
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 thermal conductivity compared with other materials, the effect of which is that heat losses
in high-power or optoelectronic 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 25efficiency. The use of silicon carbide (SIC) as a substrate resolves
the heat loss problem owing to 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 generated by carbonizing the surface of a silicon 



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 beam 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 and removal of the parts of the silicon substrate 15 which have been damaged by the ion
implantation. The surface of the SiC layer exposed in this way can be polished to a roughness of less
than 0.5 nm by means of chemical-mechanical polishing, cf. EP 1 727 190 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 to produce optoelectronic components made of
GaN or InGaN on sapphire, and subsequently separate the sapphire layer by thermal decomposition
of 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  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 semiconductor 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 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 20 layer onto the surface of the second substrate and
mechanically or chemically 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 transparent 25substrate. 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 GaN, since even 30 in this case with a light-emitting diode (LED)
produced in the GaN layer, a part of the emitted radiation is absorbed by the substrate and the
efficiency is therefore reduced. Among the various available methods for generating silicon 35 carbide
layers, ion beam synthesis is used since the epitaxial layers generated on 3C-SiC 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 sufficiently 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 monocrystalline layer of 30-SiC is formed at a particular depth in the silicon wafer, subsequent
removal of the upper layers of the silicon substrate until the 3C-SiC layer is exposed, and 20
subsequent chemical-mechanical polishing of a surface of the exposed 3C-SiC layer.   The term
silicon wafer is intended to include all wafers which contain silicon and are suitable 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 FZ (float zone)- or
CZ (Czochralski)-grown crystals, are 30suitable 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 0-200 to a surface normal of the
silicon wafer, and the subsequent heat treatment which is preferably carried out at a temperature of
1050-1400C 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 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 ions at an angle of 1-10 to a
surface normal of the silicon wafer. The upper silicon layer and the noncrystalline transition 20 region
lying above the monocrystalline 30-SiC layer are subsequently removed, preferably by means of a
suitable chemical etching step, by gas phase etching or reactive ion etching, by means of thermal
oxidation and subsequent etching or alternatively by mechanical or chemical-mechanical removal 25
processes such as grinding, lapping or polishing. The buried monocrystalline 30-SiC layer is thereby
exposed. The 3C-S1C layer is then preferably chemically-mechanically 30 polished with a slurry,
which contains colloidal silicate (silica). Pretreatments of the exposed 3C-SiC layer before the CMP
polishing are not provided. In particular mechanical pre-polishing and thermal oxidation, in combination
with the CMP polishing, are not provided and are also not 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-I. 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 particularly 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 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 30-SiC layer. 



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 light output than with conventional GaN LEDs on sapphire or SIC substrates. The second
substrate is preferably metallic and has a reflectivity of 80% or more, particularly preferably a
reflectivity of 90% 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 a
high thermal conductivity. 



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 particularly preferred. 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 grown 30-SiC layer structure 15 with its epitaxially grown surface onto the second substrate,
and subsequently removing all the layers of the 3C-SIC layer structure which contain silicon or silicon
carbide, so 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
(tetramethylammonium hydroxide) 25 



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 can readily be dissolved later in a solvent, for
example acetone.  9 It is 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 example be vapor-deposited. A carbon film is 5 subsequently applied onto this layer. For
further stabilization and with a view to easier handling, a carrier wafer is preferably furthermore
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 30-Sic layer
structure which contain silicon and silicon carbide, the epitaxial layer is bonded onto 15 a second
substrate. The bonding per se is carried out by any of the bonding methods which have been known
for a long time in the semiconductor industry. 20 These essentially involve 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. 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 present 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 III nitride, onto another substrate by means of a simple bonding step and
simple steps of for example etching or grinding, the 5 second substrate preferably being selected so
that components (LEDs) generated on the group III nitride exhibit a better performance/energy budget.
11 Patent Claims 1.A method for producing a semiconductor structure, comprising the provision of a
30-SiC semiconductor layer 5structure containing a monocrystalline 3C-SiC layer, generated by
implantation of carbon in silicon, on a first silicon substrate and application of an epitaxial layer of 



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 80% 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 Czochraiski-grown 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 3C-SiC is formed at a particular depth in the silicon wafer, subsequent removal of the layers
lying above the buried 30-Si0 layer 35until the 30-SiC layer is exposed, and subsequent  12
chemical-mechanical polishing of the exposed surface of the monocrystalline 30-SiC layer. 



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 claimed in one of claims 1 to 9, characterized in that a carrier wafer or a film is adhesively
bonded onto the epitaxial layer of the 30-SiC layer structure 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 in order to remove the carrier wafer or the film from the epitaxial 35layer.  



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. 


