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METHOD OF FABRICATING
NITRIDE-BASED SEMICONDUCTOR
LIGHT-EMITTING DEVICE AND
NITRIDE-BASED SEMICONDUCTOR
LIGHT-EMITTING DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method of fab-
ricating a nitride-based semiconductor light-emitting device
and a nitride-based semiconductor light-emitting device, and
more particularly, it relates to a method of fabricating a
nitride-based semiconductor light-emitting device having a
nitride-based semiconductor layer formed on a nitride-based
semiconductor substrate and a nitride-based semiconductor
light-emitting device.

[0003] 2. Description of the Background Art

[0004] A nitride-based semiconductor light-emitting
device such as a nitride-based semiconductor laser diode
having a nitride-based semiconductor layer formed on a
GaN substrate employed as a nitride-based semiconductor
substrate is known in general, as disclosed in Japanese
Patent Laying-Open No. 2000-58972, for example.

[0005] The aforementioned Japanese Patent Laying-Open
No. 2000-58972 discloses a nitride-based semiconductor
laser diode formed by successively growing an n-type
nitride-based semiconductor layer, a light-emitting layer and
a p-type nitride-based semiconductor layer on an n-type
GaN substrate having a planar surface. In the conventional
nitride-based semiconductor laser diode disclosed in the
aforementioned Japanese Patent Laying-Open No. 2000-
58972, an n-type cladding layer formed on the n-type GaN
substrate as the n-type nitride-based semiconductor layer has
a structure obtained by alternately stacking 100 n-type
AlGaN layers and 100 undoped GaN layers with each other.
[0006] In the conventional nitride-based semiconductor
laser diode disclosed in the aforementioned Japanese Patent
Laying-Open No. 2000-58972, however, the quantity of
cracks formed on the n-type AlGaN layers is disadvanta-
geously increased when the n-type AlGaN layers constitut-
ing the n-type cladding layer are grown on the n-type GaN
substrate having the planar surface. More specifically, when
an n-type AlGaN layer 202 grown on an n-type GaN
substrate 201 having a planar surface as shown in FIG. 32
is strained due to the difference between the lattice constants
of the n-type GaN substrate 201 and the n-type AlGaN layer
202, it is difficult to relax this strain. When the n-type AlGaN
layer 202 is grown on the n-type GaN substrate 201 having
the planar surface, therefore, the quantity of cracks 203
formed on the n-type AlGaN layer 202 to extend in the
[11-20] direction (see FIG. 34) and the [1-210] and [-2110]
directions (see FIG. 34) equivalent to the [11-20] direction
is increased as shown in FIG. 33. Referring to FIG. 34, 0 is
120°.

[0007] When the quantity of cracks formed on the n-type
AlGaN layers (n-type nitride-based semiconductor layer) is
increased in the nitride-based semiconductor laser diode
disclosed in the aforementioned Japanese Patent Laying-
Open No. 2000-58972, a large number of cracks are disad-
vantageously formed also on the light-emitting layer and the
p-type nitride-based semiconductor layer successively
formed on the n-type nitride-based semiconductor layer. In
the nitride-based semiconductor laser diode disclosed in the
aforementioned Japanese Patent Laying-Open No. 2000-
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58972, therefore, a large number of cracks formed on a
nitride-based semiconductor device layer including the
n-type nitride-based semiconductor layer, the light-emitting
layer and the p-type nitride-based semiconductor layer dis-
advantageously increase a leakage current not supplied to a
light-emitting portion of the nitride-based semiconductor
device layer and hinder a transmission of a light. Conse-
quently, the characteristics and the yield of the nitride-based
semiconductor laser diode are disadvantageously reduced in
the nitride-based semiconductor laser diode disclosed in the
aforementioned Japanese Patent Laying-Open No. 2000-
58972.

SUMMARY OF THE INVENTION

[0008] The present invention has been proposed in order
to solve the aforementioned problem, and an object of the
present invention is to provide a method of fabricating a
nitride-based semiconductor light-emitting device capable
of suppressing reduction of characteristics and a yield.
[0009] Another object of the present invention is to pro-
vide a nitride-based semiconductor light-emitting device
capable of suppressing reduction of characteristics and a
yield.

[0010] In order to attain the aforementioned objects, a
method of fabricating a nitride-based semiconductor light-
emitting device according to a first aspect of the present
invention comprises steps of forming a groove portion on a
nitride-based semiconductor substrate by selectively remov-
ing a prescribed region of a second region of the nitride-
based semiconductor substrate other than a first region
corresponding to a light-emitting portion of a nitride-based
semiconductor layer formed on the nitride-based semicon-
ductor substrate up to a prescribed depth and forming the
nitride-based semiconductor layer having a different com-
position from the nitride-based semiconductor substrate on
the first region and the groove portion of the nitride-based
semiconductor substrate.

[0011] In the method of fabricating a nitride-based semi-
conductor light-emitting device according to the first aspect
of the present invention, as hereinabove described, the
groove portion is formed on the nitride-based semiconductor
substrate by selectively removing the prescribed region of
the second region of the nitride-based semiconductor sub-
strate other than the first region corresponding to the light-
emitting portion up to the prescribed depth so that a material
constituting the nitride-based semiconductor layer formed
on the nitride-based semiconductor substrate by metal-
organic chemical vapor deposition (MOCVD) is hardly
deposited on the side surface of the groove portion when the
side surface of the groove portion is perpendicular to the
surface of the nitride-based semiconductor substrate and the
opening width of the groove portion is gradually reduced
from the bottom surface toward the opening end of the
groove portion, whereby the thickness of a portion of the
nitride-based semiconductor layer formed on the side sur-
face of the groove portion can be reduced below that of a
portion of the nitride-based semiconductor layer formed on
the first region. Also when the nitride-based semiconductor
layer is strained due to the difference between the lattice
constants of the nitride-based semiconductor substrate and
the nitride-based semiconductor layer in this case, the strain
concentrates on the portion, having the smaller thickness, of
the nitride-based semiconductor layer located on the side
surface of the groove portion, whereby the nitride-based
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semiconductor layer can be rendered less strained on the
portion located on the first region.

[0012] When the nitride-based semiconductor substrate is
formed by a GaN substrate, the nitride-based semiconductor
layer is formed by an AlGaN layer and the opening width of
the groove portion is gradually increased from the bottom
surface toward the opening end of the groove portion, the Al
composition ratio of the portion of the nitride-based semi-
conductor layer formed on the side surface of the groove
portion can be reduced below the Al composition ratio of the
portion of the nitride-based semiconductor layer formed on
the first region. This is conceivably because GGa which is one
of the constituents of the nitride-based semiconductor layer,
more easily movable on a growth surface as compared with
Al, easily moves toward the side surface of the groove
portion when the nitride-based semiconductor layer is
formed on the nitride-based semiconductor substrate by
MOCVD or the like. Thus, the lattice constant of the portion,
having the lower Al composition ratio, of the nitride-based
semiconductor layer (AlGaN layer) located on the side
surface of the groove portion so approaches the lattice
constant of the nitride-based semiconductor substrate (GaN
substrate) that the difference between the lattice constants of
the nitride-based semiconductor substrate and the nitride-
based semiconductor layer can be reduced on the portion,
having the lower Al composition ratio, of the nitride-based
semiconductor layer located on the side surface of the
groove portion. When the nitride-based semiconductor layer
is strained due to the difference between the lattice constants
of the nitride-based semiconductor substrate and the nitride-
based semiconductor layer in this case, the strain is relaxed
on the portion, having the lower Al composition ratio, of the
nitride-based semiconductor layer located on the side sur-
face of the groove portion, whereby the nitride-based semi-
conductor layer can be rendered less strained on the portion
located on the first region.

[0013] Thus, the strain caused on the nitride-based semi-
conductor layer can be reduced according to the first aspect,
whereby the nitride-based semiconductor layer can be pre-
vented from increase of the quantity of cracks disadvanta-
geously resulting from remarkable strain caused on the
nitride-based semiconductor layer. Therefore, cracks can be
inhibited from increasing a leakage current not supplied to
a light-emitting portion of the nitride-semiconductor layer
and hindering a transmission of a light. Consequently, the
nitride-based semiconductor light-emitting device can be
inhibited from reduction of characteristics and a yield.
[0014] In the aforementioned structure, the nitride-based
semiconductor substrate preferably includes a GaN sub-
strate, and the nitride-based semiconductor layer preferably
includes a layer containing Al, Ga and N. According to this
structure, the nitride-based semiconductor light-emitting
device comprising the GaN substrate and the nitride-based
semiconductor layer including an AlGaN layer (layer con-
taining Al, Ga and N) formed on the GaN substrate can be
easily prevented from increase of the quantity of cracks
formed on the nitride-based semiconductor layer due to the
difference between the lattice constants of the GaN substrate
and the AlGaN layer.

[0015] In the aforementioned structure provided with the
nitride-based semiconductor substrate including the GaN
substrate and the nitride-based semiconductor layer includ-
ing the layer containing Al, Ga and N, the step of forming
the nitride-based semiconductor layer on the nitride-based
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semiconductor substrate preferably includes a step of form-
ing the nitride-based semiconductor layer on the upper
surface of the first region of the nitride-based semiconductor
substrate and the bottom surface and the side surface of the
groove portion, and the Al composition ratio of a portion of
the nitride-based semiconductor layer formed on the side
surface of the groove portion is preferably lower than the Al
composition ratio of a portion of the nitride-based semicon-
ductor layer formed on the upper surface of the first region.
According to this structure, the lattice constant of the
portion, having the lower Al composition ratio, of the
nitride-based semiconductor layer (AlGaN layer) located on
the side surface of the groove portion approaches the lattice
constant of the nitride-based semiconductor layer (GaN
substrate), whereby the difference between the lattice con-
stants of the nitride-based semiconductor substrate and the
nitride-based semiconductor layer can be reduced in the
portion, having the lower Al composition ratio, of the
nitride-based semiconductor layer located on the side sur-
face of the groove portion. When the nitride-based semi-
conductor layer is strained due to the difference between the
lattice constants of the nitride-based semiconductor sub-
strate and the nitride-based semiconductor layer, therefore,
the strain can be easily relaxed on the portion, having the
lower Al composition ratio, of the nitride-based semicon-
ductor layer located on the side surface of the groove
portion.

[0016] In this case, the step of forming the groove portion
on the nitride-based semiconductor substrate preferably
includes a step of forming the groove portion so that the
opening width of the groove portion is gradually increased
from the bottom surface toward the opening end of the
groove portion. According to this structure, Ga which is one
of the constituents of the nitride-based semiconductor layer,
more easily movable on a growth surface as compared with
Al conceivably easily moves toward the side surface of the
groove portion when the nitride-based semiconductor layer
is formed on the nitride-based semiconductor substrate by
MOCYVD or the like, whereby the Al composition ratio of the
portion of the nitride-based semiconductor layer formed on
the side surface of the groove portion can be easily reduced
below the Al composition ratio of the portion of the nitride-
based semiconductor layer formed on the first region.
[0017] In the aforementioned structure, the step of form-
ing the nitride-based semiconductor layer on the nitride-
based semiconductor substrate preferably includes a step of
forming the nitride-based semiconductor layer on the upper
surface of the first region of the nitride-based semiconductor
substrate and the bottom surface and the side surface of the
groove portion, and the thickness of a portion of the nitride-
based semiconductor layer formed on the side surface of the
groove portion is preferably smaller than the thickness of a
portion of the nitride-based semiconductor layer formed on
the upper surface of the first region. According to this
structure, strain concentrates on the portion, having the
smaller thickness, of the nitride-based semiconductor layer
located on the side surface of the groove portion when the
nitride-based semiconductor layer is strained due to the
difference between the lattice constants of the nitride-based
semiconductor substrate and the nitride-based semiconduc-
tor layer, whereby the strain caused on the nitride-based
semiconductor layer can be easily relaxed on the portion
located on the first region.
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[0018] In the aforementioned case where the thickness of
the portion of the nitride-based semiconductor layer formed
on the side surface of the groove portion is smaller than the
thickness of the portion of the nitride-based semiconductor
layer formed on the upper surface of the first region, the step
of forming the groove portion on the nitride-based semicon-
ductor substrate may include a step of forming the groove
portion so that the side surface of the groove portion is
substantially perpendicular to the surface of the nitride-
based semiconductor substrate. According to this structure,
the material constituting the nitride-based semiconductor
layer formed on the nitride-based semiconductor substrate
by MOCVD is hardly deposited on the side surface of the
groove portion, whereby the thickness of the portion of the
nitride-based semiconductor layer formed on the side sur-
face of the groove portion can be easily reduced below that
of the portion of the nitride-based semiconductor layer
formed on the first region.

[0019] In the aforementioned case where the thickness of
the portion of the nitride-based semiconductor layer formed
on the side surface of the groove portion is smaller than the
thickness of the portion of the nitride-based semiconductor
layer formed on the upper surface of the first region, the step
of forming the groove portion on the nitride-based semicon-
ductor substrate may include a step of forming the groove
portion so that the opening width of the groove portion is
gradually reduced from the bottom surface toward the
opening end of the groove portion. According to this struc-
ture, the material constituting the nitride-based semiconduc-
tor layer formed on the nitride-based semiconductor sub-
strate by MOCVD or the like is more hardly deposited on the
side surface of the groove portion as compared with a case
where the side surface of the groove portion is substantially
perpendicular to the surface of the nitride-based semicon-
ductor substrate, whereby the thickness of the portion of the
nitride-based semiconductor layer formed on the side sur-
face of the groove portion can be more easily reduced below
that of the portion of the nitride-based semiconductor layer
formed on the first region.

[0020] In the aforementioned structure, the step of form-
ing the groove portion on the nitride-based semiconductor
substrate may include a step of forming a slender groove
portion extending in a prescribed direction on the nitride-
based semiconductor substrate. According to this structure,
cracks extending in a direction intersecting with the pre-
scribed direction can be inhibited from propagation across a
region corresponding to the groove portion extending in the
prescribed direction.

[0021] In the aforementioned structure, the surface of the
nitride-based semiconductor substrate preferably has a
(H,K,-H-K,L.) plane (H and K are integers, and at least
either H or K is nonzero). In general, a piezoelectric field
generated in the nitride-based semiconductor layer is maxi-
mized when the surface of the nitride-based semiconductor
substrate is the (0001) plane if in-plane strain is applied to
the nitride-based semiconductor layer. Therefore, a piezo-
electric field generated in a light-emitting layer consisting of
a nitride-based semiconductor can be reduced by forming
the surface of the nitride-based semiconductor substrate by
the (H,K,-H,-K,[.) plane other than the (0001) plane,
whereby luminous efficiency can be improved.

[0022] In this case, the surface of the nitride-based semi-
conductor substrate preferably has a (H,K,-H-K,0) plane.
According to this structure, no piezoelectric field is gener-
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ated in the light-emitting layer consisting of a nitride-based
semiconductor, whereby the luminous efficiency can be
further improved.

[0023] In the aforementioned structure provided with the
nitride-based semiconductor substrate including the surface
having the (H,K,-H-K,L) plane, the surface of the nitride-
based semiconductor substrate preferably has a (H,K,-H-
K,L) plane (L. is a nonzero integer). According to this
structure, atomic-layer steps can be formed on the surface,
whereby the mode of crystal growth tends to be step-flow
growth starting from the steps, thereby improving crystal-
linity of the nitride-based semiconductor light-emitting
device.

[0024] In the aforementioned structure provided with the
nitride-based semiconductor substrate including the surface
having the (H,K,-H-K,L) plane, the step of forming the
groove portion on the nitride-based semiconductor substrate
preferably includes a step of forming the groove portion
extending along a [K,-H,H-K,0] direction on the nitride-
based semiconductor substrate. According to this structure,
cracks can be effectively inhibited from propagation in the
direction intersecting with the [0001] direction easily caus-
ing cracks.

[0025] In the aforementioned structure, the step of form-
ing the groove portion on the nitride-based semiconductor
substrate may include a step of latticing slender groove
portions extending in a first direction and a second direction
intersecting with the first direction on the nitride-based
semiconductor substrate to enclose the first region. Accord-
ing to this structure, cracks extending in a direction inter-
secting with the first direction can be inhibited from propa-
gation across a region at least corresponding to the groove
portion extending in the prescribed direction while cracks
extending in a direction intersecting with the second direc-
tion can be inhibited from propagation across a region at
least corresponding to the groove portion extending in the
second direction. Thus, the groove portions can part cracks
extending in both of the first and second directions, whereby
the quantity of cracks can be more effectively prevented
from increase.

[0026] In the aforementioned structure, the nitride-based
semiconductor layer may include a layer, formed on the first
region and the second region of the nitride-based semicon-
ductor substrate, of a nitride-based semiconductor having a
different composition from the nitride-based semiconductor
substrate and a light-emitting layer of a nitride-based semi-
conductor formed at least on the first region.

[0027] A nitride-based semiconductor light-emitting
device according to a second aspect of the present invention
comprises a nitride-based semiconductor substrate including
a first region corresponding to a light-emitting portion and a
second region arranged to be adjacent to the first region
through a step portion having a prescribed height and a
nitride-based semiconductor layer, formed on the upper
surface of the first region of the nitride-based semiconductor
substrate and the side surface of the step portion, having a
different composition from the nitride-based semiconductor
substrate. The thickness of a portion of the nitride-based
semiconductor layer formed on the side surface of the step
portion is smaller than the thickness of a portion of the
nitride-based semiconductor layer formed on the upper
surface of the first region.

[0028] In the nitride-based semiconductor light-emitting
device according to the second aspect of the present inven-
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tion, as hereinabove described, the thickness of the portion
of the nitride-based semiconductor layer formed on the side
surface of the step portion of the nitride-based semiconduc-
tor substrate is reduced below the thickness of the portion of
the nitride-based semiconductor layer formed on the upper
surface of the first region, corresponding to the light-emit-
ting portion, of the nitride-based semiconductor substrate so
that strain concentrates on the portion, having the smaller
thickness, of the nitride-based semiconductor layer located
on the side surface of the step portion when the nitride-based
semiconductor layer formed on the nitride-based semicon-
ductor substrate by MOCVD or the like is strained due to the
difference between the lattice constants of the nitride-based
semiconductor substrate and the nitride-based semiconduc-
tor layer, whereby the nitride-based semiconductor layer can
be rendered less strained on the portion located on the first
region. Therefore, the nitride-based semiconductor layer can
be prevented from increase of the quantity of cracks disad-
vantageously resulting from remarkable strain caused on the
nitride-based semiconductor layer. Therefore, cracks can be
inhibited from increasing a leakage current not supplied to
the light-emitting portion of the nitride-semiconductor layer
and hindering a transmission of a light. Consequently, the
nitride-based semiconductor light-emitting device can be
inhibited from reduction of characteristics and a yield.
[0029] In the aforementioned structure, the surface of the
nitride-based semiconductor substrate preferably has a
(H,K,-H-K,L.) plane (H and K are integers, and at least
either H or K is nonzero). In general, a piezoelectric field
generated in the nitride-based semiconductor layer is maxi-
mized when the surface of the nitride-based semiconductor
substrate is the (0001) plane if in-plane strain is applied to
the nitride-based semiconductor layer, and a piezoelectric
field generated in the nitride-based semiconductor layer
when the surface of the nitride-based semiconductor sub-
strate is not the (0001) plane is smaller than that generated
when the surface of the nitride-based semiconductor sub-
strate is the (0001) plane. Therefore, a piezoelectric field
generated in a light-emitting layer consisting of a nitride-
based semiconductor can be reduced by forming the surface
of the nitride-based semiconductor substrate by the (H,K,-
H-K,L) plane other than the (0001) plane, whereby lumi-
nous efficiency can be improved.

[0030] In the aforementioned structure provided with the
nitride-based semiconductor substrate including the surface
having the (H,K,-H-K L) plane, the surface of the nitride-
based semiconductor substrate preferably has a (H.K,-H-
K,0) plane. According to this structure, no piezoelectric field
is generated in the light-emitting layer consisting of a
nitride-based semiconductor, whereby the luminous effi-
ciency can be further improved.

[0031] Inthis case, the step portion is preferably so formed
as to extend along a [K,-H,H-K,0] direction. According to
this structure, cracks can be inhibited from propagation in
the direction intersecting with the [0001] direction easily
causing cracks.

[0032] In the aforementioned structure provided with the
nitride-based semiconductor substrate including the surface
having the (H,K,-H-K L) plane, the surface of the nitride-
based semiconductor substrate preferably has a (H.K,-H-
K,L) plane (L. is a nonzero integer). According to this
structure, atomic-layer steps can be formed on the surface,
whereby the mode of crystal growth tends to be step-flow

Sep. 27, 2007

growth starting from the steps, thereby improving crystal-
linity of the nitride-based semiconductor light-emitting
device.

[0033] In the aforementioned structure, the nitride-based
semiconductor layer may include a layer, formed on the first
region and the second region of the nitride-based semicon-
ductor substrate, of a nitride-based semiconductor having a
different composition from the nitride-based semiconductor
substrate and a light-emitting layer of a nitride-based semi-
conductor formed at least on the first region.

[0034] A nitride-based semiconductor light-emitting
device according to a third aspect of the present invention
comprises a nitride-based semiconductor substrate including
a first region corresponding to a light-emitting portion and a
second region arranged to be adjacent to the first region
through a step portion having a prescribed height and a
nitride-based semiconductor layer, formed on the upper
surface of the first region of the nitride-based semiconductor
substrate and the side surface of the step portion, having a
different composition from the nitride-based semiconductor
substrate and containing Al, Ga and N. The Al composition
ratio of a portion of the nitride-based semiconductor layer
formed on the side surface of the step portion is lower than
the Al composition ratio of a portion of the nitride-based
semiconductor layer formed on the upper surface of the first
region.

[0035] In the nitride-based semiconductor light-emitting
device according to the third aspect, as hereinabove
described, the Al composition ratio of the portion of the
nitride-based semiconductor layer, containing Al, Ga and N,
formed on the side surface of the step portion of the
nitride-based semiconductor substrate is so reduced below
the Al composition ratio of the portion of the nitride-based
semiconductor layer formed on the upper surface of the first
region of the nitride-based semiconductor substrate corre-
sponding to the light-emitting portion that the lattice con-
stant of the portion, having the lower Al composition ratio,
of the nitride-based semiconductor layer containing Al, Ga
and N located on the side surface of the step portion
approaches the lattice constant of the nitride-based semi-
conductor substrate having the different composition from
the nitride-based semiconductor layer containing Al, Ga and
N, whereby the difference between the lattice constants of
the nitride-based semiconductor substrate and the nitride-
based semiconductor layer can be reduced on the portion,
having the lower Al composition ratio, of the nitride-based
semiconductor layer located on the side surface of the step
portion. Also when the nitride-based semiconductor layer is
strained due to the difference between the lattice constants of
the nitride-based semiconductor substrate and the nitride-
based semiconductor layer, therefore, the strain can be
relaxed on the portion, having the lower Al composition
ratio, of the nitride-based semiconductor layer located on the
side surface of the step portion, whereby the strain caused on
the nitride-based semiconductor layer can be reduced. Thus,
the nitride-based semiconductor layer can be prevented from
increase of the quantity of cracks disadvantageously result-
ing from remarkable strain caused on the nitride-based
semiconductor layer. Therefore, cracks can be inhibited
from increasing a leakage current not supplied to the light-
emitting portion of the nitride-semiconductor layer and
hindering a transmission of a light. Consequently, the
nitride-based semiconductor light-emitting device can be
inhibited from reduction of characteristics and a yield.
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[0036] In the aforementioned structure, the surface of the
nitride-based semiconductor substrate preferably has a
(H,K,-H-K,L.) plane (H and K are integers, and at least
either H or K is nonzero). In general, a piezoelectric field
generated in the nitride-based semiconductor layer is maxi-
mized when the surface of the nitride-based semiconductor
substrate is the (0001) plane if in-plane strain is applied to
the nitride-based semiconductor layer, and a piezoelectric
field generated in the nitride-based semiconductor layer
when the surface of the nitride-based semiconductor sub-
strate is not the (0001) plane is smaller than that generated
when the surface of the nitride-based semiconductor sub-
strate is the (0001) plane. Therefore, a piezoelectric field
generated in a light-emitting layer consisting of a nitride-
based semiconductor can be reduced by forming the surface
of the nitride-based semiconductor substrate by the (H,K,-
H-K,L) plane other than the (0001) plane, whereby lumi-
nous efficiency can be improved.

[0037] In this case, the surface of the nitride-based semi-
conductor substrate preferably has a (H,K,-H-K,0) plane.
According to this structure, no piezoelectric field is gener-
ated in the light-emitting layer consisting of a nitride-based
semiconductor, whereby the luminous efficiency can be
further improved.

[0038] In the aforementioned structure provided with the
nitride-based semiconductor substrate including the surface
having the (H,K,-H-K L) plane, the surface of the nitride-
based semiconductor substrate preferably has a (H.K,-H-
K,L) plane (L. is a nonzero integer). According to this
structure, atomic-layer steps can be formed on the surface,
whereby the mode of crystal growth tends to be step-flow
growth starting from the steps, thereby improving crystal-
linity of the nitride-based semiconductor light-emitting
device.

[0039] Inthis case, the step portion is preferably so formed
as to extend along a [K,-H,H-K,0] direction. According to
this structure, cracks can be inhibited from propagation in
the direction intersecting with the [0001] direction easily
causing cracks.

[0040] In the aforementioned structure, the nitride-based
semiconductor layer may include a layer, formed on the first
region and the second region of the nitride-based semicon-
ductor substrate, containing Al and Ga and a light-emitting
layer of a nitride-based semiconductor formed at least on the
first region.

[0041] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 is a plan view for illustrating a method of
fabricating a nitride-based semiconductor laser diode
according to a first embodiment of the present invention;
[0043] FIG. 2 is a sectional view taken along the line
100-100 in FIG. 1;

[0044] FIG. 3 is a plan view for illustrating the method of
fabricating a nitride-based semiconductor laser diode
according to the first embodiment of the present invention;
[0045] FIG. 4 is a sectional view taken along the line
200-200 in FIG. 3;
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[0046] FIG. 5 is a plan view for illustrating the method of
fabricating a nitride-based semiconductor laser diode
according to the first embodiment of the present invention;
[0047] FIG. 6 is a sectional view taken along the line
300-300 in FIG. 5;

[0048] FIGS. 7 to 11 are sectional views for illustrating the
method of fabricating a nitride-based semiconductor laser
diode according to the first embodiment of the present
invention;

[0049] FIG. 12 is a sectional view showing the structure of
a nitride-based semiconductor laser diode formed through
the method of fabricating a nitride-based semiconductor
laser diode according to the first embodiment of the present
invention;

[0050] FIG. 13 is a plan view for illustrating a method of
fabricating a nitride-based semiconductor laser diode
according to a second embodiment of the present invention;
[0051] FIG. 14 is a sectional view for illustrating the
method of fabricating a semiconductor laser diode according
to the second embodiment of the present invention;

[0052] FIG. 15 is a sectional view showing the structure of
a nitride-based semiconductor laser diode formed through
the method of fabricating a semiconductor laser diode
according to the second embodiment of the present inven-
tion;

[0053] FIG. 16 is a plan view for illustrating a method of
fabricating a nitride-based semiconductor laser diode
according to a third embodiment of the present invention;
[0054] FIGS. 17 to 19 are sectional views for illustrating
a method of fabricating a nitride-based semiconductor laser
diode according to a fourth embodiment of the present
invention;

[0055] FIG. 20 is a sectional view showing the structure of
a nitride-based semiconductor laser diode formed through
the method of fabricating a nitride-based semiconductor
laser diode according to the fourth embodiment of the
present invention;

[0056] FIG. 21 is a sectional view for illustrating a method
of fabricating a nitride-based semiconductor laser diode
according to a fifth embodiment of the present invention;
[0057] FIG. 22 is a sectional view for illustrating a method
of fabricating a nitride-based semiconductor laser diode
according to a sixth embodiment of the present invention;
[0058] FIG. 23 is a plan view for illustrating a nitride-
based semiconductor laser diode fabricated by a method
according to a seventh embodiment of the present invention;
[0059] FIG. 24 is a sectional view taken along the line
400-400 in FIG. 23;

[0060] FIG. 25 is a plan view for illustrating a nitride-
based semiconductor laser diode fabricated according to an
eighth embodiment of the present invention;

[0061] FIG. 26 is a sectional view taken along the line
500-500 in FIG. 25;

[0062] FIG. 27 is a plan view for illustrating a method of
fabricating a nitride-based semiconductor laser diode
according to a ninth embodiment of the present invention;
[0063] FIG. 28 is a sectional view taken along the line
600-600 in FIG. 27,

[0064] FIG. 29 is a plan view for illustrating a method of
fabricating a nitride-based semiconductor laser diode
according to a tenth embodiment of the present invention;
[0065] FIG. 30 is a sectional view taken along the line
700-700 in FIG. 29;
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[0066] FIG. 31 is a sectional view showing an n-type GaN
substrate of a nitride-based semiconductor laser diode fab-
ricated according to a modification of the first to tenth
embodiments of the present invention;

[0067] FIG. 32 is a sectional view showing an n-type
AlGaN layer grown on an n-type GaN substrate having a
planar surface;

[0068] FIG. 33 is a plan view showing cracks formed on
the n-type AlGaN layer shown in FIG. 32; and

[0069] FIG. 34 is a model diagram showing the crystal
orientation of a hexagonal GaN substrate.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0070] Embodiments of the present invention are now
described with reference to the drawings.

First Embodiment

[0071] A method of fabricating a nitride-based semicon-
ductor laser diode according to a first embodiment of the
present invention is described with reference to FIGS. 1 to
12 and 34.

[0072] In the method of fabricating a nitride-based semi-
conductor laser diode according to the first embodiment, an
n-type GaN substrate 1 having a surface of the (0001) plane
with a low dislocation density is prepared, as shown in
FIGS. 1 and 2. This n-type GaN substrate 1 has a lattice
constant of about 0.3189 nm (a-axis direction). The n-type
GaN substrate 1 is an example of the “nitride-based semi-
conductor substrate” in the present invention. Then, striped
(slender) mask layers 17 of Ni each having a thickness of
about 0.4 pm are formed on prescribed regions of the n-type
GaN substrate 1 by electron beam evaporation or the like.
More specifically, the mask layers 17 are so formed as to
extend in the [1-100] direction. Further, the distance W1
between the mask layers 17 adjacent to each other along the
[11-20] direction is set to about 50 pum, while the width W2
of the mask layers 17 along the [11-20] direction is set to
about 200 um.

[0073] As shown in FIGS. 3 and 4, the mask layers 17 are
employed as etching masks for etching the n-type GaN
substrate 1 up to a depth of about 2 um from the upper
surface thereof by reactive ion etching (RIE) with Cl, gas.
This etching is performed at an etching selectivity ratio
(mask layer 17/n-type GaN substrate 1) of 1:10 under
conditions of an etching pressure of about 3.325 kPa, plasma
power of about 200 W and an etching rate of about 140
nm/sec. to about 150 nm/sec. Thus, striped (slender) groove
portions 1a, each having a width W1 of about 50 um and a
depth D1 of about 2 um, extending in the [1-100] direction
are formed on the n-type GaN substrate 1. Under the
aforementioned etching conditions, the side surfaces of the
groove portions 1a are perpendicular to the upper surface of
the n-type GaN substrate 1. In the n-type GaN substrate 1,
regions 15, each having the width W2 of about 200 pm in the
[11-20] direction, held between the groove portions la
correspond to light-emitting portions of a nitride-based
semiconductor device layer 10 described later. The regions
15 of the n-type GaN substrate 1 are examples of the “first
region” in the present invention, and regions of the n-type
GaN substrate 1 formed with the groove portions 1a are
examples of the “second region” in the present invention.
Thereafter the mask layers 17 are removed.
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[0074] As shown in FIGS. 5 and 6, nitride-based semi-
conductor layers (3 to 9) constituting the nitride-based
semiconductor device layer 10 are successively formed on
the upper surfaces of the regions 16 of the n-type GaN
substrate 1 and the bottom and side surfaces of the groove
portions 1a by MOCVD through a buffer layer 2.

[0075] More specifically, the n-type GaN substrate 1
formed with the groove portions 1a is inserted into a reactor
of a hydrogen-nitrogen atmosphere as shown in FIG. 6.
Thereafter NH; gas employed as the nitrogen source for the
nitride-based semiconductor layers (2 to 9) is supplied into
the reactor, and the n-type GaN substrate 1 is heated up to
a temperature of about 1160° C. When the n-type GaN
substrate 1 reaches the temperature of about 1160° C.,
trimethylgallium (TMGa) gas and trimethylaluminum
(TMALI) gas employed as Ga and Al sources respectively are
supplied into the reactor with H, gas employed as carrier
gas, thereby growing the buffer layer 2 of undoped Al,
01Gag N having a thickness of about 0.8 um on the n-type
GaN substrate 1 at a growth rate of about 1.1 um/h.
Thereafter TMGa gas, TMAI gas and GeH, (monogerman)
gas employed as a Ge source serving as an n-type impurity
are supplied into the reactor with H, gas employed as carrier
gas, thereby growing an n-type cladding layer 3 of n-type
Al o,Ga, ;N doped with Ge having a thickness of about 1.8
um on the buffer layer 2 at a growth rate of about 1.1 um/h.
This n-type cladding layer 3 of n-type Al, ,,Gay ;N has a
lattice constant of about 0.3184 nm (a-axis direction). The
lattice constant of the n-type cladding layer 3 of n-type
Al ,Ga, ;N has been calculated on the basis of the lattice
constants of GaN (about 0.3814 nm (a-axis direction)) and
AIN (about 0.3112 nm (a-axis direction)). The n-type clad-
ding layer 3 is an example of the “nitride-based semicon-
ductor layer” in the present invention. Further, TMGa gas
and TMALI gas are supplied into the reactor with H, gas
employed as carrier gas, thereby growing an n-side carrier
blocking layer 4 of undoped Al, ,Ga, {N having a thickness
of about 20 nm on the n-type cladding layer 3 at a growth
rate of about 1 um/h.

[0076] Then, the temperature of the n-type GaN substrate
1 is reduced from about 1160° C. to about 850° C. Trieth-
ylgallium (TEGa) gas and trimethylindium (TMIn) gas
employed as Ga and In sources respectively are supplied
into the reactor with H, gas employed as carrier gas, thereby
alternately growing four barrier layers (not shown) of
undoped In, ,,Ga, 65N each having a thickness of about 20
nm and three quantum well layers (not shown) of undoped
In, ;5Ga, 45N each having a thickness of about 3.5 nm on the
n-side carrier blocking layer 4 at a rate of about 0.25 pm/h.
Thus, a multiple quantum well (MQW) active layer 5 is
formed in an MQW structure obtained by alternately stack-
ing the four barrier layers and the three quantum well layers
with each other. Then, a p-side light guide layer 6 of
undoped In, ,,Ga, ooN having a thickness of about 0.1 pm
is grown on the MQW active layer 5. Thereafter TMGa gas
and TMALI gas are supplied into the reactor with N, gas
employed as carrier gas, thereby growing a p-side carrier
blocking layer 7 of undoped Al, ,Ga, {N having a thickness
of'about 20 nm on the p-side light guide layer 6 at a growth
rate of about 1.2 um/h.

[0077] Then, the temperature of the n-type GaN substrate
1 is increased from about 850° C. to about 1000° C. Then,
TMGa gas, TMAI gas and Mg(CsHs), (cyclopentadienyl
magnesium) employed as an Mg source serving as a p-type
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impurity are supplied into the reactor with N, gas employed
as carrier gas, thereby growing a p-type cladding layer 8 of
p-type Al; o,GagosN doped with Mg having a thickness of
about 0.45 um on the p-side carrier blocking layer 7 at a
growth rate of about 1.1 um/h. Thereafter the temperature of
the n-type GaN substrate 1 is reduced from about 1000° C.
to about 850° C. Then, TEGa gas and TMIn gas are supplied
into the reactor with N, gas employed as carrier gas, thereby
growing a p-side contact layer 9 of undoped In, ,,Ga, osN
having a thickness of about 3 nm on the p-type cladding
layer 8 at a growth rate of about 0.25 pum/h. Thus, the
nitride-based semiconductor device layer 10 constituted of
the nitride-based semiconductor layers (3 to 9) is formed on
the upper surfaces of the regions 16 of the n-type GaN
substrate 1 and the bottom and side surfaces of the groove
portions 1a through the buffer layer 2.

[0078] According to the first embodiment, the thicknesses
of the portions of the nitride-based semiconductor layers (2
to 9) formed on the side surfaces of the groove portions 1a
extending in the [1-100] direction (see FIG. 5) are smaller
than those of the portions of the nitride-based semiconductor
layers (2 to 9) formed on the regions 15 of the n-type GaN
substrate 1 respectively. Then the n-type cladding layer 3 is
strained due to the difference between the lattice constant
(about 0.3189 nm) of the n-type GaN substrate 1 and the
lattice constant (about 0.3184 nm) of the n-type cladding
layer 3 of n-type Al; ,,Gag o5 N, therefore, this strain con-
centrates on the portions, having the smaller thickness, of
the n-type cladding layer 3 located on the side surfaces of the
groove portions 1a, whereby the strain caused on the por-
tions of the n-type cladding layer 3 located on the regions 14
of the n-type GaN substrate 1 is relaxed. Thus, the quantity
of cracks 19a to 19¢ formed on the nitride-based semicon-
ductor device layer 10 including the n-type cladding layer 3
is inhibited from increase resulting from remarkable strain
of'the n-type cladding layer 3, as shown in FIG. 5. Therefore,
the quantity of cracks 194 to 19¢ formed on the nitride-based
semiconductor device layer 10 including the n-type cladding
layer 3 is also inhibited from increase.

[0079] According to the first embodiment, the cracks 19a,
195 and 19¢ extending in the [11-20] direction, the [1-210]
direction (see FIG. 34) and the [-2110] direction (see FIG.
34) respectively intersect with the regions corresponding to
the groove portions 1a extending in the [1-100] direction, to
be inhibited from propagation across the regions corre-
sponding to the groove portions 1a.

[0080] Thereafter the n-type GaN substrate 1 formed with
the nitride-based semiconductor device layer 10 is taken out
from the reactor.

[0081] As shown in FIG. 7, striped (slender) mask layers
18 of SiO, are formed on prescribed regions, corresponding
to the regions 15 of the n-type GaN substrate 1, of the p-side
contact layer 9 by plasma CVD. More specifically, the mask
layers 18 are so formed as to extend in the [1-100] direction
(see FIG. 5). Further, the mask layers 18 are set to a width
of about 1.5 um in the [11-20] direction (see FIG. 5).
[0082] As shown in FIG. 8, the mask layers 18 are
employed as etching masks for etching the p-side contact
layer 9 and the p-type cladding layer 8 by a thickness of
about 0.4 pm from the upper surfaces thereof by RIE with
Cl, gas. Thus, striped (slender) ridge portions 11 are con-
stituted of projecting portions of the p-type cladding layer 8
and the p-side contact layer 9 to extend in the [1-100]
direction (see FIG. 5). The ridge portions 11 are formed to
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have a width of about 1.5 pm in the [11-20] direction (see
FIG. 5) and a protrusion height of about 0.402 um. These
ridge portions 11 function as current paths, and portions
located under the ridge portions 11 form light-emitting
portions. The remaining planar portions of the p-type clad-
ding layer 8 other than the projecting portions have a
thickness of about 0.05 um. Thereafter the mask layers 18
are removed.

[0083] As shown in FIG. 9, an SiO, film having a thick-
ness of about 0.2 um is formed on the overall surface by
plasma CVD, and regions of the SiO, film corresponding to
the ridge portions 11 are removed, thereby forming a current
blocking layer 12 having openings 12a in the regions
corresponding to the ridge portions 11 respectively.

[0084] As shown in FIG. 10, p-side ohmic electrodes 13
are formed on the portions of the p-side contact layer 9
constituting the ridge portions 11 by electron beam evapo-
ration. In order to form the p-side ohmic electrodes 13, Pt
layers having a thickness of about 1 nm and Pd layers having
a thickness of about 10 nm are successively formed in
ascending order. Thereafter a p-side pad electrode 14 is
formed on the current blocking layer 12 by electron beam
evaporation, to be in contact with the upper surfaces of the
p-side ohmic electrodes 13. In order to form the p-side pad
electrode 14, a Ti layer having a thickness of about 30 nm,
a Pd layer having a thickness of about 150 nm and an Au
layer having a thickness of about 3 um are successively
formed in ascending order.

[0085] As shown in FIG. 11, the back surface of the n-type
GaN substrate 1 is polished up to a thickness facilitating
cleavage in a cleaving step described later. Thereafter n-side
ohmic electrodes 15 and n-side pad electrodes 16 of Au
having a thickness of about 300 nm are successively formed
on prescribed regions of the back surface of the n-type GaN
substrate 1 by electron beam evaporation. In order to form
the n-side ohmic electrodes 15, Al layers having a thickness
of about 6 nm and Pd layers having a thickness of about 10
nm are successively formed from the side closer to the back
surface of the n-type GaN substrate 1.

[0086] Finally, the structure shown in FIG. 11 is separated
into the respective devices in the [1-100] direction (see FIG.
5) along the centers of the groove portions 1a of the n-type
GaN substrate 1 and the devices are cleaved into chips in the
[11-20] direction (see FIG. 5), thereby forming a nitride-
based semiconductor laser diode according to the first
embodiment shown in FIG. 12.

[0087] In the nitride-based semiconductor laser diode
formed through the fabrication method according to the first
embodiment, the groove portion 1la (see FIG. 11) of the
n-type GaN substrate 1 forms a step portion 1c¢ having a
vertical side surface through the aforementioned separation
step, as shown in FIG. 12. In other words, the thicknesses of
the portions of the nitride-based semiconductor layers (2 to
9) formed on the side surface of the step portion 1c¢ of the
n-type GaN substrate 1 are smaller than those of the portions
of the nitride-based semiconductor layers (2 to 9) formed on
the region 15 of the n-type GaN substrate 1 respectively in
the nitride-based semiconductor laser diode formed through
the fabrication method according to the first embodiment.
[0088] According to the first embodiment, as hereinabove
described, the thickness of the portions of the n-type clad-
ding layer 3 of n-type Al, ,7Ga, ;N formed on the side
surfaces of the groove portions 1a is rendered smaller than
that of the portions of the n-type cladding layer 3 formed on
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the regions 15 of the n-type GaN substrate 1 when the
nitride-based semiconductor device layer 10 is formed on
the n-type GaN substrate 1 through the buffer layer 2 so that
strain concentrates on the portions, having the smaller
thickness, of the n-type cladding layer 3 located on the side
surfaces of the groove portions 1a when the n-type cladding
layer 3 is strained due to the difference between the lattice
constant (about 0.3189 nm) of the n-type GaN substrate 1
and the lattice constant (about 0.3184 nm) of the n-type
cladding layer 3 of n-type Al; ,,Ga, o;N, whereby the strain
can be relaxed on the portions of the n-type cladding layer
3 located on the regions 15 of the n-type GaN substrate 1.
Thus, the quantity of the cracks 19a to 19¢ formed on the
n-type cladding layer 3 can be inhibited from increase
resulting from remarkable strain of the n-type cladding layer
3. Therefore, the quantity of cracks 194 to 19¢ formed on the
nitride-based semiconductor device layer 10 including the
n-type cladding layer 3 can also be inhibited from increase,
whereby the cracks 19a to 19¢ can be inhibited from
increasing a leakage current not supplied to the light-
emitting portions of the nitride-semiconductor device layer
10 and hindering a transmission of a light. Consequently, the
nitride-based semiconductor laser diode can be inhibited
from reduction of characteristics and a yield.

[0089] According to the first embodiment, the groove
portions la are formed on the n-type GaN substrate 1 with
the side surfaces perpendicular to the upper surface of the
n-type GaN substrate 1 so that the material (AlGaN) con-
stituting the n-type cladding layer 3 formed on the n-type
GaN substrate 1 through the buffer layer 2 is hardly depos-
ited on the side surfaces of the groove portions 1a, whereby
the thickness of the portions of the n-type cladding layer 3
formed on the side surfaces of the groove portions 1a can be
easily reduced below that of the portions of the n-type
cladding layer 3 formed on the regions 156 of the n-type GaN
substrate 1.

[0090] According to the first embodiment, the groove
portions la are formed on the n-type GaN substrate 1 to
extend in the [1-100] direction so that the cracks 19a, 194
and 19¢ extending in the [11-20] direction, the [1-210]
direction and the [-2110] direction respectively intersect
with the regions corresponding to the groove portions la
extending in the [1-100] direction, to be inhibited from
propagation across the regions corresponding to the groove
portions la.

Second Embodiment

[0091] Referring to FIGS. 13 to 15 and 34, striped (slen-
der) groove portions 21a extending in the [11-20] direction
are formed on an n-type GaN substrate 21 in a method of
fabricating a nitride-based semiconductor laser diode
according to a second embodiment of the present invention,
dissimilarly to the aforementioned first embodiment.

[0092] In the method of fabricating a nitride-based semi-
conductor laser diode according to the second embodiment,
the striped (slender) groove portions 21a each having a
width W11 of about 50 um and a depth of about 2 um with
side surfaces perpendicular to the upper surface of the n-type
GaN substrate 21 are formed on the n-type GaN substrate 21
through steps similar to those in the first embodiment shown
in FIGS. 1 to 4, as shown in FIG. 13. According to the
second embodiment, however, the groove portions 21a are
so formed as to extend in the [11-20] direction. The distance
W12 between the groove portions 21a adjacent to each other
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along the [1-100] direction is set larger than the distance
(cavity length) between cleavage planes formed in a cleav-
ing step described later. Regions 215 of the n-type GaN
substrate 21 held between the groove portions 21a corre-
spond to light-emitting portions of a nitride-based semicon-
ductor device layer 30 described later. The n-type GaN
substrate 21 is an example of the “nitride-based semicon-
ductor substrate” in the present invention. The regions 215
of the n-type GaN substrate 21 are examples of the “first
region” in the present invention, and the regions of the
n-type GaN substrate 21 formed with the groove portions
21a are examples of the “second region” in the present
invention.

[0093] According to the second embodiment, the n-type
GaN substrate 21 has a surface of the (0001) plane with a
low dislocation density, similarly to the n-type GaN sub-
strate 1 in the aforementioned first embodiment. Further, the
n-type GaN substrate 21 has a lattice constant of about
0.3189 nm.

[0094] Thereafter the nitride-based semiconductor device
layer 30 is formed on the upper surfaces of the regions 215
of the n-type GaN substrate 21 and the bottom and side
surfaces of the groove portions 21a through a buffer layer 22
through a step similar to that of the first embodiment shown
in FIG. 6. At this time, the buffer layer 22, an n-type cladding
layer 23, an n-side carrier blocking layer 24, an MQW active
layer 25, a p-side light guide layer 26, a p-side carrier
blocking layer 27, a p-type cladding layer 28 and a p-side
contact layer 29 are successively formed from the side closer
to the n-type GaN substrate 21. These layers (22 to 29) are
formed to have the same thicknesses and compositions as
those of the nitride-based semiconductor layers (2 to 9) in
the aforementioned first embodiment. In other words, the
n-type cladding layer 23 formed on the n-type GaN substrate
21 through the buffer layer 22 is constituted of n-type
Al o,Ga, ;N with a lattice constant of about 0.3184 nm.
The n-type cladding layer 23 is an example of the “nitride-
based semiconductor layer” in the present invention.
[0095] According to the second embodiment, portions of
the nitride-based semiconductor layers (22 to 29) formed on
the side surfaces of the groove portions 21a extending in the
[11-20] direction are smaller than those of portions of the
nitride-based semiconductor layers (22 to 29) formed on the
regions 215 of the n-type GaN substrate 21 respectively,
similarly to the aforementioned first embodiment. There-
fore, strain caused on the n-type cladding layer 23 concen-
trates on the portions, having the smaller thickness, of the
n-type cladding layer 23 located on the side surfaces of the
groove portions 21a, whereby the portions of the n-type
cladding layer 23 located on the regions 215 of the n-type
GaN substrate 21 are less strained. Thus, the quantity of
cracks 39a to 39¢ formed on the n-type cladding layer 23 is
inhibited from increase, while the quantity of cracks 39a to
39¢ formed on the nitride-based semiconductor device layer
30 including the n-type cladding layer 23 is also inhibited
from increase.

[0096] According to the second embodiment, the cracks
395 and 39c¢ extending in the [1-210] direction (see FIG. 34)
and the [-2110] direction (see FIG. 34) respectively intersect
with the groove portions 21a extending in the [11-20]
direction, to be inhibited from propagation across the
regions corresponding to the groove portions 21a.

[0097] As shown in FIG. 14, ridge portions 31 extending
in the [1-100] direction (see FIG. 13) are formed through
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steps similar to those of the first embodiment shown in
FIGS. 7 to 11, followed by successive formation of a current
blocking layer 32 (see FIG. 15) having openings 324, p-side
ohmic electrodes 33 and p-side pad electrodes 34. Further,
an n-side ohmic electrode 15 and an n-side pad electrode 16
are successively formed on a prescribed region of the back
surface of the n-type GaN substrate 21. FIG. 14 is a sectional
view taken along a line extending in the [1-100] direction.
According to the second embodiment, the ridge portions 13
extending in the [1-100] direction intersect with the groove
portions 21a formed to extend in the [11-20] direction (see
FIG. 13). The ridge portions 31 function as current paths,
and portions located under the ridge portions 31 form
light-emitting portions. The current blocking layer 32, the
p-side ohmic electrodes 33 and the p side pad electrodes 34
are formed to have the same thicknesses and compositions
as the current blocking layer 12, the p-side ohmic electrodes
13 and the p-side pad electrodes 14 in the aforementioned
first embodiment.

[0098] Thereafter the structure shown in FIG. 14 is sepa-
rated into the respective devices in the [ 1-100] direction (see
FIG. 13) and the devices are cleaved into chips in the [11-20]
direction (see FIG. 13). At this time, prescribed regions
(shown by broken lines in FIG. 14) corresponding to the
regions 215 of the n-type GaN substrate 21 are cleaved along
the [11-20] direction so that the distance (cavity length LL in
FIG. 14) between the cleavage planes of the chips is smaller
than the distance W12 (see FIG. 13) between the groove
portions 21a. Thus, a nitride-based semiconductor laser
diode is formed according to the second embodiment, as
shown in FIG. 15.

[0099] As shown in FIG. 15, a portion corresponding to
each groove portion 21« has been entirely removed through
the aforementioned cleaving step in the nitride-based semi-
conductor laser diode formed according to the method of the
second embodiment. In the nitride-based semiconductor
laser diode formed according to the method of the second
embodiment, therefore, the n-type GaN substrate 21 has no
step portion, dissimilarly to the nitride-based semiconductor
laser diode formed according to the method of the afore-
mentioned first embodiment.

[0100] According to the second embodiment, as herein-
above described, the thickness of the portions of the n-type
cladding layer 23 of n-type Al ,,Ga, ,;N formed on the side
surfaces of the groove portions 21a is rendered smaller than
that of the portions of the n-type cladding layer 23 formed
on the regions 215 of the n-type GaN substrate 21 when the
nitride-based semiconductor device layer 30 is formed on
the n-type GaN substrate 21 through the buffer layer 22 so
that strain concentrates on the portions, having the smaller
thickness, of the n-type cladding layer 23 located on the side
surfaces of the groove portions 21a similarly to the afore-
mentioned first embodiment, whereby the quantity of the
cracks 394 to 39¢ formed on the portions of the n-type
cladding layer 23 located on the regions 215 of the n-type
GaN substrate 21 can be inhibited from increase while the
quantity of cracks 39a to 39¢ formed on the nitride-based
semiconductor layer 30 including the n-type cladding layer
23 can also be inhibited from increase. Consequently, the
cracks 39a to 39¢ can be inhibited from increasing a leakage
current and hindering a transmission of a light similarly to
the aforementioned first embodiment, whereby the nitride-
based semiconductor laser diode can be inhibited from
reduction of characteristics and a yield.
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[0101] According to the second embodiment, the groove
portions 21a are formed on the n-type GaN substrate 21 to
extend in the [11-20] direction so that the cracks 3954 and 39¢
extending in the [1-210] direction and the [-2110] direction
respectively intersect with the regions corresponding to the
groove portions 21a extending in the [11-20] direction, to be
inhibited from propagation across the regions corresponding
to the groove portions 21a.

[0102] The remaining effects of the second embodiment
are similar to those of the aforementioned first embodiment.

Third Embodiment

[0103] Referring to FIGS. 16 and 34, striped (slender)
groove portions 41a and 415 extending in the [1-100]
direction and the [11-20] direction respectively are latticed
on an n-type GaN substrate 41 in a method of fabricating a
nitride-based semiconductor laser diode according to a third
embodiment of the present invention, dissimilarly to the
aforementioned first and second embodiments.

[0104] In the method of fabricating a nitride-based semi-
conductor laser diode according to the third embodiment,
the striped (slender) groove portions 41a and 415 each
having a width W21 of about 50 um and a depth of about 2
um with side surfaces perpendicular to the upper surface of
the n-type GaN substrate 41 are formed on the n-type GaN
substrate 41 through steps similar to those of the first
embodiment shown in FIGS. 1 to 4, as shown in FIG. 16.
According to the third embodiment, however, the groove
portions 41a and 4156 are so latticed as to extend in the
[1-100] direction and the [11-20] direction respectively. The
distance W22 between the groove portions 41a adjacent to
each other in the [11-20] direction is set to about 200 pm.
Further, the distance W23 between the groove portions 415
adjacent to each other in the [1-100] direction is set larger
than the distance (cavity length) between cleavage planes
formed in a cleaving step described later. Regions 415 of the
n-type GaN substrate 41 held between the groove portions
41a and 415 correspond to light-emitting portions located
under ridge portions (not shown) of a nitride-based semi-
conductor device layer 40 described later. The n-type GaN
substrate 41 is an example of the “nitride-based semicon-
ductor substrate” in the present invention. The regions 41c¢
of the n-type GaN substrate 41 are examples of the “first
region” in the present invention, and the regions of the
n-type GaN substrate 41 formed with the groove portions
41a and 415 are examples of the “second region” in the
present invention.

[0105] According to the third embodiment, the n-type
GaN substrate 41 has a surface of the (0001) plane with a
low dislocation density, similarly to the n-type GaN sub-
strate 1 in the aforementioned first embodiment. Further, the
n-type GaN substrate 41 has a lattice constant of about
0.3189 nm.

[0106] Thereafter the nitride-based semiconductor device
layer 40 is formed on the upper surfaces of the regions 41c¢
of the n-type GaN substrate 41 and the bottom and side
surfaces of the groove portions 41a and 415 through a buffer
layer (not shown) through a step similar to that of the first
embodiment shown in FIG. 6. The nitride-based semicon-
ductor device layer 40 is formed to have the same structure
as the nitride-based semiconductor device layer 10 in the
aforementioned first embodiment. In other words, the
nitride-based semiconductor device layer 40 formed accord-
ing to the method of the third embodiment includes an
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n-type cladding layer (not shown) formed on the n-type GaN
substrate 41 through the buffer layer (not shown). The n-type
cladding layer constituting the nitride-based semiconductor
device layer 40 consists of n-type Al,,,Ga,o;N with a
lattice constant of about 0.3184 nm.

[0107] According to the third embodiment, the thicknesses
of portions of the nitride-based semiconductor layers formed
on the side surfaces of the groove portions 41a and 415
extending in the [1-100] direction and the [11-20] direction
respectively are smaller than those of portions of the nitride-
based semiconductor layers formed on the regions 41¢ of the
n-type GaN substrate 41 respectively, similarly to the afore-
mentioned first embodiment. Therefore, strain caused on the
n-type cladding layer (not shown) constituting the nitride-
based semiconductor device layer 40 concentrates on the
portions, having the smaller thickness, of the n-type clad-
ding layer (not shown) located on the side surfaces of the
groove portions 4la and 415 respectively, whereby the
portions of the n-type cladding layer (not shown) located on
the regions 41c¢ of the n-type GaN substrate 41 are less
strained. Thus, the quantity of cracks 49a to 49¢ formed on
the n-type cladding layer (not shown) is inhibited from
increase, while the quantity of cracks 494 to 49¢ formed on
the nitride-based semiconductor device layer 40 including
the n-type cladding layer (not shown) is also inhibited from
increase.

[0108] According to the third embodiment, the cracks 49a,
495 and 49¢ extending in the [11-20] direction, the [1-210]
direction (see FIG. 34) and the [-2110] direction (see FIG.
34) respectively intersect with regions corresponding to the
groove portions 41a extending in the [1-100] direction, to be
inhibited from propagation across the regions corresponding
to the groove portions 41a. Further, the cracks 495 and 49¢
extending in the [1-210] direction and the [-2110] direction
respectively also intersect with regions corresponding to the
groove portions 415 extending in the [11-20] direction, to be
inhibited from propagation across the regions corresponding
to the groove portions 415.

[0109] The remaining steps of the fabrication method
according to the third embodiment are similar to those of the
aforementioned first embodiment. In other words, ridge
portions (not shown) extending in the [1-100] direction
identically to the groove portions 41a perpendicularly to the
groove portions 415 extending in the [11-20] direction are
formed on the nitride-based semiconductor device layer 40
in the method according to the third embodiment.

[0110] According to the third embodiment, as hereinabove
described, the thickness of the portions of the n-type clad-
ding layer (not shown) of n-type Al, ,,Gag 5N formed on
the side surfaces of the groove portions 4la and 416
respectively is rendered smaller than that of the portions of
the n-type cladding layer (not shown) formed on the regions
41c of the n-type GaN substrate 41 when the nitride-based
semiconductor device layer 40 is formed on the n-type GaN
substrate 41 through the buffer layer (not shown) so that
strain concentrates on the portions, having the smaller
thickness, of the n-type cladding layer (not shown) located
on the side surfaces of the groove portions 41a and 415
respectively similarly to the aforementioned first embodi-
ment, whereby the quantity of the cracks 49a to 49¢ formed
on the portions of the n-type cladding layer located on the
regions 41c¢ of the n-type GaN substrate 41 can be inhibited
from increase while the quantity of cracks 494 to 49¢ formed
on the nitride-based semiconductor layer 40 including the
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n-type cladding layer can also be inhibited from increase.
Consequently, the cracks 49a to 49¢ can be inhibited from
increasing a leakage current and hindering a transmission of
a light similarly to the aforementioned first embodiment,
whereby the nitride-based semiconductor laser diode can be
inhibited from reduction of characteristics and a yield.
[0111] According to the third embodiment, the striped
(slender) groove portions 4la and 415 extending in the
[1-100] direction and the [11-20] direction respectively are
latticed on the n-type GaN substrate 41 so that the cracks
49a, 495 and 49c¢ extending in the [11-20] direction, the
[1-210] direction and the [-2110] direction respectively
intersect with the regions corresponding to the groove
portions 4la extending in the [1-100] direction, to be
inhibited from propagation across the regions corresponding
to the groove portions 41a. Further, the cracks 495 and 49¢
extending in the [1-210] direction and the [-2110] direction
respectively also intersect with regions corresponding to the
groove portions 415 extending in the [11-20] direction, to be
inhibited from propagation across the regions corresponding
to the groove portions 415.

[0112] The remaining effects of the third embodiment are
similar to those of the aforementioned first embodiment.

Fourth Embodiment

[0113] Referring to FIGS. 17 to 20 and 34, the opening
width of each groove portion 51a formed on an n-type GaN
substrate 51 is gradually increased from the bottom surface
toward the opening end of the groove portion 5la in a
method of fabricating a nitride-based semiconductor laser
diode according to a fourth embodiment of the preset
invention, dissimilarly to the aforementioned first to third
embodiments.

[0114] In the method of fabricating a nitride-based semi-
conductor laser diode according to the fourth embodiment,
the n-type GaN substrate 51 having a surface of the (0001)
plane with a low dislocation density is prepared as shown in
FIG. 17. This n-type GaN substrate 51 has a lattice constant
of about 0.3189 nm. The n-type GaN substrate 51 is an
example of the “nitride-based semiconductor substrate” in
the present invention. Then, striped (slender) mask layers 65
of Si0, having a thickness of about 0.5 um are formed on
prescribed regions of the n-type GaN substrate 51 by plasma
CVD. More specifically, the mask layers 65 are so formed as
to extend in a prescribed direction ([1-100] direction, for
example). The distance W31 between the mask layers 65
adjacent to each other are set to about 50 am, while the width
W32 of the mask layers 65 is set to about 200 pum.

[0115] As shown in FIG. 18, the mask layers 65 are
employed as etching masks for etching the n-type GaN
substrate 51 up to a depth of about 2 um from the upper
surface thereof by RIE with Cl, gas. This etching is per-
formed at an etching selectivity ratio (mask layer 65/n-type
GaN substrate 51) of 1:10 under conditions of an etching
pressure of about 3.325 kPa, plasma power of about 200 W
and an etching rate of about 140 nm/sec. to about 150
nm/sec. Thus, striped (slender) groove portions 51a, each
having a width (opening end width) W31 of about 50 um and
a depth D31 of about 2 um, extending in the prescribed
direction ([1-100] direction) are formed on the n-type GaN
substrate 51. When the n-type GaN substrate 51 is etched
through the mask layers 65 of SiO, serving as the etching
masks under the aforementioned etching conditions, each
groove portion 51a exhibits a mesa sectional shape. In other
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words, the opening width of the groove portion 5la is
gradually increased from the bottom surface toward the
opening end of the groove portion 51a. More specifically,
the bottom surface and the side surface of the groove portion
51a form an angle a of about 40°. In the n-type GaN
substrate 51, regions 515, having a width W32 of about 200
um, held between the groove portions 51a correspond to
light-emitting portions of a nitride-based semiconductor
device layer 60 described later. The regions 515 of the n-type
GaN substrate 51 are examples of the “first region” in the
present invention, and the regions of the n-type GaN sub-
strate 51 formed with the groove portions 51a are examples
of the “second region” in the present invention. Thereafter
the mask layers 65 are removed.

[0116] As shown in FIG. 19, the nitride-based semicon-
ductor device layer 60 is formed on the upper surfaces of the
regions 515 of the n-type GaN substrate 51 and the bottom
and side surfaces of the groove portions 51a through a buffer
layer 52, through a step similar to that of the first embodi-
ment shown in FIG. 6. At this time, the buffer layer 52, an
n-type cladding layer 53, an n-side carrier blocking layer 54,
an MQW active layer 55, a p-side light guide layer 56, a
p-side carrier blocking layer 57, a p-type cladding layer 58
and a p-side contact layer 59 are successively formed from
the side closer to the n-type GaN substrate 51. These layers
(52 to 59) are formed to have the same thicknesses and
compositions as those of the nitride-based semiconductor
layers (2 to 9) in the aforementioned first embodiment. In
other words, the n-type cladding layer 53 formed on the
n-type GaN substrate 51 through the buffer layer 52 is
constituted of n-type Al; ,,Ga, 43N with a lattice constant of
about 0.3184 nm. The n-type cladding layer 53 is an
example of the “nitride-based semiconductor layer” in the
present invention.

[0117] According to the fourth embodiment, Ga which is
one of the constituents of the n-type cladding layer 53
conceivably easily moves toward the inclined side surfaces
of'the groove portions 51a when the n-type cladding layer 53
of n-type Al, ,,Ga, 43N is formed on the n-type GaN sub-
strate 51 through the buffer layer 52, due to the mesa
sectional shape of the groove portions 51a. Therefore, the Al
composition ratio of portions of the n-type cladding layer 53
formed on the side surfaces of the groove portions 51a is
reduced below the Al composition ratio of portions of the
n-type cladding layer 53 formed on the regions 515 of the
n-type GaN substrate 51. More specifically, the Al compo-
sition ratio of the portions of the n-type cladding layer 53
formed on the regions 515 of the n-type GaN substrate 51 is
about 7%, while the Al composition ratio of the portions of
the n-type cladding layer 53 formed on the side surfaces of
the groove portions 51a is about 6.6%. In this case, the
lattice constant of the portions, having the lower Al com-
position ratio, of the n-type cladding layer 53 formed on the
side surfaces of the groove portions 51a approaches the
lattice constant of the n-type GaN substrate 51, whereby the
difference between the lattice constants of the n-type GaN
substrate 51 and the n-type cladding layer 53 is reduced on
the portions, having the lower Al composition ratio, of the
n-type cladding layer 53 located on the side surfaces of the
groove portions 51a. Also when the n-type cladding layer 53
is strained due to the difference between the lattice constants
of the n-type GaN substrate 51 (lattice constant: about
0.3189 nm) and the n-type cladding layer 53 (lattice con-
stant: about 0.3184 nm) of n-type Al, o,Ga, 45N, therefore,
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the strain is relaxed on the portions, having the lower Al
composition ratio, of the n-type cladding layer 53 located on
the side surfaces of the groove portions 51a, whereby the
strain caused on the n-type cladding layer 53 is reduced.
Thus, the quantity of cracks formed on the n-type cladding
layer 53 is inhibited from increase, and the quantity of
cracks formed on the nitride-based semiconductor device
layer 60 including the n-type cladding layer 53 is also
inhibited from increase.

[0118] Thereafter ridge portions 61 extending in the
[1-100] direction (see FIG. 34) is formed through steps
similar to those of the first embodiment shown in FIGS. 7 to
11, followed by successive formation of a current blocking
layer 62 having openings 62a, p-side ohmic electrodes 63
and p-side pad electrodes 64. Further, n-side ohmic elec-
trodes 15 and n-side pad electrodes 16 are successively
formed on prescribed regions of the back surface of the
n-type GaN substrate 51. According to the fourth embodi-
ment, the groove portions 51a extend in the [1-100] direc-
tion (see FIG. 34), whereby the ridge portions 61 also
extending in the [1-100] direction do not intersect with the
groove portions 51a. These ridge portions 61 function as
current paths, and portions located under the ridge portions
61 form light-emitting portions. The current blocking layer
62, the p-side ohmic electrodes 63 and the p-side pad
electrodes 64 are formed to have the same thicknesses and
compositions as the current blocking layer 12, the p-side
ohmic electrodes 13 and the p-side pad electrodes 14 in the
aforementioned first embodiment respectively.

[0119] Thereafter the nitride-based semiconductor laser
diode is formed according to the fourth embodiment as
shown in FIG. 20, by performing separation and cleavage
steps similar to those in the aforementioned first embodi-
ment.

[0120] In the nitride-based semiconductor laser diode
formed according to the method of the fourth embodiment,
the groove portion 51a (see FIG. 19) of the n-type GaN
substrate 51 forms a step portion 51¢ having an inclined side
surface through the aforementioned separation step, as
shown in FIG. 20. In other words, the Al composition ratio
of the portion of the n-type cladding layer 53 formed on the
side surface of the step portion 51¢ of the n-type GaN
substrate 51 is lower than the Al composition ratio of the
portion of the n-type cladding layer 53 formed on the region
5156 of the n-type GaN substrate 51 in the nitride-based
semiconductor laser diode formed according to the method
of the fourth embodiment.

[0121] According to the fourth embodiment, as herein-
above described, the Al composition ratio of the portions of
the n-type cladding layer 53 formed on the side surfaces of
the groove portions 51a is reduced below the Al composition
ratio of the portions of the n-type cladding layer 53 formed
on the regions 515 of the n-type GaN substrate 51 when the
nitride-based semiconductor device layer 60 is formed on
the n-type GaN substrate 51 through the buffer layer 52 so
that strain caused on the n-type cladding layer 53 due to the
difference between the lattice constants of the n-type GaN
substrate 51 (lattice constant: about 0.3189 nm) and the
n-type cladding layer 53 (lattice constant: about 0.3184 nm)
of n-type Al, ,,Ga, o5N is relaxed on the portions, having
the lower Al composition ratio, of the n-type cladding layer
53 located on the side surfaces of the groove portions 51aq,
whereby the strain caused on the n-type cladding layer 53
can be reduced. Thus, the quantity of cracks formed on the
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n-type cladding layer 53 can be inhibited from increase
resulting from remarkable strain of the n-type cladding layer
53. Therefore, the quantity of cracks formed on the nitride-
based semiconductor device layer 60 including the n-type
cladding layer 53 can also be inhibited from increase,
whereby the cracks can be inhibited from increasing a
leakage current not supplied to the light-emitting portions of
the nitride-based semiconductor device layer 60 and hinder-
ing a transmission of a light. Consequently, the nitride-based
semiconductor laser diode can be inhibited from reduction
of characteristics and a yield.

[0122] According to the fourth embodiment, the opening
width of each groove portion 51a formed on the n-type GaN
substrate 51 is gradually increased from the bottom surface
toward the opening end of the groove portion 51a so that Ga
which is one of the constituents of the n-type cladding layer
53, more easily movable on a growth surface as compared
with Al, conceivably moves toward the side surfaces of the
groove portions 51a when the n-type cladding layer 53 of
n-type Al, ,7Ga, 45N is formed on the n-type GaN substrate
51 through the buffer layer 52, whereby the Al composition
ratio of the portions of the n-type cladding layer 53 formed
on the side surfaces of the groove portions 51a can be easily
reduced below the Al composition ratio of the portions of the
n-type cladding layer 53 formed on the regions 515 of the
n-type GaN substrate 51.

[0123] The remaining effects of the fourth embodiment are
similar to those of the aforementioned first embodiment.

Fifth Embodiment

[0124] FIG. 21 is a sectional view for illustrating a method
of fabricating a nitride-based semiconductor laser diode
according to a fifth embodiment of the present invention.
Referring to FIG. 21, the opening width of each groove
portion 71a formed on an n-type GaN substrate 71 is
gradually reduced from the bottom surface toward the
opening end of the groove portion 71a in the method of
fabricating a nitride-based semiconductor laser diode
according to the fifth embodiment, dissimilarly to the afore-
mentioned fourth embodiment.

[0125] In the method of fabricating a nitride-based semi-
conductor laser diode according to the fifth embodiment,
striped (slender) groove portions 71a having a depth D41 of
about 2 um and extending in a prescribed direction are first
formed on the n-type GaN substrate 71 through steps similar
to those of the first embodiment shown in FIGS. 1 to 4, as
shown in FIG. 21. According to the fifth embodiment,
however, the n-type GaN substrate 71 is obliquely set on a
base (not shown) of an etching apparatus and etched in a
rotational manner, so that each groove portion 71a has a
shape with overhung sidewalls. In other words, each groove
portion 71a is so formed that the opening width thereof is
gradually reduced from the bottom surface toward the
opening end thereof. More specifically, each groove portion
71a is so formed that the width W41 of the opening end
thereof is about 50 um and the width W42 of the bottom
surface thereof is about 53 um. Further, the distance W43
between the groove portions 71a adjacent to each other is set
to about 200 um. Regions 715, each having the width W43
of about 200 pum, of the n-type GaN substrate 71 located
between the groove portions 71a correspond to light-emit-
ting portions located under ridge portions (not shown) of a
nitride-based semiconductor device layer. The n-type GaN
substrate 71 is an example of the “nitride-based semicon-
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ductor substrate” in the present invention. The regions 715
of the n-type GaN substrate 71 are examples of the “first
region” in the present invention, and the regions of the
n-type GaN substrate 71 formed with the groove portions
71a are examples of the “second region” in the present
invention.

[0126] According to the fifth embodiment, the n-type GaN
substrate 71 has a surface of the (0001) plane and a low
dislocation density, similarly to the n-type GaN substrate 1
in the aforementioned first embodiment. The lattice constant
of the n-type GaN substrate 71 is about 0.3189 nm.

[0127] The remaining steps of the fabrication method
according to the fiftth embodiment are similar to those in the
aforementioned first embodiment.

[0128] According to the fifth embodiment, as hereinabove
described, each groove portion 71a is so formed on the
n-type GaN substrate 71 that the opening width thereof is
gradually reduced from the bottom surface toward the
opening end so that materials constituting nitride-based
semiconductor layers are more hardly deposited on the side
surfaces of the groove portions 71a as compared with the
first embodiment in which the side surfaces of the groove
portions la are perpendicular to the upper surface of the
n-type GaN substrate 1, whereby the thicknesses of portions
of'the nitride-based semiconductor layers formed on the side
surfaces of the groove portions 71a can be more easily
reduced below those of portions of the nitride-based semi-
conductor layers formed on the regions 716 of the n-type
GaN substrate 71.

[0129] The remaining effects of the fifth embodiment are
similar to those of the aforementioned first embodiment.

Sixth Embodiment

[0130] Referring to FIG. 22, the side surfaces of groove
portions 8la formed on an n-type GaN substrate 81 are
stepped in a method of fabricating a nitride-based semicon-
ductor laser diode according to a sixth embodiment of the
present invention, dissimilarly to the aforementioned fourth
and fifth embodiments.

[0131] In the method of fabricating a nitride-based semi-
conductor laser diode according to the sixth embodiment,
striped (slender) groove portions 81a extending in a pre-
scribed direction are formed on the n-type GaN substrate 81
through steps similar to those of the first embodiment shown
in FIGS. 1 to 4, as shown in FIG. 22. According to the sixth
embodiment, however, two etching steps are carried out for
forming the groove portions 8la. More specifically, first
grooves having a width W51 of about 50 pm and a depth
D51 of about 1 um are formed in the first etching step.
Thereafter second grooves having a width W52 of about 30
um and a depth D52 of about 1 um are formed in the second
etching step on the bottoms of the first grooves formed in the
first etching step. Thus, the groove portions 8la having
stepped side surfaces are formed with the width (opening
end width) W51 of about 50 um and a depth D53 of about
2 um. The distance W53 between the groove portions 81a
adjacent to each other is set to about 200 pm. Regions 815,
having a width W53 of about 200 pum, of the n-type GaN
substrate 81 held between the groove portions 8la corre-
spond to light-emitting portions located under ridge portions
(not shown) of a nitride-based semiconductor device layer.
The n-type GaN substrate 81 is an example of the “nitride-
based semiconductor substrate” in the present invention.
The regions 815 of the n-type GaN substrate 81 are
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examples of the “first region” in the present invention, and
the regions of the n-type GaN substrate 81 formed with the
groove portions 81a are examples of the “second region” in
the present invention.

[0132] According to the sixth embodiment, the n-type
GaN substrate 81 has a surface of the (0001) plane and a low
dislocation density, similarly to the n-type GaN substrate 1
in the aforementioned first embodiment. The lattice constant
of the n-type GaN substrate 81 is about 0.3189 nm.

[0133] The remaining steps of the fabrication method
according to the sixth embodiment are similar to those in the
aforementioned first embodiment.

[0134] According to the sixth embodiment, as hereinabove
described, the striped (slender) groove portions 81a extend-
ing in the prescribed direction are formed on the n-type GaN
substrate 81 with stepped side surfaces, whereby effects
similar to those of the aforementioned first embodiment can
be attained.

[0135] While the nitride-based semiconductor layers are
formed on the (0001) plane of the GaN substrate in each of
the aforementioned first to sixth embodiments, the present
invention is not restricted to this but the nitride-based
semiconductor layers may alternatively be formed on a
plane, having another plane direction, of the GaN substrate.
For example, the nitride-based semiconductor layers may be
formed on a (H,K,-H-K,0) plane such as the (1-100) or
(11-20) plane. In this case, no piezoelectric field is generated
in a light-emitting layer, whereby luminous efficiency of the
light-emitting layer can be improved. Seventh and eighth
embodiments of the present invention employing this struc-
ture are now described.

Seventh Embodiment

[0136] A method of fabricating a nitride-based semicon-
ductor laser diode according to the seventh embodiment of
the present invention is different from the method according
to the first embodiment in a point that an n-type GaN
substrate 91 having a surface of the (11-20) plane is
employed with groove portions 91a formed to extend in the
[1-100] direction. The method of fabricating a nitride-based
semiconductor laser diode according to the seventh embodi-
ment of the present invention is now described with refer-
ence to FIGS. 23 and 24.

[0137] Also according to the seventh embodiment, striped
(slender) groove portions 91a having a width W61 of about
50 um and a depth of about 2 um are formed on the n-type
GaN substrate 91 with side surfaces perpendicular to the
upper surface of the n-type GaN substrate 91 through steps
similar to those of the first embodiment shown in FIGS. 1 to
4. According to the seventh embodiment, however, the
n-type GaN substrate 91 has the surface of the (11-20) plane
and the groove portions 91a are formed to extend in the
[1-100] direction, as described above. At this time, the
n-type GaN substrate 91 is formed with regions 915, having
a width W62 in the [0001] direction, held between regions
formed with the groove portions 91a. The n-type GaN
substrate 91 is an example of the “nitride-based semicon-
ductor substrate” in the present invention, and the regions
formed with the groove portions 91a are examples of the
“second region” in the present invention. The regions 915
are examples of the “first region™ in the present invention.
[0138] A nitride-based semiconductor device layer 90 is
formed on the n-type GaN substrate 91 through a step
similar to that in the aforementioned first embodiment. This
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nitride-based semiconductor device layer 90 is formed to
have an n-type cladding layer, an active layer and a p-type
cladding layer from the side closer to the n-type GaN
substrate 91, similarly to the aforementioned first embodi-
ment.

[0139] The n-type cladding layer included in the nitride-
based semiconductor device layer 90 is generally formed by
an AlGaN layer, and the difference between the lattice
constants of this AlGaN layer and the n-type GaN substrate
91 varies with the crystal orientation of the n-type GaN
substrate 91. For example, the lattice constants of Al ,,Ga,,
93N and GaN in the a-axis direction are about 0.3184 nm and
about 0.3189 nm respectively, and the ratio therebetween is
0.9984. On the other hand, the lattice constants of Al, ,,Ga,
93N and GaN in the c-axis direction are about 0.5172 nm and
about 0.5186 nm respectively, and the ratio therebetween is
0.9973. Thus, the lattice constant ratios between Al, ,,Ga,
93N and GaN are 0.9984 and 0.9973 in the a-axis direction
and the c-axis direction respectively, and the ratio in the
c-axis direction more largely deviates from 1. Therefore,
larger strain or stress is applied to the AlGaN layer of the
nitride-based semiconductor laser diode fabricated accord-
ing to tho seventh embodiment employing the n-type GaN
substrate 91 having the (11-20) plane including the c-axis
direction as the in-plane axis direction, as compared with the
nitride-based semiconductor laser diode fabricated accord-
ing to each of the first to sixth embodiments employing the
GaN substrate having the (0001) plane with only the a-axis
in-plane direction. In the nitride-based semiconductor laser
diode fabricated by the method according to the seventh
embodiment, therefore, the AlGaN layer is more easily
cracked as compared with that in the nitride-based semicon-
ductor laser diode fabricated according to each of the first to
sixth embodiments, and hence the nitride-based semicon-
ductor device layer 90 is easily cracked.

[0140] According to the seventh embodiment, therefore,
the groove portions 91a provided on the n-type GaN sub-
strate 91 are formed to extend in the [1-100] direction.
[0141] The [1-100] direction corresponds to the m-axis
direction, and the magnitude of strain or stress in the m-axis
direction is substantially equal to the magnitude of strain or
stress in the a-axis direction in crystal structure. In the case
of employing the n-type GaN substrate 91 having the
(11-20) plane, therefore, strain or stress in the [0001] c-axis
direction is larger than that in the [1-100] m-axis direction,
whereby cracks are more easily formed in the direction
intersecting with the [0001] direction than in the direction
intersecting with the [1-100] direction. Thus, propagation of
cracks formed in the direction intersecting with the [0001]
direction can be effectively suppressed by providing the
groove portions 91a along the [1-100] axis direction inter-
secting with the [0001] direction according to the seventh
embodiment. According to the seventh embodiment, propa-
gation of cracks is suppressed in the direction causing a large
number of cracks, thereby obtaining higher effects.

[0142] According to the seventh embodiment, the opening
width of each groove portion 91a formed on the n-type GaN
substrate 91 is preferably gradually increased from the
bottom surface toward the opening end thereof, similarly to
the aforementioned fourth embodiment. When the groove
portions 91a have a mesa sectional shape, Ga which is one
of the constituents of the AlGaN layer conceivably easily
moves toward inclined side surfaces of the groove portions
91a when the nitride-based semiconductor device layer 90
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including the AlGaN layer is formed on the n-type GaN
substrate 91. Therefore, the Al composition ratio of portions
of'the AlGaN layer formed on the side surfaces of the groove
portions 91a is reduced below the Al composition ratio of
portions of the AlGaN layer formed on the regions 915 of the
n type GaN substrate 91. More specifically, the Al compo-
sition ratio of the portions of the AlGaN layer formed on the
regions 915 of the n-type GaN substrate 91 is about 7%
while the Al composition ratio of the portions of the AlGaN
layer formed on the side surfaces of the groove portions 91a
is about 1.4% when a layer having an Al composition ratio
of about 7% is formed as the AlGaN layer. In this case, the
lattice constant of the portions, having the lower Al com-
position ratio, of the AlGaN layer located on the side
surfaces of the groove portions 91a approaches the lattice
constant of the n-type GaN substrate 91, whereby the
difference between the lattice constants of the n-type GaN
substrate 91 and the AlGaN layer is reduced on the portions,
having the lower Al composition ratio, of the AlGaN layer
located on the side surfaces of the groove portions 91a. Also
when the AlGaN layer is strained due to the difference
between the lattice constants of the n-type GaN substrate 91
and the AlGaN layer included in the nitride-based semicon-
ductor device layer 90, therefore, the strain is relaxed on the
portions, having the lower Al composition ratio, of the
AlGaN layer located on the side surfaces of the groove
portions 91a, whereby the strain caused on the AlGaN layer
is reduced. Thus, the quantity of cracks formed on the
AlGaN layer is inhibited from increase, and the quantity of
cracks formed on the nitride-based semiconductor device
layer 90 including the AlGaN layer is also inhibited from
increase.

[0143] The remaining steps of the fabrication method
according to the seventh embodiment are similar to those in
the aforementioned first embodiment.

[0144] Effects of the seventh embodiment are similar to
those of the aforementioned first embodiment.

Eighth Embodiment

[0145] A method of fabricating a nitride-based semicon-
ductor laser diode according to the eighth embodiment of the
present invention is dissimilar to that according to the first
embodiment in a point that an n-type GaN substrate 101
having a surface of the (1-100) plane is employed and a
point that groove portions 110a are formed to extend in the
[11-20] direction. The method of fabricating a nitride-based
semiconductor laser diode according to the eighth embodi-
ment of the present invention is now described with refer-
ence to FIGS. 25 and 26.

[0146] Also according to the eighth embodiment, striped
(slender) groove portions 110a having a width W71 of about
50 um and a depth of about 2 um are formed on the n-type
GaN substrate 101 with side surfaces perpendicular to the
upper surface of the n-type GaN substrate 101 through steps
similar to those of the first embodiment shown in FIGS. 1 to
4. According to the eighth embodiment, however, the n-type
GaN substrate 101 has the surface of the (1-100) plane and
the groove portions 111a are so formed as to extend in the
[11-20] direction, as described above. At this time, the
n-type GaN substrate 101 is formed with regions 1015,
having a width W72 in the [0001] direction, held between
regions formed with the groove portions 111a. The n-type
GaN substrate 101 is an example of the “nitride-based
semiconductor substrate” in the present invention, and the
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regions formed with the groove portions 111a are examples
of the “second region” in the present invention. The regions
1015 are examples of the “first region” in the present
invention.

[0147] A nitride-based semiconductor device layer 100 is
formed on the n-type GaN substrate 101 through a step
similar to that in the aforementioned first embodiment. This
nitride-based semiconductor device layer 100 is formed to
have an n-type cladding layer, an active layer and a p-type
cladding layer from the side closer to the n-type GaN
substrate 101, similarly to the aforementioned first embodi-
ment.

[0148] The n-type GaN substrate 101 employed in the
eighth embodiment also includes the c-axis direction in the
in-plane direction, similarly to the aforementioned seventh
embodiment. Therefore, larger strain or stress is applied to
an AlGaN layer of the nitride-based semiconductor laser
diode fabricated according to the eighth embodiment
employing the n-type GaN substrate 101 having the (1-100)
plane including the c-axis direction as the in-plane axis
direction, as compared with the nitride-based semiconductor
laser diode fabricated according to each of the first to sixth
embodiments employing the GaN substrate having the
(0001) plane with only the a-axis in-plane direction. Also in
the nitride-based semiconductor laser diode fabricated by
the method according to the eighth embodiment, therefore,
the AlGaN layer is more easily cracked as compared with
that in the nitride-based semiconductor laser diode fabri-
cated according to each of the first to sixth embodiments,
and hence the nitride-based semiconductor device layer 100
is easily cracked.

[0149] According to the eighth embodiment, therefore, the
groove portions 111a provided on the n-type GaN substrate
101 are so formed as to extend in the [11-20] direction.
[0150] The [11-20] direction corresponds to the a-axis
direction, whereby cracks are more easily formed in the
direction intersecting with the [0001] direction than in the
direction intersecting with the [1-100] direction in the eighth
embodiment employing the n-type GaN substrate 101 of the
(1-100) plane. Therefore, propagation of cracks formed in
the direction intersecting with the [0001] direction can be
effectively suppressed by providing the groove portions
1104 along the [11-20] axis direction intersecting with the
[0001] direction according to the eighth embodiment.
According to the eighth embodiment, propagation of cracks
is suppressed in the direction causing a large number of
cracks, thereby obtaining higher effects.

[0151] According to the eighth embodiment, the opening
width of each groove portion 110a formed on the n-type
GaN substrate 101 is preferably gradually increased from
the bottom surface toward the opening end thereof, similarly
to the aforementioned fourth embodiment. When the groove
portions 110a have a mesa sectional shape, Ga which is one
of the constituents of the AlGaN layer conceivably easily
moves toward inclined side surfaces of the groove portions
111a when the nitride-based semiconductor device layer 100
including the AlGaN layer is formed on the n-type GaN
substrate 101. Therefore, the Al composition ratio of por-
tions of the AlGaN layer formed on the side surfaces of the
groove portions 110q is reduced below the Al composition
ratio of portions of the AlGaN layer formed on the regions
1015 of the n-type GaN substrate 101. More specifically, the
Al composition ratio of the portions of the AlGaN layer
formed on the regions 1015 of the n-type GaN substrate 101
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is about 7% while the Al composition ratio of the portions
of'the AlGaN layer formed on the side surfaces of the groove
portions 110a is about 0.7% when a layer having an Al
composition ratio of about 7% is formed as the AlGaN layer.
In this case, the lattice constant of the portions, having the
lower Al composition ratio, of the AlGaN layer located on
the side surfaces of the groove portions 110a approaches the
lattice constant of the n-type GaN substrate 101, whereby
the difference between the lattice constants of the n-type
GaN substrate 101 and the AlGaN layer is reduced on the
portions, having the lower Al composition ratio, of the
AlGaN layer located on the side surfaces of the groove
portions 110a. Also when the AlGaN layer is strained due to
the difference between the lattice constants of the n-type
GaN substrate 101 and the AlGaN layer included in the
nitride-based semiconductor device layer 100, therefore, the
strain is relaxed on the portions, having the lower Al
composition ratio, of the AlGaN layer located on the side
surfaces of the groove portions 110a, whereby the strain
caused on the AlGaN layer is reduced. Thus, the quantity of
cracks formed on the AlGaN layer is inhibited from increase,
and the quantity of cracks formed on the nitride-based
semiconductor device layer 100 including the AlGaN layer
is also inhibited from increase.

[0152] The remaining steps of the fabrication method
according to the eighth embodiment are similar to those of
the aforementioned first embodiment.

[0153] The remaining effects of the eighth embodiment
are similar to those of the aforementioned seventh embodi-
ment. (Ninth Embodiment) A method of fabricating a
nitride-based semiconductor laser diode according to a ninth
embodiment of the present invention is different from the
method of fabricating a nitride-based semiconductor laser
diode according to the seventh embodiment in a point that an
n-type GaN substrate 111 having a surface of the (11-22)
plane is employed and a point that the opening width of each
groove portion 111a is gradually increased from the bottom
surface toward the opening end thereof. The method of
fabricating a nitride-based semiconductor laser diode
according to the ninth embodiment of the present invention
is now described with reference to FIGS. 27 and 28.

[0154] According to the ninth embodiment, striped (slen-
der) groove portions 111a having a width (opening end
width) W81 of about 50 um and a depth of about 2 pum with
a mesa sectional shape are formed on the n-type GaN
substrate 111 through steps similar to those of the fourth
embodiment shown in FIGS. 17 to 20. According to the
ninth embodiment, however, the n-type GaN substrate 111
has the surface of the (11-22) plane and the groove portions
111a are so formed as to extend in the [1-100] direction, as
described above. At this time, the n-type GaN substrate 111
is formed with regions 11154, having a width W82 in a
direction y described later, held between regions formed
with the groove portions 111a. The n-type GaN substrate 111
is an example of the “nitride-based semiconductor substrate”
in the present invention, and the regions formed with the
groove portions 111a are examples of the “second region” in
the present invention. The regions 1115 are examples of the
“first region” in the present invention.

[0155] Then, nitride-based semiconductor layers (53 to
59) constituting a nitride-based semiconductor device layer
110 are successively formed on the upper surfaces of the
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1115 of the n-type GaN substrate 111 and the bottom and
side surfaces of the groove portions 111a by MOCVD
through a buffer layer 52.

[0156] More specifically, TMGa gas (about 66 umol/min.)
and TMALI gas (about 0.26 pmol/min.) are supplied into a
reactor with H, gas employed as carrier gas, thereby grow-
ing the buffer layer 52 of undoped Al, ,,Ga, 50N having a
thickness of about 0.8 um on the n-type GaN substrate 111
at a growth rate of about 1.1 pm/h. when the n-type GaN
substrate 111 reaches a temperature of about 1160° C.
Thereafter TMGa gas (about 90 pumol/min.), TMAI gas
(about 2.4 pmol/min.) and GeH, gas (about 0.24 pmol/min.)
employed as a Ge material serving as an n-type impurity are
supplied into the reactor with H, gas employed as carrier
gas, thereby growing an n-type cladding layer 53 of n-type
Al, ,,Ga, o3 N doped with Ge having a thickness of about 1.8
pum on the buffer layer 52 at a growth rate of about 1.1 um/h.
[0157] Further, TMGa gas (about 48 pmol/min.) and
TMAI gas (about 4.7 pmol/min.) are supplied into the
reactor with H, gas employed as carrier gas, thereby grow-
ing an n-side carrier blocking layer 54 of undoped Al, ,Ga,_
sN having a thickness of about 20 nm on the n-type cladding
layer 53 at a growth rate of about 1 pm/h.

[0158] Then, the temperature of the n-type GaN substrate
111 is reduced from about 1160° C. to about 850° C. Then,
TEGa gas and TMIn gas employed as Ga and In materials
respectively are supplied into the reactor with H, gas
employed as carrier gas, thereby alternately growing four
barrier layers (not shown) of undoped In, ,,Ga, 4sN each
having a thickness of about 20 nm and three quantum well
layers (not shown) of undoped In, ,sGa, 3sN each having a
thickness of about 3.5 nm on the n-side carrier blocking
layer 54 at a growth rate of about 0.25 um/h. Thus, an MQW
active layer 55 is formed in an MQW structure obtained by
alternately stacking the four barrier layers and the three
quantum well layers with each other. Then, a p-side light
guide layer 56 of undoped In,, ,,Ga, 56N having a thickness
of about 0.1 um is grown on the MQW active layer 55.
Thereafter TMGa gas (about 103 pmol/min.) and TMAI gas
(about 400 umol/min.) are supplied into the reactor with N,
gas employed as carrier gas, thereby growing a p-side carrier
blocking layer 57 of undoped Al, ,Ga, ¢N having a thick-
ness of about 20 nm on the p-side light guide layer 56 at a
growth rate of about 1.2 um/h.

[0159] Then, the temperature of the n-type GaN substrate
111 is increased from about 850° C. to about 1160° C. Then,
TMGa gas (about 54 pmol/min.), TMAI gas (about 1.7
pmol/min.) and Mg(CsHs), gas (about 0.038 pumol/min.)
employed as an Mg material serving as a p-type impurity are
supplied into the reactor with N, gas employed as carrier
gas, thereby growing a p-type cladding layer 58 of p-type
Al ,Ga, ;N doped with Mg having a thickness of about
0.45 um on the p-side carrier blocking layer 57 at a rate of
about 1.1 um/h. Since the Al composition and the growth
rate of AlGaN varies with the type and the quantity of dopant
gas, the flow rates of the supplied TMGa gas and TMALI are
so adjusted as to grow the n-type cladding layer 53 and the
p-type cladding layer 58 having the same Al composition at
the same growth rate. Thereafter the temperature of the
n-type GaN substrate 111 is reduced from about 1160° C. to
about 850° C. Then, TEGa gas and TMIn gas are supplied
into the reactor with N, gas employed as carrier gas, thereby
growing a p-side contact layer 59 of undoped In, ,,Gag 55N
having a thickness of about 3 nm on the p-type cladding
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layer 58 at a growth rate of about 0.25 pm/h. Thus, the
nitride-based semiconductor device layer 110 constituted of
the nitride-based semiconductor layers (53 to 59) is formed
on the upper surfaces of the regions 1115 of the n-type GaN
substrate 111 and the bottom and side surfaces of the groove
portions 111a through the buffer layer 52.

[0160] The n-type cladding layer 53 included in the
nitride-based semiconductor device layer 110 is generally
formed by an AlGaN layer, and the difference between the
lattice constants of this AlGaN layer and the n-type GaN
substrate 111 varies with the crystal orientation of the n-type
GaN substrate 111. For example, the lattice constants of
Al, ,Gag ;N and GaN in the a-axis direction are about
0.3184 nm and about 0.3189 nm respectively, and the ratio
therebetween is 0.9984. On the other hand, the lattice
constants of Al ,,Ga, ;N and GaN in the c-axis direction
are about 0.5172 nm and about 0.5186 nm respectively, and
the ratio therebetween is 0.9973. Thus, the lattice constant
ratios between Al,,,Ga, 4N and GaN are 0.9984 and
0.9973 in the a-axis direction and the c-axis direction
respectively, and the ratio in the c-axis direction more
largely deviates from 1. According to the ninth embodiment
employing the n-type GaN substrate 111 having the (11-22)
plane, the in-plane directions include the [1-100] direction,
the [1-100] direction and the direction (hereinafter referred
to as a direction y) perpendicular to the [11-22] direction.
The lattice constant ratio between AlGaN and GaN in the
[1-100] direction is equal to that in the a-axis direction. On
the other hand, the lattice constant ratio between AlGaN and
GaN in the direction y, having components in the a-axis
direction and the c-axis direction, is at an intermediate level
between the lattice constant ratios between AlGaN and GaN
in the a-axis direction and the c-axis direction and higher
than the lattice constant ratio between AlGaN and GaN in
the a-axis direction. Therefore, larger strain or stress is
applied to the AlGaN layer of the nitride-based semicon-
ductor laser diode fabricated according to the ninth embodi-
ment employing the n-type GaN substrate 111 having the
(11-22) plane, as compared with the nitride-based semicon-
ductor laser diode fabricated according to each of the first to
sixth embodiments employing the GaN substrate having the
(0001) plane with only the a-axis in-plane direction. In the
nitride-based semiconductor laser diode fabricated by the
method according to the ninth embodiment, therefore, the
AlGaN layer is more easily cracked as compared with that
in the nitride-based semiconductor laser diode fabricated
according to each of the first to sixth embodiments, and
hence the nitride-based semiconductor device layer 110 is
easily cracked.

[0161] According to the ninth embodiment, therefore, the
groove portions 111a provided on the n-type GaN substrate
111 are so formed as to extend in the [1-100] direction.
[0162] The [1-100] direction corresponds to the m-axis
direction, and the magnitude of strain or stress in the m-axis
direction is substantially equal to the magnitude of strain or
stress in the a-axis direction in crystal structure. In the case
of employing the n-type GaN substrate 111 having the
(11-22) plane, therefore, strain or stress in the direction y is
larger than that in the [1-100] m-axis direction, whereby
cracks are more easily formed in the direction intersecting
with the direction y than in the direction intersecting with the
[1-100] direction. Thus, propagation of cracks formed in the
direction intersecting with the direction y can be effectively
suppressed by providing the groove portions 111a along the
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[1-100] axis direction intersecting with the direction y
according to the ninth embodiment. According to the ninth
embodiment, propagation of cracks is suppressed in the
direction causing a large number of cracks, thereby obtain-
ing higher effects.

[0163] According to the ninth embodiment, the opening
width of each groove portion 111a formed on the n-type
GaN substrate 111 is gradually increased from the bottom
surface toward the opening end thereof, similarly to the
aforementioned fourth embodiment. When the groove por-
tions 111a have a mesa sectional shape, Ga which is one of
the constituents of the AlGaN layer conceivably easily
moves toward inclined side surfaces of the groove portions
111a when the nitride-based semiconductor device layer 110
including the AlGaN layer is formed on the n-type GaN
substrate 111. Therefore, the Al composition ratio of por-
tions of the AlGaN layer formed on the side surfaces of the
groove portions 111a is reduced below the Al composition
ratio of portions of the AlGaN layer formed on the regions
1115 of the n-type GaN substrate 111. More specifically, the
Al composition ratio of the portions of the n-type cladding
layer 53, consisting of n-type AlGaN doped with Ge, formed
on the regions 1115 of the n-type GaN substrate 111 is about
7% while the Al composition ratio of the portions of the
AlGaN layer formed on the side surfaces of the groove
portions 111a is about 1.7% to about 2.6% when a layer
having an Al composition ratio of about 7% is formed as the
AlGaN layer. When another layer having an Al composition
ratio of about 7% is formed as another AlGaN layer, further,
the Al composition ratio of the portions of the p-type
cladding layer 58, consisting of p-type AlGaN doped with
Mg, formed on the regions 1115 of the n-type GaN substrate
111 is about 7% while the Al composition ratio of the
portions of the AlGaN layer formed on the side surfaces of
the groove portions 111a is about 3.9% to about 4.3%. In this
case, the lattice constant of the portions, having the lower Al
composition ratio, of the AlGaN layer formed on the side
surfaces of the groove portions 111a approaches the lattice
constant of the n-type GaN substrate 111, whereby the
difference between the lattice constants of the n-type GaN
substrate 111 and the AlGaN layer is reduced on the por-
tions, having the lower Al composition ratio, of the AlGaN
layer located on the side surfaces of the groove portions
111a. Also when the AlGaN layer is strained due to the
difference between the lattice constants of the n-type GaN
substrate 111 and the AlGaN layer included in the nitride-
based semiconductor device layer 110, therefore, the strain
is relaxed on the portions, having the lower Al composition
ratio, of the AlGaN layer located on the side surfaces of the
groove portions 111a, whereby the strain caused on the
AlGaN layer is reduced. Thus, the quantity of cracks formed
on the AlGaN layer is inhibited from increase, and the
quantity of cracks formed on the nitride-based semiconduc-
tor device layer 110 including the AlGaN layer is also
inhibited from increase.

[0164] The remaining steps of the fabrication method
according to the ninth embodiment are similar to those in the
aforementioned seventh embodiment.

[0165] The remaining steps of the fabrication method
according to the ninth embodiment are similar to those of the
aforementioned seventh embodiment.

[0166] According to the ninth embodiment, as herein-
above described, the n-type GaN substrate 111 is so formed
that the surface thereof has the (11-22) plane which is a
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(H,K,-H,-K,L) plane. In general, a piezoelectric field gen-
erated in the nitride-based semiconductor layer is maxi-
mized when the surface of the nitride-based semiconductor
substrate is the (0001) plane if in-plane strain is applied to
the nitride-based semiconductor layer, and a piezoelectric
field generated in the nitride-based semiconductor layer
when the surface of the nitride-based semiconductor sub-
strate is not the (0001) plane is smaller than that generated
when the surface of the nitride-based semiconductor sub-
strate is the (0001) plane. Therefore, a piezoelectric field
generated in the MQW active layer 55 can be reduced by
forming the surface of the n-type GaN substrate 111 by the
(11-22) plane other than the (0001) plane. Thus, luminous
efficiency can be improved.

[0167] According to the ninth embodiment, the n-type
GaN substrate 111 has the surface of the (11-22) plane so
that atomic-layer steps can be formed on the surface,
whereby the mode of crystal growth tends to be step-flow
growth starting from the steps as compared with growth on
the (0001), (11-20) and (1-100) planes having smaller den-
sity of atomic-layer steps, thereby improving crystallinity of
the nitride-based semiconductor light-emitting device.
[0168] The remaining effects of the ninth embodiment are
similar to those of the aforementioned seventh embodiment.

Tenth Embodiment

[0169] A method of fabricating a nitride-based semicon-
ductor laser diode according to a tenth embodiment of the
present invention is different from the method according to
the ninth embodiment in the direction of groove portions
121a. The method of fabricating a nitride-based semicon-
ductor laser diode according to the tenth embodiment of the
present invention is now described with reference to FIGS.
29 and 30.

[0170] According to the tenth embodiment, striped (slen-
der) groove portions 121a each having a width (opening end
width) W91 of about 50 pm and a depth of about 2 pum with
a mesa sectional shape are formed on an n-type GaN
substrate 121 through steps similar to those in the afore-
mentioned ninth embodiment. According to the tenth
embodiment, however, the groove portions 121a are so
formed as to extend in the direction y in the aforementioned
ninth embodiment. At this time, regions 121« having a width
W92 in the [1-100] direction are formed between regions
formed with the groove portions 121a. The n-type GaN
substrate 121 is an example of the “nitride-based semicon-
ductor substrate” in the present invention, and the regions
formed with the groove portions 121a are examples of the
“second region” in the present invention. The regions 1215
are examples of the “first region™ in the present invention.
[0171] A nitride-based semiconductor device layer 120 is
formed on the n-type GaN substrate 121 through a step
similar to that in the aforementioned ninth embodiment. This
nitride-based semiconductor device layer 120 is formed to
have an n-type cladding layer 53, an MQW active layer 55
and a p-type cladding layer 58 from the side closer to the
n-type GaN substrate 111, similarly to the aforementioned
ninth embodiment.

[0172] The remaining steps of the fabrication method
according to the tenth embodiment are similar to those of the
aforementioned ninth embodiment.

[0173] According to the tenth embodiment, the thickness
(T1=1.1 um) of portions of the n-type cladding layer 53
consisting of n-type Al ,,Ga, 43N formed on the side sur-
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faces of the groove portions 121a is reduced below the
thickness (T2=1.8 pum) of portions of the n-type cladding
layer 53 formed on the regions 1216 of the n-type GaN
substrate 121. When the n-type cladding layer 53 is strained
due to the difference between the lattice constant (about
0.3189 nm) of the n-type GaN substrate 121 and the lattice
constant (about 0.3184 nm) of the n-type cladding layer 53
of n-type Al ,,Ga, 5N, therefore, this strain concentrates
on the portions, having the smaller thickness, of the n-type
cladding layer 53 located on the side surfaces of the groove
portions 121a, whereby the strain caused on the portions of
the n-type cladding layer 53 located on the regions 1215 of
the n-type GaN substrate 121 is relaxed. Thus, the quantity
of cracks formed on the nitride-based semiconductor device
layer 120 including the n-type cladding layer 53 is inhibited
from increase resulting from remarkable strain of the n-type
cladding layer 53. Therefore, the quantity of cracks formed
on the nitride-based semiconductor device layer 120 includ-
ing the n-type cladding layer 53 is also inhibited from
increase, whereby the cracks can be inhibited from increas-
ing a leakage current not supplied to light-emitting portions
of the nitride-semiconductor device layer 120 and hindering
a transmission of a light. Consequently, the nitride-based
semiconductor laser diode can be inhibited from reduction
of characteristics and a yield.

[0174] The remaining effects of the tenth embodiment are
similar to those of the aforementioned ninth embodiment.
[0175] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

[0176] For example, while the n-type GaN substrate is
employed in each of the aforementioned first to tenth
embodiments, the present invention is not restricted to this
but a p-type nitride-based semiconductor substrate may
alternatively be employed so that a p-type nitride-based
semiconductor layer, an active layer and an n-type nitride-
based semiconductor layer are successively formed on the
p-type nitride-based semiconductor substrate.

[0177] While the GaN substrate is employed in each of the
aforementioned first to tenth embodiments, the present
invention is not restricted to this but a nitride-based semi-
conductor substrate other than the GaN substrate may alter-
natively be employed. The nitride-based semiconductor sub-
strate other than the GaN substrate can be prepared from
AlGaN, AIN, AlGalnN or AlGalnBN, for example.

[0178] While the groove portions having the bottom sur-
faces are formed on the n-type GaN substrate in each of the
aforementioned first to tenth embodiments, the present
invention is not restricted to this but groove portions having
no bottom surfaces may alternatively be formed on the
n-type GaN substrate. For example, groove portions 131a
having a V-shaped section may be formed on an n-type GaN
substrate 131, as shown in FIG. 31. The n-type GaN
substrate 131 is an example of the “nitride-based semicon-
ductor substrate” in the present invention. According to this
structure, Ga constituting an AlGaN layer conceivably easily
moves toward the inner surfaces of the groove portions 131a
having the V-shaped section when the AlGaN layer is
formed on the n-type GaN substrate 131 by MOCVD or the
like, similarly to the aforementioned fourth embodiment.
Thus, the Al composition ratio of portions of the AlGaN
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layer formed on the inner surfaces of the groove portions
131a can be easily reduced below the Al composition ratio
of portions of the AlGaN layer formed on regions other than
the groove portions 131a. Regions 1315 of the n-type GaN
substrate 131 other than those formed with the groove
portions 131a correspond to light-emitting portions located
under ridge portions of a nitride-based semiconductor device
layer. The regions 1315 of the n-type GaN substrate 131 are
examples of the “first region” in the present invention, and
the regions of the n-type GaN substrate 131 formed with the
groove portions 131a are examples of the “second region” in
the present invention.

[0179] While the nitride-based semiconductor layers are
crystal-grown by MOCVD in each of the aforementioned
first to tenth embodiments, the present invention is not
restricted to this but the nitride-based semiconductor layers
may alternatively be crystal-grown by halide vapor phase
epitaxy or gas source molecular beam epitaxy employing
TMAL, TMGa, TMIn, NH;, hydrazine, SiH,, GeH, or
Mg(C Hs), as source gas.

[0180] While the GaN substrate having the surface of the
(0001) plane, the (1-100) plane, (11-20) plane or the (11-22)
plane is employed in each of the aforementioned first to
tenth embodiments, a nitride-based semiconductor substrate
misoriented from this plane in the range of not more than
about 1.0° may alternatively be employed.

[0181] While the GaN substrate having the surface of the
(11-22) plane is employed in each of the aforementioned
ninth and tenth embodiments, the present invention is not
restricted to this but a nitride-based semiconductor substrate
having a plane direction along the (11-21), (11-23), (11-24),
(11-25), (2-201), (1-101), (1-102), (1-103) or (1-104) plane.
[0182] While the active layer of the MQW structure is
employed in each of the aforementioned first to tenth
embodiments, the present invention is not restricted to this
but similar effects can be attained also by employing an
active layer of a single layer or a single quantum well
structure having a large thickness with no quantum effect.

[0183] While the angle o (see FIG. 18) formed by the
bottom surfaces and the side surfaces of the groove portions
having the mesa sectional shape formed on the n-type GaN
substrate is set to about 400 in each of the aforementioned
fourth, seventh, eighth, ninth and tenth embodiments, the
present invention is not restricted to this but the angle a
formed by the bottom surfaces and the side surfaces of the
groove portions may simply be at least about 15°. The side
surfaces of the groove portions are preferably loosely
inclined, so that the Al composition ratio of the portions of
the nitride-based semiconductor layer (AlGaN layer) formed
on the side surfaces of the groove portions can be more
reduced below the Al composition ratio of the portions of the
nitride-based semiconductor layer (AlGaN layer) formed on
the regions other than the groove portions.

[0184] While the groove portions are formed to have a
section substantially reflection-symmetrical with respect to
the (0001) plane or the [11-22]-y plane in each of the
aforementioned fourth, seventh, eighth and ninth embodi-
ments, the groove portions may alternatively be formed to
have an asymmetrical section. In other words, the bottom
surfaces and the side surfaces of the groove portions 51a
may alternatively form different angles o on the right and
left portions respectively in FIG. 18.

[0185] Grooves extending in the [1-100] direction, the
[11-20] direction or the direction perpendicular to the direc-
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tion y may be further formed in addition to the groove
portions extending in the [1-100] direction, the [11-20]
direction or the direction y to provide latticelike groove
portions in each of the aforementioned seventh to tenth
embodiments.

[0186] Ineach of the aforementioned first to tenth embodi-
ments, the depth of the groove portions is preferably larger
than the thickness of the n-type layer of AlGaN or the p-type
layer of AlGaN, more preferably in the range of 0.5 um to
30 pm.

[0187] Ineach of the aforementioned first to tenth embodi-
ments, further, the width of the grove portions is preferably
larger than the thickness of the n-type layer of AlGaN or the
p-type layer of AlGaN, more preferably in the range of 5 pm
to 400 pum.

[0188] Ineach of the aforementioned first to tenth embodi-
ments, in addition, the width of the regions corresponding to
the light-emitting portions is preferably in the range of 10
um to 400 pm.

What is claimed is:
1. A method of fabricating a nitride-based semiconductor
light-emitting device, comprising steps of:
forming a groove portion on a nitride-based semiconduc-
tor substrate by selectively removing a prescribed
region of a second region of said nitride-based semi-
conductor substrate other than a first region corre-
sponding to a light-emitting portion of a nitride-based
semiconductor layer formed on said nitride-based
semiconductor substrate up to a prescribed depth; and
forming said nitride-based semiconductor layer having a
different composition from said nitride-based semicon-
ductor substrate on said first region and said groove
portion of said nitride-based semiconductor substrate.
2. The method of fabricating a nitride-based semiconduc-
tor light-emitting device according to claim 1, wherein
said nitride-based semiconductor substrate includes a
GaN substrate, and
said nitride-based semiconductor layer includes a layer
containing Al, Ga and N.
3. The method of fabricating a nitride-based semiconduc-
tor light-emitting device according to claim 2, wherein
said step of forming said nitride-based semiconductor
layer on said nitride-based semiconductor substrate
includes a step of forming said nitride-based semicon-
ductor layer on the upper surface of said first region of
said nitride-based semiconductor substrate and the bot-
tom surface and the side surface of said groove portion,
and
the Al composition ratio of a portion of said nitride-based
semiconductor layer formed on the side surface of said
groove portion is lower than the Al composition ratio of
a portion of said nitride-based semiconductor layer
formed on the upper surface of said first region.
4. The method of fabricating a nitride-based semiconduc-
tor light-emitting device according to claim 3, wherein
said step of forming said groove portion on said nitride-
based semiconductor substrate includes a step of form-
ing said groove portion so that the opening width of
said groove portion is gradually increased from the
bottom surface toward the opening end of said groove
portion.
5. The method of fabricating a nitride-based semiconduc-
tor light-emitting device according to claim 1, wherein
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said step of forming said nitride-based semiconductor
layer on said nitride-based semiconductor substrate
includes a step of forming said nitride-based semicon-
ductor layer on the upper surface of said first region of
said nitride-based semiconductor substrate and the bot-
tom surface and the side surface of said groove portion,
and
the thickness of a portion of said nitride-based semicon-
ductor layer formed on the side surface of said groove
portion is smaller than the thickness of a portion of said
nitride-based semiconductor layer formed on the upper
surface of said first region.
6. The method of fabricating a nitride-based semiconduc-
tor light-emitting device according to claim 5, wherein
said step of forming said groove portion on said nitride-
based semiconductor substrate includes a step of form-
ing said groove portion so that the side surface of said
groove portion is substantially perpendicular to the
surface of said nitride-based semiconductor substrate.
7. The method of fabricating a nitride-based semiconduc-
tor light-emitting device according to claim 5, wherein
said step of forming said groove portion on said nitride-
based semiconductor substrate includes a step of form-
ing said groove portion so that the opening width of
said groove portion is gradually reduced from the
bottom surface toward the opening end of said groove
portion.
8. The method of fabricating a nitride-based semiconduc-
tor light-emitting device according to claim 1, wherein
said step of forming said groove portion on said nitride-
based semiconductor substrate includes a step of form-
ing slender said groove portion extending in a pre-
scribed direction on said nitride-based semiconductor
substrate.
9. The method of fabricating a nitride-based semiconduc-
tor light-emitting device according to claim 1, wherein
the surface of said nitride-based semiconductor substrate
has a (H,K,-H-K,L) plane (H and K are integers, and
at least either H or K is nonzero).
10. The method of fabricating a nitride-based semicon-
ductor light-emitting device according to claim 9, wherein
the surface of said nitride-based semiconductor substrate
has a (H,K,-H-K,0) plane.
11. The method of fabricating a nitride-based semicon-
ductor light-emitting device according to claim 9, wherein
the surface of said nitride-based semiconductor substrate
has a (H,K,-H-K,L) plane (L is a nonzero integer).
12. The method of fabricating a nitride-based semicon-
ductor light-emitting device according to claim 9, wherein
said step of forming said groove portion on said nitride-
based semiconductor substrate includes a step of form-
ing said groove portion extending along a [K,-H,H-
K,0] direction on said nitride-based semiconductor
substrate.
13. The method of fabricating a nitride-based semicon-
ductor light-emitting device according to claim 1, wherein
said step of forming said groove portion on said nitride-
based semiconductor substrate includes a step of lat-
ticing slender said groove portions extending in a first
direction and a second direction intersecting with said
first direction on said nitride-based semiconductor sub-
strate to enclose said first region.
14. The method of fabricating a nitride-based semicon-
ductor light-emitting device according to claim 1, wherein
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said nitride-based semiconductor layer includes a layer,
formed on said first region and said second region of
said nitride-based semiconductor substrate, of a nitride-
based semiconductor having a different composition
from said nitride-based semiconductor substrate and a
light-emitting layer of a nitride-based semiconductor
formed at least on said first region.

15. A nitride-based semiconductor light-emitting device

comprising:

a nitride-based semiconductor substrate including a first
region corresponding to a light-emitting portion and a
second region arranged to be adjacent to said first
region through a step portion having a prescribed
height; and

a nitride-based semiconductor layer, formed on the upper
surface of said first region of said nitride-based semi-
conductor substrate and the side surface of said step
portion, having a different composition from said
nitride-based semiconductor substrate, wherein

the thickness of a portion of said nitride-based semicon-
ductor layer formed on the side surface of said step
portion is smaller than the thickness of a portion of said
nitride-based semiconductor layer formed on the upper
surface of said first region.

16. The nitride-based semiconductor light-emitting device

according to claim 15, wherein

the surface of said nitride-based semiconductor substrate
has a (H,K,-H-K,L.) plane (H and K are integers, and
at least either H or K is nonzero).

17. The nitride-based semiconductor light-emitting device

according to claim 16, wherein

the surface of said nitride-based semiconductor substrate
has a (H,K,-H-K,0) plane.

18. The nitride-based semiconductor light-emitting device

according to claim 17, wherein

said step portion is so formed as to extend along a
[K,-H,H-K,0] direction.

19. The nitride-based semiconductor light-emitting device

according to claim 16, wherein

the surface of said nitride-based semiconductor substrate
has a (H,K,-H-K,L) plane (L is a nonzero integer).

20. The nitride-based semiconductor light-emitting device

according to claim 15, wherein

said nitride-based semiconductor layer includes a layer,
formed on said first region and said second region of
said nitride-based semiconductor substrate, of a nitride-
based semiconductor having a different composition
from said nitride-based semiconductor substrate and a
light-emitting layer of a nitride-based semiconductor
formed at least on said first region.

21. A nitride-based semiconductor light-emitting device

comprising:

a nitride-based semiconductor substrate including a first
region corresponding to a light-emitting portion and a
second region arranged to be adjacent to said first
region through a step portion having a prescribed
height; and

a nitride-based semiconductor layer, formed on the upper
surface of said first region of said nitride-based semi-
conductor substrate and the side surface of said step
portion, having a different composition from said
nitride-based semiconductor substrate and containing
Al, Ga and N, wherein
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the Al composition ratio of a portion of said nitride-based
semiconductor layer formed on the side surface of said
step portion is lower than the Al composition ratio of a
portion of said nitride-based semiconductor layer
formed on the upper surface of said first region.
22. The nitride-based semiconductor light-emitting device
according to claim 21, wherein
the surface of said nitride-based semiconductor substrate
has a (H,K,-H-K,L) plane (H and K are integers, and
at least either H or K is nonzero).
23. The nitride-based semiconductor light-emitting device
according to claim 22, wherein
the surface of said nitride-based semiconductor substrate
has a (H,K,-H-K,0) plane.
24. The nitride-based semiconductor light-emitting device
according to claim 22, wherein
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the surface of said nitride-based semiconductor substrate
has a (H,K,-H-K,L) plane (L is a nonzero integer).
25. The nitride-based semiconductor light-emitting device
according to claim 24, wherein
said step portion is so formed as to extend along a
[K,-H,H-K,0] direction.
26. The nitride-based semiconductor light-emitting device
according to claim 21, wherein
said nitride-based semiconductor layer includes a layer,
formed on said first region and said second region of
said nitride-based semiconductor substrate, containing
Al and Ga and a light-emitting layer of a nitride-based
semiconductor formed at least on said first region.



