A METHOD OF FABRI CATI NG AN EPI TAXI ALLY GROMN LAYER The
present invention relates to a nethod of fabricating
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epitaxy, intended in particular for applications in
the fields of optics, optoelectronics, or electronics.
Certain materials, for exanple silicon, having
properties that are particularly interesting in the
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Other materials such as gallium arsenide, gallium
nitride, indium phosphide, germanium, or silicon
carbide, are also of interest. However, not all of
those materials can be obtained by pulling ingots of
high crystalline quality. Further, it is not always
possible to fabricate substrates from such ingots
because the costs are too high or the method 1is too
difficult to implement.

Thus, for example, no method currently exists for
fabricating gallium nitride (GaN) ingots on an
industrial scale.

The document “Bulk and homoepitaxial GaN growth
and characterization”, Porowski-S, Journal of Crystal
Growth, vol 189-190, June 1998, pp. 153-158, describes
a method of growing a monocrystalline GaN ingot in the
liguid phase at a pressure of 12 to 20 kbars (12 to
20 x 10%® Pascals (Pa)) and at a temperature in the range
1400°C to 1700°C. However, those conditions are

difficult to implement under mass production



difficult to inplenent under mass
productionconditions. Further, they can only produce
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(m). O her research teans have al so worked on a
met hod of grow ng an ingot inzthe |liquid phase at
reduced pressure (less than 2 bars (2 x 105 Pa) ) and
at a tenperature of 1000 C . The dianeter of the
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Thus, the market currently offers no
monocrystalline gallium nitride in the bulk form, of
high quality, of a sufficient diameter, and at a
reasonable price.

The prior art discloses a number of attempts to
fabricate substrates by epitaxy or heteroepitaxy in
order to overcome the problem of obtaining certain
specific materials.

Epitaxy can combine materials with different
natures in the form of thin films and combine their
properties to produce components, for example high
electron mobility transistors (HEMTs), diodes, or
lasers.

Heteroepitaxy consists of depositing the desired
material onto a support of different crystallographic
nature by epitaxy, and then eliminating the support, if
possible and necessary for the remainder of the

process.



possi bl e and necessary for the remai nder of the
process . The main drawback of that technique is that
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deposited by epitaxy generally have different lattice
paranmeters and thermal expansikon coefficients. The
differences in lattice paraneters between the support
and the epitaxial |ayer create a | arge nunber of
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To overcome that drawback, the material selected
as the support preferably has crystalline structure and
thermal expansion coefficient very close to those of
the materials which are to be grown epitaxially. As an
example, gallium and indium arsenide or gallium and
aluminum arsenide can be grown epitaxially on a gallium
arsenide support with crystallographic quality that is
sufficient to produce components.

However, other materials do not always have a
compatible support that is in the form of a substrate.
This is particularly the case with materials such as
gallium nitride or cubic silicon carbide.

Until now, components having one of those two
materials as the active layer have been grown by
heteroepitaxy.

Thus, for gallium nitride, light-emitting diodes
(LEDs) and lasers emitting in the blue, violet and



heteroepitaxy . Thus, for galliumnitride, |ight
-emtting diodes (LEDs) and |asers emtting in the
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power comnponents have been produced using sapphire,
hexagonal silicon carbide, orgsilicon as the support.
For silicon carbide, which is unavailable in the form
of a substrate in its cubic crystalline structure,

m&f&ﬂf&f&ﬁ@&h%iﬁa'asc egh% &Mi&@ pBlrePOWdmponent s
transi stors have been produced by aepos ting sill c&)n, ,
cadtdideberfio RrIPRFedn W r §8EPHYCEpi t ARYIIPRARYeFLilicon

i rba%kﬁiQiet,t Q)J{DLHi_tlhﬁiéoﬂ B Qe fjsh%;;%fd It yblof : he
components optal nea, 1L wWou e desiraple 10 .
fabricat® bafklgar ARG dETBP cal CTM T opble in the

cafdimdec Subst ot esadé tiheisanmeubdkuleryasailidne structure,

epi.t axi al | rown |.ayer deposited over it emt s
o7 e e Lo T S penSi S oy GHEERY “WRe pover
certaigl shorser hafredi seenamraghsiedA byandemasptengorms Licon
i g o consi . . ' que
e G T et 1 R getl 4 |
epi t axifEWay gt owhnf Anaahato | uasheri cknrigothethe quality

supst take HRRAIAANY bbtalhal, SURPORbLSHD YL ali8sh Bable to
then elimnated and_only the {hick eplgaX|aLIy rown
f iTARGICT & L, Ikt tWi AL EEAC bREOAES L §&B§F%§]t garbide

f usanestdd andl tRpl tsaxye. ddihedsaof thbakptiypeiedilst grown
fﬁgﬂprquciQ%#g%%liun1njtride and silicon carbide, but

t éﬂélqﬂf éﬂgﬂﬁ§ﬁfates obtained is generally

medi oc e tregaus emaflet heni dhleuepest ofhate adilgi n@fulted in
S te | f rystal aph
n%?%&c%@g}?yapi%ﬁ%lﬁ ﬁ%{?dgeer‘r:e&s?éﬁeﬁaqg{ r essggesS are .
obser véd 3Nt AsavRs e, ofonehel nesinmed i@t gy r bok be ofoaghsEs 1n

SiddiGRN £atbLAR: GheSilirhRl: “BUCh fF&eSeSraeaeeglibuxy” to
result” in very substantial curvature of the ,
eFHHHCA |37 gPBWRASIPILddn TAMB det Bhcehehe i6v i yF nkhick as
sigHec usspald subséredeg has. beenatepopedrtThabstrate is
C%ﬁ%&}uéfi&fﬂg £3 ignd only the thick epitaxially grown
film is retained, which in turn becomes a substrate for
conventional epitaxy. Methods of that type exist for
producing gallium nitride and silicon carbide, but the
quality of the substrates obtained 1s generally
mediocre Dbecause of the influence of the original
support substrate of different crystallographic nature.
Thus, typically, large residual stresses are
observed in the case of the epitaxial growth of cubic
silicon carbide on silicon. Such stresses dgenerally
result in very substantial curvature of the epitaxially
grown silicon carbide once the original silicon support
substrate has been removed. That curvature renders it
unusable for all subsequent forming steps.
Similarly, for the gallium nitride obtained, the
influence of the support substrate is illustrated by
the appearance of a very large number of dislocations



unusabl e for all subsequent formng steps. Simlarly,
for the galliumnitride obtained, the influence of the
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a very |l arge nunber of dislocationsand by cracki ng of
the epitaxially grown filmass5its tenperature falls,
in particular when that epitaxially grown film exceeds
a certain critical thickness. United States patent No.

6 a:wd:lﬁy @%@{mb@s @fflthteheé%ﬁeé?péimhatgrwh?s%@@ gk its
stresses appear as .the tenperatur a

O B ¢ S e AT Y TorCESE o idb: s tagially

argmwmlﬁna]lm syEEds subsdrtatien famimiacdhitdd cpidsxd al |y

gr own 'tﬁé’eéaﬂ%%% ae%sulrstdtl %tOb{\JS' ”eé’ 4’6'5@“‘?”({1@&&@5 a

| ayer terne ayer ween e suppor
smtrkmre aedhoke thitk I@@k@axn&id yogr othel sgeressedh that

Fhechcé’Stt% %E:%"E%&%S f§f1§a%%l(l%§up1%pp§§9?taxy as

dur| ng C00 Tayer ruptures natura
arfd*& hQé?lé?ﬁ@Gr e§0€6ﬁt rQFPJT edie&é‘@éﬁﬁen@nofoﬂf&l%@bptﬁﬁpport

f rampdtheddi ekofpit axiadk | @ ?@taﬁt@@yer ,rtomatlayer That
I CU o_contr

det achment technj is dif a. "
AT s ST a? Sl bbng e IRREL: Brre & weak
pairatyeoul auretlmgeer mepld@pcﬁdt grsrmMsItr@omrem athe thick

éjlq:% él evfhl Csh t?l% delw%t %“ A2 tq s\%stem
crys aplc qu [Tty "o epltaX|aIIy gro
|@¢@essa§rtmrea9rﬁe d@@uln@mewhglsmag propényi es the weak

bQEKMQQREEﬁfﬁkégs ﬁﬂﬁﬂfbfw Fﬂﬁ%% tMBLnidk, gt-&al ag%%rolled

I nt ér net Jour nal Nitri Sem conduct or Research

véletachyen 390fde§8?| bé@pﬁOﬁEt heEeBf  Hrowi by Hal Iei%aXlal

mltawe&e ( GadWevErnocEy st abist BYniViRE @@camque is dlfflcult
taII|n |I|]gon car bi de trate,

Rt bt 1 BTGP R S Rct FOBCTBhr ¢ Lt iag ves
(RmE)eIttecmlgnl rie. phloweretart hdkysirC Smstepfeakahﬁes growth

AR, 0o ATCERLfel) SRS bpicn ey v
ﬂeéﬁcmeﬁrgoe@N sabsthat e@rwt@b@@ﬁﬂow?&porqqﬂﬂals@ of that
epitiaxyiandy asefyn layer.

Further, the document “Physical properties of bulk
GaN crystals grown by HVPE”, Melnik et al, MRS Internet
Journal of Nitride Semiconductor Research, vol 2, art
39, describes a method of growing gallium nitride (GaN)
monocrystals by HVPE on a monocrystalline silicon
carbide (SiC) substrate, and removing that substrate
using a reactive ionic etching (RIE) technique.
However, that SiC substrate takes a long time to remove
since it is highly inert chemically.

Finally, the document “Large free-standing GaN
substrates by hydride vapor phase epitaxy and laser
induced lift-off”, Kelly et al, Jpn J Appl Phys, vol
38, 1999, describes a method of growing GaN by hydride
vapor phase epitaxy (HVPE) on a sapphire substrate,
then removing that substrate by laser-induced 1lift-off.

That technique is based on wusing a laser of a



i nduced lift -off", Kelly et al, Jpn J Appl Phys, vol
38, 1999, describes a nethod of growi ng GaN by hydri de
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then renoving that substrate by |laser -induced |ift
-of f. That technique is based;on using a |aser of
awavel ength that is absorbed only by galliumnitride
and not by sapphire Scanning the resulting structure
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More particularly, the invention is applicable to
all materials which have previously been obtainable
only by heteroepitaxy, in particular wide band gap
materials.

The invention also aims to provide an epitaxy
support substrate and a method for its fabrication.

To this end, the invention provides a method of
fabricating an epitaxially grown layer in particular
for applications in the fields of optics,
optoelectronics, or electronics.

Said method is characterized in that it comprises
the following steps consisting in:

a) implanting atomic species within a first
substrate termed the “support substrate” to define
therein a =zone of weakness which demarcates a thin
layer termed the “thin support layer” from the

remainder of saild substrate;



a ) inmplanting atom c species within a first substrate
ternmed the "support substrate" to define therein a
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the "thin support layer"” fromthe remainder of said
substrate;b ) growing said epjtaxially grown |ayer by
epitaxy carried out directly on said thin support

| ayer; c) detaching the renainder of the support

substrate_fromthe thi y
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implement, as mentioned above in the analysis of the
prior art. As an example, eliminating hard materials
such as sapphire or silicon carbide is lengthy and
difficult wusing conventional lapping or chemical or
ionic etching techniques.

Advantageously, said interposed layer is a thin
nucleation layer of a nature which is suitable for
subsequent epitaxial growth of said epitaxially grown
layer.

According to a first embodiment, said thin
nucleation layer is transferred:

- by implanting atomic species within a second
substrate termed the “nucleation substrate” to de?ine
therein a zone of weakness which demarcates said thin
nucleation layer from the remainder of said substrate,
then

- by bonding the two substrates either directly

one against the other, or using at least one



therein a zone of weakness which demarcates said thin
nucl eation layer fromthe remai nder of said substrate,
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one agai nst the other, or using at |east

onei nt ernedi ate bondi ng | ayergso that their respective
thin layers are |l ocated facing each other, and - by
detachi ng the renai nder of the nucleation substrate
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is greater than the cumulative thermal budget supplied

during all of the steps preceding said detachment, and
the steps for detaching the two remainders are carried
out by heating.

Further, said method can produce an epitaxially
grown layer of excellent crystallographic quality by
using the nucleation layer having lattice parameters
and thermal expansion coefficient wvalue that are well
suited to subsequent epitaxy.

Finally, this method can combine a support
substrate with a thermal expansion coefficient close to
that of the epitaxially grown layer with a nucleétion
layer of crystalline structure that is close to that of
said epitaxially grown layer. This i1s not possible if
a simple substrate is wused instead of a hybrid
substrate as in the invention. Such a “hybrid”

substrate can simultaneously improve the crystalline



| ayer of crystalline structure that is close to that
of said epitaxially grown layer. This is not possible
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substrate as in the invention. Such a "hybrid"
substrate can sinultaneously gnprove the
crystallinequality of the resulting epitaxially grown
| ayer and can limt residual stresses in said |ayer.

T d_al r . j d
AT o, hPl EESIELnGC <ot LA 1O pIKER A0 er and

orcam légvthi as ishialAdiaasagsodd! yaitthd a¥&#ai nder of

the nugheati opesHbat r atg th%ré@@ﬁkgder_@ﬁethefbllowing
support substrate_ is detached

y applicati on, of .
 GRVEGRAIS Qer gy RORRLHERT €30 | CRpERCAPTighifg, taken in
chemlcali @ i n.n Aceridiatd dq a second enbodi nent said
thin nycl eation |layer is. transferred:. by_banding. a .
secondA&ﬁiﬂﬁ%ﬁ%&u%ﬁéPneghFhereﬂﬁ%?§%¥id%fsu §?r%ﬁ§leatlon
eistubbert rditee ot ytbat aesailddeni wfsugpor suppyet, sobstisaig 1s
at, | t one.jnt i ondipg | fs < QY T .00
R ERR Conl o RGBT o], SR ey [EAUFRP0 of
| awihag ied/ orordHardloalanst/s wheat@edr dXrgiid et chi ng’
to obt aiosiigd hi fonugl eagdednd ay @b JNied@rabl yaigai dhin
i nternmedi ate bonding layer is a |ayer of dielectric
mierieat L gy vy siY itdow S dEed si 1 i con nitride, and
Slhl i con mﬁg}ﬂﬁi ltksérﬁi&ﬁn-gAd%anéa_@@@@s: Yubberdiag bﬂ:@hﬁ@ﬁi the
the t thin layers ejther .direct one. against the .
o R taA oh naiEr Beahtr. 6 D chbrSanby L S ae tRIR
bemgipog t aylerydrs nulreculsamgbomdi nd.eaSdi d dnet erjpdsethediate

I [ Qﬁr fine nucleation |layer formed on said
tﬁ%ﬁdéu p&T €%’;{yer or on said thin nucleation |ayer

Pref er ablby, te¢iueipid axial tyigieess | ajepaid gubsteage from
friem aderhand,gap, s §OoRHNEL R cRBELEELAl etching and/or
ionic etching to obtain said thin nucleation layer.

Preferably, said intermediate bonding layer 1is a
layer of dielectric material, such as silicon oxide,
silicon nitride, and silicon oxynitrides.

Advantageously, bonding between the two thin
layers either directly one against the other or in the
presence of at least one intermediate bonding layer is
molecular bonding.

Said interposed layer may be a fine nucleation
layer formed on said thin support layer or on said thin
nucleation layer.

Preferably, the epitaxially grown layer 1is
produced from a wide band gap semiconductor material.

The epitaxially grown layer may be of sufficient
thickness to constitute a self-supported layer or
insufficient to be self-supporting. In this last case,
and the method comprises the following additional steps

carried out between steps b) and c) and consisting in:
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and the nethod conprises the follow ng additiona
steps carried out between steps b ) and c) and
consisting in:- applying a first layer of netal onto
said thin epitaxial |ayer and a second |ayer of netal

onto a_thj t4 aterter neddhes £ ageent olont id thin
substratefﬁggggﬁgcing fhe tmgfl yers of 125 %rﬁa
%8ﬁ§|

cBRt-Rexigilt nlR¥eh ltkr 2antf Y&fenPtogbett ; FFe 2
obhaira thesthumeepetraxidakhkayetctpansf subedraftd;sai d

acceptor substrate. According . to an_o r enbodi A
the supp® C&E@éﬁ?ﬁie %%n%?Y%E% gn Sﬁ%%ﬁ-f@hp$§?g§gE with
| ageh anbethendt bondisgethes topk&heation is carried

out el Lher dtiihn ool d SUppoih;ubathal ¢ 4BFoughaAgdrred

upper ténp ayer or I nsi sai d upper “tenpl ate
| apép, sehe pargrEPsr SUPSETRRBlant ation carried out in

the suppektqsHhst £at eaar bonthe tepphahenkayetnbei Bgpport
sel ected such fhat when conbi ned MAth}%Fg ture of

t RBCFET8EPal SOBRREEFE utdthg VBRPE shBEP Shj gnd  the
t afphate Ispyeriest hangnenmpadivdgetid o dersigpl i edt either
dur i det achpent. _of the remainder al the z of

mﬁétﬁggs ﬁ?léfgaf%?p?ﬂgn fﬁggkﬁggﬁatﬁgggélergy ﬁ%geypper
stppbiletediryeg @il iofsidwe stiepsippecetemglsapdlayer, the
dEE?%R@E@Es @dyﬂi%?léﬁ%%ﬂ{% n%é??ié&!@k@ﬁ:ﬁ? e support
epltaxy support substrate ich_conprises at |east: -

astbpstasgbsir ate teent@MPiapporlevSibRGidieselected such

CEHBE! Shikh @ cEaitE rdld WeaknesshavhheRudemes catiese anbherials
oL LELE e AN, SO LT LSOT A e haver,
| ayier driergiatibneget wai dbe i suspitadl elfrdmos usesciement of
CBLbn Al R e ByER by Mo Lovery ofidec:
ethher Wi ecthylatibg meerygy budget supplied during all
of the steps preceding said detachment.

Finally, the invention relates to an epitaxy
support substrate which comprises at least:

- a first substrate termed "support substrate"
comprising a zone of weakness which demarcates a thin
layer termed the "thin support layer" <from the
remainder of said substrate, and

- a thin nucleation layer the nature of which is
suitable for subsequent epitaxial growth of said
epitaxially grown layer, said nucleation layer being
bonded to said support film either directly or by means
of at least one layer of intermediate bonding material,
such as a dielectric material.

The invention also relates to a method of
fabricating such a substrate, which comprises the

following steps consisting in:
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of at |east one layer of internediate bonding
material, such as a dielectric material. The i nvention

wabk®s/orshat es to a nmet hod of fabricating such BCT/EP2004/007577

substrate, which conprises the follow ng steps
consisting in:i) inplanting pfom c species within a
first substrate (1, 1') terned the "support substrate”
to define therein a zone of weakness (12, 12') which

demar cat e - 1 hi ayer. (13, 13’ _).Ler e "thin s
suppo%?'légégéﬁgiﬁ) t%%xééﬁﬁingg?%%%g,nﬁgﬁ; q%f gaidflrSt
ssbsstaaee (), i APlantengedt ohie SpeEPestni FHPRtgate” to

3§§Pfﬁesua§éf@£r? (R) Aflared it hgeaguppart (_wﬁstmt e" Wi9ich

I ne therein a zone_of weakness (g%) C

[ .
deHBREGRESS sl d MR ha¥PEat (b | dybr (%g)rmﬁdon'?:?ﬁe “thin
r egpboger 13- of reand SwbStiediz@nded ) (bopdiliy )t heft weaid
substrates (1, 2) either directly one against the
o?WRF TR  Usi ng at | east one intermediate bonding
| ayeti) 31im@BPAntsing hattbheicr respects vewihhhnl ayer ssecond
(1 3 re,ho [ NOw her.; V) :
(hebPle L 1ol A 26100 SaEbp LSR8 o cotine
stbsrednea( 2ors 0n§ Weekress of 2eakhéss (CEPprsiRtes ¢said

S4 T 22162k ohh AMeb ey s .05 i il apbaki ARekNt@1) of
ﬁﬁg,sup%%r%ggaggt?§§§£(2$ aad into the nucleatieon(Q ) o
stbsdraglestP3teei ng sel ected so that when conbi ned

Wi Lb%ihe Mﬁ@g of thhe Tf&%cﬁ”.ﬁh]@s%@ﬁ@éét :Jt('[lggl $8i d éither
supstrat es, e ener udget .to be su i e at.er_ f.or
di%%%ﬂ?i@ Pre raé%‘?diqu%r‘?}ﬁlj’%&%ng Fhelobhe gf least one
weakaessd{dRe 1R6ddisggreayer thah, t he2cunsdatihat their
ener udget . supplLi dyri,ng ~al,l t S :
R et ntthEay e Har i adls (LRl bepeing each
advlamtr agesdof the invention become apparent fromthe

;gl;l)%;ﬂg?%@%ﬂméi PReMBdg Wi ef £ gnee td hGucleation
subs rage %2) along the zone of weakness (22) of said
substrate (2);

the parameters for implantation into the support
substrate (1) and into the nucleation substrate (2)
being selected so that when combined with the nature of
the materials constituting said two substrates, the
energy budget to be supplied later for detaching the
remainder (11) along the zone of weakness (12, 12') 1is
greater than the cumulative energy budget supplied
during all of the steps preceding detachment.

Other characteristics and advantages of the
invention become apparent from the following
description made with reference to the accompanying
drawings which provide non-limiting indications of
possible implementations.

In the drawings:

- Figures 1 to 8 are diagrams representing the
different successive steps of a first implementation of

the method of the invention;
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drawi ngs whi ch provide non-liniting indications of
possi bl e inplenentations. In the drawings : Figures 1

W 2008/0848¢5 di agr ans representing the different PCI/EP2004/007577

successive steps of a first inplenentation of the

met hod of the invention;Fig s 9 to 13 are diagrans
representing the different stlitcessive steps of a
second i npl enentati on of the method; and Figures 14 to

17 and 18 to 22 are diagrans representing th ,
di ffer'entFjs‘i}%%%sigvé:%t gés %G 4 fﬂ??ﬂngn%epggﬁteﬁ’tlng the

ifcﬂfi)fﬁsﬂféhﬁat isocefsstive netds. olft sheelcdnde imuplkeenemzation
0 implificati the different |layers shown in the

Y gures %?%h%ﬁt %@%mn to scale particularly as regards
their +elBtgwees hildknessek! TFimsl ndBhodo of24 hare dilagrams
i ' StRefl I ?Sfl&]f,t” SttP8 OFURPOFHird
sd%§?%%§£tyg‘dtgesé%§%f.su st%%é%é%é?%?ﬁed ?heO o
neied B0V BRN simRereRtatIpR Qfpbeetmetbetrate 1 has a

face 180 teimd the dywd tree" fdo esdagltgicantonnt othe
contact subsequently with the nugleation substra%§ 2
Gt o ERRY o LaNPESL IIOAD (e TRIGI GRERBRS| Ay8r TPor Grawn o
S@@fﬁguenpaemﬁta3$rl@s i ssglescriebeddbel owhaira furehegive
[ enentation, and an opposite face 110 ternmed the
"%g%%EE%%%QS'Sinilarly, the nucl eation substrate 2 has

a fronfhéanetR80 afidthe dppesitienbasies acef 9t THestrate

W?t€é£ﬂ%dcgﬂ%t“%ﬁg%@%tt@%k%Hﬁﬁﬁky’§%$§téfﬁéb§ndssubstrate
sel ected to have od mechanical strength even at high
t 2npeFacdr BBewnerl palieeatRPI898t € to 1400 C . It is

al so sghectegpastastivpetaer of Hde aatuce Af30t heermed the
t he nucl eati,on substrate 2%§3§ently

RLer sl ceomtLLuLLAg, el eation sbelset g g
cobokr chal hycaeatkhahl eubsltkaseb$t rat 6 agerusediirectly as
P@ﬁglyngglgg%ﬁég iﬂé&@%rQ&hpnsu%%éq%egﬁssggh%aQQ, as 1is
described below in a further implementation, and an
opposite face 110 termed the “back face”.

Similarly, the nucleation substrate 2 has a front
face 230 and an opposite back face 210.

The material constituting the support substrate 1
is selected to have good mechanical strength even at
high temperatures which may reach 1300°C to 1400°C. It
is also selected as a function of the nature of the
material constituting the nucleation substrate 2, as
will be described below. Advantageously, currently
commercially available bulk substrates are used.

Purely by way of illustration, it is possible to
mention silicon, sapphire, polycrystalline silicon
carbide, 6H or 4H monocrystalline silicon carbide,
gallium nitride (GaN), aluminum nitride (AIN), and zinc
oxide (ZnO).

The nucleation substrate 2 is selected so that its
nature and its lattice parameters allow subsequent
epitaxial growth of the future layer of epitaxially
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zinc oxide (ZnO . The nucleation substrate 2 is
selected so that its nature gnd its lattice paraneters
al | ow subsequent epitaxial gromh of the future |ayer
of epi taxi all ygrown material which is to be obtained

REoMN Chab@siihe wheter encerBUBY abpehiReliSeRd GWLE8 has
; 9 and 10 to 14 As an exanpl e, the nucleatio

BRI EERGH BENEr&knfc SHdu tof(s?rﬁt glligéﬁlre§uc7h E8 § and
ga|0| item1i)t.r i de (GaN) , Silicon (Si), silicon car bi de

Si C hi d
b um ni A et e Bhelas LA G4 Thpenbe o
I ismirmllqmnguMen ama’eepri@}u aliop growgalldyem dﬁl1g3aidi¢ urfGaN) ,

it i t
Pgtlglrg er aﬁ 9 e%[g@g&'f rom Ji(j%éllg)%féf Qaﬁﬂhﬁ%éa al%mond
c aPBildem sae)senééﬁph.%Gabr o | ﬁﬂn@rrmrwm déll(t@m)e dhdN) .

whek ke epintiaxilalst! agendts 1fiarmmeéqf.rom cubic SI [icon
car bi de, 't he nucl eation substrate STﬁr ef%ﬁl

(001) SPFicéh SPIGEXIGYLE G WE bl ager nitride
stbst rat evel afskiRedan deidf ndebéatabnorsdbbtesest 2 is

PSS RN Lo TPLA 100, She £, SPEEl o8l ice
suiBsCr)at @a@pmﬂd)emrcagallle]dlrmm;tnpi@é ef@blly, oantthehen the
R%%E;'lﬁ fi%?é f’i‘gesfo]r%%cﬁnﬁrgéo r%;ﬂlg t&ﬂ'l &%Og‘a‘?cblde,

CI es In"p a neans any
rrﬁh@cuibmleatﬁquon$‘éb%1p@%’¢%sz\/\mscfplt%\ﬁﬁlfafh]rﬁbdu@%l?saisélllcon

speci % isAtQ BnMekehiak W th a maxi mum concent ration
of said species | ocated at_a depth that is

with réBfedd ¢ WHREThRsar He@RQurf £88 5% ¢hi g%%gécal ot

t Be fsurbacesatd@eer. 230. The nol ecul ar or ionic atomc

SpeC|ei arpegg&QQPQEQEIEﬁplantlng atomic species in the
support substrate 1 and in the nucleation substrate 2
is then carried out, preferably on their respective
front faces 130 and 230.

The term “atomic species implantation” means any
bombardment of atomic, molecular, or ionic species
which can introduce said species into a material with a
maximum concentration of said species located at a
depth that is determined with respect to the bombarded
surface, in this case the surfaces 130 or 230. The
molecular or ionic atomic species are introduced into
the material with an energy that is also distributed
about a maximum.

Atomic species implantation can be carried out,
for example, using an ion beam implanter or a plasma
immersion implanter.

Preferably, said implantation is carried out by
ionic bombardment. Preferably, the implanted ionic

species is  hydrogen. Other i1lonic species can
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the material with an energy that is also distributed
about a maximum Atom c species inplantation can be

w@arsiemdut, for exanple, using an ion beam i hEi/AP1084/007577

or a plasma imersion inplanter. Preferably, said

i nplantation is carried out {foy ionic bonbardnent.
Preferably, the inplanted ionic species is hydrogen.
Ot her ionic species canadvant ageously be used al one or

i_n,.combi nat i Wi, ¢ 0g u as . a ] i
AT an SNy ot A0S onS T pan! SEEmEEaES1 Shonwith
regireben, thech i aeraie et el e Het MRHL Whbwn

under ghe.r&agist efed 1l ade maide " SABMEh It reg®aidd to the

I mpl antation creates, a zone of weakness 12 in the bulk
ofL R BHEf ceCOUBSERANE 1 a TR onkpemBt r &0GT  the

depiiktdiedi vigdes hhekx subsirateutd”into two portions,

nanmely_ a thin |ayer, 13 terned bel ow the "thj ort, =
Iayer"saa]rﬁsj %Iﬂ%i?éﬁﬁFhﬂ%rcjiﬁag?ssgi 5ogﬁb§tftr éJteg". iﬁe 12 in
tth:jen st L3 exhendsobetaeesubdierzione lof akeaknesean2 ion
and its front fa 13 1S L i\ Q] [{OW
i%%%aatfjr%rh,d?ﬁgﬁhuc?gathlgg%hgﬁbg reg%ned% ré\ast@a lz\c/)mnr{e\t(’:boft‘?’O
vezkiriesss 22namelfii o Hhéhedeven dyderxgd afdqy the “thin
r @@@rlg%?rﬁpéhgn@ﬁéyreﬁﬁ%hﬁ@% shoye s4idi guberdate.

iT s possible to forma layer of protective materia

. |
on thelie orfthimaydrye30 &8 theteubst Rateeemndhsr sRne ©Ff

thesfrons {acend30:-of rtbet sphsérate. 2 . Wien such
protective |ayers are presen f\torric S

ecjies, . .
rrpl antiat | BHLLAT ba LT od TULL IR Sght TRER (R RioRs  the
paidicat aon bys b mteat Pomeaoven tdmie péspesikvessréd, 2

Sepen Lgersy el Lfp iy o e il olavers

and 2 Gpiriowelhpl amzdi omt Thdpvean iohu§ipErel i dvnatkd 15
%%%%ﬁg%gg%ag?oaﬁ{ al i pRveThErPRE-BRLRA Tl dlatidig dWbn the
front layer 130 of the substrate 1 and/or on the front
face 230 of the substrate 2.

When such protective layers are present, atomic
species implantation can be carried out through them,
in particular by dimplantation over their respective
free wupper faces. Said layers may be sacrificial
layers which act as masks and thus protect the
substrates 1 and 2 during implantation. They can thus
be eliminated after said implantation.

The parameters for the two atomic species
implantations, i.e. the dose and the implantation
energy, are selected as a function of the detailed
criteria given below.

As shown in Figure 2, the support substrate 1 is
then bonded onto the nucleation substrate 2 such that
their respective thin layers 13 and 23 are located
facing each other.

Advantageously, bonding is carried out by

molecular bonding. Such bonding techniques are known to
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support substrate 1 is then bonded onto the nucl eation
substrate 2 such that their nespective thin [ayers 13
and 23 are |located facing each other. Advantageously,
bonding is carried out by nol ecul ar bondi ng. Such

bendi ngsjiechud quesrabs kaawn tekke skddd edapsesopeand for
have been descr.i bed, in

for exanple fhe work. b
BB IS soph oot o Bt CBsRbeha St Situtdogy water
Teohddhagy, Q Sciefierng, U ands selTschtidleygsyt,nt er §civendeng,

publ i-¢ations.. . [ .inter : the front
fgéeb%%ﬁl%? FH&E%LE%%%?Q%&ggfra%g%ﬁlgggﬂgﬁg'front face
230 of Thie uppory dobsriface Datargdresthef dmemde face 130

nuFerdle . sHOWBYEr .sidst i@l SP ROSSitHe EPoRaract230 of
bondi ng between_the thin |l ayers 13 and 23 by neans of
athPe8¥PPORE iSHPSFREFate CBERdRRg TPAPEETCEr MESER 1t He

; ront Zggy@?ewo iaf bi§9a$§bsbbagﬁblelarﬂﬂ afaotly t betf beating
C t substrate : [ ers can, for
e@gﬁyr&ge %é‘et E“Jarbo %Y?ﬁ%n%?’oﬁgg Icigyays r?%?‘n%r%{t‘ea:i &R3st
donengintplkaptiatiten bondpegi flayényefsrmet mech " dvedi igont
b i.n yers'.an ' e e _nu I

anadss LAEYEER Eo8o SRR | SRBNPRER o WS, Exl  face
béBReert tiee upplestiate 310 &icheldugmy ernmferi gragple,

apd thgcUPRSSvEAGENB2ON0E the dayersf Iddli 032 dfring

s an_exanple, said layers, of material 31 and 32 can be,
f SPReAMEASHCENDr BRousSBRCHBT For yst¥ 1 ne t§TMESon E)‘Eondlng
f peBkalugl nayieAs? Jnd Asvantageotstyreses dntiwsdabg 31 and
D905t MY B2 dhn 2 £80 Dy | ke 0l digl eChtlerace
( Be®weensitdhecarppet r fdee ( SLONOY, tdre sidyeonof material 31
OB FHL5Rp %, 9t apor gy Y e e el

As an example, sald layers of material 31 and 32
can be formed from amorphous or polycrystalline silicon
or from alumina (Al,03).

Advantageously, said Dbonding boosting layers 31
and 32 can be layers of dielectric material selected,
for example, from silicon oxide (Si0;), silicon nitride
(SisNg), or silicon oxynitrides (SizOyN). They may be
identical in nature or different, and they have
thickness in the range from a few tens of nanometers to
about 1 micrometer (1 um).

Said layers 31 and 32 can, for example, be
obtained by plasma enhanced chemical vapor deposition,
(PECVD) or by oxidation of the substrate when it 1is
formed from silicon or monocrystalline silicon carbide.

The two contacting surfaces are bonded after
suitable surface preparation, for example and as 1is
well known to the skilled person, by cleaning in known

SC1 or SC2 ‘type chemicals, by chemico—mechan}cal



thickness in the range froma few tens of nanoneters
to about 1 mcroneter (1 m). Said |ayers 31 and 32
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chem cal vapor deposition, (PECVD) or by oxidation of
the substrate when it is foryqed fromsilicon or
nmonocrystalline silicon carbide. The two contacting
surfaces are bonded after suitable surface

{
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crebhoed. caheaabbrbélameMn 6C corresponds to

st an eani ng.produ b d e
I|qU|gF% reﬁ%%%%ﬁ%n P2 OXI%8£ré%%O%g e?ég ngﬁdard
i slbas®d on @ydanmhgorproducu BgHr ogen b@ﬁ@dld@n ahgquid
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annea annealing 1 $ adapte so that 1t has no
|ﬂhIhEdC@CbhOrh@ 20hds bYdnearRnessre2idfAd 2pdan@tases

not Cagéﬁ?ﬁﬁ Lachumnt aheny these Zongsodied hi $yst aghermal
The aimof said treatrrent |stoota|n stro bond Qgs no

aenEpelbbddi ng it &NEce 1A% AF t
"shEffientagorefirest zvhesh olialwﬁaﬁ]drfésst h]EZ gamﬂ&t hZZofand does

efects for ne k 22,0
DPahcCRAF Sl HorEBmE Gt 2P dar dBonar AGSi Aeerhafeokoce”
The renhendﬁnnZIﬁbfsahd.nUrbehmenh subsﬁﬁat@bzasnomﬁtrong
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tMOfects formed at the zones of weakness 12 and 22 in a
plane parallel to that of said bonding interface 4.

The remainder 21 of the nucleation substrate 2
shown in Figure 3 can then be detached by supplying
energy of mechanical, thermal, optical, and/or chemical
origin.

In this regard, it should be noted that the two
above-mentioned atomic species implantation steps are
carried out with dose and implantation  energy
parameters selected such that, combined with the nature
of the pair of materials constituting the support
substrate 1 and the nucleation substrate 2, the energy
budget to be supplied to carry out subsequent
detachment of the remainder 11 along the =zone of
weakness 12 1is greater than the cumulative energy
budget supplied during all of the steps preceding

detachment.



above -nentioned atom c species inplantation steps are
carried out wth dose and inplantation energy
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nature of the pair of materials constituting the
support substrate 1 and the chleation substrate 2,
the energy budget to be supplied to carry out
subsequent detachnent of the remai nder 11 along the

t h t I
nor oy EURDEEOSTBETYbd Hrdng H T 1 he Hlbpeclbted so
ptbakdi n@i&jet abkreatl. Adb@dg@geoa@l y,bsai @Wlam erguring
a&étéehgghﬁd 8¢ t@ﬁ% Eemghﬁagﬁl deggioh@ b%héUDabhgd of

duri ng et ac msnt 0 e remni nder 11 al ong he zone:
oVedkBRAEss142 3 @%@rt Fdint hdheunGraiilag ivRer RRgrmal

by?agtets @?@plg_@tdﬂ u:[dﬂt‘hgqgm i?wf ofh%hﬁt %ctseatgy e@%é@hﬁ@l gaid
n an S S 0] C renal nder.

(GBS ATRREer Bhd M g T dS G e pinfeRenAgider 11

Famtlherle remahoded be aabedathabdt batsbyehgthianfy.t he

bondi n ijglglerfaceC 4 | fcl:tlfgl Ci £ tec} tllué)#ertﬁx g@&&ﬁ/ﬁ of

det ach SSW t hout un%ondl ng
othgi logahn nige iguppt faatk by applsgalfntﬁfgcaeml t@bl@olmml said

EQSeHetE'e_fnn@%S@Qpln;tﬂééup.eéhbeﬂdﬁH stack Of Iayers

own In Figure 2 for a given . Energ
nmechankRargd®ri gin chsrBelsuppliisd o e%%ﬁrpl%up}lalyled by

exgpliyngg beéldlélgl@é}@li@r trensid e YuRESES Frt h@xample by
rematnder 1 of thg fc Eatl on sybstrate ?
i ReFbdbgi % BFad PEETEF FHUWH ¢ @@Hﬂ%ﬁ aasﬁor a

fgtvexatphe, at the zone of weakness 22. Shear or

ul'trasgund forges Ry, lb%r{zlL i ed, , Mgghanj 1ed for
ah al bpl

stresses ¢C SO Teéesu rom S ying energ
edaieallﬂpileal byr iegrienr tiagp lbegatiingn astd/zr eﬁ@tﬂb@t@tr@sws on

ﬁét&%ﬁéﬁ%@éfkgiebg)théTW%kIékaﬁ§OsQBéﬁkﬁﬁée2frQﬁ} by

ermal ener erived fromapplyin
e%@EFP@Hﬁgﬂ@t ,ac Kliagled, o eU@gt Pénfg-éﬂeh% (liquid or gas),
thermeleedrd ¢ at the zone of weakness 22. Shear or
ultrasound forces may also be applied.

Mechanical stresses can also result from supplying
energy of electrical origin (application of an
electrostatic or electromagnetic field). They can also
originate from thermal energy derived from applying an
electromagnetic field, an electron beam, thermoelectric
heating, a cryogenic fluid, a supercooled liquid, etc.
They can also be of optical origin, consisting in
applying a laser beam to the zone of weakness, light
absorption by the material then providing sufficient
energy to generate detachment along the zone of
weakness.

Energy of chemical origin may be supplied by
etching in a chemical product.

Advantageously, and as shown in Figure 4, it is
possible to improve the surface quality of the free
surface 231 of the layer 23 to limit its residual
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-a

absorption by the material then providing sufficient
energy to generate detachnenty@l ong the zone of

weakness . Energy of chem cal origin may be supplied

by etching in a chem cal product. Advantageously, and

a in Fi S A [ 0 < hpr
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ofpd_ayer s, show on figure 4 constitutes an epitaxy
support substrate referenced 9. The step shown in

Fi gur e The stlobt i dasprs| d3caidd s23 sref fnitHie acFdae of 10

nueleaddird ayero Smon the tHHduthucleaki it dmdtir3 @0 pm)

e%ﬂfg(; égboégg£e£gbly are in the range from a few tens
of nanometers to 1.5 micrometers (1.5 pm).

The stack of layers shown on figure 4 constitutes
an epitaxy support substrate referenced 9.

The step shown in Figure 5 is optional.

It consists of forming a fine nucleation layer 5
on the thin nucleation layer 23 by epitaxy, in order to
obtain an epitaxy support substrate referenced 9'.

The two above-mentioned epitaxy support substrates
9 and 9' are advantageous in that the implantation made
in substrate 1 is realized before the transfer of the
nucleation layer 23 so that the thin support layer 13
may be thicker as if it was done after said transfer.

Said layer 5 <can be produced from the same
material as that subsequently used to produce the
epitaxially grown layer. It then serves as a seed for
homoepitaxy, which improves the crystallographic
quality of this layer.
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substrate 1 is realized before the transfer of the

nucl eation |layer 23 so that ithe thin support |ayer 13

may be thicker as if it was done after said transfer.
Said | ayer 5 can be produced fromthe sane material as
that sggzgaqlfarmtel yldisedl 60 cphodiicss t be eaxsietdamal tympensate

t th d f
OFPEN P Threbtere ary ot o T L thal TOy b TRIES " and
| ayeti&ai dphiraecicayer &xmmtuﬂgn)bﬁiWEﬁnitth@onp&ﬂéaaelon
foLygLT o enges iy, {he expansign soel{isi eltsdlnely be

I'Ce ‘pararneters exi tln Ween fhe nuc
| dgpps2Bednlyt hpitaysr 6 mhlch wi || subsequently be

depos'§§gdbfl%%'t%é%ﬂ:5§'Qthﬂﬁ Eﬁdekaﬁ bsﬂﬂ%¥'ﬁbout 200

range from about nanoneters (200 n 100
nﬂen@m@t@@ (266 AR £Ri 6RO ALSrameERARpI(00aR®) i hick.

particybararf oréx@a@ia_esal ghdli e | pyecibucar bfogr @am, said

epi t axi al | anlc cheni cal, .vapor deg ition

(RREID) 27l HyP i) BRUPar Bo R T Ay I NS heorante

ftnemmUaueabpam ldayers it ioan @MCGVIDe Ghmabyeﬂobgcular beam
de vgﬁgﬁﬁphase epltaxy (HVPE), or by cathode

osi tion. is also possible to use .
epltaxTheIﬁmna%mUQA@ﬁt{ﬁ@mﬁEYEéc i gaes alepode opbhained

cﬁQOWQ @§'ﬂﬁgﬁgoéghﬁéﬁyayHVPﬂNChoHDthscéﬁﬁode

et%he Into the thin nucl eation er 23 before
d%EBEF?Fh@Qtﬁ@ppﬁﬁElPayer 5 . Reference should be nade
tO thelﬁrhbdaiéb/@6§§E6H@tt@|useBéﬁitﬁﬁxﬁlcﬁaﬁkwhl over

5,23k TREOUSITERS fCCR uesT Vel erf gl Sl o
t hesedteehnigugs. ﬂMevﬂusﬂlomo$afa tenhnlqﬁmhﬁdsslmdp the
ﬁ%ﬂ;’f‘g“ﬁd&eg@fﬂaﬁ%ﬁ)&' Ysedy L B PLOQUES, N8 d N8 he fine
layer 5. Reference should be made to the article by
Morgan et al, “Evaluation of GaN growth improvement
techniques”, Materials Science and Engineering B90
(2002), 201-205, for a description of these techniques.

The list of said techniqgues is not exhaustive.

The material used to produce the fine nucleation
layer 5 can also be different from that used for the
nucleation layer 23 and for the future epitaxially
grown layer 6.

Regardless of the variant selected, 1i.e. whther
or not the fine nucleation layer has been deposited,
the material intended to form the future epitaxially
grown layer 6 to be obtained is then deposited by
epitaxy, either on the free surface 231 of the
nucleation layer 23, or on the upper free face 50 of
the fine nucleation layer 5, if present. This step is

shown in Figure 6.
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i.e. whether or not the fine nucleation | ayer has been
deposited, the material intepded to formthe future.
epitaxially grown |ayer 6 to be obtained is then
deposi ted by epitaxy, either on the free surface 231

of the_nucl eat.ion. | r 2 h er. fr
20 of TRECHRL AN A BN afomoa ke F KBRCInd " EfpbEtuted
sbgpeu&ISM@mﬁrlalFﬁ@ateCXHheb@pdﬁﬁﬁsaﬁbﬁ dgroweriegey, for

C@Qaﬁ 3Q§£1t5£§§e93b§9y ﬁ%&%@‘%aﬂd“%aﬁageﬁﬁconductors,

dep os for exanpl e and preferably
| aﬁ@@caaAAYgﬂﬁlééWc@ﬁ&aé%r §nde§bl@é|0a|5|lyll§5>ﬂ .C@mblde
nitridenand eubke Siddicort,cashidedeldsd thionstiyacbantnued

g JE0RL Leat "SI BUE" ATholchiEaboS 8, BaEpER 0

-munmahblngaadd |i$elthennstsehfesuppeanMgatenwhlchtself
can for ed r u f
esppg% i Sub #5% QH& Hlé%ax a f Qﬁgﬁamg BE used

dgE0Us sal y grown [ ayer
61nstubnaaﬁe@ Isyalos thriagle épéwﬁﬁlﬁéﬁy -epi taxy techni que.

In theﬁﬁ@éﬁt%%g%@'h uméﬁfd'QﬁltéxpﬁiiycﬁE@Whyla ﬁ%36 is

sui tab ydri de vapor phase epltaxy
. obspésEdi by s hdahy DE@VEHt TAtCa SP&Eea B

rangediﬁo €héo éélé?@ l@f ballhamgﬁsﬁtﬂi%@}éblac @amtd:onlarly
car bi de, one |cu uitable nethod is
vaPotaReFodith Dg éﬁé?eaﬁﬁﬁrrg%%ﬁ%ofal E%BPE
reapb@&t15@ruézﬂaﬁnxéﬁldnt &trmnteﬁpgeaédretmnctheerange

zggbﬁpgef&ﬂg% ﬁ@th the general reference numeral 1'
0 e

s thin support layer 13, the thin
nucl eafflihon tlayer case thﬁfflﬂ@bhgcléaﬂﬂéﬁﬂlay@@r@l@%d one

'EaQE%%%@%rl&he layens1ef beadinpg boesti ngneatieshal Fhpor
deposition (CVD) carried out in a cold wall CVD
reactor.

For clarification, a multilayered structure can be
defined with the general reference numeral 7’ as
comprising the thin support layer 13, the thin
nucleation layer 23, the fine nucleation layer 5 and,
if present, the layers of bonding boosting material 31
and 32.

When the fine nucleation layer 5 is not present,
the multilayered structure has general reference
numeral 7.

As shown in Figure 7, energy is supplied to the
stack of layers shown in Figure 7, which is sufficient
to cause detachment of the remainder 11 from the thin
nucleation layer 13 along the zone of weakness 12.

This supplied energy is greater than that supplied
to carry out detachment along the zone of weakness 22

of the nucleation substrate 2.



and 32. When the fine nucleation |layer 5 is not
present, the nultilayered structure has genera
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supplied to the stack of layers shown in Figure 7,
which is sufficient to cause2detachnment of the

remai nder 11 fromthe thin nucleation |ayer 13 al ong
the zone of weakness 12. This supplied energy is

gr eat epatrftaguliRall SUPRhi edihe cardyiput dela@W®itng  the
alogg t he zon; of megkne s, 22 of @he nucl eati on,
SOHSTEALeoD | BAVEFCUPar [yt CREPYAFFantPeombr s ngreater
t hranucligad | oauhayetibe t kinergypplbethener gyplsed during
gr t han the nul ative r et pli_ed :
d&%?%%k 5 gchﬁght%ae tﬁgnfong%gf%éggg%%gs %g a &d during
d@pﬁﬁ@;épﬂ;agrawtgromihtbb t hend i maalgelteatri ohalyayerS 5and
agdiealhas! sleogrady dhd e Jeayv @l o @r 6 . In the

variant w thout the nucleation layer 5, it is

suf f i cL@éntthorvasai ansupprhedt efbegyrud a9d igireat ayes han it

that SUPPdedh 0 oAl rya Pyt s ?bagamer@n@f gtbhepZ0B@eater
of weakness 22 of the nucleation substraie and epj taxy

ofPehRe t28fer SHPPLieGyi b dEPAEHNENT | §eEaFPREd oy long ™ the
usbhg tde tecidiapies2desefi he@d fanclebacbnedudOige and
t he.zone of ggakgess 26‘ Fi%zlly, as shown in Figure
8?péﬁaxgd9§n JeodsIS, %t K& nul'tilayered structures 7

or 7' &aedel i dehatbdehiom ise emtmdaedl | youdr ovvruzlslialyg:;er| the
6 - I ' j act | [
LR STRIE Ryl 18: MM R LA, 130 zope ot
coABKkAasBoAZef said techniques. This results in the

epi taxgFahhy19rowr |aysi 6aleng, oL o thAnfhgqbhReageously,
nucl eation_layer 5 . In the inplenentation described

abboemulie Lryerest i%ﬁ%q%%? Vs obt aFReBlbYIR8FAfingrom
atrenepdfrasdakngs syidswh heapee! eat ifer sdibsigiad by chemical
FQ%@M%Eg,In f%active ion etching (RIE) or . chemico-
mechanical polishing or a combination  of said
techniques. This results in the epitaxially grown layer
6 alone or with the fine nucleation layer 5.

In the implementation  described above, the
nucleation layer 23 was obtained by forming a zone of
weakness in the nucleation substrate 2. However, in a
further wvariant, not shown in the figures, the thin
nucleation layer 23 can be obtained in a different
manner, by bonding a substrate 2 which does not have a
zone of weakness onto the support substrate 1 with or
without a “bonding boosting” layer 31 and 32, then by
attacking the back face 210 of said substrate 2.
Attack can be carried out either by chemical etching
alone or by grinding followed by chemical attack and/or
ionic etching. That method is known to the skilled
person as BESOI, which means "bond and etch back

silicon on insulator”.
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nucl eation | ayer 23 can be obtained in a different
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zone of weakness onto the support substrate 1 with or
wi t hout a "bondi ng boosting" 2Irz’;\yer 31 and 32, then by
attacking the back face 210 of" said substrate 2 .

Attack can be carried out either by chem cal etching

alone aor b rinding f by ¢ cal ttack
and/or%l o%%/%&éé cVi%’lﬁ ‘f’mg gmﬁg}eng‘ﬁe{}é ndWwn 8ctrﬁ5’ed below
slvh]’dhed:epfmmrceastcBEES@urefmla:rtmélahs "bond and etch

back sihjcop; pp, | g%%%%{OE%- CQ@QtM@&'%ﬁkaoidgﬁﬁlcgl to

method i's describ el ow w erence

t Fhege THeOWR r 0 Stigygest hT—@ fettfod-he efm@ht meghodp and

t hage rhow ddtidrgpiln to 4 of the first method and
are not described again., A layer of material with

r ef er efcel Ffrer aﬁ enaﬁ%m&ebomléd IRy SESPCR P MRt he' 1S
nlﬂép@@tﬂt@d | layere2Z 6fy t batst a;eie ofiutayetsol showr i B3 of

pltaX| yer ' |s deposi ted
us g ttﬁ:‘eC% aé’l?é%s ?s%]‘cgﬁ}s 6\ge]ﬁ‘eor 't he
Spl taX|Sa11Idy?IJmmﬂaa]%ﬂg%@rovbmtlaysrt [;Elf ckresiepios ilttesls using
S S or
Dep05| tion cgﬂleb@e giaerrl e out 5 one ofr t hgl%toecelt?rﬁ%%ﬁ(églly
deserirbedayart Ho f PEst hpl shdskaesen by Bpswet Bpan about

onganipe GRemred Mapy Aepesti-d¥Xery or by
nol ecul ar beam epitaxy (MBE) . Such a thin layer can

const i PEPE S ORct ISP pdtd | GRIGESE cOMfondit &mf i ©F the
nw&bmwmqmdﬂfdééﬂﬁﬁﬁédedntﬁh%tﬂﬂﬂstsﬁmpﬂémﬁﬁtémlon or by

or_substrat then becones
SO SE SRR Rl B i CoHESKARB B U or by
tmolilelocpllarf breatr @psifterni ng&a. .d epitaxially grown thin
| ayer 'q.-$ sho Fi hi 8oL S+t t :
boxdl ng tgch% WH nhRef“gg}]énce sh A- g Egt&ggtge @’lhe active
eg@ﬁﬁp@n ﬁﬁfUg_gpmgogggtzagdf@ﬂ:@mmt then be transferred

to a third substrate or acceptor substrate which then
becomes the mechanical support for the final component.

One example of a technique for transferring said
epitaxially grown thin layer 6’ is shown in Figure 10.

This is the metal bonding technique. Reference
should be made, for example, to US-A-6 335 263 for a
description of this technique.

Said technique consists of depositing a first
layer of metal 81 on the thin epitaxially grown layer
6’ and a second layer of metal 82 onto an acceptor
substrate 8.

The metal layers 81 and 82 can also be replaced by
multiple superimposed layers of metals and/or metal
alloys.

Said metals are selected in order to obtain good
bonding and/or good electrical conduction and/or to
reflect light.
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of depositing a first layer of netal 81 on the thin
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82 onto an acceptor substrate . The netal |ayers 81
and 82 can al so be replaced bysnultiple superinposed
| ayers of netals and/or netal alloys. Said netals are
selected in order to obtain good bondi ng and/ or good

el ectrigal &@%@Wl&geﬁ.@d/@f togr ebecdrd i @en™B1aced in
met al | ers 81 an 2 are then_ placed in contact with

edct A Per VAEN SR iU f}llg}élﬁd the" 1 Hite? f ddeand the

f airiesk- fsscdbondedebly ity eadbmdad Bl arsdtnghle at a suitable
tectrgnereartu#e and pressure, The renmminder 11 is then
de e

Yom e BupportSsubstrate 1 of the thin
suppor tTHeayerndhdeeel Fi gar eh&d) detisichgdt Herodettaehnaigport

t nt j.on a f fi .
i nmp en%gﬁaset ingn.d% ﬁgﬁ ;ETMZIS %%%é\ﬁﬁf r]lé?/%l]fr el%LB,(Steﬁe Figure
mi2)i| ayeiad sthactdgtechnente| teichatadegnténthened above

eptdaxird | 94 oW B&Intat Spbt ai ned resting on the
support_8 and capabl e of constituting a conducti.ng
struct dr@a iy a 93r iSART nbk  SAEWAS nl Fi gEP@s gl lpgrered

itsﬂlﬁlclajl,ﬁﬁb posaisblfglmiﬂ@}@@@i hnﬁ:ﬁl(v! tthen @g&taxj&auuy grown
grown | ayer on a ne nuycl eat,ion | ayer eposited o
SV TSR of TopkFTagd i | SockRer cauaReEr phg and
abhmpadler dhedrigtsittuniplerentatdurting tdtimdtware ant i s
shown i-n Fi t i i t-he of t . .
substral?le E{Cg\%fi% ‘heg?gf gﬁ@%e%n%un%( ‘%é%o %naéa%tzé it is
bétiscaspasmébhani tal depport &h¢ athannuepeeeibally grown
Sli%%}é@t@' ofn agnat ke Ml%ﬂi%é%éfé)} e5f Qe osubeeauUent the
epi taxial, growth of the epitaxially grown Igyer or '.

NG UEd@atichal nlRYREAt ioh $¥ESCr afBe2 ProGr@Yes described

above for the first implementation.

A third variant is shown in Figures 14 to 17, in
which the support substrate carries the reference
numeral 1’ and acts both as a mechanical support and as
a nucleation substrate of a nature which is suitable
for subsequent epitaxial growth of the epitaxially
grown layer 6 or 6'. No additional nucleation substrate
2 is used.

Atomic species implantation into said support
substrate 1’ 1s carried out to create a zone of
weakness 127. Layers which are the same as those in
support substrate 1 carry the same reference numerals
together with a prime.

Advantageously, the parameters for implantation
are selected so that the energy budget to be supplied
during detachment of the remainder 11' along the =zone
of weakness 12' is greater than the cumulative energy
budget supplied during all of the steps preceding said
detachment, in particular during the step of



At om c species inplantation into said support
substrate 1 is carried out to create a zone of
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support substrate 1 carry the sane reference nunerals
together with a prine. Advantzgeously, the paraneters

for inplantation are selected so that the energy

budget to be supplied during detachnent of the
remwﬂakﬂaﬂﬂy gtongndg hehazonayelr Wweakness dnd ithe layer 5,

k) %%gg\the cumul ati ve energy budget supplied
durl g a of the steps preceding said detachnent, in

parti c(fihear @@ﬂﬁ@thheupp@ptofepbsaxaaélyt@mswwwmﬁaimﬁd is
| ay8fe B fed gﬁdeér?"ﬁ LAXEr 2 f'é_fneprﬁ”& féatlelg g%iyteqXVS is

support substrat us obtained is referenc
W SETT mel s festarsied 3T+ 5 is present, is

referemged ShicKherdydek bayes Gthént hgapdepesiit e(1ri N the
the presence or_ absence of a flne nucl eat,l on | ayer

sEFFEGTe 95. PER6E PTal RofbBSpILG IR 1B 1 | 5 see
t Rligyuema tlaxi al |y gromn | ayer 6' as above expl ai ned

W th tq% eqmggl f fi ur:so?s%%%e Sald |.ayers 5%h1n

and 6' "are 1 den ca ?o thos above -d%s ri Bed
epddianemtisl vargicewre hayede$ér iasehlegyas nexheinednividér the

Lnouithen dat aahadal ang.d he zone of weakness 12
r

and the e i's elimnated as descri bed above,
see Fi é llaw 17. Sapadmé hGreatderiatzal Het zbpse of

t hecephbowtatic SuPPBEH ferdinR R t AXdalardaygbt 6 Riscribed
6'. Afourth inplenmentation is shown in Figures 18 to

239518 \whi ch the support substrate 1' is covered with
an upp€het enplaitreldmayet’ 10s thea ddtemial ealaygr the zone

OB QEASLey IR ISBRLIS AP0V [y as
descrlbed above, see Flgures 16 and 17.

Said method can readily detach the epitaxial
support from the epitaxial layer 6 or 6’.

A fourth implementation is shown in Figures 18 to
22, in which the support substrate 1’ is covered with
an upper template layer 10’. Said template layer 1is
obtained by the techniques described above for
producing the nucleation layer 5, such as MOCVD, MBE,
HVPE.

Atomic species implantation is carried out within
said upper template layer 10’. The zone of weakness 1is
shown as 103’. While not shown in the figures,
implantation could also be carried out into the support
substrate 1’ through said template layer 107’.

Epitaxial growth of the thick 6 or thin 6’ layer
is then carried out (see Figure 20).

As shown in Figure 21, detachment is carried out
within the template layer 10’ along the zone of
weakness 103’ to form two layers 101’ and 102'. The
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figures, inplantation could also be carried out into

the support substrate 1' through said tenplate |ayer

10" . Epitaxial growh of the thick or thin 6" |ayer

is then carried out (see Figure 20) . As shown in
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Hydr og€hrems cadaswpligml @nt edeometchads ppothe subgenatenlare
ﬁ&%g{ g pol ycrystal line silicon carbide (SiQ

t

d&

Iayer of silicon oxide 31 obtained by
LEonl Production of a thick epitaxially grown

gallium nitride layer

Hydrogen was implanted into a [111] silicon
nucleation substrate 2 through a silicon oxide layer 32
obtained by thermal oxidation.

Hydrogen was also implanted onto a support
substrate 1 formed from polycrystalline silicon carbide
(8iC) through a layer of silicon oxide 31 obtained by
deposition.

The implantation conditions for the silicon
nucleation substrate 2 were an energy of 120 kilo
electron-volts (keV) and a dose of 5 x 10%°H*/cm® and for
the SiC support substrate 1, the energy was 95 keV and
the  dose was in the range 1 x 10%®H*/cm® to
4.5 x 10%H*/cm?, preferably 3 x 10'°H"/cm?.

The silicon oxide layers 31 and 32 underwent
chemico-mechanical polishing (CMP), to activate them
and encourage their bonding by molecular bonding.

The remainder 21 of the [111l] silicon layer was
then detached by annealing at a temperature of 500°C
for two hours. It should be noted that the thermal
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The inplantation conditions for the silicon nucleation
substrate 2 were an energy of 120 kilo electron -

was®e148kEV) and a dose of 5 x 10 H/cm 2 and PCI/EPINe4/007577

Si C support substrate 1, the energy was 95 keV and the
dose was in the range 1 x 10o0H /cm2 to 4.5 x 10 H/cm
2, preferably 3 x 10 H/cm 2 . The silicon oxide
Iayers 31 and 32 underment chem co -nechani ca
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bel ng ac ed fromits original substrate. Detachment
problems with the appearanCe of stresses.

Finally, the multilayered structure 7 was
eliminated by chemical etching.

The resulting thick layer of GaN was of very good
crystallographic quality and also had the advantage of
being detached from its original substrate. Detachment
was perfectly controlled and occurred only after
epitaxy.

EXAMPLE 2: Production of a thick epitaxially grown
layer of monocrystalline cubic silicon carbide

Hydrogen was implanted into a monocrystalline
[001] silicon nucleation substrate 2 through a silicon
oxide layer 32 obtained by thermal oxidation.

Hydrogen was also implanted onto a support
substrate 1 formed from polycrystalline silicon carbide
(SiC) through a layer of silicon oxide 31 obtained by
deposition.

The implantation conditions for the silicon

nucleation substrate 2 were an energy of 120 keV and a
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epi taxy. EXAMPLE : Production of a thick epitaxially

w@e@dni48eyer of nonocrystalline cubic silicon PEr/BPIE4/007577

10

15

20

25

30

35

Hydrogen was inplanted into a nonocrystalline [001]
silicon nucleation substratesZ through a silicon oxide
| ayer 32 obtained by thermal oxidation. Hydrogen was
al so inplanted onto a support substrate 1 forned from

| 3 0 : e |
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subst nat®&*2cwere antener gy ofs 120 key apd, adose ok raribly

10 H /lem.2 and for the SiC support substrate 1, the
e%e?‘ggr(éméé@g‘ keV and the dose was in the range 1 x 10

H /cm Zheo 4i3ixoh0 Hxfica 2]1ageefser il y a2ddx B2 HuhdewrZent

. S [ | .S, 31 d t. .chem
R R e S g B e Theo SeHF L i e hmad o Them
beostt thokdiosg byneddngc blyamdieadilag. bﬂmﬁiim@rrai ndgr 21
f : | t
rom t bgo[ QQH, $idd-com fi‘&[hf \Q@%O [gﬁj;l] eéff:hﬁgn Zay?:tr was

anneal i ng at a terrper at ur e 0 or two ours. o
shBGRd Fretaehed ONatanpRA}hed malt budgerrgppltiueg t@f 500°C

eRoY ecptet achiFRNt | mtl enshld cor Wastd@senbhanidathermal
"SRR hurd Rl SpASTIERL L I S e, catbi g
weakpesshd?. thhe uppeessurfaceo 23buwele thethOBhdnt in the
SLALEpBasy LRETPr PR S8 SHELER-APEShaN Soloe oocur
t eéatgetheorobg vife wrakhedsofl2f.orni ng "notifs”

descr B89, i el 05129 240 THEGE WM G s
ahBeh thFeRaregeYof chgbieosmErbonicatbi pel walsing ownd by
ephtaxiFakbhyl AokDhgkibayelyfe oheetbi €reatment or by the
method of forming “motifs” described in document
EP-A-1 288 346.

The structure obtained was then placed in a cold
wall CVD reactor and a thick layer of cubic silicon
carbide was grown epitaxially. A thick layer 6 of cubic
silicon carbide several hundred microns thick was thus
deposited. It should be noted that the thermal budget
for epitaxy was less than the energy budget necessary
to ensure detachment along the zone of weakness 12.

The remainder 11 was detached from the SiC support
substrate by supplying mechanical energy after epitaxy
and cooling. To this end, a blade was inserted or the
structure was flexed, or a combination of the two
techniques was employed.

Finally, the multilayered structure = 7 was
eliminated by chemical etching.

The resulting thick layer of SiC was of very good
crystallographic quality. It also had the advantage of
being detached from its original substrate. Detachment



silicon carbide several hundred m crons thick was thus
deposited. It should be noted that the thernal budget
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to ensure detachnment along the zone of weakness 12.

The remai nder 11 was detached8romthe Si C support
substrate by suppl yi ng nechani cal energy after epitaxy
and cooling. To this end, a blade was inserted or the
stwa,ﬂ:t uperxﬁ/astﬁh/exexdmtmolae@bnmwtieacﬁf:rébe oMy after
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t lyaliiEane oSl dn x&yﬁmcterl st| cs as that of the
it | own cubi ¢ VPL . Productio
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keV, and.a dose in range

16°2R96cm D, Thr 08 di¥y PREATEIPIEMI2 KkeNt | aygpse in

6'thef fahgwasl btherp'griown’eptd axi.al ky 10Y° HVIDEMD, $AiGerably
Igyer S|2ng an active zone for a light -emtting
di-ode P )/ 't should be noted that the thernal

budget Af dthisai bapprt 8Xi alf ¢edimMued sehvenabrbeor epdftaxially

aBE}e%dé\gDPe%‘éﬁ%ln f%pelc égﬂp}}QQnS )ar¥\’a§clc§§8 zone for a
light-emitting diode (LED). It should be noted that
the thermal budget for said epitaxial growth (several
hours of annealing between 700°C and 1100°C) was less
than the energy budget necessary for subsequent
detachment along the zone of weakness 12'.

The metal bonding technique described above was
then used to transfer said epitaxially grown layer to
an acceptor substrate 8 which can be silicon or copper.

After the bonding step, additional mechanical
energy was supplied (for example by inserting a blade)
to carry out detachment at the zone of weakness 12’ of
the support substrate 17.

The thin support layer 13’ was eliminated by
chemical etching.

The SiC substrate used for epitaxial growth of an
LED structure could then be removed. Detachment was
perfectly controlled and occurred only after epitaxy
and metal bonding.
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transfer said epitaxially grown [ayer to an acceptor
substrate 8 which can be sili2@on or copper. After the
bondi ng step, additional nechani cal energy was

supplied (for exanple by inserting a blade) to carry
ogtr.adetcachnment at the zone of weakness 12' of the

support substrate 1'. The thin support |ayer 13" was

el imnated by chem cal etching. The Si C substrate used
far epiAt andtdodyrofvt hialof i @ant 1:ddp shr apﬁhaalamm[yd gtrbemn Beyer

odBirod ol S rar e B0y SntLefarob8nains e Ateddp of
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| (§n §hht! riaoey s i9le aRRNIGALLER:dIL W diali4%) in:

optics, ectronics, or electronics
charééter%%@ aPFlPﬁatQRQ%%mprﬁ§§§l@ﬁe f8LFBIRNG &t efd TSt
C@U@b%&b&@ inL,i)11yplayinigy @h@ﬁ1ﬁs§pp§tes ﬁﬂﬂgﬁﬁhtéw to

O I L M s T e
dd&mamab&ssa thi nthiayerayfek3, (13,) &érmedtehmedtruhe “thin

ng%%&tla¥§$ rLrQﬂhﬂﬁethgnafgﬂgin&&%’ %%_ )19t£SQ&9 said
sub ? axi ar |

rate; row ng sard epi gr'own
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SUDQQIl §W§&1ﬁ%35a}a Epl%bkhaqg&aﬁﬁkﬁ&iiﬁ&éﬁn@Bnd@’ by

e support substrate ,
tﬁpﬁtéiﬁgp&atrma%roqtmlli%?falsm%98%@ shib grBpOrL. layer
mg@gpegsrolz 12 ) of said support substrate by
del. i, ber at y extern )

ol fitnat | TGS HY PO SERBOr AP By REL (131" {3f Ehe support
obubaktrihe edi,t axialfyongridve tmy@rsgﬁpoﬁt)layer (13, 137)
along the zone of weakness (12, 12’) of said support
substrate by deliberately supplying external energy,
iv) eliminating said thin support layer (13, 13') to
obtain the epitaxially grown layer (6, 6').

2. A method according to claim 1, characterized in
that said support substrate (1') 1s a nucleation
substrate of a nature which is suitable for subsequent
epitaxial growth of said epitaxially grown layer (6,
6’).

3. A method of fabricating an epitaxially grown layer
(6, 6’) in particular for applications in the fields of
optics, optoelectronics, or electronics, characterized
in that it comprises the following steps consisting in:
a) implanting atomic species within a first
substrate (1, 1’) termed the “support substrate” to
define therein a zone of weakness (12, 12’') which
demarcates a thin layer (13, 13’) termed the “thin



2 . Anethod according to claiml, characterized in
that said support substrate ( ) is a nucleation
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eprtaxr al growth of said epitaxially grown layer (6,

"). . A nmethod of fabricating@n epitaxially grown

| ayer (6, 6') in particular for applications in the
fields of optics, optoelectronics, or electronics,

C lrarpactEr | 2egerr! thadmi ttheonpemaeadehe {D1) owlng sdEpsaid
cQgiSt Jn a) |an anting atomc species wthin a
first su trate (1, 1') ternmed the "support substrate"

to def e gtRriald saidnepbtawbakhesgrown, lager) (@i &) by
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nsupport |ayer" fromthe rerrarn er (11 1") of
s§| d s trat%ra%sﬁeﬁlf%% ng- saf@Pepitas alolnﬁogr @\ﬁ/ﬁd thin

| ay@pdrtd, 1Gyerdy(1epi tisdxy) ;carried out on an interposed

| ayer : 1, 10") transferred qr deposited

onto sg%d %%%Cmor*fhﬁ?ayg?m@ﬂg ef3+ )1y dﬁfa)chr Rg the
t bepperd nseps{Adte 111) df )t hersmppbret shilrst sappott, 1Myer
) fromt t y (13 he zane

of 1wéakn§; %jlgr@ QBSQ terhgar% s"ﬂepap]%rﬁs sugis%) }% g Said
derpperat elsyb§¢r|§|§rt?r ngy exdel Ha¢ repelyy . suppl et Ieerdternal
agg@kding to claim3, characterized in that said

i nterposed layer is a thin nucleation |ayer (23) of a

nature which is suitable for subsequent epitaxial
grow hAOfméﬁhddemdc@ﬁdc&'ﬂ@’ geowndayen, (6hdracterized in

hod accor di to cl.aim 4, charact rlzedlnth
CENACt LR UeT B EEPORCR gy SoghS | & (el B Lgetgn laver
i fPBant bfig at omatus@emre:&:m tig n sausmmrwd%f t kBbgequent
t t| Ny subst at.e" efin
géé%é?%gggzo ]go% vvea ne%s ( Rﬂﬁjtar%]&’enﬁrri?gpeslas%?]ﬂ (6,
thAl h-nucl eation layer (23) fromthe remainder (21) of
sai d substrate, then

5. A method according to claim 4, characterized in
that said thin nucleation layer (23) is transferred:

- by implanting atomic species within a second
substrate (2) termed the “nucleation substrate” to
define therein a zone of weakness (22) which demarcates
said thin nucleation layer (23) from the remainder (21)
of said substrate, then

- by bonding the two substrates (1, 2) either
directly one against the other, or using at least one
intermediate bonding layer (31, 32) so that their
respective thin layers (13, 23) are located facing each
other; and

- by detaching the remainder (21) of the
nucleation substrate (2) along the =zone of weakness
(22) of said substrate (2);

the parameters for implantation into the support
substrate (1) and into the nucleation substrate (2)
being selected so that when combined with the nature of



by bonding the two substrates (1, 2) either directly
one agai nst the other, or using at |east one
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respective thin layers (13, 23) are |ocated facing
each other; and by detachi ng 3the remai nder (21) of the
nucl eation substrate (2) along the zone of weakness
(22) of said substrate (2); the paranmeters for

'%&bﬁnﬁékaEaU%t0ch§t§HQEth syhsyratfo (Lupnddidd  the
the nucleation substrate (2) being selected so that
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to claim5, characterized in that the paraneters for
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remai n (11) of the support substrate (1)

déPaGﬁ&?kﬁh%pBF?EatﬁQﬁ @%ﬁ%%ﬁQnﬁﬂeeﬁ%m©§H%$r (11) and
meebarkegalndept i (@al), aardicarrdkemotal W hgating.. A
nmet hod accordlng to claim4, characterized in that
said thin nucleation |ayer (23) is transferred: by
bdndi n§ anselodd sudustdiatoe £2) dleximedSt hecharacterized in

that the remainder (21) of the nucleation substrate (2)
or the remainder (11) of the support substrate (1) 1is
detached by application of additional energy of

mechanical, optical, and/or chemical origin.

8. A method according to claim 4, characterized in
that said thin nucleation layer (23) 1s transferred:

- by bonding a second substrate (2) termed the
“nucleation substrate” either directly onto said thin
support layer (13), or using at least one intermediate
bonding layer (31, 32);

- by reducing the thickness of said substrate (2)
from its back face (210) by lapping and/or chemical
etching and/or ionic etching to obtain said thin

nucleation layer (23).
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said substrate (2) fromits back face (210) by | apping
and/ or chem pal etching and/a32ionic etching to obtain
said thin nucleation layer (23).9 . A nethod according

to one of clainms 5 to 8, characterized in that said

| rit.er mexdi ateetthohdiargdralierg (3b, 32k | 8fa tayensofs to 8,

d h d
9SSR el it 0RO Serot g 0, Sh ol e
32)3%Li,s X eict el ¥ayanw 9 f i dionl oxidie; mateconl nitride,

and silicon oxynitrides . 11. A nmethod according to

any one of clainms 5 to_ 10, characterized in that
baidi nd* bEEREER tFRCLUBLAGI A0 agbedm( B3, oByreftasized in

dltfh%{tt | ¥hoOngiagatnst ct hgtethan ofzin 3@? @ée%%rl%%t%l from
l.east one i nternedi ate. bondi n Ia er

%&ﬁﬁ%ﬂ boRdLAG, 1 .SWHelhod HﬁqK;to %ﬂy oﬁ&llcon
ofoxtyimd tediadgss, 3 to 11, characterized in that said
i nterposed layer is a fine nucleation |ayer (5) forned
on said thin support layer (13') or on said thin
nddl.eati ometlay@dr a€28yding. tA methodnacedr dilmino &l &bmlo,
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remainin te r e epl axi a gro
layer (137) or on sald thin nucleation layer ?

13. A method according to claim 12, characterized in
that said fine nucleation layer (5) is produced by
metal organic chemical vapor deposition (MOCVD), by
hydride wvapor phase epitaxy (HVPE), by molecular beam
epitaxy (MBE), by cathode sputtering deposition, or by
epitaxial lateral over growth (ELOG) or pendeo-epitaxy.

14. A method according to any one of the claims 3 to
13, characterized in that it comprises the additional
step of eliminating the thin support layer (13, 13')
and the thin nucleation layer (23), the fine nucleation
layer (5) or the intermediate bonding layer or layers
(31, 32) remaining integral with the epitaxially grown
layer (6, 6'), if present.



| ayer (6, 6'), if present.15. A nethod according to
any one of the preceding clains, characterized in that
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wi de band gap sem conductor nmaterial. 16. A nethod
according to claim 15, charac3@rized in that the
epitaxially grown layer (6, 6') is fornmed fromgallium
nitride. 17. A nmethod according to claim 15,

chey actr imegthddh ababrthegepic axingl | yngr ovin kagerpidceding
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6' den s asutd+ cherd 14 ckness to constitute a
sel f-supported layer. 19. A nethod according to any

one of claims 1 to 17, characterized in that the
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f gdlowiung radidt tdeonal steps carried out between steps b

) and c¢) and consisting in: - applying a first |ayer

of metal (81) onto said thin epitaxially grown |ayer
(6h. arfd methodnddeppsiing het ailaigr)lont charehitedized in
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the two I aye
Hﬁ’@rl%rﬁzllféd#di MPA%HEIR t oget her; to obtain the thin

epitaxially grown | ayer (6') transferred onto said

acceptaor su trate 8 20. A nmethod according to any
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(B petfrauwppasdiadl dsar t enpl ate layer (10') or inside
sai d upper tenplate layer (10'), the paraneters for
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19. A method according to any one of claims 1 to 17,

characterized in that the thickness of the epitaxially
grown layer (6’) obtained at the end of step b) is
insufficient to be self-supporting and in that the
method comprises the following additional steps carried
out between steps b) and c) and consisting in:

- applying a first layer of metal (81) onto said
thin epitaxially grown layer (6’) and a second layer of
metal (82) onto a third substrate (8) termed the
“acceptor substrate”;

- placing the two layers of metal (81, 82) in
contact with each other and bonding them together;

to obtain the thin epitaxially grown layer (6')
transferred onto said acceptor substrate (8).

20. A method according to any one of the preceding
claims, characterized in that the support substrate
(L") comprises an upper template layer (10’) and in



i nplantation carried out in the support substrate (1')
or in the tenplate |ayer (10') being sel ected such
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constituting said substrate and said tenplate | ayer,

t he energy budget to be suppB#éed during detachnment of

the remainder (H, 104') along the zone of weakness

(12', 103') is greater than the cunul ati ve energy
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?ectly 1857 ?y angrggt@E l%ﬁig o@gﬁlaXQEUEEtlve enerqgy

r redi at'e "bondi ng materi suc
dbéfi@@tr issnpdti@d aurizey Akl epitt Hhe @thgﬁ%@.@%@gesald
(8ctradpfeh@ing to claim2l, characterized in that said
nucl eation layer (23) is covered wth a fine

. nucleation layer (5).23. An epitaxy support substrate

(91.9 )xnacec;mﬂiaing sappbat Msubktfat??, ( har9aot emﬁ@d:léah to
(B b ouppor . qubetsste, (b 15 e O AIBLENA groum
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and “zi n¢ oxide (Zn i taxy support

s@bgragt@réged9lp éb@@raﬁngom@rlses at least:

- a first substrate (1) termed "support substrate"
comprising a zone of weakness (12) which demarcates a
thin layer (13) termed the "thin support layer" from
the remainder (11) of said substrate (1) and

-~ a thin nucleation layer (23) the nature of which is
suitable for subsequent epitaxial growth of said
epitaxially grown layer (6, 6'), said nucleation lgyer
(23) being bonded to said support film (13) either
directly or by means of at least one layer of
intermediate bonding material (31, 32), such as a

dielectric material.

22. An epitaxy support substrate (9') according to
claim 21, characterized in that said nucleation layer

(23) is covered with a fine nucleation layer (5).



anyone of clains 21 to 23, characterized in that the
nucl eation layer (23) is made of a material selected
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carbide (Si C), sapphire, di ag)nd gal | i um ar seni de
(As@G@) , and alumnumnitrid 25. An epitaxy
support substrate (90, 90") |ntended to be used for

e fabrication of an epitaxially grovvn | ayer (6, 6')
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Oﬁillaﬁlﬁns orztloeb@ctmnl Gharctad LcAdPNiies, tRhar agher iZfthort
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t " t.hi rt er’ fromthe re
(P8 51" Dby sRrREs oV GRth oS BT ISR nicrice
sulesi)at @1(1111)1@@11 ﬁglts‘met alA 1N )f ,orarsijbzslemjentlcmol tZna)al
growth of said epitaxially grown |ayer (6, 6'), said
thin support |ayer (13') being possibly covered with a
f“Ae nddl RRIARY a§BPPPEY. sEbStAa®e Gt of ' | aBeceadiing to

aﬁn%'n@&bﬂ' Iy asHigPOrt $ubsit at enf®ecPe)iaeqorid nehée the
ﬁlﬁﬁeé-} cla ns 21 tq 24, characterized in that it

?%?Fov&zn?d st8p&aensPEt inghdheria} selected
| Ifmbalnt |gmgL1ahmm mispecdes W&ah) p ashiiisbnsulstnat e silicon
g Eft qt(éwec sup, ort substr te" t deflii therein a, g
zgné: &t Hesy (17 PHRITS T Wt AGBtar c Ped THM hfsenide
Ié@éﬁa()ls,anlﬂsa)lmamdmheri'tiehi(@s’lmpport | ayer"” from
the remai nder (11, 11' ) of said substrate; ii)
| anti ng atom c species within a second substrate

(é teAﬁe@Hﬂ?@xﬁuﬂﬂﬂﬁqrﬁnﬁﬁﬁ$%ﬁ%ﬁeté9@ef96é thetend§d to
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cl eati g % 5) fromthe renmai nder sa
EBX?Fatg 7 ?ﬁ) boRdiRRF tHe o &%’stﬁ@?%écf‘ 102§ In the
eft bedsdi act loptangs agadbmséel bet odheEs, Or odSi BYedkronics,
|8§§£a898rized in that it comprises at least a first

substrate (1') termed "support substrate” comprising a
zone of weakness (12') which demarcates a thin layer
(13") termed the "thin support layer" from the

remainder (11) of said substrate (1), the nature of
said substrate (1') being suitable for subsequent
epitaxial growth of said epitaxially grown layer (6,
6'), said thin support layer (13') being possibly
covered with a fine nucleation layer (5).

26. A method of fabricating an epitaxially support
substrate (9, 9') according to anyone of claims 21 to
24, characterized in that it comprises the following
steps consisting in:

i) implanting atomic species within a first
substrate (1, 1’) termed the “support substrate” to
define therein a zone of weakness (12, 12’) which
demarcates a thin layer (13, 13’) termed the “thin



i nternedi ate bonding layer (31, 32) so that their
respective thin layers (13, 23) are |ocated facing

weawbhoosher; and iv) detaching the renai nder (RQ)/ERI004/007577
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the nucl eation substrate (2) along the zone of

weakness (22) of said substraie (2); the paranmeters

for inplantation into the support substrate (1) and

into the nucleation substrate (2) being selected so

t hatppiien deivkintedfwbihh die matwredefl thelpatierial sf said

coqlaoltutl ng said two substrates, the energy budget to
sup% "?”Lé "l ater for detaching the remai nder (11)

aI ongiithe Tzl rdgfinveakaeesi¢12 spk2iles s gitater tharsecond

thencumul @l i yg) energy oygdgetwsupplied duckpdiabl «f gefine
t he steps preced| ng eta ment .
therein a zone oOf weakness (22) which demarcates said

thin nucleation layer (23) from the remainder (21) of
said substrate,

iii) bonding the two substrates (1, 2) either
directly one against the other, or using at least one
intermediate bonding layer (31, 32) "so that their
respective thin layers (13, 23) are located facing each
other; and

iv) detaching the remainder (21) of the nucleation
substrate (2) along the zone of weakness (22) of said
substrate (2);

the parameters for implantation into the support
substrate (1) and into the nucleation substrate (2)
being selected so that when combined with the nature of
the materials constituting said two substrates, the
energy budget to be supplied later for detaching the
remainder (11) along the zone of weakness (12, 12') is
greater than the cumulative energy budget supplied
during all of the steps preceding detachment.



