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1
METHOD FOR PRODUCING GROUP III
NITRIDE SEMICONDUCTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for producing a
Group 1] nitride semiconductor through the flux method and,
more particularly, to a production method realizing effective
mixing of a dopant in the molten material.

2. Background Art

The Na flux method is a known method for producing a
Group III nitride semiconductor such as GaN. In this method,
Na (sodium) and Ga (gallium) are melted and maintained at
about 800° C., and gallium is reacted with nitrogen at a
pressure of some ten atmospheres, to thereby grow GaN
crystals.

For example, Japanese Patent Application Laid-Open (ko-
kai) No. 2008-290929 discloses that addition of silicon (Si) to
the molten material in the Na flux method suppresses crystal
growth of GaN, and discloses studies on use of germanium
(Ge) serving as an n-type dopant.

However, when germanium is added to the material of the
flux method, in some cases, an alloy such as GeNa, is formed
from germanium and sodium. Because GeNa, has a high
melting temperature of 820° C. at ambient pressure, Ge is not
satisfactorily admixed in a molten mixture of sodium and
gallium. That causes raising problems such as variation in Ge
concentration of a GaN crystal and generation of a large
amount of miscellaneous crystals, leading to a drop in pro-
duction yield.

SUMMARY OF THE INVENTION

In view of the foregoing, an object of the present invention
is to provide a method for producing a Group III nitride
semiconductor through the flux method, which production
method realizes effective mixing of a dopant in the molten
material.

Accordingly, in a first aspect of the invention, there is
provided a method for producing a Group III nitride semi-
conductor, in which a molten mixture containing at least a
Group III metal, an alkali metal and a dopant is reacted with
a gas containing at least nitrogen, to thereby grow a Group III
nitride semiconductor on a seed crystal, wherein the method
comprises:

forming a Group III metal liquid from the corresponding
Group III metal before formation of an alkali metal liquid
from the corresponding alkali metal;

forming a molten mixture by mixing the Group III metal
liquid with a dopant;

subsequently, forming the alkali metal liquid from the
alkali metal; and

bringing the alkali metal liquid into contact with the molten
mixture of the Group I1I metal and the dopant.

Generally, sodium (Na) is employed as the alkali metal of
the invention, but potassium (K) may also be used. The term
“a gas containing nitrogen” refers to a single-component gas
or a gas mixture containing molecular nitrogen or a nitrogen
compound, and the gas or gas mixture may further contain an
inert gas such as a rare gas.

In the flux method, the dopant is added in order to control
physical properties such as conduction type and magnetic
properties of the Group I nitride semiconductor to be grown,
to promote crystal growth, to prevent generation of miscella-
neous crystals, to control crystal growth orientation, and to
control other factors. A plurality of dopants may be used.
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A second aspect of the invention is drawn to a specific
embodiment of the production method according to the first
aspect, wherein the molten mixture of the Group I1I metal and
the dopant is a molten alloy of the Group III metal and the
dopant.

A third aspect of the invention is drawn to a specific
embodiment of the production method according to the sec-
ond aspect, wherein the dopant is a material which provides a
melting temperature of any Group III metal alloy therewith
lower than the melting temperature of any alkali metal alloy
therewith.

A fourth aspect of the invention is drawn to a specific
embodiment of the production method according to any of the
first to third aspects, wherein, when the alkali metal, the
Group III metal, and the dopant are placed in a crucible, the
dopant is placed apart from the alkali metal and in the vicinity
of the Group I1I metal.

A fifth aspect of the invention is drawn to a specific
embodiment of the production method according to the fourth
aspect, wherein:

the seed crystal is placed on the bottom surface of the
crucible so as to be tilted with respect to the bottom surface;

the alkali metal is placed on the seed crystal; and

the Group 11l metal and the dopant are placed on the bottom
surface of the crucible or in a space between the bottom
surface of the crucible and the back surface of the seed crystal.

A sixth aspect of the invention is drawn to a specific
embodiment of the production method according to any of the
first to fifth aspects, wherein the dopant is a material which
maintains a phase-separation state of a liquid mixture of the
alkali metal and the dopant.

A seventh aspect of the invention is drawn to a specific
embodiment of the production method according to any of the
first to fifth aspects, wherein the alkali metal is sodium, and
the dopant is germanium.

An eighth aspect of the invention is drawn to a specific
embodiment of the production method according to the sixth
aspect, wherein the alkali metal is sodium, and the dopant is
Zinc.

According to the first aspect of the invention, a dopant can
be effectively dissolved in the molten material, whereby high-
quality and homogeneous Group III nitride semiconductors
can be produced, and the production yield can be enhanced.

As the second aspect of the invention, even in the case
where an alloy is formed between a dopant and a Group 111
metal, the dopant can be effectively dissolved in the molten
material. Particularly, as the third aspect of the invention,
when a dopant which provides a melting temperature of any
Group III metal alloy therewith lower than the melting tem-
perature of any alkali metal alloy therewith is employed, the
effect of the present invention can be satisfactorily attained.
In this case, the dopant can be highly effectively dissolved in
the molten material.

Through placement of materials in a crucible according to
the fourth or fifth aspect of the invention, the first aspect of the
invention can be readily realized.

As the sixth aspect of the invention, when the dopant is a
material which maintains a phase-separation state of a liquid
mixture of the alkali metal and the dopant, the effect of the
present invention can be satisfactorily attained. In the case
where sodium is employed as the alkali metal, the dopant as
described in the third aspect is, for example, germanium as
described in the seventh aspect, and the dopant as described in
the sixth aspect is, for example, zinc as described in the eighth
aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features, and many of the attendant
advantages of the present invention will be readily appreci-
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ated as the same becomes better understood with reference to
the following detailed description of the preferred embodi-
ments when considered in connection with the accompanying
drawings, in which:

FIG. 1 is a schematic view of an apparatus for producing a
Group 111 nitride semiconductor;

FIG. 2A is a sketch showing the arrangement of materials
in a crucible 11 in the production method according to
Example 1;

FIG. 2B is a sketch showing the arrangement of materials
in a crucible 11 in the production method according to a
variation of Example 1;

FIG. 3 is a photograph of an n-GaN crystal grown through
the production method according to Example 1;

FIG. 4 is a fluorescence microscopic image of an n-GaN
crystal grown through the production method according to
Example 1;

FIG. 5 is a sketch showing the arrangement of materials in
a crucible 11 in the production method according to Com-
parative Example; and

FIG. 6 is a sketch showing the arrangement of materials in
a crucible 11 in the production method according to Example
2.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

With reference to the drawings, the present invention will
next be described by way of examples, which should not be
construed as limiting the present invention thereto.

Example 1

FIG. 1 is a schematic view of an apparatus for producing a
Group I nitride semiconductor employed in production of
n-GaN of Example 1. As shown in FIG. 1, the apparatus for
producing a Group III nitride semiconductor includes a reac-
tion vessel 10; a crucible 11 which is placed in the reaction
vessel 10; a heating apparatus 12 for heating the reaction
vessel 10; a supply pipe 14 for supplying nitrogen to the
reaction vessel 10; and a discharge pipe 15 for discharging the
atmosphere gas in the reaction vessel 10 to the outside.

The reaction vessel 10 is a cylinder made of stainless steel
and has resistance to pressure and heat. The crucible 11 made
of Al,O; (alumina) is placed in the reaction vessel 10. The
crucible 11 has an inner diameter of 66 mm.

A pressure container may be placed in the Group I1I nitride
semiconductor production apparatus, and the reaction vessel
10 and the heating apparatus 12 may be placed in the pressure
container. When the reaction vessel 10 is placed in the pres-
sure container, the reaction vessel 10 does not necessarily
have high pressure resistance. Thus, an inexpensive and
large-scale reaction vessel may be employed as the reaction
vessel 10.

The supply pipe 14 is equipped with a valve 14v, through
which the amount of nitrogen supplied to the reaction vessel
is controlled. The discharge tube 15 is equipped with a valve
15v, through which the amount of discharge from the reaction
vessel 10 is controlled.

Next, a method of producing n-GaN doped with germa-
nium serving as an n-type dopant will be described.

As shown in FIG. 2A, in an alumina crucible 11 (inner
diameter: 66 mm), gallium solid 16 (55 g), germanium solid
17 (0.1 g), carbon (not illustrated) (0.1 g), and a support base
18 are placed. Subsequently, a seed crystal substrate 19 is
placed such that one end of the substrate remains on the
support base 18, whereby the seed crystal substrate 19
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remains tilted with respect to the bottom surface of the cru-
cible 11, and gallium solid 16 and germanium solid 17 are
placed in the space 40 between the seed crystal substrate 19
and the bottom surface of the crucible 11. Then, sodium solid
20 (49 g) is placed on the seed crystal substrate 19. Through
this arrangement, germanium solid 17 is present in closer
vicinity to gallium solid 16 than to sodium solid 20. That is,
sodium solid 20 is separated from solid germanium 17 by the
mediation of the seed crystal substrate 19, with direct contact
between sodium solid 20 and germanium solid 17 being pre-
vented. The amount of germanium solid 17 added to the
crucible is about 0.5 mol % with respect to the total amount of
gallium solid 16, germanium solid 17, and sodium solid 20.
Then, the crucible 11 is placed in the reaction vessel 10, and
the reaction vessel 10 is tightly closed. Notably, the reason for
adding carbon is that carbon, serving as a catalyst, facilitates
incorporation of germanium serving as a donor into a GaN
crystal.

The seed crystal substrate 19 may be a GaN substrate or a
template substrate which is produced by growing GaN on a
hetero-substrate (e.g., sapphire substrate) through MOCVD.
The seed crystal substrate employed may be a substrate of any
surface orientation; such as a c-plane substrate, an a-plane
substrate, or an m-plane substrate.

Placement of the materials in the crucible 11, and place-
ment of the crucible 11 in the reaction vessel 10 should be
carried out in a glove box filled with an inert gas (e.g., Ar gas),
since, when such operations are performed in air, Na is imme-
diately oxidized.

Subsequently, the valve 14v of the supply pipe 14 and the
valve 15v of the discharge pipe 15 are opened, to thereby
supply nitrogen to the reaction vessel 10. Through regulating
the valves 14v, 15v, the inside pressure of the reaction vessel
10 is elevated to 4.2 MPa, and the temperature of the vessel is
elevated to 870° C. by means of the heating apparatus 12.

In the course of the temperature elevation process, gallium
solid 16, having a melting temperature of about 30° C. at
ambient pressure, is melted to gallium liquid. When germa-
nium solid comes into contact with the molten gallium, solid
germanium 17 is dissolved in the molten gallium. In this case,
germanium solid 17 is present in closer vicinity to gallium
solid 16 than to sodium solid 20, and sodium solid 20 is
separated from solid germanium 17 by the mediation of the
seed crystal substrate 19, with direct contact between sodium
solid 20 and germanium solid 17 being prevented. Therefore,
a molten mixture of gallium and germanium is formed before
formation of a sodium-germanium alloy having a high melt-
ing temperature.

Then, as the temperature rises, sodium solid 20 having a
melting temperature of about 98° C. atambient pressure melts
to form sodium liquid, which flows into the space 40 under the
seed crystal substrate 19. The sodium liquid is mixed with a
molten mixture of gallium and germanium. Since no sodium-
germanium alloy is formed, a portion of'a sodium-germanium
alloy in the solid form undissolved in a molten mixture of
gallium and sodium, which would conventionally remain,
does not remain. As a result, germanium is completely dis-
solved in the molten mixture of gallium and sodium at the
crystal growth temperature.

After production of a germanium-dissolved molten mix-
ture of gallium and sodium, the conditions (4.2 MPa, 870° C.)
are maintained for 120 hours, to thereby grow a GaN crystal
on the seed crystal substrate 19. In a preferred mode, the
Group III nitride semiconductor production apparatus is
equipped with a rotating apparatus for sustaining and rotating
the crucible 11, or with a swinging apparatus for swinging the
crucible, whereby the crucible 11 is rotated or swung during



US 8,501,141 B2

5

crystal growth. In this case, since the molten mixture is stirred
through rotation or swinging of the crucible 11, GaN can be
grown uniformly.

Subsequently, heating by means of the heating apparatus
12 is stopped, and the temperature and pressure are lowered to
ambient conditions. The reaction vessel 10 is opened, and the
crucible 11 is taken out. The molten mixture remaining in the
crucible 11 is removed, and a Ge-doped n-GaN crystal which
has been grown on the seed crystal substrate 19 is taken out.
As shown in FIG. 3, the n-GaN crystal has been uniformly
grown on the entire surface of the seed crystal substrate 19.
FIG. 4 is a fluorescence microscopic image of the thus-grown
n-GaN crystal. As shown in FIG. 4, light emission was
observed from the entire surface of the crystal, confirming
that the n-GaN crystal is uniformly doped with Ge. The
obtained n-GaN crystal was polished and subjected to SIMS
analysis and Hall measurement. The Ge concentration was
1x10'%/cm?, and the resistivity was 0.03 Qcm. Uniform Ge
doping was observed in the entire surface.

The thus-produced n-GaN crystal was compared with a
similar n-GaN crystal produced through a production method
of Comparative Example as shown in FIG. 5. In the compara-
tive method, the procedure of Example 1 was repeated, except
that gallium solid 16 was placed in the space 40 between the
seed crystal substrate 19 and the bottom surface of the cru-
cible 11, and germanium solid 17 and sodium solid 20 were
placed on the seed crystal substrate 19, to thereby produce an
n-GaN crystal. The n-GaN crystal of Comparative Example
was found to have a portion where growth failed. In other
words, uniform growth on the entire surface of the seed crys-
tal substrate 19 was not attained. A non-uniform fluorescence
microscopic image of the n-GaN crystal of Comparative
Example indicates that the n-GaN crystal was not uniformly
doped with Ge.

As described above, in the GaN production method of
Example 1, gallium solid 16 is in direct contact with germa-
nium solid 17, and sodium solid 20 is not in direct contact
with germanium solid 17. In the course of temperature eleva-
tion, gallium becomes liquid before formation of sodium
liquid, and the gallium liquid comes into contact with germa-
nium solid 17 without establishing contact between sodium
liquid and germanium solid. Therefore, no sodium-germa-
nium alloy having a high melting temperature is formed, and
germanium is melted in liquid of gallium having a low melt-
ing temperature. Subsequently, sodium becomes liquid, and
the sodium liquid comes into contact with the molten mixture
of gallium and germanium. Therefore, germanium can be
effectively melted in the molten mixture of sodium and gal-
lium. As a result, a high-quality n-GaN crystal having no
variation in germanium concentration can be produced.

Alternatively, the following arrangement in the crucible 11
may be employed. Firstly, gallium solid 16 is melted, and
germanium solid 17 is melted in the molten gallium. The
molten mixture is cooled, to thereby form a gallium-germa-
nium alloy 30. Then, as shown in FIG. 2B the gallium-ger-
manium alloy 30, sodium solid 20, and the seed crystal sub-
strate 19 are placed in the crucible 11. Through employment
of this arrangement, in the course of temperature elevation,
the gallium-germanium alloy is firstly melted, and then
sodium solid 20 is melted. In other words, molten sodium
comes into contact with the molten mixture of gallium and
germanium. Therefore, germanium can be effectively melted
in the molten mixture of sodium and gallium.

Example 2

In Example 2, zinc solid 27 is employed as a dopant instead
of germanium solid 17 as employed in Example 1. As shown
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in FIG. 6, a seed crystal substrate 19 is placed such that one
end of the substrate remains on the support base 18, whereby
the seed crystal substrate 19 remains tilted with respect to the
bottom surface of the crucible 11, and gallium solid 16 and
zine solid 27 are placed in the space 40 between the seed
crystal substrate 19 and the bottom surface of the crucible 11,
and sodium solid 20 is placed on the seed crystal substrate 19.
The GaN production method of Example 1 is performed,
except that the above arrangement in the crucible 11 is
employed, to thereby grow a Zn-doped GaN crystal on the
seed crystal substrate 19. Zn is doped in order to impart a
p-conduction type to GaN or insulate GaN.

As described above, gallium solid 16 and zinc solid 27 are
separated from solid sodium 20 by the mediation of the seed
crystal substrate 19. In the course of temperature elevation,
gallium solid 16 is firstly melted to form gallium liquid. When
in contact with the molten gallium, zinc solid 27 is melted in
the molten gallium. Subsequently, as the temperature rises,
sodium solid 20 is melted to form sodium liquid, which flows
to the space 40 under the seed crystal substrate 19. The
sodium liquid is mixed with a molten mixture of gallium and
zinc. Generally, zinc liquid and sodium liquid are non-com-
patible with each other, and phase separation such as water-
oil separation occurs. When the arrangement of Example 2 is
employed, co-presence of zinc liquid and sodium liquid is
avoided during temperature elevation, to thereby prevent
phase separation. Therefore, zinc can be eftectively melted in
the molten mixture of sodium and gallium.

Thus, when Zn is added as a dopant, a high-quality Zn-
doped GaN crystal having no variation in Zn concentration
can be produced. When the method of the Example 2 is used,
any dopant other than zinc may be used even if the dopant is
a material which maintains a phase-separation state of a lig-
uid mixture of the alkali metal and the dopant.

In the above Examples, sodium is employed as a flux.
However, other alkali metals such as potassium may also be
used. The above Examples are directed to the method of
producing GaN. However, the present invention is not limited
to the production of GaN, and the method of the invention
may be applicable to production of crystals of Group III
nitride semiconductors such as AlGaN, InGaN, and
AlGalnN. In the above Examples, a single kind of dopant is
used. However, a plurality kinds of dopants may be added.

In the above Examples, gallium is mixed with germanium
or zinc without any additional operation during temperature
elevation, and contact of germanium or zinc with sodium does
not occur. Then, the mixture of gallium and the dopant is
mixed with sodium. However, the present invention is not
limited to this sequence. The timing of heating (i.e., tempera-
ture elevation) may be selected as desired, so long as the
Group 111 metal is melted before forming alkali metal liquid;
dissolving a dopant in the molten Group III metal; then melt-
ing the alkali metal; and bringing the molten alkali metal into
contact with the molten mixture of the Group I1l metal and the
dopant.

The present invention also encompasses the following spe-
cific features.

(1) A method for producing a Group III nitride semicon-
ductor based on the flux method, in which a solid alkali metal,
a solid Group III metal, and a solid dopant are maintained in
a crucible; a gas containing at least nitrogen is fed to the
crucible; a solution of the solid alkali metal, the solid Group
IIT metal, and the solid dopant is formed through a pressure
and temperature elevation step; and a Group III nitride semi-
conductor is grown from the solution on a seed crystal at the
crystal growth temperature, wherein the production method
comprises:
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in the temperature elevation step, forming a Group III
metal liquid from the corresponding solid Group III metal
before formation of the alkali metal liquid from the corre-
sponding solid alkali metal;

dissolving the solid dopant in the Group III metal liquid,
without bringing the Group III metal liquid into contact with
the solid alkali metal,

subsequently, forming the alkali metal liquid from the solid
alkali metal;

bringing the alkali metal liquid into contact with the molten
mixture of the Group III metal and the dopant; and

finally, forming a molten mixture of the alkali metal, Group
IIT metal, and dopant before attainment of the Group III
nitride semiconductor growth temperature.

(2) A method for producing a Group III nitride semicon-
ductor according to (1) above, wherein, when the solid alkali
metal, the solid Group III metal, and the solid dopant are
placed in a crucible, the solid dopant is placed apart from the
solid alkali metal and in the vicinity of the solid Group I1I
metal.

(3) A method for producing a Group III nitride semicon-
ductor according to (2) above, wherein:

the seed crystal is placed on the bottom surface of the
crucible so as to be tilted with respect to the bottom surface;

the solid alkali metal is placed on the seed crystal; and

the solid Group III metal and the solid dopant are placed on
the bottom surface of the crucible or in a space between the
bottom surface of the crucible and the back surface of the seed
crystal.

Group III nitride semiconductors produced according to
the present invention may be used as a growth substrate or the
like for manufacturing semiconductor devices.

What is claimed is:

1. A method for producing a Group I1I nitride semiconduc-
tor, in which a molten mixture for a crystal growth comprising
at least a Group III metal, an alkali metal and a dopant is
reacted with a gas comprising at least nitrogen, to thereby
grow a Group III nitride semiconductor on a seed crystal,
wherein the method comprises:

placing the seed crystal, a solid alkali metal, a solid Group

11T metal, and a solid dopant in a crucible, such that the
solid dopant is placed apart from the solid alkali metal
and in a vicinity of the solid Group III metal;

forming a Group III metal liquid from the solid Group III

metal before formation of an alkali metal liquid from the
solid alkali metal by elevating a temperature of the cru-
cible;

forming a molten mixture by contacting the Group III

metal liquid with the solid dopant in the crucible to be
dissolved in the Group III metal liquid;

subsequently, forming the alkali metal liquid from the solid

alkali metal in the elevating of the temperature;
bringing the alkali metal liquid into contact with the molten
mixture comprising the Group III metal and the dopant
to make the molten mixture for a crystal growth; and
growing the Group III nitride semiconductor on the seed
crystal.

2. A method for producing a Group III nitride semiconduc-
tor according to claim 1, wherein the dopant comprises a
material which provides a melting temperature of any Group
11T metal alloy therewith lower than a melting temperature of
any alkali metal alloy therewith.

3. A method for producing a Group III nitride semiconduc-
tor according to claim 1, wherein the seed crystal is placed on
a bottom surface of the crucible so as to be tilted with respect
to the bottom surface,
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wherein the solid alkali metal is placed on the seed crystal,

and

wherein the solid Group III metal and the solid dopant are

placed on the bottom surface of the crucible or in a space
between the bottom surface of the crucible and a back
surface of the seed crystal.
4. A method for producing a Group I nitride semiconduc-
tor according to claim 1, wherein the solid dopant comprises
a material which maintains a phase-separation state of a lig-
uid mixture of the alkali metal and the dopant.
5. A method for producing a Group I nitride semiconduc-
tor according to claim 1, wherein the solid alkali metal com-
prises sodium, and the solid dopant comprises germanium.
6. A method for producing a Group III nitride semiconduc-
tor according to claim 4, wherein the solid alkali metal com-
prises sodium, and the solid dopant comprises zinc.
7. A method for producing a Group I nitride semiconduc-
tor, in which a molten mixture for a crystal growth comprising
at least a Group III metal, an alkali metal and a dopant is
reacted with a gas comprising at least nitrogen, to thereby
grow a Group III nitride semiconductor on a seed crystal,
wherein the method comprises:
placing the seed crystal, a solid alkali metal, and a solid
Group III metal-dopant alloy in a crucible;

forming a molten mixture comprising the Group III metal
and the dopant from the solid Group III metal-dopant
alloy before formation of an alkali metal liquid from the
solid alkali metal by elevating a temperature of the cru-
cible;

subsequently, forming the alkali metal liquid from the solid

alkali metal in the elevating of the temperature;
bringing the alkali metal liquid into contact with the molten
mixture comprising the Group III metal and the dopant
to make the molten mixture for a crystal growth; and
growing the Group III nitride semiconductor on the seed
crystal.

8. A method for producing a Group I nitride semiconduc-
tor according to claim 7, wherein the dopant comprises a
material which provides a melting temperature of any Group
1T metal alloy therewith lower than a melting temperature of
any alkali metal alloy therewith.

9. A method for producing a Group I nitride semiconduc-
tor according to claim 7, wherein the solid Group III metal-
dopant alloy is placed apart from the solid alkali metal.

10. A method for producing a Group III nitride semicon-
ductor according to claim 7, wherein the solid dopant com-
prises a material which maintains a phase-separation state of
a liquid mixture of the alkali metal and the dopant.

11. A method for producing a Group III nitride semicon-
ductor according to claim 10, wherein the solid alkali metal
comprises sodium, and the dopant of the solid Group III
metal-dopant alloy comprises zinc.

12. A method for producing a Group III nitride semicon-
ductor according to claim 7, wherein the solid alkali metal
comprises sodium, and the dopant of the solid Group III
metal-dopant alloy comprises germanium.

13. A method for producing a Group III nitride semicon-
ductor, in which a molten mixture comprising at least a Group
IIT metal, an alkali metal and a dopant is reacted with a gas
comprising at least nitrogen, to thereby grow a Group III
nitride semiconductor on a seed crystal, wherein the method
comprises:

forming a Group III metal liquid from a corresponding

Group III metal before formation of an alkali metal
liquid from a corresponding alkali metal;
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forming a molten mixture by mixing the Group III metal
liquid with a dopant; subsequently, forming the alkali
metal liquid from the alkali metal; and

bringing the alkali metal liquid into contact with the molten

mixture of the Group III metal and the dopant, wherein 5
the seed crystal is placed on a bottom surface of the
crucible so as to be tilted with respect to the bottom
surface,

wherein the alkali metal is placed on the seed crystal, and

wherein the Group I1I metal and the dopant are placedon 10
the bottom surface of the crucible or in a space between
the bottom surface of the crucible and a back surface of
the seed crystal,

wherein the seed crystal is placed on a bottom surface of

the crucible so as to be tilted with respect to the bottom 15
surface, wherein the solid alkali metal is placed on the
seed crystal, and

wherein the Group I1I metal and the dopant are solid Group

I metal-dopant alloy is placed on the bottom surface of
the crucible or in a space between the bottom surface of 20
the crucible and a back surface of the seed crystal.

14. A method for producing a Group III nitride semicon-
ductor according to claim 13, wherein the dopant comprises a
material which maintains a phase-separation state of a liquid
mixture of the alkali metal and the dopant. 25

15. A method for producing a Group III nitride semicon-
ductor according to claim 13, wherein the alkali metal com-
prises sodium, and the dopant comprises germanium.

16. A method for producing a Group III nitride semicon-
ductor according to claim 13, wherein the dopant is placed 30
apart from the alkali metal and in a vicinity of the Group III
metal.



