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(57) ABSTRACT

A method for producing a silicon carbide component
includes forming a silicon carbide layer on an initial wafer,
wherein the silicon carbide layer comprises a doping region
to be produced, forming an electrically conductive contact
structure on the surface of the silicon carbide layer, the elec-
trically conductive contact structure, producing a splitting
region by pre-damaging the splitting region, wherein the
splitting region is produced by laser treating the splitting
region before forming the electrically conductive contact,
splitting the silicon carbide layer or the initial wafer along
the splitting region such that a silicon carbide substrate of
the silicon carbide component to be produced is split off,
wherein the silicon carbide substrate has a thickness of
more than 30 um, wherein the doping region extends to a
surface of the silicon carbide layer before splitting the sili-
con carbide layer, and wherein splitting along comprises
applying a polymer film.
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SILICON CARBIDE COMPONENTS AND
METHODS FOR PRODUCING SILICON
CARBIDE COMPONENTS

RELATED APPLICATIONS

[0001] The instant application is a continuation of and
claims priority to U.S. Application 17/350,586 filed on
June 177, 2021, which in turn claims priority to U.S. Appli-
cation 16/111,810 filed on August 24th, 2018, which in turn
claims priority to German Patent Application
102017119568.8 filed on August 257, 2017.

TECHNICAL FIELD

[0002] Examples relate to concepts for reusing silicon car-
bide wafers, and in particular to silicon carbide components
and methods for producing silicon carbide components.

BACKGROUND

[0003] Even though the silicon carbide (SiC) basic mate-
rial costs per area have decreased significantly in the last
decade, they are still more than one order of magnitude
higher than the corresponding costs of silicon (Si) wafers.
The costs for the individual wafer rise significantly with
each diameter step (e.g. from 100 mm to 150 mm). How-
ever, since the wafers themselves make no or hardly any
contribution to the electrical function of the components
that arise thereon, methods are sought to eliminate or to
reduce this large cost contribution.

[0004] There may be a need to provide concepts for reus-
ing silicon carbide wafers which enable the costs of silicon
carbide components to be reduced.

SUMMARY

[0005] Some exemplary embodiments relate to a method
for producing a silicon carbide component comprising form-
ing a silicon carbide layer on an initial wafer, forming a
doping region of the silicon carbide component to be pro-
duced in the silicon carbide layer, and forming an electri-
cally conductive contact structure of the silicon carbide
component to be produced on a surface of the silicon carbide
layer. The electrically conductive contact structure electri-
cally contacts the doping region. Furthermore, the method
comprises splitting the silicon carbide layer or the initial
wafer after forming the electrically conductive contact
structure, such that a silicon carbide substrate at least of
the silicon carbide component to be produced is split off.
[0006] Some exemplary embodiments relate to a method
for producing a silicon carbide component comprising form-
ing a silicon carbide layer on an initial wafer, forming a
doping region of the silicon carbide component to be pro-
duced in the silicon carbide layer, and splitting the silicon
carbide layer or the initial wafer after forming the doping
region, such that a silicon carbide substrate at least of the
silicon carbide component to be produced is split off.
Furthermore, the silicon carbide substrate has a thickness
of more than 30 pm.

[0007] Some exemplary embodiments relate to a silicon
carbide component comprising a silicon carbide substrate
having a thickness of more than 30 um and a doping region
of the silicon carbide component arranged at a first surface
of the silicon carbide substrate. A point defect density in the
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centre of the silicon carbide substrate between the first sur-
face and an opposite second surface of the silicon carbide
substrate is less than 5%1014 cm3.

[0008] Those skilled in the art will recognize additional
features and advantages upon reading the following detailed
description, and upon viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Some examples of devices and/or methods are
described below exclusively by way of example and with
reference to the accompanying drawings, in which:

[0010] FIG. 1 shows a flow diagram of a method for pro-
ducing a silicon carbide component;

[0011] FIGS. 2a-2¢ show schematic cross sections of a
silicon carbide component at different stages during the pro-
duction of the silicon carbide component;

[0012] FIG. 3 shows a flow diagram of a method for pro-
ducing a silicon carbide component; and

[0013] FIG. 4 shows a schematic cross section of a part of
a silicon carbide component.

DETAILED DESCRIPTION

[0014] Various exemplary embodiments will now be
described more thoroughly with reference to the accompa-
nying drawings, in which some exemplary embodiments are
illustrated. In the figures, the thickness of the lines, layers
and/or regions may be exaggerated for the sake of clarity.
[0015] While further examples are correspondingly suita-
ble for various modifications and alternative forms, some
examples thereof are shown by way of example in the fig-
ures and are described thoroughly here. It goes without say-
ing, however, that the intention is not to limit examples to
the specific forms disclosed. Further examples can cover all
modifications, counterparts and alternatives that fall within
the scope of the disclosure. Throughout the description of
the figures, identical reference signs refer to identical or
similar elements which can be implemented identically or
in modified form in comparison with one another, while
they provide the same or a similar functionality.

[0016] It goes without saying that if one element is desig-
nated as “connected” or “coupled” to another element, the
elements can be connected or coupled directly or via one or
more intermediate elements. If two elements A and B are
linked by an “or”, this is intended to be understood such
that it discloses all possible combinations, i.e. only A, only
B, and A and B. An alternative wording for the same com-
binations is “at least one from A and B”. The same applies to
combinations of more than 2 elements.

[0017] Ifhere and hereinafter a first component part (e.g. a
layer) is formed “on” a second component part (e.g. a
further layer or a wafer), then it is possible for the first com-
ponent part to be applied directly on the second component
part or for at least one third component part to be situated
between the first component part and the second component
part.

[0018] The terminology used herein is intended to
describe specific examples and is not intended to have a
limiting effect for further examples. Whenever a singular
form such as “a, an” and “the” is used and the use of only
one element is defined neither explicitly nor implicitly as
obligatory, further examples can also encompass the plural
forms in order to implement the same functionality. In a
similar way, if a functionality is described below such that
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it is implemented using a plurality of elements, further
examples can implement the same functionality using a sin-
gle element or processing entity. Furthermore, it goes with-
out saying that the terms “comprises”, “comprising”, “have”
and/or “having” in the usage herein indicate the presence of
indicated features, integers, steps, operations, elements and/
or constituents, but do not exclude the presence or addition
of one or more other features, integers, steps, operations,
elements, constituents and/or groups thereof

[0019] Unless defined otherwise, all terms used here
(including technical and scientific terms) are used in their
customary meaning with which the examples are associated.
[0020] FIG. 1 shows a flow diagram of a method for pro-
ducing a silicon carbide component corresponding to one
exemplary embodiment. The method 100 comprises form-
ing 110 a silicon carbide layer on an initial wafer, forming
120 a doping region of the silicon carbide component to be
produced in the silicon carbide layer, and forming 130 an
electrically conductive contact structure of the silicon car-
bide component to be produced on a surface of the silicon
carbide layer. The electrically conductive contact structure
electrically contacts the doping region. Furthermore, the
method 100 comprises splitting 140 the silicon carbide
layer or the initial wafer after forming the electrically con-
ductive contact structure, such that a silicon carbide sub-
strate at least of the silicon carbide component to be pro-
duced is split off.

[0021] By producing structures of the silicon carbide com-
ponent already before the silicon carbide substrate of the
silicon carbide component is split off, the complexity of
the production process could be reduced and/or the handling
of the wafer during production could be simplified since the
thin silicon carbide substrate of the silicon carbide compo-
nent is not split off until later in the process. As a result, the
production costs could be reduced and/or the yield could be
increased. Furthermore, if a sufficient thickness of the sili-
con carbide layer formed were chosen, the initial wafer
could be reused multiply. As a result, the costs could be
reduced.

[0022] The initial wafer (or start wafer or starting wafer)
can be a silicon carbide wafer or have a surface formed by
silicon carbide having a sufficiently low crystal defect den-
sity to enable the process of forming 110 the silicon carbide
layer with desired quality. The initial wafer can have a thick-
ness of more than 200 pm (or more than 300 pm or more
than 500 um). The initial wafer can have a diameter of more
than 80 mm (or more than 130 mm or more than 180 mm).
The initial wafer can have a doping concentration of at least
1*107cm3 or 5*1017 cm-3 (so-called “doped initial
wafer”). Alternatively, the initial wafer can be not intention-
ally doped (so-called “nominally undoped” wafer), wherein
a doping concentration of the initial wafer in this case can be
at most 1*1017cm-3. The doping type of the initial wafer can
be an n-type.

[0023] The silicon carbide layer can be formed 110 for
example by epitaxial growth on a surface of the initial
water. The silicon carbide layer can accordingly be an epi-
taxial silicon carbide layer. As early as during growth, the
silicon carbide layer can be provided with a homogenous or
vertically varying basic doping (n-type doping or p-type
doping). By way of example, the silicon carbide layer can
be formed on a silicon crystal face (silicon face) of the sili-
con carbide of the iitial wafer, such that the surface of the
silicon carbide layer formed is likewise a silicon crystal face
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(i.e. terminates with silicon atoms). As a result, the doping
of the silicon carbide layer could be controlled and produced
with high accuracy during the growth of the silicon carbide
layer. Alternatively, the surface of the silicon carbide layer
formed can be a carbon crystal face (carbon face). The sili-
con carbide layer formed can have for example a thickness
of more than 10 pm (or more than 20 pm or more than
30 pum or more than 60 pm or more than 100 pm) and/or
less than 300 pm (or less than 150 um or less than 80 pum).
The silicon carbide layer is formed for example on the entire
surface of the initial wafer.

[0024] The silicon carbide layer formed can be thicker
than is required for the provision of a sufficient electrical
breakdown strength. By way of example, a silicon carbide
layer of an alternative silicon carbide component in which
only the breakdown strength has to be ensured on the basis
of the silicon carbide layer can have a thickness of at least
5 um for a voltage class of 650 V (at least 9 um for 1200 V
and at least 25 pm for 3.3 kV). In comparison therewith, in
exemplary embodiments of a silicon carbide component
described here, the silicon carbide layer can have a thickness
of at least 20 um for a voltage class of 650 V (at least 40 pm
for 1200 V and at least 50 pm for 3.3 kV).

[0025] The doping region of the silicon carbide compo-
nent to be produced can be formed 120 by ion implantation
or during the process of forming 110 the silicon carbide
layer. The doping region can be an n-doped doping region
or a p-doped doping region at the surface of the silicon car-
bide layer. Furthermore, the doping region can be for exam-
ple an anode region or cathode region of a diode or a source
region, a body region, a drain region, an emitter region or a
collector region of a transistor. The doping region has for
example a pn junction with an adjacent part of the silicon
carbide layer.

[0026] The electrically conductive contact structure serves
to electrically contact the doping region. The electrically
conductive contact structure can extend for example over
one or more planes or layers of a wiring layer stack of the
silicon carbide component from the doping region to a
further doping region of the silicon carbide component,
which is implemented in the silicon carbide layer, or to a
connection pad or a connection metallization (e.g. power
metal layer, power metallization) of the silicon carbide com-
ponent or form a connection pad or a connection metalliza-
tion. By way of example, the electrically conductive contact
structure can comprise a via or an electrically conductive
partial structure in a contact hole, which contact the doping
region. The electrically conductive contact structure can
comprise for example one or more metals (e.g. copper, alu-
minium, tungsten) or a combination of a plurality of metal
layers and/or polysilicon (e.g. highly doped polysilicon).
One part of the electrically conductive contact structure is
formed directly on the surface of the silicon carbide layer
and is thereby in contact with the surface of the silicon car-
bide layer. One or more other parts of the electrically con-
ductive contact structure can however also be formed (not
directly) on the surface of the silicon carbide layer with one
or more electrically insulating layers vertically between the
surface of the silicon carbide layer and the one or more other
parts. By way of example, the electrically conductive con-
tact structure is in ohmic contact with the doping region.
[0027] The splitting 140 can be carried out at a desired
depth below the surface of the silicon carbide layer, such
that a silicon carbide substrate 270 with one or more silicon
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carbide component structures having a sufficient or desired
thickness is split off. The splitting 140 can be carried out
along a splitting region in the silicon carbide layer or in
the initial wafer, which splitting region extends parallel to
the surface of the silicon carbide layer. If the splitting 140 is
carried out within the silicon carbide layer formed, the
initial wafer can be reused completely for the production
of further components. The initial wafer can then be reused
many times; the costs for a basic material wafer can be sig-
nificantly reduced. By way of example, the splitting 140 is
carried out by splitting the silicon carbide layer, such that a
part of the silicon carbide layer remains on the initial wafer
after splitting 140. The remaining part of the silicon carbide
layer on the initial wafer can then be removed for example at
least partly during a reconditioning of the surface. Alterna-
tively, the splitting 140 can be carried out in the region of the
initial wafer, as a result of which, however, the initial wafer
loses thickness and cannot be reused arbitrarily often.
[0028] The splitting 140 is carried out after forming 130
the electrically conductive contact structure and optionally
after forming further structures on the surface of the silicon
carbide layer and in the silicon carbide layer. By way of
example, the surface of the silicon carbide layer forms a
front side surface for the silicon carbide component to be
produced. In this example, many or all front side structures
(e.g. including passivation layer) of the silicon carbide com-
ponent can already be produced before the silicon carbide
layer or the initial wafer is split 140. By way of example, a
wiring layer stack (e.g. which comprises the electrically
conductive contact structure), a metallization structure com-
posed of one or more metal layers and/or a passivation layer
(e.g. organic material layer, such as polyimides, for exam-
ple) can be formed on the surface of the silicon carbide layer
before the splitting 140. Optionally, before the splitting 140,
further structures (e.g. gates of transistors, wiring structures,
electric pads and/or edge termination structures) of the sili-
con carbide component can be produced at the surface or in
the silicon carbide layer. Customary production methods
can be employed. The optional passivation layer is formed
for example after the electrically conductive contact struc-
ture. The passivation layer can extend for example over the
entire surface of the silicon carbide layer with the exception
of one or more connection pad openings.

[0029] The splitting 140 can be carried out in various
ways. By way of example, after forming 110 the silicon car-
bide layer in preparation for the splitting 140 as early as
before forming 130 the electrically conductive contact struc-
ture, a laser treatment of a splitting region at which the split-
ting 140 is intended to be carried out later can be carried out
in order to pre-damage the splitting region for the splitting
140 (e.g. by producing microcracks by means of the laser
bombardment). By way of example, all processes between
the laser treatment of the splitting region for pre-damage and
the splitting 140 could be carried out at temperatures below
400° C., with the result that an uncontrolled intensification
of the pre-damage can be avoided. The laser bombardment
can be carried out for example after a process of structuring
the silicon carbide layer (e.g. for the purpose of producing
gate trenches) and before a metal layer is produced. The
splitting 140 can then be carried out along the pre-damaged
splitting region by applying a polymer film and producing
thermal stress (e.g. cold split method). As a result, the space
requirement for the splitting 140 could be kept small, with
the result that little of the silicon carbide layer is lost and the
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conditioning of the initial carrier is not as complex. The
splitting 140 can also be carried out by means of a second
laser treatment, wherein laser light of the second laser treat-
ment is absorbed in the pre-damaged regions.

[0030] Alternatively or additionally, the splitting 140 can
comprise for example implanting ions (e.g. H, He, N, V, B,
Ar, C, Ni, Si, Ti, Ta, Mo, W and/or Al). It is possible for a
pre-damaged splitting region to be produced in the initial
wafer or in the silicon carbide layer by means of the ion
implantation. In the case of implantation into the initial
watfer, the ions can be implanted into the initial wafer before
the silicon carbide layer is formed, e.g. proceeding from that
surface of the initial wafer at which the silicon carbide layer
is produced. In the case of implantation into the silicon car-
bide layer, the ions can be implanted into the silicon carbide
layer after the latter has been formed, for example proceed-
ing from a side of the silicon carbide layer facing away from
the initial wafer. It is also possible for forming the silicon
carbide layer to comprise forming a first partial layer and at
least one second partial layer, wherein firstly the first partial
layer is formed on the initial wafer and the ions are
implanted into the first partial layer before the second partial
layer is formed on the first partial layer.

[0031] The splitting region can be a thin layer within the
silicon carbide layer or within the initial wafer. The thick-
ness of the splitting region can be small relative to the total
thickness of the initial wafer or of the silicon carbide layer.
A thickness of the splitting region can be at least 30 nm
(typically at least 100 nm) and at most 1.5 pm (typically at
most 500 nm).

[0032] The implantation of ions (in particular of N, V, B,
Ar, C,Ni, Si, Ti, Ta, Mo, W and/or Al) can lead to damage to
the crystal structure in the region of the splitting region (so-
called “pre-damaged splitting region”). By way of example,
the polytype of the silicon carbide in the region of the split-
ting region can change at least partly, e.g. from previously
4H-SiC to subsequently 3C-SiC. The damage to the crystal
structure can lead to an increased absorption of electromag-
netic radiation within a known wavelength range in compar-
ison with the non-damaged regions of the initial wafer (and/
or of the silicon carbide layer) outside the splitting region.
Within the splitting region, the initial wafer (or the silicon
carbide layer) can have a smaller band gap than in non-
damaged regions outside the splitting region. By way of
example, the absorption coefficient in the known wave-
length range within the splitting region is at least 5 times
(or at least 20 times or at least 100 times) the absorption
coefficient in the non-damaged regions. It is thus possible
for electromagnetic radiation (e.g. laser radiation) having
an emission in the known wavelength range to be absorbed
to a greater extent in the splitting region. The known wave-
length range can be in a range of e.g. at least 200 nm and at
most 1500 nm, typically at least 300 nm and at most 600 nm.
[0033] The splitting 140 can furthermore alternatively or
additionally comprise a laser bombardment into a pre-
damaged or non-pre-damaged splitting region in the silicon
carbide layer or the initial wafer. In the case of a non-pre-
damaged splitting region, the splitting region can be defined
by focussing of the laser radiation of the laser bombardment
at the desired location of the splitting region. A non-pre-
damaged splitting region can be a region of the initial
wafer (or of the silicon carbide layer) which does not differ
from regions outside the splitting region (that is to say has
e.g. the same crystal structure and the same material compo-
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sition). Alternatively, the non-pre-damaged splitting region
can be a layer of a different material or of a different crystal
structure that is introduced into the initial wafer (or the sili-
con carbide layer), with no damage being carried out by
means of implantation.

[0034] The laser bombardment can be carried out proceed-
ing from a side of the initial wafer facing away from the
silicon carbide layer. The laser bombardment makes it pos-
sible for thermomechanical stress to be induced within the
splitting region, thereby facilitating or enabling the splitting
140 along the splitting region. After the laser bombardment,
it is possible to split the initial wafer (or the silicon carbide
layer) along the splitting region, optionally with the aid of
additional mechanical force.

[0035] In the case of a pre-damaged splitting region, the
wavelength of the laser radiation can be chosen in such a
way that the corresponding photon energy of the laser radia-
tion is at least Y10 and at most 10 times the band gap in the
splitting region. This can lead to a dominance of single-
photon processes within the splitting region.

[0036] In the case of a non-pre-damaged splitting region,
it is possible for the wavelength of the laser radiation to be
chosen in such a way that the probability of single-photon
processes is vanishingly low in comparison with multi-
photon processes. By way of example, the band gap in the
splitting region is then at least 2 times (typically at least
10 times) the corresponding photon energy of the laser
radiation.

[0037] If the splitting 140 is carried out by one of the
laser-assisted methods described above at a splitting region
in the initial wafer, it is possible for the initial wafer to be
undoped, that is to say not intentionally doped. An undoped
initial wafer can have a higher transmission than a doped
initial wafer for laser radiation in the known wavelength
range. As a result, it can be possible to avoid a jump in the
absorption coefficient upon transition from regions outside
the splitting region, as a result of which for example read-
justment of a focus of the laser radiation can be avoided.
[0038] As a result of the splitting 140, it is possible to
obtain a silicon carbide substrate 270 (e.g. silicon carbide
wafer) on which one silicon carbide component or a plural-
ity of silicon carbide components can be obtained simulta-
neously depending on the size of the silicon carbide compo-
nent to be produced or the silicon carbide components to be
produced. Therefore, the silicon carbide substrate 270 forms
a semiconductor substrate at least of the silicon carbide
component to be produced or of a plurality of silicon carbide
components to be produced. The silicon carbide substrate
can have for example a thickness of more than 30 um (or
more than 60 pm or more than 100 pm) and/or less than
300 um (or less than 150 pm or less than 80 um).

[0039] [Ifa plurality of silicon carbide components are pro-
duced at the silicon carbide layer then the silicon carbide
layer can be separated (e.g. by sawing or laser cutting)
already before the splitting 140 in regions (e.g. sawing
frame) between the silicon carbide components. By way of
example, the silicon carbide layer can be cut down to a depth
at which the splitting 140 is intended to be carried out As a
result, the silicon carbide components could also be singu-
lated automatically during the splitting 140. Alternatively,
the silicon carbide components could be singulated after
the splitting 140 and optionally also after a rear side metal-
lization has been produced.
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[0040] Before the splitting 140, a carrier wafer (e.g. glass
wafer) or a carrier film (e.g. polymer film) can be secured to
a layer stack formed on the surface of the silicon carbide
layer (and comprising for example at least the electrically
conductive contact structure). The carrier wafer or the car-
rier film can enable simple and secure handling of the silicon
carbide substrate 270 after splitting off.

[0041] In order to enable splitting 140 within the silicon
carbide layer and a reuse of the initial wafer without loss of
material at the initial wafer, the thickness of the silicon car-
bide layer can be chosen to be greater than is actually neces-
sary for the silicon carbide component to be produced (e.g.
for achieving the desired blocking capability). Optionally,
the surface of the wafer 270 remaining after the splitting
140 can be reconditioned before further production of sili-
con carbide components. In order to minimize additional
ohmic losses as a result of the thicker silicon carbide layer
during operation of the silicon carbide component, the addi-
tional part of the silicon carbide layer can be highly doped.
[0042] By way of example, forming 110 the silicon car-
bide layer can comprise forming a first partial layer of the
silicon carbide layer with an average doping concentration
(and/or a maximum doping concentration) of more than
5*1017 cm-3 (or more than 5*1018 c¢m-3 or more than
1*101° cm-3) and forming a second partial layer of the sili-
con carbide layer with an average doping concentration
(and/or a maximum doping concentration) of less than
1*1017 cm-3 (or less than 5*¥1016 cm-3 or less than 1*1016
cm-3). The average doping concentration corresponds for
example in each case to a doping concentration averaged
over the respective partial layer. The first partial layer and
the second partial layer can be epitaxially grown succes-
sively, for example. The first partial layer can be grown
directly on the initial wafer and the second partial layer
can be grown directly on the first partial layer. The thickness
of the first partial layer of the silicon carbide layer can be for
example greater than 20 pum (or greater than 40 um or
greater than 80 pm), such that the splitting 140 can be car-
ried out within the first partial layer without impairing the
second partial layer and the initial wafer. The thickness of
the second partial layer of the silicon carbide layer can be
less than 30 pum (or less than 20 pm or less than 10 um). The
thickness of the second partial layer of the silicon carbide
layer can be chosen for example depending on the blocking
capability to be achieved for the silicon carbide component
to be produced. By way of example, the second partial layer
can be used to form a drift region of the silicon carbide
component to be produced. By way of example, the thick-
ness of the second partial layer of the silicon carbide layer is
smaller (e.g. more than 10 pm) than the thickness of the first
partial layer of the silicon carbide layer.

[0043] The silicon carbide layer mentioned above is
merely by way of example and can be modified depending
on the component to be produced. By way of example, the
silicon carbide layer can comprise more than two partial
layers having different doping concentrations and/or differ-
ent doping types.

[0044] After the splitting 140, by way of example, a sur-
face of a remaining wafer 270, which comprises a part of the
silicon carbide layer on the initial wafer, can be conditioned
for the production of further silicon carbide components.
Alternatively, the remaining wafer 270 only comprises at
least one part of the initial wafer if the splitting 140 is car-
ried out at the boundary between initial wafer and silicon
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carbide layer or in the initial wafer. The method 100 can thus
optionally comprise conditioning a surface of a remaining
wafer 270. comprising at least one part of the initial wafer,
after the splitting 140. The conditioning of the surface of the
remaining wafer 270, which can also be referred to as a
reclaim process, can be carried out for example by means
of grinding, polishing, plasma-chemical dry etching, chemi-
cal mechanical polishing (CMP) and/or lapping. The loss of
material during conditioning and the costs associated there-
with can be minimized for example by using a cold split
method.

[0045] Afterwards, one or more further silicon carbide
components could be produced on the remaining wafer
270. By way of example, a further silicon carbide layer
can be formed on the remaining wafer 270 and a doping
region of a further silicon carbide component to be produced
can be formed in the further silicon carbide layer. Further-
more, splitting the further silicon carbide layer or the
remaining wafer 270 could be carried out after forming the
doping region of the further silicon carbide component to be
produced such that a further silicon carbide substrate at least
of the further silicon carbide component to be produced is
split off.

[0046] By way of example, the vertical direction and a
vertical dimension or thicknesses of layers can be measured
orthogonally with respect to a front side surface of the sili-
con carbide substrate of the silicon carbide component (e.g.
surface of the silicon carbide layer) and a lateral direction
and lateral dimensions can be measured parallel to the front
side surface of the silicon carbide substrate of the silicon
carbide component.

[0047] The front side (or front side surface) of the silicon
carbide substrate of the silicon carbide component can be
the side (or surface) which is used for implementing more
complex structures (e.g. gates of transistors) than at the rear
side of the semiconductor wafer, since the process para-
meters (e.g. temperature) and the handling and/or usable
processes for the rear side can be restricted if structures
have already been formed at a side of the semiconductor
wafer.

[0048] By way of example, the silicon carbide component
can be a vertical silicon carbide component or comprise a
vertical component structure (e.g. vertical diode, vertical
field effect transistor or vertical insulated gate bipolar tran-
sistor IGBT). A vertical silicon carbide component or a ver-
tical component structure conducts for example current in a
conducting state or an on state principally (e.g. more than
70% of a total current through the silicon carbide compo-
nent) vertically between a front side and a rear side. The
silicon carbide component can be a power semiconductor
component By way of example, the silicon carbide compo-
nent and/or a vertical component structure of the silicon car-
bide component can have a breakdown voltage or reverse
voltage of more than 100 V (e.g. a breakdown voltage of
200 V, 300 V, 400 V or 500 V), more than 500 V (e.g. a
breakdown voltage of 600 V, 700 V, 800 V or 1000 V) or
more than 1000 V (e.g. a breakdown voltage of 1200 V,
1500V, 1700 V, 2000 V, 3300 V or 6500 V).

[0049] FIGS. 2a to 2e show schematic cross sections of a
silicon carbide component at different stages during the pro-
duction of the silicon carbide component corresponding to
one exemplary embodiment.

[0050] FIG. 2a shows a silicon carbide initial wafer 200
(e.g. having a thickness of 350 um), on which a silicon car-
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bide layer is grown epitaxially, as shown in FIG. 2b. The
silicon carbide layer comprises a highly n-doped (n+) buffer
layer 210 and a drift layer 220 (e.g. having a thickness of
between 3 um und 20 pm). The silicon carbide layer has for
example a thickness of more than 50 pm. The n-doped (n+)
buffer layer 210 can have for example an average doping
concentration (and/or a maximum doping concentration) of
more than 5%1017 cm-3 (or more than 5%1018 cm-3 or more
than 1*101° cm-3) and the drift layer 220 can have an aver-
age doping concentration (and/or a maximum doping con-
centration) of less than 1*1017 cm-3 (or less than 5*1016 cm-
3 or less than 1*%1016 cm-3).

[0051] The total thickness of the epitaxial layer (silicon
carbide layer) can depend for example on the desired block-
ing capability of the component and on the minimum possi-
ble layer thickness (e.g. approximately 50 um) split off by
the splitting method chosen and the material (e.g. approxi-
mately 10 pum) lost in the regeneration process (reclaim pro-
cess), in order that a wafer having approximately the initial
thickness is available again after the reclaim process. If this
is not completely the case (e.g. if the wafer becomes some-
what thinner with each pass as a result of splitting off), the
method is still applicable, although process adaptations
might be necessary and the risk of fracture might increase.
[0052] By way of example, in the case of this additional
epitaxial layer thickness which is not required electrically
(for the silicon carbide component), a sufficient doping can
be present which has no appreciable (< 10%) influence on
the total conductivity of the resulting vertical component
(e.g. Schottky diode, pn diode, junction field effect transis-
tor JFET, metal oxide semiconductor field effect transistor
MOSFET). Since the homogeneity may be of secondary
importance, for example, a highly cost-effective epitaxy
process could be employed.

[0053] After the process of forming the silicon carbide
layer, a plurality of component structures (e.g. doping
regions and/or wiring layer stacks) can be produced at and/
or in the silicon carbide layer, as is shown in FIG. 2¢. Inter
alia, connection pads 230 and a passivation layer 240 of one
or more silicon carbide components to be produced are
shown in this example.

[0054] Instead of thinning (e.g. by grinding) from the rear
side, the silicon carbide layer can be split along a splitting
region 250, as is shown in FIG. 24, in order to obtain the
silicon carbide initial wafer 200 for a further use.

[0055] Various processes could be used for the splitting,
said processes for example also being used for reducing
the SiC substrate costs, thereby enabling for example a
loss of material of less than 15 pm. By contrast, the loss of
material would be significantly higher in the case of filament
sawing. By way of example, pre-damage can be produced in
the splitting region by laser bombardment and later the
wafer can be coated with a polymer film and then thermally
stressed. As a result of different thermal properties of wafer
and polymer, the wafer can be split into two parts. Alterna-
tively or in a supporting manner, the wafer can be split by
means of a laser, for example.

[0056] After the splitting, the split surface of the remain-
ing wafer 270 can be lapped and/or polished 260, for exam-
ple, for the purpose of regeneration (reclaim), as is shown in
FIG. 2e, in order to prepare said surface for epitaxy again.
After the last mechanical processing step (e.g. roughness
depth < 2 nm), a dry etching process can additionally be
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employed to remove buried crystal defects surface-confor-
mally before the next epitaxy step.

[0057] FIGS. 2a to 2e show by way of example a wafer
regeneration process on the basis of splitting a wafer. The
wafer can be reused at least ten times for example on the
basis of the proposed method.

[0058] Further details and aspects are mentioned in con-
junction with the exemplary embodiments described above
or below. The exemplary embodiment shown in FIGS. 2a-
2e can have one or more optional additional features which
correspond to one or more aspects which are mentioned in
conjunction with the proposed concept or one or more
exemplary embodiments described above (e.g. FIG. 1) or
below (e.g. FIGS. 3-4).

[0059] FIG. 3 shows a flow diagram of a method for pro-
ducing a silicon carbide component corresponding to one
exemplary embodiment. The method 300 comprises form-
ing 110 a silicon carbide layer on an initial wafer, forming
120 a doping region of the silicon carbide component to be
produced in the silicon carbide layer, and splitting 140 the
silicon carbide layer or the initial wafer after forming 120
the doping region, such that a silicon carbide substrate at
least of the silicon carbide component to be produced is
split off. Furthermore, the silicon carbide substrate has a
thickness of more than 30 pm (or more than 60 pm or
more than 100 um).

[0060] Reuse of the initial wafer can be made possible by
forming a silicon carbide layer having a sufficient thickness.
The costs for producing silicon carbide components could
be reduced as a result.

[0061] Further details and aspects are mentioned in con-
junction with the exemplary embodiments described above
or below. The exemplary embodiment shown in FIG. 3 can
have one or more optional additional features which corre-
spond to one or more aspects which are mentioned in con-
junction with the proposed concept or one or more exemp-
lary embodiments described above (e.g. FIG. 1-2¢) or below
(e.g. FIG. 4).

[0062] FIG. 4 shows a schematic cross section of a part of
a silicon carbide component corresponding to one exemp-
lary embodiment. The silicon carbide component 400 com-
prises a silicon carbide substrate 410 having a thickness of
more than 30 pm and a doping region 420 of the silicon
carbide component 400 arranged at a first surface 412 of
the silicon carbide substrate 410. A point defect density in
the centre 430 of the silicon carbide substrate 410 between
the first surface 412 and an opposite second surface 414 of
the silicon carbide substrate 410 is less than 5¥1014 cm-3 (or
less than 1*10!4 cm-3 or less than 5*1013 cm-3), since the
SiC substrate was produced by means of an epitaxial process
at temperatures of less than 1700° C., for example, and the
equilibrium point defect concentration established is thus
different (lower) compared with that established during the
bulk crystal growth process by means of sublimation at -
2300° C.

[0063] If a silicon carbide component is formed on a thick
epitaxial silicon carbide layer (which was grown beforehand
on an initial wafer, for example), the point defect density
even in the centre of the silicon carbide substrate of the sili-
con carbide component can be kept low. Furthermore, the
costs for production could be reduced by the use of a thick
silicon carbide substrate.

[0064] The point defect density can be measured for
example at a point or in a plane which is at the same distance
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A from the first surface 412 and from the second surface 414
of the silicon carbide substrate 410 and thereby corresponds
to the centre 430.

[0065] By way of example, furthermore, an average dop-
ing concentration in the centre 430 of the silicon carbide
substrate 410 can be greater than 5*10!7 cm-3 (or more
than 5*1018 cm-3 or more than 1*¥1019 ¢m-3). By way of
example, the silicon carbide substrate 410 can comprise a
first partial layer having an average doping concentration
(and/or a maximum doping concentration) of more than
5*1017 cm3 (or more than 5*101% c¢cm- or more than
1*#101% cm-3) and a second partial layer having an average
doping concentration (and/or a maximum doping concentra-
tion) of less than 1*1017 cm-3 (or less than 5*1016 cm-3 or
less than 1*10!6 ¢cm-3). The thickness of the first partial
layer of the silicon carbide substrate can be for example
greater than 20 pm (or greater than 40 pm or greater than
80 um). The thickness of the second partial layer of the sili-
con carbide substrate can be less than 30 pm (or less than
20 um or less than 10 um). The thickness of the second
partial layer of the silicon carbide substrate can be chosen
for example depending on the blocking capability to be
achieved for the silicon carbide component to be produced.
By way of example, at least one part of the first partial layer
can form a drift region of the silicon carbide component
400. By way of example, the thickness of the second partial
layer of the silicon carbide substrate is smaller (e.g. more
than 10 pm) than the thickness of the first partial layer of
the silicon carbide substrate.

[0066] The silicon carbide component 400 can be pro-
duced for example by one of the methods described in asso-
ciation with FIGS. 1-3. A silicon carbide component pro-
duced can have a low point defect density even in the
centre of the silicon carbide substrate of the silicon carbide
component.

[0067] By way of example, the silicon carbide component
400 can be a vertical silicon carbide component or comprise
a vertical component structure (e.g. vertical diode, vertical
field effect transistor or vertical insulated gate bipolar tran-
sistor IGBT). A vertical silicon carbide component or a ver-
tical component structure conducts for example current in a
conducting state or an on state principally (e.g. more than
70%, of a total current through the silicon carbide compo-
nent) vertically between a front side and a rear side. The
silicon carbide component can be a power semiconductor
component. By way of example, the silicon carbide compo-
nent and/or a vertical component structure of the silicon car-
bide component can have a breakdown voltage or reverse
voltage of more than 100 V (e.g. a breakdown voltage of
200 V, 300 V, 400 V or 500 V), more than 500 V (e.g. a
breakdown voltage of 600 V, 700 V, 800 V or 1000 V) or
more than 1000 V (e.g. a breakdown voltage of 1200 V,
1500V, 1700 V, 2000 V, 3300 Vor 6500 V).

[0068] Further details and aspects are mentioned in con-
junction with the exemplary embodiments described above
or below. The exemplary embodiment shown in FIG. 4 can
have one or more optional additional features which corre-
spond to one or more aspects which are mentioned in con-
junction with the proposed concept or one or more exemp-
lary embodiments described above (e.g. FIGS. 1-3) or
below.

[0069] Some exemplary embodiments relate to a SiC
wafer recycling method.
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[0070] In alternative methods, by way of example, the SiC
basic material costs can be reduced by a very thin layer (in
the region of e.g. <=1 um) being split off from a wafer and
being bonded onto an auxiliary carrier. An optimally
adapted surface can thus be available for the subsequent epi-
taxy process, without a complete wafer having to be used for
this purpose. However, a complex process of splitting (e.g.
smart cut) and bonding may be necessary in this method. In
particular the wafer bow of such a composite wafer could be
very high even with good matching of the temperature coef-
ficient CT (with the use e.g. of graphite carriers) and the
process compatibility of the carrier could be critical. In
another method, monocrystalline SiC layers could be elec-
trically conductively bonded on a poly-SiC wafer. Thus,
although the bow topic and also the process compatibility
could be significantly improved, for example almost no
cost advantage would arise in comparison with the mono-
crystalline SiC substrate.

[0071] According to the proposed concept, the splitting off
can be performed for example only after the complete front
side processing of the respective components and the highly
doped wafer split off can be used again after a suitable
regeneration step (reclaim step). In order for example
always to start with the same (or similar) wafer thickness
in the process, it is possible to apply an epitaxial layer
whose total thickness does not depend (exclusively) on the
electrical requirements of the component that results later,
but rather concomitantly includes as minimum thickness the
material margin necessary for the splitting process. Said
material margin can be highly coped in order not to generate
any appreciable ohmic additional resistance in the later
component. A sufficiently thick epitaxial layer together
with a splitting process can allow a wafer reclaim during
SiC component production. By way of example the wafer
is not consumed in the process, but rather can be a recover-
able constituent. By way of example, it is possible to carry
out splitting of SiC wafers having a thickness of 150 pum and
a diameter of 150 mm or some other thickness and/or
diameter.

[0072] The split-off partial wafer 270 with the component
structures can be processed to completion to the greatest
possible extent on the front side in order for example to
minimize the handling steps of this thin and hence fragile
partial wafer. The split-off partial wafer can be provided at
least with a contact layer and a contact reinforcement for the
mounting capability. By way of example, a thin nickel sili-
cide NiSi layer can be sputtered onto the rear side of the
wafer and thermal contact formation can be carried out by
means of rapid thermal processing (RTP) or laser pulses. A
solderable rear-side metal layer can then be deposited.
[0073] The aspects and features that have been mentioned
and described together with one or more of the examples
and figures described in detail above can furthermore be
combined with one or more of the other examples in order
to replace a similar feature of the other example or in order
additionally to introduce the feature into the other example.
[0074] The description and drawings present only the
principles of the disclosure. Furthermore, all examples men-
tioned here are intended to be used expressly only for teach-
ing purposes, in order to assist the reader in understanding
the principles of the disclosure and the concepts contributed
by the inventor(s) for further development of the art. All
statements herein regarding principles, aspects and exemp-
lary embodiments of the disclosure and also particular
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exemplary embodiments thereof are intended to encompass
the counterparts thereof.
[0075] A block diagram can illustrate e.g. a detailed cir-
cuit diagram which implements the principles of the disclo-
sure. In a similar manner, a flow diagram, flow chart, state
transition diagram, pseudo-code and the like can illustrate
various processes which can substantially be represented
in a computer-readable medium and thus be performed by
a computer or processor, regardless of whether such a com-
puter or processor is expressly illustrated. Methods dis-
closed in the description or in the claims can be implemen-
ted by a device comprising means for performing each of the
corresponding steps of said methods.
[0076] Furthermore, it goes without saying that the disclo-
sure of multiple steps, processes, operations, sequences or
functions disclosed in the description or the claims should
not be interpreted as being in the specific order, unless this is
explicitly or implicitly indicated otherwise, e.g. for techni-
cal reasons. The disclosure of multiple steps or functions
therefore does not limit them to a specific order, unless
said steps or functions are not interchangeable for technical
reasons. Furthermore, in some examples, an individual step,
function, process or sequence can include a plurality of par-
tial steps, functions, processes or sequences or be subdi-
vided into them. Such partial steps can be included and be
part of the disclosure of said individual step, provided that
they are not expressly excluded.
[0077] Furthermore, the claims that follow are hereby
incorporated in the detailed description, where each claim
can be representative of a separate example by itself. If
each claim can be representative of a separate example by
itself, it should be taken into consideration that - although a
dependent claim can refer in the claims to a particular com-
bination with one or more other claims - other exemplary
embodiments can also include a combination of the depen-
dent claim with the subject matter of any other dependent or
independent claim. These combinations are proposed here,
provided that no indication is given that a specific combina-
tion is not intended. Furthermore, features of a claim are
intended also to be included for any other independent
claim, even if this claim is not made directly dependent on
the independent claim.
1. Amethod for producing a silicon carbide component, the
method comprising:
forming a silicon carbide layer on an initial wafer, wherein
the silicon carbide layer comprises a doping region of the
silicon carbide component to be produced in the silicon
carbide layer,
forming an electrically conductive contact structure on the
surface of the silicon carbide layer, the electrically con-
ductive contact structure electrically contacting the dop-
ing region,
producing a splitting region by pre-damaging the splitting
region, wherein the splitting region is produced by laser
treating the splitting region before forming the electri-
cally conductive contact structure in order to pre-damage
the splitting region;
splitting the silicon carbide layer or the initial wafer along
the splitting region after forming the silicon carbide
layer, such that a silicon carbide substrate at least of the
silicon carbide component to be produced is split off,
wherein the silicon carbide substrate has a thickness of
more than 30 pum,
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wherein the doping region extends to a surface of the silicon
carbide layer before splitting the silicon carbide layer,
and

wherein splitting along the splitting region comprises

applying a polymer film.

2. The method of claim 1, wherein at least one surface of the
initial wafer comprises silicon carbide, and wherein forming
the silicon carbide layer comprises epitaxially growing sili-
con carbide on the surface of the initial wafer.

3. The method of claim 1, wherein forming the silicon car-
bide layer comprises:

forming a first partial layer of the silicon carbide layer with

an average doping concentration of more than 5*1017

cm-3; and

forming a second partial layer of the silicon carbide layer
with an average doping concentration of less than
1*1017 cm-3.

4. The method of claim 3, wherein the thickness of the first
partial layer of the silicon carbide layer is greater than 20 pm.

5. The method of claim 3, wherein the thickness of the sec-
ond partial layer of the silicon carbide layer is less than 30 pm.

6. The method of claim 3, wherein the thickness of the sec-
ond partial layer of the silicon carbide layer is less than the
thickness of the first partial layer of the silicon carbide layer.

7. The method of claim 3, wherein at least one part of the
second partial layer forms a drift region of the silicon carbide
component to be produced.

8. The method of claim 1, further comprising:

forming a passivation layer on the surface of the silicon

carbide layer before the splitting.

9. The method of claim 1, further comprising:

securing a carrier wafer or a carrier film to a layer stack

formed on the surface of the silicon carbide layer, before
the splitting.

10. The method of claim 1, further comprising:

conditioning a surface of a remaining wafer, comprising at

least one part of the initial wafer, after the splitting.

11. The method of claim 10, further comprising:

forming a further silicon carbide layer on the remaining

wafer, wherein the further silicon carbide layer com-

prises a doping region of a further silicon carbide com-

ponent to be produced in the further silicon carbide layer;

and

splitting the further silicon carbide layer or the remaining
wafer after forming the further silicon carbide layer of
the further silicon carbide component to be produced,
such that a further silicon carbide substrate at least of
the further silicon carbide component to be produced is
split off.

12. The method of claim 1, wherein the splitting comprises
splitting the silicon carbide layer such that a part of the silicon
carbide layer remains on the initial wafer after the splitting.

13. The method of claim 1, further comprising:

forming an electrically conductive contact structure of the

silicon carbide component to be produced on the surface
of the silicon carbide layer, the electrically conductive
contact structure electrically contacting the doping
region,
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wherein the electrically conductive contact structure com-
prises at least one of metal and polysilicon.

14. The method of claim 1, further comprising:

separating the silicon carbide layer in regions between sili-
con carbide components to be produced before the
splitting.

15. A method for producing a silicon carbide component,

the method comprising:

forming a silicon carbide layer on an initial wafer, wherein
the silicon carbide layer comprises a doping region of the
silicon carbide component to be produced in the silicon
carbide layer;

forming an electrically conductive contact structure on the
surface of the silicon carbide layer, the electrically con-
ductive contact structure electrically contacting the dop-
ing region,

producing a pre-damaged splitting region, wherein the
splitting region is produced by laser treating the splitting
regionbefore forming the electrically conductive contact
structure in order to pre-damage the splitting region;

splitting the silicon carbide layer or the initial wafer along
the splitting region after forming the silicon carbide
layer, such that a silicon carbide substrate at least of the
silicon carbide component to be produced is split off,
wherein the silicon carbide substrate has a thickness of
more than 30 pm,

wherein the doping region extends to a surface of the silicon
carbide layer before splitting the silicon carbide layer,
and

wherein splitting along the splitting region comprises pro-
ducing thermal stress.

16. A method for producing a silicon carbide component,

the method comprising:

forming a silicon carbide layer on an initial wafer, wherein
the silicon carbide layer comprises a doping region of the
silicon carbide component to be produced in the silicon
carbide layer;

forming an electrically conductive contact structure on the
surface of the silicon carbide layer, the electrically con-
ductive contact structure electrically contacting the dop-
ing region,

producing a pre-damaged splitting region, wherein the
splitting region is produced by laser treating the splitting
regionbefore forming the electrically conductive contact
structure in order to pre-damage the splitting region;

splitting the silicon carbide layer or the initial wafer along
the splitting region after forming the silicon carbide
layer, such that a silicon carbide substrate at least of the
silicon carbide component to be produced is split off,
wherein the silicon carbide substrate has a thickness of
more than 30 um,

wherein the doping region extends to a surface of the silicon
carbide layer before splitting the silicon carbide layer,
and

wherein splitting along the splitting region comprises
applying mechanical force.
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