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(57) ABSTRACT 

In a III-nitride semiconductor laser device, a laser structure 
includes a Support base with a semipolar primary Surface 
comprised of a III-nitride semiconductor, and a semiconduc 
tor region provided on the semipolar primary Surface of the 
support base. First and second dielectric multilayer films for 
an optical cavity of the nitride semiconductor laser device are 
provided on first and second end faces of the semiconductor 
region, respectively. The semiconductor region includes a 
first cladding layer of a first conductivity type gallium nitride 
based semiconductor, a second cladding layer of a second 
conductivity type gallium nitride-based semiconductor, and 
an active layer provided between the first cladding layer and 
the second cladding layer. The first cladding layer, the second 
cladding layer, and the active layer are arranged in an axis 
normal to the semipolar primary Surface. A c+ axis vector 
indicating a direction of the <0001 > axis of the III-nitride 
semiconductor of the Support base is inclined at an angle in 
the range of not less than 45 degrees and not more than 80 
degrees or in the range of not less than 100 degrees and not 
more than 135 degrees toward a direction of any one crystal 
axis of the m-anda-axes of the III-nitride semiconductor with 
respect to a normal vector indicating a direction of the normal 
axis. The first and second end faces intersect with a reference 
plane defined by the normal axis and the one crystal axis of 
the hexagonal III-nitride semiconductor. The c-axis vector 
makes an acute angle with a waveguide vector indicating a 
direction from the second end face to the first end face. A 
thickness of the second dielectric multilayer film is smaller 
than a thickness of the first dielectric multilayer film. 
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I-NITRDE SEMCONDUCTOR LASER 
DEVICE, AND METHOD OF FABRICATING 
THE II-NITRIDE SEMCONDUCTOR LASER 

DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a group-III nitride 
semiconductor laser device, and a method of fabricating the 
group-III nitride semiconductor laser device. 
0003 2. Related Background Art 
0004 Non Patent Literature 1 discloses a laser diode made 
onan m-plane GaN substrate. The laser diode has two cleaved 
end faces for an optical cavity. One of the cleaved end faces is 
a+c plane and the other cleaved end faces is a -c plane. In this 
laser diode, the reflectance of a dielectric multilayer film on 
the frontend face (emitting face) is 70% and the reflectance of 
a dielectric multilayer film on the rear end face is 99%. 
0005. Non Patent Literature 2 discloses a laser diode made 
on a GaN substrate inclined at the angle of 1 degree with 
respect to the m-plane to the -c axis direction. The laser diode 
has two cleaved end faces for an optical cavity. One cleaved 
end face is a +c plane and the other cleaved end face is a -c 
plane. In this laser diode, the reflectance of the dielectric 
multilayer film on the front end face (exit face) is 90% and the 
reflectance of the dielectric multilayer film on the rear end 
face is 95%. 

0006 Non Patent Literature 1: APPLIED PHYSICS LET 
TERS 94, (2009), 071105. 
0007. Non Patent Literature 2: Applied Physics Express 2, 
(2009), 082102. 

SUMMARY OF THE INVENTION 

0008. A light emitting device is made on a semipolar sur 
face of a GaN substrate. In the GaN surface having semipolar 
nature, the c-axis of GaN is inclined with respect to a normal 
to the semipolar surface of the GaN substrate. In fabrication 
of a semiconductor laser using the GaN semipolar Surface, 
when the c-axis of GaN is inclined toward an extending 
direction of a waveguide of the semiconductor laser, it 
becomes feasible to form the end faces available for an optical 
cavity. Dielectric multilayer films with desired reflectances 
are formed on these respective end faces to form the optical 
cavity. The thicknesses of the dielectric multilayer films on 
the two end faces are different from each other in order to 
obtain the dielectric multilayer films with the mutually dif 
ferent reflectances. Since a laser beam is emitted from the 
front end face, the reflectance of the dielectric multilayer film 
on the front end face is set smaller than that of the dielectric 
multilayer film on the rear end face. 
0009. It is found by Inventors experiments that when 
Some semiconductor lasers are fabricated as described above, 
these semiconductor lasers have various device lifetimes and 
we do not have any clear reasons for the long device lifetimes 
and short device lifetimes. The Inventors conduct research on 
this point and come to find that the difference in the device 
lifetime is associated with crystal orientations of the semi 
conductor end faces for the optical cavity and the thicknesses 
of the dielectric multilayer films formed thereon. 
0010. It is an object of the present invention to provide a 
III-nitride semiconductor laser device with a long device 
lifetime. It is another object of the present invention to pro 
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vide a method of fabricating a III-nitride semiconductor laser 
device with a long device lifetime. 
0011. A III-nitride semiconductor laser device according 
to a first aspect of the present invention comprises: (a) a laser 
structure comprising a Support base and a semiconductor 
region, the Support base having a semipolar primary Surface 
of a III-nitride semiconductor, and the semiconductor region 
being provided on the semipolar primary Surface of the Sup 
port base; and (b) first and second dielectric multilayer films 
for an optical cavity of the nitride semiconductor laser device, 
the first and second dielectric multilayer films being provided 
on first and second end faces of the semiconductor region, 
respectively, the semiconductor region including a first clad 
ding layer of a first conductivity type gallium nitride-based 
semiconductor, a second cladding layer of a second conduc 
tivity type gallium nitride-based semiconductor, and an active 
layer, and the an active layer being provided between the first 
cladding layer and the second cladding layer, the first clad 
ding layer, the second cladding layer, and the active layer 
being arranged in a normal axis to the semipolar primary 
Surface, the active layer comprising a gallium nitride-based 
semiconductor layer, a c-- axis vector being inclined at an 
angle in a range of not less than 45 degrees and not more than 
80 degrees and of not less than 100 degrees and not more than 
135 degrees toward a direction of any one crystal axis of m 
and a-axes of the III-nitride semiconductor with respect to a 
normal vector, the c+ axis vector indicating a direction of a 
<0001) axis of the III-nitride semiconductor of the support 
base, and the normal vector indicating a direction of the 
normal axis, the first and second end faces intersecting with a 
reference plane, the reference plane being defined by the 
normal axis and the one crystal axis of the hexagonal III 
nitride semiconductor, the c-axis vector making an acute 
angle with a waveguide vector, and the waveguide vector 
indicating a direction from the second end face to the first end 
face, and a thickness of the second dielectric multilayer film 
being smaller thanathickness of the first dielectric multilayer 
film. 

0012. In this III-nitride semiconductor laser device, the c 
axis vector makes the acute angle with the waveguide vector 
and this waveguide vector is directed in the direction from the 
second end face to the first end face. An angle between the c 
axis vector and a vector normal to the second end face is larger 
than an angle between the c-axis vector and a vector normal 
to the first end face. In this laser device, since the thickness of 
the second dielectric multilayer film on the second end face is 
smaller than the thickness of the first dielectric multilayer 
film on the first end face, the second dielectric multilayer film 
on the second end face works as the front side and a laser 
beam is emitted from this front side. The first dielectric mul 
tilayer film on the first end face works as the rear side and 
most of the laser beam is reflected by this rear side. In the laser 
device on the semipolar plane, when the thickness of the 
second dielectric multilayer film on the front side is smaller 
than the thickness of the first dielectric multilayer film on the 
rear side, reduction is achieved in device degradation due to 
the dielectric multilayer film on the end face, so as to avoid 
reduction in device lifetime. 

0013 The III-nitride semiconductor laser device accord 
ing to the first aspect of the present invention can be config 
ured as follows: the semiconductor region is located between 
the first surface and the support base, and wherein each of the 
first and second end faces is included in a fractured face, and 
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the fractured face extends from an edge of the first surface to 
an edge of the second Surface. 
0014. Since in the III-nitride semiconductor laser device 
the first and second end faces of the laser structure intersect 
with the reference plane defined by the normal axis to the 
primary Surface and the a-axis or m-axis of the hexagonal 
III-nitride semiconductor, the first and second end faces can 
be formed as fractured faces, and each of the fractured faces 
extends from the edge of the first surface to the edge of the 
second Surface. 
0.015 The III-nitride semiconductor laser device accord 
ing to the first aspect of the present invention can be config 
ured so that the c-axis of the III-nitride semiconductor is 
inclined toward the direction of the m-axis of the nitride 
semiconductor. In another embodiment, the III-nitride semi 
conductor laser device according to the first aspect of the 
present invention can be configured so that the c-axis of the 
III-nitride semiconductor is inclined toward the direction of 
the a-axis of the nitride semiconductor. 
0016. The III-nitride semiconductor laser device accord 
ing to the first aspect of the present invention can be config 
ured so that the primary Surface of the Support base is inclined 
in the range of not less than -4 degrees and not more than +4 
degrees with respect to any one of {10-11, 20-21, 20-2- 
1}, and {10-1-1} planes. Furthermore, the III-nitride semi 
conductor laser device according to the first aspect of the 
present invention can be configured so that the primary Sur 
face of the support base is any one of the 10-11 plane, 
{20-21} plane, {20-2-1} plane, and {10-1-1} plane. 
0017. In this III-nitride semiconductor laser device, when 
the c-axis of the III-nitride semiconductor is inclined toward 
the direction of the m-axis of the nitride semiconductor, prac 
tical plane orientations and angular range for the primary 
Surface can include at least the aforementioned plane orien 
tations and angle range. 
0.018. The III-nitride semiconductor laser device accord 
ing to the first aspect of the present invention can be config 
ured so that the primary Surface of the Support base is inclined 
in the range of not less than -4 degrees and not more than +4 
degrees from any one of 11-22}, {11-21}, {11-2-1}, and 
{11-2-2 planes. Furthermore, the III-nitride semiconductor 
laser device according to the first aspect of the present inven 
tion can be configured so that the primary Surface of the 
support base is any one of the {11-22 plane, {11-21 plane, 
{11-2-1} plane, and {11-2-2 plane. 
0019. In this III-nitride semiconductor laser device, when 
the c-axis of the III-nitride semiconductor is inclined toward 
the direction of the a-axis of the nitride semiconductor, prac 
tical plane orientations and angular range for the primary 
Surface can encompass at least the aforementioned plane 
orientations and angle range. 
0020. The III-nitride semiconductor laser device accord 
ing to the first aspect of the present invention can be config 
ured so that the active layer comprises a well layer comprised 
of a strained gallium nitride-based semiconductor containing 
indium as a constituent element. Furthermore, the III-nitride 
semiconductor laser device according to the first aspect of the 
present invention can be configured so that the active layer 
comprises a well layer comprised of strained InGaN. 
0021. With this III-nitride semiconductor laser device, the 
degradation of interest is observed in the GaN-based semi 
conductor containing indium as a Group III constituent ele 
ment. The degree of degradation becomes more prominent 
with increase in the indium composition. 
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0022. The III-nitride semiconductor laser device accord 
ing to the first aspect of the present invention can be config 
ured so that the active layer is adapted to generate light at a 
wavelength of 430 to 550 nm. 
0023 This III-nitride semiconductor laser device can pro 
vide the light in the aforementioned wavelength range by use 
of the well layer that comprises the strained GaN-based semi 
conductor containing, for example, indium as a Group III 
constituent element. 

0024. The III-nitride semiconductor laser device accord 
ing to the first aspect of the present invention can be config 
ured so that the III-nitride semiconductor is GaN. With this 
III-nitride semiconductor laser device, for example, the emis 
sion of light in the aforementioned wavelength range (wave 
length range from blue to green) can be provided by creation 
of the laser structure using the GaN primary surface. 
0025. In the III-nitride semiconductor laser device accord 
ing to the first aspect of the present invention, the first dielec 
tric multilayer film has a dielectric layer, and the dielectric 
layer in the first dielectric multilayer film is comprised of at 
least one of silicon oxide, silicon nitride, silicon oxynitride, 
titanium oxide, titanium nitride, titanium oxynitride, Zirco 
nium oxide, Zirconium nitride, Zirconium oxynitride, Zirco 
nium fluoride, tantalum oxide, tantalum nitride, tantalum 
oxynitride, hafnium oxide, hafnium nitride, hafnium oxyni 
tride, hafnium fluoride, aluminum oxide, aluminum nitride, 
aluminum oxynitride, magnesium fluoride, magnesium 
oxide, magnesium nitride, magnesium oxynitride, calcium 
fluoride, barium fluoride, cerium fluoride, antimony oxide, 
bismuth oxide, and gadolinium oxide. The second dielectric 
multilayer film has a dielectric layer, and the dielectric layer 
in the second dielectric multilayer film is comprised of at least 
one of silicon oxide, silicon nitride, silicon oxynitride, tita 
nium oxide, titanium nitride, titanium oxynitride, Zirconium 
oxide, Zirconium nitride, Zirconium oxynitride, Zirconium 
fluoride, tantalum oxide, tantalum nitride, tantalum oxyni 
tride, hafnium oxide, hafnium nitride, hafnium oxynitride, 
hafnium fluoride, aluminum oxide, aluminum nitride, alumi 
num oxynitride, magnesium fluoride, magnesium oxide, 
magnesium nitride, magnesium oxynitride, calcium fluoride, 
barium fluoride, cerium fluoride, antimony oxide, bismuth 
oxide, and gadolinium oxide. 
0026. In this III-nitride semiconductor laser device, prac 
tical materials of the dielectric films can include siliconoxide 
(e.g., SiO2), silicon nitride (e.g., SiN.), silicon oxynitride 
(e.g., SiON), titanium oxide (e.g., TiO), titanium nitride 
(e.g., TiN), titanium oxynitride (e.g., TiON), Zirconium 
oxide (e.g., ZrO2), Zirconium nitride (e.g., ZrN), Zirconium 
oxynitride (e.g., ZrO.N.), Zirconium fluoride (e.g., ZrF), 
tantalum oxide (e.g., Ta-Os), tantalum nitride (e.g., TaNs). 
tantalum oxynitride (e.g., TaO.N.), hafnium oxide (e.g., 
HfC)), hafnium nitride (e.g., HfN), hafnium oxynitride (e.g., 
HfC),N), hafnium fluoride (e.g., HfF), aluminum oxide 
(e.g., Al2O), aluminum nitride (e.g., AlN), aluminum oxyni 
tride (e.g., AlON), magnesium fluoride (e.g. MgF), mag 
nesium oxide (e.g., MgO), magnesium nitride (e.g., Mg,N), 
magnesium oxynitride (e.g., MgON), calcium fluoride 
(e.g., CaF2), barium fluoride (e.g., BaF2), cerium fluoride 
(e.g., CeF), antimony oxide (e.g., Sb2O), bismuth oxide 
(e.g., BiO), and gadolinium oxide (e.g., Gd2O). 
0027. A second aspect of the present invention relates to a 
method of fabricating a III-nitride semiconductor laser 
device. This method comprises the steps of (a) preparing a 
Substrate with a semipolar primary Surface, the semipolar 
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primary Surface comprising a hexagonal III-nitride semicon 
ductor; (b) forming a Substrate product having a laser struc 
ture, an anode electrode, and a cathode electrode, the laser 
structure comprising a substrate and a semiconductor region, 
and the semiconductor region being formed on the semipolar 
primary Surface; (c) after forming the Substrate product, 
forming first and second end faces; and (d) forming first and 
second dielectric multilayer films for an optical cavity of the 
nitride semiconductor laser device on the first and second end 
faces, respectively, the first and second end faces intersecting 
with a reference plane, the reference plane being defined by a 
normal axis to the semipolar primary Surface and any one 
crystal axis of a- and m-axes of the hexagonal III-nitride 
semiconductor, the semiconductor region comprising a first 
cladding layer of a first conductivity type gallium nitride 
based semiconductor, a second cladding layer of a second 
conductivity type gallium nitride-based semiconductor, and 
an active layer, and the active layer being provided between 
the first cladding layer and the second cladding layer, the first 
cladding layer, the second cladding layer, and the active layer 
being arranged in a direction of the normal axis, the active 
layer comprising a gallium nitride-based semiconductor 
layer, the semipolar primary Surface of the Substrate being 
inclined at an angle in a range of not less than 45 degrees and 
not more than 80 degrees and of not less than 100 degrees and 
not more than 135 degrees with respect to a plane perpen 
dicular to a c-axis vector, and the c-axis vector indicating a 
direction of the <0001 > axis of the nitride semiconductor, the 
c+axis vector making an acute angle with a waveguide vector, 
and the waveguide vector indicating a direction from the 
second end face to the first end face, and a thickness of the 
second dielectric multilayer film being smaller than a thick 
ness of the first dielectric multilayer film. 
0028. According to this method, the waveguide vector 
making the acute angle with the c-axis vector corresponds to 
the direction from the second end face to the first end face and 
the second dielectric multilayer film (C-side) on the second 
end face is formed so as to be thinner than the first dielectric 
multilayer film (C+ side) on the first end face in thickness; 
therefore, it is feasible to reduce the device degradation with 
deterioration of crystal quality proceeding from the second 
end face due to the dielectric multilayer film on the end face, 
and thereby avoiding the reduction in device lifetime. In this 
III-nitride semiconductor laser device, the angle between the 
c+ axis vector and the normal vector to the second end face is 
larger than the angle between the c-axis vector and the 
normal vector to the first end face. When the thickness of the 
second dielectric multilayer film (C-side) on the front side is 
smaller than the thickness of the first dielectric multilayer 
film (C+ side) on the rear side, the second dielectric multi 
layer film on the second end face works as the front side and 
a laser beam is emitted from this front side. The first dielectric 
multilayer film on the first end face works as the rear side and 
most of the laser beam is reflected by this rear side. 
0029. The method according to the second aspect of the 
present invention further comprises the step of prior to form 
ing the first and second dielectric multilayer films, determin 
ing plane orientations of the first and second end faces. This 
method allows the selection of the appropriate dielectric mul 
tilayer films for the respective end faces in accordance with 
the result of determination and allows the growth of the 
dielectric multilayer films on the respective end faces. 
0030 The method according to the second aspect of the 
present invention can be configured as follows: the step of 

Mar. 31, 2011 

forming the first and second end faces comprises: the step of 
forming the first and second end faces comprises the steps of 
scribing a first Surface of the Substrate product; and breaking 
the Substrate product by press against a second Surface of the 
substrate product to form a laser bar having the first and 
second end faces, the first and second end faces of the laser 
bar being formed by the breaking, the first surface being 
opposite to the second Surface, the semiconductor region 
being provided between the first surface and the substrate, 
and each of the first and second end faces of the laser bar being 
included in a fractured face, and the fractured face extending 
from the first surface to the second surface and being formed 
by the breaking. 
0031. In this method, since the first and second end faces 
of the laser bar intersect with the reference plane defined by 
the normal axis to the primary Surface and the a-axis or m-axis 
of the hexagonal III-nitride semiconductor, the first and sec 
ond end faces can be formed as fractured faces by the scribe 
formation and press, and the fractured faces each extend from 
an edge of the first Surface to an edge of the second Surface. 
0032. The method according to the second aspect of the 
present invention can be configured so that the c-axis of the 
III-nitride semiconductor is inclined toward the direction of 
the m-axis of the nitride semiconductor. In another embodi 
ment, the method according to the second aspect of the 
present invention can be configured so that the c-axis of the 
III-nitride semiconductor is inclined toward the direction of 
the a-axis of the nitride semiconductor. 
0033. The method according to the second aspect of the 
present invention can be configured so that the primary Sur 
face of the Substrate is inclined in a range of not less than -4 
degrees and not more than +4 degrees with respect to any one 
of{10-11, 20-21, 20-2-1}, and {10-1-1} planes. Further 
more, the method according to the second aspect of the 
present invention can be configured so that the primary Sur 
face of the substrate is any one of the {10-11 plane, {20-21 
plane, {20-2-1} plane, and {10-1-1} plane. 
0034. In this method, when the c-axis of the III-nitride 
semiconductor is inclined toward the direction of the m-axis 
of the nitride semiconductor, practical plane orientations and 
angular range for the primary Surface include at least the 
aforementioned plane orientations and angle range. 
0035. The method according to the second aspect of the 
present invention can be configured so that the primary Sur 
face of the Substrate is inclined in the range of not less than-4 
degrees and not more than +4 degrees from any one of 11 
22}, {11-21}, {11-2-1}, and {11-2-2 planes. Furthermore, 
the method according to the second aspect of the present 
invention can be configured so that the primary Surface of the 
substrate is any one of the {11-22 plane, {11-21} plane, 
{11-2-1} plane, and {11-2-2 plane. 
0036. In this substrate, when the c-axis of the III-nitride 
semiconductoris inclined toward the direction of the a-axis of 
the nitride semiconductor, practical plane orientations and 
angular range for the primary Surface include at least the 
aforementioned plane orientations and angle range. 
0037. In the method according to the second aspect of the 
present invention, preferably, formation of the active layer 
comprises a step of growing a well layer of a strained gallium 
nitride-based semiconductor, and the strained gallium 
nitride-based semiconductor contains indium as a constituent 
element. In this method according to the second aspect of the 
present invention, the well layer is grown in the formation of 
the active layer and comprises strained InGaN, and this strain 
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results from stress from and through a semiconductor layer 
adjacent to the well layer. In this method, the degradation of 
interest is observed in a GaN-based semiconductor contain 
ing indium as a Group III constituent element. The degree of 
degradation becomes more prominent with increase in the 
indium composition. 
0038. In the method according to the second aspect of the 
present invention, the active layer can be adapted to generate 
light at a wavelength of 430 to 550 nm. This method can 
provide the light in the aforementioned wavelength range by 
use of the well layer comprised of the strained GaN-based 
semiconductor containing indium as a constituent element. 
0039. In the method according to the second aspect of the 
present invention, preferably, the III-nitride semiconductor is 
GaN. In this method, for example, the emission of light in the 
aforementioned wavelength range (wavelength range from 
blue to green) can be provided by creation of the laser struc 
ture using the GaN primary Surface. 
0040. In the method according to the second aspect of the 
present invention, a dielectric layer in the first dielectric mul 
tilayer film can be formed using at least one selected from 
silicon oxide, silicon nitride, silicon oxynitride, titanium 
oxide, titanium nitride, titanium oxynitride, Zirconium oxide, 
Zirconium nitride, Zirconium oxynitride, Zirconium fluoride, 
tantalum oxide, tantalum nitride, tantalum oxynitride, 
hafnium oxide, hafnium nitride, hafnium oxynitride, hafnium 
fluoride, aluminum oxide, aluminum nitride, aluminum 
oxynitride, magnesium fluoride, magnesium oxide, magne 
sium nitride, magnesium oxynitride, calcium fluoride, 
barium fluoride, cerium fluoride, antimony oxide, bismuth 
oxide, and gadolinium oxide. A dielectric layer in the second 
dielectric multilayer film can be formed using at least one 
selected from silicon oxide, silicon nitride, silicon oxynitride, 
titanium oxide, titanium nitride, titanium oxynitride, Zirco 
nium oxide, Zirconium nitride, Zirconium oxynitride, Zirco 
nium fluoride, tantalum oxide, tantalum nitride, tantalum 
oxynitride, hafnium oxide, hafnium nitride, hafnium oxyni 
tride, hafnium fluoride, aluminum oxide, aluminum nitride, 
aluminum oxynitride, magnesium fluoride, magnesium 
oxide, magnesium nitride, magnesium oxynitride, calcium 
fluoride, barium fluoride, cerium fluoride, antimony oxide, 
bismuth oxide, and gadolinium oxide. 
0041. In this method, practical dielectric films can include 
silicon oxide (e.g., SiO), silicon nitride (e.g., SiN.), silicon 
oxynitride (e.g., SiON), titanium oxide (e.g., TiO2), tita 
nium nitride (e.g., TiN), titanium oxynitride (e.g., TiON). 
Zirconium oxide (e.g., ZrO2), Zirconium nitride (e.g., ZrN), 
Zirconium oxynitride (e.g., ZrO.N.), Zirconium fluoride 
(e.g., ZrF), tantalum oxide (e.g., Ta-Os), tantalum nitride 
(e.g., TaNs), tantalum oxynitride (e.g., TaON), hafnium 
oxide (e.g., Hfo.), hafnium nitride (e.g., HfN), hafnium 
oxynitride (e.g., Hf,N), hafnium fluoride (e.g., Hff), 
aluminum oxide (e.g., Al-O.), aluminum nitride (e.g., AlN). 
aluminum oxynitride (e.g., AlON), magnesium fluoride 
(e.g., MgF2), magnesium oxide (e.g., MgO), magnesium 
nitride (e.g., Mg,N), magnesium oxynitride (e.g., MgON 
a), calcium fluoride (e.g., CaF2), barium fluoride (e.g., BaF), 
cerium fluoride (e.g., CeF), antimony oxide (e.g., SbO), 
bismuth oxide (e.g., BiO), and gadolinium oxide (e.g., 
Gd2O). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0042. The foregoing object and other objects, features, 
and advantages of the present invention can more readily 
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become apparent in view of the following detailed description 
of the preferred embodiments of the present invention pro 
ceeding with reference to the accompanying drawings. 
0043 FIG. 1 is a drawing schematically showing a struc 
ture of a III-nitride semiconductor laser device according to 
an embodiment of the present invention. 
0044 FIG. 2 is a drawing showing polarization of emis 
sion in an active layer of the III-nitride semiconductor laser 
device. 
0045 FIG. 3 is a drawing showing relations between end 
faces of the III-nitride semiconductor laser device and an 
m-plane in the active layer. 
0046 FIG. 4 is a fabrication flowchart showing major 
steps in a method of fabricating a III-nitride semiconductor 
laser device according to an embodiment. 
0047 FIG. 5 is a drawing schematically showing major 
steps in the method of fabricating the III-nitride semiconduc 
tor laser device according to the embodiment. 
0048 FIG. 6 is a drawing showing a 20-21} plane in a 
crystal lattice and showing a scanning electron microscopic 
image of an end face of the optical cavity. 
0049 FIG. 7 is a drawing showing a structure of a laser 
diode shown in Example 1. 
0050 FIG. 8 is a drawing showing the structure of the laser 
diode shown in Example 1. 
0051 FIG. 9 is a drawing showing a relationship of deter 
mined polarization degreep versus threshold current density. 
0.052 FIG. 10 is a drawing showing a relationship of incli 
nation angle of the c-axis toward the m-axis direction of GaN 
Substrate versus lasing yield. 
0053 FIG. 11 is a drawing showing atomic arrangements 
in (-1010) and (10-10) planes perpendicular to a (0001)- 
plane primary Surface, and atomic arrangements in (-2021) 
and (20-2-1) planes perpendicular to a (10-17)-plane of the 
primary Surface. 
0054 FIG. 12 is a drawing showing atomic arrangements 
in (-4.047) and (40-4-7) planes perpendicular to a (10-12)- 
plane primary Surface and atomic arrangements in (-2027) 
and (20-2-7) planes perpendicular to a (10-11)-plane primary 
Surface. 
0055 FIG. 13 is a drawing showing atomic arrangements 
in (-1017) and (10-1-7) planes perpendicular to a (20-21)- 
plane primary Surface and atomic arrangements in (0.001) and 
(000-1) planes perpendicular to a (10-10)-plane primary sur 
face. 
0056 FIG. 14 is a drawing showing atomic arrangements 
in (10-17) and (-101-7) planes perpendicular to a (20-2-1)- 
plane primary Surface and atomic arrangements in (20-27) 
and (-202-7) planes perpendicular to a (10-1-1)-plane pri 
mary Surface. 
0057 FIG. 15 is a drawing showing atomic arrangements 
in (40-47) and (-404-7) planes perpendicular to a (10-1-2)- 
plane primary Surface and atomic arrangements in (20-21) 
and (-202-1) planes perpendicular to a (10-1-7)-plane pri 
mary Surface. 
0.058 FIG. 16 is a drawing showing atomic arrangements 
in (10-10) and (-1010) planes perpendicular to the (000-1)- 
plane. 

LIST OF REFERENCE SIGNS 

0059) 11: III-nitride semiconductor laser device: 
0060) 13: laser structure: 
0061 13a; first surface; 
0062 13b: second surface: 
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0063 13c, 13d: edges; 
0064) 15: electrode: 
0065) 17: support base; 
0066 17a: semipolar primary surface; 
0067. 17b: backside of support base: 
0068. 17c: end face of support base; 
0069) 19: semiconductor region; 
0070 19a: top surface of semiconductor region; 
0071) 19c. end face of semiconductor region; 
0072) 21: first cladding layer; 
0073) 23: second cladding layer; 
0074 25: active layer; 
0075 25a well layers: 
0076 25b barrier layers; 
0.077 27, 29: fractured faces: 
0078 ALPHA: angle: 
0079 Sc: c-plane; 
0080 NX: normal axis: 
I0081 31: insulating film: 
0082) 31a: aperture of insulating film; 
0083 35: n-side optical guiding layer; 
0084 37: p-side optical guiding layer; 
I0085 39: carrier block layer; 
0086 41: electrode: 
I0087. 43a, 43b; dielectric multilayer films: 
0088 MA: m-axis vector: 
I0089 BETA: angle; 
0090 DSUB: thickness of support base: 
0091 51: substrate: 
0092 51a: semipolar primary surface; 
0093 SP. substrate product; 
0094 57: GaN-based semiconductor region; 
0095 59: light emitting layer; 
0096 61: GaN-based semiconductor region; 
0097 53: semiconductor region: 
0098. 54: insulating film: 
0099 54a: aperture of insulating film: 
0100 55: laser structure: 
01.01 58a: anode electrode: 
0102 58b: cathode electrode: 
(0103 63a: first surface; 
0104 63b: second surface: 
01.05) 10a: laser scriber; 
0106 65a: scribed grooves: 
0107 65b: scribed groove; 
0108 LB: laser beam; 
0109 SP1: substrate product: 
0110 LB1: laser bar; 
0111 69: blade; 
0112 69a: edge: 
0113. 69b, 69c: blade faces: 
0114 71: support device; 
0115 71a: support surface; 
0116. 71b: recess. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0117 The expertise of the present invention can be readily 
understood in view of the following detailed description with 
reference to the accompanying drawings presented by way of 
illustration. Embodiments of the III-nitride semiconductor 
laser device and the method for fabricating the III-nitride 
semiconductor laser device is described with reference to the 
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accompanying drawings. The same portions will be denoted 
by the same reference signs if possible. 
0118 FIG. 1 is a drawing schematically showing a struc 
ture of a III-nitride semiconductor laser device according to 
an embodiment of the present invention. The III-nitride semi 
conductor laser device 11 has the gain guiding structure, but 
embodiments of the present invention are not limited to the 
gain guiding structure. The III-nitride semiconductor laser 
device 11 has a laser structure 13 and an electrode 15. The 
laser structure 13 includes a support base 17 and a semicon 
ductor region 19. The support base 17 has a semipolar pri 
mary Surface 17a, which comprises a hexagonal III-nitride 
semiconductor, and has a back Surface 17b. The semiconduc 
tor region 19 is provided on the semipolar primary surface 
17a of the support base 17. The electrode 15 is provided on 
the semiconductor region 19 of the laser structure 13. The 
semiconductor region 19 includes a first cladding layer 21, a 
second cladding layer 23, and an active layer 25. The first 
cladding layer 21 comprises a first conductivity type gallium 
nitride (GaN)-based semiconductor, e.g., n-type A1GaN. 
n-type InAlGaN, or the like. The second cladding layer 23 
comprises a second conductivity type GaN-based semicon 
ductor, e.g., p-type AlGaN. p-type InAlGaN, or the like. The 
active layer 25 is provided between the first cladding layer 21 
and the second cladding layer 23. The active layer 25 includes 
GaN-based semiconductor layer and this GaN-based semi 
conductor layers is provided for, for example, well layers 25a. 
The active layer 25 includes barrier layers 25b, which com 
prises a GaN-based semiconductor, and the well layers 25a 
and the barrier layers 25b are alternately arranged. The well 
layers 25a comprises, for example, InGaN or the like, and the 
barrier layers 25b comprises, for example, GaN. InGaN. or 
the like. The active layer 25 can include a quantum well 
structure provided to generate light at the wavelength of not 
less than 360 nm and not more than 600 nm. The use of the 
semipolar plane is Suitable for generation of light at the wave 
length of not less than 430 nm and not more than 550 nm. The 
first cladding layer 21, the second cladding layer 23, and the 
active layer 25 are arranged in the direction of an axis NX 
normal to the semipolar primary Surface 17a. The normal axis 
NXextends in the direction of a normal vector NV. The c-axis 
Cx of the III-nitride semiconductor of the support base 17 
extends in the direction of a c-axis vector VC. 

0119 The laser structure 13 includes a first end face 26 and 
a second end face 28 for an optical cavity. A waveguide for the 
optical cavity extends from the second end face 28 to the first 
end face 26, and a waveguide vector WV indicates a direction 
from the second end face 28 to the first end face 26. The first 
and second end faces 26 and 28 of the laser structure 13 
intersect with a reference plane defined by the normal axis 
NX and a crystal axis of the hexagonal III-nitride semicon 
ductor (m-axis or a-axis). In FIG. 1, the first and second end 
faces 26 and 28 intersect with an m-n plane, which is defined 
by the m-axis of the hexagonal III-nitride semiconductor and 
the normal axis NX. However, the first and second end faces 
26 and 28 may intersect with ana-n plane, which is defined by 
the normal axis NX and the a-axis of the hexagonal III-nitride 
semiconductor. 

0.120. With reference to FIG. 1, an orthogonal coordinate 
system S and a crystal coordinate system CR are depicted. 
The normal axis NX is directed in a direction of the Z-axis of 
the orthogonal coordinate system S. The semipolar primary 
surface 17a extends in parallel with a predetermined plane 
defined by the X-axis and Y-axis of the orthogonal coordinate 
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system S. A typical c-plane Sc is also depicted in FIG.1. A c 
axis vector indicating the direction of the <0001-> axis of the 
III-nitride semiconductor of the support base 17 is inclined 
with respect to the normal vector NV toward a direction of 
either one crystal axis of the m-axis and a-axis of the III 
nitride semiconductor. An angle of this inclination is in the 
range of not less than 45 degrees and not more than 80 degrees 
or in the range of not less than 100 degrees and not more than 
135 degrees. In the present embodiment, the direction of the 
c+axis vector is selected to be coincident with the direction of 
the vector VC. In the embodiment shown in FIG.1, the c-axis 
vector of the hexagonal III-nitride semiconductor of the sup 
port base 17 is inclined at an inclination angle ALPHA with 
respect to the normal axis NX toward the direction of the 
m-axis of the hexagonal III-nitride semiconductor. This angle 
ALPHA can be in the range of not less than 45 degrees and not 
more than 80 degrees or can be in the range of not less than 
100 degrees and not more than 135 degrees. 
0121. The thickness DREF2 of a second dielectric multi 
layer film (C-side) 43b is smaller than the thickness DREF1 
of a first dielectric multilayer film (C+ side) 43a. In the 
III-nitride semiconductor laser device 11, the c-axis vector 
makes an acute angle with the waveguide vector WV. and this 
waveguide vector WV indicates a direction from the second 
end face 28 to the first end face 26. In this example, since the 
thickness of the second dielectric multilayer film 43b on the 
second end face (C-side) 28 is smaller than the thickness of 
the first dielectric multilayer film 43a on the first end face 26 
(C+ side), the second dielectric multilayer film 43b forms a 
front side, and thus a laser beam is emitted from this front 
side. The first dielectric multilayer film 43a forms the rear 
side, and most of the laser beam is reflected by this rear side. 
When the thickness of the second dielectric multilayer film 
43b on the front side is smaller than the thickness of the first 
dielectric multilayer film 43a on the rear side, reduction is 
achieved in the device degradation with progressive crystal 
quality deterioration which proceeds from the second end 
face due to the dielectric multilayer film on the end face and 
is associated with lifetime of the device. 

0122 The III-nitride semiconductor laser device 11 fur 
ther has an insulating film 31. The insulating film 31 is pro 
vided on a top surface 19a of the semiconductor region 19 of 
the laser structure 13, and covers the top surface 19a. The 
semiconductor region 19 is located between the insulating 
film 31 and the support base 17. The support base 17 com 
prises the hexagonal III-nitride semiconductor. The insulat 
ing film 31 has an aperture 31a. The aperture 31a has, for 
example, a stripe shape. When the c-axis is inclined toward 
the direction of the m-axis as in the present embodiment, the 
aperture 31a extends along a direction of an intersecting line 
LIX between the top surface 19a of the semiconductor region 
19 and the m-n plane mentioned above. The intersecting line 
LIX extends in the direction of the waveguide vector WV. If 
the c-axis is inclined toward the direction of the a-axis, the 
aperture 31a extends in a direction of another intersecting line 
LIX between the a-n plane and the top surface 19a. 
0123. The electrode 15 is in contact with the top surface 
19a (e.g., second conductivity type contact layer 33) of the 
semiconductor region 19 through the aperture 31a, and 
extends along the direction of the aforementioned intersect 
ing line LIX. In the III-nitride semiconductor laser device 11, 
the laser waveguide includes the first cladding layer 21, sec 
ond cladding layer 23 and active layer 25, and extends along 
the direction of the aforementioned intersecting line LIX. 
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0.124. In the III-nitride semiconductor laser device 11, 
each of the first end face 26 and the second end face 28 can be 
a fractured face. In the Subsequent description, the first end 
face 26, and the second end face 28 will be referred to as first 
fractured face 27 and second fractured face 29. The first 
fractured face 27 and the second fractured face 29 intersect 
with the m-n plane that is defined by the normal axis NX and 
the m-axis of the hexagonal III-nitride semiconductor. The 
optical cavity of the III-nitride semiconductor laser device 11 
includes the first and second fractured faces 27 and 29, and the 
laser waveguide extends from one of the first fractured face 27 
and the second fractured face 29 to the other. The laser struc 
ture 13 includes a first surface 13a and a second surface 13b, 
and the first surface 13a is opposite to the second surface 13b. 
Each of the first and second fractured faces 27 and 29 extends 
from an edge 13c of the first surface 13a to an edge 13d of the 
second surface 13b. The first and second fractured faces 27 
and 29 are different from the conventional cleaved facets, 
Such as c-plane, m-plane, or a-plane. 
0.125. In this III-nitride semiconductor laser device 11, the 
first and second fractured faces 27 and 29 constituting the 
optical cavity intersect with the m-n plane. For this reason, it 
is feasible to provide the laser waveguide extending in the 
direction of the intersecting line between the m-n plane and 
the semipolar plane 17a. Therefore, the III-nitride semicon 
ductor laser device 11 has the optical cavity enabling a low 
threshold current. 

0.126 The III-nitride semiconductor laser device 11 
includes an n-side optical guiding layer 35 and a p-side opti 
cal guiding layer 37. The n-side optical guiding layer 35 
includes a first part 35a and a second part 35b, and the n-side 
optical guiding layer 35 comprises, for example, GaN. 
InGaN, or the like. The p-side optical guiding layer 37 
includes a first part 37a and a second part 37b, and the p-side 
optical guiding layer 37 comprises, for example, GaN. 
InGaN, or the like. A carrier block layer 39 is provided, for 
example, between the first part 37a and the second part 37b. 
Another electrode 41 is provided on the back surface 17b of 
the support base 17, and the electrode 41 covers, for example, 
the back surface 17b of the support base 17. 
I0127 FIG. 2 is a drawing showing polarization of emis 
sion from the active layer 25 of the III-nitride semiconductor 
laser device 11. FIG. 3 is a drawing schematically showing a 
cross section defined by the c-axis and the m-axis. As shown 
in FIG. 2, the dielectric multilayer films 43a and 43b are 
provided on the first and second fractured faces 27 and 29. 
respectively. Material of each of the dielectric multilayer 
films 43a and 43b can comprise at least one selected, for 
example, from silicon oxide, silicon nitride, silicon oxyni 
tride, titanium oxide, titanium nitride, titanium oxynitride, 
Zirconium oxide, Zirconium nitride, Zirconium oxynitride, 
Zirconium fluoride, tantalum oxide, tantalum nitride, tanta 
lum oxynitride, hafnium oxide, hafnium nitride, hafnium 
oxynitride, hafnium fluoride, aluminum oxide, aluminum 
nitride, aluminum oxynitride, magnesium fluoride, magne 
sium oxide, magnesium nitride, magnesium oxynitride, cal 
cium fluoride, barium fluoride, cerium fluoride, antimony 
oxide, bismuth oxide, and gadolinium oxide. In this III-ni 
tride semiconductor laser device 11, a practical dielectric film 
can be made of at least one of silicon oxide (e.g., SiO). 
silicon nitride (e.g., SiNa), silicon oxynitride (e.g., SiON 
a), titanium oxide (e.g., TiO), titanium nitride (e.g., TiN). 
titanium oxynitride (e.g., TiON), Zirconium oxide (e.g., 
ZrO2), Zirconium nitride (e.g., ZrN), Zirconium oxynitride 
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(e.g., ZrON), Zirconium fluoride (e.g., ZrF), tantalum 
oxide (e.g., Ta-Os), tantalum nitride (e.g., TaNs), tantalum 
oxynitride (e.g., TaO.N.), hafnium oxide (e.g., HfC)), 
hafnium nitride (e.g., HfN), hafnium oxynitride (e.g., 
HfO.N.), hafnium fluoride (e.g., HfF), aluminum oxide 
(e.g., Al2O), aluminum nitride (e.g., AlN), aluminum oxyni 
tride (e.g., AlON), magnesium fluoride (e.g. MgF), mag 
nesium oxide (e.g., MgO), magnesium nitride (e.g., Mg,N), 
magnesium oxynitride (e.g., MgON), calcium fluoride 
(e.g., CaF2), barium fluoride (e.g., BaF2), cerium fluoride 
(e.g., CeF), antimony oxide (e.g., SbO), bismuth oxide 
(e.g., BiO), and gadolinium oxide (e.g., Gd2O). By making 
use of these materials, an end face coating is also applicable 
to the fractured faces 27 and 29. The reflectance can be 
adjusted by the end face coating. When the reflectance of the 
second dielectric multilayer film (C-side) 43b is smaller than 
the reflectance of the first dielectric multilayer film (C+ side) 
43a, this controlling of the reflectance enables reduction to be 
achieved in the device degradation with deterioration of crys 
tal quality, concerning the device lifetime, that proceeds from 
the second end face due to the dielectric multilayer film 
thereon. 

0128. As shown in part (b) of FIG. 2, the laser beam L. from 
the active layer 25 is polarized in the direction of the a-axis of 
the hexagonal III-nitride semiconductor. In this III-nitride 
semiconductor laser device 11, an inter-band transition 
capable of demonstrating a low threshold current can gener 
ate light with polarized nature. The first and second fractured 
faces 27 and 29 for the optical cavity are different from the 
conventional cleaved facets, such as c-plane, m-plane and 
a-plane. However, the first and second fractured faces 27 and 
29 have flatness and verticality as mirrors enough for optical 
cavities for lasers. This optical cavity can demonstrate lasing 
with a low threshold by use of emission I1 based on a stronger 
transition than emission I2 based on a transition that gener 
ates light polarized in a direction of the projected c-axis onto 
the primary Surface, as shown in part (b) of FIG. 2, using the 
first and second fractured faces 27 and 29 and the laser 
waveguide extending between these fractured faces 27 and 
29. 

0129. In the III-nitride semiconductor laser device 11, an 
end face 17c of the support base 17 and an end face 19c of the 
semiconductor region 19 are exposed in each of the first and 
second fractured faces 27 and 29, and the end face 17c and the 
end face 19c. are covered with a dielectric multilayer film 43a. 
An angle BETA between an m-axis vector MA of the active 
layer 25 and a vector NA normal to an end face 25c of the 
active layer 25 and the end face 17c of the support base 17 is 
defined by a component (BETA), which is defined on a first 
plane S1 defined by the c-axis and m-axis of the III-nitride 
semiconductor, and a component (BETA), which is defined 
on a second plane S2 perpendicular to the first plane S1 and 
the normal axis NX. The component (BETA) is preferably in 
the range of not less than (ALPHA-4) degrees and not more 
than (ALPHA-4) degrees on the first plane S1 that is defined 
by the c-axis and m-axis of the III-nitride semiconductor. This 
angular range is shown as an angle between a typical m-plane 
Sanda reference plane F in FIG. 3. For easier understand 
ing, the typical m-plane S is depicted from the inside to the 
outside of the laser structure in FIG.3. The reference plane F. 
extends along the end face 25c of the active layer 25. This 
III-nitride semiconductor laser device 11 has the end faces 
satisfying the above-mentioned verticality as to the angle 
BETA taken from one of the c-axis and the m-axis to the other. 
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Furthermore, the component (BETA) is preferably in the 
range of not less than -4 degrees and not more than +4 
degrees on the second plane S2. It is noted herein that 
BETA=(BETA) +(BETA). In this case, the end faces 27 
and 29 of the III-nitride semiconductor laser device 11 satisfy 
the above-mentioned verticality about the angle defined on 
the plane perpendicular to the normal axis NX to the semi 
polar plane 17a. 
I0130 Referring again to FIG. 1, the thickness DSUB of 
the support base 17 is preferably not more than 400 um in the 
III-nitride semiconductor laser device 11. This III-nitride 
semiconductor laser device is suitable for obtaining the good 
quality fractured faces for the optical cavity. In the III-nitride 
semiconductor laser device 11, the thickness DSUB of the 
support base 17 is more preferably not less than 50 m and not 
more than 100 um. This III-nitride semiconductor laser 
device 11 is more Suitable for obtaining the good-quality 
fractured faces for the optical cavity, and the handling of the 
III-nitride semiconductor laser device 11 becomes easier to 
improve production yield. 
0.131. In the III-nitride semiconductor laser device 11, the 
angle ALPHA between the normal axis NX and the c-axis of 
the hexagonal III-nitride semiconductor is preferably not less 
than 45 degrees and preferably not more than 80 degrees, and 
the angle ALPHA is preferably not less than 100 degrees and 
not more than 135 degrees. At angles below 45 degrees and 
above 135 degrees, end faces made by press are highly likely 
to be composed of m-planes. At angles above 80 degrees and 
below 100 degrees, its desired flatness and verticality could 
not be achieved. 

(0132. In the III-nitride semiconductor laser device 11, in 
terms of formation of the fractured faces, the angle ALPHA 
between the normal axis NX and the c-axis of the hexagonal 
III-nitride semiconductor is more preferably not less than 63 
degrees and not more than 80 degrees. Furthermore, the angle 
ALPHA is preferably not less than 100 degrees and not more 
than 117 degrees. At angles below 63 degrees and above 117 
degrees, an m-plane can appear in part of an end face formed 
by press. The angle ALPHA in an angle above 80 degrees and 
below 100 degrees can provide the end faces with desired 
flatness and verticality. 
0133. In the III-nitride semiconductor laser device 11, 
when the c-axis of the III-nitride semiconductor is inclined 
toward the direction of the m-axis of the nitride semiconduc 
tor, practical plane orientations and angular range include at 
least the following plane orientations and angular range for 
the primary surface. For example, the primary surface 17a of 
the support base 17 can be inclined in the range of not less 
than-4 degrees and not more than 4 degrees from any one of 
a 10-11 plane, a 20-21} plane, a 20-2-1} plane, and a 
{10-1-1} plane. Furthermore, the primary surface 17a of the 
support base 17 can be any one of the {10-11 plane, {20-21 
plane, {20-2-1} plane, and {10-1-1} plane. 
0.134. In the III-nitride semiconductor laser device 11, 
when the c-axis of the III-nitride semiconductor is inclined 
toward the direction of the a-axis of the nitride semiconduc 
tor, practical plane orientations and angular range for the 
primary Surface include at least the following plane orienta 
tions and angular range. The primary Surface 17a of the 
Support base 17 can be inclined in the range of not less than-4 
degrees and not more than 4 degrees from any one of a 
{11-22 plane, a 11-21 plane, a 1 1-2-1} plane, and a 
{11-2-2 plane. Furthermore, the primary surface 17a of the 
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support base 17 can be any one of the {11-22 plane, {11-21 
plane, {11-2-1} plane, and {11-2-2 plane. 
0135 With these typical semipolar planes 17a, it is fea 
sible to provide the first and second end faces 26 and 28 with 
flatness and verticality enough to constitute the optical cavity 
of the III-nitride semiconductor laser device 11. In the range 
of angles encompassing the above typical plane orientations, 
the end faces with sufficient flatness and verticality are 
obtained. The second dielectric multilayer film (C-side) 43b 
having a thickness smaller than that of the first dielectric 
multilayer film (C+ side) 43a can avoid the degradation of the 
device lifetime due to the dielectric multilayer film. The sec 
ond dielectric multilayer film (C-side) 43b having a reflec 
tance smaller than that of the first dielectric multilayer film 
(C+ side) 43a can avoid the degradation of the device lifetime 
due to the dielectric multilayer film. 
0136. The support base 17 can be constituted by any one of 
GaN, AlGaN, InGaN, and InAlGaN. When the substrate is 
composed of any one of these GaN-based semiconductors, it 
is feasible to obtain the fractured faces 27 and 29 applicable to 
the optical cavity. 
0137 The support base 17 can be made of GaN. In this 
III-nitride semiconductor laser device, provision of the laser 
structure using the GaN primary Surface leads to provision of 
emission, for example, in the aforementioned wavelength 
range (wavelength range from blue to green). When an AlN or 
AlGaN substrate is used as the substrate, the degree of polar 
ization can be increased and optical confinement can be 
enhanced by its low refractive index. When an InCiaN sub 
strate is used as the Substrate, the lattice mismatch rate 
between the substrate and the light emitting layer can be 
decreased to improve its crystal quality. In the III-nitride 
semiconductor laser device 11, the Stacking fault density of 
the support base 17 can be not more than 1x10 cm. Since 
the stacking fault density is not more than 1x10 cm', the 
flatness and/or verticality of the fractured faces is less likely 
to be disordered for an accidental reason. 
0138 FIG. 4 is a drawing showing major steps in a method 
of fabricatinga III-nitride semiconductor laser device accord 
ing to an embodiment of the present invention. Referring to 
part (a) of FIG. 5, a substrate 51 is shown. The c-axis of the 
substrate 51 is inclined toward the direction of the m-axis in 
the present embodiment, but the present fabrication method is 
also applicable to the substrate 51 the c-axis of which is 
inclined toward the direction of the a-axis. In Step S101 the 
substrate is prepared 51 for fabrication of the III-nitride semi 
conductor laser device. The c-axis (vector VC) of a hexagonal 
III-nitride semiconductor of the substrate 51 is inclined at the 
angle ALPHA with respect to the normal axis NX toward the 
m-axis direction (vector VM) of the hexagonal III-nitride 
semiconductor. For this reason, the substrate 51 has a semi 
polar primary Surface 51a comprised of the hexagonal III 
nitride semiconductor. 

0.139. In Step S102, a substrate product SP is formed. 
Although a member of nearly a disk shape is depicted as the 
substrate product SP in part (a) of FIG. 5, the shape of the 
substrate product SP is not limited thereto. For obtaining the 
substrate product SP. step S103 is first carried out to form a 
laser structure 55. The laser structure 55 includes a semicon 
ductor region 53 and the substrate 51, and in step S103, the 
semiconductor region 53 is formed on the semipolar primary 
surface 51a. For forming the semiconductor region 53, a first 
conductivity type GaN-based semiconductor region 57, a 
light emitting layer 59, and a second conductivity type GaN 
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based semiconductor region 61 are grown in order on the 
semipolar primary surface 51a. The GaN-based semiconduc 
tor region 57 can include, for example, an n-type cladding 
layer, and the GaN-based semiconductor region 61 can 
include, for example, a p-type cladding layer. The light emit 
ting layer 59 is provided between the GaN-based semicon 
ductor region 57 and the GaN-based semiconductor region 
61, and can include an active layer, optical guiding layers, an 
electron block layer, and so on. The GaN-based semiconduc 
tor region 57, the light emitting layer 59, and the second 
conductivity type GaN-based semiconductor region 61 are 
arranged in the direction of the axis NX normal to the semi 
polar primary Surface 51a. These semiconductor layers are 
epitaxially grown on the primary Surface 51a. The top surface 
of the semiconductor region 53 is covered with an insulating 
film 54. The insulating film 54 is made, for example, of silicon 
oxide. The insulating film 54 has an aperture 54a. The aper 
ture 54a has, for example, a stripe shape. Referring to part (a) 
of FIG. 5, a waveguide vector WV is depicted, and in the 
present embodiment, this vector WV extends in parallel with 
the m-n plane. If necessary, prior to formation of the insulat 
ing film 54, a ridge structure may be formed in the semicon 
ductor region 53, and this ridge structure can include the 
GaN-based semiconductor region 61 which is processed in a 
ridge shape. 
0140. In step S104, an anode electrode 58a and a cathode 
electrode 58b are formed on the laser structure 55. Before 
formation of the electrode on the back surface of the substrate 
51, the back surface of the substrate used in the crystal growth 
is polished to form the substrate product SP having a desired 
thickness DSUB. In the formation of electrodes, for example, 
the anode electrode 58a is formed on the semiconductor 
region 53, and the cathode electrode 58b is formed on the 
back surface (polished surface) 51b of the substrate 51. The 
anode electrode 58a extends in the X-axis direction, and the 
cathode electrode 58b covers the entire area of the back 
surface 51b. Through these steps, the substrate product SP is 
formed. The substrate product SP includes a first surface 63a 
and a second surface 63b which is opposite thereto. The 
semiconductor region 53 is located between the first surface 
63a and the substrate 51. 

0141 Next, in step S105, the end faces for the optical 
cavity for laser is formed. In the present embodiment, a laser 
bar is produced from the substrate product SP. The laser bar 
has a pair of end faces on which a dielectric multilayer film 
can be formed. An example of production of the laser bar and 
end faces will be described below. 

0142. In step S106, the first surface 63a of the substrate 
product SP is scribed as shown in part (b) of FIG. 5. This 
scribing is carried out using a laser scriber 10a. The scribing 
forms scribed grooves 65a. Referring to part (b) of FIG. 5, 
five scribed grooves are already formed, and formation of a 
scribed groove 65b is under way with a laser beam LB. The 
length of the scribed grooves 65a is smaller than a length of an 
intersecting line AIS defined by the intersection between the 
first surface 63a and the a-n plane, which is defined by the 
normal axis NX and the a-axis of the hexagonal III-nitride 
semiconductor, and the laser beam LB is applied to a part of 
the intersecting line AIS. With application of the laser beam 
LB, a groove extending in the specific direction and reaching 
the semiconductor region is formed in the first surface 63a. 
The scribed grooves 65a can be formed, for example, at one 
edge of the substrate product SP. 
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0143. In step S107, as shown in part (c) of FIG. 5, the 
substrate product SP is broken by press against the second 
surface 63b of the substrate product SP to form a substrate 
product SP1 and a laser bar LB1. The press is implemented, 
for example, with a breaking device such as blade 69. The 
blade 69 includes an edge 69a extending in one direction and 
at least two blade faces 69b and 69c that define the edge 69a. 
Furthermore, the press against the substrate product SP1 is 
carried out on a support device 71. The support device 71 
includes a support surface 71a and a recess 71b, and the recess 
71b extends in one direction. The recess 71b is provided in the 
support surface 71a. The substrate product SP1 is positioned 
with respect to the recess 71b on the support device 71 such 
that the orientation and position of the scribed groove 65a of 
the substrate product SP1 are aligned with the extending 
direction of the recess 71b of the support device 71. The 
orientation of the edge of the breaking device is aligned with 
the extending direction of the recess 71b, and the edge of the 
breaking device is then moved to the substrate product SP1 
from a direction intersecting with the second surface 63b, to 
be in contact with the substrate product SP1. The intersecting 
direction is preferably an approximately perpendicular direc 
tion to the second surface 63b. The substrate product SP is 
broken by this press work to form the substrate product SP1 
and laser bar LB1. The laserbar LB1 with first and second end 
faces 67a and 67b is formed by the press, and in these end 
faces 67a and 67b, at least a part of the light emitting layer has 
the verticality and flatness enough to be applicable to the 
optical cavity mirrors of the semiconductor laser. 
0144. The laser bar LB1 thus formed has the first and 
second end faces 67a and 67b formed by the above-described 
breaking work, and each of the end faces 67a and 67b extends 
from the first surface 63a to the second surface 63b. For this 
reason, the end faces 67a and 67b constitute the laser optical 
cavity of the III-nitride semiconductor laser device and inter 
sect with the XZ plane. This XZ plane corresponds to the m-n 
plane defined by the m-axis of the hexagonal III-nitride semi 
conductor and the normal axis NX. A waveguide vector WV 
is shown in each of laser bars LBO and LB1. The waveguide 
vector WV is directed in the direction from the end face 67a 
to the end face 67b. In part (c) of FIG. 5, the laser bar LB0 is 
depicted which is partly broken in order to show the direction 
of the c-axis vector VC. The waveguide vector WV makes an 
acute angle with the c-axis vector VC. 
0145. In this method, the first surface 63a of the substrate 
product SP is first scribed in the direction of the a-axis of the 
hexagonal III-nitride semiconductor, and thereafter the sub 
strate product SP is broken by press against the second Sur 
face 63b of the substrate product SP to form a new substrate 
product SP1 and a new laser bar LB1. Accordingly, the first 
and second end faces 67a and 67b are formed in the laser bar 
LB1 so as to intersect with the m-n plane. This end-face 
forming method provides the first and second end faces 67a 
and 67b with flatness and verticality enough to constitute the 
laser cavity for the III-nitride semiconductor laser device. The 
laser waveguide thus formed extends in the direction toward 
which the c-axis of the hexagonal III-nitride is inclined. This 
method forms mirror end faces for the optical cavity capable 
of providing this laser waveguide. 
0146 By this method, the new substrate product SP1 and 
laser bar LB1 are formed by fracture of the substrate product. 
In Step S108, the breaking by press is repeated to produce 
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many laser bars. This fracture is induced with the scribed 
grooves 65a shorter than a fracture line BREAK of the laser 
bar LB1. 
0147 In step S109, a dielectric multilayer film is formed 
on the end faces 67a and 67b of the laser bar LB1 to form a 
laser bar product. 
0.148. This step is carried out, for example, as follows. Step 
S110 is carried out to determine plane orientations of the end 
faces 67a and 67b of the laser bar LB1. This determination 
can be made, for example, by measuring the orientation of the 
c+ axis vector. Alternatively, the determination can also be 
made, for example, by carrying out the following process 
and/or operation to associate the end faces 67a and 67b with 
the direction of the c-axis vector in production of the end 
faces 67a and 67b; a mark indicative of the direction of the c 
axis vector is formed on the laser bar; and/or the produced 
laser bar is arranged so as to indicate the direction of the c 
axis vector. After the determination, in the laser bar LB1 an 
angle between a normal vector normal to the second end face 
67b, and the c+ axis vector is larger than an angle between a 
normal vector to the first end face 67a and the c-axis vector. 

0149. After the determination, step S111 is carried out to 
form a dielectric multilayer film on each of the end faces 67a 
and 67b of the laser bar LB1. According to this method, the 
direction of the waveguide vector WV making the acute angle 
with the c-axis vector corresponds to the direction from the 
second end face 67a to the first end face 67b in the laser bar 
LB1. In this laser bar product, since the thickness DREF2 of 
the second dielectric multilayer film (C-) on the second end 
face 67a is made smaller than the thickness DREF1 of the first 
dielectric multilayer film (C+) on the first end face 67b, it is 
feasible to reduce the device degradation with deterioration of 
crystal quality proceeding from the second end face due to the 
dielectric multilayer film on the end face and thus to avoid 
reduction in device lifetime. When the thickness of the second 
dielectric multilayer film (C-) on the front side is smaller than 
the thickness of the first dielectric multilayer film (C+) on the 
rear side, the second dielectric multilayer film on the second 
end face is provided for the front side and a laser beam is 
emitted from this front side. The first dielectric multilayer 
film on the first end face is provided for the rear side, and most 
of the laser beam is reflected by this rear side. 
0150. In Step S112, this laser bar product is broken into 
individual semiconductor laser dies. 

0151. In the fabrication method according to the present 
embodiment, the angle ALPHA can be in the range of not less 
than 45 degrees and not more than 80 degrees or in the range 
of not less than 100 degrees and not more than 135 degrees. At 
angles below 45 degrees and above 135 degrees, an end face 
formed by press is highly likely to be comprised of an 
m-plane. At angles above 80 degrees and below 100 degrees, 
the desired flatness and verticality could not be achieved. 
More preferably, the angle ALPHA can be in the range of not 
less than 63 degrees and not more than 80 degrees and in the 
range of not less than 100 degrees and not more than 117 
degrees. At angles below 63 degrees and above 117 degrees, 
an m-plane could be formed in part of an end face formed by 
press. At angles above 80 degrees and below 100 degrees, the 
desired flatness and verticality could not be achieved. The 
semipolar primary surface 51a can be any one of a 20-21 
plane, a 10-11 plane, a 20-2-1} plane, and a {10-1-1} 
plane; or, when the c-axis is inclined toward the direction of 
the a-axis, the semipolar primary Surface 51a can be any one 
of a {11-22 plane, a 11-21 plane, a 1 1-2-1} plane, and a 



US 2011/0075694 A1 

{11-2-2 plane. Furthermore, a plane slightly inclined with 
respect to the above planes in the range of not less than -4 
degrees and not more than +4 degrees is also Suitably appli 
cable to the foregoing primary surface. With these typical 
semipolar planes, it is feasible to provide the end faces for the 
laser cavity with flatness and verticality enough to constitute 
the laser cavity of the III-nitride semiconductor laser device. 
0152 The substrate 51 can be composed of any one of 
GaN, AlGaN. InGaN, and InAlGaN. When the substrate used 
is one comprised of any one of these GaN-based semicon 
ductors, it is feasible to obtain the end faces applicable to the 
laser cavity. The substrate 51 is preferably made of GaN. 
0153. In the step S106 in which the substrate product SP is 
formed, the semiconductor Substrate used in the crystal 
growth is Subjected to processing Such as slicing or grinding 
so that the substrate thickness becomes not more than 400 um, 
and the second Surface 63b can include a processed Surface 
formed by polishing. In this substrate thickness, the use of 
fracture permits the flatness and verticality, with a good yield, 
enough to constitute the laser optical cavity of the III-nitride 
semiconductor laser device. The use of fracture allows for 
mation of the end faces 67a and 67b that are not subjected to 
any ion damages. More preferably, the second surface 63b is 
a polished Surface made by polishing, and the thickness of the 
polished substrate is not more than 100 um. For easier han 
dling of the substrate product SP, the substrate thickness is 
preferably not less than 50 m. If the fracture is not used, then 
the end faces can be, for example, etched faces made by 
etching and this light emitting layer has end faces exposed at 
the etched faces. 
0154) In the production method of the laser end faces 
according to the present embodiment, the angle BETA, which 
was described with reference to FIG. 2, can be also defined in 
the laser bar LB1. In the laser bar LB1, the component 
(BETA) of the angle BETA is preferably in the range of not 
less than (ALPHA-4) degrees and not more than (ALPHA-4) 
degrees on a first plane (plane corresponding to the first plane 
S1 shown with reference to FIG. 2) defined by the c-axis and 
m-axis of the III-nitride semiconductor. The end faces 67a 
and 67b of the laser bar LB1 satisfy the aforementioned 
Verticality as to the angle component of the angle BETA taken 
from one of the c-axis and the m-axis to the other. The com 
ponent (BETA) of the angle BETA is preferably in the range 
of not less than -4 degrees and not more than +4 degrees on 
a second plane (plane corresponding to the second plane S2 
shown in FIG. 2). In this case, the end faces 67a and 67b of the 
laser bar LB1 satisfy the aforementioned verticality as to the 
angle component of the angle BETA defined on the plane 
normal to the axis NX normal to the semipolar plane 51a. 
(O155 The end faces 67a and 67b are formed by the break 
ing process by press onto the plurality of GaN-based semi 
conductor layers that are epitaxially grown on the semipolar 
plane 51a. Since the semiconductor layers are made of the 
epitaxial films on the semipolar plane 51a, the end faces 67a 
and 67b are not cleaved facets with a low plane index such as 
c-plane, m-plane, or a-plane having been used heretofore as 
optical cavity mirrors. In breaking the laminate of the epi 
taxial films on the semipolar plane 51a, however, the end 
faces 67a and 67b have the flatness and verticality applicable 
to the optical cavity mirrors. 

Example 1 

0156. A laser diode is grown by organometallic vapor 
phase epitaxy as described below. Raw materials used are as 
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follows: trimethyl gallium (TMGa); trimethyl aluminum 
(TMA1); trimethyl indium (TMIn); ammonia (NH); silane 
(SiH); and bis(cyclopentadienyl) magnesium (CpMg). A 
substrate 71 is prepared, which is a 20-21 GaN substrate. 
This GaN substrate is fabricated by cutting a (0001) GaN 
ingot, grown thick by HVPE, with a wafer slicing apparatus at 
an angle of 75 degrees with respect to the m-axis direction. 
0157. This substrate is loaded into a susceptor in a growth 
reactor, and thereafter epitaxial layers for the laser structure 
shown in FIG. 7 are grown through the following growth 
procedure. After the substrate 71 is set in the growth reactor, 
an n-type GaN layer (thickness: 1000 nm)72 is first grown on 
the substrate 71. Next, an n-type InAlGaN cladding layer 
(thickness: 1200 nm) 73 is grown on the n-type GaN layer 72. 
Subsequently, the light emitting layer is formed. First, an 
n-type GaN guiding layer (thickness: 200 nm) 74a and an 
undoped InGaN guiding layer (thickness: 65 nm) 74b are 
grown on the n-type InAlGaN cladding layer 73. Next, an 
active layer 75 is grown. This active layer 75 has a multiple 
quantum well structure (MQW) of two cycles of GaN (thick 
ness: 15 nm)/InGaN (thickness: 3 nm). Thereafter, an 
undoped InGaN guiding layer (thickness: 65 nm) 76a, a 
p-type AlGaN block layer (thickness: 20 nm) 76d. a p-type 
InGaN guiding layer (thickness: 50 nm) 76b, and a p-type 
GaN guiding layer (thickness: 200 nm) 76c are grown on the 
active layer 75. Next, a p-type InAlGaN cladding layer (thick 
ness: 400 nm) 77 is grown on the light emitting layer. Finally, 
a p-type GaN contact layer (thickness: 50 nm)78 is grown on 
the p-type InAlGaN cladding layer 77. 
0158. Using this epitaxial substrate, an index guiding type 
laser is fabricated by photolithography and etching. First, a 
stripe mask is formed by photolithography, and the mask 
extends in a direction of the projected c-axis onto the primary 
Surface. Using this mask, a striped ridge structure in the width 
of 2 um is formed by dry etching. The dry etching is carried 
out, for example, using chlorine gas (Cl). An insulating film 
79 with a striped aperture is formed on the surface of the ridge 
structure. The insulating film 79 used is, for example, SiO, 
formed by vacuum evaporation. After the formation of the 
insulating film 79, a p-side electrode 80a and an n-side elec 
trode 80b are made to obtain a substrate product. The p-side 
electrode 80a is produced by vacuum evaporation. The p-side 
electrode 80a is, for example, Ni/Au. A backside of this 
epitaxial substrate is polished down to 100 um. The polishing 
of the backside is carried out using diamond slurry. The n-side 
electrode 80b is formed on the polished surface by evapora 
tion. The n-side electrode 80b is constituted of Ti/Al/Ti/Au. 
0159 Alaser bar is produced by scribing along the surface 
of this substrate product, using a laser scriber capable of 
applying a YAG laser beam at the wavelength of 355 nm. The 
conditions for formation of scribed grooves were as follows: 
Laser beam output 100 m W: 
Scanning speed 5 mm/sec. 
The scribed grooves formed have, for example, the length of 
30 um, the width of 10 um, and the depth of 40 um. The 
scribed grooves are arranged at the pitch of 800 um by apply 
ing the laser beam directly onto the epitaxial Surface through 
apertures of insulating film on the Substrate. The optical cav 
ity length is 600 um. Optical cavity mirrors are made by 
fracture using a blade. A laser bar is produced by breaking the 
Substrate product by press against the back Surface thereof. 
(0160 FIG. 6 is a drawing showing a 20-21} plane in a 
crystal lattice and showing a scanning electron microscopical 
image of an end face for an optical cavity. More specifically, 
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parts (b) and (c) of FIG. 6 show relations between crystal 
orientations and fractured faces in a 20-21}-plane GaN sub 
strate. Part (b) of FIG. 6 shows plane orientations of end faces 
of the device in which the laser stripe extends in the <11-20> 
direction, and shows cleaved facets indicated, as end face 81d 
or c-plane 81, by the m-plane or c-plane having been used as 
optical cavity end faces of the conventional nitride semicon 
ductor lasers. Part (c) of FIG. 6 shows plane orientations of 
end faces of the device in which the laser stripe is provided in 
the direction of the projected c-axis onto the primary Surface 
(which will be referred to hereinafter as M-direction), and 
shows the end faces 81a and 81b for the optical cavity 
together with the semipolar plane 71a. The end faces 81a and 
81b are approximately perpendicular to the semipolar plane 
71a, but are different from the conventional cleaved facets 
Such as c-plane, m-plane, or a-plane used heretofore. 
(0161 In the laser diode on the 20-21}-plane GaN sub 
strate according to the present example, since the end faces 
for the optical cavity are inclined with respect to the direction 
of polarity (e.g., the direction of the c+ axis vector), chemical 
properties of crystal planes of these end faces are not equiva 
lent to each other. In the Subsequent description, the end face 
81b close to the +c plane will be referred to as {-1017 end 
face, and the end face 81a close to the -c plane as {10-1-7 
end face. For descriptive purposes, the <-1014 and <10-1- 
4> directions, which are approximate normal vectors, are 
used as normal vectors to these end faces. 
0162 The end faces of the laserbarare coated with respec 
tive dielectric multilayer films 82a and 82bby vacuum evapo 
ration. The dielectric multilayer films are made by alternately 
depositing two types of layers with mutually different refrac 
tive indices, e.g., SiO, and TiO. Each of the thicknesses of 
the films is adjusted in the range of 50 to 100 nm so that the 
center wavelength of reflectance is designed to fall within the 
range of 500 to 530 nm. The single wafer is divided into three 
in advance to produce three types of samples below. 
Device A: A reflecting film (four cycles, reflectance 60%) is 
formed on the 10-1-7 end face. The {10-1-7 end face is 
defined as a light exit face (front). 
0163 A reflecting film (ten cycles, reflectance 95%) is 
formed on the {-1017 end face. The {-1017 end face is 
defined as a reflecting face (rear). 
Device B: A reflecting film (ten cycles, reflectance 95%) is 
formed on the 10-1-7 end face. The {10-1-7 end face is 
defined as a reflecting face (rear). 
0164. A reflecting film (four cycles, reflectance 60%) is 
formed on the {-1017 end face. The {-1017 end face is 
defined as a light exit face (front). 
Device C. The optical emitting face (front) and reflecting face 
(rear) are formed without consideration to crystal planes (in a 
mixed state among bars). The thicknesses of the reflecting 
films are the same as above. 
0165. These laser devices are mounted on a TO header and 
each mounted devices are energized to evaluate the device 
lifetime. A DC power Supply is used as the power Supply. 
Among the laser diodes thus produced, those with the lasing 
wavelength of 520 to 530 nm are evaluated as to the device 
lifetime. On the occasion of measurement of optical output, 
emission from the end face of each laser device is detected 
with a photodiode. During the measurement the ambient tem 
perature is set at 27 degrees Celsius. The optical output is 
monitored under the condition of constant current to measure 
the lifetime of each laser diode. An electric current value is 
adjusted so that the initial value of optical output became 10 

Mar. 31, 2011 

mW. Electric current values in the initial setting are different 
among the laser diodes, and distribute approximately in the 
electric current range of 80 to 150 mA. An elapsed time to half 
of the initial value of optical output is defined as a device 
lifetime. The measurement is continued for at most 500 hours. 

0166 The device lifetimes of the devices A to C are pro 
vided below (unit: hour). 

Device type, Device A, Device B, Device C 

SUB1: >500, 362, 346; 
SUB2: >500, 366, 368; 
SUB3: >500, 242, >500; 
SUB4: >500, 340, >500; 
SUB5: >500, 348, 346; 
SUB6: >500, 312, 274; 
SUB7: >500, 198, >500; 
SUB8: >500, 326, >500; 
SUB9: >500, 256, 172; 
SUB10: >500, 242, SOO. 

0167. An average of device lifetimes of each device type is 
calculated from the above results and the following results are 
obtained. 

Device A: >500h (over the lifetime of 500 hours). 
Device B: 299 h (the average lifetime of 299 hours). 
Device C: >400h (over the lifetime of 400 hours). 
(0168 The above results show that the excellent device 
lifetimes are achieved by taking account of the relation 
between the crystal planes and the total numbers of reflecting 
films in the laser diode chips fabricated from the same epi 
taxial Substrate. Considering that since membrane stress 
increases with increase in the number of reflecting film layers, 
the device degradation tends to proceed with deterioration of 
crystal quality when the total number of films is large on the 
{10-1-7 plane side with weaker chemical properties like 
Device B. The degree of degradation is greater with increase 
in operating current and with increase in operating Voltage. 
From the above tendency, the more heat is generated in the 
device and the less heat is dissipated from the device, the 
greater the degree of degradation is. 
0169. The polarity (plane orientation indicating the direc 
tion of the c-axis) in the end faces of the laser bar can be 
determined, for example, as follows: the laserbaris processed 
by the focused ion beam (FIB) method to form a plane parallel 
to the waveguide, and this plane is observed by the transmis 
sion electron microscopic (TEM) method through the estima 
tion using convergent beam electron diffraction (CBED) 
method. The total number of films can be checked by observ 
ing the portions of the dielectric multilayer films using a 
transmission electron microscope. It is presumed that the 
cause of the device degradation is deterioration of crystal 
quality of the well layers, having a high. In composition, in 
contact with the reflecting film. In order to suppress this 
deterioration to obtain a long-lifetime device, it is preferable 
to decrease the thickness of the reflecting film on the end face 
close to the -c plane and to increase the thickness of the 
reflecting film on the end face close to the +c plane. 
0170 For evaluating the fundamental characteristics of 
the fabricated lasers, evaluation by energization is carried out 
at room temperature. A pulsed power Supply is used as the 
power supply to generate the pulse width of 500 ns and the 
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duty ratio of 0.1%. In measurement of optical output, emis 
sion from the laser end face is detected with a photodiode, and 
the current-optical output characteristic (I-L characteristic) is 
measured. In measurement of emission wavelength, the emis 
sion from the laser end face is made to pass through an optical 
fiber and a spectrum thereof is measured using a spectrum 
analyzer as a detector. In estimating the polarization, the 
emission from the laser is observed through a polarizer, and 
the polarizer is rotated to estimate the polarization state of the 
laser beam. In observing LED-mode light, an optical fiber is 
provided to receive light emitted from the top surface of the 
laser to measure light emitted from the top surface of the laser 
device. 

0171 The polarization state in the lasing state is estimated 
for all the lasers, which shows that the emission is polarized in 
the a-axis direction. The lasing wavelength is in the range of 
500 to 530 nm. 

0172. The polarization state of the LED-mode light (spon 
taneous emission) is measured with all the lasers. The degree 
of polarization p is defined as (I1-I2)/(I1+I2), where I1 indi 
cates a polarization component in the direction of the a-axis, 
and I2 indicates a polarization component in the direction of 
the projected m-axis onto the primary Surface. A relationship 
of determined polarization degreep versus minimum thresh 
old current density is estimated in this way, and the result 
obtained is shown in FIG. 9. It is seen from FIG. 9 that when 
the polarization degree is positive, the threshold current den 
sity significantly decreases in the lasers with the laser stripe 
along the M-direction. Namely, it is seen that the threshold 
current density is largely decreased, when the polarization 
degree is positive (I1 >I2) and when the waveguide is provided 
in the off direction. The data shown in FIG. 9 is as follows. 

Degree of Threshold current, Threshold current. 
polarization, (M-direction stripe), (<11-20> stripe) 

0.08, 64, 2O. 
0.05, 18, 42. 
0.15, 9, 48. 
0.276, 7, 52. 
0.4 6. 

0173 A relationship of inclination angle of the c-axis 
toward the m-axis direction of the GaN substrate versus las 
ingyield is estimated, and the result obtained is shown in FIG. 
10. In the present example, the lasing yield is defined as the 
following expression: (number of oscillating chips)/(number 
of measured chips). FIG.10 is a plot of measured values in the 
lasers including the M-direction laser stripe and the substrate 
with the stacking fault density of not more than 1x10" (cm). 
It is seen from FIG. 10 that the lasing yield is extremely low 
when the off angle is not more than 45 degrees. The end face 
state is observed with an optical microscope, and the obser 
Vation shows that at angles Smaller than 45 degrees, the 
m-plane appeared in almost all chips and the desired vertical 
ity is not achieved. It is also seen that in the range of the off 
angle of not less than 63 degrees and not more than 80 
degrees, the verticality is improved and the lasingyield is also 
increased to 50% or more. From these results, the optimum 
range of the off angle of the GaN substrate is not less than 63 
degrees and not more than 80 degrees. The same result is 
obtained in the range of not less than 100 degrees and not 
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more than 117 degrees, which is the angular range where the 
end faces are crystallographically equivalent. 
The data shown in FIG. 10 is as follows. 

Angle of inclination, Yield. 

10, 0.1. 
43, 0.2. 
58, SO. 
63, 65. 
66, 80. 
71, 85. 
75, 80. 
79, 75. 
85, 45. 
90, 35. 

Example 2 
0.174. The below provides plane indices of primary sur 
faces of GaN substrates and plane indices perpendicular to the 
primary Surfaces of substrates and nearly perpendicular to the 
direction of the projected c-axis onto the primary Surface. The 
unit of angle is “degree.” 
Plane index of primary surface: Angle to (0001), Plane index 
of first end face perpendicular to primary Surface, Angle to 
primary Surface. 
(0001): 0.00, (-1010), 90.00; part (a) of FIG. 11. 
(10-17): 15.01, (-2021), 90.10; part (b) of FIG. 11. 
(10-12): 43.19, (-4047), 90.20; part (a) of FIG. 12. 
(10-11): 61.96, (-2027), 90.17; part (b) of FIG. 12. 
(20-21): 75.09, (-1017), 90.10; part (a) of FIG. 13. 
(10-10): 90.00, (0001), 90.00; part (b) of FIG. 13. 
(20-2-1): 104.91, (10-17), 89.90; part (a) of FIG. 14. 
(10-1-1): 118.04, (20-27), 89.83; part (b) of FIG. 14. 
(10-1-2): 136.81, (40-47), 89.80; part (a) of FIG. 15. 
(10-1-7): 164.99, (20-21), 89.90; part (b) of FIG. 15. 

(000-1): 180.00, (10-10), 90.00; FIG. 16. 
0.175 FIGS. 11 to 16 are drawings schematically showing 
atomic arrangements in crystal Surfaces of plane indices 
available for the end faces for the optical cavity perpendicular 
to the primary surface. With reference to part (a) of FIG. 11, 
atomic arrangements in the (-1010) plane and (10-10) plane 
perpendicular to the (0001)-plane primary surface are sche 
matically shown. With reference to part (b) of FIG. 11, atomic 
arrangements in the (-2021) plane and (20-2-1) plane per 
pendicular to the (10-17)-plane primary surface are schemati 
cally shown. With reference to part (a) of FIG. 12, atomic 
arrangements in the (-4.047) plane and (40-4-7) plane per 
pendicular to the (10-12)-plane primary Surface are schemati 
cally shown. With reference to part (b) of FIG. 12, atomic 
arrangements in the (-2027) plane and (20-2-7) plane per 
pendicular to the (10-11)-plane primary Surface are shown. 
With reference to part (a) of FIG. 13, atomic arrangements in 
the (-1017) plane and (10-1-7) plane perpendicular to the 
(20-21)-plane primary surface are schematically shown. With 
reference to part (b) of FIG. 13, atomic arrangements in the 
(0001) plane and (000-1) plane perpendicular to the (10-10)- 
plane primary surface are schematically shown. With refer 
ence to part (a) of FIG. 14, atomic arrangements in the (10-17) 
plane and (-101-7) plane perpendicular to the (20-2-1)-plane 
primary surface are shown. With reference to part (b) of FIG. 
14, atomic arrangements in the (20-27) plane and (-202-7) 
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plane perpendicular to the (10-1-1)-plane primary Surface are 
shown. With reference to part (a) of FIG. 15, atomic arrange 
ments in the (40-47) plane and (-404-7) plane perpendicular 
to the (10-1-2)-plane primary Surface are schematically 
shown. With reference to part (b) of FIG. 15, arrangements in 
the (20-21) plane and (-202-1) plane perpendicular to the 
(10-1-7)-plane primary surface are shown. With reference to 
FIG. 16, atomic arrangements in the (10-10) plane and 
(-1010) plane perpendicular to the (000-1)-plane primary 
Surface are schematically shown. In these drawings, black 
dots indicate nitrogenatoms and white dots indicate Group III 
atOmS. 

(0176 It is understood with reference to FIGS. 11 to 16 that 
the Surface arrangements of constituent atoms vary even in 
planes with a relatively small off angle from the c-plane, to 
significantly change the Surface morphology. For example, 
part (b) of FIG. 11 shows the case where the primary surface 
of the substrate is (10-17) and the angle to the (0001) plane is 
about 15 degrees. In this case, the first end face is (-2021) and 
the second end face is (20-2-1); these two crystal planes are 
considerably different in kinds of constituent elements in the 
outermost Surface and in the number and angles of bonds 
bound to the crystal, and thus have significantly different 
chemical properties. In the conventional case where the pri 
mary surface of the substrate is the (0001) plane commonly 
used for the nitride semiconductor lasers, as shown in part (a) 
of FIG. 11, the end faces for the optical cavity are the (10-10) 
plane and (-1010) plane; these two crystal planes have the 
same types of constituent elements in the outermost surface 
and the same number and angles of bonds bound to the crys 
tal, and thus have the same chemical properties. It is shown 
that the types of constituent elements in the surfaces of the 
end faces and the number and angles of bonds bound to the 
crystal significantly vary with increase in the angle of incli 
nation of the substrate primary surface from the (0001) plane. 
This reveals that if the laser diode has the substrate primary 
surface of the (0001) plane, the good laser device can be 
fabricated without special attention to characteristics of the 
end face coatings, whereas if the laser diode has a substrate 
with a primary Surface of a semipolar plane, device charac 
teristics can be improved by certainly unifying the plane 
orientations of the end faces in formation of the end face 
COats. 

0177 According to Inventors knowledge, it is presumed 
that reaction of nitrogenatoms at the Surface with the end face 
coating films is promoted with increase in a rate of nitrogen 
atoms bound each through three bonds to the crystal and 
arranged at two or more continuous locations. For example, 
part (a) of FIG. 13 is the case where the substrate primary 
surface is the (20-21) plane and the angle to the (0001) plane 
is about 75 degrees. In this case, the first end face is the 
(-1017) plane, the second end face is the (10-1-7) plane, and 
in the (10-1-7) plane there are three continuous locations 
where each nitrogenatom is bound through three bonds to the 
crystal. Therefore, reaction with the end face coat film is 
likely to be promoted. At this time, the c-axis vector indi 
cating the direction of the <0001 > axis of the GaN substrate 
is inclined at an angle in the range of approximately not less 
than 45 degrees and not more than 80 degrees or in the range 
of not less than 100 degrees and not more than 135 degrees 
toward the direction of any one crystal axis of the m-axis and 
the a-axis of the GaN substrate with respect to the normal 
vector indicating the direction of the normal axis to the pri 
mary surface of the GaN substrate. 
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0178. In this laser diode, when the waveguide vector WV 
making the acute angle with the c-axis vector is directed in 
the direction from the second end face (e.g., the end face 28 in 
FIG. 1) to the first end face (e.g., the end face26 in FIG.1), the 
thickness of the second dielectric multilayer film on the sec 
ond end face (C-side) is smaller than the thickness of the first 
dielectric multilayer film on the first end face (C+ side); 
therefore, the second dielectric multilayer film is the front 
side and the laser beam is emitted from this front side. The 
first dielectric multilayer film is the rear side, and the laser 
beam is reflected by this rear side. When the thickness of the 
second dielectric multilayer film (C- film) on the front side is 
smaller than the thickness of the first dielectric multilayer 
film (C+ film) on the rear side, it is feasible to reduce the 
device degradation with deterioration of crystal quality pro 
ceeding from the second end face due to the dielectric multi 
layer film on the end face, and thereby avoiding the reduction 
in device lifetime. 
0179 According to various experiments including the 
above examples, the angle ALPHA can be in the range of not 
less than 45 degrees and not more than 80 degrees or in the 
range of not less than 100 degrees and not more than 135 
degrees. In order to improve the lasing chip yield and device 
lifetime, the angle ALPHA can be in the range of not less than 
63 degrees and not more than 80 degrees or in the range of not 
less than 100 degrees and not more than 117 degrees. In the 
case of the inclination of the <0.001 > axis toward the m-axis 
direction, the primary Surface can be any one of typical semi 
polar planes, e.g., the 20-21} plane, {10-11} plane, 20-2- 
1} plane, and {10-1-1} plane. Furthermore, the primary sur 
face can be a slightly inclined plane from these semipolar 
planes. The semipolar principal plane can be a slightly 
inclined plane offin the range of not less than-4 degrees and 
not more than +4 degrees toward the m-plane direction, for 
example, from any one of the 20-21 plane, {10-11} plane, 
{20-2-1} plane, and {10-1-1} plane. In the case of the incli 
nation of the <0001 > axis toward the a-axis direction, the 
primary Surface can be any one of typical semipolar planes, 
e.g., the {11-22 plane, {11-21 plane, {11-2-1} plane, and 
{11-2-2 plane. Furthermore, the primary surface can be a 
slightly inclined Surface from these semipolar planes. The 
semipolar principal plane can be a slightly inclined plane in 
the range of not less than -4 degrees and not more than +4 
degrees toward the a-plane direction, for example, from any 
one of the {11-22 plane, {11-21 plane, {11-2-1} plane, and 
{11-2-2 plane. 
0180. As described above, the above embodiments pro 
vide the III-nitride semiconductor laser device with the long 
device lifetime. Furthermore, the above embodiment pro 
vides the method for fabricating the III-nitride semiconductor 
laser device with the long device lifetime. 
0181 Having been described and illustrated the principle 
of the present invention in the preferred embodiments, but it 
is recognized by those skilled in the art that the present inven 
tion can be modified in arrangement and in detail without 
departing from the principle. The present invention is by no 
means intended to be limited to the specific configurations 
disclosed in the embodiments. Therefore, the applicant 
claims all modifications and changes falling within the scope 
of claims and resulting from the scope of spirit thereof. 
What is claimed is: 
1. A III-nitride semiconductor laser device comprising: 
a laser structure comprising a Support base and a semicon 

ductor region, the Support base having a semipolar pri 
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mary Surface of a III-nitride semiconductor, and the 
semiconductor region being provided on the semipolar 
primary Surface of the Support base; and 

first and second dielectric multilayer films for an optical 
cavity of the nitride semiconductor laser device, the first 
and second dielectric multilayer films being provided on 
first and second end faces of the semiconductor region, 
respectively, 

the semiconductor region including a first cladding layer of 
a first conductivity type gallium nitride-based semicon 
ductor, a second cladding layer of a second conductivity 
type gallium nitride-based semiconductor, and an active 
layer, and the an active layer being provided between the 
first cladding layer and the second cladding layer, 

the first cladding layer, the second cladding layer, and the 
active layer being arranged in a normal axis to the semi 
polar primary Surface, 

the active layer comprising a gallium nitride-based semi 
conductor layer, 

a c+ axis vector being inclined at an angle in a range of not 
less than 45 degrees and not more than 80 degrees and of 
not less than 100 degrees and not more than 135 degrees 
toward a direction of any one crystal axis of m- and 
a-axes of the III-nitride semiconductor with respect to a 
normal vector, the c-axis vector indicating a direction 
of a <0001 > axis of the III-nitride semiconductor of the 
Support base, and the normal vector indicating a direc 
tion of the normal axis, 

the first and second end faces intersecting with a reference 
plane, the reference plane being defined by the normal 
axis and the one crystal axis of the hexagonal III-nitride 
semiconductor, 

the c-axis vector making an acute angle with a waveguide 
vector, and the waveguide vector indicating a direction 
from the second end face to the first end face, and 

a thickness of the second dielectric multilayer film being 
smaller than a thickness of the first dielectric multilayer 
film. 

2. The III-nitride semiconductor laser device according to 
claim 1, wherein the laser structure comprises first and second 
Surfaces, and the first Surface is opposite to the second Sur 
face, 

wherein the semiconductor region is located between the 
first Surface and the Support base, and 

wherein each of the first and second end faces is included in 
a fractured face, and the fractured face extends from an 
edge of the first Surface to an edge of the second Surface. 

3. The III-nitride semiconductor laser device according to 
claim 1, wherein the c-axis of the III-nitride semiconductor is 
inclined toward the direction of the m-axis of the nitride 
semiconductor. 

4. The III-nitride semiconductor laser device according to 
claim 1, wherein the primary Surface of the Support base is 
inclined in the range of not less than-4 degrees and not more 
than +4 degrees with respect to any one of 10-11}, {20-21}, 
{20-2-1}, and {10-1-1} planes. 

5. The III-nitride semiconductor laser device according to 
claim 1, wherein the c-axis of the III-nitride semiconductor is 
inclined toward the direction of the a-axis of the nitride semi 
conductor. 

6. The III-nitride semiconductor laser device according to 
claim 1, wherein the primary Surface of the Support base is 

Mar. 31, 2011 

inclined in the range of not less than-4 degrees and not more 
than +4 degrees from any one of {11-22, 11-21}, {11-2-1}, 
and {11-2-2 planes. 

7. The III-nitride semiconductor laser device according to 
claim 1, wherein the active layer comprises a well layer of a 
strained gallium nitride-based semiconductor, and the 
strained gallium nitride-based semiconductor containing 
indium as a constituent element. 

8. The III-nitride semiconductor laser device according to 
claim 1, wherein the active layer is provided to generate a 
laser beam having a wavelength in a range of 430 nm to 550 

. 

9. The III-nitride semiconductor laser device according to 
claim 1, wherein the III-nitride semiconductor comprises 
GaN. 

10. The III-nitride semiconductor laser device according to 
claim 1, wherein the first dielectric multilayer film has a 
dielectric layer, and the dielectric layer in the first dielectric 
multilayer film is comprised of at least one of silicon oxide, 
silicon nitride, silicon oxynitride, titanium oxide, titanium 
nitride, titanium oxynitride, Zirconium oxide, Zirconium 
nitride, Zirconium oxynitride, Zirconium fluoride, tantalum 
oxide, tantalum nitride, tantalum oxynitride, hafnium oxide, 
hafnium nitride, hafnium oxynitride, hafnium fluoride, alu 
minum oxide, aluminum nitride, aluminum oxynitride, mag 
nesium fluoride, magnesium oxide, magnesium nitride, mag 
nesium oxynitride, calcium fluoride, barium fluoride, cerium 
fluoride, antimony oxide, bismuth oxide, and gadolinium 
oxide, and 

wherein the second dielectric multilayer film has a dielec 
tric layer, and the dielectric layer in the second dielectric 
multilayer film is comprised of at least one of silicon 
oxide, silicon nitride, silicon oxynitride, titanium oxide, 
titanium nitride, titanium oxynitride, Zirconium oxide, 
Zirconium nitride, Zirconium oxynitride, Zirconium 
fluoride, tantalum oxide, tantalum nitride, tantalum 
Oxynitride, hafnium oxide, hafnium nitride, hafnium 
Oxynitride, hafnium fluoride, aluminum oxide, alumi 
num nitride, aluminum oxynitride, magnesium fluoride, 
magnesium oxide, magnesium nitride, magnesium 
oxynitride, calcium fluoride, barium fluoride, cerium 
fluoride, antimony oxide, bismuth oxide, and gado 
linium oxide. 

11. A method of fabricating a III-nitride semiconductor 
laser device, comprising the steps of: 

preparing a substrate with a semipolar primary Surface, the 
semipolar primary Surface comprising a hexagonal III 
nitride semiconductor, 

forming a Substrate product having a laser structure, an 
anode electrode, and a cathode electrode, the laser struc 
ture comprising a substrate and a semiconductor region, 
and the semiconductor region being formed on the semi 
polar primary Surface; 

after forming the Substrate product, forming first and sec 
ond end faces; and 

forming first and second dielectric multilayer films for an 
optical cavity of the nitride semiconductor laser device 
on the first and second end faces, respectively, 

the first and second end faces intersecting with a reference 
plane, the reference plane being defined by a normal axis 
to the semipolar primary Surface and any one crystal axis 
of a- and m-axes of the hexagonal III-nitride semicon 
ductor, 
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the semiconductor region comprising a first cladding layer 
of a first conductivity type gallium nitride-based semi 
conductor, a second cladding layer of a second conduc 
tivity type gallium nitride-based semiconductor, and an 
active layer, and the active layer being provided between 
the first cladding layer and the second cladding layer, 

the first cladding layer, the second cladding layer, and the 
active layer being arranged in a direction of the normal 
aX1S, 

the active layer comprising a gallium nitride-based semi 
conductor layer, 

the semipolar primary Surface of the Substrate being 
inclined at an angle in a range of not less than 45 degrees 
and not more than 80 degrees and of not less than 100 
degrees and not more than 135 degrees with respect to a 
plane perpendicular to a c-axis vector, and the c-axis 
vector indicating a direction of the <0001 > axis of the 
nitride semiconductor, 

the c-axis vector making an acute angle with a waveguide 
vector, and the waveguide vector indicating a direction 
from the second end face to the first end face, and 

a thickness of the second dielectric multilayer film being 
smaller than a thickness of the first dielectric multilayer 
film. 

12. The method according to claim 11, further comprising 
a step of prior to forming the first and second dielectric 
multilayer films, determining plane orientations of the first 
and second end faces. 

13. The method according to claim 11, wherein the step of 
forming the first and second end faces comprises the steps of 

scribing a first Surface of the Substrate product; and 
breaking the Substrate product by press against a second 

surface of the substrate product to form a laser bar hav 
ing the first and second end faces, 

the first and second end faces of the laser bar being formed 
by the breaking, 

the first Surface being opposite to the second Surface, 
the semiconductor region being provided between the first 

Surface and the Substrate, and 
each of the first and second end faces of the laser bar being 

included in a fractured face, and the fractured face 
extending from the first Surface to the second Surface and 
being formed by the breaking. 

14. The method according to claim 11, wherein a c-axis of 
the III-nitride semiconductor is inclined toward a direction of 
the m-axis of the nitride semiconductor. 

15. The method according to claim 11, wherein the primary 
Surface of the Substrate is inclined in a range of not less than 
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-4 degrees and not more than +4 degrees with respect to any 
one of {10-11}, {20-21, 20-2-1}, and {10-1-1} planes. 

16. The method according to claim 11, wherein a c-axis of 
the III-nitride semiconductor is inclined toward a direction of 
an a-axis of the nitride semiconductor. 

17. The method according to claim 11, wherein the primary 
Surface of the Substrate is inclined in the range of not less than 
-4 degrees and not more than +4 degrees from any one of 
{11-22}, {11-21}, {11-2-1}, and {11-2-2 planes. 

18. The method according to claim 11, whereinformation 
of the active layer comprises a step of growing a well layer of 
a strained gallium nitride-based semiconductor, and the 
strained gallium nitride-based semiconductor contains 
indium as a constituent element. 

19. The method according to claim 11, wherein the active 
layer is provided to generate light at a wavelength of 430-550 

. 

20. The method according to claim 11, wherein the III 
nitride semiconductor comprises GaN. 

21. The method according to claim 11, wherein the first 
dielectric multilayer film has a dielectric layer, and the a 
dielectric layer in the first dielectric multilayer film is formed 
using at least one of silicon oxide, silicon nitride, silicon 
oxynitride, titanium oxide, titanium nitride, titanium oxyni 
tride, Zirconium oxide, Zirconium nitride, Zirconium oxyni 
tride, Zirconium fluoride, tantalum oxide, tantalum nitride, 
tantalum oxynitride, hafnium oxide, hafnium nitride, 
hafnium oxynitride, hafnium fluoride, aluminum oxide, alu 
minum nitride, aluminum oxynitride, magnesium fluoride, 
magnesium oxide, magnesium nitride, magnesium oxyni 
tride, calcium fluoride, barium fluoride, cerium fluoride, anti 
mony oxide, bismuth oxide, and gadolinium oxide, and 

wherein the second dielectric multilayer film has a dielec 
tric layer, and the dielectric layer in the second dielectric 
multilayer film is formed using at least one selected from 
silicon oxide, silicon nitride, silicon oxynitride, titanium 
oxide, titanium nitride, titanium oxynitride, Zirconium 
oxide, Zirconium nitride, Zirconium oxynitride, Zirco 
nium fluoride, tantalum oxide, tantalum nitride, tanta 
lum oxynitride, hafnium oxide, hafnium nitride, 
hafnium oxynitride, hafnium fluoride, aluminum oxide, 
aluminum nitride, aluminum oxynitride, magnesium 
fluoride, magnesium oxide, magnesium nitride, magne 
sium oxynitride, calcium fluoride, barium fluoride, 
cerium fluoride, antimony oxide, bismuth oxide, and 
gadolinium oxide. 


