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(57) ABSTRACT 

The present invention provides a method of manufacturing 
a Group III nitride substrate that has less variations in 
in-plane carrier concentration and includes crystals grown at 
a high groWth rate. The manufacturing method of the present 
invention includes: (i) forming a semiconductor layer (a 
seed layer 12) on a substrate, With the semiconductor layer 
being formed of a semiconductor expressed by a composi 
tion formula of AluGavlnl_u_vN (Wherein Oéuél and 
Oévé 1) and having a (0001) plane present at its surface; (ii) 
processing the surface of the semiconductor layer so that the 
surface becomes a plane sloped With respect to the (0001) 
plane of the semiconductor layer; and (iii) bringing the 
surface of the semiconductor layer into contact With a melt 
containing a solvent and at least one Group III element 
selected from gallium, aluminum, and indium, in an atmo 
sphere containing nitrogen, to make the at least one Group 
III element and the nitrogen react With each other to groW 
Group III nitride crystals (GaN single crystals 13) on the 
semiconductor layer. 
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METHOD OF MANUFACTURING GROUP III 
NITRIDE SUBSTRATE AND SEMICONDUCTOR 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a Division of application Ser. 
No. 10/757,864, ?led Jan. 15, 2004, Which application is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to a Group 
III nitride substrate (a substrate containing Group III nitride 
crystals), a method of manufacturing the same, and a semi 
conductor device. 

[0004] 2. Related Background Art 

[0005] A Group III nitride compound semiconductor such 
as, for instance, gallium nitride (GaN) (hereinafter also 
referred to as a “Group III nitride semiconductor” or a 

“GaN-based semiconductor”) has been gaining attention as 
a material for semiconductor elements that emit blue or 
ultraviolet light. A blue laser diode (LD) is used for high 
density optical disk devices or displays While a blue light 
emitting diode (LED) is used for displays, lighting, etc. It is 
expected to use an ultraviolet LD in the ?eld of biotechnol 
ogy or the like and to use an ultraviolet LED as an ultraviolet 

source for a ?uorescent lamp. 

[0006] Generally, substrates of a Group III nitride semi 
conductor (for example, GaN) that are used for LDs or LEDs 
are formed through vapor phase epitaxy. For instance, 
substrates have been used that are obtained through het 
eroepitaxial groWth of Group III nitride crystals on a sap 
phire substrate. HoWever, the sapphire substrate and GaN 
crystals are different from each other in lattice constant by 
13.8% and in coef?cient of linear expansion by 25.8%. 
Hence, a suf?ciently high crystallinity cannot be obtained in 
the GaN thin ?lm obtained through the vapor phase epitaxy. 
Generally, crystals obtained by this method have a disloca 
tion density of 108 cm“2 to 109 cm“2 and thus the reduction 
in dislocation density has been an important issue. In order 
to resolve this issue, efforts have been made to reduce the 
dislocation density and thereby, for example, an epitaxial 
lateral overgroWth (ELOG) method has been developed. 
With this method, the dislocation density can be reduced to 
around 105 cm-2 to 106 cm_2, but its manufacturing process 
is complicated. 

[0007] On the other hand, besides the vapor phase epitaxy, 
a method of carrying out crystal groWth from the liquid 
phase also has been studied. HoWever, since the equilibrium 
vapor pressure of nitrogen is at least 10000 atm at a melting 
point of a Group III nitride single crystal such as, for 
instance, GaN or AlN, conventionally it has been understood 
that a condition of 8000 atm at 12000 C. is required for 
groWing GaN from liquid phase. In this connection, recently, 
it Was made clear that GaN Was able to be synthesiZed at 
relatively loW temperature and pressure, speci?cally, 7500 
C. and 50 atm, by using a Na ?ux. 

[0008] Recently, single crystals With the maximum crystal 
siZe of about 1.2 mm are obtained by a method in Which a 
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mixture of Ga and Na is melted in a nitrogen gas atmosphere 
containing ammonia at 8000 C. and 50 atm, and then the 
single crystals are groWn for 96 hours using the melt (for 
instance, JP2002-293696A). 
[0009] Furthermore, another method also has been 
reported in Which after a GaN crystal layer is formed on a 
sapphire substrate by a metal organic chemical vapor depo 
sition (MOCVD) method, single crystals are groWn by a 
liquid phase epitaxy (LPE) method. 

[0010] HoWever, in order to manufacture semiconductor 
devices With excellent characteristics at loW cost, it has been 
required to provide a method of manufacturing a Group III 
nitride substrate With a loWer dislocation density than that of 
conventional one and a method of manufacturing a Group III 
nitride substrate at loWer cost. A method of groWing nitride 
crystals from liquid phase is expected to be a method that 
alloWs a Group III nitride substrate With less defects to be 
obtained. HoWever, considerable variations in crystallinity 
are caused depending on a seed crystal to be used and on 
in-plane carrier concentration of the nitride substrate. Fur 
thermore, the groWth rate is not so high, Which has been a 
problem. 

SUMMARY OF THE INVENTION 

[0011] With such a situation in mind, the present invention 
is intended to provide a Group III nitride substrate that has 
less variations in in-plane carrier concentration and includes 
Group III nitride crystals groWn at a high groWth rate, and 
to a method of manufacturing the same. 

[0012] In order to achieve the aforementioned object, a 
Group III nitride substrate of the present invention includes: 
a substrate; a semiconductor layer formed on the substrate; 
and Group III nitride crystals formed on the semiconductor 
layer, Wherein the semiconductor layer is formed of a 
semiconductor expressed by a composition formula of 
AluGaVInl_u_VN (Wherein Oéuél and Oévé 1). A surface 
of the semiconductor layer is a plane that is sloped in one 
direction and includes steps of (0001) planes arranged 
step-Wise. The plane sloped in one direction and the (0001) 
planes form an angle of at least 0.050 therebetWeen, and the 
Group III nitride crystals formed on the semiconductor layer 
have variations in in-plane carrier concentration that are 
Within a range of one ?fth to ?ve times a carrier concen 
tration mean value. 

[0013] In the present invention, the “Group III nitride” 
denotes a semiconductor expressed by a composition for 
mula of AlXGayInl_X_yN (Wherein Oéxél and 0§y§1) 
unless otherWise speci?ed. In this connection, it is under 
stood that a formula of 0§1—x—y§1 is satis?ed since the 
composition ratio can never be a negative value (the same 
applies to other composition formulae). 

[0014] A manufacturing method of the present invention 
includes the steps of: (i) forming a semiconductor layer on 
a substrate, With the semiconductor layer being formed of a 
semiconductor expressed by a composition formula of 
AluGaVInl_u_VN (Wherein Oéuél and Oévé 1) and having 
a (0001) plane present at its surface; (ii) processing the 
surface of the semiconductor layer so that the surface 
becomes a plane sloped With respect to the (0001) plane of 
the semiconductor layer; and (iii) bringing the surface of the 
semiconductor layer into contact With a melt containing a 
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solvent and at least one Group III element selected from 
gallium, aluminum, and indium, in an atmosphere contain 
ing nitrogen, to make the at least one Group III element and 
the nitrogen react With each other to groW Group III nitride 
crystals on the semiconductor layer. 

[0015] A semiconductor device of the present invention 
includes: a substrate; and a semiconductor element formed 
on the substrate, Wherein the substrate is a Group III nitride 
substrate manufactured by the above-mentioned manufac 
turing method of the present invention. The semiconductor 
element may be a laser diode or a light emitting diode. 

[0016] The Group III nitride substrate of the present 
invention has less variations in carrier concentration, 
includes Group III nitride crystals groWn at a high groWth 
rate, and thus can be manufactured ef?ciently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIGS. 1A (surface) and 1B (cross section) shoW 
conventional crystal groWth; and FIGS. 1C and 1D shoW 
crystal groWth according to an example of a manufacturing 
method according to the present invention. 

[0018] FIG. 2 includes a cross-sectional vieW shoWing 
another example of a manufacturing method according to 
the present invention and an enlarged schematic vieW shoW 
ing a surface structure obtained by the method. 

[0019] FIGS. 3A to 3C are cross-sectional vieWs illustrat 
ing steps of still another example of a manufacturing method 
according to the present invention. 

[0020] FIG. 4 is a schematic vieW shoWing an example of 
a manufacturing apparatus used in the manufacturing 
method of the present invention. 

[0021] FIG. 5A is a graph shoWing PL intensity of a GaN 
crystal obtained by a conventional method; and FIG. 5B is 
a graph shoWing PL intensity of a GaN crystal obtained by 
a still another example of the present invention. 

[0022] FIGS. 6A to 6F are cross-sectional vieWs shoWing 
steps of a further example of a manufacturing method 
according to the present invention. 

[0023] FIGS. 7A to 7D are cross-sectional vieWs shoWing 
steps of yet another example of a manufacturing method 
according to the present invention. 

[0024] FIG. 8 is a schematic vieW shoWing another 
example of a manufacturing apparatus used in a manufac 
turing method of the present invention. 

[0025] FIG. 9 is a cross-sectional vieW shoWing an 
example of a semiconductor device according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] In the present invention, it is preferable that the 
variations in in-plane carrier concentration are as small as 
possible. HoWever, the variations are at least Within a range 
of one ?fth to ?ve times the carrier concentration mean 
value. The variations in in-plane carrier concentration can be 
determined by, for example the folloWing method that is 
described in J. Appl. Phys. 75(2), 15 Jan. 1994, pp.l098 
1101. 
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[0027] (1) First, the relationship betWeen the carrier con 
centration and Raman spectrum is determined and then a 
regression formula or a calibration curve is prepared. The 
regression formula or calibration curve can be prepared 
based on the relationship betWeen the carrier concentra 
tion of a Group III nitride substrate that has been sub 
jected to hole measurement beforehand and its Raman 
spectrum. 

[0028] (2) Next, the mean value of the carrier concentra 
tions of the Group III nitride crystals is determined. 
Speci?cally, ?rst of all, beams of exciting light used in the 
Raman measurement are focused to have a beam diameter 
of 10 to 100 um and the Raman spectrum is measured at 
10 to 50 spots located at l-mm intervals. Subsequently, 
based on the Raman spectrum thus measured, the carrier 
concentrations of the Group III nitride crystals are deter 
mined using the regression formula or calibration curve 
and then the average value thereof is determined. 

[0029] (3) Furthermore, the Raman spectrum is measured 
at an arbitrary spot of the Group III nitride crystals and 
then the carrier concentration thereof is determined. The 
arbitrary spot may be one of the 10 to 50 spots subjected 
to the measurement carried out for determined the mean 
value. 

[0030] The Raman measurement is not particularly limited 
but may be carried out by, for example, irradiating the Group 
III nitride crystals With polariZed light emitted from an argon 
ion laser With an emission Wavelength of 488 nm, at room 
temperature. In this connection, for example, a double 
monochromator or photoelectric doubling tube can be used 
for the Raman measurement. 

[0031] In the Group III nitride substrate of the present 
invention, it is preferable that the Group III nitride crystals 
are formed through liquid phase epitaxy. This is because the 
liquid phase epitaxy alloWs the Group III nitride crystals to 
groW at a higher groWth rate. 

[0032] In the Group III nitride substrate of the present 
invention, it is preferable that the plane sloped in one 
direction and the (0001) planes form an angle of 0.050 to 
0.50 therebetWeen. 

[0033] The semiconductor layer of the Group III nitride 
substrate is formed by, for example, vapor phase epitaxy. In 
this case, the semiconductor layer has a thickness of, for 
instance, about 100 um, and the plane that is sloped and the 
(0001) planes form an angle of, for example, 0.50 therebe 
tWeen in the Group III nitride substrate. HoWever, it should 
be understood that When a thicker ?lm is to be groWn, the 
vapor phase epitaxy also alloWs the angle formed betWeen 
the plane that is sloped and the (0001) planes to be 0.50 or 
larger. 
[0034] In the Group III nitride substrate of the present 
invention, it is preferable that the surfaces of the Group III 
nitride crystals and the (0001) planes form an angle of 0.050 
to 5° therebetWeen. 

[0035] The Group III nitride crystals of the Group III 
nitride substrate are formed by, for example, liquid phase 
groWth. In this case, the Group III nitride crystals groW, for 
instance, up to about 2 to 3 mm. In this Group III nitride 
substrate, the surfaces of the Group III nitride crystals and 
the (0001) planes form an angle of, for example, 5° ther 
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ebetWeen. In this connection, it should be understood that in 
the case of growing crystals having a thickness of 3 mm or 
thicker, the angle formed betWeen the surfaces of the Group 
III nitride crystals and the (0001) planes can be set at 0.50 
or larger. 

[0036] In the present invention, a surface of a Group III 
nitride substrate is sloped by at least 0.050 With respect to a 
C-plane, Where the C-plane is a plane perpendicular to a 
C-axis of the Group III nitride substrate. In the following, 
providing this slope sometimes is referred to as olfcutting. In 
other Words, olfcutting is to process the surface of the Group 
III nitride substrate so as to form an angle sloped by at least 
0.050 from the C-plane, Which is a plane perpendicular to the 
C-axis of the Group III nitride substrate. 

[0037] In the Group III nitride substrate of the present 
invention, it is preferable that the Group III nitride crystals 
are gallium nitride crystals. 

[0038] In the manufacturing method of the present inven 
tion, it is preferable that the at least one Group III element 
is gallium and the Group III nitride crystals are gallium 
nitride. 

[0039] In the manufacturing method of the present inven 
tion, the Group III nitride crystals are groWn on the semi 
conductor layer preferably at a groWth rate of at least 20 
um/hr, and more preferably at 30 um/hr to 50 um/hr. 

[0040] In the manufacturing method of the present inven 
tion, the Group III nitride crystals that have groWn on the 
semiconductor layer have variations in in-plane carrier con 
centration that are preferably Within a range of one ?fth to 
?ve times a carrier concentration mean value, more prefer 
ably one third to three times, and further preferably half to 
tWice. 

[0041] In the manufacturing method of the present inven 
tion, it is preferable that the atmosphere containing nitrogen 
is a pressure atmosphere. The pressure of the pressure 
atmosphere is, for example, in a range of 2 to 100 atm and 
preferably 5 to 50 atm. 

[0042] In the manufacturing method of the present inven 
tion, it is preferable that the solvent is alkali metal. It also is 
preferable that the solvent contains alkaline-earth metal 
beside the alkali metal. Preferably, the alkali metal is at least 
one selected from a group consisting of sodium, lithium, and 
potassium. Furthermore, calcium is preferable as the alka 
line-earth metal. 

[0043] In the manufacturing method of the present inven 
tion, the method of processing the semiconductor layer 
substrate in the step (ii) is not particularly limited but is 
preferably polishing. 
[0044] In the manufacturing method of the present inven 
tion, it is preferable that the steps (i) and (ii) are carried out 
simultaneously. In this case, preferably the steps (i) and (ii) 
are carried out using a temperature gradient provided during 
crystal groWth. 

[0045] In the manufacturing method of the present inven 
tion, the substrate is not particularly limited but preferably 
is made of sapphire. 

[0046] Hereinafter, one example of the present invention 
is described. The method of the present invention is a 
method of manufacturing a substrate including Group III 
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nitride crystals expressed by a composition formula of 
AlXGayInl_X_yN (Wherein 02x21 and 0§y§ 1), such as 
GaN or AlGaN. 

[0047] In this method, ?rst, on a substrate is formed a 
semiconductor layer that is formed of a semiconductor 
expressed by a composition formula of AluGaVInl_u_VN 
(Wherein 0§u§1 and 0§v§ 1) and has a (0001) plane 
present at its surface (Step (i)). Examples of the substrate to 
be used include a sapphire substrate Whose surface is a 
C-plane, a C-plane SiC substrate, a (111) plane GaAs or Si 
substrate, and a GaN substrate obtained by groWing a thin 
?lm thereon. Furthermore, a substrate With a structure such 
as an ELOG structure also may be used as the substrate. The 
semiconductor layer is a crystal layer to serve as a seed 
crystal, and speci?cally, is formed of GaN or AluGal_uN. 
Such a semiconductor layer can be formed by, for instance, 
a metal organic chemical vapor deposition (MOCVD) 
method, a molecular beam epitaxy (MBE) method, or a 
hydride vapor phase epitaxy (HVPE) method. In the above 
mentioned method, the surface of the semiconductor layer to 
be formed is a (0001) plane. This semiconductor layer serves 
as a seed crystal to be used in the crystal groWth step carried 
out later. 

[0048] Next, the surface of the semiconductor layer is 
processed so as to become a plane sloped With respect to the 
(0001) plane of the semiconductor layer to serve as a seed 
crystal (Step (ii)). The processing can be carried out by, for 
example, polishing. Speci?cally, the processing can be car 
ried out by, for example, mechanochemical polishing using 
an abrasive liquid containing diamond as an abrasive. By 
such processing, the surface of the semiconductor layer 
becomes a plane sloped With respect to the (0001) plane 
macroscopically (on the order of millimeters). Microscopi 
cally (at an atomic level), hoWever, this surface is a stepped 
surface With the (0001) plane being exposed as shoWn in the 
enlarged vieW in FIG. 2. Preferably, the surface observed 
macroscopically (on the order of millimeters) and the (0001) 
plane form an angle of 0.050 to 0.520 therebetWeen. 

[0049] Next, in an atmosphere containing nitrogen (pref 
erably, a pressure atmosphere having a pressure of 100 atm 
or loWer), the surface of the semiconductor layer is brought 
into contact With a melt containing a solvent and at least one 
Group III element selected from gallium, aluminum, and 
indium and thereby the at least one Group III element and 
the nitrogen are made to react With each other to groW Group 
III nitride crystals on the semiconductor layer (Step (iii)). As 
the atmosphere containing nitrogen there is used a nitrogen 
gas atmosphere, or an atmosphere of a mixed gas of nitrogen 
gas and ammonia. The atmosphere has a pressure of, for 
instance, 1 atm to 50 atm. 

[0050] As the solvent can be used, for example, a ?ux of 
an alkali metal. As the alkali metal is used at least one 
selected from lithium, sodium, and potassium, i.e. one of 
them or a mixture thereof. The solvent may contain alkaline 
earth metal such as Ca beside the alkali metal. 

[0051] The Group III element to be used as a material is 
selected depending on the type of crystals to be formed. This 
step (iii) makes it possible to form Group III nitride crystals 
expressed by a composition formula of AlXGayInl_X_yN 
(Wherein 02x21 and 0§y§ 1, such as GaN or AlXGa1_XN, 
by a liquid phase epitaxy method. Furthermore, after the 
Group III nitride crystals are groWn, a part other than the 
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Group III nitride crystals is removed by polishing or the like 
as required and thereby a substrate formed of Group III 
nitride crystals alone can be obtained. 

[0052] In the method of the present invention, the surface 
of the seed crystal layer is processed into a stepped shape 
With the (0001) plane being exposed. Consequently, abnor 
mal growth can be prevented from occurring during crystal 
groWth. Furthermore, as compared to the case of using a 
common seed crystal substrate, crystals With higher surface 
?atness can be obtained. 

[0053] Particularly, in the liquid phase epitaxy, the use of 
a substrate sloped in one direction makes it possible to 
improve the groWth rate and uniformity in concentration of 
impurities introduced into the crystals as compared to the 
case of using a substrate that is not sloped. 

[0054] The Group III nitride substrate of the present 
invention is a substrate obtained by the above-mentioned 
manufacturing method. That is, it includes: a substrate; a 
semiconductor layer formed on the substrate; and Group III 
nitride crystals formed on the semiconductor layer, Wherein 
the semiconductor layer is formed of a semiconductor 
expressed by a composition formula of AluGaVIn1_u_VN 
(Wherein Oéuél and 0évél), a surface of the semicon 
ductor layer that is in contact With the Group III nitride 
crystals is a plane that is sloped in one direction and 
including steps of (0001) planes arranged step-Wise. In this 
substrate, the Group III nitride crystals are, for example, 
gallium nitride. 

[0055] Hereinafter, the present invention is described fur 
ther in detail using practicable examples. The folloWing 
examples are described With respect to the case of groWing 
GaN crystals as an example. HoWever, Group III nitride 
crystals expressed by a composition formula of AlXGayInl_ 
X-yN (Wherein Oéxél and Oéyé 1) such as AlXGal _XN or 
AIN also can be formed by the similar method. 

Example 1 

[0056] In this example, the description is directed to a 
method including depositing GaN crystals on a sapphire 
substrate by a metal organic chemical vapor deposition 
(MOCVD) method, Which then is used as a seed crystal 
substrate, and groWing single crystals by a liquid phase 
epitaxy (LEP) method using the seed crystal substrate. The 
present invention is characterized in that the surfaces of GaN 
crystals formed by deposition are processed to be sloped. 

[0057] First, the seed crystal substrate is formed. FIG. 2 
shoWs a con?guration of this substrate. A substrate 10 
includes a sapphire substrate 11 made of sapphire (crystal 
line A1203) and a seed layer 12 made of GaN. In this 
connection, the seed layer 12 may contain aluminum or 
indium instead of gallium as a Group III element. In other 
Words, the seed layer 12 is not limited as long as it is formed 
of Group III nitride that satis?es a composition formula of 
AluGaVInl_u_VN (Wherein Oéu E1 and Oév i l). The 
surface of the seed layer 12 is a plane sloped from a (0001) 
plane. 
[0058] A method of manufacturing the substrate 10 is 
described With reference to FIGS. 3A to 3C. First, the 
temperature of the sapphire substrate 11 is raised to be about 
10200 C. to 11000 C., and then the seed layer 12 is formed 
by the MOCVD method (FIG. 3A). Speci?cally, trimethyl 
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gallium (TMG) and ammonia (NH3) are supplied onto the 
substrate to form the seed layer 12 of GaN. In this connec 
tion, another method that alloWs a Group III nitride semi 
conductor to groW, such as, for instance, a hydride vapor 
phase epitaxy (HVPE) method or a molecular beam epitaxy 
(MBE) method, may be used. 

[0059] The seed layer 12 has a thickness of, for example, 
20 um. Microscopically, the surface of the seed layer 12 
includes concavities and convexities formed of steps as 
shoWn in the enlarged vieW in FIG. 3A. 

[0060] Next, in order to bring the crystal orientation at the 
surface of the GaN crystals (the seed layer 12) obtained in 
the above to be o?fcut, the surface of the seed layer 12 is 
ground to be sloped (FIG. 3B). In the present example, 
mechanochemical polishing is carried out using an abrasive 
liquid containing diamond as an abrasive so that the surface 
is sloped aWay from the (0001) plane by 0.1 degree. The 
o?fcut angle may be set depending on the thickness of the 
GaN ?lm or the crystallinity of a thin ?lm of crystals to be 
groWn later but is desirably around 0.050 to 05°. Micro 
scopically, the surface of the seed layer 12 of the substrate 
shoWn in FIG. 3B has a stepped shape as shoWn in FIG. 2. 
The siZe of the enlarge vieW in FIG. 2 is about 0.5 to 5 nm 
in length and about 1 to 5 pm in Width. 

[0061] Using the seed crystal substrate thus obtained, GaN 
single crystals 13 are groWn as shoWn in FIG. 3C. Amethod 
for groWing them is described beloW. 

[0062] FIG. 4 shoWs an example of an LPE apparatus (an 
electric furnace) used in the method of the present invention. 
This LPE apparatus includes a chamber 21 made of stainless 
steel and a fumace cover 22. The LPE apparatus is con 
structed to bear a pressure of 50 atm. Heaters 23 are disposed 
inside the chamber 21. The chamber 21 is composed of three 
Zones provided With thermocouples 24a to 240, respectively. 
The three Zones are controlled so as to keep their tempera 
ture Within a range of 101° C., and thereby the temperature 
inside the fumace is controlled to be uniform. A core tube 25 
is disposed to improve the uniformity of the temperature 
inside the furnace and to prevent impurities from being 
introduced from the heaters 23. 

[0063] A crucible 26 made of boron nitride (BN) is 
disposed inside the core tube 25. A material is placed inside 
the crucible 26 and the temperature of the crucible is raised 
to prepare a melt 27. A substrate 10 to serve as a seed crystal 
is attached to a substrate holding member 28. In the appa 
ratus shoWn in FIG. 4, a plurality of substrates 10 can be 
attached to the substrate holding member 28. The substrate 
10 is rotated by a rotary motor 2911. A stirring propeller 30 
can be immersed in the melt 27. The propeller 30 is rotated 
by a rotary motor 29b. In the present example, a common 
rotary motor can be used since the atmosphere pressure is 10 
atm or loWer. HoWever, an electromagnetic induction rotary 
mechanism is used under an atmosphere pressure exceeding 
10 atm. Atmosphere gas (raW material gas) is supplied from 
a gas source 31. The pressure of the atmosphere gas is 
adjusted by a pressure regulator 32. The atmosphere gas is 
fed into the furnace after impurities are removed therefrom 
by a gas puri?cation unit 33. 

[0064] The folloWing description is directed to a method 
of groWing GaN crystals. 

[0065] (1) Predetermined amounts of Ga and Na to serve 
as a ?ux are Weighed and then are placed inside a crucible. 
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The Ga used may have a purity of 99.9999% (six nine). The 
Na may be puri?ed Na. Na can be puri?ed as follows: Na is 
heated to melt in a glove box, the inside of Which has been 
subjected to He substitution. Then for example, oxides 
emerging on the surface layer are removed. Alternatively, Na 
may be puri?ed by Zone re?ning. The purity of Na can be 
increased by melting and solidifying Na repeatedly in a tube 
to alloW impurities to deposit and then removing them. An 
o?fcut seed crystal substrate is attached to the substrate 
holding member. 

[0066] (2) In order to melt the raW material placed inside 
the crucible, the temperature inside the electric fumace is 
raised to 900° C. and thereby a melt of the raW material is 
prepared. At this stage, the seed crystal substrate is not 
placed inside the crucible. In order to mix Ga and Na, the 
melt is stirred for several hours With the propeller being 
immersed in the melt. The atmosphere gas is, for instance, 
nitrogen gas or gas containing ammonia. The pressure of the 
nitrogen gas is set at about 1 atm to prevent Ga and Na from 
reacting With nitrogen gas at this stage. When ammonia is 
contained, the reaction occurs at loWer pressure. Hence, it is 
preferable that the nitrogen gas alone is used for the atmo 
sphere gas at this stage. 

[0067] (3) Next, the temperature of the crucible is set at 
800° C. to bring the melt into a supersaturation state. In 
addition, the. atmosphere pressure is increased. In the 
present example, the atmosphere is, for example, nitrogen 
gas alone and is set at 50 atm. Subsequently, the seed crystal 
substrate is loWered to a position just above the surface of 
the melt and its temperature is made to approach the 
temperature of the melt. After several minutes, the seed 
crystal substrate is put into the melt to alloW GaN crystals to 
start groWing. 

[0068] (4) During the crystal groWth, the substrate is 
rotated at a rotational speed in a range of 10 rpm to 200 rpm. 
Desirably, the substrate is rotated at around 100 rpm. After 
the crystals are groWn for 24 hours, the substrate is lifted to 
a position that is aWay from the surface of the melt by 5 to 
10 mm. After being lifted, the substrate is rotated at a 
rotational speed of 300 rpm to 1500 rpm (desirably, around 
1000 rpm) in order to remove the melt remaining on the 
substrate surface. Thereafter, the substrate including GaN 
single crystals thus groWn is taken out of the chamber. 
During the crystal groWth, the temperature of the crucible 
may be kept constant. HoWever, the temperature of the melt 
may be loWered at a constant rate to keep the supersaturation 
of the melt constant. 

[0069] In the present invention, an o?fcut substrate Was 
used as a seed crystal. Hence, abnormal groWth can be 
prevented from occurring during the crystal groWth. Fur 
thermore, a substrate With higher surface ?atness can be 
obtained as compared to the case of using a common seed 
crystal substrate. Generally, steps (steps composed of con 
cavities and convexities) oriented at random are present at 
the surface of GaN deposited as in the above. Consequently, 
crystal groWth proceeds from respective portions of the steps 
at random and thereby raised parts like hillocks and facets 
appear at the surface. As a result, abnormal crystal groWth 
(hillock or island groWth) occurs. In the present example, the 
use of the o?fcut substrate shoWn in FIG. 2 alloWs the 
direction and density of the steps to be controlled to achieve 
stable tWo-dimensional crystal groWth. 
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[0070] FIGS. 1A and 1B shoW typical surface morpho 
logical shapes obtained in the case Where LPE groWth 
actually is carried out on. a substrate having no slope With 
respect to its C-plane While FIGS. 1C and 1D shoW those 
obtained in the case Where crystal groWth is carried out on 
an o?fcut substrate. The use of a seed crystal layer that is 
parallel to the C-axis results in hexagonal island groWth 
(three-dimensional groWth) (FIGS. 1A(surface) and 
1B(cross section). On the other hand, When using a seed 
crystal layer o?fcut from the C-axis, crystals can groW that 
have a stepped surface and a surface morphology in Which 
macroscopically the entire surface is lustrous (FIGS. 1C(sur 
face) and 1D(cross section)). 

[0071] In addition, as shoWn in FIGS. 1A and 1B, in the 
crystals formed through the island groWth, carrier concen 
trations vary in a crystal plane considerably, for instance, by 
about tWo orders of magnitude With respect to a desired 
carrier concentration. This is because, in the case of the 
island groWth, crystals groW on not only C-planes but also 
side faces thereof (lateral groWth). Hence, conceivably, the 
variations are caused because the planes other than the 
C-planes have higher coefficients of impurity incorporation. 
Furthermore, it also is conceivable that the variations are 
caused because the surface is provided With very large 
concavities and convexities due to the development of large 
hexagonal islands and thereby great variations in the state of 
diffusion of the impurities contained in the solution occur at 
the solid-liquid interface. The siZes of the hexagonal islands 
are about 1 to 5 um. 

[0072] On the other hand, When using an o?fcut substrate 
(FIGS. 1C and 1D), it Was possible to limit the variations in 
in-plane carrier concentration Within one order of magnitude 
With respect to the desired value, i.e. Within a range of one 
?fth to ?ve times the desired value. Accordingly, the varia 
tions in in-plane carrier concentration Were reduced consid 
erably by using an o?fcut substrate particularly When crystals 
are groWn from the liquid phase. Conceivably, this is caused 
as folloWs. The use of the o?fcut substrate makes the lateral 
groWth dominate and thereby the groWth faces are speci?ed, 
Which mainly results in a relatively constant amount of 
impurities to be incorporated. Furthermore, since the surface 
is relatively ?at, considerably large concave portions are not 
produced. Consequently, variations in the state of diffusion 
of the impurities contained in the solution are not caused at 
the solid-?uid interface. 

[0073] Furthermore, it Was con?rmed that the groWth rate 
improved by about 10% to 100% When using the o?fcut 
substrate. Conceivably, this is because When Group III 
nitride crystals are groWn by the LPE method, the lateral 
groWth dominates (indicated With an arroW in FIG. 1D) 
although it depends on the groWth condition, and further the 
use of the o?fcut substrate alloWs this effect to manifest itself 
more noticeably. 

[0074] GaN crystals Were produced by the method 
described above and then Were subjected to measurements 
of dislocation density and PL intensity. They had a disloca 
tion density of l><l02 cm'2 or loWer. The spectrum of the PL 
intensity is shoWn in FIG. 5B. The intensity obtained at the 
peak around 360 nm of the spectrum shoWn in FIG. 5B Was 
22 V. FIG. 5A shoWs the PL intensity of a GaN thin ?lm 
produced by a general MOCVD method for comparison. In 
this connection, FIGS. 5A and 5B shoW spectrums measured 
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With slits having different Widths from each other, respec 
tively. The peak intensity obtained around 360 nm of the 
spectrum shoWn in FIG. 5A Was 0.48 V. The crystals 
obtained by the method of the present invention had a PL 
intensity that Was about ?fty times higher than that of the 
crystals produced by a conventional method. 

[0075] The growth of a GaN thick ?lm carried out by a 
general HVPE method is conducted at a high temperature, 
speci?cally at 1050° C. In the present. invention, since 
crystal groWth can be carried out at a loW temperature, 
speci?cally at 800° C., the Warping of a Wafer caused by a 
difference in coe?icient of linear expansion betWeen the 
sapphire substrate and the crystals groWn thereon can be 
reduced. 

[0076] The present example used a ?ux containing Na 
alone. HoWever, similar effects can be obtained even When 
using a mixed ?ux containing alkaline-earth metal such as, 
for example, Ca and a Li, Na, or K ?ux. For instance, When 
using a mixed ?ux containing Na and Ca, the Ca mixed to 
account for about 10% of the Whole alloWs crystals to groW 
at loWer pressure. 

[0077] In the present example, the description Was 
directed to the manufacture of a GaN single crystal substrate 
using gallium. HoWever, it is desirable to manufacture a 
substrate having loW absorptivity With respect to a Wave 
length used in an optical device to be formed on the 
substrate. Hence, it is preferable that in a substrate for a light 
emitting diode or a semiconductor laser handling light 
Within the ultraviolet region there are formed AlXGal_XN 
(Wherein 0; xi 1) single crystals that contain a large amount 
of Al and have loW absorptivity With respect to light With 
short Wavelengths. In the present invention, it also is pos 
sible to substitute a part of Ga by another Group III element 
to form such Group III nitride semiconductor single crystals. 

[0078] The best effect of the present invention is that 
abnormal groWth is inhibited and thereby a Group III nitride 
semiconductor single crystal substrate having loW disloca 
tion density and a ?at surface can be obtained by a highly 
mass-produced method. Particularly, in the LPE groWth, 
hexagonal island groWth is prevented from occurring, Which 
makes it possible to improve the uniformity of the in-plane 
carrier concentration and the groWth rate. That is, according 
to the present invention, a substrate that alloWs a highly 
reliable device to be manufactured can be provided at loW 
cost. Particularly, the ?at substrate With a loW dislocation 
density can facilitate the process of manufacturing a device 
such as a semiconductor laser through homoepitaxial groWth 
and alloWs a device to be manufactured With a high yield. 

Example 2 

[0079] Group III nitride substrates With four different oif 
angles Were obtained in the same manner as in Example I 
expect that crystals Were groWn using seed substrates Whose 
o?fcut angles Were 0.05°, 01°, 03°, and 05°, respectively. 

Comparative Example 1 

[0080] Group III nitride substrates With tWo different 
o?fcut angles Were obtained in the same manner as in 
Example I expect that crystals Were groWn using seed 
substrates Whose o?fcut angles Were 0.0°, and 003°, respec 
tively. 
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[0081] With respect to the Group III nitride substrates thus 
obtained according to Example 2 and Comparative Example 
1, the relationship betWeen the o?fcut angle of the seed 
substrate and the groWth rate as Well as. variations in 
in-plane carrier concentration Was examined. Table 1 shoWs 
the results. The carrier concentration Was measured by the 
aforementioned method. This also applies to the examples 
described beloW. 

[0082] As shoWn in Table 1, When the o?fcut angle Was 
0.05° or larger, an increase in groWth rate of about 10% Was 
observed and the variations in carrier concentration Were 
reduced. 

[0083] Furthermore, When the o?fcut angle Was about 05°, 
the groWth rate Was higher than tWice that of just the 
substrate, and the variations in carrier concentration Were 
Within one order of magnitude With respect to a carrier 
concentration mean value (i.e. one ?fth to ?ve times the 
mean value) (in this case, 5x10”). 

[0084] On the other hand, When the o?fcut angle Was about 
003°, no difference Was found as compared to the just 
substrate (Whose o?fcut angle Was 00°). 

[0085] The improvement in groWth rate is particularly 
effective for the reduction in groWth time in the case of using 
a thick ?lm as a substrate employed for producing a device. 
In addition, the improvement in uniformity of in-plane 
carrier concentration is important particularly for the uni 
formity of device characteristics. 

TABLE 1 

Offcut Growth Rate 
Angle (pm/hr) 

Variations in in-plane carrier 
concentration of Wafer 

Example 2 0.05 20 1/5 — Mean Value — 5 times 

0.1 25 1/5 — Mean Value — 5 times 

0.3 35 1/3 — Mean Value — 3 times 

0.5 40 1/3 — Mean Value — 3 times 

Comparative 0.0 18 1/10 — Mean Value — 10 times 

Example 1 0.03 18 1/10 — Mean Value — 10 times 

Example 3 

[0086] An example of the present invention in Which the 
o?fcut angle further is increased is described With reference 
to FIGS. 6A to 6F. In this example, a C-plane sapphire 
substrate 31 Was used as a substrate. GaN 32 Was groWn on 

the sapphire substrate 31 by the MOCVD method to have a 
thickness of 30 um. Next, the GaN 32 Was subjected to the 
mechanochemical polishing to have an o?fcut angle of 05°. 
At this stage, the substrate had a siZe of 20 mm><20 mm. 
Subsequently, using a Na ?ux as in Example 1, GaN 33 Was 
groWn on the substrate for 95 hours to have a thickness of 
1.9 mm (at a groWth rate of 20 um/hr). Further, polishing 
Was carried out for a second time to obtain an o?fcut angle 
of 5°. On the above-mentioned substrate With an o?fcut angle 
of 5° there further Was groWn GaN 34 by LPE to have a 
thickness of 100 pm (for about 2.5 hours at a groWth rate of 
40 um/hr). Thus, crystals Were obtained that have high 
?atness and a surface at Which hexagonal facets hardly Were 
found after the completion of the LPE due to the effect of the 
o?fcut angle. Finally, the crystal surface Was subjected to the 
mechanochemical polishing and thus a ?nal Group III 
nitride substrate Was obtained. In this case, an excellent 
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Group III nitride substrate Was obtained in Which the varia 
tions in carrier concentration Were Within a range of one 
third to three times a carrier concentration mean value of 
l><l0l8. 

[0087] In this case, the Group III nitride substrate Was 
completed With the sapphire substrate included therein. 
However, it also Was possible to remove the sapphire 
substrate 31 by polishing to provide a self-supported sub 
strate as required. 

Example 4 

[0088] In this example, the description is directed to the 
case Where an olfcut substrate is produced using a tempera 
ture gradient or concentration gradient With reference to 
FIGS. 7A to 7D and FIG. 8. 

[0089] A substrate 31 and the method of producing a 
substrate 32 shoWn in FIGS. 7A to 7D are identical to those 
used in Example 3. 

[0090] Using a groWth furnace installed in an electric 
furnace having tWo Zones like the one shoWn in FIG. 8, the 
LPE groWth Was carried out With temperature gradient being 
provided inside the electric furnace. In FIG. 8, numeral 81 
indicates a substrate, numeral 82 a solution, numeral 83 an 
upper heater, and numeral 84 a loWer heater. 

[0091] A sample With a shape shoWn in FIG. 7C Was 
placed in a crucible as shoWn in FIG. 8 and thereby a GaN 
thick ?lm 33 Was groWn. 

[0092] After a groWth time of 100 hours, crystals Were 
obtained that had an olfcut angle of 2° and a thickness of 
about 2 mm. In this case, the crystals thus obtained had 
lustrous and excellent surface morphology and thus rela 
tively favorable crystals Were obtained in Which hexagonal 
island groWth hardly Was caused. The surface of the crystals 
thus obtained Was subjected to the mechanochemical pol 
ishing and then variations in in-plane carrier concentration 
Were determined. As a result, the variations Were Within one 
order of magnitude of the in-plane carrier concentration 
mean value. 

Example 5 

[0093] In Example 5, the description is directed to an 
example of a method of manufacturing a semiconductor 
laser using a substrate obtained in Example 1. FIG. 9 shoWs 
the con?guration of a semiconductor laser 90. 

[0094] First, on a substrate 91 obtained in the above 
mentioned example is formed a contact layer 92 of n-type 
GaN doped With Si so as to have a carrier concentration of 
5><l0l8 or loWer. The self-supported substrate 91 is a sub 
strate obtained in Example 1 by removing a sapphire sub 
strate on a back surface from an olfcut substrate on Which 

Group III nitride crystals are formed and polishing the back 
surface so as to be parallel to a front surface. Incidentally, it 
is not alWays necessary to remove the sapphire substrate on 
the back surface. In GaN-based crystals (crystals containing 
Ga and N), When Si is added thereto as an impurity, holes 
present in Ga increase in number. Since the holes present in 
Ga diffuse easily, they have harmful effects in terms of, for 
example, lifetime When a device is formed on the contact 
layer. Hence, the doping amount is controlled so that the 
contact layer has a carrier concentration of 3><l0l8 or loWer. 

Aug. 16,2007 

[0095] Next, on the contact layer 92 are formed a cladding 
layer 93 of n-type AlO_O7GaO_93N and a light guiding layer 94 
of n-type GaN. 

[0096] Subsequently, as an active layer 95 there is formed 
a multiple quantum Well (MQW) composed of a Well layer 
(With a thickness of about 3 nm) made of GaO_8InO_2N and a 
barrier layer (With a thickness of about 6 nm) made of GaN. 
Thereafter, on the active layer 95 are formed sequentially a 
light guiding layer 96 of p-type GaN, a cladding layer 97 of 
p-type. AlO_O7GaO_93N, and a contact layer 98 of p-type GaN. 
These layers can be formed by Well-knoWn methods. The 
semiconductor laser 90 is of a double-hetero junction type. 
The energy gap of the Well layer containing indium in the 
MQW active layer is smaller than those of the n-type and 
p-type cladding layers containing aluminum. On the other 
hand, the highest optical refractive index is obtained in the 
Well layer of the active layer 95, While the light guiding 
layers and the cladding layers have optical refractive indices 
that decrease in this order. 

[0097] On the contact layer 98 there is formed an insulat 
ing ?lm 99 forming a current injection region having a Width 
of about 2 pm. A ridge part to serve as a current constriction 
part is formed in the upper portion of the p-type cladding 
layer 97 and the p-type contact layer 98. 

[0098] On the upper side of the p-type contact layer 98 
there is formed a p-side electrode 100 that is in ohmic 
contact With the contact layer 98. The p-side electrode 100 
may be formed of a layered product of nickel (Ni) and gold 
(Au). 

[0099] On the n-type contact layer 92 is formed an n-side 
electrode 101 that is in ohmic contact With the contact layer 
92. The n-side electrode 101 may be formed of a layered 
product of titanium (Ti) and aluminum (A1). 

[0100] The semiconductor laser produced by the method 
described above Was subjected to a device evaluation. When 
a predetermined forWard voltage Was applied betWeen the 
p-side electrode and the n-side electrode of the semiconduc 
tor laser obtained in the above, positive holes and electrons 
are injected into the MQW active layer from the P-side 
electrode and the n-side electrode, respectively, to be recom 
bined With each other in the MQW active layer and thereby 
an optical gain Was produced. Consequently, the semicon 
ductor laser generated oscillation With an emission Wave 
length of 404 nm. 

[0101] In the semiconductor laser of the present example, 
a substrate With a loW dislocation density, speci?cally, l><l02 
cm'2 or loWer, Was used as its substrate. Accordingly, the 
semiconductor laser had a loWer threshold, improved lumi 
nous ef?ciency, and improved reliability as compared to one 
produced on a GaN substrate With a high dislocation density. 

[0102] Furthermore, it also is possible to produce a GaN 
substrate by removing the sapphire part other than the GaN 
crystals by, for instance, polishing, and then to produce a 
device thereon. 

[0103] Using a substrate obtained by the manufacturing 
method of the present invention, Group III nitride crystals 
are groWn epitaxially on the substrate, and thereby a semi 
conductor device is obtained that includes a semiconductor 
element such as a LD or LED. 
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[0104] As described above, according to the manufactur 
ing method of the present invention, a substrate can be 
manufactured easily that includes Group III nitride crystals 
having excellent characteristics. 

[0105] The invention may be embodied in other forms 
Without departing from the spirit or essential characteristics 
thereof The embodiments disclosed in this application are to 
be considered in all respects as illustrative and not limiting. 
The scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all 
changes Which come Within the meaning and range of 
equivalency of the claims are intended to be embraced 
therein. 

1-5. (canceled) 
6. A method of manufacturing a Group III nitride sub 

strate, the method comprising: 

(i) forming a semiconductor layer on a substrate, the 
semiconductor layer being formed of a semiconductor 
expressed by a composition formula of AluGavlnl_u_vN 
(Wherein Oéu El and Oévél) and having a (0001) 
plane present at its surface; 

(ii) processing the surface of the semiconductor layer so 
that the surface becomes a plane sloped With respect to 
the (0001) plane of the semiconductor layer; and 

(iii) bringing the surface of the semiconductor layer into 
contact With a melt containing a solvent and at least one 
Group III element selected from gallium, aluminum, 
and indium, in an atmosphere containing nitrogen, to 
make the at least one Group III element and the 
nitrogen react With each other to groW Group III nitride 
crystals on the semiconductor layer. 

7. The method of manufacturing a Group III nitride 
substrate according to claim 6, Wherein the at least one 
Group III element is gallium, and the Group III nitride 
crystals are gallium nitride. 

8. The method of manufacturing a Group III nitride 
substrate according to claim 6, Wherein the Group III nitride 
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crystals are groWn on the semiconductor layer at a groWth 
rate of at least 20 um/hr. 

9. The method of manufacturing a Group III nitride 
substrate according to claim 6, Wherein the Group III nitride 
crystals that have groWn on the semiconductor layer have 
variations in in-plane carrier concentration, the variations 
being Within a range of one ?fth to ?ve times a carrier 
concentration mean value. 

10. The method of manufacturing a Group III nitride 
substrate according to claim 6, Wherein the atmosphere 
containing nitrogen is a pressure atmosphere. 

11. The method of manufacturing a Group III nitride 
substrate according to claim 6, Wherein the solvent is alkali 
metal. 

12. The method of manufacturing a Group III nitride 
substrate according to claim 6, Wherein the solvent contains 
alkali metal and alkaline-earth metal. 

13. The method of manufacturing a Group III nitride 
substrate according to claim 11, Wherein the alkali metal is 
at least one selected from a group consisting of sodium, 
lithium, and potassium. 

14. The method of manufacturing a Group III nitride 
substrate according to claim 6, Wherein in the process (ii), 
the surface of the semiconductor layer is processed by 
polishing. 

15. The method of manufacturing a Group III nitride 
substrate according to claim 6, Wherein the processes (i) and 
(ii) are carried out simultaneously. 

16. The method of manufacturing a Group III nitride 
substrate according to claim 15, Wherein the processes (i) 
and (ii) are carried out using temperature gradient provided 
during crystal groWth. 

17. The method of manufacturing a Group III nitride 
substrate according to claim 6, Wherein the substrate is made 
of sapphire. 

18-19. (canceled) 


