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METHOD OF PRODUCING III-NITRDE 
SUBSTRATE 

TECHNICAL FIELD 

0001. The present invention relates to a method of produc 
ing a III-nitride Substrate. 

BACKGROUND ART 

0002 Production steps of a semiconductor substrate 
include a step of cutting (or slicing) of an ingot into plates. 
One of methods for cutting an ingot into plates is to cut an 
ingot by means of a running wire array (multi-wire saw). For 
example, Patent Document 1 discloses a method of cutting a 
silicon ingot by means of a multi-wire saw. Patent Document 
2 discloses a method of cutting an ingot of a III-V compound 
semiconductor such as GaAs, InP, or GaSb by means of the 
multi-wire saw. Patent Document 3 describes cutting an ingot 
of a III-nitride such as GaN by means of the multi-wire saw. 

Patent Document 1: Japanese Patent Application Laid-Open 
No. 2001-1335 

Patent Document 2: Japanese Patent No. 2842307 
0003 Patent Document 3: Published Japanese translation 
of PCT Application No. 2003-527296 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 
0004. However, since it is difficult to produce the III 
nitride such as GaN by solution growth, it is difficult to 
produce a long ingot thereof. Such as those of Si and GaAs, 
and currently available ingot thicknesses of III-nitrides are at 
most several mm. Therefore, no technology for cutting an 
ingot into plates has been established yet. 
0005. The III-nitrides of GaN and others are harder than 
the other semiconductor materials such as Si and GaAs (e.g., 
the Vickers hardness of a single crystal of GaN is approxi 
mately 1300 kg/mm). In addition, the III-nitride crystals 
generally have a high crystal defect density, 10 defects/cm 
or more (cf. the crystal defect density of GaAs is not more 
than 10 defects/cm), and macro defects such as mixture of 
pits and inclusions are likely to appear during crystal growth. 
Therefore, cracks (splitting and chipping) are likely to occur 
in Substrates during forming the Substrates by cutting the 
ingot of the III-nitride crystal. 
0006. The present invention has been accomplished in 
view of the above problem and an object of the invention is to 
provide a production methodofa III-nitride substrate capable 
of reducing a rate of occurrence of cracks during cutting an 
ingot by means of a running wire array. 

Means for Achieving the Object 

0007. In order to achieve the above object, a production 
method of a III-nitride substrate according to the present 
invention is a method of producing a III-nitride substrate by 
cutting an ingot of a hexagonal III-nitride crystal, using a wire 
array, comprising: a step of cutting the ingot with Supply of an 
abrasive fluid, while feeding at least one of the ingot and the 
wire array in a direction intersecting with an extending direc 
tion of each wire in the wire array, wherein during cutting the 
ingot, the extending direction of each wire in the wire array is 
inclined at 3° or more to the 1-100 plane of the ingot. 
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0008. The Inventor performed attempts to cuta III-nitride 
crystal under a variety of cutting conditions in order to 
achieve the above object and found that the crack occurrence 
rate was significantly affected by an angle between the 
extending direction of the wire and the 1-100 plane which 
is a cleavage plane easiest to cleave in the III-nitride crystal. 
Then the Inventor discovered that the crack occurrence rate 
was drastically reduced by inclining the extending direction 
of each wire in the wire array at 3° or more to the 1-100 
plane of the ingot. 
0009. The production method of the III-nitride substrate is 
preferably arranged as follows: it further comprises a step of 
forming an orientation flatalong the (11-20) plane of the ingot 
in the ingot, prior to the step of cutting the ingot, and during 
the step of cutting the ingot, an inclination angle of the 
extending direction relative to the (11-20) plane of the ingot is 
set at 27 or less. Since the (11-20) plane of the III-nitride 
crystal is perpendicular to the (1-100) plane with high cleav 
age, it is suitable for an orientation flat (hereinafter referred to 
as OF). The (11-20) plane is inclined at 30° to an equivalent 
plane to the (1-100) plane. Therefore, when the extending 
direction of the wire is inclined at the inclination angle of not 
more than 27° to this (11-20) plane, the extending direction of 
the wire is inclined at 3° or more to the 1-100 plane, 
whereby the crack occurrence rate can be drastically reduced. 
0010. In addition, the above method provides the follow 
ing effects. The III-nitride crystal is harder than the other 
semiconductor crystals, and a nitrogen surface and a III-atom 
Surface opposite thereto are different in Such properties as 
hardness and chemical resistance; therefore, the feed speed 
during cutting has to be lower than those of the other semi 
conductor crystals, and the cutting takes some time. The 
aforementioned method can reduce the time necessary for the 
cutting because the cutting distance (the exterior diameter in 
the feed direction of the ingot) becomes shorter by virtue of 
the OF. When the ingot is so arranged that the OF is located on 
the cutting start side, a portion of the ingot at a start of the 
cutting is not a circumferential Surface but a plane, which can 
facilitate alignment of the ingot with the wire array. 
0011. The production method of the III-nitride substrate 
may be arranged as follows: during cutting the ingot, one or 
more otheringots are arranged in a direction intersecting with 
the feed direction of the ingot and the other ingots are cut 
together with the ingot. As described above, the feed speed of 
the III-nitride crystal during cutting has to be lower than those 
of the other semiconductor crystals, and the cutting thereof 
takes some time. On the other hand, when the ingot is cut by 
means of the multi-wire saw, it is necessary to use a generally 
expensive abrasive fluid (slurry) containing hard abrasive 
grains such as diamond, in order to cut the hard III-nitride 
crystal. In addition, guide rollers for running the wire array 
wear faster because of the abrasive fluid containing the hard 
abrasive grains such as diamond, to increase the frequency of 
replacement of guide rollers. When a plurality of ingots are 
cut at a time as in the above method, the number of substrates 
formed by a single cutting step can be increased, and con 
Sumption of the abrasive fluid, guide rollers, etc. can be kept 
down. 

0012. The production method of the III-nitride substrate 
may be arranged as follows: abrasive grains contained in the 
abrasive fluid contain at least one material selected from 
diamond, silicon carbide, boron carbide, alumina, silicon 
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nitride, aluminum nitride, and gallium nitride. Since these 
materials are harder than the III-nitride crystal, the III-nitride 
crystal can be suitably cut. 
0013 The production method of the III-nitride substrate 
may be arranged as follows: a concentration of abrasive 
grains in the abrasive fluid is set in the range of not less than 
40 g nor more than 300g per liter. When the concentration of 
the abrasive grains is not less than 40g per liter, it is feasible 
to drastically reduce the crack occurrence rate and bowing of 
the substrate. If the concentration of the abrasive grains 
exceeds 300 g per liter, the abrasive grains will excessively 
attach to a mechanism for running the wire array and enter 
movable parts such as bearings to possibly cause a failure of 
the multi-wire saw. Therefore, the concentration of the abra 
sive grains is preferably not more than 300 g per liter. 
0014. The production method of the III-nitride substrate 
may be arranged as follows: an average grain size of abrasive 
grains contained in the abrasive fluid is set in the range of not 
less than 1 um nor more than 15um. When the average grain 
size of the abrasive grains is not less than 1 Jum, it is feasible 
to drastically reduce the bowing of the substrate. When the 
average grain size of the abrasive grains is not more than 15 
um, it is feasible to drastically keep down the depth of a 
mechanically damaged layer. 
0015 The production method of the III-nitride substrate 
may be arranged as follows: a feed speed during cutting the 
ingot is set in the range of not less than 0.4 mm nor more than 
2.4 mm per hour. When the feed speed is not more than 2.4 
mm per hour, it is feasible to drastically reduce the bowing of 
the substrate. If the feed speed is too small, it will affect the 
efficiency of production of the III-nitride substrate; therefore, 
the feed speed is preferably not less than 0.4 mm per hour. 
0016. The production method of the III-nitride substrate 
may be arranged as follows: the wire array is comprised of the 
wire having a diameter of not less than 0.12 mm normore than 
0.2 mm. Since the III-nitride crystal is not substantialized by 
any method other than the method of forming it by vapor 
phase epitaxy at present, it is difficult to form a long ingot 
thereof, when compared with the other semiconductor mate 
rials. Therefore, the kerf loss (cutting margin) during the 
cutting is preferably as Small as possible. For example, the 
minimum kerf loss is about 300 um in cutting the ingot by 
means of a general inner diameter saw. Therefore, when the 
diameter of the wire is set to not more than 0.2 mm so as to be 
smaller than the kerfloss, the number of substrates per ingot 
can be increased when compared with the case using the inner 
diameter saw. When the diameter of the wire is not less than 
0.12 mm, it is feasible to drastically reduce the bowing of the 
substrate. 

EFFECT OF THE INVENTION 

0017. The production method of the III-nitride substrate 
according to the present invention Successfully reduces the 
rate of occurrence of cracks during cutting the ingot by means 
of the wire array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a perspective view showing a configuration 
of a multi-wire saw used in the production method of the 
III-nitride substrate according to the present embodiment. 
0019 FIG. 2 is a flowchart showing the production 
method of the III-nitride substrate according to the present 
embodiment. 
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0020 FIG. 3 is an enlarged perspective view of major part 
showing a state in which a plurality of ingots are mounted on 
a workpiece Support. 
0021 FIG. 4 is a sectional view showing a cross section of 
an ingot fixed on the workpiece Support, perpendicular to a 
direction of a center axis thereof. 
0022 FIG. 5 is a table showing substrate percent defec 
tives due to occurrence of cracks, with variation in an incli 
nation angle of an extending direction of a wire to the (1-100) 
plane of ingots, in the range of 0° to 90°. 
0023 FIG. 6 is a table showing substrate bowing amounts 
and crack occurrence states, with variation in a concentration 
ofabrasive grains in cutting of ingots, in the range of 50ct (10 
g) to 2000 ct (400g) per liter. 
0024 FIG. 7 is a table showing substrate bowing amounts 
and depths of a mechanically damaged layer, with variation in 
an average grain size of abrasive grains in cutting of ingots, in 
the range of 0.5um to 30 m. 
0025 FIG. 8 is a table showing substrate bowing amounts, 
with variation in a feed speed of ingots in cutting of ingots, in 
the range of 0.4 mm to 3 mm per hour. 
0026 FIG.9 is a table showing substrate bowing amounts, 
kerf losses, and wire tensions according to wire diameters, 
with variation in the diameter of the wire used in cutting of 
ingots, in the range of 0.08 mm to 0.24 mm. 

DESCRIPTION OF REFERENCE SYMBOLS 

0027 1 multi-wire saw; 3 ingots; 3a first orientation flats: 
3b second orientation flats; 11 workpiece support: 12a to 12c 
guide rollers; 13 slurry nozzle; 21 wire array; 22 wire; 31 
Support members. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0028. An embodiment of the production method of the 
III-nitride substrate according to the present invention will be 
described below in detail with reference to the accompanying 
drawings. In the description of the drawings the same ele 
ments will be denoted by the same reference symbols, with 
out redundant description. 

EMBODIMENT 

0029 FIG. 1 is a perspective view to show a configuration 
of a multi-wire saw 1 used in the production method of the 
III-nitride substrate according to the present embodiment. 
With reference to FIG. 1, the multi-wire saw 1 has a work 
piece support 11, guide rollers 12a to 12c, a slurry nozzle 13, 
and a wire array 21. These components of the multi-wire saw 
1 are Supported each by an unrepresented housing. 
0030 The workpiece support 11 is a component for Sup 
porting one or more ingots 3 (a plurality of ingots in the 
present embodiment) being objects to be processed (work 
pieces). The workpiece Support 11 may be, for example, one 
made of stainless steel. The workpiece support 11 is situated 
below the other components (guide rollers 12a to 12c, slurry 
nozzle 13, and wire array 21). A plurality of carbon support 
members 31 fixed to the respective ingots 3 are fixed on the 
workpiece support 11 and the plurality of ingots 3 are fixed 
through the respective support members 31 above the work 
piece Support 11. The workpiece Support 11 is mounted on an 
unrepresented moving table and this moving table moves 
vertically upward to feed the ingots 3 vertically upward (in the 
direction of arrow A in the drawing). 
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0031. The guide rollers 12a to 12c are rotating bodies of 
approximately cylindrical shape and are arranged so that 
directions of rotation axes of the respective rollers are per 
pendicular to the vertical direction (arrow A) and parallel to 
each other. The guide rollers 12a and 12b are arranged apart 
from each other on the left and right sides of a vertical line 
passing the workpiece Support 11. The guide roller 12c is 
arranged above the guide rollers 12a and 12b and on the 
Vertical line passing the workpiece Support 11. 
0032 Peripheral surfaces of the guide rollers 12a to 12c 
are made, for example, of resin. A plurality of grooves are 
formed at equal intervals in the peripheral surfaces of the 
guide rollers 12a to 12c. A wire 22 is spirally wound in the 
plurality of grooves of the guide rollers 12a to 12c to form the 
wire array 21. The wire 22 runs back and forth in two direc 
tions with alternate repetitions of forward rotation and back 
ward rotation of the guide rollers 12a to 12c. In the wire 22 
wound around the guide rollers 12a to 12c, the part running on 
the lower end side of the guide rollers 12a and 12b runs at 
positions intersecting with the ingots 3 fed upward with 
movement of the workpiece support 11. 
0033. The slurry nozzle 13 is a slurry supplying means for 
spraying an abrasive fluid (slurry) in which loose abrasives 
are mixed in lapping oil, toward the wire 22 and ingots 3. 
0034 Subsequently, the production method of the III-ni 

tride substrate according to the present embodiment will be 
described. The method described below can be suitably car 
ried out by use of the above-described multi-wire saw 1. FIG. 
2 is a flowchart showing the production method of the III 
nitride Substrate according to the present embodiment. 
0035. The first step is to forma firstorientation flat (OF).3a 
indicating a direction of cleavage of each ingot 3, and a 
second OF 3b smaller than the first OF 3a, in the peripheral 
Surface of each of the ingots 3 being objects to be processed 
(workpieces)-(orientation flat forming step S1, cf. FIG. 2). 
Then the ingots 3 are attached to the workpiece support 11. 
FIG. 3 is an enlarged perspective view of major part showing 
a state in which the ingots 3 are attached to the workpiece 
support 11. In this step, as shown in FIG. 3, the ingots 3 are 
arranged alongside along the direction of the center axis 
thereof so as to face each other (or so as to contact each other), 
and are then attached to the workpiece support 11 so that the 
direction of the center axis is perpendicular to the vertical 
direction (feed direction A) and to the extending direction B 
of wire 22. At this time, the ingots 3 are attached so that the 
OFs 3a face the feed direction A (i.e., so that the OFs 3a are 
approximately perpendicular to the feed direction A). 
0036. The ingots 3 are crystal bulks made of a hexagonal 
III-nitride such as GaN. AlN, or InN. The ingots 3 of the 
present embodiment are formed in a disk shape having the 
principal surface (flat surface) of the {0001} plane (Cplane). 
An example of dimensions of the ingots 3 is, for example, the 
outside diameter of about 50 mm and the thickness of about 5 

0037 FIG. 4 is a sectional view showing a cross section of 
an ingot 3 fixed on the workpiece Support 11, perpendicular to 
the center-axis direction of ingot3. FIG. 4 shows directions of 
crystal axes of ingot 3 (<0001 d, <1-100>, and <11-20>). 
0038. As described previously, the first OF 3a and second 
OF3b described above are formed in the peripheral surface of 
ingot 3 in the present embodiment. As shown in FIG. 4, the 
first OF 3a is formed so as to be perpendicular to the <11-20> 
direction of ingot 3 (i.e., along the (11-20) plane of ingot 3). 
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The second OF 3b is formed so as to be perpendicular to the 
<1-100> direction of ingot 3 (i.e., along the (1-100) plane of 
ingot 3). 
0039. In fixing each ingot 3 to the workpiece support 11, 
the ingot 3 is fixed so that the extending direction B of wire 22 
is inclined at 3° or more to the 1-100 plane (M plane) of 
ingot 3. In the ingot 3 being the hexagonal III-nitride crystal, 
the (1-100) plane, and the (10-10) plane and (01-10) plane 
being equivalent planes thereto intersectatangles of 60° with 
each other, and are cleavage surfaces with high cleavage 
nature. In the present embodiment, the extending direction B 
of wire 22 is inclined at 3 or more from these planes. More 
preferably, the inclination angle of the extending direction B 
of wire 22 is set to not more than 27° to the first OF 3a 
((1-100) plane). In the present embodiment, as shown in FIG. 
4, the ingots 3 are fixed to the workpiece support 11 so that the 
extending direction B of wire 22 is parallel to the first OFs 3a 
(i.e., the angle between the extending direction B and the 
(1-100) plane is 0°). This makes the feed direction A of ingots 
3 perpendicular to the first OFs 3a, whereby the cutting is 
started from the first OFs 3a. 
0040 Subsequently, the cutting of ingots 3 is started. The 
guide rollers 12a to 12c are rotated alternately forward and 
backward to start reciprocation of wire 22. Then the work 
piece support 11 with ingots 3 thereon is moved upward to 
feed the ingots 3 toward the wire 22 (wire array 21). At this 
time, the slurry nozzle 13 starts to spray the abrasive fluid. 
0041. When the ingots 3 come into contact with the wire 
22, the ingots 3 start to be cut by action of the abrasive fluid 
penetrating between the ingots 3 and the wire 22. Then the 
ingots 3 are fed at an approximately constant speed in the feed 
direction A with supply of the abrasive fluid. In this way the 
ingots 3 are cut into plates having the thickness according to 
the wire spacing of the wire array 21 (ingot cutting step S2, cf. 
FIG. 2). 
0042. During cutting the ingots 3 of the III-nitride crystals, 
the concentration of the abrasive grains in the abrasive fluid is 
preferably not less than 200 ct (40 g) nor more than 1500 ct 
(300g) per liter. The average grain size of the abrasive grains 
in the abrasive fluid is preferably not less than 1 um nor more 
than 15um. The feed speed of the ingots 3 is preferably not 
less than 0.4 mm nor more than 2.4 mm per hour. The diam 
eter of the wire 22 used in the wire array 21 is preferably not 
less than 0.12 mm nor more than 0.2 mm. 
0043. The abrasive grains mixed in the abrasive fluid are 
preferably those containing at least one material selected 
from diamond, silicon carbide, boron carbide, alumina, sili 
con nitride, aluminum nitride, and gallium nitride. 
0044. After the ingots 3 are cut in this manner, the cut 
Surfaces (principal Surfaces and back Surfaces) of the III 
nitride crystals of plate shape thus cut out of the ingots 3 are 
polished to remove the mechanically damaged layer made in 
the cut surfaces, and to reduce the bowing. The III-nitride 
Substrates are completed through the above steps. 
0045. The following will describe the effects provided by 
the production method of the III-nitride substrate according 
to the present embodiment. In the aforementioned production 
method of the III-nitride substrate, the ingots 3 are cut, while 
the extending direction B of the wire 22 is inclined at 3 or 
more to the 1-100 plane being the cleavage plane easiest to 
cleave in the III-nitride crystals. 
0046 FIG. 5 is a table showing the results of a first experi 
ment conducted by the Inventor. FIG. 5 shows substrate per 
cent defectives due to occurrence of cracks, with variation in 
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the inclination angle of the extending direction B of the wire 
22 to the (1-100) plane of ingots 3 in the range of 0° to 90°. 
The ingots 3 and cutting conditions thereofused in the present 
experiment are as follows. 
Ingots: single crystals of GaN 
Principal surface of ingots: (0001) plane 
Outer shape of ingots: diameter 50.8 mm, thickness 5 mm 
Material of abrasive grains: single-crystal diamond 
Average grain size of abrasive grains: 6 um 
Concentration of abrasive grains in abrasive fluid: 1500 ct 
(300g) per liter 
Lubricant (lapping oil): mineral oil 
Feed speed: 1.6 mm per hour 
Wire running speed: 600 m per minute 
Wire diameter: 0.18 mm 
Wire tension: 25 N 
0047. As shown in FIG. 5, when the inclination angle of 
the extending direction B to the (1-100) plane is 0° (i.e., when 
the extending direction B is parallel to the (1-100) plane), the 
Substrate percent defective due to occurrence of cracks is as 
high as 30%. In contrast to it, when the inclination angle of the 
extending direction B to the (1-100) plane is 3, the substrate 
percent defective due to occurrence of cracks decreases by 
half to 15%. 
0048. When the inclination angle of the extending direc 
tion B to the (1-100) plane is 60° (i.e., when the extending 
direction B is parallel to the (10-10) plane or the (01-10) plane 
which is an equivalent plane to the (1-100) plane), the sub 
strate percent defective due to occurrence of cracks becomes 
as high as 20%. In contrast to it, when the inclination angle of 
the extending direction B to the (1-100) plane is 57° or 63° 
(i.e., when the inclination angle of the extending direction B 
to the (10-10) plane or to the (01-10) plane is 3), the substrate 
percent defective due to occurrence of cracks is significantly 
reduced to 12% or 15%. When the inclination angle of the 
extending direction B to the 1-100 plane is larger than 3°, 
the substrate percent defective due to occurrence of cracks is 
low, 11% or less, at any inclination angle. By inclining the 
extending direction B of the wire 22 at 3 or more to the 
{1-100 plane of ingots 3 as described above, it is feasible to 
drastically decrease the crack occurrence rate of the III-ni 
tride substrate. If the inclination angle of the extending direc 
tion B to the {1-100 plane is set to an angle smaller than 3°, 
the extending direction B will instantaneously become paral 
lel to the (1-100) plane because of deflection of the wire 22 or 
the like in the cutting operation, so as to possibly increase the 
crack occurrence rate. 
0049 Preferably, prior to the cutting of ingots 3, the first 
OFs 3a are formed along the (11-20) plane of ingots 3 in the 
peripheral Surfaces of the ingots 3 and during cutting the 
ingots 3, the inclination angle of the extending direction B of 
the wire 22 to the (11-20) plane of ingots 3 is set to 27° or less. 
Since the (11-20) plane of the III-nitride crystal is perpen 
dicular to the (1-100) plane with high cleavage nature, it is 
suitable for the first OFs 3a. The (11-20) plane is inclined at 
30° to the (10-10) plane and (01-10) plane being the equiva 
lent planes to the (1-100) plane. Therefore, when the inclina 
tion angle of the extending direction B of the wire 22 to the 
(11-20) plane is not more than 27°, the extending direction B 
of the wire 22 is inclined at 3° or more to the 1-100 plane, 
whereby the crack occurrence rate can be drastically reduced. 
0050. When the inclination angle of the extending direc 
tion B of the wire 22 to the (11-20) plane of ingots 3 is set to 
not more than 27, the following effects are further achieved. 
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The III-nitride crystals are harder than the other semiconduc 
tor crystals such as Si and GaAs and the nitrogen Surface and 
the III-atom surface (Ga surface in the case of GaN) opposite 
thereto are different in Such properties as hardness and chemi 
cal resistance; therefore, the feed speed during cutting of the 
III-nitride crystals has to be lower than those of the other 
semiconductor crystals, and the cutting takes some time. 
When the inclination angle of the extending direction B to the 
(11-20) plane, i.e., to the first OFs 3a is not more than 27, the 
cutting distance (the outside diameter of ingots 3 in the feed 
direction A) is decreased by virtue of the first OFs 3a, so as to 
reduce the time necessary for the cutting. When the ingots 3 
are so arranged that the first OFs 3a are located on the cutting 
start side as in the present embodiment, the portions of ingots 
3 at a start of cutting are not peripheral Surfaces but planes, 
which facilitates alignment between the ingots 3 and the wire 
array 21. 
0051. The first OFs 3a in the present embodiment are 
formed along the (11-20) plane, but the second OFs 3b 
smaller than the first OFs 3a may beformed along the (11-20) 
plane. This also achieves the effects similar to the above. 
0.052 The principal surface of ingots 3 is the (0001) plane 
in the present embodiment, but the same effects as above can 
also be achieved when ingots with the maximum off angle of 
5° from the (0001) plane are sliced. 
0053 Preferably, a plurality of ingots 3 are arranged 
alongside in the direction intersecting with the feed direction 
A on the occasion of cutting the ingots 3 and the plurality of 
ingots 3 are cut at a time as in the present embodiment. The 
feed speed during cutting of the III-nitride crystals is lower 
than those of the other semiconductor crystals such as Si and 
GaAs, and the cutting takes some time. On the other hand, 
where the multi-wire saw is used in the cutting of ingots 3, it 
is necessary to use a generally expensive abrasive fluid 
(slurry) containing hard abrasive grains such as diamond, in 
order to cut the hard III-nitride crystals. In addition, the guide 
rollers 12a to 12c for running the wire 22 wear faster by virtue 
of the abrasive fluid containing the hard abrasive grains such 
as diamond, so as to raise the frequency of replacement of the 
guide rollers 12a to 12c. When the plurality of ingots 3 are cut 
at a time as in the present embodiment, the number of Sub 
strates formed by a single cutting step is increased, so as to 
hold down the consumption of the abrasive fluid necessary for 
the cutting of ingots 3 and the consumption of the guide 
rollers 12a to 12c and others. 
0054 The plurality of ingots 3 are arranged alongside on a 
line in the direction of the center axis thereof in the present 
embodiment, but the plurality of ingots 3 may also be 
arranged alongside along the direction perpendicular to the 
center-axis direction and to the feed direction A (i.e., along 
the extending direction B of the wire 22). When the plurality 
of ingots 3 are arranged in this manner, the plurality of ingots 
3 can also be cut at a time and it is feasible to hold down the 
consumption of the abrasive fluid and the guide rollers 12a to 
12c and others. 
0055. The ingots 3 are sliced alongside independently of 
each other in the present embodiment, but the ingots 3 may be 
bonded to each other and sliced in the elongated ingot form. 
0056 Preferably, the abrasive grains mixed in the abrasive 
fluid are preferably those containing at least one material 
selected from diamond, silicon carbide, boron carbide, alu 
mina, silicon nitride, aluminum nitride, and gallium nitride as 
in the present embodiment. The abrasive grains to cut the 
III-nitride crystals such as GaN can be those having hardness 
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equivalent to or higher than that of the III-nitride crystals. 
Examples of such abrasive materials include diamond, silicon 
carbide, boron carbide, and alumina. In addition to those, 
nitrides such as silicon nitride, aluminum nitride, and gallium 
nitride can also be used as abrasive materials. These materials 
all are materials harder than the III-nitride crystals and 
capable of Suitably cutting the ingots 3. According to the 
Inventor's experiment, diamond is hardest among the above 
abrasive materials and has excellent cutting performance; 
therefore, diamond enabled cutting at higher feed speeds and 
demonstrated better working accuracy, e.g., less bowing of 
substrates than the other abrasive materials. 

0057 The concentration of the abrasive grains in the abra 
sive fluid is preferably not less than 40 g nor more than 300 g 
per liter, as described above. FIG. 6 is a table showing the 
results of a second experiment conducted by the Inventor. 
FIG. 6 shows Substrate bowing amounts and crack occurrence 
states, with variation in the abrasive concentration during 
cutting of ingots 3 in the range of 50ct (10 g) to 2000 ct (400 
g) per liter. This experiment was carried out through the use of 
ingots 3 similar to those in the first experiment, with the 
relative angle of the extending direction B of the wire 22 to the 
(1-100) plane being 90°, and under the same cutting condi 
tions except for the abrasive concentration as in the first 
experiment. 
0.058 As shown in FIG. 6, when the abrasive concentra 
tion was 50ct (10g) per liter, the bowing of substrates was 
relatively large, 80 um, and cracks were observed in some 
substrates. Saw marks were also observed in some of the 
Substrates. In contrast to it, when the abrasive concentration 
was increased to 200ct (40 g) or more per liter, the bowing of 
substrates was drastically reduced to not more than 50 um and 
neither cracks nor saw marks were observed at all. If the 
bowing of a substrate exceeds 50 lum, the substrate must be 
polished by a too large thickness in polishing the Substrate 
after cutting and the substrate will become easier to crack, for 
example, when mounted on a table in a Subsequent step. It 
was found by this experiment that when the concentration of 
abrasive grains was not less than 200ct (40g) per liter, the rate 
of occurrence of cracks and saw marks and the bowing of 
substrates were reduced drastically and sufficiently. 
0059. It was also found that, as shown in FIG. 6, when the 
concentration of abrasive grains was 2000 ct (400g) per liter, 
the abrasive grains excessively attached to the mechanism for 
running the wire 22, Such as the guide rollers 12a to 12c, and 
entered the movable parts, such as bearings, so as to break the 
movable parts and cause a failure of multi-wire saw 1. In 
contrast to it, when the concentration of abrasive grains was 
not more than 1500 ct (300g) per liter, these inconveniences 
did not occur. Therefore, the concentration of the abrasive 
grains in the abrasive fluid is preferably not more than 1500ct 
(300g) per liter. 
0060. As described above, the average grain size of the 
abrasive grains in the abrasive fluid is preferably not less than 
1 um nor more than 15 lum. FIG. 7 is a table showing the 
results of a third experiment conducted by the Inventor. FIG. 
7 shows Substrate bowing amounts and depths of a mechani 
cally damaged layer, with variation in the average grain size 
of the abrasive grains during cutting of ingots 3 in the range of 
0.5um to 30 Lum. This experiment was carried out through the 
use of ingots 3 similar to those in the first experiment, with the 
relative angle of the extending direction B of the wire 22 to the 
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(1-100) plane being 90°, and under the same cutting condi 
tions except for the average grain size of the abrasive grains as 
in the first experiment. 
0061. As shown in FIG. 7, when the average grain size of 
the abrasive grains was 0.5um, the bowing of substrates was 
relatively large, 60 uM. In contrast to it, when the average 
grain size of the abrasive grains was not less than 1 Jum, the 
bowing of substrates was drastically reduced to not more than 
50 um. It was thus found that when the average grain size of 
the abrasive grains was not less than 1 Jum, the bowing of 
substrates was reduced drastically and sufficiently. 
0062. As shown in FIG. 7, when the average grain size of 
the abrasive grains was not less than 20 um, the depth of the 
mechanically damaged layer became relatively large, 12 um 
or more, and microcracks were observed. According to the 
Inventor's knowledge, if the depth of the mechanically dam 
aged layer exceeds 10um, the Substrate must be polished by 
a too large thickness in polishing the Substrate after cutting 
and will become easier to induce microcracks inside the crys 
tal of the Substrate. In contrast to it, when the average grain 
size of the abrasive grains was not more than 15um, the depth 
of the mechanically damaged layer was drastically and Suffi 
ciently reduced to not more than 6 um and no microcracks 
were observed. Therefore, the average grain size of the abra 
sive grains is preferably not more than 15um. 
0063 As described above, the feed speed of ingots 3 dur 
ing cutting of ingots 3 is preferably not less than 0.4 mm nor 
more than 2.4 mm per hour. FIG. 8 is a table showing the 
results of a fourth experiment conducted by the Inventor. FIG. 
8 shows substrate bowing amounts, with variation in the feed 
speed of ingots 3 during cutting of ingots 3 in the range of 0.4 
mm to 3 mm per hour. This experiment was carried out 
through the use of ingots 3 similar to those in the first experi 
ment, with the relative angle of the extending direction B of 
the wire 22 to the (1-100) plane being 90°, and under the same 
cutting conditions except for the feed speed as in the first 
experiment. 
0064. As shown in FIG. 8, when the feed speed of ingots 3 
was 3 mm, the bowing of substrates was relatively large, 75 
um. In contrast to it, when the feed speed of ingots 3 was not 
more than 2.4 mm, the bowing of Substrates was drastically 
reduced to not more than 50 Lum. It was thus found that when 
the feed speed of ingots 3 was not more than 2.4 mm, the 
bowing of substrates was drastically and sufficiently reduced. 
A too small feed speed of ingots 3 will adversely affect the 
production efficiency of substrates. It was confirmed by this 
experiment that the bowing of substrates was reduced when 
the feed speed of ingots 3 was not less than 0.4 mm nor more 
than 2.4 mm per hour. 
0065. The bowing of GaN substrates in cutting the ingots 
3 is considered to arise from the fact that the principal surface 
and back surface of GaN have different polarities, different 
from GaAs, Si, sapphire, or the like, and that there is a dif 
ference of hardness between the two surfaces. The feed speed 
of ingots 3 is kept constant in the present embodiment, but, 
particularly, in the case of cylindrical ingots, the feed speed of 
ingots 3 may be varied so as to keep the cutting load constant. 
0066. As described above, the diameter of the wire 22 used 
in the wire array 21 is preferably not less than 0.12 mm nor 
more than 0.2 mm. FIG. 9 is a table showing the results of a 
fifth experiment conducted by the Inventor. FIG. 9 shows 
Substrate bowing amounts, kerflosses (cutting margins), and 
wire tensions according to wire diameters, with variation in 
the diameter of the wire 22 used in cutting of ingots 3, in the 



US 2008/0277667 A1 

range of 0.08 mm to 0.24 mm. This experiment was carried 
out through the use of ingots 3 similar to those in the first 
experiment, with the relative angle of the extending direction 
B of the wire 22 to the (1-100) plane being 90°, and under the 
same cutting conditions except for the wire diameteras in the 
first experiment. 
0067. As shown in FIG.9, when the diameter of the wire 
22 was 0.08 mm, the bowing of substrates was relatively 
large, 75um. In contrast to it, when the diameter of the wire 
22 was not less than 0.12 mm, the bowing of substrates was 
drastically reduced to not more than 45um. It was thus found 
that when the diameter of the wire 22 was not less than 0.12 
mm, the bowing of Substrates was reduced drastically and 
sufficiently. 
0068. As shown in FIG.9, when the diameter of the wire 
22 was 0.24 mm, the kerf loss was relatively large, 320 um. 
Since the III-nitride crystals have not been realized by any 
method other than the method of forming them by vapor 
phase epitaxy at present, it is difficult to form a long ingot, 
when compared with the other semiconductor materials. 
Therefore, the kerf loss in the cutting is preferably kept as 
Small as possible, so as to maximize the number of Substrates 
cut out of one ingot. In the present experiment, the kerfloss 
was not more than 280 um when the diameter of the wire 22 
was not more than 0.20 mm. Since the minimum kerfloss was 
about 300 um in cutting of ingots with the use of an inner 
diameter saw popularly used, the number of Substrates per 
ingot is greater where the diameter of the wire 22 is not more 
than 0.20 mm than where the inner diameter saw is used. 
0069. The production method of the III-nitride substrate 
according to the present invention is not limited to the above 
embodiment, but can be modified in various ways. For 
example, the above embodiment exemplified the bulk of 
cylindrical shape as an ingot, but the ingot may be of any other 
shape Such as the prismatic shape. The above embodiment 
exemplified the so-called upper cut method to feed the ingots 
from bottom to the wire, but the present invention can also be 
applied to the so-called down cut method to feed the ingots 
from top to the wire. The above embodiment exemplified the 
method of moving the ingots, but it is also possible to adopt a 
method of moving the wire toward the ingots. 
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0070 The above embodiment showed the example where 
the attitude angle of the ingots to the wire was fixed, but the 
cutting may be carried out while Swinging the ingots or the 
guide rollers in directions within the cutting Surface. In this 
case, the ingots should preferably be swung in an angular 
range in which the angle of the 11-20} plane of ingots to the 
extending direction of the wire can be maintained at 3 or 
O. 

1-8. (canceled) 
9. A gallium nitride Substrate produced by cutting an ingot 

of a hexagonal gallium nitride crystal, using a wire array, 
wherein a bowing amount of the gallium nitride Substrate is 

not more than 50 Lim immediately after cutting, and 
a first orientation flat is formed in a peripheral surface of 

the ingot so as to be perpendicular to a <11-20> direction 
of the ingot, and 

a second orientation flat is formed in the peripheral surface 
of the ingot so as to be perpendicular to a <1-100> 
direction of the ingot. 

10. The gallium nitride substrate according to claim 9. 
wherein a depth of a mechanically damaged layer is not more 
than 6 um immediately after cutting. 

11. A III-nitride substrate produced by a method of pro 
ducing the III-nitride Substrate by cutting an ingot of a hex 
agonal III-nitride crystal, using a wire array, comprising: 

a step of cutting the ingot with a Supply of an abrasive fluid, 
while feeding at least one of the ingot and the wire array 
in a direction intersecting with an extending direction of 
a wire in the wire array, 

wherein during cutting the ingot, the extending direction of 
the wire in the wire array is inclined at 3° or more to a 
{1-100 plane of the ingot, and 

a first orientation flat is formed in a peripheral surface of 
the ingot so as to be perpendicular to a <11-20> direction 
of the ingot, and 

a second orientation flat is formed in the peripheral surface 
of the ingot so as to be perpendicular to a <1-100> 
direction of the ingot. 
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