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Field of the Invention The present invention relates to the field of

sem conduwbeoniin7eaguf act ure process wherein joi ni ng andpsepszodd/oevg7d ayer s
and substrates are carried out, for exdnple for forming three-dinmensionally
stacked "systemon-chi p" devices, or for transferring optoel ectronic,
(photo)voltaic and electronic elenents. Materials of |layers may for exanple
be chosen anong the IV group materials (Si, Ge...), the I11/V 10group
materials (GN, InGN, InGAs..) and the materials can be polar, non polar
or sem -polar according to the application. Background to the Invention 1In

the field oft|§epr&@gglﬂ@ﬁmcy@m@§ggbg&&e It is often useful or 15 necessary
in practice to join and/or renove filns or |layers of sem conducting or

insulating material. On the one hand, it nmay be desired to prepare final
st acked st rkieldufetheciowentionng a t hr ee- di nensi onal desi gn of el ectronic,
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of effecti Vﬂe”@éﬂﬁed Qut! rféﬂséﬁnﬁplégfdrh%lﬁg| ﬂ‘ﬁ'efefd?ﬁ‘ién%hhw dt8cddral
support suhstrat eover of sem con ‘Pétl ng@lmat erials

may not be éVéﬁem;\Bpedﬁg buIdEV'S?SIfre‘ér st #di n ag FERRGt e Che
handl ed on (Iphoml)pptllalt s teledtemic delepiants.priMatesak of laa/éts Cayi $omt ch

Fomoval of CRESrT Kbset ARAd o g BBl MardhaB T Byl SRS T
suppdBt . QFOUPI materialsi(eaNp InGaNc InGads.i )z add dbei materials can Ibeypokrsuch as
silicon |ay ,qu;s bar og)g@mpléﬂarlgcgb@dﬁé &ﬂ @gh Hlicdtonhave avail abl e a method

enabl i ng 30 ayer transt tionalization of such
sem conductor |ayers may involve electronic circuits, photovoltaic elenents

(cont ai ni ndBadkgrowxbttie Iveftioseed | ayer, and a tri pI e junction active
o nen o ¢ OPLER SRS lcSARDARY  Rhfbchibe. 5o SRS Bl ot e
| ayei8 necessary in practice to join and/or remove films or layers of
semiconducting or insulating material. On the one hand, it may be desired
to prepare final stacked structures containing a three-dimensional design
of electronic, photovoltaic and/or optoelectronic elements. On the other
hand, thin films of high purity material and high crystalline quality may be
20 appropriately handled on support substrates, and it is necessary to
dispose of effective means for transferring these films from initial to final
support substrates.
Moreover, some kinds of semlconductmg materials may not be
available as bulk or free-standing substrates and must be handled on
25 support substrates, despite problems of lattice mismatch and/or thermal
expansion coefficient that may arise. Methods are needed for removal of
the functionalized semiconducting material layer from its support.
In the area of functionalized semiconductor layers such as silicon
layers for example, it is also useful to have available a method enabling
30 layer transfer. Indeed, the functionalization of such semiconductor layers
may involve electronic circuits, photovoltaic elements (containing, for
example, a Ge seed layer, and a triple junction active layer), and/or
optoelectronic elements. Being able to expose, manipulate and bond with
relative ease both “front” and "“back” faces of semiconductor layers
35 enables functional elements to be introduced when the semiconductor




35enabl es functional elenents to be introduced when the sem conductor WO
2011/ 073716PCT/ 1B2009/ 007972 2 | ayer treated is on a supporting substrate
whi ch al Iwe=om/oerisai n type of functional nodification, pamdBido®seEr972
functional elements to be occluded and 2hen re-exposed as | ater required.
Thus, electronic circuits may be introduced on one face of a thin |ayer on
an initial support substrate 5 favourable for this functionalization step,
and then the exposed and functionalized "front" surface nay be bonded to an
i nternmedi ate substrate. The renpoval of the initial substrate support
enabl es other circuits to be prepared on the "back"” face of the
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and siPport suppert adapted rhottbelmpemtm mfrthafﬁunbtnbrh»ﬁnzbdlceﬂtneatoeeataﬂ far gr own
by epitaxy Q{iafr{ﬁé”?éllﬁé’éted , a high crystalline quality and
appropriate

| Ce parane ers or’ theh%hovwh substrate are necessary to
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electronic devices. It is important to be able to provide GaN or InGaN
layers showing a low amount of crystal defects and a high quality surface.
. Itis of interest in these areas of technology to dispose of methods
enabling III-V and III-N materials to be provided on a variety of surfaces
and support materials. In techniques in which the III-V material is grown
by epitaxy on a substrate surface, a high crystalline quality and
appropriate lattice parameters of the growth substrate are necessary to
25 enable sufficient quality III-V growth, restricting the choice of underlying
seed support substrates for the III-V material.
In systems where it is foreseen to access the III-V layer by etching
techniques, this may prove problematic and lead to degradation of the III-
V material.
30 It is also of interest to be able to expose particular faces of III-N
substrates. In effect, it is common for polar c-plane III-N material to have
a specific atom surface termination such that one surface is terminated by
the element from group III and the other surface is terminated by
nitrogen atoms.

20



WO 2011/ 073716PCT/ 1B2009/ 007972 3 In all the above-rel ated cases,

net hods for detaching or exfoliating thin filns or |ayers, or a stack of
them frowoaosubsticate are needed. Moreover, there is alPso/1B200¢eaofor
perform ng such a detachment or exfolialion without destroying the
substrate in order to recycle it for 5subsequent uses. Docunent EP O
858 110 discloses an exfoliating nethod for exfoliating a detached nenber,
which is present on a transparent substrate with a separation |ayer

t herebet ween, from said substrate, wherein the separation |layer is

i rradi ated through the transparent 10 substrate with incident |ight so as

:0 gatjseheﬂm haﬂmfalﬂ the abﬁe%]!mé@tctaﬁ@s | rgthodsfar detachind er ierfaliatia e and
o detac er. from S ver

i rradi ating ﬁﬂeF&%gﬂ?{}% d I°5y%r ? ﬂs‘?’&& 8%%5&‘#??&95 9?% ar ent
substrate, Mateowdr, %pmusealsd\lémpdf tor padoaming sach 1% detaghynertd aropol ogy
or defects %&Foli%hBH“@&ﬂoB@ dé% gh‘\rgf é beslﬂé% SHP&kdH goe qu"/%cﬂﬂ fde

separation layer urface topo ogy can
order %o nuicEbsequentyses-at e reusable after irradiati on and exfoliation,
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25hartthess 6tbstratenwitBringidest light seuasste Lavse exfotiation @fthewsewafa‘éam on
Wth a vi eréﬁerSéHd/b(“gt the |ﬁf| ncéména% aééacﬁbm@deﬁahﬁe@frﬁém%r 'ffbfﬁ“t i on

proposes a [:t)roce T Oor recyc g a support substrate of a 30materi al
subst anti al |9etsp Eﬁ;ﬁr ent to at |east a wavel ength of el ectromagnetic

radiation, said plonseves, whenrirgiditing the separation layer with a laser beam
through a transparent substrate, made of sapphire (Al,Os) for instance, an
15 undesired topology or defects are produced on the surface of the
substrate on which the separation layer is formed. This surface topology
can be of 30 nm.
In order to make the substrate reusable after irradiation and
exfoliation, this surface topology must be removed. In view of the level of
20 the surface topology, a significant thickness of the substrate must be
removed, for instance by polishing, after each irradiation and exfoliation.
This considerably limits the recycling capacity of the substrate.
Moreover, the polishing of transparent substrates, such as sapphire
or silicon carbide substrates, is generally long and expensive due to the
25 hardness of the material of the substrates.

In

Summary of the Invention
With a view to solving the problems set out above, the present

invention proposes a process for recycling a support substrate of a
30 material substantially transparent to at least a wavelength of
electromagnetic radiation, said process comprising:
- providing an initial substrate;
- forming an intermediate layer on a face of the support substrate,
said intermediate layer being of a material substantially transparent to at
35 least a wavelength of electromagnetic radiation,



- providing an initial substrate; - formng an internedi ate | ayer
on a face of the support substrate, said internmediate | ayer being of a

mat eri al wobketizntsiial |y transparent to at 35| east a wavelPremgBnoeho7972

el ectromagnetic radiation, WO 2011/073A16PCT/ 1B2009/ 007972 4 - form ng an
el ectromagnetic radi ati on absorbing | ayer either on the bonding face of the
initial substrate, and/or on the internediate |layer, - bonding the initial
substrate to the support substrate via the el ectromagnetic radiation
absorbing | ayer, 5- carrying out irradiation of the el ectromagnetic

radi ati on absorbing | ayer through the support substrate and the

ntermediate | ayer fdrning A GedrRRaghe rdfiaddiPaBuit BRI IaeElid! 6n o™ ¢ he
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bet ween t he éﬂ B facg pEtheini ﬁHbﬁqﬁ%teeBBé?Qrd?fhﬁﬁéW%rm A& IRYer, absor bi ng
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el ect romagne} i_at . orbing.layer imediately at the surface of the
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may further gqsrayi oMickRfhgy dRerstAP thE FREMYES Detieen the transparent
support substrate and the absorbing layer now takes place at the interface

15 between the intermediate layer and the absorbing layer, namely at a place
sufficiently distant from the support substrate to avoid production of
surface topology on the surface of the support substrate. The presence of
a surface topology on the intermediate layer is of a less importance since
this layer is removed after irradiation.

20 According to the process of the invention, even after carrying out
irradiation through the support substrate and the intermediate layer to
induce separation of the support substrate from the initial substrate, the
roughness on the bonding face of the support substrate is not modified.
Indeed, the process may further comprise, after the step of carrying out

25 irradiation, a step of removing the intermediate layer to recover the
support substrate. After this removing step, the bonding face of the
support substrate presents a roughness substantially similar to its initial
roughness. Therefore, the support substrate may be reused as such
without any particular preparation steps.

30
Brief Description of Figures

- Figure 1 represents a schematic view of the general process
of the invention;



25 irradiation, a step of renoving the internediate |ayer to recover the
support substrate. After this renoving step, the bonding face of the
support swb2briat7a7ipr esents a roughness substantial ly si mCraB200®007®® i niti al
roughness. Therefore, the support subst¥ate may be reused as such without
any particular preparation steps. 30 Brief Description of Figures

Figure 1 represents a schematic view of the general process of the

i nvention; WD 2011/073716PCT/ 1B2009/ 007972 5 Figure 2
represents a schematic view of an exanpl e process of the invention in which
a part of an initial substrate is renpved to forma new |ayer; Figures 3
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final substrate.

15 Detailed Description of the Invention
Figure 1 represents a schematic view of the general process of the

invention.

As shown in Figure 1, the invention includes a step of forming an

intermediate layer 15 on a bonding face 25b of a support substrate 25 (S1
20 in Figure 1), a step S2 of forming an electromagnetic radiation absorbing

layer 24 either on the bonding face 10b of the initial substrate 10, and/or

on the intermediate layer 15, a bonding step S3, a step S4 of irradiation of

the bonded entity with electromagnetic radiation, such as visible light

and/or ultraviolet radiation, and a step S5 of removing the intermediate
25 layer 15 from the support substrate 25.

The bonding of layers may involve molecular, eutectic, hot,
pressured or anodic bonding. As an example, bonding may be achieved
using one or more oxide bonding layers (not shown in Figure 1), that may
be added to one or both of the faces of substrates being bonded. An

30 appropriate example of a material for an oxide bonding layer is silicon
dioxide (SiOp). Silicon dioxide materials for bonding purposes may be
provided in layers thermally or by chemical vapour chemical deposition
techniques such as LPCVD or PECVD.

In contrast, the use of adhesive layers to perform the bonding is

35 not possible. The adhesive would not support the temperature at which



25l ayer 15 fromthe support substrate 25. The bondi ng of |ayers may
I nvol ve nol ecul ar, eutectic, hot, pressured or anodi c bonding. As an
exanpl e, wondimg3mmay be achi eved using one or nore oxi decChaBzhosgodayer s
(not shown in Figure 1), that nmay be afided to one or both of the faces of
substrates bei ng bonded. An 30 appropriate exanple of a material for an
oxi de bonding layer is silicon dioxide (Si02). Silicon dioxide materials
for bondi ng purposes nay be provided in layers thermally or by chem cal
vapour chem cal deposition techniques such as LPCVD or PECVD.

In contrast, the use of adhesive |layers to performthe bonding is 35not
possi bl e. Ty steiegie/R Wﬁi&eﬂ%%ﬁﬁoﬂ%%qhéﬁt B@iﬂéqgachér[ﬁoééss%cﬁ%s VO
2011/ 073716PCT/ 18200%/ 08}}7{‘9&2 6,.the structure Is submtted during subsequent
steps of th&P! U onalizing $eNSr ot her functionali zi ng steps.
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According to the nature of the absorbing layer, the energy
absorbed will give rise to different effects, for example atomic level
vibration, sublimation, specific diffusion or formation of a gas, which in

20 itself leads to separation, as defined above, or.chemical reactions.
Mechanisms involving purely thermal effects as well as photochemistry
can thus be behind the separation mechanism.

In the process of the present invention, the absorbing layer 24 may
appropriately comprise at least one material selected from the group

25 consisting of: SixNy:H, SisNs, SixNy, GaN, AN, InN, or mixed nitrides of one
or more of In, Ga and Al or poly Si, or single-crystalline Si. The absorbing
layer may also comprise amorphous silicon doped with hydrogen by ions
implantation for instance. The hydrogen content is preferably of at least 2
atomic percent.

30 In a variant, several absorbing layers 24 may be introduced and
buried in the bonding layer so that several irradiations for several
subsequent separations may be performed.

Any type of electromagnetic radiation, which causes internal and/or
interfacial exfoliation of electromagnetic radiation absorbing layer 24, can

35 be used, for example, X-rays, ultraviolet rays, visible rays, infrared rays



In the process of the present invention, the absorbing |ayer 24 may
appropriately conprise at |east one material selected fromthe group 25
consi sti myoah11/@8ubly: H, Si 3N4, Si xNy, GaN, AIN, |nN, or poiraBzhosbiwides of
one or nore of In, Ga and Al or poly Si7 or single-crystalline Si. The
absorbing | ayer may al so conpri se anorphous silicon doped with hydrogen by
lons inplantation for instance. The hydrogen content is preferably of at

| east 2 atomic percent. 30ln a variant, several absorbing |layers 24 nmay be
i ntroduced and buried in the bonding |ayer so that several irradiations for
several subsequent separations nmay be perforned Any type of
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polycrystallln e|n ess expensive in
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than that of the material of the absorbing layer 24. The absorbing layer 24
may appropriately be a material of the type SixN,:H, SisN4 in amorphous
form, SixNy, or a III-N material deposited for example in a polycrystalline
25 form (the latter being less expensive in an industrial context than a
monocrystalline form). These materials enable irradiation to be carried out
at a wavelength that remains above the absorption wavelength of typical
support materials. Another appropriate possibility within the present
invention is to use a III-N material as the layer 24 absorbing
30 electromagnetic radiation such as visible light and/or ultraviolet radiation.
If a substrate such as initial substrate 10 is itself a III-N material which is
to:be processed so as to introduce functionalities, the use of the same III-
N -material layer as an absorbing layer 24 will preferably be carried out
with the two III-N layers (functionalized Ilayer and sacrificial
35 electromagnetic radiation absorbing fayer) being separated by a bonding




30 el ectromagnetic radiation such as visible |light and/or ultraviolet

radiation. If a substrate such as initial substrate 10 is itself a Ill-N
mat eri al wibi2eh/i737160: be processed so as to introduce feoctuBmosbo®IEs, the
use of the sane Il11-N .material layer a8 an absorbing |layer 24 will
preferably be carried out wwth the two Il11-Nlayers (functionalized |ayer

and sacrificial 35electromagnetic radiation absorbing |ayer) being
separated by a bonding 8 layer, such as a silicon dioxide bonding | ayer.
Among I11-N materials which can be used as absorbing |ayers, one may cite
GaN (wth a wavel ength of absorption below 360 nmin view of the forbidden
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The preferred minimum thickness of the absorbing layer 24 is 10 nm.
When depositing the absorbing layer, care is taken to avoid forming
25 layer(s) on both sides of the support substrate. Indeed an absorbing layer
also formed on the back side of the support substrate may completely
absorb irradiation, interfere with the absorption of the buried absorbing
layer 24 and may block the separation step.
The use of sapphire (Al;Os) is an appropriate choice for support
30 substrate 25, because high transmittance is observed at wavelengths
higher than 350 nm which corresponds to commonly used laser sources.
Sapphire is also appropriate for shorter wavelengths, such as for example
wavelength lying in range from approximately 100 nm to 350 nm. Other
appropriate choices for support substrate 25 include materials made of at
35 least one of the following species: LiTaOs; (substantially transparent at
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(substantially transparent at wavel engths hi gher than 280 nm, MO

(subst antwel2by/d7sABspar ent at wavel engt hs hi gher than 2@0TnBjooo/Gas2 MF2
or glass. Qther materials may al so be guitable to obtain the separation,
even if they do not exhibit 5 the same high transmttance value as the one
| i sted above, but nmay then require higher electromagnetic radiation energy,
which is not desirable in an industrial environnent. The internedi ate
| ayer 15 conprises a material substantially transparent to the wavel ength
of el ectromagnetic radiation used for 10 irradiating t he absorbing | ayer
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polishing and exhibits thermal insulation properties such as for example

Si0», or doped SiO2 with B and/or P, SiN, LiF, CaF, and MgF,.

However, when the support substrate 25 comprises a glass

substrate such as a bore-doped silica glass, the intermediate layer 25 is
20 preferably made of a vitreous material such as bore-doped silica glass

which is removed by mechanical or chemical-mechanical polishing. The

intermediate layer 15 preferably contents a higher concentration of boron

than the support substrate 25 so that etching rate of the intermediate

layer 15 is higher that the one of the support substrate 25 (ratio of 10/1
25 for example) and allows selective etching.

The thickness of the intermediate layer is at least 10 nm and
preferably at least 50 nm. More generally, the thickness of the
intermediate layer may be comprised for instance between 10 nm and 500
nm.

30 - In order to avoid a too large loss of the incident light
(electromagnetic radiation) which would require to use a large amount of
fight, it is preferable that the material of the intermediate layer has a
transmittance of at least 90% with respect to the wavelength of the
incident light.



10 The internediate | ayer may be notably made of silicon dioxide
(Si02). In view of the thickness of the internedi ate |ayer of the

i nvent i orwogenarraiiby | ower than 1 pm Si 02 is transparerCTHB2089/b@E0TE

wavel ength of el ectromagnetic radiatiob@. Si02 has a transmttance of 90%
or nore with 5respect to wavel engths from 100 nm and nore which correspond
to the wavel engths of nost |aser beans conmonly used. In the step S5,
the internediate | ayer 15 may be elimnated fromthe support substrate 25
with any techni que suitable for renmoving the material of the internediate

| ayer. Chem cal etching or polishing, which is 10a relatively cost
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roughness ‘Ch 1S sIt toits initial roughness before the steps Si to
S5. Therefore, aReégardiigfhes matgdalsuppdine subBetasebstiateedbvapddthe a
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2011/ 073716%fd IneREAAR/ SFAAE Rtermediate layer and support substrate may also be

of the same chemical nature but with a different crystallography so that

20 one of the material, namely that of the support substrate, is harder to
polish than the other, namely that of the intermediate layer. In that case
the detection of the interface between the intermediate layer and the
support substrate is performed by detection of variation of the polishing
rate.

25 As explained previously, thanks to the presence of the intermediate
layer on the bonding face of the support substrate, the latter exhibits a
roughness which is similar to its initial roughness before the steps S1 to
S5. Therefore, after step S5, the support substrate is recovered in a state,
at least in terms of surface roughness, wherein it can be reused as such.

30 The process of the invention thus also includes one or several further
steps of using the recovered support substrate after removing the
intermediate layer as in step S5. The substrate thus recovered may be
notably used for epitaxial growth, bonding with another substrate, or
repeating the steps S1 to S5 as described above, and that without

35 particular additional preparation treatments.



11 In a preferred enbodi nent according to the invention, in the
process for recycling a support substrate 25 according to the invention, a
part of tweniBabk substrate 10 is renoved to form a | agenB0Qpo7pref erably
before the step of irradiating the el etlromagnetic radiation absorbing

| ayer. 5 According to the invention, the |ayer 100 may alternatively
consist on a single layer of one material or a plurality (stack) of
sub-layers of different materials (sonme sub-layers nmay be of the sane

material). An exanple of such a process is illustrated schematically in
Figure 2, where |n|t|al substrate 10, in this exanple after the step Sl1 of
formng an 10 imj ?‘5 Bbdﬂ#er&nac%c My e tﬁts:Qm?e”rttudﬁf i {Heport
substrate 25, the ste ormn an e ctro netic radiation
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m|ddiﬁed layer 100 from the support substrate 25. In a step S16, the
20 intermediate layer 15 is removed from the support substrate 25.
" Further preferred in the present invention is a process for recycling
a substrate including such a step of removing part of the initial substrate
to form a layer 100, and then, in a further step, after the bonding step in
the above-mentioned process:
25 - functionalizing the layer 100; and/or
- bonding further layers to the layer 100.
These two further preferred embodiments are illustrated
schematically in Figures 3 and 4.
In Figure 3, 100’ represents a functionalized layer 100 (derived
30 from the initial substrate 10). Functionalization step, shown in a schematic
illustrative example in step S17 of Figure 3 following on from steps S11 to
S14 as shown in Figure 2, may include forming regions with photovoltaic,
optical, optoelectronic, electronic and/or mechanical functions in or on the
layer 100. It is also to be understood that functionalization step may
35 includes any technological step that changes the layer characteristic such



as formng material layers, thin layer or sufficiently thick |layer to be
freestanding, or formng active |ayers by deposition, for exanple
deposi ti onohy1pstiaxy. A step of irradiation S18 of theroonBmdyerwizy W th
el ectromagnetic radiation, such as visild e |ight and/or ultraviol et
radiation, 5 is carried out to induce separation of the functionalized

| ayer 100" fromthe support substrate 25. A step S19 of renoving the
intermedi ate |ayer 15 fromthe support substrate 25 is then carried out.
In Figure 4, a further substrate 30 is bonded to the entity conprising

| ayer 100, el ectromagnetic radiation absorbing |layer 24 and 10 support

substrate 23g forgningemabdidal a9l WHM 18%ere o8 - sffieiBhEY etbsckd ldydrotoohe as
shown in qu;ureZ r from nFlgure
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layer laid down by the processes discussed above. This bonding may also
20 contain an electromagnetic radiation absorbing layer for a subsequent
separation of support substrate 30 if needed.
A step of irradiation S41 of the bonded entity with electromagnetic
radiation, such as visible light and/or ultraviolet radiation, is carried out to
induce separation of the functionalized layer 100/100' from the support
25 substrate 25. A step S42 of removing the intermediate layer 15 from the
support substrate 25 is then carried out.
In one embodiment according to the process of the present
invention, the initial substrate 10 may be a bulk free-standing substrate.
In one embodiment, the initial substrate 10 may comprise a surface
30 layer 12 having a face 12b for bonding to the support substrate 25, and
an underlying support substrate 11 acting as a template on which surface
layer 12 has been deposited. In such systems, the surface layer 12 and
bulk substrate 10 from which layer 100 is formed may appropriately
comprise at least one of the group selected from: GaN, InGaN, SiC, S,
35 Si(000), Si(111), GaAs, ZnQ, crystalline AIN, AlGaN, InGaAs, InP, Ge,



I nAl As which are preferably single crystal materials. The |layer 100 may

al so be forned in at | east one sem conductor material, preferably a single
crystal mmoenia737ibor exanple fromthe |V group nateri alPsT(iB2otvo@e7Si , Ce),
the I'11/V group materials (polar or nod3polar or sem-polar materials such
5as @GN, In@&N, InGAs). The initial substrate 10 to be used in the
process of the present invention may appropriately contain an underlying
support substrate 11 chosen for a reasonable dilatation coefficient match
and/or lattice paraneter match between the support and the surface | ayer 12
10 conprising sapphire (Al 203), LiTa03, LiNo03, MO Si, SiC or a netal
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provi de a phﬁﬁﬁsﬁstl’%‘é‘.kness defining an upper region of said substrate 10,
and renoving t litting at .t | ane of weakness.

Thus, in a fi st I%Eﬁ@e %ﬁgég\}%ﬁ]ﬁg& kgl b W&eépgie%\gaﬂfe?éc%ﬁm’fﬁge {@&ehe
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the surface layer 12, from which the layer 100 in which functionalities are
to be introduced, is formed. As an example, where the surface layer 12 is
a III-N material, appropriate initial seed support materials may for
20 example include: sapphire (AlO3), SiC, Si(111), GaAs, ZnO, crystalline

AIN.

In a preferred process embodiment according to the present
invention, in the framework of a process including thinning of initial
substrate 10 to produce layer 100, epitaxy as a step of functionalization

25 may be carried out on layer 100, for example to obtain a sufficient
thickness of material for the layer then produced to become a free
standing substrate.

In a further preferred embodiment, ion implantation is performed in
said initial substrate 10, prior to bonding to the support substrate 25 via

30 the radiation absorbing layer 24, so as to provide a plane of weakness
defining an upper region of said substrate 10, and removing the upper
region by splitting at the plane of weakness.

Thus, in a first preferred embodiment of the process according to
the present invention, as is shown schematically in Figure 5, a III-N

35 material layer is withdrawn from an initial donor substrate using Smart



Cut () technology. Nanely, the I1l-N material (12 in Figure 5) may be
initially present on a bul k donor substrate. In an exanple of this, as
shown |n\ﬁogunﬂwin6a [11-N material is shown which may beTﬁhﬁMQmuwm by
epitaxy on a "tenplate" such as sapphii®. An alternative enbodinent 5

woul d be to use a Ill-N material attached to a support substrate via an

I nt ermedi ate bondi ng | ayer-such an arrangenent nmay be referred to as GaNGCS
(GaN bonded On Sapphire). lon inplantation is carried out in |ayer 12
t hrough a bonding | ayer 23a (step S20 in Figure 5), and then bonding (step
S21 in Figure 5) is 10 perfornmed to a bonding |ayer 23b on a second
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25 knows how to adjust the implantation so as to obtain a depth of the plane

of weakness of between 50 and 1000 nm, and the temperature and
duration of the heating process used to induce separation and splitting
about the plane of weakness are known to varying according to
implantation conditions, and in particular the implantation ion dose.

30 In step S23 in Figure 5, the surface exposed by splitting about the
plane of weakness is bonded to a final substrate 30, in this case chosen to
comprise a final support substrate 31 and a bonding layer 33.
Subsequently, in step S24 in Figure 5, the entity thus obtained, containing
elements from each of the initial, second and third substrates, is subjected

35 to electromagnetic radiation, directed through transparent support
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epi t gy agatie absbibing Sapae 2an mbg be removed. If the bonding layer 23 is
comprised of silicon dioxide, this layer may appropriately be removed by

dry etching or mechanical polishing associated with chemical etching, for
example using a dilute aqueous solution (10% by weight) of hydrofiuoric

acid (HF). In step S25, the intermediate layer 15 is also removed by

30 chemical etching with a dilute aqueous solution (10% by weight) of
hydrofluoric acid (HF) in order to recycle the support substrate 25 for
subsequent uses. Indeed, the bonding surface of the support substrate 25
recovers a surface topology and roughness similar to the initial ones. The

support substrate has not suffered to any degradation of material and

35 daes not need further preparation steps such as polishing or removal of



20 transferred thin layer of I11-N material. In the present invention,

waf ers of any particular dianeter may be mani pul ated, w thout any specific
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to the invention, after the step carryil6g out irradiation of the

el ectromagnetic 25 radiation absorbing |ayer 24 through the support
substrate 25 and the internediate |ayer to i nduce separation of the support
substrate 25 fromthe initial substrate, epitaxy or further
functionalization may be carried out on the bonding face 10b of the initial
substrate 10 |iberated by the irradiation of electromagnetic radiation
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enbodi ment slimftatibe. present invention, as nentioned previously, bonding

between the ini il 4ol gk AEbABIRERCTH (HTSCLRLE aBR iy G7Re o0 ou

usi ng one or nore Si | I con
invention, after the step carrying out lrradlatlon of the electromagnetic

25 radiation absorbing layer 24 through the support substrate 25 and the
intermediate layer to induce separation of the support substrate 25 from
the initial substrate, epitaxy or further functionalization may be carried out
on the bonding face 10b of the initial substrate 10 liberated by the
irradiation of electromagnetic radiation absorbing layer 24 after irradiating.

30 In a second preferred embodiment according to the present
invention, the structure that can be used in the process of the invention is
obtained by ion implantation in a substrate such as bulk GaN, followed by
epitaxy of a III-N material such as InGaN in such a way as to not exceed
the energy input required to split the substrate along the plane of

35 weakness generated by ion implantation, followed by bonding the



I n an advant ageous enbodi nent, rather than the el ectromagnetic 30

radi ati on absorbing | ayer being a fully distinct |ayer extending across the
| engt h amnsloknaiadshicof the stacked entity bei ng prepar edpCsuBiod/bemd72 he
cross-section throughout is as shown irl%he attached Figures), one or nore
of the bonding layer(s), such as oxide bonding l|ayer(s), may contain at

| east one enbedded region of el ectronagnetic radiation absorbing WO

2011/ 073716PCT/ 1B2009/ 007972 18 material conprising SixNy, SixNy:H S13MN,
GaN, AIN, InN, or mixed nitrides of one or nore of In, Ga and AL In a
third advant ageous exanpl e enbodi nent according to the present invention,
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support, the UV and/or visible light absorbing layer, the bonding layer and
the InGaN layer, can be bonded to a final support substrate (see step 523

20 of, Figure 5), which may for example be a sapphire substrate. Separation
can then be carried out using irradiation via the support substrate of the
intermediate substrate, and a InGaNOS substrate is obtained with the
required polarity on the upper face in order to begin proceed with further
epitaxy.

25 In some advantageous embodiments of the present invention, as
mentioned previously, bonding between the initial substrate and the
second substrate may be carried out using one or more silicon oxide
bonding layers.

In an advantageous embodiment, rather than the electromagnetic

30 radiation absorbing layer being a fully distinct layer extending across the
length and breadth of the stacked entity being prepared (such that the
cross-section throughout is as shown in the attached Figures), one or
more of the bonding layer(s), such as oxide bonding layer(s), may contain
at least one embedded region of electromagnetic radiation absorbing



30 according to the invention, an absorbing |ayer 24 such as SixNy laid
down by a PECVD technique with a thickness of about 100 nm and a silicon
di oxi de bwodnng7Bmger 23 having a thickness of about 50@cmmB200%oq@oTi ded.
Mol ecul ar bonding is used to link the iz tial and internedi ate substrate
entities via the oxide bonding |layers 13 and 23 which are brought into
35contact WD 2011/073716PCT/ 1B2009/ 007972 19 Heat treatnent then
enables, in step S34, fracture of the entity created, renoving the initial
underlying initial support substrate 11 and a part of the GaN seed | ayer.
Et chi ng techni ques known to the skilled person are then used to reane t he
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appropriate t |ckness W|II be about 300 nm.

In subsequent step S32, implantation by ions such as hydrogen
and/or helium can be carried out through the oxide layer 13 and through
the InGaN, in order to create a zone of weakness at a depth of about

25 500 nm, the zone of weakness being situated in the GaN seed layer. A
dose of the order of 4 x 10" atoms/cm? is appropriate for such an
implantation.

In subsequent step $33, an intermediate substrate comprising, in
order, a support substrate such as sapphire 25, an intermediate layer 15

30 according to the invention, an absorbing layer 24 such as SixNy laid down
by a PECVD technique with a thickness of about 100 nm, and a silicon
dioxide bonding layer 23 having a thickness of about 500 nm, is provided.
Molecular bonding is used to link the initial and intermediate substrate
entities via the oxide bonding layers 13 and 23 which are brought into

35 contact.



WO 2011/ 073716PCT/ 1B2009/ 007972 20 CLAI M5 1. Process for recycling a support

substrate (25) of a materi al substantially transparent to at |east a
wavel engtwoabiigl7eabr omagnet i ¢ 5Sradi ati on, said process ®QEIB2S)/DGI72 a)
providing an initial substrate (10); 19 b) formng an internedi ate | ayer

(15) on a bonding face of the support substrate (25) having an initial
roughness, said internediate | ayer (15) being of a material substantially
transparent to at |east a wavel ength 10of el ectromagnetic radiation,

C) formng an el ectromagnetic radi ati on absorbing |ayer (24) either on the
bondi ng face (10b) of the initial substrate (10), and/or on the

internedi ate |ayqiedilibatment tl%e enablesflin 498614, [SCHRS (dftheS R at ©
(10) to the support substrate (29) via the. electromagnetic radiation
absor bi ng | a‘i}'@g edp igmoying the in t%)ur@@r'm%@“ﬁtswpppadﬂgﬁt@ﬁe di amga

el gc: ro [fﬁg?qiéérti of mhi ataN_cseteahaw@ iEs@hPQY@dhrﬁc%ﬂés_ kﬁvmg@tﬁéwgkmeumefstonh
substrate e in iate l.gyer nduce separ Qn e
support subé%atﬁgg(%%j ' B%gﬁgt %ir?'f"aﬁglsﬁ%@t gg‘@?e'ﬁé%%ﬁ?sg%@é’goé% or di ng
to clabm 1, dnd nokeshawmin iFigurg,6)akndrthis expasps the faep of thefnGaNdayerg t he
|t e rect 2t e Jcielod alirgONobiy. ShRechlineuRosds S s dres0gPl o

subsequent ﬂses. SS_ ac r' step f),

the bonding 1fiscdowh Byha RECY sedmiqup ot thiclsess afanpreyimaiglyaol aihness
subst anti al I'phisifoither dlectrdmagnetid *hdibBYgasvtbing layer and/or adhesion

layer is represented as layer 34 in Figure 6. A silicon dioxide bonding layer

10 is then laid down by an LPCVD or PECVD technique with a thickness of
approximately 500 nm to 3um (step S36- the silicon dioxide layer is
represented as 33). After preparation of the surfaces for bonding
(planarization, CMP, brushing, and optionally plasma activation), the
structure obtained in step S36 is put into contact with the final support

15 substrate of sapphire, labelled 31 (step S37). Bonding reinforcement
thermal treatment may be carried out, involving heating at 300 to 950°C
during several hours.

Subsequently, in step S38, electromagnetic radiation absorbing
layer 24 may be irradiated, for instance by sweeping a laser beam at the

20 surface of the intermediate support substrate 25, at a wave length of 193
nm in order to induce decomposition and separation of the intermediate
support (intermediate support substrate 25 and intermediate layer 15 in
combination with absorbing layer 24), possibly with the addition of
mechanical energy.

25 Subsequent removal of possible absorbing layer residue 24 and of
the oxide bonding layers 13 and 23 is carried out in step 39, for example
by dry etching or mechanical polishing associated with contact with diluted
hydrofluoric acid, then enables the InGaN surface 12t or 100 having Ga
polarity to be exposed. This may be then used as a basis for further

30 epitaxy of InGaN and/or other active layers. The absorbing layer 34 may
be used as a separation layer for separation of the final support substrate
31 in a subsequent use of the final entity if needed. In step S39, the
intermediate layer 15 is also removed in order to recycle the support
substrate for subsequent uses.

35



4. Process according to claim2 or 3, further conprising, after step f),
30at | east a step g) of using the recovered support substrate (25). WO
2011/ 073 M O6RCT/BAG09/ 007972 21 6. Process accordi ng to aoy/Brey/ed79rd ai ns 1
to 5, wherein the conducting internedi a0e | ayer conprises at |east one
material of the group selected from Si021LiF, CaF2 and MgF2. 5 7. Process
according to claim®6, wherein, in step f), the internediate |ayer (15) is
renoved by chem cal etching or by polishing. 8. Process according to any
one of clainms 1 to 7, wherein the support 10substrate (25) conprises at

| east one material of the group selected from sapphire (A 203), MO CaF2,
MyF2, L1Ta03 and Li Nb03. 9. Process @@gpiding to any one of clainms 2 to 8,
wherein the internediate |layer is nmade of Si02, the support substrate (25)
is made of 15 sapphire (Al 203), the bonding face of the support substrate
(25) has an 1i.ni t iRrbcassu fbmessycingale wsuppbriRidabstratelr @5)ownf 1ammateriait er x 1

omerer e ApSElg BN RE et RS . Asphghaner
by AFMP 20 radiation, said process comprising:
a) providing an initial substrate (10);
b) forming an intermediate layer (15) on a bonding face of the
support substrate (25) having an initial roughness, said intermediate layer
(15) being of a material substantially transparent to at least a wavelength
10 of electromagnetic radiation,
¢) forming an electromagnetic radiation absorbing layer (24) either
on the bonding face (10b) of the initial substrate (10), and/or on the
intermediate layer (15),
d) bonding the initial substrate (10) to the support substrate (25)
15 via the electromagnetic radiation absorbing layer (24), and
e) carrying out irradiation of the electromagnetic radiation
absorbing layer (24) through the support substrate (25) and the
intermediate layer to induce separation of the support substrate (25) from
the initial substrate.
20
2. Process according to claim 1, further comprising, after step e), a
step f) of removing the intermediate layer (15) so as to recover the
support substrate (25) for subsequent uses.

25 3. Process according to claim 2, wherein, after step f), the bonding
face of the recovered support substrate (25) has a roughness substantially
similar to the initial roughness.

4, Process according to claim 2 or 3, further comprising, after step f),
30 at least a step g) of using the recovered support substrate (25).

5. Process according to any one of claims 1 to 4, wherein the
intermediate layer has a thickness of at least 10nm.



10. Process according to any one of clains 2 to 5, wherein the support
substrate (25) conprises a bore-doped silica glass and the internedi ate

| ayer (15yoconpr/smes a vitreous material, the internedi atemBayeno7’oitsS) bei ng
removed by polishing in step (f). 25 2fl. Process according to any of
clainms 1 to 10, wherein part of the initial substrate is renoved to forma
| ayer (100), after step a) and preferably before step e). 3012. Process
according to claim11l further conprising, after step d), a step d') of
functionalizing the | ayer (100) and/or bonding further |ayers or substrates
to the layer (100). WD 2011/073716PCT/ 1B2009/ 007972 22 13. Process

according tg cl albﬂ@céf?s #&ﬁgﬁ@c@t eat?llyd'd'lei ! Hgﬁﬁsffr ' '

Sy th
phot ovol tai ¢, optica roni‘c, €l ectronic an /gg ﬁ@%hﬂﬂiga

functions i ePrsRICHRgtIRkermediate laysancomprisepiadeast onedpatarial of BN OEUR 11,
wher ei n | aygdledté@@rorgnd/ or support substrate (25) includes regions with

phot ovol tai c, opf.ical oelectronic, electronic and/or mechani cal
functions. 15. ﬁ$@3@§§9 @é%?@ﬁﬂ 'to any of clainms 12 to 14, wherein step
(d") 50i ncludes performng bonding to join the exposed face of the
substrate (40) t | ( 1P S | any of
Syoet e, (PO ekt BBborBEEk A @ nereh? 1 55% 0 FEfhEdeke

layer (15) is removed by chemical etching or by polishing.

8. Process according to any one of claims 1 to 7, wherein the support
10 substrate (25) comprises at least one material of the group selected from:
sapphire (Al,03), MgO, CaF,, MgF,, LiTaO3 and LiNbQs.

9. Process according to any one of claims 2 to 8, wherein the
intermediate layer is made of SiO,, the support substrate (25) is made of

15 sapphire (Al,Os), the bonding face of the support substrate (25) has an
initial roughness of about 1A RMS measured on 1 micrometer x 1
micrometer by AFM, and the roughness of bonding face of recycled
support substrate (25) is of about 1A RMS measured on 1 micrometer x 1
micrometer by AFM.

20
10.  Process according to any one of claims 2 to 5, wherein the support
substrate (25) comprises a bore-doped silica glass and the intermediate
layer (15) comprises a vitreous material, the intermediate layer (15) being
removed by polishing in step (f).

25
11.  Process according to any of claims 1 to 10, wherein part of the
initial substrate is removed to form a layer (100), after step a) and
preferably before step e).

30 12.  Process according to claim 11 further comprising, after step d), a
step d") of functionalizing the layer (100) and/or bonding further layers or
substrates to the layer (100).



substrate (10) is a bulk free-standing substrate. 15 17. Process accordi ng
to any of clains 1 to 15, wherein the initial substrate (10) conprises a
surface hageniifaz2)ichavi ng a face (10b) for bonding to tkReTaBmoPnE79RUbSt T at e
(25), and an underlying support substral? (11) acting as a tenplate on

whi ch surface layer (12) has been 20deposited. 18. Process according to
any of clains 1 to 15, wherein the initial substrate (10) conprises a
surface layer (12), an internediate | ayer and an underlyi ng support
substrate (11). 25 19. Process according to any of clains 11 to 18,
wherein ion inplantation is performed in said initial substrate (10)

e, oF 6ct 1 ommet | o e e R 1) e R o
provi de 30a SHUHE o‘P"taeeP%WE@éo' an iﬁglan Oﬁg‘?ﬁ’éégff‘éﬂﬁonéﬁﬁg%ma MRk r at e
(10), and r emechavgcalfanotges inr@gormthélayep(100). ng at the plane of weakness.

WO 2011/ 073716PCT/ 1B2009/ 007972 23 &8N, In&N, SiC, Si, Si(000), Si(111),

GaAs, ZnO, crystalline AIN, AlGN, InGAs, InP, Ge, Al As.
5 14,  Process according to claim 11, wherein layer (100) and/or support

substrate (25) includes regions with photovoltaic, optical, optoelectronic,
electronic and/or mechanical functions.

15. Process according to any of claims 12 to 14, wherein step (d)
10 includes performing bonding to join the exposed face of the substrate (10)
to a final substrate (30).

16. Process according to any of claims 1 to 15, wherein the initial
substrate (10) is a bulk free-standing substrate.
15
17. Process according to any of claims 1 to 15, wherein the initial
substrate (10) comprises a surface layer (12) having a face (10b) for
bonding to the support substrate (25), and an underlying support
substrate (11) acting as a template on which surface layer (12) has been
20 deposited.

18. Process according to any of claims 1 to 15, wherein the initial
substrate (10) comprises a surface layer (12), an intermediate layer and
an underlying support substrate (11).
25
19. Process according to any of claims 11 to 18, wherein ion
implantation is performed in said initial substrate (10) through the face
(10b), prior to bonding to the support substrate (25) via the
electromagnetic radiation absorbing layer (24) in step d), so as to provide
30 a plane of weakness defining an upper region of said substrate (10), and
removing the upper region by splitting at the plane of weakness.

20. Process according to any of claims 1 to 19, wherein the initial
substrate (10) comprises at least one material of the group selected from:



21. Process according to any of clains 1 to 20, wherein el ectromagnetic
5radi ati on absorbing | ayer (24) conprises at |east one material of the
group: Siwb2o11Bi73Ng: H, Si 3N4, GaN, AIN, InN, or m xed niPCTiIBE®Y/0679TNE OF
nore of In, Ga and Al or poly Si, singl23crystalline Si, or anorphous
silicon containing at |least 2 atomc percent of hydrogen. 10 22. Process
according to any of clains 1 to 21, wherein the bondi ng between the initial
substrate (10) and the support substrate (25), is carried out using one or
nore silicon oxide bonding |ayers. 1523. Process according to any of clains
11 to 22, wherein after step e), epitaxy or further functionalization is
carried out t N if f | Bhbl rag e

| i berat ed by@é]\kll'%nfgrér?\g'dgig? %(')' gggogﬁ(eggqlrlg%’agﬁg\? ( ghér)ég%sti?‘gﬁéa sbrAg)élénl\g’ | ayer
(24) in steptnéja. s, InP, Ge, InAlAs.

21.  Process according to any of claims 1 to 20, wherein electromagnetic
5 radiation absorbing layer (24) comprises at least one material of the

group:

SixNy, SixNy:H, SisNs4, GaN, AN, InN, or mixed nitrides of one or more of In,

Ga and Al or poly Si, single-crystalline Si, or amorphous silicon containing

at least 2 atomic percent of hydrogen.

10
22.  Process according to any of claims 1 to 21, wherein the bonding
between the initial substrate (10) and the support substrate (25), is
carried out using one or more silicon oxide bonding layers.

15 23.  Process according to any of claims 11 to 22, wherein after step e),

epitaxy or further functionalization is carried out on the bonding face
(10b) of the initial substrate (10) fiberated by the irradiation of
electromagnetic radiation absorbing layer (24) in step e).



