WO 2006/074933 PCT/EP2006/000230 Method of Producing a Substrate
for an Optoelectronic Application The present invention relates to a

“;B%BIB% %ﬁgroducing a substrate for an optoelectronic appl'&gg}jf%gﬁg%%umw
su strage aving at least one active nitride layer on a final carrier and a

metallic intermediate layer therebetween, wherein the method comprises:
preparing of an auxiliary substrate wherein one semi-conducting nitride
layer is placed on an auxiliary carrier; metallising the auxiliary substrate
on the side of the nitride layer; bonding of the metallised carrier substrate
with the final carrier; and removing of the auxiliary carrier after the
bonding step. In the field of optical applications, GaN based light emitting
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the bc?ﬂp?g?%l%ﬁpof a conventional approach, a GaN nucleation layer is grown
on a sapphire substrate. In a second step, a two to four microns thick GaN
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processing, solid state lighting, flat panet colour dispiay, and quantum computing. However,
the realisation of GaN based layers is relatively recent in comparison to GaAs based layers.
Therefore, the technology of GaN based layers is still in the development stage, and many
technical issues remain to be addressed and resolved before those applications can be

realised.

Considering the state of the art, it is known to produce GaN-on-sapphire templates for biue
LED mass production. In a first step of a conventional approach, a GaN nucleation layer is
grown on a sapphire substrate. in a second step, a two to four microns thick GaN buffer
layer is grown on the nucleation layer, This growth step is very time-consuming and takes
typically from two to four hours. In a last step, an nGaN/AIGaN/GaN-LED structure
including cladding layers, multiple quantum vaives and p-type layers with & total thickness of
the LED structure of about 1um is grown on the GaN buffer layer.

Despite the fact that with this known tachnology a high device yield can be achieved, the
res_ulting structures have some disadvahtages. While the sapphire substrate is jess
expensive, and a more popular choice than a high cost GaN-substrate, it is non-conductive,



resulting structures have some disadvantages. While the sapphire
substrate is less expensive, and a more popular choice than a high cost
GaN-substrate, it is non-conductive, WO 2006/074933
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With the electrical current travelling Izﬁerally between these two contacts
the packaging efficiency is greatly reduced. While sapphire is transparent,
enabling more light to escape from the chip, it unfortunately acts as a
thermal insulator that traps heat, dramatically reducing the high operating
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metal layer on top of the GaN. By then employing an appropriate lift-off
techni the sapphire substrate is lifted off the GaN, leaving it and the
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rugged enough to retain comfortability
Therefore, in another known approach for producing vertical GaN-LEDs, under
consideration of the above mentioned advantages ahd disadvantages of sapphire and SiC
subsiraies, a sapphire substrate is used as the initial GaN growth substrate foliowed by
bonding a thermally and electrically conductive metal layer on top of the GaN. By then
employing an appropriate [ift-off tachnigue, the sapphire subsirate is lifted off the GaN,
leaving it and the reflective base ready for the fabrication of vertical devices.

The result of a vertical device being bonded to a reflective metal laver that exhibits low
thermal resistance, and high electrical conductivity, leads to efficient devices that lend
themselves 10 thinner LED packaging while remaining rugged enough to retain comfortabiiity
with traditional die-mount techniques. Dug to a high brighiness, this approach is especially
advantageous for back light appiications such as celiuiar phones, where a thinner die saves
precious space, as well as for high power / super bright applications such as solid state
white lighting.



with traditional die-mount techniques, Due to a high brightness, this
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density of the active nitride layer(s) of such substrates which is usually in
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crystalline quality of the active nitride layer(s) can be improved. The object
The olgpsaysbwsdivedibycamethoriloiting disoveovemisrisdedpenshsheisiththe step of
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nitrid® §IRGHIKE SO IEARAUEHROI NN WRRIIER; and franstaring &RibRAMhe semi-

condugf?ﬁ% mgiggﬁ%mg@gdgr to form the semi- conducting nitride layer
thereon. In accordance with a first aspect of the present invention, there is

provided g method of producing a substrate for an optoelectronic
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bonditietassiviase amcnduting tithidei s bstratedndvifitn@ nitride substrate having a
nitrogen face, on the side of the nitrogen face of the nitride substrate; and thermal and/or
mechanical treating of the nitride substrate to split said substrate along the predetermined
splitting area to detach a part from the massive semi-conducting substrate to form the semi-
conducting nitride layer on the auxiliary carrier.

With the inventive method according to embodiments of the present invention, substrates for
optoelectronic applications having active layer(s) with a low density of crystalline defects can
be fabricated. In particular, the dislocation density of the active layer(s) can be brought to
below 10%cm® although the active layer(s) can be made with a low thickness. This has the
effect that optoelectronic devices fabricated by using these substrates can achieve a high
efficiency and lifetime at low dimensions and weight.

Furthermore, the intermediate metal layer can assure good electrical conduction between the
active nitride layer(s) and the carrier substrate and can serve an additional purpose as a
thermal drain between the active layer(s) and the carrier substrate. This way, the final
substrate can be well electrically contacted and the thermal stress during operation can be
kept to a low value.

According to a beneficial embodiment of the present invention, the semi-conducting nitride
substrate 15 a GaN-substrate or an AIN substrate. GaN and AIN can have the advantage that
the growth of these materials as well as their properties are relatively well known so that
these materials can be provided with a high crystal quality.



nitrogen face, on the side of the nitroggn face of the nitride substrate; and
thermal and/or mechanical treating of the nitride substrate to split said ]
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layer is detached, the nitride layer formed on the auxiliary carrier may also

have a very low dislocation density resulting in a low dislocation density of
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provide a high mechanical strength which is explicitly favourable during the step of detaching

and transferring in which the auxiliary carrier is under relatively high mechanical stress.
Furthermore, the coefﬁcient of thermal dilatation of GaAs and ZnO is slightly higher than the
coefficient of thermal dilatation of typical semi-conducting nitride layers such as GaN or AIN,
resulting in an active iayer of the final substrate having only slight compression which can

prevent occurrence of cracking effects in the active layer.

According to another beneficial embodiment of the present invention, the auxiliary substrate is
annealed after the detaching and transferring step. The annealing step can reinforce connection

at the interface between the transferred nitride layer and the auxiliary carrier,



of the resulting substrate may have a very good crystallinity independent

from the properties of the final carriers In a favourable example of the

present invention, the step of detaching and transferring comprises:

depositing of a dielectric layer on the semi-conducting nitride substrate;
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or AIN, resulting inan active layer of the final substrate having only slight
compression which can prevent occurrence of cracking effects in the
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In.a further example of the present invention, a protective layer is brought
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could otherwise lead to chemical r aCtIOI’leS with the nitrige layer or to
depogyfise rogirfiretitiorrlone epitaxial nitride layer. This way, the metallic intermediate layer
can form an Ohmic contact for the at least one epitaxial nitride layer. Depending on the metal
species chosen to form the intermediate layer, it could be useful to apply an annealing step in
order to create an alloy between the nitride material and the metals used. This can allows to

shift from a Schottky contact behaviour to an Ohmic contact behaviour.

In another example of the present invention, the method further comprises providing a final
carrier and bonding of said final carrier on the metallised side of the auxiliary substrate. The
final carrier can provide a good mechanical support for the transferred nitride layer and the

deposited at least one epitaxial layer from the side opposite to the auxiliary carrier.

In a beneficial variant of the present invention, the material of the fina] carrier is selected from

a group comprising silicon, silicon carbide and copper. These materials can provide good



changes of crystallinity or purity of the nitride layer. In another preferred

embodiment of the present inventiorg the surface of the transferred nitride
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species chosen to form the intermediate layer, it could be useful to apply
an annealing step in order to create an alloy between the nitride material
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substrate. The final carrier can provide a good mechanical support for the
can beeXraYalvld nitride layer and the deposited at least one epitaxial layer from

the side opposite to the auxiliary carrier. In a beneficial variant of the
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emitted from the active layer(s).

Further advantageous objects of the present invention will become more apparent with the
following detailed description when taken with reference to the accompanying drawings in

which:

Figure 1 schematically shows a step of providing a massive semi-conductive nitride substrate

according to an embodiment of the present invention;

Figure 2 schematically shows a deposition step of a dielectric layer on the substrate of Figure
L



thermal drainage for an optoelectronic device with the final carrier. In a yet
wiyHhriagdéantageous embodiment of the present invention yt#8aSh@RBe230
reflection layer is deposited onto the final carrier before the bonding step
of the final carrier with the auxiliary substrate. The reflection layer can
serve as a mirror between the active Ie?yer(s) and the final carrier so that
the light emitted from the active layer(s) may not be absorbed by the final
carrier. According to another convenient embodiment of the present
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after the bonding step, wherein the nitride layer is used as a stop layer for

the removal step. In this step, the active layer(s) of the final substrate can
Figube £xcasstmitally groweatbendichgasitagefdbe eixachpte aff Rigaingr8seitit an auxiliary
C:ai.ri]%vention, the transferred nitride layer is removed from the substrate after

thé removal step of the auxiliary carrier. The removal of non-essential

layer(s), such as the transferred nitride layer, can improve the efficiency of
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absorption of photons emitted from the active layer(s). Further

advantageous objects of the present invention will become more apparent
Figuydth sebefoftnaihstieted s bolishing siep whe spikerxisrereféignte do the
accompanying drawings in which: Figure 1 schematically shows a step of

. praviding a massive semi-conductive nitrige substrate according to an
FIOLEF i SRR A ML B HBEIB R PIGR B BN G ST Hoture of
Figudegosition step of a dielectric layer on the substrate of Figure 1; WO

2006/074933 PCT/EP2006/000230 7 Figure 3 schematically shows an
implantation step in the structure of Fifqure 2; Fi%rjre 4 schematically
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Figure @ schematically shows a removal step of the protective layer of the structure of
Figure 7 after the annealing step of Figure 8;

Figure 10 schematically shows a growth step of an epitaxial layer on the structure of Figure
g,

Figure 11 schematically shows a deposition step of a metal layer on the structure of
Figure 10;

Figure 12 schematically shows a final carrier with a reflection layer,
Figure 13 schematically shows a bonding step batween the structures of Figure 11 and 12;

Figure 14 schematically shows the siructure of Figure 13 after a removal step of the auxiliary
carrier and the dielectric layer;

Figure 15 schematically shows the structure of Figure 14 after the removal of a
semi-conducting nitride iayer; and I



carrier; Figure 5 schematically shows a splitting step of the structure of
Figure 4; Figure 6 schematically shows a polishing step of a split
structure of Figure 5; Figure 7 schematically shows a deposifj t
Wgr%({%%?ﬂfé)%yer on the structure of Figure 6; Figure 8 sche?ﬁ%%%agﬁ@(%/%g%o
shows an annealing step of the strugture of Figure 7; Figure 9
schematically shows a removal step of the protective layer of the structure
of Figure 7 after the annealing step of Figure 8; Figure 10 schematically
shows a growth step of an epitaxial layer on the structure of Figure 9;
Figure 11 schematically shows a deposition step of a metal layer on the
Figure SEUIHERSlicBIWRoWE 4 pura hforrhemalieathcshaw 2 AHEASHEENNA
. reflection layer; Figure 13 schematically shows a bonding step between
Figure 43 structures of Figure 11 and 12; Figure 14 schematically shows the
structure of Figure 13 after a removal step of the auxiliary carrier and the
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after the removal of a semi-conducting nitride layer; an
2006/074933 PCT/EP2006/000230 Figure 16 schematically shows a
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According to the present invention, an efficient method of producing substrates for
optoelectranic applications is provided which may be used to fabricate optoeiectronic
devices such as LED structures or laser diodes.

The Figures 1 fo 16 show an illustraiive procass flow of an embodiment of the present
invention.

With reference to Figure 1, a step of providing a massive semi-conducting nitride substrate
is showrt. In the embadiment shown, the massive semi-conducting nitride substrate is a
GaN-substrate 8 having a nitrogen face 18 on top and on its bottom a galtium face 18. The
massive GaN-substrate has a hexagonal crystal structure with a dislocation density of lower
than 10%cm®. The planarity of the substrate 8 is inthe range of 20 um. The nitride
substrate 8 has a thickness of about 150 to 750 um. The nitrogen face 18 of the nitride
substrate 8 is polished and has a surface roughness of lower than 0.3 nm RMS measured
with an atomic force microscope (AFM) over a field of some 1x1 pm?.

The above described technology can also be realised using a semi-conducting nitride
substrate of GaN with a cubic crystal structure or with a cubic or hexagonal monocrystalline



illustrative embodiments merely exemplifying the various aspects of the
present invention, the scope of which is defined by the appended claims.
Accordln%‘o the present invention, an efficient method of producin

WP AES Tor optoelectronic applications is provided Whlcﬁﬁﬁﬁ%g@ﬁ@gﬁm

to fabricate optoelectronic devices sych as LED structures or laser
diodes. The Figures 1 to 16 show an lllustrative process flow of an
embodiment of the present invention. With reference to Figure 1, a step
of providing a massive semi-conducting nitride substrate is shown. In the
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massive semi- conducting nitride substrate 8. This deposition step is

on th en face, 18 of th nitride subs ate 8. The dielectric,
e e B RS A G 8ol B e ftgfpcies 10 man
impladistiquesteilicding ttnd%aa 0 odni tetiohpdtbese hﬂwnaiscﬁhmmmmune orin

combiRaieHaIm Wi acabRANGRpdedse pikiRarpiacRdfie] heGial-
betwaen 20 and 200 keV and with doses between 10" and 10" atiem?®  The species 10 are
impianted in & certain depth d of the nitride substrate 8 farming there a predetermined
splitting area 11, at and around the implantation depth d. |

According to Figuré 4, the implanted structure of Figure 3 is bonded on its implanted side
with an auxiliary carrier 8. The auxiliary carrier 6 is preferabiy a silicon supstrate, GaAs
substrate or a ZnO substrate but can also be of another material which has relatively high
mechanical stability since this material wil! be highly stressed during a following Smart Cut™
process in which the nitride substrate 8 is spiit. In the case of GaAs or ZnO as auxiliary
substrate 8, the thermal dilatation coefficient of the auxiliary carrier 8 is chosen or adapted in
such a way that it is siowly higher than the thermal dilatation coefficient of GaN, resuliing in
a structure having a GaN-layer with a shght compression preventing an appearance of
cracking in this layer.

As shown in Figure 5, the structure of Figure 4 is split into two parts with thermal andior
mechanical treatment. The stress applied due to that treatment leads to the splitting of the
structure of Figure 4 along the predetermined splitting area 11. The splitting step resuilts in



substrate 8. The dielectric layer(s) 9 are favourably deposited by chemical

W (3‘%79% osition. Although not absolutely necessary, theﬁ &
shown in ?gure 2 can be thermally annealed to. densify theHollrll(}-:-%lq.y'rét:trfﬁcm{m:’0

layer(s) 9. As illustrated in Figure 3, the structure shown in Figure 2 is
implanted with species 10 in an impld®tation step. The species 10 can be
of hydrogen, helium or other elements alone or in combination. In the
embodiment shown, the species 10 are implanted with energies between
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_species 10 are implanted In a certain | strate
auxifar g aieife SoprdRtesraines aspiigncarder f1the disiealiuiayanhg and a
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iqure 3.is bonded on its implanted side with an iary carrier 6. The
sSSP GRSt A AL AP B Lroughness
afterZh©splitlisgatieut can also be of another material which has relatively

high mechanical stability since this material will be highly stressed during
a following Smart Cut" groce_ss in which the nitride substrate 8 is split, In
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on tieeefficmntanktie afitibariridariigetis Attestnsoraidhpipdiap, shelsuafae/ roughness
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~resulting’in a structure having a ayer ompression
with giedéMing an appearance of cracking in this layer. As shown in Figure 5,
the structure of Figure 4 is split into two parts with thermal and/or

mechanical treatment. The stress lied due to that freatment (31
i 1 By DG TR o PO D R SR T e g 14 o
the GRdeiagerthellinlatpetep lastilisiis weiezabis /o riglgdric layer,
PCT/EP2006/000230 10 two structures, a residual part of the former

s TR Bl 4o BURe roetrE ey Eaira g o anmesiing
equipementddicengmitiivle injrerdlyitrgatqshin eftémpkyatue segitcbaRstmEO0 and
1105‘“&% & gaseous atmosphers which permits preservation of the crystal quality of the
GaN-layer 2. The annealfing step shown in Figure 8 can also be applied before the polishing
step shown in Figure 6 and can aiso be applied directly onto the auxiliary substrate 5 without
the deposition of the protective layer 13 before the annealing step. The thermal annealing
step leads to an enforcement of the bonding forces at the interface between the auxiliary
carrier 6 angd the dielectric layer 8.

As shown in Figure 8, the protective layer 13 which can be deposited before the annealing
step shown in Figure 8, is removed in a removal sfep. in a favourable example of the
invention, the protective laysr 13 can be femoved with a chemical treatment, for instance
with HF. The removal step results in the auxiliary substrate 5 having a smooth and clean
gallium face 14 on top of the GaN-layer 2. The GaN-laysr 2 is monocrystalline with a crystal
quality equivalent to the crystal quality of the massive semi-conducting nitride substrate 8 as
shown in Figure 1. The surface of the GaN-layer 2 is nearly frea from particles. The
thickness of the GaN-layer 2 is, in one favourable exampie of the invention, about 200nm.



substrate 8. The split structures have split surfaces 14 and 22 with an

wihsieasadssoughness after the splitting step. With reference¢a-kiguig o230
the auxiliary substrate 5 is smoothed in a polishing step applied on the

split surface 14 of the nitride layer 2. After this polishing step, the surface
roughness of the GaN-layer 2 is of an atomic level which is only several
Angstroms when measured with an AFM. In the next step, shown in
Figure 7, a protective layer 13 is deposited on the surface 14 of the
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annealing step shown'in Figure 8 can also be applied before the polishing
step shown in Figure 6 and can also be applied directly onto the auxiliary
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thickness of the GaN-layer 2 is, in one favourable example of the

invention, about 200nm. WO 2006/074933 PCT/EP2006/000230 11
In a next step, shown in Figure 11, a metal layer 4 is deposited on the epitaxial layer(s) 15.

The metal layer 4 serves later as an Ohmic contact to contact the resulting structure
electrically. The metal layer 4 can be of Ni/Au, Pt, rhodium or another conductive material.

With reference to Figure 12, a final carrier 7 is p'rovided on which a refiection layer 17 is
deposited, The final carrier 7 serves as & support substrate which is electrically conductive
with a low elecirical resistivity and a good thermal conductivity. The final carrier 7 can be of
silicon, SiC, copper or ancther conductive or semi-conducting material. The reflection layer
17 can be for instance of gold, aluminium or silver which materials have good reflectivity.
The reflaction layer 17 acts later as a mirror layer arranged between the final carrier 7 and
the epitaxial layer(s) 15. Said mirror is chésen depending on the emitted wavelength(s) of
the resulting structure,

As illustrated in Figure 13, the structures of Figures 11 and 12 are connecied on the metal
layer 4 and the reflection layer 17 in a bonding step. The bonding step leads to a molecular
adhesion between the structures of Figures 11 and 12 to provide a contact therebetween
using mechanical pressure and a certain temperature.



With reference to Figure 10, in a further step an epitaxial layer 15 is
deposited on the gallium face 14 of the GaN-layer 2. The epitaxial layer
15 can be deposited with a known epitaxy method like MO P% oo
WO temperature applied during the epitaxial deposition step Is in
the range between 700 and 1100C.1gor example, the epitaxial layer(s)
deposited in the step shown in Figure 10 can be: of n- type GaN doped
with Si and having a thickness of about 0.2 pm, of InGaN, of AlGaN
and/or of p-type GaN doped with Mg. The total thickness of the epitaxial
layer(s) 15 is, in a favourable example of the invention, about 0,5 pm. The

As shdwmpesities of thesoipsialiayerdudeagrasn Saneffidenskand s o are
wavelerkc};tl-%oge gfto?lectronlc strﬁure w h ?halcl) b«T abrlc%ted wﬂpe
remove R (if PO PC R R ISEIRGH S8R sid) S BIECYBlER R SHLP TS
mechasicatafpieg aivilentatistiegdis sedtrmedersitcal atiecdrigingl the gallium nitride
layer 2%@'&??5%%@5% Syt MRaRA PWEHAR LPGIRERA. #hdSr@3RGERMN be realised

vantageous to have epitaxial Iayer(s’wnh an increased thickness to
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carrier 850 8RESIOrEMINES &Y LRifgRNPALHEMICES PERiEEes on which a reflection
layer 17 is deposited. The final carrier 7 serves as a support substrate
which is electrically conductive with a low electrical resistivity and a good

In a nekestapiscomduotvigy d he, finalbediviermitidnideeor SireomvsisTedgpestkcture
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chosen depending on the emitted wavelength(s) of the resulting structure,

As illustrated in Figure 13, the structures of Figures 11 and 12 are

With refineesda bigure TRt diagiical satact TR BIRHISI TIPS PRIBERUIAENS) 1=

step. The bonding step leads to a molecular
The resulting structure consists of the final carrier 7, the reflection layer 17, the metal
layer 4, the epitaxial layer(s) 15 and the electrical contact 21. The metal layer 4 and the
reflection layer 17 form together a metallic junction or metallic intermediate layer between
the carrier substrate 7 and the epitaidal layer{s) 15. The metallic intermediate layer can
include or not includs the refiection layer 17.

in foliowing steps which are not shown, the structure shown in Figure 16 is further
processed by using lithographic and etch steps for chip fabrication, deposition steps of
dieiectric layers for preservation of the structure and depaosition steps of metal iayers to
realiss contacts on both sides of the structure. As last steps, the fabricated structures are
separated into chips which are packaged finally.

With the inventive method, a substrate with an active layer of very good crystal quality and
with eliminated inutile lavers can be realised for optoslectronic applications, The good



adhesion between the structures of Figures 11 and 12 to provide a contact
therebetween using mechanical pressure and a certain temperature. WO
2006/074933 PCT/EP2006/000230 12 As shown in Figure Plé,ng a {]:u/f;th%e
W&éﬁoﬁ’%“é&iliary carrier 6 and the dielectric layer 9 are rerhoved from the
bonded structure in a removal step. Thge removal step can comprise
mechanical lapping and/or polishing as well as a chemical attack using the
gallium nitride layer 2 as an etch stop layer. If the final carrier 7 is of

silicon, the removal can be realised using mechanical treatment followed

Crystgl iRk RemRStasE Seti b hiaTaffisiansy HFMHNIGRIfsoiptiarofShistructures, in
particliemical Btask Raree seaisaddpuEEMeHRg S SrHGRILS R Qﬂﬁgﬁﬁi%n of GaN

e SAl lution using,an equipment with which the structure can be
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Iayeréﬁllﬂﬁ@ﬁti%i@ eehigvaffsfiehoyaiitintyadiatier, can also be realised by using
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itride Ia%er 2 is removed from ‘'structure wn In Figure
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a direCh IERNATBR A RiRAML 06 581 RyPasaitatm ik dit aLBsiRaTRy SThiscuay réxfinal active
epitaaimieiabnar@s}ambef@ﬁ&m’r?dmyoﬂ&tba tsuitig %&%m@w&gd@@%%e same
d"k‘.%g t orption of photons. GaN absorbs,
900 for in%"tﬁrﬁ%(’el,?[':J?Q\q}ln gﬁg}%ﬂa%@ﬁ% ersztﬁuc%utrc?%igure 16, an electrical
contact 21 is provided on the epitaxial layer(s) 15. The resulting structure
consists of the final carrier 7, the reflection layer 17, the metal layer 4, the
epitaxial layer(s) 15 and the electrical contact 21. The metal layer 4 and
the reflection layer 17 form together a metallic junction or metallic
intermediate layer between the carrier substrate 7 and the epitaxial
layer(s) 15. The metallic intermediate layer can include or not include the
reflection layer 17. In following steps which are not shown, the structure
shown in Figure 16 is further processed by using lithographic and etch
steps for chip fabrication, deposition steps of dielectric layers for
preservation of the structure and deposition steps of metal layers to



realise contacts on both sides of the structure. As last steps, the
fabricated structures are separatedtito chips which are packaged finally.
With the inventive method, a substrate with an active layer of very good
crystal quality and with eliminated inutile layers can be realised for
optoelectronic applications. The gbdd}A 2006/074933
PCT/EP2006/000230 13 crystal quality is very important for a high
efficiency and long life span of the structures, in particular for LED

L struétuPeeitdasbrrisisi s arindiale, Bietd MlRiFRionaEPesaen. the

sutipttile tayess in thadnveetivaimeiiaddallpws ninimigatiprafiphatan a metallic

. absorption in the active layer(s) resulting in g high efficiency of light
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substrate having at least one active nitride layer on a final carrier and a
metdHEiliAte GHeaEta Y Beeripei@en, wherein the method comprises:

chRFePRkRgOipmauxiliary substrate wherein one semi-conducting nitride
layer is. placed on an auxiliary carrier; metallising the auxiliary substrate

theoiah QiR B BsS in Ay et BERT Y BPTisES metallised auxiliary
subsirgituyitly thediealisarrieceaath réspovisg Dhthe auxdiay:catdenaftartide

sl bonding see sharadtsrised in hat i sige of reparing the auilary
bonding the auxiliary carrier with the massive semi-conducting nitride
substrate having a nitrogen face, on the side of the nitrogen face of the nitride
substrate; and
thermal and/or mechanical treating of the nitride substrate to split said substrate
along the predetermined splitting area to detach a part from the massive semi-

conducting substrate to form the semi-conducting nitride layer on the auxiliary carrier.

2. The method of claim 1, characterised in that the semi-conducting nitride

substrate is a GaN-substrate or an AIN substrate.

3. The method of one of the claims 1 or 2, characterised in that the massive
semiconducting nitride substrate is produced with a dislocation density of less than
10"6/cm”.

4. The method of one of the preceding claims, characterised in that the

method further comprises:
depositing of a dielectric layer on the semi-conducting nitride substrate; and
implanting species through the dielectric laver into the certain depth of the

nitride substrate to form therein the predetermined splitting area.



implanting species into a certain depth of a massive semi-conducting

nitride substrate to form therein a predetermined splitting area; bonding

the auxiliary carrier with the massive semi-conducting nitride substrate
having a nitrogen face, on the side of the nitrogen face of the nitride
Ssubstrabe; srehtherohaband/brihee pharitiaktreiing, oftheanitridedubstihate the
ARARIL SIS RS alBalong foe prqgietnined SpIting:aea 0 Aeath &icon
part from the massive semi- conducting substrate {0 form the I ’
(setviia@neifeting nitride layer on the auxiliary carrier. 2. The method of

claim 1, characterised in that the semi-conducting nitride substrate is a
GaN-substrate or an A1N substrate. 3. The method of one of the claims |
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method of one of the preceding claims, characterised in that the method
further comprises: depositing of a dielectric layer on the semi-conducting
MitrideBubsirdie] afididmplaringapedied thiralghdhedtielpatigiayRr dsisited
the iﬁrt%ia{'ns th,of.the nitrid S{JbSt_ te to fgIm therein
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aplagedi)cchtaracterised in that the auxiliary carrier is a substrate selected

from a group of materials comprising silicon, GaAs and ZnO. 6. The

method of one of the preceding claims, characterised in that the auxiliary
Substrats wethpé alcenafed thheweeddhrang. whasieterisedién tathe surface

JneibadREGIRIM friabaagielised dhBlm PIRIGLHYE RSN IP FERASIED step or

onto the transferred nitride layer before the annealing step and is removed

aftes thp@nnealing step.

9. The method of one of the preceding claims, characterised in that at least one
epitaxial nitride layer of a material of a group comprising n-type GaN, InGaN,
AlGaN, undoped GaN and p-type GaN is deposited on the transferred nitride layer of

the auxiliary substrate.

10.  The method of claim 9, characterised in that the metallic intermediate layer

is deposited on the at least one epitaxial nitride layer.

11.  The method of claim 10, characterised in that the method further comprises
providing the final carrier and bonding of said final carrier on the metallised side of

the auxiliary substrate.



annealing step. 8. The method of one of the preceding claims,

characterised in that the surface of the transferred nitride layer is

smoothed after the detaching and transferring step or after the annealing

step. 9. The method of one of the preceding claims, characterised in that
12, afheastoshed epitdadan hitrickaeaesedsednimttiat Sfcanpuislcofpesing! carrier is
selectPa¥RE G IR SAhbriéiiEahHRA9ResGaliandRr i aN is deposited

on the transferred nitride layer of the auxiliary substrate. 10. The method.

of claim 9, characterised in that the metallic intermediate layer is
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clalm 10, characterised in that the methqd further co 2é{)rlses provrdl the
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with tBexiligilyasubstkatee 16 12. The method of claim 11, characterised in that
the material of the final carrier is selected from a group comprising silicon,
silicon carbide and copper. 13. The method of one of the claims 11 or 12,
14, cﬁhﬁaﬁerisédzfmmatfahteelstmmél reﬂéblidmhm%m'ﬁdbhosimﬂtbmtﬂmﬁi@ry carrier
0 fina arrie wit the a
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is uS@@‘n%ﬂ gricoadsirardpedrriegmisvsettianically and/or chemically removed after
the bonding step, wherein the nitride layer is used as a stop layer for the
removal step. 15. The method of claim 14, characterised therein that the

15, trhReraivkehiicdany ddischarmetraissb i enein bat s Bravimedenions laver is
remoi@ FrofiRe.auxiians aBtiehe removal step of the auxiliary carrier.



