20 Jul y- 2006 MD 03/063214 PCT/ 1 BO3/ 00424 PROCESS FOR PREPAgAé§$§R$E
SEPARABLE SEM CONDUCTOR ASSEMBLI ES, PARTI CULARLY TO FORM S FOR
ELECTRONI CS, OPTOELECTRONI CS AND OPTI CS DESCRI PTION This invention rel ates

i n gener alyd @kres manuf acture of senmi conducting subst rabRgeseesticul arly
for the electronics, optoelectronicg or optics industry. Su strates
conposed of a f|In1or thin layer on a 5 thicker support are known.

El ectroni c, optoel ectronic 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
sonme 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 IIl and V of the 15 classification, and
‘consists of inserting another thin 20 July 2006 WD 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 nade by
~epitaxy. In practice, the sacrificial layer is nmade on the 5 support by a
first epitaxy operatlon and the useful thin layer is also nmade by

epi taxy.

PROCESS FOR PREPARATION OF SEPARABLE SEMICONDUCTOR
ASSEMBLIES, PARTICULARLY TO FORM SUBSTRATES FOR
BELECTRONICS, OPTOELECTRONICS AND OPTICS

DESCRIPTION

Thig invention relates in general to the manufacture
~of semi conducting subgtrates, particularly for the
electronics, optoelectronics or optics industry.

Substrates composed of a film or thin layer on a

5 thicker support are known. |
. Electronic, optcelectronic or optical componentsg 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 1éast some
10 of the steps iﬁ its manufacture.

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

15 classification, and consists of inserting another thin




The sacrificial layer is made so that it can be etched veI mith
respect to the support and the useful thin [|ayer; for exa@@

sacrificial layer is nade 10 between a GaAs support and a useful Iayer of
Al GaAs. | wotohioss2known t echni que, the sacrificial thin | ayeiposebiai ned by
hetero-epitaxy is nonocrystalline angl is thin. |Its nature depends on the
material of the support from which gromh takes place. 15 The epitaxial
1Tift 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 sur aﬁéet S baer)cqa egl n | %%E%tw t dchl%lr ﬁaggfﬁaf/gﬁcasgg%u%?a few

square cent’i res. onpl e ntary *¥/n t he
fea5|b|I|ty&aﬁenIﬂbﬁlhgchmaqmedfotheigaaérxﬁmﬁﬂa& | dnger, aaeds, thix exanple
areas of t%; L i f%fé%N gggdregiaq? o232 gsed in substrates for

‘i ndustry. né?her 36 utio Fbr ﬁdﬁing grsgpg %1 e bond could consist of
nol ecul ar bondi g hetawtdrea sieposdcaind.cdathilmydrayes , madd tdrentimki ng t he

h d h .20 July. 2006 WD
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bondi ng varhayegdependlsy weniet b epfferent parameters (nmainly the roughness
~of the surfaces hydr ertijes %t surLgces t he chegicai affinity
e ade =0 h

bet ween materi al® ?%%$ %9¥§ep; FFeye ™ at it can be €

selectlvely with respect Tto the support and the useful thin
layer; for example, an AlAs sacrificial layer 1= made
10 between a GaAs support and a useful layer of AlGaAs.

In this known technique, the sgacrificial 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 1lift-off packaging” article by

M. Sickmiller et al.,  International  Symposium on

Microelectronics, 1998, and its feasibility has beén

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

However, complementary tests have east doubt on the
feasibility of this technique for significantly larger
aréas, for example areas of the order of a few hundred cm?®

25 ue=ed 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 xight time.




S'tenperature, etc.). In sone cases, such a separation coulﬁ P
consi dered. However, if the thermal budget applied to the o Jquo%er after
this type of bonding is large, which is the case particularly during the

- manuf act uwe @hssubstrates for 10 LEDs in which the tenpecpimizesz9f sone

treatments (particularly epitaxy usgng the MOCVD techni 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 diffieult 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

Steps or 20, "surPRic SREEE hPRG a1 U S titaRr TRyt DGEh e SBEpHErE in

7.

order to pr@wr&hmlgeoﬁuthaomﬂw::@ne patam@t@:sor(mathlaystm eoudapesst ed by
epi t axy, the ein erature 0 m)r t han 50C. Thus,
for exanpl ftﬁﬁ é‘EE?ﬁ?e%’o ]8?%90 I%ﬂdﬁ’ FEEREERS 9 Sﬁf%l‘e %é ers, for
exanpl e addeitendicad satpiaritcyarisetweldni I’l‘naﬂe’i’)&%ﬂ.sr,mdﬁaifr stréqgaitatp) de Si C,
such te eratures woul d o)n5| derabl i ncrease the bondi rlgt force to make

t hem reath “HPFEEEFS2 950t des/ ng, 55’5‘ t R %e it Foi“Moth 'd PekB
i mpossi bl e.b&0cliile?686 4 Enbodi rrent S of t he i nvention provide a separ abl e

bondi ng int erfa%@gﬁgg{_tl C%r g'xﬂ%l f.or g%ftacép%rlie%f ed u&sé r%leg for LEDs

such as blue ruft
layer after this type of bonding isg large, which is the

case partlcularly during the manufacture of substrates for
10 LEDs 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
gignificantly 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
- oxder to prepare the surface before nitrides or others are
deposited by epitaxy, these steps being done at a
temperature of wmore than 1150°C,
_ Thus, for example if molecular bonding is done between
25 two oxide 1aye£s, for exampie added on a support and a thin
layer made of silicon carbide 8iC, such temperatures would
considerably increase the bonding forces to make them reach
“at least 2 Joules/m?’, so that separation would become

impossible.




LEDs, which remain separable even after treatnment at high _tenperatures
(1100 to 1150C or even nore). Thus, this invention accordi%@ﬁﬁ;%gxﬂrst

aspect provides a preparation process for a sem conductor based assenbly
conprising a first layer such as a support |layer and a second |ayer such

as a thin layer for applications in ectronics, optoelectronics or
optics, characterized in that it conprises the follow ng steps: - formng
an interface layer on one only of the two |ayers, - bringing the |ayer

provi ded which the interface |ayer and the other exposed |ayer into
~contact with eamiboaihéfts t her | Rherf ageedayar pebamehaserepsrapifeunction of

the material in the exposed |ayer, so as to intrinsically form after the
assenbl y h&¥THeER é%Hﬁ?%&CFO tQﬁ%ﬁﬁQEFGF%% iTPTa PP edBAIRCHEEE 1 Hge, a
bondi ng i nteatkacecéhatocaMEDLE sueBpakabede Ungeset her aglieRiolestugsses. In
one advant%J Qus ﬁnbgdinent at le ﬁ% t he exggsed Iaégr IS de of silicon
carbi de, andorn CRFETCASB P he® RHE Padd  afdf of s ThadE ot rial
chosen fromeiperaguop (@000 atdi NGoSTl beosvedximdeepnd silicon nitride. One of
the | ayers may H%5g1a.%ﬁ¥gn Ea¥e£tfor t he éornaEion otra iubstrate by

epi taxi al growt h, "8hd THe ot REF 1By e HBTFEr M8 t Rnpordlry SPdrt 1 ayer
for the gemmoivages. a2(pripayal006 brSepay aféonastsepdsesdartepriefsardabl y
mechani cal ,SLEEPFeSomdGiALT N0 4:958 3850Pd a3ReCL . ot NG hLVeNt ) provi des

a
and a second layer such as a thin layer for applications in

electronics, optoelectronics or optics, characterized in
that it comprises the following steps:

- forming an interface layer on c¢ne only of the two
layers,

- bringing the layer provided which the interface
layer 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 so as to intrinsically form,
after the assembly has been exposed to temperatures in a
predetermined range, a bonding interface that can be
separated under the action of stresses.

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
group containing silicon oxide and silicon nitride.

One of the layers may form a germ layver for the
formation of a substrate by epitaxial growth, and the other

layer may form a temporary support layer for the germ layer.




process for preparation of a sem conductor based assenbly rising a
support and a thin layer for applications in electronics, 2@3%‘ Oz.)ét ronics
or optics, the assenbly being intended to be subjected to high
tenperatures within a given range, characterized in that it conprises a
step to make a separable interface between the support and the thin | ayer
by contacting and nol ecul ar bondi ng between two interface materials having
an ability to chemically react with each other which is sufficiently |ow
so that, after egpesiangot he sasserbl y teesai grbfghadienpematuagscal
subsequentlsytrtegssai d contacting, the bonding interface between the two
materials 1% Suffici ently weak bonding so that they can be separated by

t he appli cati on Zgfcogtiieg sies.a Rreebedabipectt,hehkownpeiteinin arooiddden i nterface

materials tq r t em_cal W th each_other js.the resylt of weak

"t rnei o RICGarC ey CrEBarT T (o ALt ekt oraed. har@ill o and |
or the | owampapabid i &éysoppert drghst ome ofayere fiowo appilécéiaicmsnatrerials. I n
a first emgdi . .4 he i e terij.al.s ar if are
conposed respé:g‘tﬁ%% %/’ o?ﬁ%elergr{é?ée%% (g’ﬁ g%dnl%lsﬁt grh acag’sla%@{efr%%l% onto the
support andrdepded| o e suhgentacertioahigh tdmperhicaréayeithihnapaitdrcul ar, an
‘add on 1 3%gbe, "BARS: & dAYEL TROELDY fEPOSLIQRSOL DYeSNEM LAl o
modi fication of a superficial thickness of the support,” such as oxidation,
etc. In a FEPoRELEMbbRiTRISCE bREVESD thi erdrpoatnandr the sthin elalidf erent and

are composes oforkhee Rl ekhal n8ledi 20 o308 NLA3LAGIZAA. PLL BO3/ 00424

materials having an ability to chemically react with each

other which is sufficiently low so that, after exposing the
assembly to said high temperatures subsequently to said
contacting, the bonding interface between the twoc materials
is sufficiently weak bonding so that they can be separated
by the application of stresses.

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
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
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 tweo interface materials

are different and are composed of the material of an




interface layer added onto the thin layer, and directly by the sggport
mat erial, respectively. Several possibilities could be congldBbed% or t he
materials: 5 - the material fromwhich the add on interface |ayer is nade

i.s chosenyhy group conprising an sem conducting nsis a sem
conducting rtljlgilt(nrislE e, while the diffegent material is a gg?n cg%ggcti ng

car bi de, advantageously nono-crystalline, 10 - the two interface materials
~are sem conducting nitrides such as Si3N4, the two-interface naterials
are a sem conducting nitride and a sem conducting oxide respectively.
The seni conductor mentioned above is typically 15 silicon. Advantageously,
at least one of the interface materials has an intrinsically rough

surface, in other. words the roughness of the surface, in the conmerci al
form of thénhererqsllayerhaddednyniougireribig tegatneand @brexdlyi §uificantly

Jore than leferimand heckypicallasabewefA,t0 5 Arms. This may be the
support material Ttself, or 1t may be the material of the thin | ayer

itsel f. A typicalevesgdnpPessibiddéhean ¢9itld ndpcattipicdergd ned®er itaP is
silicon cagbide,amhich at the nonent is available commercially with 25
roughnesses rarely less than 4 Arnms. Alternately, an intrinsically rough
surface ®Tan be obtai 8¢ bjpkragedi t ferm whighsiiacadd han | snefeceough,

this type of deposi thafe 1HNSRRl ¥logsSihkl %_Qoﬁﬂ B0 RETLEh SHRiace
condition wt a roughness that can be as high as 4 to 5"A rns. 20 July
2006 conducting oxide and a semi conducting nitride, while the
different material | is a semi conducting carbide,
advantageously mono-crystalline,
10 - the two interface materials are semi conducting
nitrides =such asg Si;N.,.
- the two interface materials are a gemi conducting
nitride and a semi conducting oxide respectively.
The semiconductor mentioned above is typically
15 silicon.
Advantageously, at least one of the intexrface
materials has an intrinsidally' 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 intrinsicélly rough material iz 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.




7 In one specific enbodi nent, the assenbly may conprise: a_siljcqon carbide
substrate, a useful |ayer nade of nonocrystalline silicon 35?@3&@06an
interface | ayer nmade froma material chosen from anong the group conprising
silicon oxide and silicon nitride, added onto the face of the substrate
facing the useful layer or onto the face of the useful layer facing the
substrate. Herein disclosed is a process for preparation of a substrate
for maki ng optoel ectronic conponents such as light emtting di odes, and

particularly blﬁe LEDs, characterjzed in that it _includes of  the
i npl enent ati on tReCPPriRESIS I THRWM MG o Hhie SSEBRYY 2206 CP™BF 1% i nvent i on

to obtain an asseslyiy icoApEs S @ubgtﬂﬂﬁgyer on a support, the formation
of at |east one substrate |layer by epitaxy on the free surface of the thin

| ayer of the assenbl ySednd t havekepPasat | FenprEYE 4 ld ingy ef 1 BrwWi ded with
the epitaxigdpidayer (s) fron1the support at the interface of the

assenbly. The epitaxied |ayer (s) is (are) then preferably made from sem
conducting materi &% based Wséﬁﬁeéoﬂ@@@tlﬁ@m et adtbecinilt r¢hEen Accor di ng

to a thirdraspeGhondnené NYEBL) OBoRECMiAES 311 PEQCER5ad OhndrBk] NEA
senmi conduct or based strucfure, conprising a processed thin layer, for

appl i cati oRSTFHAe o] 249D RRES B oBREt PHNFRS ARRS BRtiec stacimar dd¥er i zed i n
that it comperses1ifer ok | oMt HILBE epsce 20f JHhy 200611 layer facing

the substrate.

Herein disclosed 1s 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 of the implementation the
process according to the second aspect of the invention to
obtain an assembly comprising a thin layer on a support,
the formation of at least one substrate layer by epitaxy on
the free surface of the thin layer of the assembly, and the

- separation of the thin layer provided with the epitaxied
layer (s) from the support at the interface of the
assembly.

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

According to a third aspect, the invention provides a
process for making a semiconductor based structure,
comprising a processed thin layer, for applications in
electronics, optoelectronics and optics, characterized in

that it comprises the following steps:




the att ach&d¥d

8 - preparing a sem conductor based assenbly conprising a 838 rb and the
thin layer, with the provision of an interface between thé éﬁ@ ? and the
thin layer by contacting and nol ecul ar bondi ng between two generally

pl anar surfaces, at |east one of the surfaces being the surface of a
nmonocrystalline material, a main crystallographic plane of which has a
slight inclination relative to the plane of the said surface, exposing the
assenbly to high tenperatures in a given range during processes on the thin
| ayer, separating the processed thin |ayer fromthe support by applying
stresses, said slight inclination of said main crystall ographic plane
between the two interface materials allowing, in an intrinsic manner, a
bondi ng whi ch i s PEEPEFEI®RM | S HEARAPBFCRI PavRh R reR L8 e garnt i vmg

Advant ageous| $updds Hld gbke | BRLA NALLOP, | §ibBt WBEN p3ovaBHo800kN dphe case of
silicon carbide that is now comercially available. Typically, for such a
material, ‘CHETHSor iRGHEETont Y 1HOPSGET agd wi thie r é8pBct 128 héY (0001)

axi s of theoatystalg i snAr eheradhlly rmagéndl Ny vkBfeerk 11w0) gdhéativon or the
(1-100) direction, but other irections are also possible. 20 July 2006 8a
Ot her aspe@ﬁg?a’buﬁt}Bg%@es&nda‘éd SRt ag8E® o Tt i ??l‘gf@rﬁeisorPe\MnHI Bécone cl ear
after readisngrade fobtowi ag dehcdtedadesssi pt nebenfainr ef e r edngmbodi ment s
of the |nvent#%g;q%£§%gaﬁg%%gﬁg-hignégyéav%uﬁfagpgﬁigggdiﬂ%ilhagg%;erence to
relative to the plane of the said surface,
- exposing the assembly to high temperatures in a
given range during processes on the thin layver,
- separating the processed thin layer from the support
by applying stresses, said slight inclination of said main
crystallographic plane between the two interface materials
allowing, in an intrinsic manner, a bonding which is
sufficiently weak for allowing such separation.
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
(11-20) direction or the (1-100) direction, but other

directions are also possible.




Figures la-le illustrate the steps in a process according bﬁ%ﬁ
enbodi nent of the invention, and Figures 2a-2e i1lustrate? gpgés in a
process according to a second enbodi nent of the invention. W will now
descri be exanpl e enbodi rents of the invention including an epitaxy step on
a separable substrate. These exanpleg,apply to the production of blue,
green or UV LEDs and | aser diodes in t%ln | ayers, for a better extraction
of emtted light or for better 20 July 2006 MD 03/ 063214 9 PCT/ | BO3/ 00424
di ssipation of heat due to the addition of epitaxied |layers onto a

substrate nade fotpera mBpeEtsd] thalpdsesa gead @QRAUSILY ofr heatis such as
copper or dianond. In th| s exanple, the epitaxial, stack considered is 5

" based on s&mVEBhERRt Hidl f(ﬁeﬁ'@ﬂef (ORPGaNt e ARAHING cthe EPEHREINhd t hei r

derivati vesiesdgheas AdNriGaAbN, &aAl bBé\Eerl%tcﬁ endBdin®ies gejer aliey | arge
gap netalli,c_ nitrides. A first exarrp{]J diment is_ill ustrated i n Fi gures

la-l1e. WtHVEPEF¥ce Fit | 5t o "RPGuF 1Eltr‘aaltl"’tehe eFAPRiegt o9 13 ¢
prepare a Sf@lfledeﬁd:leppmtthéOatﬁa]jheeleH@dJﬂlg‘Ea,defh@f:emJ ycrystalline sil | con

carbide, SC or dsel M penecrysisllLne S, Of, SSPPILT , A, gssoly
- preferabl y adonditH troao €t yst arbonément tdf ahel hhesftdea, land ayer 26 in this
_ case made from %’llg’ll](.;ggl (B(a'-(}% Siigﬁstratel S%hgregéir ed. i a process
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

better extraction of  emitted light or for  better




An inplantation step for one or several gaseous species iszbﬁglngpg lied to
the substrate 20 at a given average depth, before or after % maki ng
the oxide 20 layer 220. This inplantation creates an enbrittlenent plane
24 delim hin layer 22 adjacent to the oxide Iay e rest of
t he subst‘?g{ag(](%ﬂ( Smart-Cut - registgered trademark - typgf[tng’gﬁﬂrf%gue as
described particularly in docunent FR-A-2 681 472). 25 Figure 1B shows
nol ecul ar bondi ng between the support 10 and the assenbly 20, carbide in
the support 10 oxide layer 26. 22, 26 such that the silicon is directly
in contact with the In passing, and as expl ai ned above, it should be noted
30 that the SIC Si 2 bonding interface (at the SiC side) nmade 20 July 2006
"WO 03/063214 PCT/1B03/00424 10 in this way with the 4 to 5 A rns roughness
of conmer ci @l 9sipadian abl kesli Gues k@aths ﬁdglrhﬂfopnﬁfcam’ya*%ﬁ?gﬁaﬁfﬁ?%rface
regardiess gl yhgt hapdihecbondiaw ksofnde gdieaS iace @1 2 1B8oE face of
a 4H or 6H type SI C. Thus, no roughening 5 treatnent of the SFCis
necessary. FeRrAUFEOFOPE, hewdhs i stehy g ereRerSiot dsampnd- slightly oxidized at
temperatures tyRrCally, Pekaubrlcl50Che W81 cLRAL | uEAd OboRBEabled NS bONI N
surfaces wth respect to e other refmains limted (for contact with the
Si face fandeasred opncomwonﬂuphot—‘ﬁe Prmgde, freven Gl t AEPe eatstidd iy i s not

the same as,iliadde 258€PndE WrivARAvEE AL GRSRINS ¥8AMN, Ganlinn,

etc., and more generally large gap metallic nitrides.

A first example embodiment is illustrated in Figures

la-le. With reéérence firetly to Figure la, the first step

10 is to prepare a solid support 10, for example made of

polycrystalline silicon carbide SiC or 4H or 6H

monocrystalline S.ié, 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 8i0;, is also
prepared. |

An implantation step for one or several gaseous

‘species is then épplied to the substrate 20 at a given

average depth, before or after the step making the oxide

20 laver 220. .Thié implantation creates an embrittlemenf

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 _molecul_a{r 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 8iC/8i0; bonding interface (at the SicC gide) made




much | ower than the reactivity obtained for two bonding sgbl}ag,%?géaoth made
fromSi Q2. It is thought that reinforcing an-Si02/Si 02 bondr hg

interface at high tenperatures is explained by the developnent of Si-O Si
si | oxane Yongssand al so by the creep of surfaces in coetpatosodsmt he case
of an SIC/Si02 interface, the chemigal stability of the Si C surface neans
t hat t hese bonds do not formvery nmuch or do not format 20 all at the
- tenperatures consi dered. However in this respect it shoul d be added that

di fferent behaviours nmay be observed dependi ng on whether the C or the Si
face of a 4H or 6H SiC crystal is applied in contact with the oxide, due
to the chem cal reactivity 25 between the face concerned and Si 02. Thus, it

is preferable to use the Si face whi ﬁh is less sensitive to an__oxidation
reaction thih e ®apawdthahle thdiefof el tTPUIHRICER BONEPBIRECRLLY i | |

increase noLe, SOy g6ca tuagtion . ofndNe added,t hefERl BRRLGY 20 July
2006 WD 031063214 PCT/ 1 B03/ 00424 11 Furthernore, the properties of SiC are

such that ireJamiergceti whedmmmadhenbondite igi ordeaysr tpetl AgrecPeep (even
(T SR 1L sehd @ag0L 06P) 22N Hhaled Neothalial HRALL M tougiehlingl 02 1 S

limted, which confributes to maintaining the 5 fradility o ond even
when t héb astegdiingnitnofi e eSi®h isj pesedfaant.ed to tenperatures of nore than

AL50C, Acoorh neuaRgoNay | Snkopbey e | RGO iy ST 20 oo
slightly i nexidiegdni el r éepperatures typically below 1150°C, the
: reactiviﬁy of one of the bonding surfaces with 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 £10,.

It is thought that reinforcing an Si0,/8i0;' bonding

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

20 all at the temperatures considéred.

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 8iC crystal is applied
in contact with the oxide, due to the chemical reactivity

25 between the face concerned and 8i0,. " Thus, it 1is
preferable to use the Si face which is less sensitive to an
oxidation xeaction than the C face, and therefore with
which bond energies will increase more slowly as a function

of the added thermal energy.




10 to one of the principal crystallographic plans of the %rlﬁls}i%? Thi s
~inclination is preferably between 3 and 8. In this way, the ee face of
what will be the transferred |layer 22 has steps related to the successive
of fsets oWomsysseed s on this face, which contributes to agr/iEmmones ease in

t he roughness which is conducive tomhe required separable nature. After
bringing into contact as illustrated in Figure |Ib, the mass of substrate
20 is elimnated by the application of a thermal budget and/or appropriate
.20 mechani cal stresses, in a manner known in itself by Smart- Cut and .
derived techniques, to |eave only the thin layer of Si C 22 above the oxide
- layer 26. Qbviously, the thi n layer 22 can be made by any ot her

appr opr i at & thi N0 LG e SR ShER CanSLaLe Ol denasi ting a

stack 30 of mat er | a S suc ove men |oned es on top of
~this thin | agu;rfazz flor pbmicpet gEtin bb@@lozbfiaﬁﬁe dress avdr azlreeppletm

deposi tion r og r e h C
itself to ngk&e Eﬁ?f)s%&ojhge%%{e(n % t%gaggggngl %/éer&gei“ c%llf ?r%??ﬂq:&:par ed
30 particul aritp @Opohsshimigl;edanmé:alchngpn‘snﬂmtﬂamg:oama@atangl@ the y 2006

VO 03 06321 RETALBAOLE0KRE wige (E0Ly SHAEP! S lalaBty S0Rlqusacs Tiof o

oxidation (i'n ayer  of OXI f SYime
et chi ng, snoct subjested soe ttemgara‘em'e;s etfc moAsvrigart Ha5ar€f er ent rrat erials

that can be usedA;:go rﬁ%egot hgnést%% f epln{b@& ﬁ? J:ayq: %81% t he

materi al's that tcan artlcu ar ar e Fom n|
substrate 20 can be cut such that 1ts face from whlch the

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
g°. 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 dincrease in the roughness which is conducive to the
requ.ireti 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 i:d itgelf by Smart-
Cut and derived technigues, to leave only the thin layer of
8iC 22 above the oxide 1ayer 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 sucllll as the above mentioned nitrides on top of
thigs 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 léyer 22 is firstly prepared

30 particularly by polishing, annealing, smoothing aunealing




al'um niumnitride AIN, alum niumand galliumnitride A GaN,, g@éobgm and
dindiumnitride GalnN, etc., the germlayer 22 being corrpose({ or exanpl e
of -monocrystalline SiC, Si(111) 10 sapphire, nonocrystalline gallium
nitride Gadozpeadym um and gal lium oxi de NdGaQ2, or |i pbrmsnseegsgal | ium
oxi de LiG®2. The chosen support maeerial 10 may for exanple be a

- polycrystalline or nonocrystalline SiC, sapphire, or 15 polycrystalline
“AIN or GaN. In termof thicknesses, the support |ayer 10 nay for exanple
be a few hundred microneters thick. (typically 300 m, while the thickness
of the germlayer 22 will be of the order of 0.1 to 1 m 20 The interface
layer 26 is of the order of 1 mthick. Epitaxies used to nmake the useful
| ayer may beggden I1Rg 1.6 iﬂg{,@& I .0.those .skilled j.n the art,
and parti culqar_ig eet?égﬁl\l/%E %ﬁigcu ar %?ém %%Mal&%l%gcﬁ%lqﬁéghoﬁr *fle MOCVD
(Metal | o- Or Y&AFE CHEni Eainvalaisr Depostxtiden) fogded edlsni glidminetad ,used. | n
‘the first casenitdhe J Lal h ur rarely exceed 600C,

whil e they can be@és&ﬁog%égg sl%%%otk%%%ﬂ%’n et%%é second case. It is
inmportant to notdWEr ébehdifferamnie Moserdaleddemt B0 Heeuted aoplageul ar
bondi ng &nt a d i e u 06 03,063214

PCT/ | 503§ oozeirzl% g%&ﬂrama%% i %%{iteeﬁgtriﬁg’gt%fe%%%‘%a{%ré@e b“é‘i\‘/t%vﬁlf‘fﬁo-%%‘f’éoc as
expl ai ned | Fadet BF| @RVe,int hibertateldacenmi wedilisna nivEgld | GpNconduci ve

,to its SUbsﬁﬂﬁﬁﬂﬁﬁﬁ@?ﬁi@&h@ﬁ&ﬁi_@hk&dggum and gallium nitride AlGaN, -

gallium and indium nitride GaInN, etc., the germ layer 22

being composed for example of monocrystalline SiC, Si(ill)
10 sapphire, wmonocrystalline gallium nitride GaN, neodymium
and gallium oxide NJdGaO,, or lithium and gallium oxide
LiGa0,.
The chosen support material 10 may for example be a
polycrystalline or monocrystalline SicC, sapphire, or
15 polycrystalline AIN or GaN.
In term of thiéknesses, the support layer 10 may for
example be a few hundred micrometers thick  (typically
200 pm), while the thickness of the germ layer 22 will be
of the order of 0.1 to 1 um,

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

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

25  technigue may be used.

' In the first case, the epitaxial growth temperatures
rarely ekceed 600°C; while they can be as high as 1050 ﬁo
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




seen. 5 This stack 30 is illustrated in Figure 1d. Finall VZWiJEf}er%er ence
to Figure le, the assenbly conposed of the stack 30, the thin”layer 22 and
the oxide layer 26 is separated fromthe support 10 at the SiC S

i nt erf acewbeswseis t he support 10 and the |ayer 26, thispdPmogberes ace

i nvol ving bonding forces that remain3limted as was nentioned above. In
particular, this disassenbly may be done by the application of nechani cal
tension and / or shear and / or bending stresses, for exanple using a

bl ade, with manual or 15 robot control. At the end of this process and
after an appropriate surface treatnent, the support 10 can be reused, and
the donating substrate 20 can al so be reused and will be subjected to a

step to deppséh am SkE2ehgMer a%ndt@mﬁéleach;rgrs 20 #&p il%loggigéj(pnagf gaseous
speci es as descrjbed above. Figures 2a to 2e TTUstrate a process simlar

. to the prof¥REIMeEd diir edetall oabeveni tihisheinamindeal mdiffaivence bei ng
that the oxiggsdByer cSh@Bcih@tle Widds RARLLG ' sepafahl goi nterface
is made on the support 10ci nsteadl 255 g% o%%%ggl%?géggﬁb%)%ﬁg 5‘6; inthis
case this oXft# |ayer is denoted reference 12. Thus, if. the source

‘substrats 20 is mmdesphcSif i@'i&iulsé% 19%1%”%%?{ the oxide layer 12
and the source substrate 20 (Figure 23 as separability properties '
simlar to thosdBBtaynedthet @ESJuty FUGBr¥O 168/ 068214 RETHLBO3/ 00424

7 14 the oxi d&:n'l@éﬁéﬂ & and RE-RUBBOT LndOpild) tl@%re(f:aﬁpz lha the oxide
layer 26 is separated from the support 10 at the SiCc/Sio,
interface between the support 10 and the layer 26, this

10 interface involving bonding forces that remain limited as
was mentioned above.
- In particulax, this disassembly may be done by the
applicatién of mechanical tension and / or shear and / or
_ bending stresses, for exampie 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 s'tep to deposit an 8i0; layer and a step for

20 the impléntation of gaseous sp‘ecies 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 £i0; that will participate in
the separable interface iz made on the support 10 instead

25 of on the soufce substrate 20; in this case this oxide
layer is denoted reference 12, Thus, i1if the source
‘substrate 20 is madelof 8iC, molecular bonding between the_
oxide layer 12 and the source substrate 20 (Figure 2b) has -

separability properties similar to those obtained between




‘Figures la-le. Figures 2c and 2d illustrate the thinning Sbﬁ&m%@g06he step
to produce a stack by epitaxy simlar to those in Figures™ ¢ dandid. In

" this second exanple, separation occurs between |layers 12 and 20, and the -
resultingwporoedssets is illustrated in Figure 2e. Many vaprami@omey be made
to the invention. In 10 particul ar, meakened nol ecul ar bonds at the
separable bonding interface may be obtained by nmaking this bond between
two | ayers of silicon nitride Si 3Ny deposited on the support 10 and on the
source substrate 20 respectively. In particular, with such |ayers which
are necessarily made 15 using a deposition technique (unlike oxide |ayers
that are frequently made by superficial thermal oxidation), this type of

deposit necasgardkLs eayes 3c5Re fie ! QUARBESS 10 NI RALC gt NG, | evel of
the final free surface. "Furthernore, Si3 creeps at higher tenperature
than Si02. ZB599B%FotRTYE-in this case no polishing treatnent that could

Sxcesolvely | edustali: ruGhaees st dAle SALTLEROU, cclpCORding (0

anot her variant, the bond between an S (2 |ayer deposi
or the sour &&SBuli$t re¥iuce) agrgagk | hyerepdtasy 3N4mdépusitbedthoset hiew sour ce

substrate 285g20e9r1O0Mmddagsupport 10, can be nade. once again, few strong
- sil oxane type or_other types of bonds are formed between the two | ayers,
‘even at high tefperdtisr esccard tHembdad raspairatienaratiursaf berwaepe

treat ments. 12044l yo 2908 1.9 %@%1ée§géﬁ§_9%r%%%% ig illustrated

in Figure 2e.
‘Many variants may be made to the invention. Tn
- .10 particular, weakened molecular bonds at the separable
bonding interface may be obtained by wmaking this bond
between two layers of silicon nitride SisN depogited on the
support 10 and on the source substrate ‘zo.respectively. In
particular, with such layers which are necessarily made
15 using =a deposition technigue (unlike oxide layers that are
frequently wmade by guperficial thermal oxidation), this
type of deposit necessarily creates a specific roughness
intrinsic to the level of the final free surface.
Furthermore, SisN; creeps at higher temperature than SiO;.
20 Obviously, in this case no polishing treatment that could

excessively reduce the roughness should be carried out.
Accoxding to another variant, the bond between an 8i0,
layer deposited on the support 10 or the source substrate
20, and a layer of. Sis3N, deposited on the source substrate

25 _.20 or on the sﬁpport 10, can 'be made, -

Once again, few strong siloxane type or other types of

bonds are formed between the two layers, even at high

Cemperatures,  and the bond remain separable after the

treatments.




15 According to yet another variant, a |layer of Si02 mnll 28?mggﬁﬁéd6d on
~the support 10 or the source substrate 20, and on the other e a |l ayer
with an appropriate intrinsic roughness could be provided such that the
bond f or cge osodzetanveen the Si 2 | ayer and the rough | ayepcwiBobiomd y be
. devel oped noderately at the requiredstenperatures, without any particular
roughness treatnent, so that the bond remains separable. For exanple, this.
intrinsically rough |ayer can be 10 nade by deposition of anorphous or
polycrystalline silicon. 1In this respect, there is no need for the
materials at which the bond is nmade to be different fromeach other. For
.exanple, a direct bond of Si'C on SiC could be nade, taking advantage of

the intrinsic rqugﬂﬁ@gggototfgﬁ il ggrgﬁinlcaqﬁéegf §u9° nplts low

creepablllt and its | ow abi y to react i tsel As a
variant, affl PFovEeedsen ytheapugbertajer ogothe beudepositsddaca ghe thin

| ayer or thgnduhpaitde |cﬁY1%E Ei)dé nclcrl%.%g %th'aﬂgra!pg)?ﬁ rid Q49 %‘%.%syae Wi th

Accordi ng to anot her exaqg diréct Si coul
several posEPEFHIRSescould ngea R}mweﬁstalwh néhst (4w t bond arfloycésr t he

Suppor t )s t opbanadd t+hd 08y by Slayréfxfda{}fd CehoUg &ﬁfsléé&éxatﬁﬁi O?I%f¥tﬂe

exi stence of grain boundari es I ona varian t “woul d be
possi bl e tod%l‘é?)]cﬁietd aederpbencet I‘%@%rr&ﬁuﬁﬁdemhIEermrtd&e witippott | ayer

or on the thip |54eh B 40N m;gjﬁneég descidped, abgve.ggnenaling.a
i ncreased intrinsic roughness.
remains separable.

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 §iC could be
made, taking advantage of the intrinsic roughness of the
- 15 B8iC om 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 (partiéularly for the
'support) to benefit from its intrinsic roughness rélated to.
the existence of grain boundaries;
25 - additionally, or as a wvariant, it would be
' possible to deposit an interface layer of Si either on the
gupport 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 8iC

30 'cpuld be deposited directly on a sapphire support.




-~ Accordi ng to yet another exanple, a thin |layer of SiC 30 c%él_ll}o]l % geposi ted
~directly on a sapphire support. 20 July 2006 WD 03/063214 9’ g 00424

16 Those skilled in the art will easily be able to inmagine other exanples
based on wbasgesari ption given above. This invention igcappbhmabl e to the
manuf acture of a 5 wi de variety of 1sem conductor-based assenblies in
addition to those nentioned above, and particularly gallium arsenide

AsGa. 20 July 2006 17 AMENDED CLAI M5 [received by the International Bureau
on 27 Cctober 2003 (27.10.03); original clains 1, 6 and 24 amended;

remai ni ng cl ai ns unchanged (5 pages)] 1. Preparation process for a

sem conductor based assenbly conprising a first Iayer such as a support
layer  and a seonndd ayelifuehias @ Nubel avan oL ARP! Leatlons 18 S

el ectronics, optoelectronics or optics, characterizZed in it conprises
‘the follow h@ag%req)sotherorenaw@lan i bresd ace | Blyer d@ﬁcmgtmﬁygaﬁrenhe t wo
layers, - bgbg.?é_ng the | ayer provided which the interface 10 |layer and the
ot her exposed |ayer into contact with each other, the interface |ayer

bei ng chosen as Wifsurictvieshiof ideapphteahla tiom thee rexpdsetutayef 80 as to

| ntrinsigal lyad b e W JolSoBRREANLY J1RRaPEE0RPAR L S QdRTRgRat ures i n
to those mentioned above, and particularly gallium arsenide
AsGa.




15 predeterm ned range, a bonding interface that can be s%gﬁrﬁgﬁg6under
the action of stresses. 2. Process according to claim1, ch racterrzed in
that at |east the exposed layer is nmade of silicon carbide, and 20
preferably nonocrystalline silicon carbide. 3. Process according to claim
2, characterized in that the interface |layer is nade froma materi al

chosen fromthe group ContaimﬂMi§%§.EB ide and silicon nitride. 25 4.
Process accordi ng fQ:Rify R nklidlolR & iuoongmctcb@?ioﬂﬁz‘?ﬁb.& d In that one of

r@ﬁi!
5

‘the layers for Merignd)Gkim b R%8H 24 shBlded: Renal 0L T8 ) trate by
epitaxial growh, and the othéf'lgjeranogns aggggﬁ%razgaiupport | ayer for

the 30 germlayer. AVENDED SHEET (ARTICLE 19) 20 July 2006 18 5. Process
according to ope of &l AbEBod tRotessChagacter bzpthddtulhal thessadresses are
fmechani cal stresses. 5 6. Process for preparation of a sem conductor based
assenbl y eospmbiyngompissper 8 AA8SE LBYSF |W8r 2for S¥BBPTcatiBis in

el ectroni Gay %PE%@&S&H&%&C&&{ sQPLI E8in tGeragsedYpl ikakngns nixended to be
subjected to hig tenpératures within a given range, characterized in that
it 10 conprliestsonieleporiratwcsrankepaPabloBtifter FREEFHERMEER tHe support
and the thin.l ayer iy iceat agd ing apdngod@yd.ar - bonding between two
interface materials "having an abilit to chemcally react with each other
whi ch is suffici éaching |aw FerKace gﬁf%ﬁ? X ptfs NP he”asSEmtYP to said

hi gh 15 tgggggg;ures subsequently to said contacting, the bonding

- bringing the layer provided which the interface

10 layer 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 so as to intrinsically form,

after the assemblyrhas been exposed to temperatures in a

15 predetermined range, a bonding interface that can be

separated under the action of stresses.

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

20 preferably monocrystalline silicon carbide.

3. Process according to claim 2, characterized in that
the interface layer is made from a material chosen from the
group containing.silicon oxide and silicon nitride.

25

4. Process according to one of claims 1 to 3,
characterized in that 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

30 germ layer.

AMENDED SHEET (ARTICLE 19)




interface between the two materials is sufficiently weak 52 %}p? 0%hey can
be separated by the application of stresses. 7. Process ac 8rJ |yé) o claim

6, characterized in that 20 the low ability of the interface naterials to
react chemcally with each other resygts froma weak intrinsic nutual
chemcal affinity of said interface materials. 8. Process according to one
of clainse 6 and 7, 25 characterized in that the low ability of the
interface materials to react chemcally with each other is the result of a
| ow creepability of at |east one of the two interface matteriqls. 30 9.
Process accordi n§reecdhe a5Toglands ¥t P haPfitt®ti Zed ©n fhat the two

interfaceymferiaks.ars tditf enenitr AVENDER: SEFREN(ARTI Gifest@F.20 July 2006
19 10. Process according to claim9, characterized in that the two

different interface materials are conposed respectively of the mat erial in

an interface 4 aypr,addede 3 Opt&pdriae isHPRA ta apemiksrelidtprbybaseed materi al of
the thin layer. 11. Process according to claim9 .cha.t[ acterized in that
the two diffamamt icorBFiHdY ndt ePPBRPST Gr ea%nﬁosgfhl%f Te 10 materi al of an

interface, ;%‘J)’f‘éat%@ﬂ%diﬁrgl%ctt%nibén dayenect advh i becbbyidy, ttihe support
materi al . . Process according to one of clai U3 10 and 11, , .characterized
in that thesendtleri abeBig t W tddded i ntrf 88e PEPPEGET i s “Sel e€ted from the

group Con{)él{.l?é&u%e%em%@ﬂﬁc'@@{ren oxdrde , apdafaSemicendust dratiitr i de, whil e
the differen ‘ on
10 comprises a step to make a separable interface between e
support and the thin layer by contacting and molecular
bonding between two interface materials having an ability
to chemically react with each other which is sufficiently
low so that, after exposing the assembly to said high
15 ‘temperatures subsequently to said contacting, the bonding

interface between the two materials is sufficiently weak so

that they can be separated by the application of stresses.

7. Process according. to claim 6, characterized in that
20 the low ability of the interface materials to react
' chemically with each other results from a weak intrinsic

4

mutual chemical affinity of said interface materials.

8. Process according to one of claims 6 and 7,

25 characterized in that the low ability of the interface
materials to react chemically with each other is the result

of a low creepability of at least one of the two interface

materials.

30 9. Process according to one of claims 6 to B,
characterized in that the two interface materials are

different.

AMENDED SHEET (ARTICLE 19)




material is a sem conductor carbide. 13. Process accordingiwaéyj&] 12,
characterized in 20 that the sem conductor nitride is nonocrystalline. 25
30 14. Process according to one of claims 6 to B. characterized in that
the two interface materials are semjgonductor nitrides. 15. Process
according to one of clains 6 to 8 characterized in that one of the two
interface materials is a sem conductor nitride and the other is a

sem conductor oxide. 16. Process according to one of clains 12 to 15,
characterized in that the. sem conductor is silicon. AVENDED SHEET ( ARTI CLE
.19) 20 July 2066 PXPcEFs PreeedIGhdCordrHYy Yo CBRABROFCEIZEIE "6 Y 16, '

“characteriggd iy,d hais @krbeast :anerodcd handyeeni ace argmt ephpbsechas an
intrinsically rough surface. 5 18. Process apcor%%ng o cl ai

1 )
-char act er i ZasPechive Hat ok heh¢ i Fsisiadal Ty Fougir SEheEr E‘@eﬁaf‘g‘?? | is made
of  the suppey ten@Btepp@tt 1dieldire2R13%y PrRsasscataor ditnght oticlai m 17,
characterized in that the intrinsically rough interface material is nade
of the neltaisiral of the thin layer itself. 20. Process according to claim
17, characterized in 15 that the intrinsically rough interface material is
made of a deposit of interface material on a surface of Iessggat

11. Process according to claim 9, characterized in
the two different interface materials are composed of the
10 material of an interface layer added onto the thin layexr,

and directly by the support material.

12. Process according to one of claims 10 and 11,
characterized in that the material of the added interface

15 layer is selected from the group comprising a semicenductor
oxide and a semiconductor nitride, while the different

material is a semiconductor carbide.

13. Process according to claim 12, characterized in

20 that the semiconductor nitride is monocrystalline.

14. Process according to one of claims 6 %o B8,
characterized in that the two Iinterface materials are

semiconductor nitrides.

25
15. Process according to one of claims 6 to 8,
characterized in that one of the two interface materials is
a semiconductor nitride and the other is a semiconductor
oxide.
30 |

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

characterized in that the. semiconductor is silicon.

AMENDED SHEET (ARTICLE 19)




rugosity. 21. Process according to claim®6, characterized itajt ;}00 20 the
assenbly conprises: - a silicon carbide substrate, a useful 4 ﬁade of
silicon carbide, - an interface |ayer nade of a material selected from the

group conprising silicon oxide and sijdicon nitride, 25 added onto the face
of the substrate facing the thin layer or onto the face of the thin |ayer
facing the substrate. 22. Process for preparation of a substrate for

maki ng optoel ectroni c conponents such as light emtting diodes (LEDs),
and particularly blue LEDs, characterized in that 30 it incl Li%es t he

i npl enent at i arv.of Pthecgy oeesordtndr dengerd 6nec bl aPnst® t'G721 to .obtain

an assenbl y_conpri.sing thin | ayer; Qns:a sHppasd, thike {orsmidcen of at
| east one® ~$H ETf’zAéHa%LE 19) 20 July 2006 21 5 10 substrate | ayer

by epitaxyaberidies hreeasuiitaciesétathe aoigh SP&lAte-of the assenbly, and the
separation of the thin layer provided with the epitaxied |ayer(s) fromthe
support at the interface of the assenbly. 23. Process accordi,ng to claim

22, char act erigzedpiscegshatctdralion ttaxi etrimyki( sFPRrEFH e flade fr om

seni conduct or ymt ey i.al, OfL, S8 GepAkctd NG taRtall s madd rdfdes. 24,
Process f%&a%agﬁenglngréé%gggﬁgﬂct c])lra%bésed structure, conprising a processed
thin | ayerhef oupmppl imebeirdms dtself.

10 19. Process according to claim 17, characterized in
that the intrinsically rough interface material is made of

the material of the thin layer itself.

20. Process according to claim 17, characterized in
15 that the intrinsically rough interface material is made of

a deposit of intexface material on a surface of lesser

rugosity.

21. Process according to claim 6, characterized in that
20 the assembly comprises:
” — a silicon carbide substrate,

- a useful layer made of silicon carbide,

- an interface layer made of a material selected from
the group comprising silicon oxide and silicon nitride,

25 added onto the facé of the substrate facing the thin layer
of onto the face of the thin layer facing the substrate.

22. Process for preparation of a substrate for making
optoelectronic components such as 1light emitting diodes
(LEDs), and particularly blue LEDs, characterized in that

.30 it includes the implementation of the process according to
one of claims 6 to 21 to obtain an assembly comprising a

thin layef on a support, the formation of at least one

AMENDED SHEET (ARTICLE 19)




el ectroni cs, optoel ectronics and optics, characterized in bh j b

: . _ : , 2 006
conprises the follow ng steps: 15 - preparing a sem conductof "based
assenbly conprising a support and the thin layer, with the provision of an
interface between the support and thejthin layer by contacting and
nol ecul ar bondi ng between two generally planar surfaces, at |east one of
the surfaces being the 20 surface of a nonocrystalline material, a main

crystal |l ographi ¢ _plane_of I a ight. inckipatdonrher €hahi ve to the
pl ane of ?ﬂ%ﬁgéﬁa sﬁy?ﬁcegwgnggggs?%gtt e assgnbl to high.tenperatures in
‘a given dxﬁﬂgeo?uthag?gmﬂﬂ?ssesn®ﬁﬂﬁ?éeph¥®¢2?y¢¥,tQ? thifpjarg igg }heht
‘processed thin layer fr ‘ pr PR MG et reepest said slig
inclinati® ezﬂ%fﬁ%ﬂ€$y<§ ggggﬁgogr% |%ﬁpléhe between the two interface
smat eri al sthallmrwirdfgcei of arhel aEE#MSi manner, a bondi ng which is

sufficiently weak for allow ng such separation. 30 25. Process according to

claim24, characterized in that said slight inclination_ s between 3 and
8. AMENDED SHEET ¥ARHsGLE&@®rding to claim 22, characterized in

that  the epitaxied = layer(s) is {are) made  from
semiconductor materials based on semiconducting metallic
nitrides.
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24, Process for making a semiconductor based structure,
comprising a processed thin layer, for applications in
electfonics, optoelectronics and optics, characterized in
that it comprises the following steps:

15 - preparing a semiconductor based assembly comprising a
support and the thin layer, with the provisiOﬁ of an
interface between the support and the thin layer by
‘contacting and molecular bonding between two generally
planar surfaces, at least one of the surfaces being the

20 surface of a monocrystalline material, a main

| crystallographic plane of which has a slight inclination
relative to the plane of the said surface,

- exposing fhe assembly to high temperatures in a given

'range during processes on the thin layer,
.’25 - separating the prpcessed thin layer from the support
| by applying stresses, said slight inclination of said main
crystallographic plane petween the two interface materials
allowing, in an intrinsic manner, a bonding which is
sufficiently weak for allowing such separation.
30
25. Process according to claim 24, characterized in

that said slight inclination is between 3 and 8°.

AMENDED SHEET (ARTICLE 19)




