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

BACKGROUND OF THE INVENTION
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1. Field of the Invention
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The present invention relates to silicon carbide (SiC) single crystal, a SiC substrate and a
manufacturing method for SiC single crystal, and in particular, to p type SiC single crystal having
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high resistivity, a SiC substrate and a manufacturing method for SiC single crystal.
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2. Description of the Background Art

[0005]

SicOO00Oooosiooo3sgooooooooosigologooogooosibo2200oonog
O000oOoOoOosioo30oooogsigoooooooooo oogsicobobooooogooo
O00000000000ooO00ooO0o0ooooooosicooooooooooooooo
gotdboototgboooobobootoboooboooboooboooooboocoboboooobonod

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 limit of Si devices, or to environment resistant devices that operate at a
high temperatures.
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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.
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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 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 isolation can be gained and the like.
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A SiC 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.
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Meanwhile, a SiC substrate having high resistivity can be manufactured by cutting SiC single
crystal containing vanadium and having high resistivity, as described in, for example, U.S. Pat. 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.
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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 in the SiC single crystal. In addition, at
the initial stage of growth, the amount of vanadium that is 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 is grown afterwards. As a result of this, a problem arises, where SiC single
crystal having high resistivity cannot be stably manufactured. In addition, a problem arises,
where great dispersion is caused in the resistivity of a SiC substrate that is gained by cutting SiC
single crystal.
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As a means for solving this problem, Japanese Patent Laying-Open No. 2003-104798 discloses a
method for manufacturing SiC crystal that contains vanadium in advance, and then converting it
into powder form, and re-growing SiC single crystal that contains vanadium from this raw
material in accordance with an improved Rayleigh method. In accordance with this method,
however, it is 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.
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In addition, a SiC substrate having high resistivity can be fabricated by increasing the purity of
SiC single crystal instead of adding vanadium as described above. SiC single crystal that has been
fabricated in accordance with a high temperature CVD method, which is a specialized chemical
vapor deposition (CVD) method, for example, tends to have high purity. However, in order to gain
highly pure SiC single crystal, it is necessary to preserve this high purity during the growing
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process (raw material, growing apparatus and the like), and it is very difficult to preserve high
purity stably during the growing process.

SUMMARY OF THE INVENTION
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An object of the present invention is to provide SiC single crystal and a SiC substrate having high
resistivity. In addition, an object of the present invention is to provide a manufacturing method
for SiC single crystal according to which SiC single crystal stably having high resistivity can be
manufactured.
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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*10<15 > atoms/cm<3> , the content of the second dopant is no less than 5*10<15 >
atoms/cm<3>, and the content of the first dopant is greater than the content of the second
dopant.
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Here, it is preferable, in the SiC single crystal of the present invention, for the content of the first
dopant to be no less than 1*10<16 > atoms/cm<3 > and no greater than 1*10<17 >
atoms/cm<3> .
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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*10<16 > atoms/cm<3> .
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In addition, it is preferable, in the SiC single crystal of the present invention, for the difference
between the content of the first dopant and the content of the second dopant to be no greater
than 5*10<16 > atoms/cm<3> .
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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 nitrogen.
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In addition, it is preferable, in the SiC single crystal of the present invention, for the resistivity at
25[deg.] C. to be no less than 1*10<4 > [Omega]cm.
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In addition, it is preferable, in the SiC single crystal of the present invention, for the resistivity at
25[deg.] C. to be no less than 1*10<7 > [Omega]cm.
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In addition, the present invention provides a SiC substrate made of SiC single crystal, as
described above.

[0022]
0000000000000 DoObObOOo000o0dooDoOoOobOo000o0ooooDooOobooOoOoOoao
0000000000000 DoObObOOo000o0dooDoOoOobOo000o0ooooDooOobooOoOoOoao
0000000000000 DoObObOOo000o0dooDoOoOobOo000o0ooooDooOobooOoOoOoao
0000000000000 DoObObOOo000o0dooDoOoOobOo000o0ooooDooOobooOoOoOoao
00

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 nitrogen; 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.
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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.
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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.
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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.
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BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a schematic cross sectional diagram showing a preferable example of a SiC single
crystal growing apparatus that is used in the present invention; and
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FIG. 2 is a schematic perspective diagram showing a preferable example of a SiC substrate of the
present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
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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*10<5 > atoms/cm<3> , the content of the second dopant is no less than 5*10<15
> atoms/cm<3>, and the content of the first dopant is greater than the content of the second
dopant. This is SiC single crystal having resistivity that is 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*10<15 > atoms/cm<3 > in SiC single crystal, there is 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 is made greater than
the content of the second dopant functioning as a donor, so that the second dopant functioning
as a donor is compensated for with the first dopant functioning as an acceptor, and thus, the
mobility of electrons in the SiC single crystal is lowered.
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Here, it is preferable for the content of the first dopant in the SiC single crystal to be no less than
1*10<16 > atoms/cm<3 > and no greater than 1*10<17 > atoms/cm<3> . In the case where the
content of the first dopant is less than 1*10<16 > atoms/cm<3> , 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 is greater than 1*10<17 > atoms/cm<3>, 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*10<16 > atoms/cm<3> . In the case where the content of the second dopant is less
than 1*10<16 > atoms/cm<3>, the content of the second dopant in the SiC single crystal is 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.
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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*10<16 > atoms/cm<3> . In the case where
the difference between the content of the first dopant and the content of the second dopant is
greater than 5*10<16 > atoms/cm<3>, reduction in the number of carriers due to the
compensation between the first dopant and the second dopant is not sufficient, and the resistivity
of the SiC single crystal tends to become low.
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Here, the first dopant functioning as an acceptor is a dopant that functions as an electron
receptor in SiC single crystal. Boron, aluminum and gallium, for example, can be cited as the first
dopant, and in particular, boron is preferable. This is because boron has deep level and SiC single
crystal that includes boron tends to have high resistivity.
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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 is because in the case where nitrogen is
used as the second dopant, the manufacture of SiC single crystal tends to become easy.
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In addition, it is preferable for the resistivity of the SiC single crystal at 25[deg.] C. in the present
invention to be no less than 1*10<4 > [Omega]cm, and it is more preferable for it to be no less
than 1*10<7 > [Omega]cm. In the case where the resistivity of the SiC single crystal at 25[deg.] C.
in the present invention is no less than 1*10<4 > [Omega]cm, 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[deg.] C. is no less than
1*10<7 > [Omega]cm, the SiC single crystal of the present invention is more appropriate for use
as a substrate for a semiconductor device that requires an insulating substrate.
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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.
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Here, a metal boride includes titanium boride, zirconium boride, hafnium boride, 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.
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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.
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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[deg.] C. and no higher than
2800[deg.] C., so as to be vaporized into a vapor gas with which a nitrogen gas is then mixed, and
thus, a mixed gas that includes carbon,. silicon, boron and nitrogen is generated. Here, the
content of boron in the mixed gas is made to be no less than 2*10<-3 > 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*10<15 > atoms/cm<3> . In addition, the content of nitrogen in the mixed gas
is made to be no less than 2*10<-3 > 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*10<15
> atoms/cm<3> . Thus, in the case where the content of boron in the mixed gas is made to be no
less than 4*10<-3 > mol % and no greater than 4*10<-1 > 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*10<16 > atoms/cm<3 > and no greater than 1*10<17 >
atoms/cm<3> .
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In addition, in the case where the content of nitrogen in the mixed gas is made to be no less than
4*10<-3 > 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*10<16 >
atoms/cm<3> . Thus, the difference in content between boron and nitrogen in the SiC single
crystal can be made to be no greater than 5*10<16 > atoms/cm<3>, by appropriately adjusting
the mixed amount of the metal boride and the mixed amount of the nitrogen gas.
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Thus, this mixed gas is 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.

22-07-2017 13



[0040]
Jo000dooooboooosicioboboooooooooooooosicooooooooon
ogooo

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

[0041]
Oo000do0oildobooooooooosicoonooooooobooobooooono boooo
gstdodooebddododoooobobozdoooo7oobooooooosoood
gbododooooboooooouououooooooouooosgoooosdooon
0000000000000 oobDiocdoooooo0o booosgooooooaasicod
gbododolgboooouodooo7oboooooz2000boo0oooao

FIG. 1 is a schematic cross sectional diagram showing a SiC single crystal growing apparatus
that is used in the present invention. This growing apparatus 5 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 is installed around crucible 7
and lid 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 is 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.

[0042]
O020000000000002x10-2mol0O0000O0OOTIB200O0SICOOOOOOOOO
go2000000 000000 7000000010-5Pal0 0 O00OOOOOOOOOArOOO
gooOooooo7000gArOOO0OO0OOO0OnO 1x105Pa0 00O 0O
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Raw material 2 was manufactured by mixing 2*10<-2 > mol % of titanium boride (TiB2) 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<-5 > 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*10<5 > Pa.

[0043]
ddddodoobolocddouooooboobozuozzoou0oooouorvoooon

13x 103Pal 200000000000 0OO0OO0OO0ODOD0OD0OUOUOO0OO0OO0D oOoo
oo ouououoooboz2x 10200000000 ooooo?20d
gsicCOO00d000Di100000o00oboo0oooooooooooooobooi1cbooooaon
J00 0ooosicoboiligoboooboooboooooooooooosicongzag o
gosicOddooooo3anooood

Then, a high frequency current was made to flow through work coil 10, so as to heat raw
material 2 to 2200[deg.] C., and the pressure on the inside of crucible 7 was reduced to 1.3*10<3
> 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*10<-2 > 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.

[0044]

gOosic0OdoopooDo3g4o0p mbOodoooOopDOO200000000SICO040010
0000000000 2000000 DO0O0O0OOoOsicOd040000000OooDooOoDoOOoO
SMSOOOOOODOoOODOoO000d0dooooOobOo0o00oooooobo0ooooo oooo
gosic0Od00dO0DDODOO00d00 DddoD10000 oi1ibooboooooosicoooooo
O000001x 107atoms/cm30000000000O5%x 1016atoms/cm 300000
000000000000 D0000O5%x 1016atoms/cm30 0000 OOOOSiCOODOOODOO
1x 105QcmO 0 000

This SiC single crystal ingot 3 was cut into slices having a thickness of 400 [mu]m, and a SiC
substrate 4 in 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 ion mass spectrometry), 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
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1*10<7 > atoms/cm<3>, and the content of nitrogen was 5*10<16 > atoms/cm<3> . In addition,
the difference in content between boron and nitrogen was 5*10<16 > atoms/cm<3> .
Furthermore, the resistivity of the SiC substrate was 1*10<5 > [Omega]cm.

Example 2

[0045]

000000000000 DO00DO000D0b0o0b0o0Ooo3s5x10-2000000000000
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6Qcmi 0

A SiC 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*10<-2 > 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*10<17 > atoms/cm<3> , and the content of nitrogen was 8*10<16 > atoms/cm<3>. In
addition, the difference in content between boron and nitrogen was 2*10<16 > atoms/cm<3> .
Furthermore, the resistivity of this SiC substrate was 1*10<6 > [Omega]cm.

Example 3

[0046]
O0010000000Ssic0oco0ooooooonoi1iooooo2200ooooooooooo
O0TiB2004x 10-20 00000 100000000 0O0OO0O0O0OOOO0OOOOOOO
O00000o04x 10-20 000000 DOoOOOoQOoSsicoogoooooooooooooooo
0010 000000000000 0000000oO000o0oOoo0oob0 oooogosicoooog
O000000 000010000 10000 ooooosicogoooooooooo
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2x 1016atoms/cm30 00000000 OO1x 1016atoms/cm30 0000 ODOOOOO0O
O0000000D01x 1016atoms/cm30 0000 OO0OOOOSICOOODOOOO1x 10
7QecmO 000040

A SiC substrate was manufactured in the same manner as in the example 1, except that 0.4*10<-
2 > mol % of TiB2 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*10<-2 > 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 2*10<16 > atoms/cm<3> , and the content of nitrogen was
1*10<16 > atoms/cm<3> . In addition, the difference in content between boron and nitrogen was
1*10<16 > atoms/cm<3> . Furthermore, the resistivity of this SiC substrate was 1*10<7 >
[Omegalcm.

Example 4

[0047]
O0010000oosicioooonbodobooo200b002000000D0DO0o0oooOoOon
2x 10-30000TiB20 0000 1000000000000 DOO0OOOOO0DOO0OOOOOO
O0002x 10-30000000 00O0OOoosicoooDbooobooooboobooooon
1000000000000 00DO0000DO00DO00DOO0O0OO0 boOoooosicooooooao
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O000000005x%x 1015atoms/cm30 0000 OO0OOOOSICOOODOOOO1x 10
7QecmO 0000

A SiC substrate was manufactured in the same manner as in the example 1, except that 2*10<-3
> mol % of TiB2 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*10<-3 > 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*10<16 > atoms/cm<3> , and the content of nitrogen was
5*10<15 > atoms/cm<3> . In addition, the difference in content between boron and nitrogen was
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5*10<15 > atoms/cm<3> . Furthermore, the resistivity of this SiC substrate was 1*10<7 >
[Omegalcm.

Example 5

[0048]
O0010000oosicioooobodnobooo200b0002000000D0000OO0O0n
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A SiC substrate was manufactured in the same manner as in the example 1, except that 1.9*10<-
3 > mol % of TiB2 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*10<-3 > 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 9.5*10<15 > atoms/cm<3>, and the content of nitrogen was
5*10<15 > atoms/cm<3> . In addition, the difference in content between boron and nitrogen was
4.5*10<15 > atoms/cm<3> . Furthermore, the resistivity of this SiC substrate was 5*10<9 >
[Omegalcm.

Example 6

[0049]

O001000000Ssic00o0ooooooogooo20000o000booogTiB201.02x 10
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O0000000DO000001000bO00O0o00ooDbOo0obOoOooDbOOoOooDoOooDoboOoon
Ooodoosicido0odoDbooboo0 bbo0i100bo o1looooooobooaosicon
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SicOOodOoogdOoi1ox 1011Qcmd OO

A SiC substrate was manufactured in the same manner as in the first example 1, except that
1.02*10<-3 > mol % of TiB2 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*10<-3 > 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 5.1*10<15 > atoms/cm<3>, and the content of
nitrogen was 5.0*10<15 > atoms/cm<3> . In addition, the difference in content between boron
and nitrogen was 1.0*10<14 > atoms/cm<3> . Furthermore, the resistivity of this SiC substrate
was 1.0*10<11 > [Omega]cm.

Example 7

[0050]
O0010000oosicioooonbodobooo200b002000000D0DO0o0oooOoOon
2x 10-2mol00TiB200 000 100000000000 DOOO0DOOODODOOODOOODODOO
O00016x 10-200 00000 ODOO0OODOsicOO0OOO0DDODOO0ODoDOOOoDOOoO0OODooOOon
1000000000000 00DO0000DO00DO00DOO0O0OO0 boOoooosicooooooao
00000 000010000 D10o0oooobooosicooooooooooog

1x 1017atoms/cm30 000000000 O4%x 1016atoms/cm30 0000 OOOOOOO
O000000006x 1016atoms/cm30 0000 OD0OOOSICOOODODOOO1.1%x 10
20cmU 0 o000

A SiC substrate was manufactured in the same manner as in the example 1, except that 2*10<-2
> mol % of TiB2 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*10<-2 > 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
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boron in this SiC substrate was 1*10<17 > atoms/cm<3> , and the content of nitrogen was
4*10<16 > atoms/cm<3> . In addition, the difference in content between boron and nitrogen was
6*10<16 > atoms/cm<3> . Furthermore, the resistivity of this SiC substrate was 1.1*10<2 >
[Omegalcm.

Comparison Example 1

[0051]
O0010000oosicioooobodnobooo200b0002000000D0000OO0O0n
O0TiB20098x 10-30 000000 1000000000 DODO0ODOOODODOODOOOODOOd
O000001x10-30000000 ODOO0oDOOoOosiccooobooooboobooooon
001000000000 0000000000OO00O000D0OO0 ObooOooosicooooa
0000000 0DO0010000 010goobooooosicoobooooooodd

49x 1015atoms /cm30 000000000 25x%x 1015atoms/cm30 0000 ODOODOOO0O
O0000000D024%x 1015atoms/cm30 0000 OO0OOQOOSiCOOOOOODO1x 10
40cmd OO0 00

A SiC substrate was manufactured in the same manner as in the example 1, except that
0.98*10<-3 > mol % of TiB2 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*10<-3 > 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 4.9*10<15 > atoms/cm<3> , and the content of
nitrogen was 2.5*10<15 > atoms/cm<3> . In addition, the difference in content between boron
and nitrogen was 2.4*10<15 > atoms/cm<3> . Furthermore, the resistivity of this SiC substrate
was 1*10<4 > [Omega]cm.

Comparison Example 2

[0052]
O001000000Ssic00ooo0ooonoooo22000oo2000ooooooooooon
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2x 10-30000TiB20 0000 1000000000000 DOO0OOOOO0DOO0OOOOOO
O0001x 10-20000000 O0OOOODOsicO00DbOOo0obOoooboobooooon
1000000000000 00DO0000DO00DO00DOO0O0OO0 boOoooosicooooooao
00000 000010000 D10o0oooobooosicooonoooooooog

1x 1016atoms/cm30 000000 OOOO25% 1016atoms/cm30 0000 OO OOOOO
O00000000-15% 1016atoms/cm30 0000 OO0O0OOSiICOODOODODOO1x 10-
lQecmO 0000010000000 SICO00D00O00DO01Ib000D0O00D00 D100/ cm
300000100/cm30 00000000010 -0200001 1% 1015% 1016x% 10-
30Q0cmO 1x 1017x 1016x 1x 1050002 1x 1017x 1016x 2x 1016x 10003
2x 1016%x 116x 116x 1x 1070004 >1x 1016x 10 15x 1015x 1070005 9.5% 10
155%x 101545x 1015x 1090006 5.1x 1015x 10151x 1014x 1x 10110007

1x 1017x 4x 1016%x 1016 1.1x 1020 04.9%x 1015 25x 102.4x 1015x 14x 104 =00
01001x 1016 25x 1016 -1.5x 10 16x 1x 10-1EO2

A SiC substrate was manufactured in the same manner as in the example 1, except that 2*10<-3
> mol % of TiB2 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*10<-2 > 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*10<16 > atoms/cm<3> , and the content of nitrogen was
2.5*%10<16 > atoms/cm<3> . In addition, the difference in content between boron and nitrogen
was -1.5*10<16 > atoms/cm<3> . Furthermore, the resistivity of this SiC substrate was 1*10<-1 >
[Omega]cm. <sep>TABLE 1 <sep>SiC single crystal<sep> <sep>Content (1)<sep>Content
(2)<sep><sep>SiC substrate <sep>of boron<sep>of nitrogen<sep>(1)-(2) (per<sep>Resistivity
<sep>(per atoms/cm<3> )<sep>(per atoms/cm<3> )<sep>atoms/cm<3> )<sep>([Omegalcm)
Example 1<sep>1 * 10<17> <sep>5 * 10<16> <sep>5 * 10<16> <sep>1 * 10<5> Example
2<sep>1 * 10<17> <sep>8 * 10<16> <sep>2 * 10<16> <sep>1 * 10<6> Example 3<sep>2 *
10<16> <sep>1 * 10<16> <sep>1 * 10<16> <sep>1 * 10<7> Example 4<sep>1 * 10<16> <sep>5
* 10<15> <sep>5 * 10<15> <sep>1 * 10<7> Example 5<sep>9.5 * 10<15> <sep>5 * 10<15>
<sep>4.5 * 10<15> <sep>5 * 10<9> Example 6<sep>5.1 * 10<15> <sep>5 * 10<15> <sep>1 *
10<14> <sep>< > 1 * 10<11> Example 7<sep>1 * 10<17> <sep>4 * 10<16> <sep>6 * 10<16>
<sep>1.1 * 10<2> Comparison<sep>4.9 * 10<15> <sep>2.5 * 10<15> <sep>2.4 * 10<15> <sep>1
* 10<4> Example 1 Comparison<sep>1 * 10<16> <sep>2.5 * 10<16> <sep>-1.5 * 10<16> < >
<sep>< > 1 * 10<-1> Example 2

[0053]
010000000010 000000000000005%x 1015atoms/cm30000gononO
1770SiICO0O0O0O 5x 1015atoms /cm30 0000000 0OO0O0O00OOOO0O10O0SicOCOOOO

22-07-2017 21



000000000000 O000DO00bO0O0O0bOO00bOoO0ooDDOOo0oDoOoOooDOOo0oDoOOon
O0000000DOz0SsicO000bDO00dnDOods5Sx 1015atoms/ecm30 00000

As shown in Table 1, SiC substrates of the examples 1 to 7, where, as shown in Table 1, the
content of boron was no less than 5*10<15 > atoms/cm<3> , the content of nitrogen was no less
than 5*10<15 > atoms/cm<3> , and the content of boron was greater than the content of
nitrogen 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*10<15 > atoms/cm<3>, and that of the SiC substrate of Comparison Example 2, where
the content of boron was smaller than the content of nitrogen.

[0054]
000010000000 000000D0000000O05% 1016atoms/cm30 0000000
I'edSiCO00D0O0ODODOG6x 1016atoms/cm30 000 0070SICODOOODOOOOOOOO
O0o0O00obOOoOoooa

In addition, as shown in Table 1, SiC substrates of the examples 1 to 6, where, as shown in Table
1, the difference in content between boron and nitrogen was no greater than 5*10<16 >
atoms/cm<3>, had resistivity that was considerably greater than that of the SiC substrate of the
example 7, where the difference was 6*10<16 > atoms/cm<3> .

[0055]
00001000000 DoooDi107osicO00ooODODOo00000ooDoDoODOoO000oOoOon
SicOO00ooooooooooooooo

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.

[0056]

000000000000 00000o0oTmB2000000TIB20000000000000O
gbdddooddooodooodoooodooouooouooon

Here, though TiB2 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 TiB2 is used.
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[0057]

000000000000 oDoooboopOSiCOO0DOOOOOOOSICO000O0OOODDOO
000000 OD00000d0DoObOoOoO0000doooDoObOoO000o0oooooDooOoDoOoa
000000000000 oDoObOoO0o0oooon

As described above, according to the present invention, p type SiC single crystal and a SiC
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.

[0058]

00000000 DbO00dbDi100o00oDi10b0o0b0o0oobooooOoooDboobooOoooDa
00000000 DbOO0o0bOoOooDboOooooon

Although the present invention has been described and illustrated in detail, it is clearly
understood that the same is by way of illustration and example only and is 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.
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