coniribpics 4xithe ¢nergynhedeet to be

t o ddfig beds & frﬂctﬁ:r-EEh@ ElaWe BMndy 6 %bﬁeﬁ{eﬁ{edc\fntﬁ 1h€ application
sti.ffener 2 and that of the active layer 14 is very

hPéﬁn“ﬁngﬁl§ﬁ@”exanple of GaN and sapphire, the
structure

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

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).

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.



formed by bonding the two materials cannot w thstand
too high a heat treatnent. In the exanple of GaN and
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treatnment of no nore than 3000C without causing its
di sassenbly. It is therefore judicious to apply the
"growt h" thernmal budget needed to formthe cavities
12' before bonding the stiftfener. Next, the annealing
to stabilize the bond contributes to the energy budget
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exanpl e, experinents carried out on galliumnitride
(GaN) have denonstrated that the cavities 12' do not

d@heié%hglc atdhefg aeztttﬁehtt h{,lﬁgtm&t pBéspBoh® WEd (ﬁQPatn)th §§tassmrn
a ar 0] [re
o hygonti R a1 bRt S B B g%?qtﬁw e s 14

knows that applying a heat treatnent at a | owner

t %IH%%%&I W;€ %gsﬁl%léir{h%’? thte I}gcets ¢ ﬁ{ergaﬁﬁtratté) w??chqﬁ%t n?fjbe Lot arc

dur um ni
spemsﬁuhe formation of caV|t|es 12' after a heat
treatnment of 1 hour at 8000C After providing the

caV|ty1%rom¢h t hermal bud a conpl enentary energy
§ capplemeatarpen ey %c%geh@lay RSO e oA EsHBAl natyrgy
exanple nmechani cal openlng using a bl ade or the use of
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SR e e Db BE TR bl [Rbygponn i
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'@%%fli?fn@%ﬂﬁ%ﬁ&muﬂh's assunes that the faces of the
su

stra I ch must not be treated are protected.

If the stiffener 2 is thin, that is to say around 5 pum, it serves merely to carry out
what is called “delamination” transfer of the active layer 14. However, if the
stiffener 2 is thicker, for example around 100 wm, then the hybrid substrate 3
obtained is thick enough to be self-supporting and to be used for example to carry

out epitaxial regrowth.

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.

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

material 4 is shown in Figure 3C. It is continued until a certain thickness is
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of thermal nature. The hybrid substrate obtained after
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2E. It bears the reference 3 and conprises the
stiffener 2 and the active layer 14 of nitrided
material. If the stiffener 2 is thin, that is to say
around 5 mm it serves nerelyotoe carry out what is
call ed "delam nation” transfer of the active |ayer 14.

HOWRN&S, as boviR Bkt REN8Sr Kandld BiaBk&ra sei%pgé'i@iﬂg k@ucture to
3 obtained is

around 100 théen the hybrid substrate
tﬁ?gpal@hﬁlﬁf@{ﬁr&i'o be sel f-supporting and to be used for
exanple to carry out epitaxial regrowh. A second

hod of...i npl ementation is illustrated with reference
@Ei%ﬁ?ségogﬁa?’ggﬁgleq’ﬁgﬂ@f%n t8”that are identical
to the first nethod of inplenentation bear the sane
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[ bg# on f. Ge 133 of said source substrate 1. The

fgg E erta’fI?'l]i TR 0% BPVHeterial 4 is shown in

Figure 3C. It is continued until a certain thickness
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Thheslayispd siatdrewh 4 mag obéhat af thesdusasulisiratenl. epi t axy. Thi's

epitaxy is preferably carried out on an epitaxy

machi ne, using techniques well known to those skilled
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vV apexdh t@ia@&s% 1dtaey) parh'ilﬂaﬁr gﬁy&eﬂdq Viapoy lthepzibaﬁfed 'EL cl)ager 14 so as to
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substrate 1. In the case of a heteroepitaxy, the

maf geitap lafers ynon|cgobrg.4 will for exanpl e be

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.

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 12°.

The complementary detachment energy budget is then applied. This is of the same
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.
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the active layer 14 so as to grow a crystalline
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may 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 in one of the two | ayess-upon cooling.
According to the first nmethod of inplenentation, the
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the structure has been provided with the budget needed
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epi taxy step. The epitaxy step then provides an energy
budget that contributes to detachment of the active
| dyerillagtrativhicsareplies gfthb intgatiomayll idw he desssibed inggreater detail.
suppl enented. In other words, in this case, the

epi taxy provides all or part of the detachnment energy
b%ég@tﬁlni nally, in the third nethod of
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substrate 3' conprising the active |layer 14
transferred onto the epilayer 4. Two illustrative

eXampimpdangftionteasi ysoe i flgfinovayiticn devnbeg dewwkensdgopp at a depth
I6EAERardeicicl frog?(tﬁgﬁ)fhﬁlaﬂtatlﬁl gakl iumnitride (GN)

substrate of hexagonal crystal structure was subjected
to
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.

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.

Example 2:
A gallium nitride (GaN) substrate of hexagonal crystal structure was subjected to

an implantation of helium ions with a dose 6x10'° He'/cm® and an energy of 90

keV on its implantation face parallel to its crystallographic c-axis.



an inplantation of heliumions wth a dose of 6¢c 10 16
He /cn2 and an energy of 90 keV on its inplantation
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i mpl antation was used to define cavities formng a
weakened zone at a depth of 400 nanonetres fromthe
inplantation face. This substrate was then subjected
to a GaN epitaxy using the-afiarenenti oned HVPE
technique until a thickness of a few hundred m crons
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intended for applications in the field of electronics,
optics, photovoltaics or optoel ectronics,
characterized in that it conprises the steps
consisting in: selecting a-"seurce" substrate (1) nade
of nitrided material of II1/N type, having a hexagona
single crystal crystallographic structure; - carrying

out an inplantation of He+ helj ions into this

source substrate (1), thrdggzlﬁﬁg]of its faces, called

t he ' inplantation face" (10), mhich lies in a plane

pa rall Qr, approxi.nate
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capable of causing the active layer (14) to be detached from the remainder (15) of

the source substrate (1).

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

source substrate (1) 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"/cm? and 1x10' He " /em?.

4. Process according to one of the preceding claims, characterized in that the
transfer of said active layer (14) of nitrided material comprises a molecular
adhesion bonding step in which a stiffener (2) is bonded to the implantation face
(10) of said source substrate (1).
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characterized in that the cavity growth thermal budget
Is applied before said stiffener (12) is bonded. 6.
Process according to Claim4, characterized in that
the cavity growth thernmal budget is applied after said
stiffener (12) is bonded. 7. Process according to
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Caim8 or 9, characterlzed in that the epitaxy step

pgovi d%?oc%gkeﬁcoc‘é%ﬂ%i CliheY, EH%Q&ErJe‘ar g{‘?&&r@fews%on is a
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epitaxy step provides all or part of the detachment energy budget.

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

provides the overall energy budget for transferring said active layer (14).

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.
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20.  Hybrid substrate (3, 3’) intended for applications in the field of electronics,
optics, photovoltaics or optoelectronics, characterized in that it comprises an active
layer (14) 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 or approximately parallel to one (30, 30°) of the faces, called “front” face,
of this hybrid substrate, this active layer (14) being bonded by molecular bonding
to a stiffener (2) and in that this hybrid substrate (3, 3”) is obtained by the process

according to any one of the preceding claims.



