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P-TYPE 4H-SIC SINGLE CRYSTAL AND
METHOD FOR PRODUCING P-TYPE 4H-SIC
SINGLE CRYSTAL

TECHNICAL FIELD

[0001] The present invention relates to a p-type 4H—SiC
single crystal and a method for producing the p-type
4H—SiC single crystal. Priority is claimed on Japanese
Patent Application No. 2015-192724, filed on Sep. 30, 2015,
the content of which is incorporated herein by reference.

BACKGROUND ART

[0002] Silicon carbide (SiC) has a dielectric breakdown
electric field which is larger by one order of magnitude than
silicon (Si), and has a band gap three times larger than
silicon (Si). Silicon carbide (SiC) has characteristics such as
having a thermal conductivity which is about three times
higher than silicon (Si). Silicon carbide (SiC) is expected to
be applied to power devices, high-frequency devices, high-
temperature operation devices, and the like.

[0003] In particular, a 4H—SiC single crystal has a high
mobility and is expected to be used for power devices. For
example, Patent Document 1 discloses that an n-type
4H—SiC single crystal co-doped with a donor element and
an acceptor element has a low resistivity.

[0004] Meanwhile, sufficient progress has not been made
to lower resistance of the p-type 4H—SiC single crystal.
This is because there are problems that a hole as a p-type
carrier has a lower mobility than an electron as an n-type
carrier; aluminum or boron as an acceptor of a p-type SiC
has a larger ionization energy and a lower activation rate
than nitrogen as a donor of an n-type SiC; as a doping
amount of aluminum or the like increases, polymorphs are
increased to result in deterioration of crystallinity; and the
like.

[0005] On the other hand, in order to develop a SiC bipolar
device with a high breakdown voltage exceeding 10 kV in
assuming utilization of power infrastructure or the like,
development of a low resistance p-type 4H—SiC single
crystal is an important factor. For example, as a substrate for
manufacturing an n-channel SiC insulated-gate bipolar tran-
sistor (IGBT) or the like, a low resistance p-type 4H—SiC
single crystal is used.

[0006] Under these circumstances, development of a
p-type 4H—SiC single crystal has recently been progress-
ing. For example, Non-Patent Document 1 discloses that by
co-doping of aluminum and nitrogen, polymorphs can be
prevented from being generated in a p-type 4H—SiC.
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[0007] [Patent Document 1] Japanese Unexamined Patent
Application, First Publication No. 2015-30640

Non-Patent Literature

[0008] [Non-Patent Document 1] Kazuma Eto et al., Mate-
rials Science Forum, Vols. 821-823 (2015) pp. 47-50.
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SUMMARY OF INVENTION

Technical Problem

[0009] However, it cannot be said that a sufficiently low
resistivity is achieved even in the p-type 4H—SiC single
crystal disclosed in Non-Patent Document 1.

[0010] The present invention has been made in view of the
above problems, and an object thereof is to provide a low
resistance p-type 4H—SiC single crystal. Another object of
the present invention is to provide a simple method for
producing the low resistance p-type 4H—SiC single crystal.

Solution to Problem

[0011] As a result of intensive studies, the present inven-
tors found that in a case where a SiC single crystal is grown
by a sublimation method, nitrogen can be introduced at a
high concentration into a p-type 4H—SiC single crystal by
using a nitrided aluminum raw material. Consequently, the
present inventors found that polymorphs can be prevented
from being generated, and thus allows an extremely low
resistance p-type 4H—SiC single crystal to be obtained.
Accordingly, the present invention has been completed.
[0012] That is, the present invention provides the follow-
ing measures to solve the above problems.

[0013] (1) According to an embodiment of the present
invention, there is provided a p-type 4H—SiC single crystal,
which is doped with both aluminum and nitrogen, and of
which a nitrogen concentration is 2.0x10'*/cm> or more and
an aluminum concentration is 1.0x10%° cm® or more.

[0014] (2) In the p-type 4H—SiC single crystal described
in (1), the aluminum concentration may be 1.8x10*%cm> or
more.

[0015] (3) In the p-type 4H—SiC single crystal described
in (1) or (2), a stacking fault density thereof may be 50/cm
or less.

[0016] (4) In the p-type 4H—SiC single crystal described
in any one of (1) to (3), a concentration of any element from
the group consisting of phosphorus, arsenic, titanium, vana-
dium, chromium, copper, iron, and nickel may be 2x10'%/
cm?® or less.

[0017] (5) In the p-type 4H—SIC single crystal described
in any one of (1) to (4), a thickness thereof may be 1 mm or
more.

[0018] (6) A method for producing a p-type 4H—SiC
single crystal according to the embodiment of the present
invention includes a sublimation step of sublimating a
nitrided aluminum raw material and a SiC raw material; and
a crystal-growth step of stacking a SiC single crystal, which
is co-doped with aluminum and nitrogen, on one surface of
a seed crystal.

[0019] (7) Regarding the method for producing a p-type
4H—SiC single crystal described in (6), in the sublimation
step, the nitrided aluminum raw material and the SiC raw
material are disposed separately from each other, and are
sublimated at different temperatures.

[0020] (8) Regarding the method for producing a p-type
4H—SiC single crystal described in (6) or (7), the sublima-
tion step and the crystal-growth step are performed under a
nitrogen gas atmosphere.

[0021] (9) The method for producing a p-type 4H—SiC
single crystal described in any one of (6) to (8) may further
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include a step of nitriding an aluminum raw material to
prepare the nitrided aluminum raw material, before the
sublimation step.

Advantageous Effects of Invention

[0022] The SiC single crystal according to the embodi-
ment of the present invention is doped with nitrogen at a
high concentration. As a result, it is possible to provide a
p-type 4H—SIC single crystal having a low resistivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1 is a schematic cross-sectional view showing
an example of a SiC single crystal production apparatus that
can be used in a method for producing a p-type 4H—SiC
single crystal according to the embodiment of the present
invention.

[0024] FIG. 2 shows an X-ray diffraction result of an
aluminum raw material after a nitriding treatment.

[0025] FIG. 3 shows an optical microscopic image
obtained at the time of cross-sectionally observing a SiC
single crystal produced in Example 1.

DESCRIPTION OF EMBODIMENTS

[0026] Hereinafter, the present invention will be described
in detail with proper reference to the drawings.

[0027] In the drawings used in the following description,
in order to clarify the features of the present invention,
characteristic portions may be enlarged for the sake of
convenience, and dimensional ratios and the like of the
respective components may be different from actual ones.
The materials, dimensions, and the like in the following
description are merely exemplary examples, and the present
invention is not limited thereto. Thus, an appropriate modi-
fication can be made to carry out the present invention
within a scope that does not change the gist of the present
invention.

[0028] (P-Type 4H—SiC Single Crystal)

[0029] A p-type 4H—SIC single crystal according to the
embodiment of the present invention is a p-type semicon-
ductor co-doped with aluminum and nitrogen. Due to the
fact of being a p-type semiconductor, a carrier is a hole
generated by activation following doping of aluminum as an
acceptor.

[0030] The p-type 4H—SiC single crystal according to the
embodiment of the present invention has a nitrogen concen-
tration of 2.0x10'%/cm?® or more. The nitrogen concentration
is preferably 1.0x10*°/cm® or more, and more preferably
1.5x10°°/cm? or more.

[0031] By doping aluminum and nitrogen at high concen-
trations, it is possible to obtain a low resistance p-type
4H—SiC single crystal having 100 mQcm or less. Among
SiC single crystals obtained by a sublimation method, a low
resistance p-type 4H—SiC single crystal having 100 mQcm
or less has never been reported so far, and such resistance
value was firstly reached by the p-type 4H—SiC single
crystal according to the embodiment of the present inven-
tion.

[0032] It is known that by co-doping of aluminum and
nitrogen, polymorphs can be prevented from being gener-
ated in a crystal-growth procedure of SiC. It is said that this
is because distortion generated in a crystal structure due to
a size of one atom (aluminum or nitrogen) is corrected by the
other atom. Aluminum increases crystal lattice and nitrogen
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decreases crystal lattice. Therefore, it is considered that
increased doping amount of nitrogen results in increased
crystallinity of a p-type 4H—SiC single crystal and allows
a 4H crystal to be obtained even in a case where an
aluminum concentration is increased.

[0033] The p-type 4H—SiC single crystal is a p-type.
Thus, an aluminum concentration thereof is higher than a
nitrogen concentration thereof. In other words, the nitrogen
concentration is less than or equal to the aluminum concen-
tration. The aluminum concentration of the p-type 4H—SiC
single crystal is preferably 1.0x10*°/cm® or more, more
preferably 1.8x10°°/cm® or more, and still more preferably
2.0x10*°/cm’ or more.

[0034] In a case where the aluminum concentration is
high, a hole as a carrier can be increased in the SiC single
crystal, and a resistivity of the SiC single crystal can be
decreased. Meanwhile, although it depends on a relationship
with the nitrogen concentration, in a case where the alumi-
num concentration is too high, polymorphs may be gener-
ated in a crystal structure. Therefore, the aluminum concen-
tration is preferably 3x10*!/cm? or less.

[0035] The crystal structure of the p-type 4H—SiC single
crystal is 4H—SiC and does not have other polymorphs. The
SiC single crystal has polymorphs such as 3C—SiC,
4H—SiC, 6H—SIiC, and the like. Polymorphs are generated
due to the fact that crystal structures of SiC do not differ as
a top surface structure in a case of being viewed from a
c-axis direction (<000-1> direction). Therefore, in a case
where a crystal is grown in the c-axis direction, a structural
change easily occurs to cause polymorphs (heterogeneous
polymorphs) that have a different structure from a 4H—SiC
structure.

[0036] Presence of polymorphs can lower crystallinity of
the SiC single crystal, and thus be a cause for increased
resistivity. In addition, in a case where polymorphs such as
6H—SiC are mixed, it is not possible to manufacture an
originally intended device.

In a case where the crystal structure of the p-type 4H—SiC
single crystal is composed only of 4H—SiC, it is possible to
achieve a high crystallinity and a low resistivity, and to
stably manufacture the device. Prevention of polymorphs
from being generated can be performed by co-doping of
aluminum and nitrogen as described above.

[0037] The p-type 4H—SIC single crystal according to the
embodiment of the present invention preferably has a stack-
ing fault density of 50/cm or less, and more preferably does
not contain any stacking fault.

[0038] The stacking fault is a defect that is formed in a
base plane direction of the SiC single crystal and may
deteriorate crystallinity to affect an operation of the device.
[0039] Although there are various causes for occurrence of
the stacking fault, disturbance of the crystal structure is one
cause for the occurrence. In a case where an attempt is made
to grow an ordered crystal structure on a layer with a
disturbed crystal structure, it is necessary to absorb the
disturbance in any form, in which a local structural strain
appears as a stacking fault. That is, stacking fault can be
regarded as a polymorph which is locally occurred. For
example, it is considered that disturbance in a <000-1>
direction parallel to a growth direction is converted into a
Frank stacking fault or the like, and disturbance in a <11-20>
direction or <1-100> direction perpendicular to the growth
direction is converted into a Shockley stacking fault or the
like.
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[0040] The stacking fault in the p-type 4H—SiC single
crystal can be reduced by co-doping of aluminum and
nitrogen. This is because distortion of the crystal structure
can be relieved by co-doping of aluminum and nitrogen. In
a case where the stacking fault density in the p-type
4H—SiC single crystal is small, it is possible to reduce a
defective region affecting the device in the SiC single
crystal, and to increase yield and reliability of the device.

[0041] It is preferable that the p-type 4H—SiC single
crystal according to the embodiment of the present invention
also has a concentration of 2x10"/cm’ or less for any
element from the group consisting of phosphorus, arsenic,
titanium, vanadium, chromium, coppet, iron, and nickel. In
addition, it is more preferable that these elements are present
at a concentration less than or equal to a detection limit of
secondary ion mass spectrometry (SIMS).

[0042] In a case of using a production method of a SiC
single crystal with a solution method or the like, in order to
obtain a SiC single crystal having a normal surface state, an
additional element such as chromium, titanium, and copper
is often added to a solvent. Therefore, the SiC single crystal
produced by the solution method or the like may contain
these elements as impurities, although those elements are
present in a small amount. These impurities result in dete-
riorated crystallinity in the SiC single crystal, defects after
device processing, and the like.

[0043] The p-type 4H—SiC single crystal according to the
embodiment of the present invention can be produced by a
sublimation method as described later. Therefore, these
impurities and the like can be prevented from being taken
into the SiC single crystal.

[0044] The p-type 4H—SiC single crystal may be a single
crystal ingot made of a bulky single crystal or a SiC wafer
obtained by processing a SiC single crystal ingot into a
wafer. Generally, the SiC wafer has a thickness of about
several hundred um. In addition, since the SiC ingot is a
bulky single crystal from which a plurality of SiC wafers can
be cut, it has a thickness of 1 mm or more.

[0045] In a case where a manufacturing method of a
p-type 4H—SiC single crystal substrate using a sublimation
method described later is used, it is possible to obtain a low
resistance p-type 4H—SiC single crystal in both the single
crystal ingot and the SiC wafer. The p-type 4H—SiC single
crystal can also be obtained by epitaxial growth. However,
it is extremely difficult to prepare a p-type 4H—SiC single
crystal having a growth thickness exceeding 1 mm by a
method using the epitaxial growth, and such method has a
poor productivity.

[0046] As described above, the p-type 4H—SiC single
crystal according to the embodiment of the present invention
can realize a low resistance having a resistivity of 100
m&cm or less. Therefore, it can be expected to be applied to
various applications such as an n-channel SiC insulated-gate
bipolar transistor (IGBT).

[0047] Further, the p-type 4H—SiC single crystal accord-
ing to the embodiment of the present invention has a high
crystallinity and no polymorphs. Therefore, a low resistance
can be realized, and reliability of the device can be
increased.

[0048] Further, the p-type 4H—SiC single crystal accord-
ing to the embodiment of the present invention has almost no
stacking fault. Therefore, it is possible to reduce occurrence

Sep. 27,2018

of killer defects or the like of the device, and to improve
yield of device manufacture, reliability of the device, and the
like.

[0049] (Production Method of p-Type 4H—SiC Single
Crystal)
[0050] A method for producing the p-type 4H—SiC single

crystal according to the embodiment of the present invention
includes a sublimation step of sublimating a nitrided alumi-
num raw material and a SiC raw material; and a crystal-
growth step of stacking a SiC single crystal, which is
co-doped with aluminum and nitrogen, on one surface of a
seed crystal.

[0051] FIG. 1 is a schematic cross-sectional view showing
an example of a SiC single crystal production apparatus that
can be used in a method for producing a p-type 4H—SiC
single crystal according to the embodiment of the present
invention. The SiC single crystal production apparatus 10
includes a crucible 1 defining a reaction space R, a hold
section 2 capable of holding a SiC raw material M1, a
support section 3 supporting the hold section 2, a placement
section 4 capable of placing a seed crystal S, a first heater 5
for heating a first region, and a second heater 6 for heating
a second region. On a bottom of the crucible 1, an aluminum
raw material M2 can be placed. Hereinafter, using this SiC
single crystal production apparatus 10 as an example, the
method for producing the p-type 4H—SiC single crystal
according to the embodiment of the present invention will be
described.

[0052] First, the SiC raw material M1 and the aluminum
raw material M2 are prepared.

[0053] As the SiC raw material M1, generally, widely used
SiC powders or the like can be used. The aluminum raw
material M2 may be either a nitrided aluminum compound
or a non-nitrided aluminum compound. In a case of using the
non-nitrided aluminum compound, the aluminum raw mate-
rial M2 is nitrided in a production procedure described later.
As the nitrided aluminum compound, AIN, AL;C;N, or the
like can be used. As the non-nitrided aluminum compound,
AL,C; or the like can be used.

[0054] It is preferable that the SiC raw material M1 and
the aluminum raw material M2 are placed separately from
each other. For example, the SiC raw material M1 can be
placed in the hold section 2, and the aluminum raw material
M2 can be placed in the bottom of the crucible 1.

[0055] Next, the SiC raw material M1 and the aluminum
raw material M2 are sublimated. It is preferable to sublimate
the SiC raw material M1 and the aluminum raw material M2
at different temperatures.

[0056] Inarange of 1500° C.to 2500° C., a vapor pressure
of the SiC raw material M1 is lower than a vapor pressure
of the aluminum raw material M2. Therefore, in a case
where the aluminum raw material M2 is heated under a
condition in which an ordinary SiC raw material M1 is
sublimated, a sublimation rate of the aluminum raw material
M2 increases, thereby causing problems in adjusting a
doping amount of aluminum and in a SiC crystal-growth.
These problems can be solved by placing the SiC raw
material M1 and the aluminum raw material M2 separately
from each other and performing temperature control of the
respective materials with different coils.

[0057] Temperature control of the SiC raw material M1
and the aluminum raw material M2 can be realized by the
first heater 5 and the second heater 6. For example, the first
heater 5 is designed to heat the first region of the crucible 1
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where the SiC raw material M1 exists, and the second heater
6 is designed to heat the second region of the crucible 1
where the aluminum raw material M2 exists. By designing
in this manner, the temperatures of the SiC raw material M1
and the aluminum raw material M2 can be separately
controlled. More specifically, the temperature of the first
heater 5 can be set to about 2200° C. to 2500° C. at which
the SiC raw material M1 can be sublimated, and the tem-
perature of the second heater 6 can be set to about 1700° C.
to 2000° C. at which the aluminum raw material M2 can be
sublimated.

[0058] In a case where the aluminum raw material M2 is
not nitrided, it is preferable to nitride the aluminum raw
material M2 before sublimation to prepare a nitrided alu-
minum raw material. Nitriding of the aluminum raw mate-
rial M2 can be performed by heating in a nitrogen atmo-
sphere. For example, the aluminum raw material M2 may be
nitrided in another apparatus or may be nitrided in the
crucible 1 before placing the SiC raw material M1.

[0059] Further, by placing the aluminum raw material M2
in the crucible 1 without nitriding and setting an atmosphere
in the crucible 1 to an environment in which the aluminum
raw material M2 is easily nitrided, the aluminum raw
material M2 may be intentionally nitrided during the subli-
mation step. Specifically, measures can be taken, such as
setting the inside of the reaction space R before a sublima-
tion treatment to an atmosphere consisting only of nitrogen,
supplying nitrogen from a bottom side where the aluminum
raw material M2 is placed into the crucible 1, or the like.

[0060] The sublimated raw material gas reaches the seed
crystal S placed in the placement section 4, where a SiC
single crystal is grown. The crystal-growth step proceeds
naturally by sublimating the SiC raw material M1 and the
aluminum raw material M2. The gas sublimated from the
aluminum raw material M2 contains both aluminum and
nitrogen. Thus, during the crystal-growth, these elements are
taken into the crystal. As a result, a p-type 4H—SiC single
crystal doped with both aluminum and nitrogen can be
obtained.

[0061] The sublimation step is preferably performed under
a nitrogen gas atmosphere. Here, the nitrogen gas atmo-
sphere means that the gas supplied into the crucible is only
nitrogen. In other words, this means that the gas species
which is present in the atmosphere is only nitrogen besides
sublimation gas which is sublimated from the SiC raw
material M1 and the aluminum raw material M2.

[0062] By setting the inside of the reaction space R to a
nitrogen gas atmosphere, nitriding of the aluminum raw
material M2 can be promoted and nitrogen doping into the
grown SiC single crystal can be performed. That is, by
setting the inside of the reaction space R to a nitrogen gas
atmosphere, nitrogen can be doped at a higher concentration
into a p-type 4H—SiC single crystal which is being grown.
Doping nitrogen into a p-type 4H—SiC single crystal at a
higher concentration has not been realized even in Non-
Patent Document 1.

[0063] Supply of a nitrogen gas into the reaction space R
can be performed via the crucible 1. The crucible 1 has a
nitrogen gas permeability. Therefore, even in a case where
the crucible 1 is not provided with a gas supply section, by
setting an atmosphere surrounding the crucible 1 to a
nitrogen gas atmosphere, a gas atmosphere in the reaction
space R can also be a nitrogen gas atmosphere.
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[0064] As described above, in the method for producing
the p-type 4H—SiC single crystal according to the embodi-
ment of the present invention, by nitriding an aluminum raw
material or using a nitrided aluminum raw material, a
nitrogen concentration of the obtained p-type 4H—SiC
single crystal can be increased. As a result, a p-type
4H—SiC single crystal having a low resistivity can be
simply produced.

[0065] Further, the method for producing the p-type
4H—SiC single crystal according to the embodiment of the
present invention uses a sublimation method. Thus, even a
SiC ingot having a thickness of several mm or more can be
relatively easily produced. In a method using epitaxial
growth, it is not realistic to produce a SiC ingot having a
thickness of several mm or more, and a productivity thereof
is also extremely poor.

In addition, the method for producing the p-type 4H—SiC
single crystal according to the embodiment of the present
invention uses a sublimation method. Thus, unlike a solution
method, unnecessary impurities or the like can be prevented
from being taken into the crystal.

[0066] Although the preferred embodiments of the present
invention have been described in detail above, the present
invention is not limited to the specific embodiments, and
various changes and modifications may be made within a
scope of the gist of the present invention described in the
claims.

EXAMPLES

[0067] Hereinafter, examples of the present invention will
be described. The present invention is not limited only to the
following examples.

Example 1

[0068] In Example 1, a p-type 4H—SiC single crystal was
produced using an apparatus having the same configuration
as that of the SiC single crystal-growth apparatus shown in
FIG. 1. A specific procedure will be described below.
[0069] First, as an aluminum raw material, Al,C; powder
was prepared. The prepared Al,C; powder was nitrided in
advance in the apparatus. The nitriding condition was heat-
ing at 1,800° C. for 110 hours under a gas atmosphere with
a nitrogen concentration of 100%.

[0070] FIG. 2 shows an X-ray diffraction result of an
aluminum raw material after the nitriding treatment. The
horizontal axis represents an angle 26 between an incident
X-ray and a diffracted X-ray, and the vertical axis represents
an intensity. It can be seen that the obtained diffraction line
is composed of a peak derived from C and a peak derived
from AIN, and most of the aluminum raw material of
Example 1 is changed to AIN. In addition, in a case where
similar studies were conducted with other samples, a peak
derived from Al;C;N was identified in some cases. That is,
it has been shown that after the nitriding treatment, most of
the aluminum raw material is nitrided to become AIN/
AL.C,N.

[0071] The nitrided aluminum raw material thus obtained
and the SiC raw material composed of SiC powder were
separately placed in the crucible. Then, the concentration of
nitrogen gas in the crucible was set to 5%.

[0072] Then, the aluminum raw material was heated to
1900° C. and the SiC raw material was heated to 2300° C.
Each of the materials was sublimated by heating to obtain a
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SiC single crystal. At this time, the treatment time was 30
hours, and the obtained SiC single crystal had a thickness of
2.7 mm.

[0073] The obtained SiC single crystal was cut into a
wafer having a thickness of 0.2 mm, and a resistivity was
measured therefor. Hall measurement by the Van der Pauw
method was used for measurement of resistivity. In addition,
at the same time, a nitrogen concentration and an aluminum
concentration were also measured therefor. The nitrogen
concentration and the aluminum concentration were mea-
sured by using secondary ion mass spectrometry (SIMS),
and a crystal structure thereof was measured by Raman
measurement. As a result, the resistivity was 86 mQcm, the
nitrogen concentration was 1.5x10*°/cm®, the aluminum
concentration was 1.8x10°%cm?, and the crystal structure
was 4H—SiC.

[0074] A concentration of impurities in the SiC single
crystal obtained in Example 1 was also measured by using
secondary ion mass spectrometry (SIMS). The results are
shown in Table 1.

TABLE 1

Impurity element Concentration (/cm?)
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crystal was exposed to a KOH melt at 500° C. for 3 minutes.
The cut surface after the treatment was observed with an
optical microscope.

[0079] In general, in a case where a stacking fault is
present, a plurality of linear etch pits are seen in a direction
intersecting with <000-1> after the treatment with KOH.

[0080] However, in the cross-section observed in FIG. 3,
such linear etch pits were not observed after the treatment
with KOH. That is, it can be confirmed that no stacking fault
is contained in the p-type 4H—SiC single crystal of
Example 1.

Examples 2 and 3

[0081] Examples 2 and 3 are only different from Example
1 in that the nitrogen concentration during the growth is set
to 30% in Example 2, and to 100% in Example 3. The
resistivity, nitrogen concentration, aluminum concentration,
crystal structure, and stacking fault density of SiC single
crystals obtained in Examples 2 and 3 were each measured.
The results are shown in Table 2.

Comparative Example 1

Phosphorous (P) <2.0 x 10%2
Arsenic (As) <2.0 x 10'2 . ..
Titanium (Ti) 1.0 x 1015 [0082] Comparative Example 1 is different from Example
Vanadium (V) 2.0 x 10 1 in that the aluminum raw material is not nitrided in
. 14 . . . .
Chromium (Cr) <L.0x 10 advance and the nitrogen concentration during the growth is
Copper (Cu) <1.0 x 10'° 0 . . .
Tron (Fe) 10 x 1015 set to 0%. The nitrogen concentration, aluminum concen-
Nickel (Ni) <1.0 x 105 tration, and crystal structure of a SiC single crystal obtained
in Comparative Example 1 were each measured. The results
are shown in Table 2.
TABLE 2
Nitrogen
Stacking content
N Al fault during
Resistivity ~concentration  concentration Crystal density growth
(mQcm) (fem®) (/em®) structure (/em®) (%)
Example 1 86 1.5 x 10%° 1.8 x 10%° 4H 0 5
Example 2 88 2.3 x 10%° 3.1 x 10%° 4H 0 30
Example 3 97 1.8 x 10%° 2.6 x 10%° 4H 0 100
Comparative — 1.8 x 10%° 1.7 x 10%° 6H — 0
Example 1
[0075] Vanadium and titanium were detected, but any [0083] Due to a high concentration of nitrogen which is

elements other than these were less than or equal to a
detection limit of SIMS and were not detected. In addition,
the concentrations of vanadium and titanium detected were
low, which are equivalent to those of commercially available
SiC wafers.

[0076] Furthermore, cross-sectional observation of the
obtained SiC single crystal was also performed. FIG. 3
shows an optical microscopic image obtained at the time of
cross-sectionally observing the SiC single crystal produced
in Example 1. In FIG. 3, the upward direction is the <000-1>
direction.

[0077] The cross-sectional observation was performed by
the following procedure.

[0078] First, the SiC single crystal was cut along a crystal-
growth direction (1-100) plane thereof. The cut cross section
was polished to a mirror surface, and then treated with KOH.
In the treatment, a cut surface of the p-type 4H—SiC single

taken into a SiC single crystal, a SiC having a crystal
structure of 4H can be stably obtained. In addition, in any of
Examples 1 to 3, a low resistivity p-type 4H—SiC single
crystal having an extremely low resistivity of 100 mQcm or
less can be obtained.

REFERENCE SIGNS LIST

[0084] 1: Crucible

[0085] 2: Hold section

[0086] 3: Support section

[0087] 4: Placement section

[0088] 5: First heater

[0089] 6: Second heater

[0090] M1: SiC raw material
[0091] M2: Aluminum raw material
[0092] S: Seed crystal

[0093] R: Reaction space



US 2018/0274125 Al

What is claimed is:

1. A p-type 4H—SIC single crystal, which is doped with
both aluminum and nitrogen, and of which a nitrogen
concentration is 2.0x10"°/cm® or more and an aluminum
concentration is 1.0x10*°/cm® or more.

2. The p-type 4H—SiC single crystal according to claim
1, wherein the aluminum concentration is 1.8x10°°/cm® or
more.

3. The p-type 4H—SiC single crystal according to claim
1, wherein a stacking fault density is 50/cm or less.

4. The p-type 4H—SiC single crystal according to claim
1, wherein a concentration of any element from the group
consisting of phosphorus, arsenic, titanium, vanadium, chro-
mium, copper, iron, and nickel is 2x10"*/cm® or less.

5. The p-type 4H—SiC single crystal according to claim
1, wherein a thickness is 1 mm or more.

6. A method for producing a p-type 4H—SiC single
crystal, comprising:
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a sublimation step of sublimating a nitrided aluminum

raw material and a SiC raw material; and

a crystal-growth step of stacking a SiC single crystal,

which is co-doped with aluminum and nitrogen, on one
surface of a seed crystal.

7. The method for producing a p-type 4H—SiC single
crystal according to claim 6, wherein in the sublimation step,
the nitrided aluminum raw material and the SiC raw material
are disposed separately from each other, and are sublimated
at different temperatures.

8. The method for producing a p-type 4H—SiC single
crystal according to claim 6, wherein the sublimation step
and the crystal-growth step are performed under a nitrogen
gas atmosphere.

9. The method for producing a p-type 4H—SiC single
crystal according to claim 6, further comprising a step of
nitriding an aluminum raw material to prepare the nitrided
aluminum raw material, before the sublimation step.
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