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AIN BULK SINGLE CRYSTAL,
SEMICONDUCTOR DEVICE USING THE
SAME AND METHOD FOR PRODUCING THE
SAME

TECHNICAL FIELD

[0001] The present invention relates to a semiconductor
device such as a light-emitting device, an electronic device,
and a semiconductor sensor, and a method for producing an
AlN single crystal; in particular, to a method for producing an
AIN bulk single crystal having a large diameter by a sublima-
tion method.

BACKGROUND ART

[0002] AIN crystals have been attracting attention in recent
years as a substrate material for various semiconductor
devices such as optical devices and electronic devices
because AIN crystals have a wide energy band gap, high
thermal conductivity, and high electrical resistance.

[0003] Conventional methods for producing an AIN single
crystal include a sublimation method in which an AIN crystal
material is charged into a crucible and sublimed AIN is grown
as a single crystal as disclosed in Patent Document 1. This
sublimation method is conducted as follows: a powder of a
material for a single crystal is mixed with a powder of an
oxide that reacts with the material by being heated to decom-
pose the material and to vaporize AIN; the resultant mixed
powder is heated in a nitrogen atmosphere or a nitrogen
atmosphere containing hydrogen and carbon at a temperature
lower than the sublimation temperature or the melting tem-
perature of the material, thereby decomposing the mixed
powder and vaporizing AIN and growing a crystal on a sub-
strate with the resultant vaporized component.

[0004] However, the conventional method for producing an
AIN single crystal by the sublimation method has the follow-
ing problem. This method requires preparation of a seed
crystal composed of an AIN single crystal and having a diam-
eter similar to that of a single crystal to be grown. Suchan AIN
single crystal is expensive and it is extremely difficult at
present to obtain an AIN bulk single crystal having a large
diameter (diameter of 10 mm or more).

[0005] To overcome this problem, a method is used in
which an AIN single crystal is grown on a single crystal
composed of a material other than AIN. This method is dis-
closed, for example, in Non-Patent Documents 1 and 2 in
which an AIN single crystal is grown on a SiC crystal serving
as an alternative seed crystal by a sublimation method. With
this method, an AIN single crystal can be grown without an
AIN bulk single crystal serving as a seed crystal.

[0006] However, this method has the following problems.
When a single crystal is grown on the SiC seed crystal, a
C-plane wafer, which is the only commercially available
product at present, is generally used as a seed crystal since it
is a seed crystal having a large diameter. A SiC single crystal
grown in the C-axis direction inevitably includes internal
defects that have propagated in the C-axis direction. These
defects propagate to an AIN single crystal that is grown on the
SiC seed crystal. Furthermore, such heteroepitaxial growth in
which AIN is grown on SiC can cause generation of new
defects at the interface between the SiC and the AIN because
of poor matching in the lattice constants, the coefficients of
thermal expansion, and the like of the SiC crystal and the AIN
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crystal. Use of the resultant AIN single crystal for a device
may cause degradation in device properties due to defects in
the AIN single crystal.

[0007] A technique has been reported in recent years, for
example, as disclosed in Non-Patent Document 3, in which a
SiC single crystal is grown such that a crystal growth plane
thereofis a plane (hereinafter, referred to as “r-plane”) having
any inclination other than 90° with respect to the C-plane of a
seed crystal (SiC single crystal). With this technique, a SiC
single crystal can be grown in a direction other than the C-axis
and hence defects propagating along the C-axis are ejected to
outside of the crystal as the crystal is grown. As a result, a SiC
single crystal including fewer defects can be obtained.
[0008] However, growing an AIN single crystal on a SiC
single crystal substrate having a r-plane has the following
problem. Because of differences between SiC and AIN in
terms of composition and physical property values such as a
lattice constant, growing an AIN single crystal on a r-plane of
a SiC substrate does not necessarily result in a decrease in
defects.

PATENT DOCUMENT AND NON-PATENT
DOCUMENTS

[0009] Patent Document 1: Japanese Unexamined Patent
Application Publication No. 10-53495

[0010] Non-Patent Document 1: V. Noveski, “MRS Inter-
net J. Nitride Semicond. Res.”, Vol. 9, 2, 2004

[0011] Non-Patent Document 2: S. Wang, “Mater. Res.
Soc. Symp. Proc.”, Vol. 892, FF30-06, 1, 2006

[0012] Non-Patent Document 3: Z. G. Herro, B. M. Epel-
baum, M. Bickermann, C. Seitz, A. Magerl,

[0013] A. Winnacker, “Growth of 6H-SIC crystals along
the [01715] direction” Journal of Crystal Growth 275, p
496-503, 2005

[0014] An object of the present invention is to provide an

AIN bulk single crystal having fewer defects and high quality

and a method for producing such an AIN bulk single crystal

by using an appropriate seed crystal on which an AIN single
crystal is grown; and a semiconductor device.

DISCLOSURE OF INVENTION

[0015] The inventors of the present invention have thor-
oughly studied how to apply the technique of using a r-plane
as a crystal growth plane to the growth of an AIN single
crystal. As a result, they have found that simply growing an
AlN single crystal on a specific r-plane of a SiC single crystal
serving as a seed crystal is advantageous in suppressing
propagation of defects generated in the seed crystal to the AIN
single crystal. However, they have found that, depending on
the selection of a r-plane of the SiC single crystal, the gen-
eration of new defects at the interface between SiC and AIN
because of poor matching between SiC and AIN remains
problematic.

[0016] The inventors of the present invention have thor-
oughly studied how to overcome the above-described prob-
lems. As a result, they have found the following fact. When an
AIN single crystal is grown in a direction other than a direc-
tion within the C-plane of a seed crystal, on a surface inclined
at an angle of 10° to 80° with respect to the C-plane of a
hexagonal single crystal, such as SiC, serving as the seed
crystal, propagation of defects generated in the seed crystal
into the AIN single crystal is effectively suppressed. In this
case, the slight difference in lattice constant (C-axis: +1.1%,
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A-axis: —1.0%) between the SiC single crystal and the AIN
single crystal can also be canceled out and hence generation
of new defects due to poor matching at the interface between
the seed crystal and the AIN single crystal can also be effec-
tively suppressed.

[0017] To achieve the above-described object, the present
invention includes the following elements or features:

(1) A method for producing an AIN bulk single crystal includ-
ing the step of providing an AIN bulk single crystal by grow-
ing an AIN single crystal by a sublimation method on a
surface of a hexagonal single crystal material serving as a
seed crystal, the surface being a crystal plane inclined at an
angle of 10° to 80° with respect to a C-plane;

(2) The method for producing an AIN bulk single crystal
according to (1), wherein the hexagonal single crystal mate-
rial is AIN, SiC, GaN, or ZnO;

(3) The method for producing an AIN bulk single crystal
according to (2), wherein the hexagonal single crystal mate-
rial is a SiC single crystal and the surface of the SiC single
crystal is a (01-15) plane;

(4) The method for producing an AIN bulk single crystal
according to any one of (1) to (3), wherein a growth plane of
the provided AIN bulk single crystal is a (10-12) plane;

(5) The method for producing an AIN bulk single crystal
according to any one of (1) to (4), further including the step of
providing another AIN bulk single crystal by growing an AIN
single crystal by a sublimation method on a surface of the
provided AIN bulk single crystal serving as a new seed crys-
tal;

(6) An AIN bulk single crystal produced by the method
according to any one of (1) to (5) and having a diameter of 20
mm or more, a thickness of 2 mm or more, and a defect
density of 1.0x10%cm? or less; and

(7) A semiconductor device using the AIN bulk single crystal
according to (6).

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG.1 is a flow chart showing a method for produc-
ing an AIN bulk single crystal according to the present inven-
tion.

[0019] FIG.2is aperspective view showing the habit plane
of a hexagonal single crystal serving as a seed crystal.
[0020] FIG. 3 is a section view of a single crystal growth
furnace used for producing an AIN bulk single crystal accord-
ing to the present invention.

REFERENCE NUMERALS
[0021] 1,12seedcrystal (hexagonal single crystal material)
[0022] 2 AIN single crystal
[0023] 3 remained portion of AIN single crystal
[0024] 4 cut portion of AIN single crystal
[0025] 5 AIN bulk single crystal
[0026] 5'second seed crystal
[0027] 6 second AIN single crystal
[0028] 11 single crystal growth furnace
[0029] 13 holder
[0030] 14 upper heating means
[0031] 15 source material
[0032] 16 crucible
[0033] 17 lower heating means
[0034] 21 habit plane of seed crystal
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BEST MODES FOR CARRYING OUT THE
INVENTION

[0035] A method for producing an AIN bulk single crystal
according to the present invention will be described with
reference to the drawings. FIG. 1is a flow chart schematically
showing the steps of producing an AIN bulk single crystal by
a production method according to the present invention.
[0036] The production method according to the present
invention has a feature of using a hexagonal single crystal
material as a seed crystal 1 and selecting, as a surface 1a, a
crystal plane inclined at an angle of 10° to 80° with respect to
the C-plane of the hexagonal single crystal material (FIG.
1(a)), and growing an AIN single crystal 2 on the surface 1a
of the seed crystal 1 by a sublimation method (FIG. 1(5)).
After that, the AIN single crystal 2 is cut to provide an AIN
bulk single crystal 4 having fewer defects and being of high
quality (FIG. 1(¢)).

[0037] In the production method according to the present
invention, the surface 1a is selected as a plane inclined at 10°
to 80° with respect to the C-plane of the seed crystal 1 (FIG.
1(a)).

[0038] FIG. 2 shows the habit plane of the seed crystal 1.
For example, consider a case where the AIN single crystal 2 is
grown with a hexagonal SiC single crystal serving as the seed
crystal 1. In this case, when a plane X inclined at 10° to 80°
(angle . in FIG. 2) with respect to the C-plane is selected as
the surface 1a, defects generated in the seed crystal 1 (SiC)
disappear as the AIN single crystal is grown even though these
defects have propagated to the AIN single crystal. Finally, an
AIN bulk single crystal having fewer defects can be provided
in which propagation of defects is suppressed. When the
plane X is selected as the surface 1a, the matching of the seed
crystal 1 (SiC) and the AIN single crystal at the interface 1la
between the seed crystal 1 (SiC) and the AIN single crystal is
good and hence generation of new defects can also be
reduced. With the conventional crystal growth technique in
which a (0001) plane is selected as a crystal growth plane and
an AN single crystal is grown in the C-axis direction, defects
generated in the seed crystal 1 propagate in the C-axis direc-
tion. In this case, the AIN single crystal is grown and the
defects propagate in the same C-axis direction. Thus, defects
in the grown AIN single crystal cannot be suppressed. When
an AIN single crystal is grown on a r-plane of the seed crystal
1, AIN is heteroepitaxially grown on the surface of the seed
crystal 1. For this reason, the matching at the interface la is
poor and hence new defects can be generated.

[0039] Theangle c.is defined in the range of 10° to 80° with
respect to the C-plane by the following reason. When the
inclination angle ofa crystal plane serving as the surface 1a of
aseed crystal with respect to the C-plane is less than 10°, there
1s a high probability of C-plane growth in which defects tend
to propagate, being caused. When the inclination angle of a
crystal plane serving as the surface 1a of a seed crystal with
respect to the C-plane is more than 80°, there is a high prob-
ability of a-plane growth or m-plane growth in which growth
speed is extremely low, being caused. Neither case is prefer-
able.

[0040] The plane X inclined at 10° to 80° with respectto the
C-plane of the seed crystal 1 is not particularly restricted as
long as the plane X satisfies the inclination angle condition.
When a SiC single crystal is used as a seed crystal, examples
of the plane X include a (01-1n) plane (nis 1 to 15), a (1-10n)
plane (nis 1 to 15), and a (11-2n) plane (n is 1 to 15). When
the (01-1n) plane is used, the inclination with respect to the
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C-plane respectively changes from 80°, 70°, 62°, 54°, 48°, to
20° while n changes from 1, 2, 3, 4, 5,10 15.

[0041] The seed crystal 1 is not particularly restricted as
long as the seed crystal 1 is a hexagonal single crystal. The
seed crystal 1 is preferably a single crystal of AIN, SiC, GaN,
or ZnO. When a single crystal other than these single crystals
is used as a seed crystal, poor matching between the seed
crystal and an AIN single crystal can cause generation of new
defects at the interface between the seed crystal and the AIN
single crystal.

[0042] When a SiC single crystal is used as the seed crystal
1, the AIN single crystal 2 is preferably grown with the (01-
15) plane of the SiC single crystal serving as the surface 1a.
This is because the (01-15) plane is neither parallel nor per-
pendicular to the C-plane, in which defects tend to propagate,
and the (01-15) plane is a stable plane also appearing on a
free-standing crystal of a SiC single crystal. When the AIN
single crystal 2 is grown on a crystal plane other than the
(01-15) plane, there is a possibility that generation of defects
may not be sufficiently suppressed and new defects may be
generated due to poor matching. The (01-15) plane of the SiC
single crystal is inclined by about 48° with respect to the
C-plane.

[0043] When the AIN single crystal 2 is grown on the (01-
15) plane of the SiC single crystal serving as the seed crystal
1 (FIG. 1(b)), the growth plane of the resultant AIN bulk
single crystal is a (10-12) plane, which has a small inclination
of 10° or less with respect to a crystallographical C-plane of
the SiC single crystal. The (10-12) plane is a naturally formed
crystal growth plane in AIN single crystals. With the (10-12)
plane serving as a crystal growth plane, an AIN single crystal
having a growth plane that is flat and has fewer defects can be
easily obtained. Thus, an AIN bulk single crystal having fewer
defects and high quality can be obtained. The (01-15) plane of
the SiC single crystal and the (10-12) plane of the AIN single
crystal are respectively inclined by about 48° and 43° with
respect to the C-plane.

[0044] In the method for producing an AIN bulk single
crystal according to the present invention, the step of growing
the AIN single crystal 2 (FI1G. 1(5)) is conducted by a subli-
mation method. A growth furnace used in the sublimation
method is not particularly restricted as long as the growth
furnace is a commonly used single crystal growth furnace.
[0045] Inthe step of cutting a portion 4 constituting an AIN
bulk single crystal from the AIN single crystal 2 (FIG. 1(c)),
the portion 4 is preferably cut in a crystal plane parallel to a
growth plane 2a of the AIN single crystal 2 in view of effec-
tively providing an AIN bulk single crystal 5 having a large
diameter. Alternatively, the portion 4 may be cut in another
crystal plane. Subsequently, a surface of the cut portion 4 of
the AIN single crystal is subjected to polishing or the like. As
aresult, the AIN bulk single crystal 5 according to the present
invention is obtained.

[0046] In the method for producing an AIN bulk single
crystal according to the present invention, as shown in FIG.
1(e), an AIN bulk single crystal is preferably obtained by
newly using the AIN bulk single crystal 5 produced by the
above-described steps (FIG. 1 (a) to (d)) as a seed crystal 5'
(second seed crystal) and growing an AIN single crystal 6
(second AIN single crystal) on a surface of the seed crystal §'
by a sublimation method. Such use of the AIN bulk single
crystal 5 as the new seed crystal 5' permits prevention of Si
and C from entering the AIN single crystal 6. Additionally, in
this case, homoepitaxial growth is conducted in which both
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the seed crystal 5' and the crystal 6 to be grown on the seed
crystal 5" are AIN single crystals. For this reason, generation
of new defects due to poor matching at an interface 5a
between the seed crystal 5' and the grown crystal can be
effectively suppressed.

[0047] The size of the AIN bulk single crystal 5 obtained by
the production method according to the present invention can
be changed in accordance with the size of the single crystal
growth furnace, the application of the AIN single crystal, or
the like. The AIN bulk single crystal 5 is preferably a large
single crystal having a diameter of 20 mm or more and a
thickness of 2 mm or more because most of the defects gen-
erated from the interface disappear and variation in crystal
orientation is reduced. Inthis case, the AIN bulk single crystal
has a low defect density of 1.0x10%cm? or less. When the
diameter is less than 20 mm, the area of the AIN bulk single
crystal is not practically large. When the thickness is less than
2 mm, defects in the AIN bulk single crystal are not suffi-
ciently suppressed. Upper limits on the diameter and the
thickness are not particularly provided and the upper limits
are determined by limitations of production apparatuses such
as the size of a holder 13 used in crystal growth.

[0048] With an AIN bulk crystal according to the present
invention, a semiconductor device with high quality can be
obtained. Examples of a semiconductor device including an
AIN bulk crystal according to the present invention include
light-emitting devices such as light-emitting diodes and laser
diodes, power transistors, and high frequency transistors.

EXAMPLES
Example 1

[0049] In EXAMPLE 1, a single crystal growth furnace
shown in FIG. 3 was used. An AIN aggregate obtained by
subjecting a commercially available AIN powder (mean par-
ticle diameter: 1.2 pm) to a heating treatment in a nitrogen
atmosphere at about 1500° C. to 2000° C. in advance was
charged as a source material 15 into the bottom of a crucible
16. A SiC single crystal having a diameter of 25 mm and a
thickness of 1.0 mm serving as a seed crystal substrate 12 was
placed on a holder 13 such that a surface (habit plane 21) of
the seed crystal substrate 12 was a (01-15) plane. A tungsten
plate (not shown) serving as a lid was put on the single crystal
growth furnace. After that, the atmospheric gas was
exhausted from the single crystal growth furnace 11 with an
exhaust pump to reach a pressure of 1.0x10~> Pa or less. Then,
to facilitate vaporization of adsorbed oxygen from the source
material 15, the crucible 16 was heated to about 400° C.
Subsequently, the atmospheric gas was exhausted from the
single crystal growth furnace 11 to reach a pressure of 1x1072
Pa or less. Then, a nitrogen gas was fed into the single crystal
growth furnace 11. When the inner pressure of the single
crystal growth furnace 11 reached a certain value (inthis case,
5.0x10 Pa), heating was conducted again until the tempera-
ture of the SiC substrate 12 reached 1800° C. to 2000° C. and
the temperature of the material reached 2000° C. to 2300° C.
Then, an AIN single crystal started to grow on the habit plane
21 of the substrate 12. This crystal growth step (FIG. 1())
was conducted for four days until the crystal had grown to a
desired thickness (10 mm in EXAMPLE 1). An AIN single
crystal 2 grown on the SiC substrate 12 was cut at a position
100 pm into the AIN single crystal from the interface between
the SiC substrate 12 and the AIN single crystal 2 with an inner
diameter slicer. Thus, an AIN single crystal portion 4 was cut
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from the SiC substrate 12 (FIG. 1(c)). The cut surface of the
cut AIN single crystal portion 4 was polished to provide an
AIN bulk single crystal 5 serving as a sample (FIG. 1(d)).

Example 2

[0050] EXAMPLE 2 was conducted in the same manner as
EXAMPLE 1 except that a step of growing an AIN single
crystal 6 (FIG. 1(e)) was conducted in which the AIN bulk
single crystal obtained in EXAMPLE 1 was used as a new
seed crystal 5 and the new seed crystal 5 was placed on the
holder 13 such that the habit plane 21 was a (01-12) plane.
Thus, an AIN bulk single crystal was obtained.

COMPARATTVE EXAMPLE
Comparative Example 1)

[0051] COMPARATIVE EXAMPLE 1 was conducted in
the same manner as EXAMPLE 1 except that a commercially
available SiC single crystal was cut, the resultant SiC single
crystal having a (0001) plane as the habit plane 21 was placed
as the seed crystal substrate 12 on the holder 13, and an AIN
single crystal was grown on the habit plane 21. Thus, an AIN
bulk single crystal was obtained.

[0052] Hereinafter, evaluation methods wused in
EXAMPLEs and COMPARATIVE EXAMPLE are
described.

(Evaluation Methods)

(1) Presence or Absence of Impurity in AIN Single Crystal

[0053] The presence or absence of impurity was evaluated
in accordance with the following criteria for the concentra-
tions of Si and C contained in the AIN single crystals in
EXAMPLE 1 and COMPARATIVE EXAMPLE 1 deter-
mined by GDMS (glow discharge mass spectrometry).
Good: both Siand C are 100 ppm or less

Fair: both Siand C are in the range of more than 100 ppm and
500 ppm or less; or one of Si and C is 100 ppm or less while
the other is in the range of more than 100 ppm and 500 ppm
or less

Poor: both Si and C are more than 500 ppm; or one of Si and
C is 500 ppm or less while the other is more than 500 ppm

(2) Defect Density

[0054] The density of defects was evaluated in the follow-
ing manner. A polished wafer was etched with a eutectic of
potassium hydroxide and sodium hydroxide for 30 minutes.
After that, the number of defects in an area of 100 umx100 pm
was counted at five arbitrary points with an electron micro-
scope. The average value of the resultant five counts was
evaluated in accordance with the following criteria.

Good: 1.0x10%cm” or less

Fair: more than 1.0x10%cm? and 1.0x107/cm” or less

Poor: more than 1.0x10"/cm”

[0055] Evaluation results of the above tests are shown in
Table 1.
TABLE 1
Impurity concentration Defect density
EXAMPLE 1 Fair Good
EXAMPLE 2 Good Good
COMPARATIVE EXAMPLE 1 Fair Poor
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[0056] As shownin EXAMPLEs 1 and 2 in Table 1, growth
of an MN single crystal on an appropriate crystal plane pro-
vides a defect density two or more orders of magnitude
smaller than that of the AIN single crystal in COMPARA-
TIVE EXAMPLE 1. As shown in EXAMPLE 2, use of a
grown AIN single crystal as a new seed crystal permits growth
of an AN single crystal that is improved in impurity concen-
tration and defect density. AIN single crystals were also pro-
duced in the same manner in which the habit planes of hex-
agonal single crystal materials were a (01-13) plane, a (1-105)
plane, a (11-25) plane, and the like. In these cases, it has been
confirmed that the produced single crystals had better defect
density than that in COMPARATIVE EXAMPLE 1. It has
also been confirmed that, when an AIN single crystal is grown
on a crystal plane other than the above-described crystal
planes, for example, a (0001) plane, the defect density of the
resultant AIN single crystal was not reduced.

INDUSTRIAL APPLICABILITY

[0057] According to the present invention, even when a
single crystal of a material other than AIN is used as a seed
crystal, an AIN bulk single crystal having fewer defects and
high quality can be provided and a method for producing such
an AIN bulk single crystal and semiconductor devices can be
provided.

1-7. (canceled)

8. A method for producing an AIN bulk single crystal
comprising the step of providing an AIN bulk single crystal by
growing an AIN single crystal by a sublimation method on a
surface of a hexagonal single crystal material serving as a
seed crystal, the surface being a crystal plane inclined at an
angle of 10° to 80° with respect to a C-plane.

9. The method for producing an AIN bulk single crystal
according to claim 8, wherein the hexagonal single crystal
material is AIN, SiC, GaN, or ZnO.

10. The method for producing an AIN bulk single crystal
according to claim 9, wherein the hexagonal single crystal is
a SiC substrate and the surface of the SiC substrate is a
(01-15) plane.

11. The method for producing an AIN bulk single crystal
according to claim 8, wherein a growth plane of the provided
AIN bulk single crystal is a (10-12) plane.

12. The method for producing an AIN bulk single crystal
according to claim 9, wherein a growth plane of the provided
AIN bulk single crystal is a (10-12) plane.

13. The method for producing an AIN bulk single crystal
according to claim 10, wherein a growth plane of the provided
AIN bulk single crystal is a (10-12) plane.

14. The method for producing an AIN bulk single crystal
according to claim 8, further comprising the step of providing
another AIN bulk single crystal by growing an AIN single
crystal by a sublimation method on a surface of the provided
AIN bulk single crystal serving as a new seed crystal.

15. The method for producing an AIN bulk single crystal
according to claim 9, further comprising the step of providing
another AIN bulk single crystal by growing an AIN single
crystal by a sublimation method on a surface of the provided
AIN bulk single crystal serving as a new seed crystal.

16. The method for producing an AIN bulk single crystal
according to claim 10, further comprising the step of provid-
ing another AIN bulk single crystal by growing an AIN single
crystal by a sublimation method on a surface of the provided
AIN bulk single crystal serving as a new seed crystal.
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17. The method for producing an AIN bulk single crystal
according to claim 11, further comprising the step of provid-
ing another AIN bulk single crystal by growing an AIN single
crystal by a sublimation method on a surface of the provided
AIN bulk single crystal serving as a new seed crystal.

18. The method for producing an AIN bulk single crystal
according to claim 12, further comprising the step of provid-
ing another AIN bulk single crystal by growing an AIN single
crystal by a sublimation method on a surface of the provided
AIN bulk single crystal serving as a new seed crystal.

19. The method for producing an AIN bulk single crystal
according to claim 13, further comprising the step of provid-
ing another AIN bulk single crystal by growing an AIN single
crystal by a sublimation method on a surface of the provided
AIN bulk single crystal serving as a new seed crystal.

20. An AIN bulk single crystal produced by the method
according to claim 8 and having a diameter of 20 mm or more,
athickness of 2 mm or more, and a defect density of 1.0x10%/
cm” or less.

21. An AIN bulk single crystal produced by the method
according to claim 9 and having a diameter of 20 mm or more,
athickness of 2 mm or more, and a defect density of 1.0x10%
cm? or less.
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22. An AIN bulk single crystal produced by the method
according to claim 10 and having a diameter of 20 mm or
more, a thickness of 2 mm or more, and a defect density of
1.0x10%cm? or less.

23. An AIN bulk single crystal produced by the method
according to claim 11 and having a diameter of 20 mm or
more, a thickness of 2 mm or more, and a defect density of
1.0x105%cm” or less.

24. An AIN bulk single crystal produced by the method
according to claim 12 and having a diameter of 20 mm or
more, a thickness of 2 mm or more, and a defect density of
1.0x105%cm? or less.

25. An AIN bulk single crystal produced by the method
according to claim 13 and having a diameter of 20 mm or
more, a thickness of 2 mm or more, and a defect density of
1.0x10%cm® or less.

26. An AIN bulk single crystal produced by the method
according to claim 14 and having a diameter of 20 mm or
more, a thickness of 2 mm or more, and a defect density of
1.0x105%cm” or less.

27. A semiconductor device using the AIN bulk single
crystal according to claim 20.

ok sk ok 3k



	Bibliography
	Abstract
	Drawings
	Description
	Claims

