Method for the Production of a Semiconductor Structure The invention relates to a method for
producing a semiconductor structure, in particular a semiconductor structure for 5 optoelectronics.
Owing to the lack of large-area monocrystalline substrates, high-power or optoelectronic components
made of semiconductor materials with a wide bandgap (or wide-bandgap semiconductors) W - such as
GaN, AlGaN or InGaN - are nowadays often produced heteroepitaxially on suitable foreign substrates,
for example monocrystalline sapphire or silicon carbide. Such foreign substrates may, however, have
properties 15 detrimental to the function of the components produced on them. Some of these
problems are known from C.A. Tran et al., Journal of Crystal Growth 298 (2007) 722. Sapphire has a
relatively low theMa&beohdimtivitheoRyraledtwith otife emssriatonfecdifect YERuHEH #2that heat losses
in high-power or optoelectronic 20 components produced on it can be dissipated only poorly, which
detrimentally affects the component function. It ishgjr%'ne more kngwn that LED structlges which are
initially generatet' S5 3apphird Bt stBsSquently trARSTerPdd BRfS a metal AIl5T SubSiate; have more
favorable psopertiesia respectaoft25efficiengy sThe ersedofciiiconstarbida (SIG)as a substrate resolves
the heat '0%%95%@8&9\@%@. its high thermal conductivity. However, only few methods are available
for generating SiC 30 cost-effectively and on sizeable substrates. Bulk SiC substrates are available
only up to a diameter of 100 mm. US 6328796 discloses an alternative method, in which a 3C-SiC
layer is gererated by caneorlizing e Surtage-efrasilitomocrystalline substrates,

high~power or optoelectronic components made of semiconductor

materials with a wide bandgap (or wide-bandgap semiconductors)
16 - such as GaN, BAlGaN or InGaN - are nowadays cften produced

hetercepitaxially on suitable foreign substrates, for example

monocrystalline sapphire or silicon carbide.

Such foreign substrates may, however, have properties
15 detrimental to the function of the components produced on them.
Some of these problems are known from C.A. Tran et al., Journal
of Crystal Growth 298 (2007) 722, Sapphire has a relatively low
thermal conductivity compared with other materials, the effect
of which is that heat losses in high-power or optoelectrenic
20 components produced on it can be dissipated only poorly, which
“detrimentally affects the component function. It is furthermore
known that LED structures, which are initially generated on
sapphire but subsequently transferred onto a metal alloy
substrate, have more favorable properties in respect of

25 efficiency.

The use of silicon carbide (8iC) as a substrate resolves the

heat loss problem owing to its high thermal conductivity.

However, only few methods are available for generating SiC
3¢ cost-effectively and on sizeable substrates. Bulk 8iC

substrates are available only up teo a diameter of 160 mm.

US 6328796 discloses an alternative method, in which a 3C-8iC
layer is generated by carbonizing the surface of a silicon

15 wafer which serves as a donor wafer, subseguently bonding the



35 wafer which serves as a donor wafer, subsequently bonding the 2 SiC layer of the silicon donor
wafer onto a carrier wafer made of polycrystalline SIC, and then removing the rest of the silicon donor
wafer in order to expose the SiC layer. Using polycrystalline SIC as a substrate has the advantage
that, in 5 contrast to silicon, the thermal expansion coefficients of GaN and SiC are relatively similar to
one another. This can be advantageous for further heat treatment steps. WO 03/034484 discloses
another method with which, by means of M ion bearh synthesis (IBS), monocrystalline silicon carbon
layers of the 30 polytype can be generated on silicon substrates (IBS 30-SiC on silicon). In this
method, the SIC layer is generated by implantation of carbon ions into a silicon substrate, heat
treatment apdaemanat of the: parts of the silitoncsubsiraie nwhich khave-heenwdafeaged dy the ion
implantation, .The surface,of the SiC r in this way ca polishe roughness of less
than 0.5 By FoA e o8 SRR rraohaionl SOrnieger L1 Y59 108 Nt S5 GAN 20 can
subsequentft begrowFrasitaxialie WOnogMaB e diserResa iethdd By Vel twhshaterial layers can

be separateshhy expesimnthednisrtacesofithesespaterialiayersiie elesirornagaetia sadiatian. The

separaon is based on (e 25 thermal decomposition af.ane of (e o material ayers, cloge to the
interface. In praclfice, this mseltrlmcci may be empFoye to pt%drlﬁce optoeléctronic components made of
GaN or InGaNJoR Sapphirerand subsdyueatly: separateane sapphiretaydhby tfenalelecomposition

of the GaN grinGahhelese te the 30 interface-Retwaan sapphire aadSaN or InGaN. A disadvantage
with this laser lift-off method is the restriction to material systems which decompose under the effect of

electromagnetic radiation or by the action of heat.
WO 03/034484 discloses another method with which, by means of

10 ion beam synthesis (IBS), monocrystalline silicon carbon lavers
of the 3C polytype can be generated on silicon substrates (IBS
3C-8iC on silicon). In this method, the SiC layer is generated
by imblantation of carbon ions into a silicon substrate, heat
treatment and removal of the parts of the silicon substrate

15 which have been damaged by the ion implantation.

The surface of the 51C layer exposed in this way can be
polished te a roughness of less than 0.5 nm by means of
chemical-mechanical polishing, cf. EP 1 727 180 Al, so that GaN

20 can subsequently be grown epitaxially.

WO 98/14986 discloses a method by which two material layers can
be separated by exposing the interface of these material layers
to electromagnetic radiation. The separation is based on the

25 thermal decomposition of one of the two material layers, close
to the interface. In practice, this method may be employed Lo
produce optoelectronic components made of GalN or InGaN on
sapphire, and subseguently separate the sapphire layer by
thermal decomposition ¢f the GaN or InGaN close to the

30 interface between sapphire and GaN or InGaN.

A disadvantage with this laser lift-off method is the
restriction to material systems which decompose under the
effect of electromagnetic radiation or by the action of heat.

35 This technologically complex method furthermore requires the



35 This technologically complex method furthermore requires the 3 use of intense lasers, with
wavelengths which have energies exceeding the bandgap of the wide-bandgap semiconductors being
used. 5 Based on the described problems, it is the object of the present invention to provide
high-quality epitaxial layers for optoelectronics, which avoid the disadvantages of the methods known
in the prior art. W The object of the invention is achieved by a method for producing a semiconductor
structure, comprising the provision of a 30-SiC semi¢onductor layer structure containing a
monocrystalline 30-SiC layer, generated by implantation of carbon in silicon, on a first silicon substrate
and application 15 of an epitaxial layer of a nitride compound semiconductor, suitable for the

generation gkeptoelectrenis Companantsento the,30-Sigrsemicandycios fayelrsiructeee,
characterized in that the epitaxial layer of n'gride C gl%%und semicon_duct%r is transferred onto a

t [
second sub&t&tE §‘b%n ﬁ’g élﬁ fifle 2 Igysr Bnto the 8hiface 5Fthe"SECoid Sabstrate 'dnd
mechanicallysedechemically removing the layers of the 30-SiC semiconductor layer structure which
contain silicon and SiC, the second substrate being a metal alloy with a high reflectivity of greater than
or equal to 80% or a substantially t[anséglarent 25substrate, The Inventors have discovered that the

silicon dr thBHHIJ-Sie SRsstrfs F<P RdvE TR HBAtaPropertdSinRé 235 e 5 SIS structures
epitaxially growsefor ekansple with GaNysivdel even G0-muthisi tysewithaa: light-eaitting diode (LED)

produced injhe,GablLiayer; parplbs eryisied radiation. is absorbed by besibsiiats aad the

efficiency is therefore reduced. Among the various available methods for generating silicon 35 carbide
layers, ion BESHsyIthéSi€ i9Tis8d Sifde the epitaxial layers generated on 3C-SiC have particularly
good properties and the production is comparatively favorable. For instance,

10 The object of the invention is achieved by a method for
producing a semiconductor structure, comprising the provision
of a 3C-SiC semiconductor layer structure containing a
monocrystalline 3C-3SiC layer, generated by implantation of
carbon in silicon, on a first silicon substrate and application

15  of an epitaxial layer of a nitride compound semiconductor,
suitable for the generatiocn of optoelectronic components, onto
the 3C-8iC semiconductor layer structure, characterized in that
the epitaxial layer of a nitride compound semiconductor is
transferred onto a second substrate by bonding the nitride

20 layer onto the surface of the second substrate and mechanically
or chemlcally removing the layers of the 3C-8iC semiconductor
layer structure which contain silicon and SiC, the second
substrate being a metal alloy with a high reflectivity of
greater than c¢r equal to B0% or a substantially transparent

25 substrate.

The Inventors have discovered that the silicon or the poly=-SiC
substrate also have detrimental properties in the case of SiC
structures epitaxially grown for example with GalN, since even

30 in this case with a light-emitting diode (LED} produced in the
GaN laver, a part of the emitted radistion is absorbed by the
substrate and the efficlency is therefore reduced.

Among the varicus available methods for generating silicon
35 carbide layers, ion beam synthesis is used since the epitaxial
layers generated on 3C-5iC have particularly good properties

and the production is comparatively favorable. For instance,



4 IBS SIC does not have any micropipes which are regarded as particularly critical in optoelectronics,
especially as they lead to total failure of LEDs. The substrates used in this case, for example silicon
wafers, are furthermore available in 5 diameters greater than 100 mm, and currently up to 300 mm.
Silicon wafers with diameters of 450 mm are in development. Compared with structures generated by
means of other methods and compared with SiC of other polytypes such as 4H and 6H, IBS M 30-5iC
also has the advantage that it can be smoothed suffitiently merely by CMP polishing and thereby
prepared for a subsequent epitaxy step. The 3C-SiC substrate is therefore preferably generated by 15
implantation of carbon ions into a silicon substrate, heat treatment of the silicon substrate so that a
buried monagrystallingibaveraf Shaite i%twme&eb@p@éﬁcwa&eﬁpm thegilicasywader, subsequent
removal of the MRRer Iéaﬁrs of the, S|I|c_Lon, subst£ate untg 3C SIC Ia er, 'Slgf osed nd 20

Cxri glec
subsequent‘c‘?wemlcajf anlca 0|sh| go asurface o t e ex os Iayer eﬁhe term
r

silicon Wafe}%aﬁimt&?deﬁ*f@%nﬁﬁdé‘aﬁ Svaterdivich g&ﬁta‘?ﬁ%ﬁ&Bﬁfé‘rﬁj éh%eéhlféblékfmﬁgeneratmg
buried silicone2fe cafvidedayerslly miplantationadiecarboardt iSknownarthat silicoaiiaters which have a

(100), (4LOKAr:44ddd cxvsfeagntationrand avhish ave been radys fr@m %I@J@ermﬁz (float zone)- or

CZ (Czochrals rown ¢ stals e 30suitable for he silicon wa ferably have a
diameter of% Q nlﬁ"é’ 1‘56% % at M, 3 mm-Eorn}f%d’1 rrnemlf?'s F%ﬁgr’%tatlon of carbon

ions in a silicon Wafer WhICh |s preferably carrled out at an angle of 0-200 to a surface normal of the
silicon wafetcand thel subsequentheat teeatment whieh is prefesaly carrdethout ataiemperature of

10504A00gﬂQf%ompared with 5iC of other polytypes such as 4H and &H, IBS
10 3C-8iC also has the advantage that it can be smoothed
sufficiently merely by CMP polishing and thereby prepared for a
subsequent eplitaxy step.

The 3C-SiC substrate is therefore preferably generated by

15 implantation of carbon ions into a silicon substrate, heat
treatment of the silicon substrate so that & buried
monocrystalline layer of 3C-5iC is formed at a particular depth
in the silicon wafer, subsequent removal of the upper layers of
the silicon substrate until the 3C-5iC layer is expesed, and

20 subseqguent chemical-mechanical polishing of a surface of the
exposed 3C-3iC layer.

The term silicon wafer 1s intended to include all wafers which
contain silicon and are sultable for generating buried silicon
25 carbide layers by implantation of carbon.

It is known that silicon wafers which have a (100), (110} or

{111} crystal orientation, and which have been produced from

either F2 {float zone)- or CZ (Czochralski)-grown crystals, are
30 suitable for this.

The silicon wafers used preferably have a diameter of 50 mm,
100 mm, 150 mm, 200 mm, 300 mm or 450 mm.

35 By the implantation of carbon ions in a silicon wafer which is
preferably carried out at an angle of 0-20° to a surface normal
of the silicon wafer, and the subsequenit heat treatment which
is preferably carried out at a temperature of 1050~1400°C for a



S duration of 2-20 hours, a buried monocrystalline 30-SiC layer is formed in the silicon wafer and
noncrystalline transition regions are formed above and below this silicon carbide layer. The transition
regions contain SiC precipitates of various 5 polytypes, amorphous polycrystalline SiC and silicon. The
upper transition region furthermore comprises a multiplicity of implantation-induced defects. Only a
single implantation step is carried out. W In particular, in contrast to WO 03/034484, no second ion
implantation for example of helium ions is provided i order to generate a damage layer. The
implantation of carbon ions is preferably carried out at a 15 shallow angle in order to suppress a lattice
channeling effect. It is therefore particularly preferable to implant the ions at an angle of 1-10 to a

surface norgatof the sdicop-waferohhe uppessilicon layes anddhe noneceystallinedransjiéon 20 region
g o ey iie MoReEnling 30 iyt AvE SulR WS SOy edoa/eiAlly Dygpicans of 2

suitable chémical etching ste ase etc or reactivé jon etc Ing, by means of thermal

oxidation aﬁ&%ﬁgéqaéﬁt 5&%@%@8&@%&8@ e dieiricdl o cHMICaERTEhahfddi Femoval 25
processes Such as gemdingrlappingcorspalishirg.nT ke Ouriedanpnterystalkine 88:3iG:myer is thereby

exposedl. TRg BE-Rs layards them prefgiakly shemicaliy n@ﬁ@%%ﬁ'lé’ﬁq elishegwithogsturry,

which contatns colloidal silicate I()sllkcar) Eretr%%tyents of the ex oseg i lSIC I% er l%efore the CMP
polishing aré “50t prow&éd“fﬁ particular mechanica pr@ pcﬁlsﬁlng an tfh(-gjrma 0 datlon in combination

with the CMpbiistitty afe hot pEsAdeg Bpfeitare also not preferred.

Only a single implantaticn step is carried out.
i0 In particular, in contrast to WO 03/034484, no second ion
implantation for example of helium lons 1s provided in order to

generate a damage layer.

The implantation of carbon ions is preferably carried out at a

15 shallow angle in order to suppress a lattice channeling effect.
It is therefore particularly preferable to implant the lons at
an angle of 1-10° to a surface normal of the silicon wafer.

The upper silicen layer and the noncrystalline transition

20 region lying above the monocrystalline 3C-51C layer are
subseguently removed, preferably by means of a suitable
chemical etching step, by gas phase etching or reactive ion
etching, by means of thermal oxidation and subseguent etching
or alternatively by mechanical or chemical-mechanical removal

25 processss such as grinding, lapping or polishing.
The buried monocrystalline 3C-8iC layer is thereby exposed.

The 3C-5iC layer is then preferably chemically-mechanically

30 pollshed with a siurry, which contains ccllieidal silicate
(silica}. Pretreatments of the exposed 3C-5iC layer before the
CMP peolishing are not provided. In particular mechanical pre-
polishing and thermal oxidation, in combination with the CMP
polishing, are not provided and are alsoc net preferred.

35
The polishing time is preferably less than 30 min.

A polishing time of less than 15 min is particularly preferred.



35 The polishing time is preferably less than 30 min. 6 A polishing time of less than 5 min is more
particularly preferred. 5 The CMP polishing is preferably carried out with a polishing plate rotation
speed of 10-100 min-l. The CMP polishing is preferably carried out with a polishing pressure of greater
than or equal to 0.05 bar and less than or W equal to 1.0 bar, particularly preferably at 0.05-0.4 bar
and more particularly preferably at 0.05-0.2 bar. A pH of the slurry being used may be adjusted, for
example, by adding sodium hydroxide (NaOH) to the& slurry, and it is 15preferably pH 8-11. The CMP
polishing is preferably carried out at a polishing temperature of 20-60C, particularly preferably at
20-40C and more patrticularly preferably at room temperature. 20 The exposed silicon carbide surface
is preferably smoothed to a roughness of less than or equal to 0.5 nm RMS by the CMP polishing. 25
Low roughness values of as [ittle as 0.1 nm RMS may be achieved. An epjtaxial layer of a nitride

compound SeRfcortictsr 5 Stbs2queRty deplittd o astrfiREDMAL BHEEIE fayer.

preferred.

5 The CMP polishing is preferably carried out with a polishing

plate rotation speed of 10-100 min™,

The CMP polishing is preferably carried out with a polishing
pressure of greater than or eqgual to 0.05 bar and less than or

10 egual to 1.0 bar, particularly preferably at 0.05-0.4 bar and
more particularly preferably at 0.05-0.2 bar.

A pH of the slurry being used may be adjusted, for example, by
adding sodium hydroxide (NaCH) to the slurry, and it 1s
15 preferably pH 8-11.

The CMP polighing is preferably carried out at a polishing
temperature of 20-60°C, particularly preferably at 20-40°C and
more particularly preferably at room temperature.

20
The exposed silicon carbide surface is preferably smoothed to a
roughness of less than or egual to 0.5 nm RMS by the CMP
polishing,

25 Low roughness values of as little as 0.1 nm RMS may be

achieved.

An epitaxial layer of a nitride compound semiconductor is
subsequently deposited on a surface of the 3C-SiC layer.

30
The epitaxial layer preferably consists cf a nitride compound
semiconductor selected from a group consisting of aluminum
nitride, gallium nitride, indium nitride, gallium-aluminum
nitride and gallium-indium nitride, or a layer structure

35 comprising one or more nitride compound semiconductors.

The use of zinc oxide is likewise preferred. This material,

however, is relatively expensive.



3D The epitaxial layer preferably consists of a nitride compound semiconductor selected from a group
consisting of aluminum nitride, gallium nitride, indium nitride, gallium-aluminum nitride and
gallium-indium nitride, or a layer structure 35 comprising one or more nitride compound
semiconductors. The use of zinc oxide is likewise preferred. This material, however, is relatively
expensive. 7 This preferably results in a layer structure comprising an epitaxial layer containing a
nitride compound semiconductor, a monocrystalline 30-SiC layer, a noncrystalline transition 5 region
and the remaining silicon residue of the silicon wafer. The epitaxial layer, consisting for example of a
nitride compound semiconductor, is then transferred onto a second substrate. 10 The second
substrate serves to avoid absorption losses which would otherwise occur, and overall to ensure a

higher Iight%} put t%%? with conven nal GaN LEDs on se;p h|re or SIC substrates. The second

substrate is preferdbi retalid aﬁ% tﬁ réﬂe@tl\)iﬁ/ygﬁ(ﬁ“’ SFhBFE, SattiRammy Brefdtably a
reflectivity c¥ D008 ¥ FA0re2 PEXTRPBPAEHNG Semitiatisparemrassirhte Switra #erishiissidn

coefficient o036 oy saares pastiawady prefejably 80%0ionoke andimere: paricutarbnpreferably 90%
or morey, argnavertheless. glso, uitahlg. 25 Ihessecond.sybsirats Js preferahly ametalAlloy with a

high thermal conductivity.

The epitaxial layer, consisting for example of a nitride
compound semiconductor, is then transferred onto a second
substrate,

10
The second substrate serves to avoid absorption losses which
would otherwise occur, and overall %o ensure a higher light
cutput than with conventional GaN LEDs on sapphire or Sic
substrates.

15
The second substrate is preferably metallic and has a
reflectivity of 80% or more, particularly preferably a
reflectivity of 30% or more.

20 Transparent or semitransparent substrates with a transmission
coefficient of 50% or more, particularly preferably 80% or more
and more particularly preferably 90% or more, are nevertheless
also suitable. |

25 The second substrate is preferably a metal alloy with 2 high
thermal conductivity.

It is particularly preferable to use a substrate made of a

copper alloy.

30
Ag, Al and Au {silver, aluminum, gold)} are likewise suitable.
It is also sultable to use a substrate which contains
transparent or semitransparent material.

35

This may, for example, be a glass substrate.

There may be a transpareni oxide layer on the glass substrate.



It is particularly preferable to use a substrate made of a copper alloy. Ag, Al and Au (silver, aluminum,
gold) are likewise suitable. It is also suitable to use a substrate which contains transparent or
semitransparent material. This may, for example, be a glass substrate. B Indium-tin oxide is
particularly preferred. Substrates or layers which are electrically conductive, and which consists of a
material that has a high transmission 5 coefficient for the electromagnetic radiation emitted by the LED
chips generated on the nitride layer, are particularIprreferred. Indium-tin oxide (ITO) or zinc oxide are
suitable in particular. W Transparent plastic substrates or even transparent structured substrates are
likewise preferred. The transfer of the epitaxial layer is preferably carried out by bonding the entire
epitaxially gresdn:30+Si€ layeristruetuse ASi with4ts) gpiteradibyrgroivn surface onto the second substrate,
and subsequently removing aII the layers of the 3C-SIC layer structure which contain silicon or silicon

carbide, so thato the Ia nltrlde) prewous osited, epitaxially still remains on the second
substrate. 28 h?ﬁ'ér E?&/éf e fyerd |§Egrré{? otit b t%nec a@i al%oroéesztes Y &uch aggrlndlng

lapping or WW@@EWW@ arfd dryrefemicdl é%éﬁlhg}mécésﬁﬁ%ﬁé%&ﬁfméﬁﬁmHTMAH
(tetramethylappraniyenhydieoxide)?% lect romagnetic radiation emitted by the

LED chips generated on the nitride layer, are particularly
preferred. Indium~tin oxide {ITO) or zinc oxide are suitable in

particular.

10 Transparent plastic substrates or even transparent structured

substrates are llkswise preferred.

The transfer of the epitaxial layer is preferably carried cut
by bonding the entire epitaxially grown 3C-8iC layer structure

t5 with its epitaxially grown surface onto the second substrate,
and subsequently removing all the layers of the 3C-3iC layer
structure which contain silicon cr silicon carbide, sc that
only the layer (nitride) previously deposited epitaxially still
remains on the second substrate.

20
The removal of the layers is carried out by mechanical
processes such as grinding, lapping or polishing or by wet and
dry chemical etching processes, for example with TMAH
(Cetramethylammonium hydroxide)

25

It is particularly preferable for the layers containing silicen
or silicon carbide already to be removed before the epitaxial
layer is transferred onto the second substrate, in which case
mechanical, chemical or a combination of mechanical and

30 chemical processes are alsco sultable.

In this case, however, & carrier wafer or a film (for example
"carbon film") will previously be bonded achesively onto the
epitaxial layer of the layer structure. For example, a wax or a

35 resin (fastening medium} are suitable for the fastening. This
should be a material which can readily be dissclved later in a
solvent, for example acetone.



It is particularly preferable for the layers containing silicon or silicon carbide already to be removed
before the epitaxial layer is transferred onto the second substrate, in which case mechanical, chemical
or a combination of mechanical and 30 chemical processes are also suitable. In this case, however, a
carrier wafer or a film (for example "carbon film") will previously be bonded adhesively onto the
epitaxial layer of the layer structure. For example, a wax or a 35resin (fastening medium) are suitable
for the fastening. This should be a material which cgn readily be dissolved later in a solvent, for
example acetone. 9 Itis particularly preferable first to apply an electrically conductive reflecting layer
of a metallic material onto the GaN layer. For example, Ag, Al or Au are suitable for this. This layer
may for exdrmpie beavapiorideposited r Afearbohdil it is<B: stbsequentyeap@ieg-bntocthid layer. For
further stahilization-and withea view 1o easipshandlingracarier Wwaielispreferably furthesmeore
fastened. lThe carﬂ;ier wafer faégilita'}gs h%ridlinlg %f the %pié%i%rl I yer %grdtg ngstheﬁqnding process.
After havingaébepﬁiéd fhe CHIfeFwafer drid remove Uth%liayers of the epitaxially'grown 36-sic layer
structure whitte&ofitain SMEof BHtPSiRcdIf cHARaE S FRPepFitdad - lafe FRI5EHId 6fitc- $5 a second
substrate. Fhe bonedng per seis. cadiethaut by anylehitbe bonsing metheds which htwedieen known
for a long tige in, the, semisanductor.industry, 20 Jhese essentially nvalye bringing two surfaces in

contact by means of adhesion hydrophlllglhydrophoblc bonding or activation of at least one of the two
surfaces toBEbSRARYY Furthermere fastened.

The carrier wafer facilitates handling of the epitaxial layer
10 during the bonding process.

After having applied the carrier wafer and removed the layers
of the epitaxially grown 3C-$iC layer structure which contain
silicon and silicon carbide, the epitaxial layer is bonded onto

15 a second substrate,

The bonding per se 1s carried out by any of the bonding methods
which have been known for a long time in the semiconductor
industry.

20
These essentially invelve bringing two surfaces in contact by
means of adhesion, hydrophilic/hydrophobic bonding or
activation of at least one of the two surfaces to be bonded,

25 Various methods are described in detail by Q.Y. Tong and U.
Goegele, "Semicenductor Wafer Bonding', {Science and
Technology), Wiley Interscience Publications.

The fastening medium is subsequently dissolved and the carrier
30 wafer is removed from the bonded layer.

This leaves the nitride layer which was previcusly deposited
epitaxially onto 3C-8iC, and which is connected to the second
substrate.

35
An essential advantage of the present invention is that the use
of ion beam synthesis, and the 3C~8iC layer thereby generated,
provides an excellent substrate for the subsequent deposition



25 Various methods are described in detail by Q.Y. Tong and U. Goesele, "Semiconductor Wafer
Bonding", (Science and Technology), Wiley Interscience Publications.  The fastening medium is
subsequently dissolved and the carrier 30 wafer is removed from the bonded layer. This leaves the
nitride layer which was previously deposited epitaxially onto 30-SiC, and which is connected to the
second substrate. An essential advantage of the ptlebsent invention is that the use of ion beam
synthesis, and the 30-Sic layer thereby generated, provides an excellent substrate for the subsequent
deposition 10 of nitride compound semiconductors, making it possible to transfer a high-quality layer,
for example of a group Il nitride, onto another substrate by means of a simple bonding step and
simple stepsfonfol shcenplemtobing cregrirmding LtHeoB Secohd Subsirateprafékdisly being selected so
that compopests EDs) gegarajad on-therarpup, lliraitrids; expibit abedexperigrmance/energy budget.
11 Patent Claims 1.A method for.nroducing a semiconductor strugtuye, Ising t ovision of a
30-SiC serrﬁ‘ijé(%ﬁéagt’orcfgégr‘ gﬁ?u%%?e %gr%%%nﬁgg]ea %n%rlﬁf%c%ysgta%%egscﬁgggygﬁng%%e ated by
implantatiof ‘TR 8B8n 9 8RB 5AREAIRE sfifrbneiistide B dpdictioR orah-BitatiGflayer of

5 second substrate preferably being selected so that components
(LEDs) generated on the group III nitride exhibit a better

performance/energy budget.



a nitride compound semiconductor, suitable for the generation of optoelectronic components, onto the
30-SiC semiconductor layer structure, characterized in that the epitaxial layer of a nitride compound
semiconductor is transferred onto a second substrate by bonding the nitride layer onto the surface of
the second substrate and mechanically or chemically removing the layers of the 30- 15SIC
semiconductor layer structure which contain silicon_and SIC, the second substrate being a metal alloy
with a high reflectivity of greater than or equal to 809 or a substantially transparent substrate. 202.The
method as claimed in claim 1, characterized in that the silicon substrate is a wafer of float zone-grown
silicon material. 3. The method as claimed in claim 1, characterized in that 25the silicon substrate is a
wafer of CzBeheaiskiegroims silicon material. 4. The method as claimed in one of claims 1 to 3,
characterized in that the 30-Sic semiconductor layer is 30generated by heat treatment of the silicon
substrate after implantation of carbon ions to a particular depth in it, so that a buried monocrystalline

layer of 3CSiC is'ToRmENSt f PArRIPITESR if tRESHYUH AT sTbLetftiet femoval of the layers
lying above the bwmm;bBﬁsSr@glayEe%untﬂJmeQS‘O—SfCa{aﬁer—lsm(p@smdpandmbseq@eghrlz

chemical-mechanigal palishina.of the-expased sface ok the monockstallipe 30;8IC layer.

generated by implantation of carbon in silicon, on a first
sllicon substrate and application of an epitaxial layer of
a nitride compound semiconductor, suitable for the
generation of optoelectronic components, onto the 3C-5il

10 semiconductor layer structure, characterized in that the
epitaxial layer of a nitride compound semiconductor is
transferred onto a second substrate by bonding the nitride
layer onto the surface of the second substrate and
mechanically or chemically removing the layers of the 3C-

15 $iC semiconductor layer structure which contain silicon
and S$iC, the second substrate being a metal alloy with a
high reflectivity of greater than or equal to B80% or a

substantially transparent substrate.

20 2. The method as claimed in claim 1, characterized in that
the silicon substrate 1s a wafer of float zone-grown

silicon material.

3. The method as claimed in claim 1, characterized in that
25 the silicon substrate is a wafer of Czochralski-grown

silicon material.

4. The method as claimed in one of claims 1 te 3,
characterized in that the 3C-5iC semiconductor layer is
30 generated by heat treatment of the silicon substrate after
implantation of carbon ions te a particular depth in it,
so that a buried monocrystalline layer of 3C-8iC is formed
at a particular depth in the silicen wafer, subsequent
removal of the layers lying above the buried 3C-SiC layer

35 until the 3C-SiC layer is exposed, and subseguent



5. The method as claimed in claim 4, characterized in that 5the exposed 30-SiC layer is smoothed to a
surface roughness of 0.05-0.5 nm RMS by the polishing. 6. The method as claimed in one of claims 1
to 5, characterized in that the nitride compound semiconductor deposited on the 30-SiC layer is
selected from a group consisting of aluminum nitride, gallium nitride, indium nitride, gallium-aluminum
nitride and gallium-indium nitride. 15 7.The method as claimed in one of claims 1 to 6, characterized in
that the second substrate consists of a metal or a metal alloy. S.The method as claimed in claim 7,
characterized in that 20the second substrate consists of a copper alloy. 9. The method as claimed in
one of claims 1 to 6, characterized in that the second substrate is a glass substrate. 25 10. The
method as claimedhinrsof vledimsaiieeg, charastetizedin thheaoaprisedafororzefiln fs adhesively

bonded onto the gpitaxiRllayer ke 3¢ SiGdaysistiyciure before removal of the layers of the
30epitaxial 30-SiC layer structure which contain silicon and silicon carbide, the material used for the

fastening being one which can readily be dissolved after bonding of the epitaxial layer onto the second
substrate irborderibaemavethexcarriba wafer anthelflbm from the: epitaxial 38ldyen that

3 the exposed 3C-3iC layer is smoothed to a surface

roughness of 0.05-0.5 nm RMS by the polishing.

6. The methed as claimed in one of claims 1 to 5,
characterized in that the nitride compound semiconductor
10 deposited on the 3C-5iC layer is selected from a group
consisting of aluminum nitride, gallium nitride, indium
nitride, gallium-aluminum nitride and gallium-indium

nitride,

15 7. The method as claimed in one of claims 1 to 6,
characterized in that the second substrate consists of a

metal or a metal alloy.

g, Thne method as claimed in claim 7, characterized in that
20 the second substrate consists of a copper alloy.
9. The method as claimed in one of claims 1 to 6,

characterized in that the second substrate is a glass
substrate.

23

10. The method as claimed in one of claims 1 to 9,

characterized in that a carrier wafer or a f£ilm is
adhesively bonded onto the epitaxial layer of the 3C-8iC
layer structure before removal of the layers of the

30 epitaxial 3C-5iC layer structure which contain silicon and
silicon carbide, the material used for the fastening being
one which can readily be dissclved after bonding of the
epitaxial layer onto the second substrate in corder to
remove the carrier wafer or the film from the epitaxial

35 lavyer.



13 11. The method as claimed in claim 10, characterized in that the removal of the silicon and layers

containing silicon carbide of the 3C-SiC layer structure is carried out by 5mechanical processes such
as grinding, lapping or polishing or by wet and dry chemical etching processes or by a combination of
mechanical and chemical removal.

13

11. The method as claimed in claim 10, characterized in that
the removal of the silicon and layers containing silicon
carbide of the 3C-SiC layer structure is carried out by

5 mechanical processes such as grinding, lapping or
polishing or by wet and dry chemical etching processes or

by a combination of mechanical and chemical removal.



