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(57) 	 ABSTRACT 

A nitride semiconductor light-emitting element 300 is a 
nitride semiconductor light-emitting element which has a 
multilayer structure 310, the multilayer structure 310 includ-
ing an active layer which is made of an m-plane nitride 
semiconductor. The multilayer structure 310 has a light 
extraction surface 311a which is parallel to an m-plane in the 
nitride semiconductor active layer 306 and light extraction 
surfaces 311b which are parallel to a c-plane in the nitride 
semiconductor active layer 306. The ratio of an area of the 
light extraction surfaces 311b to an area of the light extraction 
surface 311a is not more than 46%. 
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SEMICONDUCTOR LIGHT-EMITTING 
DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a nitride semicon-
ductor light-emitting element which has a multilayer struc-
ture including an active layer made of an m-plane nitride 
semiconductor. The present invention also relates to a semi-
conductor light-emitting device which includes a sealing por-
tion that covers the nitride semiconductor light-emitting ele-
ment. 

BACKGROUND ART 

[0002] A nitride semiconductor containing nitrogen (N) as 
a Group V element is a prime candidate for a material to make 
a short-wave light-emitting device because its bandgap is 
sufficiently wide. Among other things, gallium nitride-based 
compound semiconductors have been researched and devel-
oped particularly extensively. Blue light-emitting diodes 
(LEDs), green LEDs, and semiconductor laser diodes which 
are made of gallium nitride-based semiconductors have 
already been used in actual products. 
[0003] Hereinafter, the gallium nitride-based compound 
semiconductors are mainly described. The nitride semicon-
ductors include a compound semiconductor in which some or 
all of gallium (Ga) atoms are replaced with at least one of 
aluminum (Al) and indium (In) atoms. Such a compound 
semiconductor is represented by formula Al Ga~InN(0<_x,y, 
z>_1, x+y+z=1). 
[0004] By replacing Ga atoms with Al atoms, the bandgap 
can be greater than that of GaN, by replacing Ga atoms with 
In atoms, the bandgap can be smaller than that of GaN. This 
enables not only emission of short-wave light, such as blue 
light or green light, but also emission of orange light or red 
light. Because of such a feature, a nitride semiconductor 
light-emitting element has been expected to be applied to 
image display devices and lighting devices. 
[0005] The nitride semiconductor has a wurtzite crystal 
structure. FIGS. 1(a), 1(b), and 1(c) respectively show the 
m-plane, the r-plane and the (11-2-2) plane of the wurtzite 
crystal structure with four characters (hexagonal indices). In 
a four-character expression, crystal planes and orientations 
are expressed using primitive vectors of a 1, a2, a3, and c. The 
primitive vector c runs in the [0001] direction, which is called 
a "c-axis". A plane that intersects with the c-axis at right 
angles is called either a "c-plane" or a "(0001) plane". 
[0006] FIG. 2(a) shows a molecular orbital model of the 
crystal structure of the nitride semiconductor. FIG. 2(b) 
shows an atomic arrangement at an m-plane surface, which is 
observed from the a-axis direction. FIG. 2(c) shows an atomic 
arrangement at a +c-plane surface, which is observed from the 
m-axis direction. 
[0007] According to the conventional techniques, in fabri-
cating a semiconductor element using nitride semiconduc-
tors, a c-plane substrate, i.e., a substrate which has a (0001)-
plane principal surface, is used as a substrate on which nitride 
semiconductor crystals are to be grown. In this case, as seen 
from FIG. 2(c), a layer in which only Ga atoms are arranged 
along the c-axis direction and a layer in which only N atoms 
are arranged along the c-axis direction are formed. Due to 
such an arrangement of Ga atoms and N atoms, spontaneous 
electrical polarization is produced in the nitride semiconduc-
tor. That is why the "c-plane" is also called a "polar plane". 

[0008] Asa result of the electrical polarization, a piezoelec-
tric field is generated along the c-axis direction in the InGaN 
quantum well in the active layer of the nitride semiconductor 
light-emitting element and causes some positional deviation 
in the distributions of electrons and holes in the active layer, 
so that the internal quantum yield decreases due to the quan-
tum confinement Stark effect of carriers. 

[0009] Thus, it has been proposed that a substrate of which 
the principal surface is a so-called "non-polar plane", such as 
m-plane or a-plane, or a so-called "semi-polar plane", such as 
-r plane or (11-2-2) plane, be used. As shown in FIG. 1(a), the 
m-planes in the wurtzite crystal structure are parallel to the 
c-axis and are six equivalent planes which intersect with the 
c-plane at right angles. For example, in FIG. 1, the (1-100) 
plane that is perpendicular to the [1-100] direction is the 
m-plane. The other m-planes which are equivalent to the 
(1-100) plane include (-1010) plane, (10-10) plane, (-1100) 
plane, (01-10) plane, and (0-110) plane. Here,"-" attached on 
the left-hand side of a Miller-Bravais index in the parentheses 
means a "bar", which conveniently represents inversion of 
that index. 

[0010] FIG. 2(b) shows the positions of Ga and N of a 
nitride semiconductor crystal in a plane perpendicular to the 
m-plane. On the m-plane, as shown in FIG. 2(b), Ga atoms 
and N atoms are on the same atomic-plane. For that reason, no 
electrical polarization will be produced perpendicularly to the 
m-plane. Therefore, if a light-emitting element is fabricated 
using a semiconductor multilayer structure which has been 
formed on the m-plane, no piezoelectric field will be gener-
ated in the active layer, thus overcoming the problem of the 
decrease of the internal quantum yield which is attributed to 
the quantum confinement Stark effect of carriers. 

[0011] Further, a nitride semiconductor light-emitting ele-
ment which is formed on a so-called "non-polar plane", such 
as m-plane or a-plane, or a so-called "semi-polar plane", such 
as -r plane or (11-2-2) plane, has a polarization characteristic 
which is attributed to the structure of its valence band. For 
example, a nitride semiconductor active layer formed on the 
m-plane mainly emits light electric field intensity of which is 
deviated in a direction parallel to the a-axis. Such a polariza-
tion characteristic has been expected to be applied to, for 
example, a backlight for liquid crystal. As an idea for improv-
ing the polarization characteristic, for example, FIG. 4 of 
Patent Document 1 discloses a nitride semiconductor light-
emitting element having an m-plane principal surface, in 
which a plane of two pairs of opposing planes perpendicular 
to the principal surface which is parallel to the c-plane is a 
longitudinal plane for the purpose of maintaining the polar-
ization ratio of polarized light produced in an active layer. 

[0012] On the other hand, it is theoretically estimated that, 
when the light-emitting element has a polarization character-
istic, it has such a light distribution that the emission intensity 
is greater in a direction which is perpendicular to the polar-
ization direction. Thus, Patent Document 2 proposes a light-
emitting diode device which is capable of reducing the dif-
ference in intensity which is attributed to the difference in 
azimuth angle in a plane of the nitride semiconductor light-
emitting element. Specifically, the fifth embodiment of Patent 
Document 2 discloses a configuration in which the light emis-
sion surface of a package is configured such that the direction 
of light is changed to a direction of an azimuth angle in which 
the emission intensity is small. 
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SUMMARY OF INVENTION 

Technical Problem 

[0015] However, in the above-described conventional tech-
niques, further improvement of the light distribution charac-
teristics is a problem. 
[0016] The present invention was conceived for the purpose 
of solving the above-described problem. One of the major 
objects of the present invention is to provide a semiconductor 
light-emitting device which has improved light distribution 
characteristics. 

Solution to Problem 

[0017] A nitride semiconductor light-emitting element of 
one embodiment is a nitride semiconductor light-emitting 
element including a multilayer structure, the multilayer struc-
ture including an active layer made of an m-plane nitride 
semiconductor, wherein the multilayer structure has a first 
light extraction surface which is parallel to an en-plane in the 
active layer and a plurality of second light extraction surfaces 
which are parallel to a c-plane in the active layer, and a ratio 
of an area of the second light extraction surfaces to an area of 
the first light extraction surface is not more than 46%. 

Advantageous Effects of Invention 

[0018] According to the present invention, the symmetry of 
the light distribution characteristics along the a-axis direction 
and the c-axis direction can be improved. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] FIGS. 1(a) to 1(c) are diagrams showing a wurtzite 
crystal structure. 
[0020] FIGS. 2(a) to 2(c) show the crystal structure of a 
nitride semiconductor using molecular orbital models. 
[0021] FIGS. 3(a) to 3(c) show the configuration of a semi-
conductor light-emitting device of Embodiment 1. 
[0022] FIGS. 4(a) to 4(c) are plan views showing light 
extraction surfaces 311a and 311b. 
[0023] FIGS. 5(a) to 5(c3) are diagrams showing Variation 
1 of the semiconductor light-emitting device of Embodiment 
1. 
[0024] FIGS. 6(a) to 6(d) are cross-sectional views for 
illustrating the process of dividing a wafer into chips for the 
nitride semiconductor light-emitting element 300 shown in 
FIG. 5(c-1). 
[0025] FIGS. 7(a) to 7(c) are diagrams showing Variation 2 
of Embodiment 1. 
[0026] FIGS. 8(a) to 8(c) are diagrams showing Variation 3 
of Embodiment 1. 
[0027] FIGS. 9(a) to 9(c) are diagrams showing the con-
figuration of a semiconductor light-emitting device of 
Embodiment 2. 

[0028] FIGS. 10(a) to 10(c3) are diagrams showing Varia-
tion 1 of the semiconductor light-emitting device of Embodi-
ment 2. 
[0029] FIGS. 11(a) to 11(c) are diagrams showing the con-
figuration of a semiconductor light-emitting device of 
Embodiment 3. 
[0030] FIGS. 12(a) to 12(c3) are diagrams showing Varia-
tion 1 of Embodiment 3. 
[0031] FIGS. 13(a) to 13(c) are diagrams showing the con-
figuration of a semiconductor light-emitting device of still 
another embodiment. 
[0032] FIGS. 14(a) to 14(c) are diagrams showing varia-
tions of the semiconductor light-emitting device of the still 
another embodiment. 
[0033] FIGS. 15(a) and 15(b) are graphs showing the light 
distribution characteristics of a semiconductor light-emitting 
device of Inventive Example 1. 
[0034] FIG. 16 is a graph showing the relationship between 
the ratio of the area of light extraction surfaces 311b to the 
area of a light extraction surface 311a and the asymmetry 
degree for Inventive Example 1. 
[0035] FIGS. 17(a) and 17(b) are graphs showing the light 
distribution characteristics of a semiconductor light-emitting 
device of Inventive Example 2. 
[0036] FIG. 18 is a graph showing the relationship between 
the ratio of the area of light extraction surfaces 311b to the 
area of a light extraction surface 311a and the asymmetry 
degree for Inventive Example 2. 
[0037] FIGS. 19(a) and 19(b) are graphs showing the light 
distribution characteristics of a semiconductor light-emitting 
device of Inventive Example 3. 
[0038] FIG. 20 is a graph showing the relationship between 
the ratio of the area of light extraction surfaces 311b to the 
area of a light extraction surface 311a and the asymmetry 
degree for Inventive Example 3. 
[0039] FIGS. 21(a) and 21(b) are graphs showing the light 
distribution characteristics of a semiconductor light-emitting 
device of Inventive Example 4. 
[0040] FIG. 22 is a graph showing the relationship between 
the ratio of the area of light extraction surfaces 311b to the 
area of a light extraction surface 311a and the asymmetry 
degree for Inventive Example 4. 
[0041] FIGS. 23(a) to 23(c) are optical microscopic images 
of a nitride-based semiconductor light-emitting element 
which was separated by laser dicing. 
[0042] FIGS. 24(a) to 24(c) are optical microscopic images 
of a nitride-based semiconductor light-emitting element 
which was separated by mechanical dicing. 
[0043] FIGS. 25(a) to 25(c) are diagrams showing the con-
figuration of a semiconductor light-emitting device of Com-
parative Example 1. 
[0044] FIGS. 26(a) and 26(b) are graphs showing the light 
distribution characteristics of the semiconductor light-emit-
ting device of Comparative Example 1. 
[0045] FIGS. 27(a) to 27(c) are diagrams showing the con-
figuration of a semiconductor light-emitting device of Com-
parative Example 2. 
[0046] FIGS. 28(a) and 28(b) are graphs showing the light 
distribution characteristics of the semiconductor light-emit-
ting device of Comparative Example 2. 
[0047] FIGS. 29(a) and 29(b) are diagrams for illustrating a 
method for measuring the light distribution characteristics. 
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DESCRIPTION OF EMBODIMENTS 

[0048] A nitride semiconductor light-emitting element of 
the present embodiment is a nitride semiconductor light-
emitting element which includes a multilayer structure, the 
multilayer structure including an active layer made of an 
m-plane nitride semiconductor, wherein the multilayer struc-
ture has a first light extraction surface which is parallel to an 
m-plane in the active layer and a plurality of second light 
extraction surfaces which are parallel to a c-plane in the active 
layer, and the ratio of an area of the second light extraction 
surfaces to an area of the first light extraction surface is not 
more than 46%. 
[0049] With the above-described configuration, the sym-
metry of the light distribution characteristics along the a-axis 
direction and the c-axis direction can be improved. 
[0050] The multilayer structure may have one or a plurality 
of third light extraction surfaces, and the one or plurality of 
third light extraction surfaces may be inclined with respect to 
a normal direction of the first light extraction surface. 
[0051] The one or plurality of third light extraction surfaces 
maybe inclined by 300  with respect to the normal direction of 
the first light extraction surface. 
[0052] The multilayer structure may include a substrate 
which has a first surface and a second surface, the second 
surface being provided on an opposite side to the first surface, 
and a plurality of nitride-based semiconductor layers pro-
vided on the first surface of the substrate, the plurality of 
nitride-based semiconductor layers including the active layer. 
[0053] The first light extraction surface may be the second 
surface of the substrate. 
[0054] The multilayer structure may be constituted of a 
plurality of nitride-based semiconductor layers including the 
active layer. 
[0055] A length along a c-axis direction of the first light 
extraction surface may be greater than a length along an 
a-axis direction of the first light extraction surface. 
[0056] A ratio of an area of the second light extraction 
surface to an area of the first light extraction surface may be 
not less than 24%. 
[0057] At least any of the first light extraction surface and 
the plurality of second light extraction surfaces may have a 
texture structure. 
[0058] A semiconductor light-emitting device of one 
embodiment may include: the nitride semiconductor light-
emitting element of the present embodiment; a mounting base 
which supports the nitride semiconductor light-emitting ele-
ment; and a sealing portion covering the nitride semiconduc-
tor light-emitting element. 
[0059] The semiconductor light-emitting device of one 
embodiment may further include a reflector for reflecting 
light emitted from the nitride semiconductor light-emitting 
element. 
[0060] Embodiments of the present invention relate to a 
nitride semiconductor light-emitting element, such as a light-
emitting diode and a laser diode, in the entire visible wave-
length range ranging from ultraviolet to blue, green, orange 
and white, for example. 
[0061] The present inventors carried out a semiconductor 
light-emitting device which includes a nitride semiconductor 
light-emitting element which has a nitride-based semicon-
ductor multilayer structure having an m-plane principal sur-
face in various forms and examined their characteristics in 
detail. 

[0062] FIG. 29(a) is a diagram showing the positional rela-
tionship between a nitride semiconductor light-emitting ele-
ment 300 and a light receiving section 318 for measurement 
of the light distribution characteristic along the a-axis direc-
tion. A line extending between the center of the nitride semi-
conductor light-emitting element 300 and the center of the 
light receiving section 318 is referred to as "measurement line 
319". 
[0063] The light distribution characteristic along the a-axis 
direction refers to a value obtained by measuring the lumi-
nous intensity while rotating the nitride semiconductor light-
emitting element 300 around the c-axis of the nitride semi-
conductor light-emitting element 300, with the angle formed 
between the normal direction [1-100] of the m-plane of the 
nitride semiconductor light-emitting element 300 and the 
measurement line 319 being the measurement angle. In FIG. 
29(a), the upper part shows the positional relationship with 
the measurement angle being 00, and the lower part shows the 
positional relationship with the measurement angle being 
45°. 
[0064] FIG. 29(b) is a diagram showing the positional rela-
tionship between the nitride semiconductor light-emitting 
element 300 and the light receiving section 318 for measure-
ment of the light distribution characteristic along the c-axis 
direction. 
[0065] The light distribution characteristic along the c-axis 
direction refers to a value obtained by measuring the lumi-
nous intensity while rotating the nitride semiconductor light-
emitting element 300 around the a-axis of the nitride semi-
conductor light-emitting element 300, with the angle formed 
between the normal direction [1-100] of the m-plane of the 
nitride semiconductor light-emitting element 300 and the 
measurement line 319 being the measurement angle. In FIG. 
29(b), the upper part shows the positional relationship with 
the measurement angle being 00, and the lower part shows the 
positional relationship with the measurement angle being 
45°. 
[0066] In this specification, the asymmetry degree of the 
light distribution characteristics along the a-axis direction 
and the c-axis direction refers to a value which is obtained by 
normalizing the difference between a luminous intensity in a 
direction which is rotated in the a-axis direction by a prede-
termined angle from the normal direction [1-100] of the 
m-plane that is the principal surface (i.e., 0°) and a luminous 
intensity in a direction which is rotated in the c-axis direction 
by an equal angle from the normal direction of the m-plane, 
with the luminous intensity in the normal direction of the 
m-plane. This asymmetry degree is defined for respective 
angles in the range of —90° to +90°. The maximum asymme-
try degree refers to the maximum value of the asymmetry 
degree in the range of —90° to +90°. The average asymmetry 
degree refers to the average value of the asymmetry degree in 
the range of —90° to +90°. 
[0067] As a result of this measurement, the present inven-
tors discovered that the light distribution characteristic along 
the a-axis direction and the light distribution characteristic 
along the c-axis direction strongly depend on the area ratio of 
a light extraction surface which is the m-plane to a light 
extraction surface which is the c-plane. Based on this discov-
ery, the present inventors conceived a method for improving 
the asymmetry of the light distribution characteristics along 
the a-axis direction and the c-axis direction. 
[0068] Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. In the draw- 
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ings mentioned below, for the sake of simple description, 
elements which perform substantially the same functions are 
denoted by the same reference numerals. Note that the present 
invention is not limited to the embodiments which will be 
described below. 

Embodiment 1 

[0069] Hereinafter, Embodiment 1 of a light-emitting 
device of the present invention is described with reference to 
FIG. 3. 
[0070] FIG. 3 schematically shows a semiconductor device 
of Embodiment 1. FIG. 3(a) is a top view. FIG. 3(b) is a 
cross-sectional view taken along line X-X'. FIG. 3(c) is a 
cross-sectional view taken along lineY-Y'. 
[0071] The light-emitting device of the present embodi-
ment includes the nitride semiconductor light-emitting ele-
ment 300. The nitride semiconductor light-emitting element 
300 is electrically coupled to a wire 302 which is provided on 
a mounting base 301 via a bump 303. 
[0072] The nitride semiconductor light-emitting element 
300 of the present embodiment has a multilayer structure 310 
which includes a nitride semiconductor active layer 306 made 
of an m-plane nitride semiconductor. The multilayer structure 
310 has a light extraction surface 311a which is parallel to the 
m-plane in the nitride semiconductor active layer 306 and 
light extraction surfaces 311b which are parallel to the 
c-plane in the nitride semiconductor active layer 306. The 
ratio of the area of the second light extraction surfaces 311b to 
the area of the light extraction surface 311a is not more than 
46%. 

[0073] The m-plane nitride semiconductor refers to a 
nitride semiconductor in which the m-plane is the growing 
surface or the principal surface. The nitride semiconductor 
active layer 306 is provided on the m-plane. The nitride semi-
conductor active layer formed on the m-plane mainly emits 
light electric field intensity of which is deviated in a direction 
parallel to the a-axis. Therefore, in the m-plane nitride semi-
conductor light-emitting element 300, the emission intensity 
is greater in a direction perpendicular to the polarization 
direction (a-axis direction), i.e., in the c-axis direction. If the 
light extraction surfaces 311a and 311b have equal areas, the 
intensity of light would have unevenness. According to the 
present embodiment, the ratio of the area of the second light 
extraction surfaces 311b to the area of the light extraction 
surface 311a is not more than 46%, so that the ratio of the 
amount of light emitted from the second light extraction 
surfaces 311b to the amount of light emitted from the first 
light extraction surface 311a can be reduced. Thus, the emis-
sion intensity in the c-axis direction can be reduced. In this 
way, the symmetry of the light distribution characteristics 
along the a-axis direction and the c-axis direction can be 
improved. The reasons for this result will be described later. 
[0074] The multilayer structure 310 includes, specifically, a 
substrate 304 which includes an m-plane GaN layer, an n-type 
nitride semiconductor layer 305 which is formed on the 
m-plane GaN layer, a nitride semiconductor active layer 306, 
and a p-type nitride semiconductor layer 307. 
[0075] There is a p-side electrode 308 which is in contact 
with the p-type nitride semiconductor layer 307 in the multi-
layer structure 310. Part of the multilayer structure 310 is 
provided with a recessed portion 312 penetrating through the 
p-type nitride semiconductor layer 307 and the nitride semi-
conductor active layer 306. Through the recessed portion 312, 
the n-type nitride semiconductor layer 305 is exposed at the 

bottom surface. There is a n-side electrode 309 which is in 
contact with the n-type nitride semiconductor layer 305 at the 
bottom surface of the recessed portion 312. The multilayer 
structure 310, the p-side electrode 308, and the n-side elec-
trode 309 constitute the nitride semiconductor light-emitting 
element 300. 
[0076] The nitride semiconductor may be, for example, a 
GaN-based semiconductor and may also be an Al Ii GazN 
(x+y+z=1, x>_0, y>_0, z>_0) semiconductor. 
[0077] In the present invention, the "m-plane", the 
"c-plane", and the "a-plane" include not only a plane which is 
perfectly parallel to the m-plane, the c-plane, or the a-plane 
but also a plane which is inclined by an angle absolute value 
of which is not more than 5° with respect to the en-plane, the 
c-plane, or the a-plane. 
[0078] With just a slight incline with respect to the en-
plane, the c-plane, or the a-plane, the effect of the spontane-
ous electrical polarization is very small. On the other hand, 
according to the crystal growth technology, epitaxial growth 
of a semiconductor layer is easier on a substrate in which the 
crystal orientation is slightly inclined rather than on a sub-
strate in which the crystal orientation is strictly identical. 
Thus, in some cases, it may be preferred to incline the crystal 
plane for the purpose of improving the quality of a semicon-
ductor layer which is to be epitaxially grown or increasing the 
crystal growth rate, while sufficiently decreasing the effect of 
the spontaneous electrical polarization. 
[0079] The substrate 304 maybe an m-plane GaN substrate 
or may be a substrate which is obtained by forming an 
m-plane GaN layer on a heterogeneous substrate (for 
example, a substrate which is obtained by forming an m-plane 
GaN layer on an m-plane SiC substrate or a substrate which is 
obtained by forming an m-plane GaN layer on an r-plane 
sapphire substrate). The surface of the substrate 304 is not 
limited to the m-plane. The plane orientation (for example, a 
non-polar plane, such as a-plane, or a semi-polar plane, such 
as r-plane and {11-22} plane) may be selected such that light 
emitted from the active layer has a polarization characteristic. 
An undoped GaN layer may be provided between the nitride 
semiconductor active layer 306 and the p-type nitride semi-
conductor layer 307. 
[0080] The n-type nitride semiconductor layer 305 is made 
of, for example, n-type AluGa, In.N (u+v+w=1, a>_0, v>_0, 
w>_0). The n-type dopant used may be, for example, silicon 
(Si). 
[0081] The p-type nitride semiconductor layer 307 is made 
of, for example, a p-typeAl$Ga N (s+t=1, s>_0, t>_0) semicon-
ductor. As the p-type dopant, for example, Mg is added. 
Examples of the p-type dopant other than Mg include Zn and 
Be. In the p-type nitride semiconductor layer 307, the mole 
fraction of Al, s, may be uniform along the thickness direc-
tion. Alternatively, the Al mole fraction s may vary either 
continuously or stepwise along the thickness direction. Spe-
cifically, the thickness of the p-type nitride semiconductor 
layer 307 is, for example, approximately not less than 0.05 
µm and not more than 2 µm. 
[0082] Part of the p-type nitride semiconductor layer 307 
near the upper surface, i.e., near the interface with the p-side 
electrode 308, may be made of a semiconductor Al mole 
fractions of which is zero, i.e., GaN. Also, in this case, the 
GaN may contain a p-type impurity with high concentration 
and may function as a contact layer. 
[0083] The nitride semiconductor active layer 306 has a 
GaInN/GaInN multi-quantum well (MQW) structure in 
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which, for example, Gal_nN well layers, each having a 
thickness of about 3 to 20 nm, and Gal _3,InnN well layers 
(0<y<x<1) barrier layers, each having a thickness of about 5 
to 30 nm, are alternately stacked one upon the other. The 
wavelength of light emitted from the nitride semiconductor 
light-emitting element 300 depends on the mole fraction of 
In, x, in the Gai_nN semiconductor that is the semiconduc-
tor composition of the above-described well layers. A piezo-
electric field would not be generated in the nitride semicon-
ductor active layer 306 formed on the m-plane. Therefore, 
decrease of the luminous efficacy can be prevented even when 
the In mole fraction is increased. 
[0084] The n-side electrode 309 has, for example, a multi-
layer structure of a Ti layer and a Pt layer (Ti/Pt). Further, Al 
may be used for the n-side electrode 309 in order to increase 
the reflectance. The p-side electrode 308 may generally cover 
the entire principal surface of the p-type nitride semiconduc-
tor layer 307. The p-side electrode 308 has, for example, a 
multilayer structure of a Pd layer and a Pt layer (Pd/Pt). 
Further, Ag may be used for the p-side electrode 308 in order 
to increase the reflectance. 
[0085] The nitride semiconductor light-emitting element 
300 is provided on the mounting base 301 on which the wire 
302 has been formed, with the p-side electrode 308 side 
down. The base material of the mounting base 301 may be an 
insulating material such as alumina orAIN, a metal such as Al 
or Cu, a semiconductor such as Si or Ge, or a composite 
material thereof. When a metal or semiconductor is used as 
the base material of the mounting base 301, the surface may 
be covered with an insulating film. The wire 302 may be 
arranged according to the electrode shape of the nitride semi-
conductor light-emitting element 300. For the wire 302, Cu, 
Au, Ag or Al may be used. The nitride semiconductor light-
emitting element 300 and the wire 302 are electrically 
coupled together using the bump 303. An is preferably used 
for the bump. Here, a flip-chip structure has been described, 
but the present invention is not limited to this structure. The 
mounting base 301 and the wire 302 may be coupled together 
by means of wire bonding. 
[0086] The nitride semiconductor light-emitting element 
300 is covered with a sealing portion 314 such that the nitride 
semiconductor light-emitting element 300 is enclosed by the 
sealing portion 314. The material used for the sealing portion 
314 may be an epoxy resin, a silicone resin or glass. The 
refractive index of the sealing portion 314 is set to approxi-
mately not less than 1.4 and not more than 2.0, whereby the 
amount of light extracted from the nitride semiconductor 
light-emitting element 300 to the sealing portion 314 can be 
increased. The surface shape of the sealing portion 314 may 
be a hemispherical shape. When the sealing portion 314 has a 
hemispherical surface shape, light extracted from the nitride 
semiconductor light-emitting element 300 to the sealing por-
tion 314 is less likely to undergo total reflection at the inter-
face between the sealing portion 314 and the air, and as a 
result, the amount of light extracted to the outside increases. 
[0087] The multilayer structure 310 has light extraction 
surfaces 311a, 311b, and 311c through which light emitted 
from the nitride semiconductor active layer 306 can be 
extracted to the outside. The light extraction surface 311a is a 
surface which is generally parallel to the layer direction of the 
multilayer structure 310 and is provided so as to face the 
p-side electrode 308 and the n-side electrode 309. That is, the 
light extraction surface 311a is generally parallel to the 
m-plane of the nitride semiconductor active layer 306. The 

light extraction surfaces 311b include two surfaces which 
face each other and are generally parallel to the c-plane of the 
nitride semiconductor active layer 306. 
[0088] The light extraction surface 311c is constituted of 
two surfaces which face each other, and the plane orientation 
of its principal surface is not limited to a particular direction. 
In FIG. 3, the light extraction surface 311c is (11-20) plane. 
The multilayer structure 310 may include still another light 
extraction surface in addition to the above-described five light 
extraction surfaces. Further, the entirety or some portions of 
the above-described five light extraction surfaces may have a 
texture structure. In the present embodiment, the normal line 
or inclination of a light extraction surface in a case where the 
texture structure is provided refers to the normal line or incli-
nation of the light extraction surface before formation of the 
texture structure. The case where the texture structure is pro-
vided will be described later. 
[0089] Since the multilayer structure 310 is transparent in 
the visible range, the shapes of the p-side electrode 308 and 
the n-side electrode 309 emerge at the light extraction surface 
311a and other surfaces which face the electrodes in FIG. 3 
and other drawings. 
[0090] FIGS. 4(a) to 4(c) are plan views showing the light 
extraction surfaces 311a and 311b. As shown in FIG. 4(a), in 
the present embodiment, the light extraction surface 311a has 
a square shape. 
[0091] The light extraction surfaces 311b include two sur-
faces which face each other. FIG. 4(b) shows one of the light 
extraction surfaces 311b in which the recessed portion 312 is 
provided for providing the n-side electrode 309. The inside of 
the recessed portion 312 has a lateral surface 312a of the 
recessed portion 312. In the lateral surface 312a, the n-type 
nitride semiconductor layer 305, the nitride semiconductor 
active layer 306, and the p-type nitride semiconductor layer 
307 are partially exposed. The lateral surfaces of the recessed 
portion 312 include a surface which is parallel to the c-plane. 
However, this surface that is parallel to the c-plane is very 
small, and extraction of light from this surface is obstructed 
by the n-side electrode 309 and the bump 303 that couples the 
n-side electrode 309 and the wire 302. Therefore, this surface 
can be omitted from the light extraction surfaces. 
[0092] FIG. 4(c) shows one of the light extraction surfaces 
311b which is provided opposite to the side on which the 
recessed portion 312 is provided. 
[0093] The substrate 304 is ground so as to be a thin film, 
whereby the light extraction surface 311a is formed. The 
substrate 304 can be converted to a thin film having a thick-
ness of about 20 µm. If the thickness of the substrate 304 is 
less than 20 µm, cracks are readily formed in the mounting 
step. 
[0094] As a result of grinding, the light extraction surface 
311a may not be perfectly identical with the m-plane in some 
cases. Therefore, the light extraction surface 311a may be a 
surface which is inclined by an angle of not more than 100  
with respect to the m-plane. 
[0095] Thus, in the present embodiment, "a light extraction 
surface which is parallel to the m-plane" may include a light 
extraction surface which is inclined by an angle of not more 
than 100  with respect to the m-plane. 
[0096] When a treatment, such as grinding, is performed on 
the surface of the light extraction surface 311a, it is difficult to 
make the light extraction surface 311a perfectly smooth. 
Therefore, the light extraction surface 311a may have an 
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arithmetic mean roughness (Ra) of approximately not less 
than 0 and not more than 100 nm. 
[0097] The nitride semiconductor light-emitting element 
300 that is in the form of a chip can be formed by cleaving a 
wafer or splitting a wafer by laser dicing. As a result of 
cleaving or laser dicing, the light extraction surfaces 311b 
may not be perfectly identical with the c-plane in some cases. 
Therefore, the light extraction surfaces 311b may be surfaces 
which are inclined by an angle of not more than 100  with 
respect to the c-plane. 
[0098] Thus, in the present embodiment, "a light extraction 
surface which is parallel to the c-plane" may include a light 
extraction surface which is inclined by an angle of not more 
than 100  with respect to the c-plane. 
[0099] When considered microscopically, the light extrac-
tion surfaces 311b may be constituted of a plurality of sur-
faces, each of which is inclined by an angle of not less than 00 

and not more than 30° with respect to the c-plane. 
[0100] As a result of cleaving or laser dicing, the light 
extraction surface 311c may not be perfectly identical with 
the a-plane in some cases, as in the case of the light extraction 
surfaces 311b. Therefore, the light extraction surface 311c 
may be a surface which is inclined by an angle of not more 
than 10° with respect to the a-plane. When considered micro-
scopically, the light extraction surface 311c may be consti-
tuted of a plurality of surfaces, each of which is inclined by an 
angle of not less than 0° and not more than 30° with respect to 
the a-plane. 
[0101] The nitride semiconductor active layer 306 formed 
on the m-plane emits light electric field intensity of which is 
deviated in a direction parallel to the a-axis. Such a deviation 
of the electric field intensity depends on the behaviors of the 
upper two of the valence bands (A band and B band). Since 
light has such a characteristic that it travels in a direction 
perpendicular to an electric field, light emitted from the 
nitride semiconductor active layer 306 travels with a devia-
tion in a direction perpendicular to the a-axis, propagates in 
such a manner that it repeatedly undergoes reflection inside 
the nitride semiconductor light-emitting element 300, and is 
then extracted to the outside from the light extraction surfaces 
311a, 311b, and 311c. However, since light emitted from the 
nitride semiconductor active layer 306 travels with a devia-
tion in a direction perpendicular to the a-axis, the surfaces 
which largely contribute to light emission to the outside are 
the light extraction surfaces 311a and 311b that are generally 
parallel to the a-axis. Light emission to the outside from the 
light extraction surface 311c that is generally perpendicular to 
the a-axis is small as compared with those from the light 
extraction surfaces 311a and 311b. 
[0102] Since the amount of light emitted from the light 
extraction surface 311c is small, the light distribution char-
acteristic of light emitted from the light extraction surface 
311a is strongly reflected in the light distribution character-
istic along the a-axis direction. The light distribution charac-
teristic along the a-axis direction is such that the luminous 
intensity is the strongest when the measurement angle is 
around 0°, and the luminous intensity monotonically 
decreases as the measurement angle increases. 
[0103] On the other hand, the light distribution character-
istics of light extracted from the light extraction surfaces 311a 
and 311b are strongly reflected in the light distribution char-
acteristic along the c-axis direction. 
[0104] Thus, the difference in the amount of light emitted 
from the light extraction surfaces 311a, 311b, and 311c pro- 

duces asymmetry in the light distribution characteristic along 
the a-axis direction and the light distribution characteristic 
along the c-axis direction. 
[0105] To control the amount of light emission from the 
light extraction surfaces 311a and 311b, in the present 
embodiment, the area of the light extraction surfaces 311b 
(the total area of two opposite surfaces) is not more than 46% 
of the area of the light extraction surface 311a. 
[0106] By configuring the light extraction surfaces 311a 
and 311b having the above area ratio, the light distribution 
characteristic along the c-axis direction is such that the lumi-
nous intensity is the strongest around 0° and monotonically 
decreases as the angle increases where the normal direction 
[1-100] of the m-plane is assumed as 0°. Further, the average 
asymmetry degree of the light distribution along the a-axis 
direction and the light distribution along the c-axis direction 
can be not more than 12%. 
[0107] When the size of the nitride semiconductor light-
emitting element 300 is determined, the area of the light 
extraction surface 311a is almost necessarily determined. In 
that case, the area of the light extraction surfaces 311b can be 
controlled according to the thickness of the substrate 304. 
[0108] As the ratio of the area of the light extraction sur-
faces 311b to the area of the light extraction surface 311a 
decreases, the asymmetry settles at an approximately con-
stant value, and substantially no improvement is achieved 
beyond that value. This is because the light distribution char-
acteristics of light emitted from the light extraction surface 
311a cannot be improved. To decrease the area of the light 
extraction surfaces 311b, it is necessary to decrease the thick-
ness of the substrate 304. If the value of the above ratio is not 
less than 24%, only a small amount of grinding of the sub-
strate 304 is required, and the asymmetry of light can be 
sufficiently reduced. Thus, manufacture can be easy. 
[0109] However, the ratio of the area of the light extraction 
surfaces 311b to the area of the light extraction surface 311a 
may be less than 24%. For example, when the substrate 304 is 
completely removed (Variation 3 of Embodiment 1), the 
value of the above ratio may be not less than 1%. 
[0110] Next, a manufacturing method of the present 
embodiment, i.e., Embodiment 1, is described with reference 
to FIG. 3. 
[0111] On a substrate 304 which includes n-type GaN hav-
ing an m-plane principal surface, an n-type nitride semicon-
ductor layer 305 is epitaxially grown using an MOCVD 
method. For example, an n-type nitride semiconductor layer 
305 made of GaN and having a thickness of about 1 to 3 µm 
is formed at a growth temperature of not less than 900° C. and 
not more than 1100° C., using silicon as the n-type impurity, 
while supplying TMG (Ga(CH3)3) and NH3  as the source 
materials. 
[0112] Then, a nitride semiconductor active layer 306 is 
formed on the n-type nitride semiconductor layer 305. The 
nitride semiconductor active layer 306 has a GaInN/GaN 
multi-quantum well (MQW) structure in which, for example, 
15 nm thick Gai_nN well layers and 30 nm thick GaN 
barrier layers are alternately stacked. In forming the Gal _ 
xlnnN well layers, the growth temperature is decreased to 
800° C. so that In can be desirably taken in. The emission 
wavelength is selected according to the use for the nitride 
semiconductor light-emitting element 300, and the In mole 
fraction x is determined according to the wavelength. When 
the wavelength is 450 nm (blue), the In mole fraction x is 
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determined as 0.18 to 0.2. When the wavelength is 520 nm 
(green), x.29 to 0.31. When the wavelength is 630 nm 
(red), x.43 to 0.44. 
[0113] A p-type nitride semiconductor layer 307 is formed 
on the nitride semiconductor active layer 306. For example, a 
p-type nitride semiconductor layer 307 which has a thickness 
of about 50 to 500 nm and which is made of p-type GaN is 
formed at a growth temperature of not less than 900° C. and 
not more than 1100° C., using Cp2Mg (cyclopentadienyl 
magnesium) as the p-type impurity, while supplying TMG 
and NH3  as the source materials. Inside the p-type nitride 
semiconductor layer 307, a p-A1GaN layer which has a thick-
ness of about 15 to 30 nm may be included. Providing the 
p-A1GaN layer enables prevention of an overflow of electrons 
in operation. 
[0114] Then, for the purpose of activating a p-GaN layer, a 
heat treatment is performed at a temperature of about 800 to 
900° C. for about 20 minutes. 
[0115] Then, dry etching is performed using a chlorine gas 
such that the p-type nitride semiconductor layer 307, the 
nitride semiconductor active layer 306, and the n-type nitride 
semiconductor layer 305 are partially removed to form a 
recessed portion 312, whereby part of the n-type nitride semi-
conductor layer 305 is exposed. 
[0116] Here, by controlling the conditions for the dry etch-
ing, angles formed between a portion of the n-type nitride 
semiconductor layer 305 and lateral surfaces of the nitride 
semiconductor active layer 306 and the p-type nitride semi-
conductor layer 307 and the light extraction surface 311a can 
be controlled. For example, when such conditions that pro-
vide a high physical etching property are employed where the 
etching pressure is decreased and the ion extraction voltage is 
increased, a lateral surface which is generally perpendicular 
to the light extraction surface 311a can be formed. On the 
other hand, when such conditions that provide a high chemi-
cal etching property are employed where an ICP plasma 
source of high plasma density is used and the ion extraction 
voltage is low, a lateral surface which is inclined with respect 
to the normal direction of the light extraction surface 311a 
can be formed. 
[0117] Then, a n-side electrode 309 is formed so as to be in 
contact with the exposed part of the n-type nitride semicon-
ductor layer 305. For example, Ti/Pt layers are formed as the 
n-side electrode 309. Further, a p-side electrode 308 is formed 
so as to be in contact with the p-type nitride semiconductor 
layer 307. For example, Pd/Pt layers are formed as the p-side 
electrode 308. Thereafter, a heat treatment is performed such 
that the Ti/Pt layers and the n-type nitride semiconductor 
layer 305 are alloyed together, and the Pd/Pt layers and the 
p-type nitride semiconductor layer 307 are also alloyed 
together. 
[0118] Thereafter, the substrate 304 is ground so as to be a 
thin film. In the thin film, the area of the light extraction 
surfaces 311b (the total area of two opposite surfaces) is not 
more than 44% of the area of the light extraction surface 311a. 
[0119] The thus-manufacturednitride semiconductor light-
emitting element 300 that has been in the form of a wafer is 
separated by laser dicing, for example, so as to have a prede-
termined size. In the laser dicing, grooves are formed using a 
laser in the substrate 304 along the c-axis direction and the 
a-axis direction [11-20] such that the grooves have a depth of 
about several tens of micrometers from the surface, and then, 
breaking is performed such that it is separated into small chips 
of a predetermined size. In this step, the c-plane is likely to 

emerge over the light extraction surfaces 311b, and the 
a-plane is likely to emerge over the light extraction surface 
311c. If the thickness of the substrate 304 is not more than 100 
µm, it can be perfectly separated into small chips using a laser, 
and the breaking is not necessary. 
[0120] The nitride semiconductor light-emitting element 
300 that is separated into a small chip as described above is 
mounted on the mounting base 301. Here, a flip-chip structure 
is described. 
[0121] On the mounting base 301, the wire 302 is formed in 
advance. As the base material of the mounting base, an insu-
lating material such as alumina or AIN, a metal such as Al or 
Cu, a semiconductor such as Si or Ge, or a composite material 
thereof may be used. When the metal or semiconductor is 
used as the base material of the mounting base 301, the 
surface of the mounting base 301 may be covered with an 
insulating film. The wire 302 may be arranged according to 
the electrode shape of the nitride semiconductor light-emit-
ting element 300. For the wire 302, Cu, Au, Ag or Al maybe 
used. The wire 302 may be arranged according to the elec-
trode shape of the nitride semiconductor light-emitting ele-
ment 300. For the wire 302, Cu, Au, Ag or Al may be used. 
These materials may be provided on the mounting base 301 
by sputtering or plating. 
[0122] A bump 303 is formed on the wire 302. Au is pref-
erably used for the bump 303. In forming the An bump, a An 
bump having a diameter of about 50 to 70 µm may be formed 
using a bump bonder. Alternatively, the An bump may also be 
formed by Au plating. To the mounting base 301 on which the 
bump 303 has been formed in this way, the nitride semicon-
ductor light-emitting element 300 is coupled by ultrasonic 
bonding. 
[0123] Then, a sealing portion 314 is formed. For the seal-
ing portion 314, an epoxy resin or a silicone resin may be 
used. As for the shape of the sealing portion 314, a mold is 
placed over the mounting base 301 on which the nitride 
semiconductor light-emitting element 300 has been mounted, 
and a resin is injected into the space between the mold and the 
mounting base 301. According to this method, the shaping of 
the sealing portion 314 and the resin encapsulation of the 
nitride semiconductor light-emitting element 300 can be per-
formed concurrently. According to a possible alternative 
method, a sealing portion 314 having a space left for the 
nitride semiconductor light-emitting element 300 is prepared 
in advance. The thus-prepared transparent sealing portion 
320 is placed over the mounting base 301 on which the nitride 
semiconductor light-emitting element 300 has been mounted, 
and then, a resin is injected into the space. 
[0124] In this way, the semiconductor light-emitting device 
of the present embodiment is completed. 

Variation 1 of Embodiment 1 

[0125] FIG. 5 shows Variation 1 of Embodiment 1. In the 
description provided below, the features of Embodiment 1 
which have already been described above will not be 
described again. 
[0126] In Variation 1, the multilayer structure 310 has light 
extraction surfaces 311a, 311b, and 311d. The light extraction 
surface 311a is formed generally parallel to the layer direc-
tion of the nitride-based semiconductor multilayer structure 
and formed so as to face the p-side electrode 308 and the 
n-side electrode 309. Therefore, the light extraction surface 
311a is generally parallel to the m-plane. The light extraction 
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surfaces 311b include two opposite surfaces and are generally 
parallel to the c-plane of the nitride semiconductor active 
layer 306. 
[0127] The light extraction surfaces 311d include four lat-
eral surfaces and are formed by the substrate 304, the n-type 
nitride semiconductor layer 305, the nitride semiconductor 
active layer 306, and the p-type nitride semiconductor layer 
307. Of the light extraction surfaces 311d, one or both of two 
lateral surfaces of the substrate 304 are inclined with respect 
to the normal direction of the light extraction surface 311a. 
This incline is, for example, 300. The surfaces are generally 
parallel to an m-plane which is different from the m-plane on 
which the nitride semiconductor active layer 306 has been 
formed. 
[0128] A portion of the light extraction surfaces 311d 
which is formed by the n-type nitride semiconductor layer 
305, the nitride semiconductor active layer 306, and the 
p-type nitride semiconductor layer 307 is parallel to the 
a-plane ((11-20) plane). 
[0129] As shown in FIG. 5(c-1), two of the light extraction 
surfaces 311d may be inclined in the same direction with 
respect to the normal direction of the light extraction surface 
311a, while the other two light extraction surfaces 311d may 
be arranged parallel to each other. As shown in FIGS. 5(c-2) 
and 5(c-3), two of the light extraction surfaces 311d may be 
inclined in different directions with respect to the normal 
direction of the light extraction surface 311a. In FIG. 5(c-2), 
the light extraction surface 311d in the substrate 304 is 
inclined such that the width along the a-axis direction ([11-
20] direction) becomes narrower with the increase of the 
distance from the n-type nitride semiconductor layer 305. In 
FIG. 5(c-3), the light extraction surface 311d in the substrate 
304 is inclined such that the width along the a-axis direction 
([11-20] direction) becomes wider with the increase of the 
distance from the n-type nitride semiconductor layer 305. 
[0130] According to this variation, the light extraction sur-
faces 311d are inclined with respect to the normal direction of 
the light extraction surface 311a, and therefore, light reflected 
inside the nitride semiconductor light-emitting element 300 is 
more likely to be extracted to the outside, so that the optical 
output improves. When the light extraction surface 311a and 
the light extraction surface 311c intersect with each other at 
approximately right angles as shown in FIG. 3(c) of Embodi-
ment 1, light which is incident on the light extraction surface 
311a or the light extraction surface 311c at an angle which is 
not less than the critical angle is confined inside the nitride 
semiconductor light-emitting element 300, without being 
extracted to the outside. On the other hand, when one or a 
plurality of the light extraction surfaces 311d are inclined as 
in this variation, light which is incident on the light extraction 
surface 311a at an angle which is not less than the critical 
angle undergoes total reflection at the light extraction surface 
311a. On the other hand, on the light extraction surfaces 311d, 
light is likely to be incident at an angle which is not more than 
the critical angle, and therefore, increase is the amount of 
light which is extracted from the inside of the nitride semi-
conductor light-emitting element 300 to the outside. Thus, a 
semiconductor light-emitting device which is capable of a 
large optical output can be realized. One or a plurality of the 
light extraction surfaces 311d may be inclined by 30° with 
respect to the normal direction of the light extraction surface 
311a. This configuration further increases the amount of light 
which is extracted from the inside of the nitride semiconduc-
tor light-emitting element 300 to the outside. 

[0131] When it is attempted to form one or a plurality of the 
light extraction surfaces 311dby cleaving or laser dicing so as 
to be inclined by 30° with respect to the normal direction of 
the light extraction surface 311a, the angle of the incline may 
vary in some cases. Therefore, one or a plurality of the light 
extraction surfaces 311d may be surfaces which are inclined 
by an angle which is not less than 20° and not more than 40° 
with respect to the normal direction of the light extraction 
surface 311a. 
[0132] Thus, in the present invention, "a light extraction 
surface which is inclined by 30° with respect to the normal 
direction of the first light extraction surface" may include a 
light extraction surface which is inclined by an angle absolute 
value of which is not less than 20° and not more than 40° with 
respect to the normal direction of the first light extraction 
surface. 
[0133] FIG. 6 shows cross-sectional views for illustrating 
the process of separating the nitride semiconductor light-
emitting element 300 shown in FIG. 5(c-1), from a wafer into 
chips. FIG. 6 shows a cross-sectional view which is perpen-
dicular to the c-axis direction ([0001] direction). 
[0134] First, a wafer 300A such as shown in FIG. 6(a) is 
provided. The wafer 300A has a multilayer structure 310A. 
The multilayer structure 310A includes a substrate 304A, an 
n-type nitride semiconductor layer 305A, a nitride semicon-
ductor active layer 306A, and a p-type nitride semiconductor 
layer 307A. On the p-type nitride semiconductor layer 307A, 
p-side electrodes 308 are provided. Note that the p-side elec-
trodes 308 are provided in respective chip regions 300B 
(which will constitute chips after a subsequent separation 
step) according to a lift-off method. 
[0135] Then, as shown in FIG. 6(b), recessed portions 312 
are formed by photolithography and etching such that the 
bottom surfaces of the recessed portions 312 are present in the 
n-type nitride semiconductor layer 305A. Note that the bot-
tom surfaces of the recessed portions 312 may penetrate 
through the n-type nitride semiconductor layer 305A. Fur-
ther, at the bottom surfaces of the recessed portion 312, n-side 
electrodes 309 are formed. 
[0136] Then, as shown in FIG. 6(c), grooves 354 are formed 
using a diamond pen, in the bottom surfaces of the recessed 
portions 312 to a depth of about several micrometers. The 
grooves 354 are provided at the boundaries between adjacent 
chip regions 300B along the c-axis direction [0001] and the 
a-axis direction [11-20]. 
[0137] Then, as shown in FIG. 6(d), breaking is performed 
to obtain the nitride semiconductor light-emitting element 
300 which is in the form of a chip of a predetermined size. 
When laser dicing is performed, grooves are formed by laser 
to a depth of about 50 µm. On the other hand, when mechani-
cal dicing is performed as in FIG. 6, the depth of the grooves 
354 is about several micrometers. Thus, when mechanical 
dicing is performed, the depth of the grooves 354 can be small 
as compared with the case of laser dicing, so that a surface of 
high cleavability is likely to emerge. Therefore, the c-plane is 
likely to emerge as the light extraction surface 311b, and an 
m-plane which is inclined by 30° with respect to the normal 
line of the substrate 304A is likely to emerge as the light 
extraction surfaces 311d. 
[0138] In the present embodiment, not only a portion of the 
light extraction surfaces 311d which is formed by the sub-
strate 304 but also another portion of the light extraction 
surfaces 311d which is formed by the n-type nitride semicon-
ductor layer 305, the nitride semiconductor active layer 306, 
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and the p-type nitride semiconductor layer 307 may be gen-
erally parallel to the m-plane that is inclined by 300  with 
respect to the normal line of the substrate 304A. 
[0139] The nitride semiconductor light-emitting element 
300 shown in FIG. 5(c-1) has such an advantage that a manu-
facturing method which is based on cleaving is readily appli-
cable. 

Variation 2 of Embodiment 1 

[0140] FIG. 7 shows Variation 2 of Embodiment 1. In the 
description provided below, the features of Embodiment 1 
which have already been described above will not be 
described again. 
[0141] In Variation 2, the multilayer structure has light 
extraction surfaces 311a, 311b, and 311c. 
[0142] The light extraction surfaces 311b and 311c are each 
formed by the substrate 304, the n-type nitride semiconductor 
layer 305, the nitride semiconductor active layer 306, and the 
p-type nitride semiconductor layer 307. A portion of the light 
extraction surfaces 311b which is formed by the substrate 304 
is parallel to the c-plane. Another portion of the light extrac-
tion surfaces 311b which is formed by the n-type nitride 
semiconductor layer 305, the nitride semiconductor active 
layer 306, and the p-type nitride semiconductor layer 307 is 
inclined with respect to the normal direction of the light 
extraction surface 311a (and the c-plane). 
[0143] A portion of the light extraction surface 311c which 
is formed by the substrate 304 is parallel to the a-plane. 
Another portion of the light extraction surface 311c which is 
formed by the n-type nitride semiconductor layer 305, the 
nitride semiconductor active layer 306, and the p-type nitride 
semiconductor layer 307 is inclined with respect to the nor-
mal direction of the light extraction surface 311a (and the 
a-plane). In FIG. 7(c), the light extraction surfaces 311b are 
inclined such that the width of the light extraction surfaces 
311b along the a-axis direction decreases sequentially from 
the n-type nitride semiconductor layer 305 to the p-type 
nitride semiconductor layer 307. However, the light extrac-
tion surfaces 311b may be inclined in the opposite direction. 
[0144] The configuration shown in FIG. 7 can be formed by 
performing etching with a hard mask which has a tapered 
cross section (tapered such that the width becomes narrower 
with the increase of the distance from the p-type nitride semi-
conductor layer 307) being provided on the p-type nitride 
semiconductor layer 307 of the multilayer structure 310 that 
is in the form of a wafer. This is because, in this case, the 
incline of the lateral surface of the hard mask will be reflected 
in the lateral surface of the multilayer structure 310. By 
employing such dry etching conditions that provide high 
reactivity, the cross section can have a tapered shape. 
[0145] In this variation, in the case where a portion of the 
light extraction surfaces 311b is inclined, calculation of "the 
area of the light extraction surfaces 311b" is not carried out on 
the area of an image which is formed by projection of the 
inclined surface onto a plane which is parallel to the c-plane 
but on the area of the inclined surface itself. 
[0146] In this variation, part of the light extraction surfaces 
311b and 311c is inclined with respect to the normal direction 
of the light extraction surface 311a, so that total reflection is 
less likely to be repeated inside the nitride semiconductor 
light-emitting element 300, and the light extraction efficiency 
improves. 

Variation 3 of Embodiment 1 

[0147] FIG. 8 shows Variation 3 of Embodiment 1. In the 
description provided below, the features of Embodiment 1 
which have already been described above will not be 
described again. 
[0148] In Variation 3, the multilayer structure 310 does not 
include the substrate 304 but includes the n-type nitride semi-
conductor layer 305, the nitride semiconductor active layer 
306, and the p-type nitride semiconductor layer 307. The 
multilayer structure 310 has light extraction surfaces 311a, 
311b, and 311c. The light extraction surface 311a is formed 
by the n-type nitride semiconductor layer 305. The light 
extraction surfaces 311b and the light extraction surface 311c 
are formed by the n-type nitride semiconductor layer 305, the 
nitride semiconductor active layer 306, and the p-type nitride 
semiconductor layer 307. 
[0149] The nitride semiconductor light-emitting element 
300 of the present embodiment is manufactured using a sub-
strate which is made of a material different from the nitride 
semiconductor (heterogeneous substrate), such as a sapphire 
substrate, a SiC substrate, or a Si substrate. The n-type nitride 
semiconductor layer 305, the nitride semiconductor active 
layer 306, the p-type nitride semiconductor layer 307, the 
p-side electrode 308 and the n-side electrode 309 are formed 
on a heterogeneous substrate in the form of a wafer, and then, 
the wafer is separated into respective chips. After a mounting 
process is performed on the chips, the heterogeneous sub-
strate can be removed using a laser separation method, for 
example. According to this method, the probability of break-
age of the chips in the mounting process can be avoided while 
the thickness of the element can be reduced by the thickness 
of the substrate. Thus, the size of the element can be reduced. 

Embodiment 2 

[0150] FIG. 9 schematically shows a semiconductor light-
emitting device of Embodiment 2. FIG. 9(a) is a top view. 
FIG. 9(b) is a cross-sectional view taken along line X-X'. FIG. 
9(c) is a cross-sectional view taken along lineY-Y'. 
[0151] The differences of the present embodiment from 
Embodiment 1 reside in that the length along the c-axis direc-
tion of the nitride semiconductor light-emitting element 300 
is greater than the length along the a-axis direction of the 
semiconductor light-emitting element, and that the planar 
shape of the nitride semiconductor light-emitting element 
300 is a rectangular shape. The other features are the same as 
those of Embodiment 1, and therefore, the detailed descrip-
tions thereof are herein omitted. 
[0152] When the nitride semiconductor light-emitting ele-
ment 300 has a square planar shape, it is necessary to reduce 
the thickness of the substrate 304 in order to configure the 
area of the light extraction surfaces 311b (the total area of two 
opposing surfaces) so as to be not more than 44% of the area 
of the light extraction surface 311a. However, many of sub-
strate materials for use in crystal growth of the nitride semi-
conductor have high hardness. Thickness reduction by grind-
ing, for example, is difficult in some cases. According to the 
present embodiment, the nitride semiconductor light-emit-
ting element 300 has a rectangular planar shape where the 
c-axis direction is the longitudinal direction. Even when the 
substrate 304 has a large thickness, the areas of the light 
extraction surfaces 311a and 311b can be controlled by 
decreasing the length along the a-axis direction of the semi-
conductor light-emitting element 300. 
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Variation of Embodiment 2 

[0153] FIG. 10 shows a variation of Embodiment 2. 
[0154] In the variation, the multilayer structure 310 has 
light extraction surfaces 311a, 311b, and 311d. The light 
extraction surfaces 311d include four opposite lateral sur-
faces and are formed by the substrate 304, the n-type nitride 
semiconductor layer 305, the nitride semiconductor active 
layer 306, and the p-type nitride semiconductor layer 307. Of 
the light extraction surfaces 311d, one or both of two lateral 
surfaces of the substrate 304 are inclined with respect to the 
normal direction of the light extraction surface 311a. This 
incline is, for example, 300. The surfaces are generally par-
allel to an m-plane which is different from the m-plane on 
which the nitride semiconductor active layer 306 has been 
formed. A portion of the light extraction surfaces 311d which 
is formed by the n-type nitride semiconductor layer 305, the 
nitride semiconductor active layer 306, and the p-type nitride 
semiconductor layer 307 is parallel to the a-plane ((11-20) 
plane). 
[0155] In this variation, the nitride semiconductor light-
emitting element 300 has a rectangular planar shape as in 
Embodiment 2. Also, a portion of the light extraction surfaces 
311d is generally parallel to the m-plane as in Variation 1 of 
Embodiment 1. Thus, descriptions of these features are herein 
omitted. 
[0156] According to this variation, the light extraction sur-
faces 311d are inclined with respect to the normal direction of 
the light extraction surface 311a, and therefore, light reflected 
inside the nitride semiconductor light-emitting element 300 is 
more likely to be extracted to the outside, so that the optical 
output improves. By controlling which m-plane is to be 
exposed by cleaving, the shapes shown in FIG. 10(c-1), FIG. 
10(c-2), and FIG. 10(c-3) can be formed. 
[0157] Also, in Variations 2 and 3 of Embodiment 1, the 
nitride semiconductor light-emitting element 300 may have a 
rectangular planar shape. 

Embodiment 3 

[0158] FIG. 11 schematically shows a semiconductor light-
emitting device of Embodiment 3. FIG. 11(a) is a top view. 
FIG. 11(b) is a cross-sectional view taken along line X-X'. 
FIG. 11(c) is a cross-sectional view taken along lineY-Y'. 
[0159] The difference of the present embodiment from 
Embodiment 1 resides in that the surface of the mounting base 
301 has a cavity 313. The cavity 313 is a recessed portion 
formed in the surface of the mounting base 301. At the bottom 
surface of the recessed portion, the nitride semiconductor 
light-emitting element 300 is provided. By provision of the 
cavity 313, light emitted from the nitride semiconductor 
light-emitting element 300 is reflected, and the light distribu-
tion characteristics can be controlled. 
[0160] The cavity 313 is made of a high reflectance mate-
rial, whereby the luminous efficacy can be improved. For 
example, a silicone resin which contains alumina or Ti02  
microparticles may be used. The surface of the cavity 313 
maybe covered with a high reflectance material, such as Al or 
Ag. In this variation, the area of the light extraction surfaces 
311b (the total area of two opposite surfaces) is not more than 
44% of the area of the light extraction surface 311a, so that the 
average asymmetry degree of the light distribution along the 
a-axis direction and the light distribution along the c-axis 
direction can be not more than 6%. 

[0161] The present embodiment may have a reflector other 
than the cavity 313. 

Variation 1 of Embodiment 3 

[0162] FIG. 12 shows Variation 1 of Embodiment 3. 
[0163] In Variation 1, the multilayer structure 310 has light 
extraction surfaces 311a, 311b, and 311d. The light extraction 
surfaces 311d include four opposite lateral surfaces and are 
formed by the substrate 304, the n-type nitride semiconductor 
layer 305, the nitride semiconductor active layer 306, and the 
p-type nitride semiconductor layer 307. Of the light extrac-
tion surfaces 311d, both or one of two lateral surfaces of the 
substrate 304 is inclined with respect to the normal direction 
of the light extraction surface 311a. This incline is, for 
example, 30°. The surfaces are generally parallel to an 
m-plane which is different from the m-plane on which the 
nitride semiconductor active layer 306 has been formed. A 
portion of the light extraction surfaces 311d which is formed 
by the n-type nitride semiconductor layer 305, the nitride 
semiconductor active layer 306, and the p-type nitride semi-
conductor layer 307 is parallel to the a-plane ((11-20) plane). 
[0164] In this variation, the cavity 313 is provided as in 
Embodiment 3. Also, a portion of the light extraction surfaces 
311d is generally parallel to the m-plane as in Variation 1 of 
Embodiment 1. Thus, descriptions of these features are herein 
omitted. 
[0165] According to this variation, one or a plurality of the 
light extraction surfaces 311d are inclined with respect to the 
normal direction of the light extraction surface 311a, and 
therefore, light reflected inside the nitride semiconductor 
light-emitting element 300 is more likely to be extracted to 
the outside, so that the optical output improves. By control-
ling which m-plane is to be exposed by cleaving, the shapes 
shown in FIG. 12(c-1), FIG. 12(c-2), and FIG. 12(c-3) can be 
formed. 
[0166] In Variations 2 and 3 of Embodiment 1, the cavity 
313 may be provided. In Embodiment 2 or the variation of 
Embodiment 2, the cavity 313 may be provided. 

OTHER EMBODIMENTS 

[0167] Here, a case where a texture structure is intention-
ally provided in the light extraction surface 311a is described. 
[0168] FIG. 13 schematically shows a semiconductor light-
emitting device which has a light extraction surface 311a' in 
which a texture structure is intentionally provided. FIG. 13(a) 
is a top view. FIG. 13(b) is a cross-sectional view taken along 
line X-X'. FIG. 13(c) is a cross-sectional view taken along 
line Y-Y'. 
[0169] The light extraction surface 311a' of the nitride 
semiconductor light-emitting element 300 shown in FIG. 13 
has a plurality of grooves 352 in a stripe arrangement. The 
extending direction of the grooves 352 is a direction which is 
inclined by angle 0 with respect to the c-plane. 
[0170] The interval of the grooves 352 maybe not less than 
300 nm and not more than 8 µm. This is because, when the 
interval of the grooves 352 is smaller than 300 nm, light 
would be less likely to be affected by the periodic structure of 
the grooves 352 and when the interval of the grooves 352 is 
greater than 8 µm, the number of grooves 352 formed in the 
light extraction surface 311a' would be small. In the light 
extraction surface 311a', 0 (mod 180°) maybe not less than 5° 
and not more than 175° where 0 is the absolute value of the 
angle formed between the extending direction of the stripes 
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and the polarization direction (a-axis direction). Within this 
angle range, the polarization degree can be effectively 
reduced. Further, 0 (mod 1800) may be not less than 30° and 
not more than 150°. Within this angle range, the polarization 
can be more effectively reduced. 
[0171] In the case where the texture structure is provided in 
the light extraction surface 311a', "the area of the light extrac-
tion surface 311a" refers to the area of an image which is 
formed by projecting the light extraction surface 311a' onto a 
plane which is parallel to the m-plane. 
[0172] The texture structure is not limited to the pattern 
shown in FIG. 13 (a). For example, as shown in FIG. 14 (a), the 
grooves may have a triangular cross section such that the 
width is narrower at a deeper position. As shown in FIG. 
14(b), the cross section of the grooves may have a curved 
surface shape. As shown in FIG. 14(c), a plurality of raised 
portions may be arranged in rows and columns over the light 
extraction surface 311a'. The shape of the raised portions may 
be a conical shape or a semicircular shape. The raised portions 
may not be arranged with equal intervals. 
[0173] The texture structure of the present embodiment 
may be formed by performing dry etching after formation of 
a mask by photolithography on the light extraction surface 
311a'. By modifying the dry etching conditions, the cross-
sectional shape of the texture structure can be controlled. For 
example, when such conditions that provide a high physical 
etching property are employed where the etching pressure is 
decreased and the ion extraction voltage is increased, a lateral 
surface which is close to the normal direction of the light 
extraction surface 311a' can be formed. On the other hand, 
when such conditions that provide a high chemical etching 
property are employed where an ICP plasma source of high 
plasma density is used and the ion extraction voltage is low, a 
lateral surface which is inclined with respect to the normal 
direction of the light extraction surface 311a' can be formed. 

Inventive Example 1 

[0174] Hereinafter, Inventive Example 1 is described in 
which the m-planes were mainly exposed as the light extrac-
tion surfaces 311d. 
[0175] On an m-plane n-type GaN substrate in the form of 
a wafer, an n-type nitride semiconductor layer formed of an 
n-type GaN layer having a thickness of 2 µm, a nitride semi-
conductor active layer which had a quantum well structure 
consisting of three cycles of 15 nm thick InGaN quantum well 
layers and 30 nm thick GaN barrier layers, and a p-type nitride 
semiconductor layer formed of a p-type GaN layer having a 
thickness of 0.5 tm were formed. Ti/Pt layers were formed as 
the n-side electrode, and Pd/Pt layers were formed as the 
p-side electrode. The thickness of the m-plane n-type GaN 
substrate was reduced by grinding to a predetermined thick-
ness. Grooves were formed using a diamond pen in the wafer 
along the c-axis direction [0001] and the a-axis direction 
[11-20] to a depth of about several micrometers from the 
surface. Thereafter, breaking of the wafer was performed 
such that the wafer was separated into small chips (nitride 
semiconductor light-emitting elements 300) of a predeter-
mined size. When the breaking was performed along the 
c-axis direction [0001], the c-plane was substantially exposed 
along the scribe lines. On the other hand, when the breaking 
was performed along the a-axis direction [11-20], the 
m-plane was exposed in many cases. 
[0176] The thus-fabricated nitride semiconductor light-
emitting element 300 in the form of a chip was flip-chip 

mounted on the mounting base 301 in which wires were 
formed on alumina, whereby a semiconductor light-emitting 
device was manufactured. In order to examine the light dis-
tribution characteristics of light emitted from the nitride 
semiconductor light-emitting element 300, the sealing por-
tion 314 was not formed over the surface of the nitride semi-
conductor light-emitting element 300. 
[0177] Table 1 is a list of sizes of the nitride semiconductor 
light-emitting element 300 and thicknesses of the substrate 
(GaN substrate) 304 which were used in the semiconductor 
light-emitting devices. We prepared five types of samples 
among which the ratio of the area of the light extraction 
surfaces 311b to the area of the light extraction surface 311a 
was different. The emission peak wavelengths of these semi-
conductor light-emitting devices were from 405 nm to 410 
nm for the current value of 10 mA. 

MINIM 

Ratio of area of 
light extraction 

Area of Area of surfaces 311b 
light light to area of light 

Sam- Size of Substrate extraction extraction extraction 
plc one side thickness surface surfaces surface 
No. [µm] [µm] 311a [mm2] 311b [mm2] 311a [%] 

1 350 100 0.1225 0.0728 59.43 
2 450 50 0.2025 0.0486 23.56 
3 450 100 0.2025 0.0936 46.22 
4 450 150 0.2025 0.1386 68.44 
5 950 150 0.9025 0.2926 32.42 

[0178] For the five types of semiconductor light-emitting 
devices shown in Table 1, an electric current of 10 mA was 
allowed to flow in order to examine the light distribution 
characteristics. The light distribution characteristics were the 
results of measurement of the luminous intensity of the light 
distribution characteristic along the a-axis direction and the 
light distribution characteristic along the c-axis direction with 
the use of OL700-30 LED GONIOMETER manufactured by 
Optronic Laboratories, Inc., based on condition A (the dis-
tance between the tip of an LED and the light receiving 
section 318 is 316 mm), which is described in CIE127 pub-
lished by the International Commission on Illumination 
(CIE). 
[0179] The light distribution characteristic along the a-axis 
direction refers to a value which was obtained by measuring 
the luminous intensity while rotating the nitride semiconduc-
tor light-emitting element 300 around the c-axis of the nitride 
semiconductor light-emitting element 300, with the angle 
formed between the normal direction [1-100] of the m-plane 
of the nitride semiconductor light-emitting element 300 and 
the measurement line 319 being the measurement angle. 
[0180] The light distribution characteristic along the c-axis 
direction refers to a value which was obtained by measuring 
the luminous intensity while rotating the nitride semiconduc-
tor light-emitting element 300 around the a-axis of the nitride 
semiconductor light-emitting element 300, with the angle 
formed between the normal direction [1-100] of the m-plane 
of the nitride semiconductor light-emitting element 300 and 
the measurement line 319 being the measurement angle. 
[0181] Further, to convert the asymmetry of the light dis-
tribution along the a-axis direction and the light distribution 
along the c-axis direction into a numerical expression, the 
asymmetry degree, the maximum asymmetry degree, and the 
average asymmetry degree are defined. The asymmetry 
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degree refers to a value which is obtained by normalizing the 
difference between a luminous intensity in the a-axis direc-
tion and a luminous intensity in the c-axis direction at the 
same angle with respect to the normal direction with a lumi-
nous intensity in the normal direction [1-100] of the m-plane 
that is the principal surface, i.e., a luminous intensity at 00 . 

This asymmetry degree was defined for respective angles in 
the range of —90° to +90°. The maximum asymmetry degree 
refers to the maximum of the asymmetry degree in the range 
of —90° to +90°. The average asymmetry degree refers to the 
average of the asymmetry degree for the range of —90° to 
+90°. 

[0182] FIG. 15(a) is a graph showing the light distribution 
characteristic along the a-axis direction (thin solid line) and 
the light distribution characteristic along the c-axis direction 
(bold solid line) of the semiconductor light-emitting device of 
Sample No. 1. The light distribution characteristics are shown 
together in the same graph where the normal direction of the 
m-plane that is the principal surface is 0°. The vertical axis 
represents the luminous intensity (cd) which was normalized 
with the value at angle 0. The light distribution characteristic 
along the a-axis direction has such a shape that the maximum 
value occurs at approximately 0° and the luminous intensity 
monotonically decreases as the angle increases. On the other 
hand, the light distribution characteristic along the c-axis 
direction has such a shape that the maximum value occurs at 
about ±50°. 

[0183] FIG. 15(b) is a graph showing the light distribution 
characteristic along the a-axis direction (thin solid line) and 
the light distribution characteristic along the c-axis direction 
(bold solid line) of the semiconductor light-emitting device of 
Sample No. 2. The light distribution characteristics are shown 
together in the same graph where the normal direction of the 
m-plane that is the principal surface is 0°. The vertical axis 
represents the luminous intensity (cd) which was normalized 
with the value at angle 0. The light distribution characteristic 
along the a-axis direction has such a shape that the maximum 
value occurs at approximately 0° and the luminous intensity 
monotonically decreases as the angle increases. It can be seen 
that the peaks at about ±50° which were detected in Sample 
No. 1 were reduced. 

[0184] FIG. 16 is a graph showing the ratio of the area ofthe 
light extraction surfaces 311b to the area of the light extrac-
tion surface 311a [%] over the horizontal axis and the maxi-
mum asymmetry degree and the average asymmetry degree 
over the vertical axis for the five types of semiconductor 
light-emitting devices specified in Table 1. As the ratio of the 
area of the light extraction surfaces 311b to the area of the 
light extraction surface 311a decreases, the maximum asym-
metry degree and the average asymmetry degree also 
decrease together. When the area ratio is 46%, the average 
asymmetry degree is 12%. When the area ratio is 32%, the 
average asymmetry degree is 8%. This means that decreasing 
the area of the light extraction surfaces 311b relative to the 
area of the light extraction surface 311a can reduce the influ-
ence of light emitted from the light extraction surfaces 311b 
on the light distribution characteristics. However, when the 
area ratio is about 46%, the tendency toward saturation can be 
seen. When the area ratio is not more than 32%, the asymme-
try degree of the light distribution settles at a constant value. 
It is considered that this represents the light distribution char-
acteristics of light emitted from the light extraction surface 
311a. 

[0185] It can be seen from the above that the light distribu-
tion characteristic along the c-axis direction of a semiconduc-
tor light-emitting device which includes a nitride semicon-
ductor light-emitting element which has a nitride-based 
semiconductor multilayer structure having an m-plane prin-
cipal surface strongly depends on the ratio of the area of the 
light extraction surface 311a that is generally parallel to the 
m-plane to the area of the light extraction surfaces 311b that 
are generally parallel to the c-plane but hardly depends on the 
area of the light extraction surfaces 3 11d. As a result, from the 
viewpoint of improving the asymmetry of the light distribu-
tion characteristic along the c-axis direction and the light 
distribution characteristic along the a-axis direction, the ratio 
of the area of the light extraction surfaces 311b to the area of 
the light extraction surface 311a may be not more than 46%. 

Inventive Example 2 

[0186] Hereinafter, Inventive Example 2 which had the 
sealing portion 314 is described. 

[0187] On an m-plane n-type GaN substrate in the form of 
a wafer, an n-type nitride semiconductor layer formed of an 
n-type GaN layer having a thickness of 2 µm, a nitride semi-
conductor active layer which had a quantum well structure 
consisting of three cycles of 15 nm thick InGaN quantum well 
layers and 30 nm thick GaN barrier layers, and a p-type nitride 
semiconductor layer formed of a p-type GaN layer having a 
thickness of 0.5 µm were formed. Ti/Pt layers were formed as 
the n-side electrode, and Pd/Pt layers were formed as the 
p-side electrode. The thickness of the m-plane n-type GaN 
substrate was reduced by grinding to a predetermined thick-
ness. Grooves were formed using a diamond pen in the wafer 
along the c-axis direction [0001] and the a-axis direction 
[11-20] to a depth of about several micrometers from the 
surface on the p-type nitride semiconductor layer side. There-
after, breaking of the wafer was performed such that the wafer 
was separated into small chips (nitride semiconductor light-
emitting elements 300) of a predetermined size. When the 
breaking was performed along the c-axis direction [0001], the 
c-plane was substantially exposed along the scribe lines. On 
the other hand, when the breaking was performed along the 
a-axis direction [11-20], the m-plane was exposed in many 
cases. 

[0188] The thus-fabricated nitride semiconductor light-
emitting element 300 in the form of a chip was flip-chip 
mounted on the mounting base 301 in which wires were 
formed on alumina, whereby a semiconductor light-emitting 
device was manufactured. Further, over the surface of the 
nitride semiconductor light-emitting element 300, a hemi-
spherical sealing portion 314 was formed of a silicone resin so 
as to have a refractive index of 1.42 and a diameter of 1.2 mm, 
whereby a semiconductor light-emitting device shown in 
FIG. 5 was manufactured. 

[0189] Table 2 is a list of sizes of the nitride semiconductor 
light-emitting element 300 and thicknesses of the GaN sub-
strate which were used in the semiconductor light-emitting 
devices. We prepared three types of samples among which the 
ratio of the area of the light extraction surfaces 311b to the 
area of the light extraction surface 311a was different. The 
emission peak wavelengths of these semiconductor light-
emitting devices were from 405 nm to 410 nm for the current 
value of 10 mA. 
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TABLE 2 

Ratio of area of 
light extraction 

Area of Area of surfaces 311b 
light light to area of light 

Sam- Size of Substrate extraction extraction extraction 
plc one side thickness surface surfaces surface 
No. [µm] [µm] 311a [mm2] 311b [mm2] 311a [%] 

6 	350 	100 	0.1225 	0.0728 	59.43 
7 	450 	50 	0.2025 	0.0486 	23.56 
8 	450 	100 	0.2025 	0.0936 	46.22 

[0190] FIG. 17(a) is a graph showing the light distribution 
characteristic along the a-axis direction (thin solid line) and 
the light distribution characteristic along the c-axis direction 
(bold solid line) of the semiconductor light-emitting device of 
Sample No. 6. The light distribution characteristics are shown 
together in the same graph where the normal direction of the 
m-plane that is the principal surface is 00. The vertical axis 
represents the luminous intensity (cd) which was normalized 
with the value at angle 0. The light distribution characteristic 
along the a-axis direction has such a shape that the maximum 
value occurs at approximately 00  and the luminous intensity 
monotonically decreases as the angle increases. On the other 
hand, the light distribution characteristic along the c-axis 
direction has a shape which has a plurality of peaks. This 
result is largely different from the light distribution charac-
teristic along the c-axis direction of Sample No. 1 (FIG. 
15(a)). That is, light which is extracted from the nitride semi-
conductor light-emitting element 300 to the sealing portion 
314 is not extracted to the outside with its shape being main-
tained but is affected by reflection inside the sealing portion 
314, reflection by the mounting base 301, and diffraction of 
light when being extracted from the sealing portion 314 to the 
outside. As a result, the light distribution characteristic of the 
semiconductor light-emitting device which has the sealing 
portion 314 has a further deformed shape as compared with a 
case where the sealing portion 314 is not provided (FIG. 
15(a)). 

[0191] FIG. 17(b) is a graph showing the light distribution 
characteristic along the a-axis direction (thin solid line) and 
the light distribution characteristic along the c-axis direction 
(bold solid line) of the semiconductor light-emitting device of 
Sample No. 7. The light distribution characteristics are shown 
together in the same graph where the normal direction of the 
m-plane that is the principal surface is 0°. The vertical axis 
represents the luminous intensity (cd) which was normalized 
with the value at angle 0. The light distribution characteristic 
along the a-axis direction has such a shape that the maximum 
value occurs at approximately 00  and the luminous intensity 
monotonically decreases as the angle increases. The light 
distribution characteristic along the c-axis direction has a 
shape which has a plurality of peaks, but it is not so conspicu-
ous as compared with Sample No. 6. It can be seen that the 
light distribution characteristic along the a-axis direction 
(thin solid line) and the light distribution characteristic along 
the c-axis direction (bold solid line) are closer to each other. 
It can be seen from the result of FIG. 17(a) that, when the 
sealing portion 314 is provided, the correlation between the 
light distribution characteristics of the nitride semiconductor 
light-emitting element 300 and the sealing portion 314 needs 
to be considered in designing, and therefore, it is difficult to 
control the light distribution characteristics of the semicon-
ductor light-emitting device. However, as seen from the result 

of FIG. 17(b), according to the present embodiment, the light 
distribution characteristics of the nitride semiconductor light-
emitting element 300 are improved, and designing of the 
sealing portion 314 becomes easy. 
[0192] FIG. 18 is a graph showing the ratio ofthe area ofthe 
light extraction surfaces 311b to the area of the light extrac-
tion surface 311a [%] over the horizontal axis and the maxi-
mum asymmetry degree and the average asymmetry degree 
over the vertical axis for the three types of semiconductor 
light-emitting devices specified in Table 2. In samples where 
the ratio of the area of the light extraction surfaces 311b to the 
area of the light extraction surface 311a is small, both the 
maximum asymmetry degree and the average asymmetry 
degree are small. This means that, even in the nitride semi-
conductor light-emitting element which has the sealing por-
tion 314, the ratio of the area of the light extraction surfaces 
311b to the area of the light extraction surface 311a is 
decreased, whereby the influence of light emitted from the 
light extraction surfaces 311b on the light distribution char-
acteristics can be decreased. As in Inventive Example 1, when 
the ratio of the area of the light extraction surfaces 311b to the 
area of the light extraction surface 311a is about 46%, 
decrease of the asymmetry degree exhibits a tendency toward 
saturation, and when the area ratio is not more than 46%, the 
asymmetry degree of the light distribution has an approxi-
mately constant value. Thus, it can be said that, even in the 
semiconductor light-emitting device which has the sealing 
portion 314, the light distribution characteristic along the 
c-axis direction strongly depends on the ratio ofthe area of the 
light extraction surface 311a to the area of the light extraction 
surfaces 311b. 
[0193] It can be seen from the above that the light distribu-
tion characteristic along the c-axis direction of a semiconduc-
tor light-emitting device which includes a nitride semicon-
ductor light-emitting element which has a nitride-based 
semiconductor multilayer structure having an m-plane prin-
cipal surface and a sealing portion strongly depends on the 
ratio of the area of the light extraction surface 311a that is 
generally parallel to the m-plane to the area of the light 
extraction surfaces 311b that are generally parallel to the 
c-plane but hardly depends on the area of the light extraction 
surfaces 311d. As a result, from the viewpoint of improving 
the asymmetry of the light distribution characteristic along 
the c-axis direction and the light distribution characteristic 
along the a-axis direction, the ratio of the area of the light 
extraction surfaces 311b to the area of the light extraction 
surface 311a may be not more than 46%. 

Inventive Example 3 

[0194] Hereinafter, Inventive Example 3 which had the 
cavity 313 is described. 
[0195] On an m-plane n-type GaN substrate in the form of 
a wafer, an n-type nitride semiconductor layer formed of an 
n-type GaN layer having a thickness of 2 µm, a nitride semi-
conductor active layer which had a quantum well structure 
consisting of three cycles of 15 nm thick InGaN quantum well 
layers and 30 nm thick GaN barrier layers, and a p-type nitride 
semiconductor layer formed of a p-type GaN layer having a 
thickness of 0.5 tm were formed. Ti/Pt layers were formed as 
the n-side electrode, and Pd/Pt layers were formed as the 
p-side electrode. The thickness of the m-plane n-type GaN 
substrate was reduced by grinding to a predetermined thick-
ness. Grooves were formed using a diamond pen in the wafer 
along the c-axis direction [0001] and the a-axis direction 



US 2015/0162495 Al 
	

Jun. 11, 2015 

14 

[11-20] to a depth of about several micrometers from the 
surface on the p-type nitride semiconductor layer side. There-
after, breaking of the wafer was performed such that the wafer 
was separated into small chips (nitride semiconductor light-
emitting elements 300) of a predetermined size. When the 
breaking was performed along the c-axis direction [0001], the 
c-plane was substantially exposed along the scribe lines. On 
the other hand, when the breaking was performed along the 
a-axis direction [11-20], the m-plane was exposed in many 
cases. 

[0196] The thus-fabricated nitride semiconductor light-
emitting element 300 in the form of a chip was flip-chip 
mounted on the mounting base 301 which had the cavity 313, 
whereby a semiconductor light-emitting device was manu-
factured. In order to examine the light distribution character-
istics of light emitted from the nitride semiconductor light-
emitting element 300, the sealing portion 314 was not formed 
over the surface of the nitride semiconductor light-emitting 
element 300. In the cavity 313, the diameter of the bottom 
portion was 1.2 mm, the diameter of the upper part was 2.2 
mm, and the height was 0.5 mm. The slope inside the cavity 
313 was inclined by about 45° with respect to the normal 
direction of the light extraction surface 311a. The cavity 313 
was made of a silicone resin and had reflectance of about 90% 
for light at a wavelength of 405 nm. 

[0197] Table 3 is a list of sizes of the nitride semiconductor 
light-emitting element 300 and thicknesses of the substrate 
(GaN substrate) 304 which were used in the semiconductor 
light-emitting devices. We prepared three types of samples 
among which the ratio of the area of the light extraction 
surfaces 311b to the area of the light extraction surface 311a 
was different. The emission peak wavelengths of these semi-
conductor light-emitting devices were from 405 nm to 410 
nm for the current value of 10 mA. 

TABLE 3 

Ratio of area of 
light extraction 

Area of Area of surfaces 311b 
light light to area of light 

Sam- Size of Substrate extraction extraction extraction 
plc one side thickness surface surfaces surface 
No. [µm] [µm] 311a [mm2] 311b [mm2] 311a [%] 

9 	350 	100 	0.1225 	0.0728 	59.43 
10 	450 	50 	0.2025 	0.0486 	23.56 
11 	450 	100 	0.2025 	0.0936 	46.22 

[0198] FIG. 19(a) is a graph showing the light distribution 
characteristic along the a-axis direction (thin solid line) and 
the light distribution characteristic along the c-axis direction 
(bold solid line) ofthe semiconductor light-emitting device of 
Sample No. 9. The light distribution characteristics are shown 
together in the same graph where the normal direction of the 
m-plane that is the principal surface is 0°. The vertical axis 
represents the luminous intensity (cd) which was normalized 
with the value at angle 0. The light distribution characteristic 
along the a-axis direction has such a shape that the maximum 
value occurs at approximately 0° and the luminous intensity 
monotonically decreases as the angle increases. On the other 
hand, the light distribution characteristic along the c-axis 
direction has such a shape that a peak occurs near ±40°. Since 
the cavity 313 is provided, the luminous intensity sharply 
decreases on a large angle side which is not less than 60°. 

[0199] FIG. 19(b) is a graph showing the light distribution 
characteristic along the a-axis direction (thin solid line) and 
the light distribution characteristic along the c-axis direction 
(bold solid line) ofthe semiconductor light-emitting device of 
Sample No. 10. The light distribution characteristics are 
shown together in the same graph where the normal direction 
of the m-plane that is the principal surface is 0°. The vertical 
axis represents the luminous intensity (cd) which was nor-
malized with the value at angle 0. The light distribution char-
acteristics along the a-axis direction and the c-axis direction 
have such a shape that the maximum value occurs at approxi-
mately 0° and the luminous intensity monotonically 
decreases as the angle increases. 

[0200] FIG. 20 is a graph showing the ratio ofthe area ofthe 
light extraction surfaces 311b to the area of the light extrac-
tion surface 311a [%] over the horizontal axis and the maxi-
mum asymmetry degree and the average asymmetry degree 
over the vertical axis for the three types of semiconductor 
light-emitting devices specified in Table 3. In samples where 
the ratio of the area of the light extraction surfaces 311b to the 
area of the light extraction surface 311a is small, both the 
maximum asymmetry degree and the average asymmetry 
degree are small. This means that, even in the semiconductor 
light-emitting device which has the cavity 313, the ratio ofthe 
area of the light extraction surfaces 311b to the area of the 
light extraction surface 311a is decreased, whereby the influ-
ence of light emitted from the light extraction surfaces 311b 
on the light distribution characteristics can be decreased. As 
in Inventive Example 1, when the ratio of the area of the light 
extraction surfaces 311b to the area of the light extraction 
surface 311a is about 46%, the asymmetry degree exhibits a 
tendency toward saturation, and when the area ratio is not 
more than 46%, the asymmetry degree ofthe light distribution 
has an approximately constant value. It can be said from the 
above that, even in the semiconductor light-emitting device 
which has the cavity 313, the light distribution characteristic 
along the c-axis direction strongly depends on the ratio of the 
area of the light extraction surface 311a to the area of the light 
extraction surfaces 311b. 

[0201] When compared with the results of FIG. 16 of 
Inventive Example 1, it can be seen that the asymmetry degree 
is small as a whole. This is probably because when light 
emitted from the nitride semiconductor light-emitting ele-
ment 300 is reflected by the cavity 313, the light is scattered, 
so that the asymmetry degree is improved. 

[0202] It can be seen from the above that the light distribu-
tion characteristic along the c-axis direction of a semiconduc-
tor light-emitting device which includes a nitride semicon-
ductor light-emitting element which has a nitride-based 
semiconductor multilayer structure having an m-plane prin-
cipal surface and a cavity strongly depends on the ratio of the 
area of the light extraction surface 311a that is generally 
parallel to the m-plane to the area of the light extraction 
surfaces 311b that are generally parallel to the c-plane but 
hardly depends on the area of the light extraction surfaces 
311d. As a result, from the viewpoint of improving the asym-
metry of the light distribution characteristic along the c-axis 
direction and the light distribution characteristic along the 
a-axis direction, the ratio of the area of the light extraction 
surfaces 311b to the area of the light extraction surface 311a 
may be not more than 46%. 
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Inventive Example 4 

[0203] Hereinafter, Inventive Example 4 is described in 
which the a-plane was mainly exposed as the light extraction 
surface 311c. 
[0204] On an m-plane n-type GaN substrate in the form of 
a wafer, an n-type nitride semiconductor layer formed of an 
n-type GaN layer having a thickness of 2 µm, a nitride semi-
conductor active layer which had a quantum well structure 
consisting of three cycles of 15 nm thick InGaN quantum well 
layers and 30 nm thick GaN barrier layers, and a p-type nitride 
semiconductor layer formed of a p-type GaN layer having a 
thickness of 0.5 tm were formed. Ti/Pt layers were formed as 
the n-side electrode, and Pd/Pt layers were formed as the 
p-side electrode. The thickness of the m-plane n-type GaN 
substrate was reduced by grinding to a predetermined thick-
ness. Grooves were formed by laser in the wafer along the 
c-axis direction [0001] and the a-axis direction [11-20] to a 
depth of about 50 µm from the surface of the n-type GaN 
substrate. Thereafter, breaking of the wafer was performed 
such that the wafer was separated into small chips (nitride 
semiconductor light-emitting elements 300) of a predeter-
mined size. When the breaking was performed along the 
c-axis direction [0001], the c-plane was exposed. When the 
breaking was performed along the a-axis direction [11-20], 
the a-plane was exposed in many cases. 
[0205] The thus-fabricated nitride semiconductor light-
emitting element 300 in the form of a chip was flip-chip 
mounted on the mounting base 301 in which wires were 
formed on alumina, whereby a semiconductor light-emitting 
device was manufactured. In order to examine the light dis-
tribution characteristics of light emitted from the nitride 
semiconductor light-emitting element 300, the sealing por-
tion 314 was not formed over the surface of the nitride semi-
conductor light-emitting element 300. 
[0206] Table 4 is a list of sizes of the manufactured semi-
conductor light-emitting device and thicknesses of the GaN 
substrate. Wepreparedtwo types of samples among which the 
ratio of the area of the light extraction surfaces 311b to the 
area of the light extraction surface 311a was different. The 
emission peak wavelengths of these semiconductor light-
emitting devices were from 405 nm to 410 nm for the current 
value of 10 mA. 

TABLE 4 

Ratio of area of 
light extraction 

Area of Area of surfaces 311b 
light light to area of light 

Sam- Size of Substrate extraction extraction extraction 
plc one side thickness surface surfaces surface 
No. [µm] [µm] 311a [mm2] 311b [mm2] 311a [%] 

12 	450 	150 	0.2025 	0.1386 	68.44 
13 	950 	150 	0.9025 	0.2926 	32.42 

[0207] FIG. 21(a) is a graph showing the light distribution 
characteristic along the a-axis direction (thin solid line) and 
the light distribution characteristic along the c-axis direction 
(bold solid line) ofthe semiconductor light-emitting device of 
Sample No. 12. The light distribution characteristics are 
shown together in the same graph where the normal direction 
of the m-plane that is the principal surface is 0°. The vertical 
axis represents the luminous intensity (cd) which was nor-
malized with the value at angle 0. Comparing the light distri- 

bution characteristics along the c-axis direction of FIG. 15(a) 
and FIG. 21(a), it is seen that they have substantially equal 
shapes. Thus, it can be considered that the light distribution 
characteristic along the c-axis direction is affected by the light 
extraction surface 311a and the light extraction surfaces 
311b. 

[0208] FIG. 21(b) is a graph showing the light distribution 
characteristic along the a-axis direction (thin solid line) and 
the light distribution characteristic along the c-axis direction 
(bold solid line) of the semiconductor light-emitting device of 
Sample No. 13. The light distribution characteristics are 
shown together in the same graph where the normal direction 
of the m-plane that is the principal surface is 0°. The vertical 
axis represents the luminous intensity (cd) which was nor-
malized with the value at angle 0. The light distribution char-
acteristics along the a-axis direction and the c-axis direction 
have such a shape that the maximum value occurs at approxi-
mately 0° and that the luminous intensity decreases as the 
angle increases. 

[0209] FIG. 22 is a graph showing the ratio ofthe area ofthe 
light extraction surfaces 311b to the area of the light extrac-
tion surface 311a [%] over the horizontal axis and the maxi-
mum asymmetry degree and the average asymmetry degree 
over the vertical axis for the two types of semiconductor 
light-emitting devices specified in Table 4. As the ratio of the 
area of the light extraction surfaces 311b to the area of the 
light extraction surface 311a decreases, both the maximum 
asymmetry degree and the average asymmetry degree also 
decrease. 

[0210] When the asymmetry degree is compared between 
the case of FIG. 16 where the nitride semiconductor light-
emitting element had the light extraction surface 311c and the 
case of FIG. 22 where the nitride semiconductor light-emit-
ting element had the light extraction surfaces 311d, the values 
of these cases are relatively close to each other. Thus, it can be 
said that, even in a semiconductor light-emitting device 
which includes the nitride semiconductor light-emitting ele-
ment that has the light extraction surfaces 311d, the light 
distribution characteristic along the c-axis direction strongly 
depends on the ratio of the area of the light extraction surface 
311a to the area of the light extraction surfaces 311b. 

[0211] With the results of Inventive Examples 1 to 4 being 
taken into account, it can be considered that the light distri-
bution characteristic along the c-axis direction of the semi-
conductor light-emitting device that includes the nitride 
semiconductor light-emitting element 300 depends on the 
ratio of the area of the light extraction surface 311a that is 
generally parallel to the m-plane of the nitride semiconductor 
light-emitting element to the area of the light extraction sur-
faces 311b that are generally parallel to the c-plane, rather 
than being affected by the cavity 313, the sealing portion 314, 
the light extraction surface 311c, and the light extraction 
surfaces 311d. Such a phenomenon is intrinsic to the light-
emitting element formed on the m-plane GaN. Further, from 
the viewpoint of improving the asymmetry of the light distri-
bution characteristic along the c-axis direction and the light 
distribution characteristic along the a-axis direction, the ratio 
of the area of the light extraction surfaces 311b to the area of 
the light extraction surface 311a may be not more than 46%. 
The area ratio of not more than 46% specified herein is also a 
value which is intrinsic to the light-emitting element formed 
on the m-plane GaN. 
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Inventive Example 5 

[0212] Hereinafter, the plane orientation of a light extrac-
tion surface which has undergone laser dicing and mechanical 
dicing is described. 
[0213] On an m-plane n-type GaN substrate in the form of 
a wafer, an n-type nitride semiconductor layer which was 
formed of an n-type GaN layer having a thickness of 2 µm, a 
nitride semiconductor active layer which had a quantum well 
structure consisting of nine cycles of 15 nm thick InGaN 
quantum well layers and 30 nm thick GaN barrier layers, and 
a 0.5 µm thick p-type GaN layer were formed. Ti/Pt layers 
were formed as the n-side electrode, and Mg/Pt layers were 
formed as the p-side electrode. The thickness of the m-plane 
n-type GaN substrate was reduced to 150 µm by grinding. The 
ground wafer was separated into 950 µm-square small chips. 
In the separation, two types of methods, laser dicing and 
mechanical dicing, were employed. 
[0214] In laser dicing, grooves were formed by laser in the 
wafer along the c-axis direction [0001] and the a-axis direc-
tion [11-20] to a depth of about 50 µm from the surface on the 
n-type GaN substrate side, and thereafter, breaking of the 
wafer was performed such that the wafer was separated into 
small chips. FIG. 23 shows optical microscope images of a 
nitride-based semiconductor light-emitting element which 
was separated by laser dicing. FIG. 23(a) is an optical micro-
scope image observed from the light extraction surface 311a 
side. FIG. 23(b) is an optical microscope image observed 
from the light extraction surface 311c side. FIG. 23(c) is an 
optical microscope image observed from the light extraction 
surface 311b side. Since the light extraction surfaces 311b 
and 311c formed by laser dicing are generally perpendicular 
to the light extraction surface 311a that is the m-plane, it is 
considered that the light extraction surfaces 311b correspond 
to the c-plane, and the light extraction surface 311c corre-
sponds to the a-plane. In such formation of grooves by laser, 
the grooves formed in the surface of the n-type GaN substrate 
have a large depth so that cleaving along the groove direction 
is easy. Thus, when the grooves were formed parallel to the 
a-plane and the c-plane, the a-plane and the c-plane were also 
exposed after breaking. 
[0215] In mechanical dicing, grooves were formed using a 
diamond pen in the wafer along the c-axis direction [0001] 
and the a-axis direction [11-20] to a depth of about several 
micrometers from the surface on the n-type GaN substrate 
side, and thereafter, breaking of the wafer was performed 
such that the wafer was separated into small chips. FIG. 24 
shows optical microscope images of a nitride-based semicon-
ductor light-emitting element which was separated by 
mechanical dicing. FIG. 24(a) is an optical microscope image 
observed from the light extraction surface 311a side. FIG. 
24(b) is an optical microscope image observed from the light 
extraction surface 311d side. FIG. 24(c) is an optical micro-
scope image observed from the light extraction surface 311b 
side. Since the light extraction surfaces 311b formed by laser 
dicing are generally perpendicular to the light extraction sur-
face 311a, it is considered that the light extraction surfaces 
311b correspond to the c-plane. On the other hand, since the 
light extraction surface 311d is inclined by about 30° with 
respect to the normal direction of the light extraction surface 
311a that is the m-plane, it is considered that the light extrac-
tion surface 311d is the en-plane. In formation of grooves 
with a diamond pen, the grooves formed in the surface of the 
n-type GaN substrate have a small depth so that the grooves 
function as the starting points of cleaving, and as a result, a 

plane which is readily cleavable is likely to be exposed. Thus, 
the en-plane and the c-plane, which have high cleavability, 
were exposed. 
[0216] These nitride semiconductor light-emitting ele-
ments 300 in the form of chips were mounted (flip-chip 
mounted) on the mounting base 301 in which the wire 302 
was formed on alumina, whereby a semiconductor light-
emitting devices were manufactured. 
[0217] In a semiconductor light-emitting device including 
the nitride semiconductor light-emitting element separated 
by mechanical dicing, the optical output which was gained by 
electric current injection of 100 mA exhibited improvement 
of 35% as compared with a semiconductor light-emitting 
device including the nitride semiconductor light-emitting ele-
ment separated by laser dicing. 

Comparative Example 1 

[0218] A semiconductor light-emitting device was manu-
factured by providing shielding plates 315 so as to face the 
light extraction surfaces 311b of Sample 1 of Inventive 
Example 1. FIG. 25 is a diagram showing a semiconductor 
light-emitting device of Comparative Example 1. The differ-
ence from FIG. 5 resides in that the shielding plates 315 were 
provided. The shielding plates 315 were made of black vinyl 
chloride and had a reflectance of about 4% and a height of 0.5 
mm. The shielding plates 315 were provided at positions 
about 0.5 mm distant from the light extraction surfaces 311b. 
[0219] The purpose of Comparative Example 1 is to block 
light emitted from the surfaces 311b by the shielding plates 
315 in order to improve the light distribution characteristic 
along the c-axis direction. FIG. 26(a) is a graph showing the 
light distribution characteristic along the c-axis direction. 
FIG. 26(b) is a graph showing the light distribution charac-
teristic along the a-axis direction. In these graphs, the thin 
solid line represents the light distribution characteristic which 
was obtained without the shielding plates 315, and the bold 
solid line represents the light distribution characteristic which 
was obtained with the shielding plates 315. In the light dis-
tribution characteristics along the c-axis direction (FIG. 
26(a)), it can be seen that, with the shielding plates 315 being 
provided, light was blocked on the large angle sides exceed-
ing ±40°. However, in the range of —40° to +40°, the light 
distribution characteristic along the c-axis direction was gen-
erally constant irrespective of whether or not the shielding 
plates 315 were provided. The asymmetry degree of the light 
distribution characteristics along the a-axis direction and the 
c-axis direction was not improved. 

Comparative Example 2 

[0220] A semiconductor light-emitting device was manu-
factured by coating the slope surfaces (inner lateral surfaces) 
of the cavity 313 of Sample 11 of Inventive Example with 
black ink. FIG. 27 shows a semiconductor light-emitting 
device of Comparative Example 2. The difference from FIG. 
10 resides in that it had a black ink coating region 316. With 
the black ink coating, the reflectance of the surface of the 
cavity 313 decreases to about 3%. FIG. 28(a) is a graph 
showing the light distribution characteristic along the c-axis 
direction. FIG. 28(b) is a graph showing the light distribution 
characteristic along the a-axis direction. In these graphs, the 
thin solid line represents the light distribution characteristic 
which was obtained without the black ink coating, and the 
bold solid line represents the light distribution characteristic 
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which was obtained with the black ink coating. FIGS. 28(a) 
and 28(b) are different from the previously-described graphs 
of the light distribution characteristics in that the value of the 
vertical axis is a measured luminous intensity value itself. It 
can be seen that, with the black ink coating, in both the light 
distribution characteristic along the a-axis direction and the 
light distribution characteristic along the c-axis direction, the 
luminous intensity decreased over the entire angle range. 
Inventive Example 3 that had the cavity 313 exhibited 
improved asymmetry degree as compared with Inventive 
Example 1 that did not have the cavity 313. This is because the 
cavity 313 has such a property that affects the entire angle 
range of the light distribution characteristics of the nitride 
semiconductor light-emitting element. However, when the 
reflectance of the cavity 313 was changed by the black ink 
coating, the light distribution characteristics had further 
deformed shape. That is, since the light distribution charac-
teristics are determined by synthesis of light directly 
extracted from the nitride semiconductor light-emitting ele-
ment 300 and light reflected by the cavity 313, designing of 
the cavity 313 is difficult when the light distribution charac-
teristics of light emitted from the nitride semiconductor light-
emitting element 300 are deformed. 

(Differences between Embodiments of Present 
Invention and Prior Art) 

[0221] Next, the differences between the embodiments of 
the present invention and the prior art are described. 
[0222] In a nitride semiconductor light-emitting element 
described in Patent Document 1, the polarization character-
istics are maintained high, and therefore, the emission inten-
sity is large in a direction perpendicular to the polarization 
direction. As a result, the light distribution is asymmetric. 
[0223] A configuration which is capable of solving the 
above problem is disclosed in Patent Document 2. The first 
embodiment of Patent Document 2 discloses that four light-
emitting diode chips are arranged in different orientations in 
a package, but the mounting step is complicated. The second 
embodiment of Patent Document 2 discloses that an uneven 
shape is formed in a reflective lateral surface of a package, but 
designing and manufacture of the package are complicated. 
The third embodiment of Patent Document 2 discloses that an 
uneven shape is provided in the surface of a light-emitting 
diode chip. However, the step of forming unevenness is 
added, and accordingly, manufacture is complicated. The 
fourth embodiment of Patent Document 2 discloses that an 
uneven shape extending in a predetermined direction is pro-
vided in a light emitting surface of a resin mold of a package. 
However, designing and manufacture of the resin mold are 
complicated. The fifth embodiment of Patent Document 2 
discloses that a light emitting surface of a package is config-
ured such that the direction of light is changed to an azimuth 
angle direction where the emission intensity is small. How-
ever, designing and manufacture of the resin mold are com-
plicated. 
[0224] On the other hand, according to the embodiments of 
the present invention, the asymmetry of the light distribution 
characteristics along the a-axis direction and the c-axis direc-
tion of a semiconductor light-emitting device which includes 
a semiconductor light-emitting element which has a nitride-
based semiconductor multilayer structure having an m-plane 
principal surface can be improved by a simple configuration. 
[0225] In a semiconductor light-emitting device of the 
present embodiment, the light distribution characteristic rela- 

tive to the axial direction would not vary even when the 
installation orientation is varied. Thus, this semiconductor 
light-emitting device can be used for decorative illumination 
and lighting devices. 

INDUSTRIAL APPLICABILITY 

[0226] The present invention is applicable to, for example, 
decorative illumination and lighting devices. Application to 
the fields of display and optical data processing, for example, 
has also been expected. 

REFERENCE SIGNS LIST 

[0227] 300 nitride-based semiconductor light-emitting ele- 
ment 

[0228] 300A wafer 
[0229] 300B chip region 
[0230] 301 mounting base 
[0231] 302 wire 
[0232] 303 bump 
[0233] 304, 304A substrate 
[0234] 305, 305A n-type nitride semiconductor layer 
[0235] 306, 306A nitride semiconductor active layer 
[0236] 307, 307A p-type nitride semiconductor layer 
[0237] 308 p-side electrode 
[0238] 309 n-side electrode 
[0239] 310, 301A multilayer structure 
[0240] 311, 311a, 311a', 311b, 311c, 311d light extraction 

surface 
[0241] 312 recessed portion 
[0242] 312a lateral surface 
[0243] 313 cavity 
[0244] 314 sealing portion 
[0245] 315 shielding plate 
[0246] 316 black ink coating region 
[0247] 318 light receiving section 
[0248] 319 measurement line 
[0249] 320 transparent sealing portion 
[0250] 352, 354 groove 

1. A method for emitting light from a nitride semiconductor 
light-emitting element, the method comprising: 

(a) applying a voltage to the nitride semiconductor light- 
emitting element comprising an active layer to emit the 
light from the active layer; 

wherein 
the nitride semiconductor light-emitting element com- 

prises a multilayer structure; 
the multilayer structure includes an n-type nitride semicon- 

ductor layer, a p-type nitride semiconductor layer, and 
the active layer which is made of an m-plane nitride 
semiconductor and interposed between the n-type 
nitride semiconductor layer and the p-type nitride semi- 
conductor layer; 

the multilayer structure has a first light extraction surface 
which is parallel to an m-plane in the active layer and a 
plurality of second light extraction surfaces which are 
parallel to a c-plane in the active layer; 

a ratio of a total area of the plurality of the second light 
extraction surfaces to an area of the first light extraction 
surface is not more than 46%; and 

an average asymmetry degree of the light distribution 
along the a-axis direction and the light distribution along 
the c-axis direction is not more than 12%; 
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where 

the average asymmetry degree refers to an average of an 
asymmetry degree for the range of —90° to +900; and 

the asymmetry degree refers to a value which is obtained 
by normalizing the difference between a luminous inten-
sity in the a-axis direction and a luminous intensity in the 
c-axis direction at the same angle with respect to the 
normal direction with a luminous intensity in the normal 
direction [1-100] of the m-plane. 

2. The method according to claim 1, wherein 

the multilayer structure has one or a plurality of third light 
extraction surfaces, and 

the one or plurality of third light extraction surfaces are 
inclined with respect to a normal direction of the first 
light extraction surface. 

3. The method according to claim 2, wherein 

the one or plurality of third light extraction surfaces are 
inclined by 30° with respect to the normal direction of 
the first light extraction surface. 

4. The method according to claim 1, wherein 
the nitride semiconductor light-emitting element further 

comprises a substrate; 
the substrate has a first surface and a second surface; and 
the multilayer structure is formed on or above the first 

surface of the substrate. 
5. The method according to claim 4, wherein 
in the step (b), the light is emitted through the second 

surface of the substrate. 
6. The method according to claim 1, wherein 
a length along a c-axis direction of the first light extraction 

surface is greater than a length along an a-axis direction 
of the first light extraction surface. 

7. The method according to claim 1, wherein 
a ratio of an area of the second light extraction surface to an 

area of the first light extraction surface is not less than 
24%. 

8. The method according to claim 1, wherein 
at least any of the first light extraction surface and the 

plurality of second light extraction surfaces has a texture 
structure. 
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