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in general to the manufacture of semit conducting substrates, particularly
for the electronics, optoelectronics or optics industry. Substrates
conposed of a filmor thin layer on a 5 thicker support are known.

El ectroni c, optoelectronic or optical conponents are made in the thin film
of such a substrate, this thin film being intended to be separated from
the support and if necessary applied onto another support, after at |east
sone 10 of the steps in its manufacture. In order to achieve this,

t echni ques have recently been devel oped for separating a useful thin |ayer
fromits support. Thus, the "epitaxial lift off" technique is well known
in the domain of elenents in groups Ill and V of the 15 classification,

and, consists of inserting another thin WO 03/063214 PCT/1B03/00424 2

| ayer between a support and a thin layer, the other thin |ayer being
called the sacrificial layer, and this sacrificial |ayer being nmade by
epitaxy. In practice, the sacrificial layer is nade on the 5 support by a
first epitaxy operation, and the useful thin layer is also made by
epitaxy. The sacrificial layer is nade so that it can be etched

PROCESS FOR PREPARATION OF SEPARABLE SEMICONDUCTOR

ASSEMBLIES, PARTICULARLY TO FORM SUBSTRATES FOR

ELECTRONICS, OPTOELECTRONICS AND OPTICS

DESCRIPTION

This invention relates in general to the manufacture
of semi conducting substrates, particularly for the
electronics, optoelectronics or optics industry.

Substrates composed of a film or thin layer on a

5 thicker support are known.

Electronic, optoelectronic or optical components are
made in the thin film of such a substrate, this thin f£ilm
being intended to be separated from the support and if
necessary applied onto another support, after at least some

10 of the steps in its manufacture.

In order to achieve this, techniques have recently
been developed for separating a useful thin layer from its
support. Thus, the “epitaxial 1lift off” technique is well
known in the domain of elements in groups III and V of the

15 classification, and consists of inserting another thin



selectively with respect to the support and the useful thin |layer; for
exanple, an Al As sacrificial layer is nade 10 between a GaAs support and a
useful | ayero3oé32AM GaAs. I n this known techni que, the sacripCiraBed/ooshi n | ayer
obtai ned by hetero-epitaxy is nonocry8talline and is thin. Its nature
depends on the material of the support from which growth takes place. 15
The epitaxial |ift off technique was described particularly in the
"Utra-high efficiency light-emtting diodes through epitaxial lift-off
packagi ng" article by M Sickmller et al., International synposium on

M croel ectronics, 1998, and its feasibility has been 20 denonstrated for
support surfaces and thin layers with and area_of theegrder of a. few

square centidERs REtYRSRVEr SUPBREFe BNt & yERERt $3KEKe £8St OFBGEt W™ he

feasi bi |l ity Bfet higel@ghnbgueehor takgnishicgantbyal ar ggkerar easg f amigxanpl e
areas of the order of a few hundred cn2 25 used in substrates for
i ndustry. ARther S lutidaet beingkinge aby epritaf®e bond coul d consist of

mol ecul ar bondi ng, bg&%@@i‘cé, SURROT Lo 88 Acidy _nlab/@f_eris and dehedy, mkjng the
separation at the bonding interface at the right tinme. W 03/063214

PCT/ | BO3/ 0042dpo:¥ Heondaf dices ebtapnwdoperahgonhi sndypdeofudedndi drivar y

GePenaLo Shile ) KSR TR Ly [he rougtness of (e

bet ween mat eri alThe tdagini fdicdefalbiblelry i sSmbaéapes athite, ietear) .bd retsdnwel cases,

such a Sepagetéégaé%¥¥(%it ex%%@%kgeggdthe support and the useful thin
layer; for example, an AlAs sacrificial layer is made

10 between a GaAg support and a useful layer of AlGaAs.

In this known technique, the sacrificial thin layer
obtained by hetero-epitaxy is monocrystalline and is thin.
Its nature depends on the material of the support from
which growth takes place.

15 The epitaxial 1ift off technique was described
particularly in the “Ultra-high efficiency light-emitting
diodes through epitaxial lift-off packaging” article by
M. Sickmiller et al., International Symposium on
Microelectronics, 1998, and its feasibility has Dbeen

20 demonstrated for support surfaces and thin layers with and
area of the order of a few square centimetres.

However, complementary tests have cast doubt on the
feasibility of this technique for significantly Ilarger
areas, for example areas of the order of a few hundred cm?

25 used in substrates for industry.

Another solution for making a separable bond could
consist of molecular bonding between a support and a thin

layer, and then making the separation at the bonding

interface at the right time.



However, if the thermal budget applied to the thin layer after this type
of bonding is large, which is the case particularly during the manufacture
of subst reDas/0béxn4 10 LEDs in which the tenperatures of sSoPETHBEAIOABNt S
(particularly epitaxy using the MOCVD3t echni que) can reach or
significantly exceed 1000 to 1100C, the effect of this budget on the
bonding interface will necessarily be to significantly reinforce the
interface, and separation will 15 becone nore difficult if not inpossible.
More particularly, when manufacturing substrates for LEDs, it may be
necessary to carry out heat treatnents on the support / thin film assenbly

necessitating such high tenperatures, and particularly_therpal oxidation
steps or 20 sur B Sg%<fq=ﬁ n@b"s‘i‘%tﬁd W%M“@e%%og%tm e’ order
to prepare a@geﬁ@mfé@cgn befor i i didrfieHahmelBeLs (ﬁé@nlgeeaélf&ggmew t axy,
these steps being done at a tenperature of nore than 1150C. Thus, for
exanpl e i f abl dbd avupfaritng Pydueril bet weEAPeREleso obx i fagpern s, thidor
exanpl e addgfogicdy SURGAL NGBt nbRueliaBde GloiSl ! beamaa{Pide S G

such tenperatures wou i'derabl'y 1 ncrease the bonding forces to nake

t hem reach tatpérastr?, Jout &s/ nZn serehatssepasachon wephdabtewmneould

i npossi bl e., WO 03/Q§3214 PCT/ 1 B03/ 00424 4 This invention is intended to
provi de a sgﬁa?%%?% e%%%ding interface, particularly for the manufacture of
substrates for LiEbgewatch as bihee, tpeeesal obudberavapdlated Wo EEBs, thin ch

remai n separable even after treatnent _at high .5 tenperature 110Q to
1150C or gvéﬂyﬁﬁréfﬁer this type of bonélﬁ% is iagge, w%icﬁ is é%e

case particularly during the manufacture of substrates for
10 ILEDs in which the temperatures of some treatments
(particularly epitaxy using the MOCVD technique) can reach
or significantly exceed 1000 to 1100°C, the effect of this
budget on the bonding interface will necessarily be to
significantly reinforce the interface, and separation will
15 become more difficult if not impossible.
More particularly, when manufacturing substrates for
LEDs, it may be necessary to carry out heat treatments on
the support / thin film assembly necessitating such high
temperatures, and particularly thermal oxidation steps or
20 surface smoothing steps under hydrogenated atmosphere in
order to prepare the surface before nitrides or others are
deposited by epitaxy, these steps being done at a
temperature of more than 1150°C.
Thus, for example if molecular bonding is done between
25 two oxide layers, for example added on a support and a thin
layer made of silicon carbide SiC, such temperatures would
considerably increase the bonding forces to make them reach
at least 2 Joules/m?, so that separation would become

impossible.



Thus, this invention according to a first aspect proposes a preparation
process for a sem conductor based assenbly conprising a first |ayer such
as a suppwpotosioedzes and a second | ayer such as a thin | ay@CTfiBo3/00424
applications in 10 the electronics, optoelectronics or optics fields,
characterized in that it conprises the follow ng steps: - forman interface
| ayer on only one of the two |ayers, - bring the |layer on which the
interface layer is 15 formed and the other exposed |layer into contact with
each other, the interface |ayer being chosen as a function of the nmaterial
in the exposed layer to forma bonding interface that can be separated
under the action of stresses applied 20 after exposure to tenperatures

within a predet eFitfhed ™VERGET | 1S on S afRoURr Thisti RentSPEaRkast t he

exposed | apghdisgMede-Hfrdd | CpAreachideiyantbid N dHdl sneaseatPerei Nierface
| ayer is made froma material chosen fromthe 25 group containing silicon

oxi de and sFHPEBRRHPS ricle. LR oTWithg s dlorve gFprRcari BAtsRViRket n i on,
one of theLh%er%hEgh”%eﬁlag r? ¥8h1E0T ke JArdratd Qb et a%lb%%ﬁte by

epi taxial growth, and the ot he ayer forms a tenporary support er for
t he gerrd | agempeD@3¢968LR1U00 POT/UIBE300424ves ®epalr ati on stresses are

preferably mechapical gisesses. dcegrding 0.8 second aspect, the. .
I nventl on proposes a’ pr OCGSSnfOI’ prepara I% Oq a se% conaﬁ thrl’ ased
assenbl y proposes a preparation process for a semiconductor based
assembly comprising a first layer such as a support layer
and a second layer such as a thin layer for applications in
10 the electronics, optoelectronics or optics fields,
characterized in that it comprises the following steps:

- form an interface layer on only one of the two

layers,

- bring the layer on which the interface layer is

15 formed and the other exposed layer into contact with
each other,
the interface layer being chosen as a function of the
material in the exposed layer to form a bonding interface
that can be separated under the action of stresses applied
20 after exposure to temperatures within a predetermined
range.

In one advantageous embodiment, at least the exposed
layer is made of silicon carbide, and in this case the
interface layer is made from a material chosen £from the

25 group containing gilicon oxide and silicon nitride.

According to one application of the invention, one of
the layers forms a germ layer for the formation of a
substrate by epitaxial growth, and the other layer forms a

temporary support layer for the germ layer.



5 conprising a support and a thin layer for applications in electronics,

opt oel ectronics or optics, the assenbly being designed to be subjected to
hi gh tenp@paBosxs4 wi thin a given range, characterized i nPCRABOI/@4BIONPri Ses
a step to make a separable interfaceSbetween the support and the thin 10

| ayer by making contact and nol ecul ar bondi ng between two interface
materials with a sufficiently small ability to chemcally react with each
ot her so that exposure of the assenbly to the said high tenperatures after
the two interface materials have been brought into contact causes 15
sufficiently weak bonding so that they can be separated by the application
of stresses afte% t he sai d exposure. Preferabl%, t he iOM/potentiaI of the
interface materiafR*td-T%hct chenTeel |y Weh eRERIGTRRIYi s PRELFRLAE of a
weak intrinsteegyésgal chemical affinity of the said 20 interface
materials, and /_or the low creepabi]lity of at |east one of the two

i nterface materi®FSOTIHA 9 r3tSIBBHIATERCE /t &St WHVEREEPRaBECRRSRY &l s are

di fferent apdoaEgsCeBROSHLIEEREOH! WH Ya Of el NS BISNd Al phdle agsg%ﬁégéace

| ayer added onto the support and directly by 25 the material In hi n
| ayer. |In papmbsisang ansuappdrbonanbayerthiveakayer | fyer apptlecdyietepositi on

or by chem i ficat] , perfici thickness_of t upport,
such as oxigg%Fgﬁggé%%f %%Qgeg%ggﬁ%%é%%dgfn%%?%cﬁhet %Dafﬁ?%gﬁéiggﬁ%?erials
30 are diffdeehynadd tar ebeonpdsiattaid t he raitedr | abmpératud 0340637214

PCT/ 1 B03/ 00424 6 interfa%g Iaéer.ad ed on%ptth% thin layer, and directly
by the supHorERnafBEfal CRPEERERT Gy I that 1t comprises a step to

make a separable interface between the support and the thin

10 layer by making contact and molecular bonding between two
interface materials with a sufficiently small ability to
chemically react with each other so that exposure of the
assembly to the said high temperatures after the two
interface materials have been brought into contact causes

15 sufficiently weak bonding so that they can be separated by
the application of stresses after the said exposure.

Preferably, the low potential of the interface
materials to react chemically with each other is the result
of a weak intrinsic mutual chemical affinity of the said

20 interface materials, and / or the low creepability of at
least one of the two interface materials.

In a first embodiment, the two interface materials are
different and are composed respectively of the material in
an interface layer added onto the support and directly by

25 the material in the thin layer. In particular, an “add on
layer” means a layer made by deposition or by chemical
modification of a superficial thickness of the support,
such as oxidation, etc.

In a second embodiment, the two interface materials

30 are different and are composed of the material of an



Several possibilities could be considered for the materials: 5 - the
material fromwhich the add on interface l|ayer is nade is chosen fromthe
group conwpiosioexzian sem  conducting oxide and a sem conaaatiBespoa4 ri de,
while the different material is a sem conducting carbide, advantageously
nmono-crystalline, 10 - the two interface materials are sem conducting
nitrides such as Si3N4, - the two interface materials are a sem conducti ng
nitride and a sem conducting oxide respectively. The sem conduct or
mentioned above is typically 15 silicon. Advantageously, at |east one of
the interface materials has an intrinsically rough surface, in other

wor ds t he rqu hness of the surface, in e commercial form_ of the materi al
wi t hout any 1P6G§RBACNGSYPEaRRERE, OP§°2§h§|§HFF|&§ﬁ?Fy ABfe dERERELY APY ns and

i's typlcalIxhgbggbpgrgomaéefiéps rddiies-tme1Re the support material itself,
or it may be the material of the thin layer itself. A typical exanple of

such an |ntr|nS|§@V¢ValOUQ9ﬁ$ﬁh¥%%§ﬂeﬁ scebilficoRe ceemReTsthi éprat thRe
monent is ayailable conmrercially with 25 roughnesses rarely less than 4 A
rns. Alternately, an intrinsically rough surface can be obtained by
depositi®n on a-surfabe timterisall e€zomougin ch hithet ypédofordeposetiane

i nherently resultlng in an, i rfect surfgﬁe condition with a roughness

that can bel&¥® ﬁldﬁiﬂ?éFt%F O fﬁ@?o 063294° PETTYBO3 09422 7™ n one
speci fi c enpegidiettngt xidesemd ya NBymL 08Phidd€ing nitride, while the

different material is a semi conducting carbide,
advantageously mono-crystalline,

10 - the two interface materials are semi conducting
nitrides such as SiiNg,

- the two interface materials are a semi conducting
nitride and a semi conducting oxide respectively.

The semiconductor mentioned above is typically

15 gilicon.

Advantageously, at least one of the interface
materials has an intrinsically rough surface, in other
words the roughness of the surface, in the commercial form
of the material without any roughening treatment, is

20 significantly more than 1 & rms and is typically about 4 to
5 A rms. This may be the support material itself, or it
may be the material of the thin layer itself. A typical
example of such an intrinsically rough material is silicon
carbide, which at the moment is available commercially with

25 roughnesses rarely less than 4 A rms. Alternately, an
intrinsically rough surface can be obtained by deposition
on a surface that is less rough, this type of deposition

inherently resulting in an imperfect surface condition with

a roughness that can be as high as 4 to 5 A rms.



- a silicon carbide substrate, - a useful |ayer nade of nonocrystalline
silicon carbide, 5 - an interface |ayer nade froma material chosen from
anong t hewgros@s2¢onpri sing silicon oxide and silicon nitPCHgBo@dad ont o
the face of the substrate facing the 7useful l|ayer or onto the face of the
useful |ayer facing the substrate. 10 According to a third aspect, this

i nvention provides a process for preparation of a substrate for making
opt oel ectroni c conponents such as light emtting diodes, and particularly
bl ue LEDs, characterized in that it includes preparation of an assenbly
according to one of the 15 previous clains, manufacture of at |east one
substrate |ayer_by epitaxy, on the three surface of the useful |ayer of
the assenbly, anﬁns‘éﬂgr%@? Ut § | Ith?ef“sﬁﬁmb i B t RS CExy

| ayer(s) is or are fognedl{cemderi ubsty-atarat the interface of the
assenbly. 20 The epitaxied |ayer(s) is gare) then preferably made from
semi conducting mat er RPal'SHaded dFES erdgortfuchPrecrtat1ine npitiges.
According te apfgurth aspect, the invention describes a process for
preparation of a sem conductor based 25 assenbly, conprising a support and
a thin layer for-appl&satingesfpaeellentawriade Spovelechaeniosl agdosgti cs,

the assenbl ¥y %i Do .Si ed }CQ%;{ eéé)r% r{].'ii"l réatgffied’o%{ UL e\M‘al:[l i Qifi%ir\l/en
range, characterized~in a Tt co i'ses Step to nake a separable
interface betweerdetl haddegpanitancthad0fabe vHfii ntHeaydbdyratmki fuprioent @eé and

mol ecul ar b%gg%ﬂg %gy%%/qggg%%xfcg éB gégog 4the useful layer facing

the substrate.

10 According to a third aspect, this invention provides a
process for preparation of a substrate for making
optoelectronic components such as light emitting diodes,
and particularly blue LEDs, characterized in that it
includes preparation of an assembly according to one of the

15 previous claims, manufacture of at 1least one substrate
layer by epitaxy on the three surface of the useful layer
of the assembly, and separation of the wuseful layer on
which the epitaxy layer(s) i1is or are formed from the
substrate at the interface of the assembly.

20 The epitaxied layer(s) is (are) then preferably made
from semi conducting materials based on semi conducting
metallic nitrides.

According to a fourth aspect, the invention describes
a process for preparation of a semiconductor based

25 assembly, comprising a support and a thin Ilayer for
applications in electronics, optoelectronics and optics,
the assembly being designed to resist high temperatures
within a given range, characterized in that it comprises a
step to make a separable interface between the support and

30 the thin layer by making contact and molecular bonding



8 between two generally plane surfaces, at |east one of the surfaces being
the surface of a nonocrystalline material for which a main
crystal | ogoaplsx21pl ane has a slight inclination fromthePgprapes/@i24 he sai d
surface, the said 5 surface thus havi Ag a roughness such that exposure of
the assenbly to the said high tenperatures after the two interface

mat eri al s have been brought into contact creates a sufficiently weak bond
so that they can be separated by the application of stresses after the
sai d exposure. 10 Advantageously, this slight inclination is between 3 and
8 in the case of silicon carbide that is now conmmercially avail able.
Typically, for such a material, the disorientation of the surface with
respect to bhaewegmob¥p grrsrailyhelepgsenripsepr efbr dFOFtma®e Aond s he 15

(11-20) dirgﬁikggegrhkqﬁg(%ﬂﬁpogup%é@gtb@nat%%né%fﬁ%tafﬂfﬁ§t&é%é&fgﬁ_a|30
possi bl e. Oher aspects, “purposes and advantages of this invention wll
becone cl eafoaf tenicleadi ngnatime fFovEbal hgoraehit | ad adeschept i an dfightef erred

enbodi ment s, of .t he 20 i ti,on, .gi.ven -l Loist at a S W th
reference t%nF%%n%E%%%hgﬁggrg%%n sfﬁﬁ%égéiﬁBQFfégPegﬁkggfgxiﬁ?%ﬁt?%?g t he
steps i s a puntess thaeohdiviggt @ adughsiesensadibnegritatofexgwsunevertt itdee and

Figures 2a-2e il]Justrate the steps in process .25 accordi ng a second
enbodi nent BFS?%fanté?lt i Gif \?‘El% I klﬂﬁw %%E%?ﬁabtélre%?anﬁfgegnbége

Prent® of
the inventigRelpstddnhgec2DaBPi havky BEER Phodgisepanied| eonsabst caéetedhese
_exarrp! es apply tfo Lhne EOdlév%gLO%o%]:i l2;|ou?:’hatgrt(:fqeen OcranW}g_eEDsse aa?gatl,eagelg di odes
in thin | aygrsuffaéeigncly Y P Y

the application of stresses after the said exposure.

10 Advantageously, this slight inclination is between 3
and 8° in the case of silicon carbide that is now
commercially available. Typically, for such a material,
the disorientation of the surface with respect to the
(0001) axis of the crystal is preferably made along the

15 (11-20) direction or the (1-100) direction, but other
directions are also possible.

Other aspects, purposes and advantages of this
invention will become clear after reading the following
detailed description of preferred embodiments of the

20 invention, given as non-limitative examples and with
reference to the attached drawings, wherein:

Figures 1la-le illustrate the steps in a process
according to a first embodiment of the invention, and

Figures 2a-2e illustrate the steps in a process

25 according to a second embodiment of the invention.

We will now describe example embodiments of the
invention including an epitaxy step on a separable
substrate. These examples apply to the production of blue,
green or UV LEDs and laser diodes in thin layers, for a

30 better extraction of emitted 1light or for Dbetter



30 better extraction of emtted |light or for better WO 03/063214

PCT/ 1 BO3/ 00424 9 dissipation of heat due to the addition of epitaxied

| ayers owDm®m3acxubstrate made froma nmaterial that is a geed/iBewduct or of
heat, such as copper or dianmond. In this exanple, the epitaxial stack
considered is 5 based on sem conductors fornmed from GaN type netallic
nitrides and their derivatives such as AIN, GaAIN, GaAl InN, etc., and nore
generally large gap netallic nitrides. A first exanple enbodinent is
illustrated in Figures la-le. Wth reference firstly to Figure la, the
first step 10 is to prepare a solid support 10, for exanple nmade of

pol ycrystalline silicon carbide SiC or 4H or. 6H nonocrystalline SiC or

C
sapphire. ARI883RABIYR cORPrPRY e tASRR iadiiddios: o4t €P263%a8E bRYSTFi con

carbi de Si Conepref eralloy AHe0rnSlt MR Vst aldddiga W thapn idt ar f §66q 15
| ayer 26 in this case nmade fromsilicon oxide Si (2, is also prepared. . An
i npl ant at i oposteptbprobnkeadlr, suvar ds FepPPeysorsgaeinesdis then applied to

t he substrate 20._at Qi vV rage de or af .t t ep_. maki ng
t he oxi de 20 IaerI(;il Zt%%l Tﬁ%g%m rr% a%?l aeti%%f%ar}glg{lesggﬁ&énb%ﬁsﬁ%%ﬁt PSpI ane
24 delimti bgsadt hom |sgerc@iwdjcacentotroedihef vom desaN aygpeandetakliest of

describod PAFERAGTARTY T Hoctohi= PO S BiL A9y 2oR b Bk Shovs
mol ecul ar begdi Ngahet MELS GdreerdlIppriargkl gapdmehal assenbtyi@és. 22, 26 such
that the silicon carbide in the support 10 is directly in contact with the

A first example embodiment is illustrated in Figures
la-le. With reference firstly to Figure la, the first step

10 1is to prepare a solid support 10, for example made of
polycrystalline silicon carbide SiC or 4H or 6H
monocrystalline SiC, or sapphire. An assembly comprising a
donating substrate 20 made of silicon carbide SiC,
preferably 4H or 6H monocrystalline, with an interface

15 layer 26 in this case made from silicon oxide 8iO;, is also
prepared.

An implantation step for one or several gaseous
species is then applied to the substrate 20 at a given
average depth, before or after the step making the oxide

20 layer 220. This dimplantation creates an embrittlement
plane 24 delimiting a thin layer 22 adjacent to the oxide
layer and the rest of the substrate 20 (Smart-Cut -
registered trademark - type technique as described
particularly in document FR-A-2 681 472).

25 Figure 1B shows molecular bonding between the support
10 and the assembly 20, 22, 26 such that the silicon
carbide in the support 10 is directly in contact with the
oxide layer 26.

In passing, and as explained above, it should be noted

30 that the S8iC/Si0, bonding interface (at the SiC side) made



oxi de | ayer 26. In passing, and as explai ned above, it should be noted 30
that the SiC/ Si 02 bonding interface (at the Si C side) nade WO 03/063214
PCT/ 1 BO3/W042463210 in this way with the 4 to 5 A rns roug®PaFaBonfo424
coommercially available SiC, creates ® intrinsically rough interface,
regardl ess of whether the bonding is made on the Si face or the C face of
a 4H or 6H type Si C. Thus, no roughening 5 treatnent of the SICis
necessary. Furthernore, considering that SiCis only slightly oxidized at
tenperatures typically below 1150C, the reactivity of one of the bonding
surfaces with respect to the other remains limted (for contact with the
Si face and 10 for contact with the C face, even if the reactivity is not
the same asiwni thibewsyewiblel ohe 4 arel 5 ik amg (,r@slehiI@Sﬁepﬁ cppodréoakly t han

the reactivit or t wo. bondi n surface bot de.fromsSi 02. It
ot hought - PHAE RRPR aFcl no s o/ AptBSRATAG L Ys NoneEr { 4RESEERF gh

t enper at ur egegara@xpkai o dwihythde titewRindimeNtsohadle- OnSthei Eoxaaee bends and
al so by the creg?| of surfaces in contact. In the case of an Si C/ Sj02

interface, ERE Chd%alokt abitH (3F ofH t F¥PSi E1Sur f sl iSreaRl TPHIPCRHS e

bonds dos not EQrmNer ¥r Mied Sfc dg RRlckesmat 20 all at the tenperatures
consi dered. However in this respect it sholuld be added that different

behavi ours may bBubbRereise deFengiiAgrspdwidtater Sifhele O?nerheSSitglfl%lbé of a
oo LGP g 2eRbLedhLieoriglontip ey ot 1Al
reactivity of one of the bonding surfaces w1th respect to
the other remains limited (for contact with the Si face and
10 for contact with the C face, even if the reactivity is not
the same as will be seen below), and in any case is very
much lower than the reactivity obtained for two bonding
surfaces both made from SiO,.

It is thought that reinforcing an Si0,/Si0, bonding

15 interface at high temperatures is explained by the
development of Si-0-8i siloxane bonds and also by the creep
of surfaces 1in contact. In the case of an 8iC/Si0,
interface, the chemical stability of the SiC surface means
that these bonds do not form very much or do not form at

20 all at the temperatures considered.

However in this respect it should be added that
different behaviours may be observed depending on whether
the C or the 8i face of a 4H or 6H SiC crystal is applied
in contact with the oxide, due to the chemical reactivity

25 between the face concerned and SiO,. Thus, it is
preferable to use the Si face which is less sensitive to an
oxidation reaction than the C face, and therefore with
which bond energies will increase more slowly as a function

of the added thermal energy.



preferable to use the Si face which is less sensitive to an oxidation
reaction than the C face, and therefore with which bond energies wll
i ncrease worog/oed2omd y as a function of the added thernal eQ#Fmgy3/00d
03/ 063214 PCT/1B03/00424 11 Furtherndre, the properties of SiC are such
that its surface in contact with the SiQ2 | ayer does not creep (even if
SiQ2 itself can creep) and that the chemcal reactivity wth 5102 is
limted, which contributes to maintaining the 5 fragility of the bond even
when the assenbly in Figure b is subjected to tenperatures of nore than
1150C. According to one variant enbodi ment, the donating substrate 20 can
be cut such that its _face fromwhich the Iay(ﬁ;e 22 will be sampled s

t

slightly inclined WHOFTFESSecttPfo RIPRHEI6F PtF ndFpaPuehy SR dd®aphi ¢

pl ans of thesustddCti ot iwidlH el @aoL S1RyEf el mdetowran Jare 8.
In this way, the free face of what will be the transferred |ayer 22 has
steps rel at etf t 31Phel sirlde s ecremtsand ofhal yidha Shegmi da srearte vivgi ch

contributes §p@ngiy, INCrLARA L) LA APUHIESHUMIL R d $nLORAUGIYE k@t he
required separable nature. After bringing into contact as illustrated in
Figure [%, fheghkisiy off stbstband 2oenswbehnithet edskybite inapilivcet ildn of a
t her mal budge 0 ropriate 20 chanical stre o< N a manner known
initself by éuﬁdf_e%ﬁ%{)gcr?d@ errve ufggh%?q‘&%"ée, @%arf Zlgl\e?’? odril y the thin

| ayer of SiC 22 mhmeelite awxi dentayesri2mt olwibodignt| hethdi rddmyremng 22

can be made by any ol hep apergpriate LALNLNG Leghnlaue.. A subsequent, step

layer 22 will be sampled is slightly inclined with respect

10 to one of the principal crystallographic plans of the
structure. This inclination is preferably between 3 and
ge°., In this way, the free face of what will be the
transferred layer 22 has steps related to the successive
offgets of crystals on this face, which contributes to an

15 increase in the roughness which is conducive to the
required separable nature.

After bringing into contact as illustrated in Figure '
1b, the mass of substrate 20 is eliminated by the
application of a thermal budget and/or appropriate

20 mechanical stresses, in a manner known in itself by Smart-
Cut and derived technigues, to leave only the thin layer of
SiC 22 above the oxide layer 26. Obviously, the thin layer
22 can be made by any other appropriate thinning technique.
A subsequent step consists of depositing a stack 30 of
25 materials such as the above mentioned nitrides on top of
this thin layer 22 forming a germ layer, by one or several
epitaxy deposition operations, for example in a manner that

is conventional in itself to make LEDs.

Consequently, the germ layer 22 is firstly prepared

30 particularly by polishing, annealing, smoothing annealing



25 materials such as the above nentioned nitrides on top of this thin

| ayer 22 formng a germ |l ayer, by one or several epitaxy deposition

oper at i orwp Bos32ekanpl e in a manner that s conventional PCa/IBox@iis t 0 nake
LEDs. Consequently, the germlayer 2212is firstly prepared 30 particularly
by polishing, annealing, snoothing annealing WO 03/063214 PCT/|1B03/ 00424

12 (for exanpl e under hydrogen), sacrificial oxidation (in which the thin
| ayer of oxide fornmed is elimnated), etching, snoothing surface
treatment, etc. Anong the different materials that can be used to nmake 5
the stack of epitaxied |ayers, sone of the materials that can be used in

articular all itrd N. . alumniumnitride Al | .um ni,um and
ISal li um ni tfq’f%elgAF&[##qggg’Hd%%mGé A Um r%latcrrilééc&%?nl\f%‘%%%oq héiBer m

| ayer 22 ba&d@hconpesedhrmr:En&mpl@fofoﬁmaecryéiﬁ%ﬁirﬁgfﬁéI%EShé%%a),10 g
sapphire, monocrystallin alliumnitride GaN, neodymi um and gallium oxide
NHEQCQ, orlqgﬁ%l ’aﬁﬁoﬁgP??%n?%g%%ﬁ? Y4E@EE  TRECChosen support materi a

10 may for exanphechg ehepalyesyshalhdieriofn smneer vehalld ReeS €o sarphire,
or 15 polycrystalline AIN or GaN. I n term of thicknesses, the support

| ayer 10°nmayForsta&kari eShetariady Iriried A% opet BRs matekiglypibak|y
300 M, whilea hod hidaessi 0l Jah 90kl Akt 2gahlilmPenielkihle gLger of
0.1 to 1 m 20 The interface |ayer 26 is of the~order of m t hi ck.
Epi t axi es usdgmigimakaithédasaill siyeinimy dwl dedd iuwsivigridehnlgass wel |
known to th%&ﬁlﬁﬁhlEﬁaifh&fE%EHfﬂride GaInN, etc., the germ layer 22

being composed for example of monocrystalline SiC, Si(111)

10 sapphire, monocrystalline gallium nitride GaN, neodymium

and gallium oxide NdGaO,, or lithium and gallium oxide

LiGao,.

The chosen support material 10 may for example be a
polycrystalline or wonocrystalline S8icC, sapphire, or

15 polyecrystalline ALN or GaN.

In term of thicknesses, the support layer 10 may for
example be a few hundred micrometers thick (typically
300 um), while the thickness of the germ layer 22 will be
of the order of 0.1 to 1 pum.

20 The interface layer 26 is of the order of 1 um thick.

Epitaxies used to make the useful layer may be done
using techniques well known to those skilled in the art,
and particularly the MBE (Molecular Beam Epitaxy) technique
or the MOCVD (Metallo-Organic Chemical Vapour Deposition)

25 technique may be used.

In the first case, the epitaxial growth temperatures
rarely exceed 600°C, while they can be as high as 1050 to
1100°C in the second case.

It is important to note here that in the latter case,

30 due to a molecular bonding interface that does not increase



and particularly the MBE (Ml ecul ar Beam Epi taxy) technique or the MOCVD
(Metall o-Organi ¢ Chem cal Vapour Deposition) 25 technique may be used. In
the firstwoasme32zthe epitaxial growh tenperatures rarelyPeTaBeiodnOC,
whil e they can be as high as 1050 to 131100C in the second case. It is
inportant to note here that in the latter case, 30 due to a nol ecul ar
bondi ng interface that does not increase WD 03/063214 PCT/I1B03/00424 13
much in strength at tenperatures bel ow 1100-1150C as expl ained in detai
above, this interface maintains a fragility conducive to its subsequent
separation as will be seen. 5 This stack 30 is illustrated in Figure id.

Finally MAtguegfegﬁncgtgéﬁiﬁgurq:I%emFQ%aQ3 obly 5 G F§t§§pﬁﬁéﬁl e stack

30, the thin layer 22 an e oxi de ayer S sepa he®Support
10 at the Se@bSrdredi nter fdemidet mvet,hethmspomtéﬁfaecmi tntmanltamrs 2§, this
10 interface ndl forces tﬂat remain limted as was_nentioned

|
above. In pafggggﬁa?ng?ﬁ CHY as2 ehit Qﬂ?q§oﬁ@¥ﬁ§aFH8n &fpliéatPen of

mechani cal teesi.on and / or shear and / or bending stresses, for exanple
using a blade, wiith manu 15 robot control. At the end of this process

and afte? an appT%b?l%Y%aks%ﬂf%ﬁm9%¥ﬂi£ﬂ%§ﬁ§ iphBiguppotd- 10 can be reused,

and the donati ngis&bsyratiar?0r-eaBrahse Q§>r@H§ﬁgeanﬁem‘HJe§eas gted to
a step to deposit an SIQ2 layer and a step for~ 20 the anta Ion

gaseous speEP@§O§§dd@§cﬁbﬁe@taﬁbvé0 the thin layer 22 and the oxide
layer 26 is separated from the support 10 at the SiC/SiO,

interface between the support 10 and the layer 26, this
10 interface involving bonding forces that remain limited as
was mentioned above.

In particular, this disassembly may be done by the
application of mechanical tension and / or shear and / or
bending stresses, for example using a blade, with manual or

15 robot control.

At the end of this process and after an appropriate
surface treatment, the support 10 can be reused, and the
donating substrate 20 can also be reused and will be
subjected to a step to deposit an SiO, layer and a step for

20 the implantation of gaseous species as described above.

Figures 2a to 2e illustrate a process similar to the
process in Figures la to le, with the essential difference
being that the oxide layer Si0O, that will participate in
the separable interface is made on the support 10 instead

25 of on the source substrate 20; in this case this oxide
layer is denoted reference 12. Thus, if the source
substrate 20 is made of SiC, molecular bonding between the
oxide layer 12 and the source substrate 20 (Figure 2b) has

separability properties similar to those obtained between



Figures 2a to 2e illustrate a process simlar to the process in Figures |la
tole, wth the essential difference being that the oxide |ayer Si02 that
will partwoiopas®i4 n the separable interface is nade on tR€TaBMpOAL4 10
instead 25 of on the source substratel420; in this case this oxide layer is
denoted reference 12. Thus, if the source substrate 20 is nmade of SiC

nol ecul ar bondi ng between the oxide |layer 12 and the source substrate 20
(Figure 2b) has separability properties simlar to those obtai ned between
WD 03/ 063214 PCT/1B03/00424 14 the oxide |layer 26 and the support 10 in
the case in Figures la-le. Figures 2c and 2d illustrate the thinning step

and the st o_ptadu t ack epitaxy simlar to,thgse in 5 Figures
1c and id. F‘lﬁlét hf)gaggcgﬁ%&%ér)s(a%%l e‘%){dse%g?at%%wc&t(:uﬁg bjel?wg-‘ fa5%rs™2 and
20, and the Figpuddas ng-preoduct is illustrated in Figure 2e. Many variants

may be made to t invention. .In. 1 articular, weakened nol ecul ar bonds
at the separabl er]}elgélﬁ&’lsngci AP fzgcég?rﬁ§t5%t%b‘f}é? Nt ARG HRP BEds thend

bet ween two dtagter 8o OfpreiduceOna Nistble b 30 ic deposhteden dhernsuprqyt 10
and on the source substrate 20 respectively. In particular, wth suc
| ayers whi cif ¥ SFed€s 826 f¢t-nade 15 using a deposition techni que (unlike

oxide | ayers thatrpar enikr equeshdy é%l@/, sgggg‘a}gg&g}l t(g&ﬁgpé @gtq,%%inon),
as

this type of deposit necessarily creates ecific roughness intrinsic
to the |evell@fenshd ¥ iand 3¢ eceamdirthe eresRuriree mmrdectSii3Ng Idnespsatat

hi gher tenpqrptﬂg%riehag'Si 02.
Many variants may be made to the invention. In
10 particular, weakened molecular bonds at the separable
bonding interface may be obtained by making this bond
between two layers of silicon nitride SisN; depogited on the
support 10 and on the source substrate 20 respectively. In
particular, with such layers which are necessarily made
15 using a deposition technique (unlike oxide layers that are
frequently made by superficial thermal oxidation), this
type of deposit necessarily creates a specific roughness
intrinsic to the level of the final free surface.
Furthermore, Sis:N; creeps at higher temperature than SiO,.
20 Obviously, in this case no polishing treatment that could
excessively reduce the roughness should be carried out.
According to another variant, the bond between an SiO,
layer deposited on the support 10 or the source substrate
20, and a layer of Si3N, deposited on the source substrate
25 20 or on the support 10, can be made.
Once again, few strong siloxane type or other types of
bonds are formed between the two layers, even at high
temperatures, and the bond remain separable after the

treatments.



20 Qobviously, in this case no polishing treatment that could excessively
reduce the roughness should be carried out. According to another variant,
t he bond wetosmesrian Si 2 | ayer deposited on the support 1@CIMBOI@4BIOUr Ce
substrate 20, and a layer of Si3N4 deposited on the source substrate 25
20 or on the support 10, can be made. Once again, few strong siloxane type
or other types of bonds are forned between the two | ayers, even at high
tenperatures, and the bond remain separable after the treatnments. WO

03/ 063214 PCT/1B03/00424 15 According to yet another variant, a |ayer of
502 will be provided on the support 10 or the source substrate 20, and on

provi ded such t RatCPEe ignao b Lot B B i S Gty & e HeFough
Ioayer wi |l el prveidee elropete nogeyatel 0 abr t bike r sgurc€dstiBERLAES USES,
W thout an %arti | ar . roughness treatment, so that the bond renmains

or &% t{"ﬁrssfﬁ‘fr‘? X 19 o foh APRFePrdaht chentIdnaige by

o
separable. FO RarmpFe!

deposi tion ebuaghhepBouso®ld PAey CHystalidd Nen it | €ARt  die t Mo €8REGL: there
is no need for the materials at which the bond is nmade to be different

from each oPREFSSRortikatpPe, Loy raet Béied Brust Clevesi @idéulanlie bemde,
t aki ng adVa@b@ﬁ@o@Edtﬁ%d%@hﬁéﬂ?iQtrEHQhﬁgaﬁég%F}?%mpééaghg%gp DoLf gl des of

the bond, its |ow creepability and its o react themca ify W th
itsel f. As aWar PakEicujpy | founsluessar \cremtr8hne,| ager tbebtd bkedeposdt ed on

the thin |ayaL;QL EQﬁa?HBPQ.” | ayer to increase the intrinsic

For example, this intrinsically rough layer can be

10 made by deposition of amorphous or polycrystalline silicon.

In this respect, there is no need for the materials at
which the bond is made to be different from each other.

For example, a direct bond of 8iC on 8iC could be
made, taking advantage of the intrinsic roughness of the

15 8iC on both sides of the bond, its low creepability and its
low ability to react chemically with itself. As a variant,
and if necessary, an SiC layer could be deposited on the
thin layer or the support layer to increase the intrinsic
roughness.

20 According to another example, a direct Si on Si bond
could be made with several possibilities:

- using a polycrystalline Si (particularly for the
support) to benefit from its intrinsic roughness related to
the existence of grain boundaries;

25 - additionally, or as a variant, it would be
possible to deposit an interface layer of Si either on the
support layer or on the thin layer or on both, as described
above generating an increased intrinsic roughness.

According to yet another example, a thin layer of SicC

30 could be deposited directly on a sapphire support.



roughness. 20 According to another exanple, a direct Si on Si bond could
be made with several possibilities: - using a polycrystalline S

(parti culwapolog/obzm4 t he support) to benefit fromits intri ®ETABoRWghiness
related to the existence of grain bondaries; 25 - additionally, or as a
variant, it would be possible to deposit an interface |layer of Si either
on the support layer or on the thin |ayer or on both, as described above
generating an increased intrinsic roughness. According to yet another
exanple, a thin layer of SiC 30 could be deposited directly on a sapphire
support. WD 03/063214 PCT/1B03/00424 16 Those skilled in the art mjll
easily be able t g t her._ex | es base 10N t he_de crlp iven
above. This |nve%P|%%a|%@§%g(?c§ @gg %Fnﬁ%ufac?ﬁ?%l%f Qariety
of sem conduckgrinbasethass essinigesed nba@édlleﬂ tmetPHHEtﬂﬂ@ﬂMoﬁneglaéﬁve,
and particularly galliumarsenide AsGa. WO 03/063214 PCT/I1B03/00424 17
CLAI M5 1. egaration process for a sem conductor based assenbly
conprising a firshikayerestehnassa sppRRablea)tdy citnanserand-d ayersuch
as a thin layer for applications in electronics, optoelectronics or
optics, ehaMdfferiPFd@tivn ofs semdcondussrprPaesdt ReseBbl 89f ngnsedgstiont or m

an interfaceqd ahekeOReABL¥n8ACa0vE Neldbarticularly gallium arsenide
AsGa.



| ayers, bring the layer on which the interface layer is fornmed and the

ot her exposed | ayer into contact with each 10 other, the interface | ayer
bei ng chower3ae32a4 f unction of the material in the expose@cCrapeyoosn f orm a
bonding interface that can be separat’ed under the action of stresses
applied after exposure to tenperatures within a predeterm ned 15 range.
2. Process according to claim1, characterised in that at |east the
exposed | ayer is made of silicon carbide, and preferable nonocrystalline
silicon carbide. 3. Process according to claim2, characterised in 20 that
the interface layer is made froma material chosen fromthe group

containing silicon oxide and silicon ide. 4. Process according to one
of clainmse 1 to 3, characterised int ifﬁg of the layers forns a germ
| ayer 25 for the formation of a substrate by epitaxial growth, and the

other layer fornms a tenporary support |ayer for the erm | ayer. WO
03/ 063214 PCT/ | B0/ oéﬂ%ar%% R DPOOEEES acEaF o g P BT EREnSrCgT kased o 4,

char act eri sesssamphat céhier B4 1R SESFAF St Wﬁgéfi g8bhsShkessefuppdit Arpgass for
preparation of a sem conductor based assenbly conprising a support "and a
thin layer fo#d & SpRAREdavis SUsheRScer 6Rias 1agpt oEPECEPRH €L it cs,

the assenbly; being, 48s) 98590&939%%%@0%@ SQcfugh AempetatyLes wifhin a

gi ven range, characterized in tha
5 that it comprises the following steps:

- form an interface layer on only one of the two
layers,

- bring the layer on which the interface layer is
formed and the other exposed layer into contact with each

10 other,

the interface layer being chosen as a function of the
material in the exposed layer to form a bonding interface
that can be separated under the action of stresses applied
after exposure to temperatures within a predetermined

15 range.

2. Process according to claim 1, characterised in
that at least the exposed layer is made of silicon carbide,
and preferable monocrystalline silicon carbide.

3. Process according to c¢laim 2, characterised in

20 that the interface layer is made from a material chosen
from the group containing silicon oxide and silicon
nitride.

4. Process according to one of claims 1 to 3,
characterised in that one of the layers forms a germ layer

25 for the formation of a substrate by epitaxial growth, and
the other layer forms a temporary support layer for the

germ layer.



conprises a step to nmake a separable interface between the support and the
thin | ayer by nmaking contact and nol ecul ar 10 bondi ng between two interface
mat eri al swailexrisufficiently small ability to chem cal | yCrasevooue4 h each
other so that exposure of the assenbl8y to the said high tenperatures

after the two interface materials have been brought into contact causes
sufficiently weak bonding so that they can 15 be separated by the
application of stresses after the said exposure. 7. Process according to
claim6, characterised in that the |ow potential of the interface
materials to react chemcally with each other is the result of a weak 20

intrinsic mutual hem.cal affinit saldlnt materlaISS
Process accor di ngsct or‘{'gorrcl)é:egf's clagis(r%dén% O%%ar%’gt ec?llcas]&fs it R the | ow

potential ofchhmndtrerdeatan mhber taésStﬁes@@@taf@em&@!ﬂma\m R reagBsot her

is the result 25 of | ow creepability of, at | east one of the two interface
materials. 9. Prdces r&&&&ﬁd.% ?ﬁ%r%tfl‘?ﬂ aPts 26 FFLgonduskrEctR@Seged in

that the twoadsdnihacedmiErdidlss ar e sufiddrer enfng W@ 03363284 ver for
PCT/ 1 BO3/ 00424 _ 19 10. Process according to claim9, charact erl sed in that

the two & ffRPRIHCAHCET dde ShACELLAISSar EPEORDOSHEON +@8s gt tARLEIGE oft hehe
material in %énﬁ;l%;fagglhgyerdggf&%d ont.g t he, SURRRL; Ec@@ﬁ _dl&gct Iﬁigl%y t he
material in the thi'n 5 layer. 11.7 Process accordi ng 156 cFai m ,
char act er i setenperatures w1th1n a given range, characterized in that it
comprises a step to make a separable interface between the
support and the thin layer by making contact and molecular
10 bonding between two interface materials with a sufficiently
small ability to chemically react with each other so that
exposure of the assembly to the said high temperatures
after the two interface materials have been brought into
contact causes sufficiently weak bonding so that they can
15 Dbe separated by the application of stresses after the said
exposure.

7. Process according to claim 6, characterised in
that the low potential of the interface materials to react
chemically with each other is the result of a weak

20 intrinsic mutual chemical affinity of the said interface
materials

8. Process according to one of claims 6 and 7,
characterised in that the low potential of the interface
materials to react chemically with each other is the result

25 of a low creepability of at least one of the two interface
materials.

9. Process according to one of claims 6 to 8,
characterised in that the two interface materials are

different.



that the two different interface materials are conposed of the material of
an interface | ayer added onto the thin l|ayer, and directly by the support
mat eri al .wO®3A&3214Pr ocess according to one of clains 10 ana@CIAB03/00424
characterised in that the material fr®m which the add on interface |ayer
is made from anong the group conprising an sem conducting oxide and a
sem conducting nitride, while the different material is a sem conducting
carbide. 15 13. Process according to claim1l2, characterised in that the
sem conducting nitride is nonocrystalline. 14. Process according to one of
clains 6 to 8, characterised in that the two interface materials are sem

ducti itrides 20 15. Process,.according to one of clains 6 to 8§,
gﬁgr;gtgpgsgh {nqﬁha%rSHgsgf TR n%@rf ??“hageri§P§r?§te%ﬁ§§§% in

conducti ng niHatd dehandwdedofherehs dnsemriraceondiicd#ing Oxhde. cHapdRe@cess
according to one of, clains_ 12 to 15, 25 characterised in that the
seni conduct GreSREGHTE e < | FRenmateyiapr dRe abRbPHIREE t d28RE @derains 6

to 16, charagiyiged sappdal &tql g@esicong f the hoterface;nmierigls has
an intrinsically rough surface. WO 03/063214 PCT/1B03/00424 20 18. Process

accordi n§ toassi-m 17, characterised in that the intrinsically rough

oLerface TH | rOSHIRC (LEAGIE BUROLLTTLST) SbatLSELLy g, 4 coess

i nterface ndtlert dlhe scvWaordetf efargm irttenfaicer malt eafiaflbe atrki onaperdi bsel f .
the material of an interface layer added onto the thin
layer, and directly by the support material.

10 12. Process according to one of claims 10 and 11,
characterised in that the material from which the add on
interface layer is made from among the group comprising an
semi conducting oxide and a semi conducting nitride, while
the different material is a semi conducting carbide.

15 13. Process according to claim 12, characterised in
that the semi conducting nitride is monocrystalline.

14 . Process according to one of claims 6 to 8,
characterised in that the two interface materials are semi
conducting nitrides

20 15. Process according to one of claims 6 to 8,
characterised in that one of the two interface materials is
a semi conducting nitride and the other is a semi
conducting oxide.

16. Process according to one of claims 12 to 15,

25 characterised in that the semiconductor is made of silicon.

17. Process according to one of claims 6 to 16,
characterised in that at 1least one of the interface

materials has an intrinsically rough surface.



20. Process according to claim 17, characterised in that the intrinsically
rough interface material is formed froma deposit of interface material on
a | ess rowghs/odisurface. 21. Process according to clai m @CTahev@atseri sed
in that the assenbly conprises: - a ®ilicon carbide substrate, a useful

| ayer nmade of silicon carbide, 15 - an interface |ayer and a materi al
chosen fromthe group conprising silicon oxide and silicon nitride, added
onto the face of the substrate facing the thin layer or onto the face of
the thin layer facing the substrate. 22. Process for preparation of a
substrate for making 20 optoel ectronic conmponents such as light emtting

di odes (LEDs), amd papbikgy! %’d%r@iﬂ% '—EPSclgﬁﬁJ ac er Eﬂgga%ge%fgéd i'h
includes inplenmentation of the process according to one of clalns é_to 21
to obtain arfhedseiit yiebhprssiaiglya Tough Layerfare amsuppbal, ipr dauweiedon of

at | east 0”%r%HP%E%a%ﬁpﬁérga%ﬁﬁepy?fP{E&%ﬂq0” the free surface of the thin
y, ~an 0

| ayer of the assenb separat’T on he thin layer on which the
epi taxi ed | ayer (8p.i Brorease doworednbr om t beasmport ahatheteiidaifage of
t he assepbl Process. accor claim?22, characterjsed in 3Q that

the epit ggi Xé{_‘&l al%gytelﬁ s}n;égl?%%%a)ﬂ:%’g%éct"%ﬁblrﬁggﬁ’f S 087 BBEDAU PETLPENSF00424
21 conduct i Mgomteel absebastdopntiseninaondiieadd ngsatral lic nitrides. 24.
Process for preparation of a sem conductor based assenbly, conprising a
support and a th?ﬂ.|gygpe§%raccordlng"UD claim 17, characterised in

that the intrinsically rough interface material is formed

from a deposit of interface material on a less rough

10 surface.

21. Process according to claim 6, characterised in
that the assembly comprises:
- a silicon carbide substrate,
- a useful layer made of gilicon carbide,

15 - an interface layer and a material chosen from the
group comprising silicon oxide and gilicon nitride, added
onto the face of the substrate facing the thin layer or
onto the face of the thin layer facing the substrate.

22. Process for preparation of a substrate for making

20 optoelectronic components such as light emitting diodes
(LEDs), and particularly blue LEDs, characterized in that
it includes implementation of the process according to one
of claims 6 to 21 to obtain an assembly comprising a thin
layer on a support, production of at least one substrate

25 layer by epitaxy on the free surface of the thin layer of
the assembly, and separation of the thin layer on which the
epitaxied layer(s) is or are formed from the support at the
interface of the assembly.

23. Process according to claim 22, characterised in

30 that the epitaxied layer(s) is (are) made from semi



5 applications in electronics, optoelectronics and optics, the assenbly
bei ng designed to resist high tenperatures wthin a given range,

char act erwpad/063214 hat it conprises a step to nmake a separaliiBod/ovtryr f ace
bet ween the support and the thin laydr by making contact and nol ecul ar
bondi ng 10 between two generally plane surfaces, at |east one of the
surfaces being the surface of a nonocrystalline material for which a nmain
crystal l ographic plane has a slight inclination fromthe plane of the said
surface, the said surface thus having a roughness such that exposure of
the 15 assenbly to the said high tenperatures after the two interface

material s hasheennor onghtri 810 WAL LI eaLes g?ﬁ&{jéﬂﬁsinw%aﬁg% bond

so that they can be Separated by the application stres ter the
sai d exposurgtriglesprocess according to claim?24, characterised in 20 that

the said slight b@qlbgéEéQQ %%rb%hﬁﬁg&a%l%gdcﬁf a semiconductor based

assembly, comprising a support and a thin layer for
5 applications in electronics, optoelectronics and optics,
the assembly being designed to resist high temperatures
within a given range, characterized in that it comprises a
step to make a separable interface between the support and
the thin layer by making contact and molecular bonding
10 between two generally plane surfaces, at least one of the
surfaces being the surface of a monocrystalline material
for which a main crystallographic plane has a slight
inclination from the plane of the said surface, the said
surface thus having a roughness such that exposure of the
15 assembly to the said high temperatures after the two
interface materials have been brought into contact creates
a sufficiently weak bond so that they can be separated by

the application of stresses after the said exposure.
25. Process according to claim 24, characterised in

20 that the said slight inclination is between 3 and 8°.



