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ABSTRACT OF THE DISCLOSURE

SiC single crystal that includes a first dopant functioning as an acceptor, and a

second dopant functioning as a donor 1s provided, where the content of the first dopant

is no less than 5 x 10" atoms/cm’, the content of the second dopant is no less than 5 x
10" atoms/cm”, and the content of the first dopant is greater than the content of the
second dopant. A manufacturing method for silicon carbide single crystal 1s provided
with the steps of: fabricating a raw material by mixing a metal boride with a matenal that
includes carbon and silicon; vaporizing the raw material, generating a mixed gas that
includes carbon, silicon, boron and nitride; and growing silicon carbide single crystal that
includes boron and nitrogen on a surface of a seed crystal substrate by re-crystallizing

the mixed gas on the surface of the seed crystal substrate.
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Silicon Carbide Single Crvstal, Silicon Carbide Substrate and Manufacturing

Method for Silicon Carbide Single Crystal

This nonprovisional application is based on Japanese Patent Application No.
2004-316458 filed with the Japan Patent Office on October 29, 2004, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to silicon carbide (SiC) single crystal, a S1C
substrate and a manufacturing method for SiC single crystal, and in particular, to p type
SiC single crystal having high resistivity, a SiC substrate and a manufacturing method
for SiC single crystal.

Description of the Background Art

SiC has a band gap that is approximately 3 times greater than that of silicon
(Si), a dielectric breakdown voltage that is approximately 10 times higher than that of Si,
an electron saturation speed that is approximately twice greater than that of Si, and
thermal conductivity that is approximately 3 times greater than that of Si, as well as
properties that Si does not have. In addition, SiC is a thermally and chemically stable
semiconductor material, and on the basis of these properties, and, in recent years, has
come to be expected to be applied to power devices that exceed the physical imit of Si
devices, or to environment resistant devices that operate at a high temperatures.

In addition, in research relating to optical devices, gallium nitride (GaN) based
materials have been developed, with shorter wavelengths in mind, and since lattice
mismatch with GaN is remarkably small in SiC, in comparison with other compound
semiconductors, SiC substrates have attracted attention as a substrate for epitaxially
growing a GaN layer.

In this area of electronics, it is necessary to control the electronic conduction

properties of a substrate in accordance with the purpose for use, and for example, a
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substrate having a low resistivity is required as a substrate for a semiconductor laser,
and a substrate having high resistivity (semi-insulating properties) is required as a
substrate for a high frequency device, so that the parasitic capacitance can be reduced,
element 1solation can be gained and the like.

A S1C substrate having low resistivity can be gained relatively easily, for
example, by mixing a nitrogen gas with an argon gas, which is an atmospheric gas, in an
improved Rayleigh method.

Meanwhile, a S1C substrate having high resistivity can be manufactured by
cutting S1C single crystal containing \}anadium and having high resistivity, as described
in, for example, U.S. Patent No. 5,611,955, PCT National Publication No. 2003-500321,
and Japanese Patent Laying-Open No. 2003-104798. Such SiC single crystal
containing vanadium and having high resistivity can be manufactured by adding highly
pure metal vanadium to a highly pure SiC crystal powder, and by sublimating the metal
vanadium together with SiC, so that vanadium is contained in the SiC single crystal.

The rate of sublimation of metal vanadium is high, however, and therefore, a
great amount of vanadium is taken in by the SiC single crystal at the initial stage of the
growth of the SiC single crystal, and thus, vanadium cannot be uniformly contained 1n
the S1C single crystal. In addition, at the initial stage of growth, the amount of
vanadium that 1s contained in the SiC single crystal exceeds the solubility limit, and at
this point, deposition occurs and the crystallinity deteriorates, and therefore,
deterioration in the crystallinity at this early stage of growth negatively affects the SiC
single crystal that 1s grown afterwards. As a result of this, a problem arises, where SiC
single crystal having high resistivity cannot be stably manufactured. In addition, 2
problem arises, where great dispersion is caused 1in the resistivity of a SiC substrate that
1s gained by cutting S1C single crystal.

As a means for solving this problem, Japanese Patent Laying-Open No.
2003-104798 discloses a method for manufacturing S1C crystal that contains vanadium

in advance, and then converting it into powder form, and re-growing SiC single crystal

-0



10

15

20

CA 02524581 2005-10-27

that contains vanadium from this raw maternial in accordance with an improved Rayleigh
method. In accordance with this method, however, it 1s necessary to manufacture SiC
crystal that contains vanadium in advance, and therefore, a problem arises, where SiC
single crystal having high resistivity cannot be efficiently manufactured.

Ih addition, a S1C substrate having high resistivity can be fabricated by
increasing the purity of SiC single crystal instead of adding vanadium as described above.
S1C single crystal that has been fabricated in accordance with a high temperature CVD
method, which 1s a specialized chemical vapor deposition (CVD) method, for example,
tends to have high purity. However, in order to gain highly pure SiC single cfysta], 1t 1S
necessary to preserve this high purity during the growing process (raw material, growing

apparatus and the like), and 1t 1s very difficult to preserve high purity stably during the

growing process.
SUMMARY OF THE INVENTION

An object of the present iﬁvention 1s to provide Si1C single crystal and a S1C
substrate having high resistivity. In addition, an object of the present invention 1s to
provide a manufacturing method for SiC single crystal according to which SiC single
crystal stably having high resistivity can be manufactured.

The present invention provides SiC single crystal that includes a first dopant
functioning as an acceptor, and a second dopant functioning as a donor, where the

content of the first dopant is no less than 5 x 10" atoms/cm’, the content of the second

dopant is no less than 5 x 10" atoms/cm’, and the content of the first dopant is greater

than the content of the second dopant.

Here, it 1s preferable, in the SiC single crystal of the present invention, for the
content of the first dopant to be no less than 1 x 10'° atoms/cm® and no greater than 1 x
10" atoms/cm”.

In addition, it is preferable, in the SiC single crystal of the present invention, for
the content of the second dopant to be no less than 1 x 10'° atoms/cm”.

In addition, it 1s preferable, in the SiC single crystal of the present invention, for
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the difference between the content of the first dopant and the content of the second
dopant to be no greater than 5 x 10'® atoms/cm”.

In addition, it is preferable, in the SiC single crystal of the present invention, for
the first dopant to be boron and for the second dopant to be riitrogen.

In addition, it is preferable, in the SiC single crystal of the present invention, for

the resistivity at 25 °C to be no less than 1 x 10* Qem.

In addition, 1t 1s preferable, in the SiC single crystal of the present invention, for
the resistivity at 25 °C to be no less than 1 x 10’ Qcm

In addition, the present invention provides a SiC substrate made of SiC single
crystal, as described above.

Furthermore, the present invention provided a manufacturing method for
silicon carbide single crystal that includes the steps of: fabricating a raw material by
mixing a metal boride with a material that includes carbon and silicon; vaporizing the
raw material; generating a mixed gas that includes carbon, silicon, boron and mitrogen;
and growing silicon carbide single crystal that includes boron and nitrogen on a surface

of a seed crystal substrate by re-crystallizing the mixed gas on the surface of the seed

substrate.
Here, it is preferable, in the manufacturing method for SiC single crystal of the
present invention, for the metal boride to be at least one type of substance selected from

the group of titanium boride, zirconium boride, hafnium boride, tantalum boride and

niobium boride.

The present invention can provide SiC single crystal and a SiC substrate having
high resistivity. In addition, the present invention can provide a manufacturing method
for SiC single crystal according to which SiC single crystal having high resistivity can be
stably manufactured.

The foregoing and other objects, features, aspects and advantages of the
present invention will become more apparent from the following detailed description of

the present invention when taken in conjunction with the accompanying drawings.

_4 .



10

15

20

25

CA 02524581 2005-10-27

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic cross sectional diagram showing a preferable example of a
SiC single crystal growing apparatus that i1s used in the present invention; and

Fig. 2 1s a schematic perspective diagram showing a preferable example of a

S1C substrate of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides SiC single crystal that includes a first dopant
functioning as an acceptor, and a second dopant functioning as a donor, wherein the

content of the first dopant is no less than 5 x 10'” atoms/cm’, the content of the second

dopant is no less than 5 x 10" atoms/cm’, and the content of the first dopant is greater
than the content of the second dopant. This 1s S1C single crystal having resistivity that
1s higher than that of pure p type SiC single crystal, and was gained as a result of diligent
examination by the present inventor, during which it was found that in the case where
the content of the first dopant functioning as an acceptor and the content of the second
dopant functioning as a donor are both no less than 5 x 10" atoms/cm’ in SiC single
crystal, there 1s a great tendency for the first dopant and the second dopant to make
electrons that have been introduced into the SiC single crystal scatter, and in addition,
the content of the first dopant functioning as an acceptor 1s made greater than the
content of the second dopant functioning as a donor, so that the second dopant
functioning as a donor 1s compensated for with the first dopant functioning as an
acceptor, and thus, the mobility of electrons in the SiC single crystal 1s lowered.

Here, it is preferable for the content of the first dopant in the SiC single crystal
to be no less than 1 x 10'® atoms/cm® and no greater than 1 x 10" atoms/cm’.  In the
case where the content of the first dopant is less than 1 x 10'° atoms/cm’, the content of
the first dopant in the SiC single crystal is too small, causing scattering of electrons due
to the first dopant to be insufficient, and the SiC single crystal tends not to have high
resistivity, and in the case where the content of the first dopant 1s greater than 1 x 10"

atoms/cm’, the crystallinity of the SiC single crystal tends to deteriorate.
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In addition, it is preferable for the content of the second dopant in the SiC
single crystal to be no less than 1 x 10’ atoms/cm’.  In the case where the content of

the second dopant is less than 1 x 10'® atoms/cm’, the content of the second dopant in
the S1C single crystal 1s too small, causing scattering of electrons due to the second
dopant to be insufficient, and the SiC single crystal tends not to have high resistivity.

In addition, it is preferable for the difference between the content of the first
dopant and the content of the second dopant to be no greater than 5 x 10'® atoms/cm’.
In the case where the difference between the content of the first dopant and the content
of the second dopant is greater than 5 x 10'® atoms/cm’, reduction in the number of
carriers due to the compensation between the first dopant and the second dopant 1s not
sufficient, and the resistivity of the SiC single crystal tends to become low.

Here, the first dopant functioning as an acceptor 1s a dopant that functions as
an electron receptor in SiC singlé crystal. Boron, aluminum and gallium, for example,
can be cited as the first dopant, and in particular, boron 1s preferable. This 1s because
boron has deep level and SiC single crystal that includes boron tends to have high
resistivity.

In addition, the second dopant functioning as a donor is a dopant that functions
as an electron donor in SiC single crystal. Nitrogen and phosphorous, for example, can
be cited as the second dopant, and in particular, nitrogen is preferable. This 1s because

in the case where nitrogen is used as the second dopant, the manufacture of Si1C single

crystal tends to become easy.

In addition, it is preferable for the resistivity of the SiC single crystal at 25°C 1n
the present invention to be no less than 1 x 10* Qcm, and it is more preferable for it to
be no less than 1 x 10’ Qcm.  In the case where the resistivity of the SiC single crystal
at 25 °C in the present invention is no less than 1 x 10* Qcm, the SiC single crystal of
the present invention is appropriate for use as a substrate for a semiconductor device
that requires an insulating substrate. In addition, in the case where the resistivity at

25°C is no less than 1 x 10’ Qcm, the SiC single crystal of the present invention is more
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appropriate for use as a substrate for a semiconductor device that requires an insulating

substrate.

As a preferable example of a manufacturing method for such SiC single crystal
of the present invention, there is a manufacturing method that includes the steps of:
fabricating a raw material by mixing a metal boride with a material that includes carbon
and silicon; vaporizing the raw material; generating a mixed gas that includes carbon,
silicon, boron and nitrogen; and growing SiC single crystal that contains boron and
nitrogen on a surface of a seed crystal substrate by re-crystallizing the mixed gas on the
surface of the seed crystal substrate.

Here, a metal boride includes titanium boride, zirconium boride, hafnium bonde,

tantalum boride, niobium boride, aluminum boride, ytterbium boride, uranium boride,

gadolinium boride, calcium boride, chromium boride, silicon boride, cobalt boride,

strontium boride, tungsten boride, iron boride, copper boride, thorium boride, nickel

boride, barium boride, magnesium boride, manganese boride, molybdenum boride,
vanadium boride and cerium boride.

In particular, it is preferable to use at least one type of substance selected from
the group of titanium boride, zirconium boride, hafnium boride, tantalum boride and
niobium boride as the metal boride. This is because these metal borides have a vapor
pressure that is lower than that of single boron, and therefore, a large amount of boron
is not taken in by SiC single crystal at the initial stage of growth of the SiC single crystal,
unlike in the case where metal boron is used, and boron can be uniformly taken in by the
SiC single crystal. In addition, the dimensions of atoms of boron in these metal borides
are not so different from those of carbon, and therefore, boron tends to be taken into
carbon sites in the SiC single crystal, while metal in the metal borides has atoms that are
greater than those of silicon and carbon, and therefore, metal in the metal borides tends
not to be taken into silicon sites and carbon sites in the SiC single crystal.

A raw material where a metal boride is mixed with a material that includes

carbon and silicon is heated to a temperature of, for example, no lower than 2000 °C
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and no higher than 2800 °C, so as to be vaporized into a vapor gas with which a
nitrogen gas 1s then mixed, and thus, a mixed gas that includes carbon, silicon, boron

and nitrogen 1s generated. Here, the content of boron in the mixed gas 1s made to be

no less than 2 x 10~ mol% of the content of silicon in the mixed gas, and thereby, the
content of boron in the SiC single crystal can be made to be no less than 5 x 10™
atoms/cm’. In addition, the content of nitrogen in the mixed gas is made to be no less
than 2 x 10™ mol% of the content of silicon in the mixed gas, and thereby, the content of
nitrogen in the SiC single crystal can be made to be no less than 5 x 10" atoms/cm”.
Thus, 1n the case where the content of boron in the mixed gas is made to be no less than

4 x 10” mol% and no greater than 4 x 10”" mol% of silicon in the mixed gas by

- adjusting the mixed amount of the metal boride, the content of boron in the SiC single

crystal can be made to be no less than 1 x 10'° atoms/cm® and no greater than 1 x 10"
atoms/cm”. In addition, in the case where the content of nitrogen in the mixed gas is
made to be no less than 4 x 10™ mol% of silicon in the mixed gas by adjusting the mixed
amount of the nitrogen gas, the content of nitrogen in the SiC single crystal can be made
to be no less than 1 x 10'° atoms/cm’.  Thus, the difference in content between boron
and nitrogen in the SiC single crystal can be made to be no greater than 5 x 10'°
atoms/cm’, by appropriately adjusting the mixed amount of the metal boride and the
mixed amount of the nitrogen gas.

Thus, this mixed gas 1s re-crystallized on a surface of a seed crystal substrate,
and thereby, SiC single crystal is grown on the surface of the seed crystal substrate, and
the SiC single crystal of the present invention can be manufactured.

The SiC single crystal that has been manufactured in this manner is cut, and
thereby, a SiC substrate of the present invention can be manufactured.

Examples
(Example 1)
Fig. 1 1s a schematic cross sectional diagram showing a SiC single crystal

growing apparatus that is used in the present invention. This growing apparatus 5
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includes a crucible 7 made of graphite that is installed inside a crystal tube 6, a lid 8 for
closing the opening on the upper end of the crucible 7, a felt 9 made of graphite for heat
shielding that 1s installed around crucible 7 and 1id 8, and a work coil 10 that is installed
so as to wind around the outer periphery of crystal tube 6. In addition, a seed crystal
substrate 1 made of SiC 1s attached to the center of the lower surface of lid 8, and the
inside of crucible 7 is filled in with a raw material 2.

Raw material 2 was manufactured by mixing 2 x 10™ mol% of titanium boride
(T1B,) relative to the amount of substance of silicon in raw material 2 with a SiC crystal
powder. In addition, the pressure inside crucible 7 was once reduced to 10 Pa, and
after that, an argon (Ar) gas was introduced, so that the inside of crucible 7 was filled
with an Ar gas atmosphere, under a pressure of 1 x 10° Pa.

Then, a high frequency current was made to flow through work coil 10, so as

to heat raw material 2 to 2200 °C, and the pressure on the inside of crucible 7 was

reduced to 1.3 x 10° Pa, so as to vaporize raw material 2, and this vaporous gas Was
mixed with a nitrogen gas so as to gain a mixed gas. The content of nitrogen in the
mixed gas was 2 x 107 mol% of the content of silicon in the mixed gas. In addition,
heating was carried out by work coil 10, with a temperature gradient such that the
temperature gradually decreased from raw material 2 to SiC seed crystal substrate 1.
After that, the mixed gas was re-crystallized on the surface of SiC seed crystal substrate
1, and thereby, SiC single crystal 2a grew, and a SiC single crystal ingot 3 was gained.
This S1C single crystal ingot 3 was cut 1nto slices having a thickness of 400 pm,
and a S1C substrate 4 1n disc form having a diameter of 2 inches, as shown in Fig. 2, was
manufactured. Then, the content of boron and nitrogen in this SiC substrate 4 was
measured by means of SIMS (secondary 1on mass spectrometry), and thus, the
difference 1n content between boron and nitrogen was calculated. In addition, the

resistivity of this S1C substrate was measured. The results are shown in Table 1.  As
shown in Table 1, the content of boron in this SiC substrate was 1 x 10'” atoms/cm’, and

the content of nitrogen was 5 x 10'®atoms/cm®. In addition, the difference in content
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between boron and nitrogen was 5 x 10'° atoms/cm”.  Furthermore, the resistivity of
the SiC substrate was 1 x 10° Qcm.

(Example 2)

A Si1C substrate was manufactured in the same manner as in the example 1,
except that the content of nitrogen in the mixed gas was made to be 3.5 x 10 mol% of
the content of silicon in the mixed gas. Then, the content of boron and nitrogen in this
S1C substrate was measured in the same manner as in the example 1, and thus, the
difference 1in content between boron and nitrogen was calculated. In addition, the
resistivity of this S1C substrate was measured. The results are shown in Table 1.  As
shown in Table 1, the content of boron in this SiC substrate was 1 x 10"’ atoms/cm3, and
the content of nitrogen was 8 x 10'° atoms/cm’.  In addition, the difference in content
between boron and nitrogen was 2 x 10'°atoms/cm’.  Furthermore, the resistivity of
this SiC substrate was 1 x 10° Qcm.

(Example 3)

A SiC substrate was manufactured in the same manner as in the example 1,
except that 0.4 x 10"* mol% of TiB, relative to the amount of substance of silicon in raw
material 2, shown in Fig. 1, was mixed in, and the content of nitrogen in the mixed gas
was made to be 0.4 x 10 mol% of the content of silicon in the mixed gas. Then, the
content of boron and nitrogen in this S1C substrate was measured in the same manner as
in the example 1, and thus, the difference in content between boron and nitrogen was
calculated. In addition, the resistivity of this SiC substrate was measured. The results
are shown in Table 1. As shown in Table 1, the content of boron in this SiC substrate
was 2 x 10'®atoms/cm’, and the content of nitrogen was 1 x 10'° atoms/cm”. In

addition, the difference in content between boron and nitrogen was 1 x 10'° atoms/cm’.

Furthermore, the resistivity of this SiC substrate was 1 x 10’ Qcm.
(Example 4)
A Si1C substrate was manufactured in the same manner as in the example 1,

except that 2 x 10 mol% of TiB, relative to the amount of substance of silicon in raw
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material 2, shown in Fig. 1, was mixed in, and the content of nitrogen in the mixed gas
was made to be 2 x 10~ mol% of the content of silicon in the mixed gas. Then, the
content of boron and nitrogen in this S1C substrate was measured in the same manner as
in the example 1, and thus, the difference in content between boron and nitrogen was
calculated. In addition, the resistivity of this SiC substrate was measured. The results
are shown in Table 1. As shown in Table 1, the content of boron 1n this SiC substrate
was 1 x 10'° atoms/cm’, and the content of nitrogen was 5 x 10" atoms/cm®. In

addition, the difference in content between boron and nitrogen was 5 x 10" atoms/cm’.

Furthermore, the resistivity of this SiC substrate was 1 x 10’ Qcm.

(Example 5)

A Si1C substrate was manufactured in the same manner as in the example 1,
except that 1.9 x 10™ mol% of TiB, relative to the amount of substance of silicon in raw
material 2, shown in Fig. 1, was mixed 1n, and the content of nitrogen in the mixed gas
was made to be 2 x 10~ mol% of the content of silicon in the mixed gas. Then, the
content of boron and nitrogen in this SiC substrate was measured in the same manner as
in the example 1, and thus, the difference in content between boron and nitrogen was
calculated. In addition, the resistivity of this SiC substrate was measured. The results
are shown in Table 1. As shown in Table 1, the content of boron in this S1C substrate

was 9.5 x 10" atoms/cm’, and the content of nitrogen was 5 x 10" atoms/cm”. In

addition, the difference in content between boron and nitrogen was 4.5 x 10"° atoms/cm”.

Furthermore, the resistivity of this SiC substrate was 5 x 10° Qcm.

(Example 6)

A SiC substrate was manufactured in the same manner as in the first example 1,
except that 1.02 x 10™ mol% of TiB, relative to the amount of substance of silicon in
raw material 2, shown in Fig. 1, was mixed in, and the content of nitrogen in the miXed
gas was made to be 2 x 10 mol% of the content of silicon in the mixed gas. Then, the

content of boron and nitrogen in this SiC substrate was measured in the same manner as

in the example 1, and thus, the difference in content between boron and nitrogen was
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calculated. In addition, the resistivity of this SiC substrate was measured. The results

are shown in Table 1. As shown in Table 1, the content of boron 1n this SiC substrate
was 5.1 x 10" atoms/cm’, and the content of nitrogen was 5.0 x 10" atoms/cm’. In
addition, the difference in content between boron and nitrogen was 1.0 x 10'* atoms/cm’.

Furthermore, the resistivity of this SiC substrate was 1.0 x 10" Qcm.

(Example 7)

A S1C substrate was manufactured in the same manner as in the example 1,
except that 2 x 10 mol% of TiB, relative to the amount of substance of silicon in raw
material 2, shown in Fig. 1, was mixed in, and the content of nitrogen in the mixed gas
was made to be 1.6 x 10 mol% of the content of silicon in the mixed gas. Then, the
content of boron and nitrogen in this SiC substrate was measured in the same manner as
in the example 1, and thus, the difference in content between boron and nitrogen was
calculated. In addition, the resistivity of this SiC substrate was measured. The results
are shown in Table 1. As shown in Table 1, the content of boron in this SiC substrate
was 1 x 10" atoms/cm’, and the content of nitrogen was 4 X 10" atoms/cm’. In
addition, the difference in content between boron and nitrogen was 6 x 10'® atoms/cm’.
Furthermore, the resistivity of this SiC substrate was 1.1 x 10* Qcm.

(Comparison Example 1)

A Si1C substrate was manufactured in the same manner as in the example 1,

except that 0.98 x 10~ mol% of TiB, relative to the amount of substance of silicon in

raw material 2, shown in Fig. 1, was mixed in, and the content of nitrogen in the mixed
gas was made to be 1 x 10 mol% of the content of silicon in the mixed gas. Then, the
content of boron and nitrogen in this SiC substrate was measured in the same manner :—is
in the example 1, and thus, the difference in content between boron and nitrogen was
calculated. In addition, the resistivity of this SiC substrate was measured. The results
are shown in Table 1. As shown in Table 1, the content of boron 1n this SiC substrate

was 4.9 x 10" atoms/cm’, and the content of nitrogen was 2.5 x 10" atoms/cm’. In

addition, the difference in content between boron and nitrogen was 2.4 x 10" atoms/cm’.
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Furthermore, the resistivity of this SiC substrate was 1 x 10* Qcm.
(Comparison Example 2)
A SiC substrate was manufactured in the same manner as in the example 1,
except that 2 X 10~ mol% of TiB, relative to the amount of substance of silicon in raw
D material 2, shown in Fig. 1, was mixed in, and the content of nitrogen in the mixed gas
was made to be 1 x 10 mol% of the content of silicon in the mixed gas. Then, the
content of boron and nitrogen in this SiC substrate was measured in the same manner as
in the example 1, and thus, the difference in content between boron and nitrogen was
calculated. In addition, the resistivity of this SiC substrate was measured. The results
10 are shown in Table 1. As shown in Table 1, the content of boron in this SiC substrate
was 1 x 10" atoms/cm’®, and the content of nitrogen was 2.5 x 10'® atoms/cm®. In

addition, the difference in content between boron and nitrogen was -1.5 x 10*

atoms/cm’.  Furthermore, the resistivity of this SiC substrate was 1 x 10™ Qcm,

[Table 1] '
| S1C single crystal o S1C substrate
Content (1) of Content (2) of .
h (1) . (2) (1)-(2) Resistivity
oron 3 | MITogen 3. | (per atoms/ cm3) (Q2cm)
(per atoms/cm”) | (per atoms/cm’)
Examplel |  1x10" 5 x 10 S x 10 1 x10°
| Example 2 1 x 10" . 8x10° | 2x10° | 1x10°
Example 3 2 x 10°¢ 1x10° | 1x10° | 1x10
Example 4 1x10°% | 5x10" sx10% [ 1x10"
Example 5 |  95x10° | 5x10% | 45x10® | 5x10°
Example 6 _5.1__>§__1015 5 x 107 N B 10" 1 x 10"
Example 7 1 x 10" 4 x 10'° 6x10"° 1.1 x 10°
%xrzgﬁesoln 4.9 x 10" 2.5 % 10" 2.4 % 10" 1 x 10*
%ﬁfﬁ:"zﬂ 1 x 10 2.5 x 10 1.5 x 10 1 x 10’

15
As shown in Table 1, SiC substrates of the examples 1 to 7, where, as shown 1n

Table 1, the content of boron was no less than 5 x 10" atoms/cm’, the content of
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nitrogen was no less than 5 x 10" atoms/cm’, and the content of boron was greater than
the content of mtrogen had resistivity that was considerably greater than that of the SiC
substrate of Comparison Example 1, where the content of boron and the content of
nitrogen were both less than 5 x 10" atoms/cm’, and that of the SiC substrate of
Comparison Example 2, where the content of boron was smaller than the content of
nitrogen.

In addition, as shown in Table 1, SiC substrates of the examples 1 to 6, where,

as shown i Table 1, the difference in content between boron and nitrogen was no

greater than 5 x 10" atoms/cm’, had resistivity that was considerably greater than that
of the SiC substrate of the example 7, where the difference was 6 x 10'® atoms/cm’.

In addition, as shown in Table 1, in the SiC substrates of the examples 1 to 7,
the smaller the difference in content between boron and nitrogen was, the higher the

resistivity of the SiC substrates tended to be.

Here, though TiB, was used as a metal boride in the above-described example,
the same effects as those in the above-described examples can, of course, be gained even
in the case where a metal boride other than TiB, is used.

As described above, according to the present invention, p type SiC single
crystal and a S1C substrate having high resistivity can be stably gained. Accordingly,
the present invention is appropriate for application to high frequency devices, in

particular, switching elements having a high operation frequency in the field of

semiconductor devices.

Although the present invention has been described and illustrated in detail, 1t is
clearly understood that the same 1s by way of illustration and example only and 1s not to
be taken by way of limitation, the spirit and scope of the present invention being limited

only by the terms of the appended claims.

- 14 -
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WHAT IS CLAIMED IS:

1. Silicon carbide single crystal that includes a first dopant functioning as an

acceptor, and a second dopant functioning as a donor, characterized in that the content

of said first dopant is no less than 5 x 10" atoms/cm’, the content of said second dopant

is no less than 5 x 10> atoms/cm’, and the content of said first dopant is greater than the

content of said second dopant.

2. The silicon carbide single crystal according to Claim 1, characterized in
that the content of said first dopant is no less than 1 x 10 atoms/cm” and no greater

than 1 x 10" atoms/cm’.

3. The silicon carbide single crystal according to Claim 1, characterized in
that the content of said second dopant is no less than 1 x 10’ atoms/cm’.

N

4. The silicon carbide single crystal according to Claim 1, characterized in
that the difference in content between said first dopant and said second dopant 1s no

greater than 5 x 10'® atoms/cm’.

5. The silicon carbide single crystal according to Claim 1, characterized in

that said first dopant is boron and said second dopant 1s nitrogen.

6. The silicon carbide single crystal according to Claim 1, characterized 1n

that resistivity at 25 °C 1s no less than 1 x 10 Qcm.

7. The silicon carbide single crystal according to Claim 1, characterized in

that resistivity at 25 °C 1s no less than 1 x 10’ Qcm.

_ 15 -



CA 02524581 2005-10-27

8. A silicon carbide substrate made of the silicon carbide single crystal

according to Claim 1.

9. A manufacturing method for silicon carbide single crystal, comprising the
steps of: fabricating a raw material by mixing a metal boride with a material that includes
carbon and silicon; vaporizing said raw material; generating a mixed gas that includes
carbon, silicon, boron and nitride; and growing silicon carbide single crystal that includes
boron and nitrogen on a surface of a seed crystal substrate by re-crystallizing said mixed

gas on the surface of said seed crystal substrate.

10. The manufacturing method for silicon carbide single crystal according to
Claim 9, characterized in that said metal boride is at least one type of substance selected
from the group of titanium boride, zircontum boride, hafnium boride, tantalum boride

and nmobium bonde
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