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(57) ABSTRACT

A light-emitting device according to an embodiment of the
present technology includes a semiconductor light-emitting
section and a base. The base supports the semiconductor
light-emitting section, and includes a light extraction surface
and a side surface including a concave portion and a convex
portion that are alternately arranged in a specified direction.
This makes it possible to control an emission direction (a
scattering direction) of light emitted from the side surface.
This results in being able to provide a light-emitting device
that is capable of controlling light emitted from a side
surface of the light-emitting device, and a method for
producing the light-emitting device.
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LIGHT-EMITTING DEVICE AND METHOD
FOR PRODUCING LIGHT-EMITTING
DEVICE

TECHNICAL FIELD

[0001] The present technology relates to a light-emitting
device such as a light-emitting diode (LED) and a method
for producing the light-emitting device.

BACKGROUND ART

[0002] Patent Literature 1 discloses an LED array for an
optical printer head. The LED array disclosed in Patent
Literature 1 is obtained by performing full-cut dicing at an
angle from a back surface upon cutting a wafer into pieces.
Consequently, the LED array includes an angled side surface
such that the area of the back surface is smaller. This results
in being able to perform alignment in the LED array at a high
degree of accuracy and to prevent leaked light (for example,
the lower right column on page 3, and FIG. 2 in Patent
Literature 1).

CITATION LIST

Patent Literature

[0003] Patent Literature 1: Japanese Patent Application
Laid-open No. 2-010879

DISCLOSURE OF INVENTION

Technical Problem

[0004] As described above, there is a need for a technol-
ogy that enables a light-emitting device such as an LED to
control light emitted from a side surface of the light-emitting
device.

[0005] In view of the circumstances described above, an
object of the present technology is to provide a light-
emitting device that is capable of controlling light emitted
from a side surface of the light-emitting device, and a
method for producing the light-emitting device.

Solution to Problem

[0006] In order to achieve the object described above, a
light-emitting device according to an embodiment of the
present technology includes a semiconductor light-emitting
section and a base.

[0007] The base supports the semiconductor light-emitting
section, and includes a light extraction surface and a side
surface including a concave portion and a convex portion
that are alternately arranged in a specified direction.
[0008] In this light-emitting device, a concave portion and
a convex portion arranged in a specified direction are formed
on a side surface of a base that includes a light extraction
surface. This makes it possible to control an emission
direction (a scattering direction) of light emitted from the
side surface.

[0009] The side surface may include a plurality of the
concave portions and a plurality of the convex portions, and
the concave portion and the convex portion may be alter-
nately arranged one by one in the specified direction.
[0010] The concave portion and the convex portion may
be alternately arranged in a direction orthogonal to an exit
direction of light that exits from the light extraction surface.
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[0011] The concave portion and the convex portion may
be alternately arranged in a direction orthogonal to a per-
pendicular direction of the light extraction surface.

[0012] The base may have a rectangular-parallelepiped
shape. In this case, the side surface may be a surface
orthogonal to the light extraction surface.

[0013] The base may have a cylindrical shape of which an
axis direction is a perpendicular direction of the light
extraction surface. In this case, the side surface may be a
circumferential surface of the base.

[0014] The concave portion and the convex portion may
be configured to extend on the side surface in a direction
orthogonal to the specified direction.

[0015] the concave portions of the plurality of the concave
portions may have the same shape when the plurality of the
concave portions and the plurality of the convex portions are
viewed from a direction orthogonal to the specified direc-
tion.

[0016] The convex portions of the plurality of the convex
portions may have the same shape when the plurality of the
concave portions and the plurality of the convex portions are
viewed from a direction orthogonal to the specified direc-
tion.

[0017] Each of the plurality of the concave portions may
have a shape of a circular arc when the plurality of the
concave portions and the plurality of the convex portions are
viewed from a direction orthogonal to the specified direc-
tion.

[0018] Each of the plurality of the concave portions may
have a semicircular shape when the plurality of the concave
portions and the plurality of the convex portions are viewed
from a direction orthogonal to the specified direction.

[0019] Each of the plurality of the concave portions may
have a V-shape when the plurality of the concave portions
and the plurality of the convex portions are viewed from a
direction orthogonal to the specified direction.

[0020] A sinusoidal shape may be formed by the plurality
of the concave portions and the plurality of the convex
portions when the plurality of the concave portions and the
plurality of the convex portions are viewed from a direction
orthogonal to the specified direction.

[0021] The concave portion and the convex portion may
be alternately arranged in a direction parallel to an exit
direction of light that exits from the light extraction surface.

[0022] The concave portion and the convex portion may
be alternately arranged in a direction parallel a perpendicular
direction of the light extraction surface.

[0023] The semiconductor light-emitting section may
include at least one light-emitting source.

[0024] The at least one light-emitting source may be at
least one light-emitting diode (LED).

[0025] The at least one light-emitting source may be
arranged on a side of the light extraction surface of the base,
or may be arranged on a side opposite to the light extraction
surface of the base.

[0026] The light-emitting device may further include a
cover portion that is configured to cover the light extraction
surface and the side surface of the base, the cover portion
including a side surface including a concave portion and a
convex portion that are alternately arranged in a specified
direction.
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[0027] A method for producing a light-emitting device
according to an embodiment of the present technology
includes forming a plurality of light-emitting sources on a
substrate.

[0028] The substrate is partitioned into a plurality of
regions such that each of the plurality of regions includes a
specified number of light-emitting sources from among the
plurality of light-emitting sources.

[0029] A plurality of through-holes is formed at a bound-
ary of adjacent regions of the plurality of regions.

[0030] Cutting is performed along the boundary of the
adjacent regions of the plurality of regions such that the
plurality of through-holes is divided.

[0031] A method for producing a light-emitting device
according to another embodiment of the present technology
includes forming a plurality of light-emitting sources on a
substrate.

[0032] The substrate is partitioned into a plurality of
regions such that each of the plurality of regions includes a
specified number of light-emitting sources from among the
plurality of light-emitting sources.

[0033] Cutting is performed along a boundary of adjacent
regions of the plurality of regions.

[0034] A concave portion and a convex portion are formed
in a cutting plane obtained by the cutting, the concave
portion and the convex portion being alternately arranged in
a specified direction.

Advantageous Effects of Invention

[0035] As described above, the present technology makes
it possible to control light emitted from a side surface. Note
that the effect described here is not necessarily limitative,
and any of the effects described in the present disclosure
may be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0036] FIG. 1 schematically illustrates an appearance of
an LED device according to an embodiment.

[0037] FIG. 2 is an enlarged schematic view illustrating a
concavo-convex structure formed on a side surface.

[0038] FIG. 3 is a schematic diagram for describing a
distribution of an emission direction of emission light emit-
ted from the side surface.

[0039] FIG. 4 schematically illustrates side surfaces of
comparative examples.

[0040] FIG. 5 schematically illustrates an appearance of
an LED array.
[0041] FIG. 6 is a diagram for describing an effect pro-

vided by the concavo-convex structure.

[0042] FIG. 7 is a diagram for describing the effect pro-
vided by the concavo-convex structure.

[0043] FIG. 8 is a schematic diagram for describing a
method for producing the LED device (the LED array).
[0044] FIG. 9 schematically illustrates another example of
a configuration of the concavo-convex structure.

[0045] FIG. 10 schematically illustrates another example
of a configuration of the concavo-convex structure.

[0046] FIG. 11 is a diagram for describing a concavo-
convex structure according to another embodiment.

[0047] FIG. 12 schematically illustrates an example of a
configuration of a light-emitting device according to another
embodiment.
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[0048] FIG. 13 schematically illustrates an example of a
configuration of a light-emitting device according to another
embodiment.

MODE(S) FOR CARRYING OUT THE
INVENTION

[0049] Embodiments according to the present technology
will now be described below with reference to the drawings.

LED Array

[0050] FIG. 1 schematically illustrates an appearance of
an LED device according to an embodiment of the present
technology. A of FIG. 1 is a perspective view of the LED
device 100 as viewed from an oblique direction. B of FIG.
1 is a front view of the LED device 100 as viewed from the
front. The LED device 100 corresponds to a light-emitting
device in the present embodiment.

[0051] The LED device 100 includes a base 10 and an
LED light-emitting source 20. The base 10 has a rectangular-
parallelepiped shape as a whole, and includes a primary
surface 11, a bottom surface 12, and four side surfaces 13
(13a to 13d). The primary surface 11, the bottom surface 12,
and the four side surfaces 13 each have a rectangular outer
shape.

[0052] For convenience of description, XYZ coordinate
axes are set such that a plane direction of the primary surface
11 is an XY-plane direction and a perpendicular direction of
the primary surface 11 is a Z-direction.

[0053] The side of the primary surface 11 of the base 10
is a front side of the LED device 100, and the side of the
bottom surface 12 is a back side of the LED device 100.
When the LED device 100 is used, it is possible to set any
direction to be a front direction (corresponding to the
perpendicular direction of the primary surface 11) that is a
direction in which the primary surface 11 is oriented.
[0054] In the present embodiment, the entirety of the
primary surface 11 is a light extraction surface 15. Thus, the
plane direction and the perpendicular direction of the pri-
mary surface 11 respectively correspond to a plane direction
and a perpendicular direction of the light extraction surface
15. As illustrated in A of FIG. 1, exit light [.1 exits in the
front direction from the light extraction surface 15. In other
words, the exit light L1 exits in a direction parallel to the
perpendicular direction of the light extraction surface 15.
[0055] Note that, when the primary surface 11 is formed of
a light-blocking material, a transparent (light-transmissive)
light extraction portion may be formed in a portion paired
with the LED light-emitting source 20. In this case, a region
that is a portion of the light extraction surface 15 is config-
ured as the light extraction portion.

[0056] Note that the light extraction surface 15 is not
limited to being formed in the same plane as the primary
surface 11. The light extraction surface 15 may slightly
protrude or be slightly recessed with respect to the primary
surface 11.

[0057] The side surface 13 is a surface orthogonal to the
primary surface 11 (the light extraction surface 15). The side
surfaces 135 and 134 extend in a Y-direction, and face each
other in an X-direction. The side surfaces 13a and 13c
extend in the X-direction, and face each other in the Y-di-
rection.

[0058] In the present embodiment, the side surfaces 13a
and 13c¢ are cutting planes when a wafer is cut into pieces to
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obtain the LED device 100. In other words, the side surfaces
13a and 13cmay also be referred to as end surfaces of the
LED device 100.

[0059] In the present embodiment, a concavo-convex
structure 30 is formed on each of the side surfaces 134 and
13c. Of course, the surface on which the concavo-convex
structure 30 is formed is not limited, and, for example, the
concavo-convex structure 30 may be formed on each of the
side surfaces 135 and 134. The concavo-convex structure 30
will be described in detail later.

[0060] The LED light-emitting source 20 is supported by
the base 10. For example, the LED light-emitting source 20
may be situated on the side of the light extraction surface 15
(the side of a front surface) with respect to the primary
surface 11, or may be situated on the side opposite to a light
extraction direction (the side of a back surface). Further, the
light extraction surface 15 may be the LED light-emitting
source 20 itself. In the present embodiment, a semiconductor
light-emitting section is implemented by a single LED
light-emitting source 20.

[0061] A specific configuration for implementing the base
10 and the LED light-emitting source 20 is not limited. For
example, it is possible to implement the base 10 and the LED
light-emitting source 20 including a p-type semiconductor
layer and an n-type semiconductor layer by growing, on a
transparent (light-transmissive) growth substrate, an epi-
taxial layer made of a semiconductor material. Moreover, a
p-electrode, an n-electrode, wiring, and the like are provided
to the base 10.

[0062] For example, a growth substrate may be arranged
on the side of the primary surface 11, and the LED light-
emitting source 20 may be formed on the side of the bottom
surface 12. Light emitted from the LED light-emitting
source 20 is transmitted through the growth substrate from
the side of the bottom surface 12, and exits from the light
extraction surface 15. Alternatively, the growth substrate
may be arranged on the side of the bottom surface 12, and
the LED light-emitting source 20 may be formed on the side
of the primary surface 11. Moreover, any configuration for
implementing an LED device may be adopted.

[0063] The material of a growth substrate and a semicon-
ductor material are also not limited, and any material may be
used. For example, a substrate made of GaN, sapphire,
GaAs, InP, Si, SiC, GaP, or ZnSe is used as the growth
substrate. Of course, the material of the growth substrate is
not limited to these materials.

[0064] Further, a GalnN-based semiconductor material is
used as a semiconductor material, and the exit light L1 of a
wavelength band from ultraviolet light to visible light may
exit. Alternatively, a GaP-based, AlGaAs-based, or InP-
based semiconductive material may be used, and the exit
light L1 of a wavelength band from visible light to infrared
light may exit. Moreover, any semiconductor material may
be used. Further, a transparent insulator may be used with
respect to an emission wavelength using, for example, a
bonding technique. Examples of such an insulator include
SiO2 (quartz), AI203 (sapphire), and other glasses. The
present technology is applicable without the wavelength
band of the exit light L1 being limited.

[0065] In the present embodiment, the entirety of the base
10 is transparent to light from the LED light-emitting source
20 that has an emission wavelength. The light emitted from
the LED light-emitting source 20 also propagates in a
direction different from the direction toward the light extrac-
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tion surface 15. Of course, the present technology is also
applicable when only a portion of the base 10 has transpar-
ency.

Concavo-Convex Structure

[0066] The inventors have discussed an influence of light
that propagates through the base 10 from the LED light-
emitting source 20 and is emitted from the side surface 13.
Then, the concavo-convex structure 30 used to control an
emission direction of light emitted from the side surface 13
has been newly devised. The concavo-convex structure 30
described below can also be referred to as a structure for
controlling a light emission direction, or a leaked-light
control structure. Further, focused on the shape of the
concavo-convex structure 30, the concavo-convex structure
30 can also be referred to as a corrugated structure or a
structure having a corrugated shape.

[0067] FIG. 2 is an enlarged schematic view illustrating
the concavo-convex structure 30 formed on the side surface
13a. A of FIG. 2 is a perspective view of the concavo-convex
structure 30 as viewed from an oblique direction. B of FIG.
2 illustrates the concavo-convex structure 30 as viewed from
the front direction (the Z-direction).

[0068] As illustrated in FIG. 2, a concave portion 31 and
a convex portion 32 that are alternately arranged in a
specified direction are formed as the concavo-convex struc-
ture 30. In the present embodiment, a plurality of concave
portions 31 and a plurality of convex portions 32 are formed
such that the concave portion 31 and the convex portion 32
are alternately arranged in the X-direction orthogonal to an
exit direction (the Z-direction) of the exit light L1 exiting
from the light extraction surface 15.

[0069] In other words, the plurality of concave portions 31
and the plurality of convex portions 32 are formed in the
X-direction such that the concave portion 31 and the convex
portion 32 are alternately arranged one by one. This also
corresponds to the fact that the plurality of concave portions
31 and the plurality of convex portions 32 are formed such
that the concave portion 31 and the convex portion 32 are
alternately arranged in a direction orthogonal to the perpen-
dicular direction of the light extraction surface 15. As
described above, in the present embodiment, the X-direction
corresponds to a specified direction, and the Z-direction
corresponds to a direction orthogonal to the specified direc-
tion.

[0070] In the present embodiment, the semicircular con-
cave portion 31 is formed to extend in the Z-direction, as
illustrated in A of FIG. 2. Eight semicircular concave
portions 31 are formed to be equally spaced in the X-direc-
tion. A portion situated between adjacent semicircular con-
cave portions 31 from among the eight semicircular concave
portions 31 is the convex portion 32. Thus, the plurality of
convex portions 32 is also formed to extend in the Z-direc-
tion.

[0071] Thus, when the plurality of concave portions 31
and the plurality of convex portions 32 are viewed from the
Z-direction, the concave portions 31 of the plurality of
concave portions 31 have the same shape, and are each
formed to have a semicircular shape, as illustrated in B of
FIG. 2. Further, except for portions at both ends, the concave
portions 31 of the plurality of concave portions 31 have the
same shape, and are each formed to have a mountain shape
having a planar top.
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[0072] In other words, in the present embodiment, the
concavo-convex structure 30 is formed such that a circular
arc and a planar surface are alternately arranged. Note that
it is possible to cause all of the convex portions 32 of the
plurality of convex portions 32 to have the same shape by
forming the plurality of concave portions 31 such that the
concave portions 31 are in contact with the two ends of the
side surface 13a.

[0073] Note that a portion forming the concave portion 31
and a portion forming the convex portion 32 do not neces-
sarily have to be clearly distinguished from each other. For
example, a curved surface forming a semicircular shape can
also be considered a portion of the concave portion 31 or a
portion of the convex portion 32.

[0074] The following is an example of a method for
defining the shapes of the concave portion 31 and the convex
portion 32. Virtual lines respectively passing through a most
protruding point and a most recessed point when the con-
cavo-convex structure 30 is viewed from the Z-direction, are
drawn in the X-direction. Then, it is possible to define the
shapes of the concave portion 31 and the convex portion 32
using the two virtual lines as references. Of course, the
method is not limited to such a method.

[0075] Note that the concave portion 31 and the convex
portion 32 are not limited to being formed over an entire
region of the side surface 13a in the Z-direction. A plurality
of concave portions 31 and a plurality of convex portions 32
may be formed only in a central region, in the side surface
13a, that is situated from a position slightly further inward
from the side of the primary surface 11 to a position slightly
further inward from the side of the bottom surface 12. In this
case, the effect of controlling an emission direction of
emission light is also provided.

[0076] FIG. 3 is a schematic diagram for describing a
distribution of an emission direction of emission light emit-
ted from the side surface 13a. For example, light 1.2 emitted
from the LED light-emitting source 20 propagates through
the base 10 and reaches the side surface 13a (the light 1.2
may be hereinafter referred to as propagation light [.2). In
FIG. 3, the propagation light [.2 is indicated by a dashed
arrow that extends in a certain direction. However, the
propagation light [.2 enters the side surface 13a from
various directions (at various angles).

[0077] The propagation light [.2 entering the side surface
13a travels in accordance with Snell’s law. In other words,
when an angle of incidence of light on the side surface 13a
is smaller than a critical angle, the light is emitted to the
outside from the side surface 13a in a direction correspond-
ing to a direction of incidence (an angle of incidence) on the
side surface 13a. On the other hand, when the angle of
incidence of the light on the side surface 13q is smaller than
the critical angle, the light is not emitted from the side
surface 13a and travels through the base 10.

[0078] In the present embodiment, a plurality of concave
portions 31 and a plurality of convex portions 32 are formed
in the X-direction. Thus, it is possible to guide an emission
direction of emission light 1.3 emitted from the side surface
13a in the XY-plane direction. In other words, it is possible
to concentrate a light distribution performance of the emis-
sion light [.3 emitted from the side surface 13¢ in the
XY-plane direction. This results in being able to suppress the
emission light [.3 emitted in the exit direction (the front
direction) of the exit light L1 exiting from the light extrac-
tion surface 15.
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[0079] Note that, with respect to light intensity of the
emission light L3 guided to the XY-plane, the distribution of
the light intensity in the XY-plane is not limited. For
example, there is a possibility that, in the XY-plane, the light
intensity of the emission light [.3 traveling in a direction of
a specified angle relative to the side surface 13a will be
relatively high, and the light intensity of the emission light
L3 traveling in a direction of an angle other than the
specified angle will be relatively low. The distribution of the
light intensity of the emission light .3 in the XY-plane
varies depending on, for example, the shape of the concavo-
convex structure 30.

[0080] In any case, scattering of the emission light L3
from the side surface 13a can be guided to the XY-plane.
Thus, the amount of the emission light [.3 emitted in the
front direction is sufficiently suppressed. Note that the
amount of the emission light [.3 emitted to the back side is
also suppressed.

[0081] FIG. 4 schematically illustrates side surfaces of
comparative examples. In the example illustrated in A of
FIG. 4, a side surface 813a is formed of a smooth surface.
In this case, when the propagation light .2 reaches the side
surface 8134, the emission light .3 is uniformly scattered in
all directions.

[0082] In the example illustrated in B of FIG. 4, a side
surface 913¢ is formed of a randomly concavo-convex
surface. For example, an LED array is obtained by perform-
ing cutting into pieces using, for example, a blade dicer, or
cleavage is performed by a wafer being pressed against a
blade. In such cases, an end surface obtained by the cutting
is a randomly concavo-convex surface such as the side
surface 913a. When the side surface 913¢ is a randomly
concavo-convex surface, the light intensity of the emission
light L3 is increased in all directions.

[0083] Here, an effect provided by the concavo-convex
structure 30 according to the present technology is
described. For this purpose, an LED array that is another
embodiment of the light-emitting device according to the
present technology is described first.

[0084] FIG. 5 schematically illustrates an appearance of
an LED array 200. A of FIG. 5 is a perspective view of the
LED array 200 as viewed from an oblique direction. B of
FIG. 5 is a front view of the LED array 200 as viewed from
the front.

[0085] The LED array 200 is provided with four LED
light-emitting sources 20 (20a to 204d). Further, four light
extraction portions 16 (16a to 16d) are provided on the light
extraction surface 15 correspondingly to the four LED
light-emitting sources 20. The concavo-convex structure 30
is formed on each of the side surfaces 134 and 13¢ that face
each other in the Y-direction.

[0086] In the LED array 200 illustrated in FIG. 5, a
semiconductor light emitting portion is implemented by the
four LED light-emitting sources 20. As described above, the
present technology is also applicable when the semiconduc-
tor light-emitting section includes a plurality of LED light-
emitting sources 20. In other words, the present technology
is applicable to a semiconductor light-emitting device that
includes any number of LED light-emitting sources 20 not
less than one.

[0087] In the present embodiment, the following method
is assumed to be a method for using the LED array 200
illustrated in FIG. 5. In other words, a plurality of LED
arrays 200 is arranged in the Y-direction in which the light
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extraction portions 16 are arranged. Then, a lighting opera-
tion performed by the LED light-emitting source 20
included in each LED array 200 is controlled as appropriate.
[0088] Forexample, the LED light-emitting sources 20 are
turned on independently of each other, and the exit light L1
exits from each LED light-emitting source 20. Alternatively,
any number of LED light-emitting sources 20 not less than
two are simultaneously turned on, and a plurality of pieces
of exit light L1 exits simultaneously. It is possible to output
an optical signal by performing such a lighting control and
causing the exit light L1 to exit. For example, such output of
an optical signal that is performed using the LED array 200
is applicable to an apparatus such as an LED printer.
[0089] If light is emitted in the front direction of the light
extraction surface 15 from the side surfaces 13a and 13c¢ that
face each other in the Y-direction, the emission light may be
received as an erroneous signal when the LED array 200 is
used to output an optical signal. Thus, in the present embodi-
ment, the concavo-convex structure 30 is formed on each of
the side surfaces 13a and 13¢. Of course, the surface on
which the concavo-convex structure 30 is formed is not
limited, and, for example, the concavo-convex structure 30
may be formed on each of the side surfaces 136 and 13d.
[0090] FIGS. 6 and 7 are diagrams for describing an effect
provided by the concavo-convex structure 30. FIG. 6 sche-
matically illustrates a light emission profile with respect to
the LED array 200 illustrated in FIG. 5. FIG. 7 schematically
illustrates a light emission profile with respect to an LED
array that includes the side surface 913a illustrated in B of
FIG. 4.

[0091] As illustrated in FIGS. 6 and 7, the side surfaces
13a and 913aq that are situated on the right in the respective
figures are each set to be a zero position, and LED light-
emitting sources (of which illustrations are omitted) that
respectively correspond to the light extraction portion 165
and a light extraction portion 9165 are turned on, the light
extraction portions 165 and 9165 being the respective sec-
ond light extraction portions as viewed from the side sur-
faces 13a and 913a. The other LED light-emitting sources
are turned off. Then, the light intensity is measured from the
front side, with center positions of the light extraction
surface 15 and a light extraction surface 915 (the LED
light-emitting sources) each being a profile measurement
position P.

[0092] As illustrated in FIGS. 6 and 7, compared with the
side surface 913a that is a randomly concavo-convex sur-
face, the light intensity of the emission light [.3 leaked in the
exit direction of the exit light L1 is suppressed on the side
surface 13a on which the concavo-convex structure 30
according to the present technology is formed. This makes
it possible to sufficiently suppress the signal intensity due to
the side surface 13a, and to sufficiently suppress the occur-
rence of an erroneous signal.

Method for Producing LED Array

[0093] FIG. 8 is a schematic diagram for describing a
method for producing the LED device 100 (the LED array
200). As described in detail below, a cutting method used in
the present technology is a commonly used general-purpose
method, and there is no need for an additional special area
in order to practice the present technology. Thus, it is
possible to control a direction of light emitted from the side
surface 13 while maintaining the productivity (the number
of products that can be secured per production unit).
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[0094] A plurality of LED light-emitting sources 20 is
collectively formed on a wafer (a substrate), and an elec-
trode, wiring, and the like are also formed. The wafer is
partitioned into a plurality of regions such that each of the
plurality of regions includes a specified number of LED
light-emitting sources 20.

[0095] When the LED device 100 illustrated in FIG. 1 is
produced, a wafer is partitioned into a plurality of regions
such that each of the plurality of regions includes a single
LED light-emitting source 20. When the LED array 200
illustrated in FIG. 5 is produced, a wafer is partitioned into
a plurality of regions such that each of the plurality of
regions include four LED light-emitting sources 20.
[0096] As illustrated in A of FIG. 8, a plurality of through-
holes 40 is formed at a boundary of adjacent regions of the
plurality of regions obtained by the partitioning (a cutting
line C). For example, a plurality of openings is patterned in
the boundary line C by a photolithography process. Then,
the plurality of through-holes 40 is formed by, for example,
dry etching, wet etching, or electrochemical etching. Alter-
natively, an etching technique such as electrochemical
anisotropic etching or light irradiation may be used without
patterning. Moreover, any technique may be used to form
the through-hole 40.

[0097] Cutting is performed along the cutting line C
corresponding to the boundary of the adjacent regions of the
plurality of regions, such that the plurality of through-holes
40 is divided. For example, cleavage is performed by
pressing a blade to the cutting line C. Accordingly, the LED
device 100 (the LED array 200) including a specified
number of LED light-emitting sources 20 is formed. The
concavo-convex structure 30 including a plurality of con-
cave portions 31 and a plurality of convex portions 32 is
formed on each of the side surfaces 134 and 13¢ that are end
surfaces, the concave portion 31 and the convex portion 32
being alternately arranged in a certain direction.

[0098] A through-hole is formed, and the LED device 100
(the LED array 200) is obtained by performing cutting into
pieces on the basis of the formed through-hole, as described
above. This makes it possible to easily produce, without
adding a special process, the LED device 100 (the LED
array 200) including the concavo-convex structure 30
formed on the side surface 13.

[0099] Note that a plurality of through-holes 40 is formed
such that the through-holes 40 of the plurality of through-
holes 40 overlap without being spaced. This also makes it
possible to obtain the LED device 100 (the LED array 200)
by directly performing cutting into pieces in the process of
forming the plurality of through-holes 40. This results in
being able to reduce the number of production processes.
Note that the shape of the concavo-convex structure 30
corresponds to a state of an overlap of the through-holes 40.
Of course, it is also possible to sufficiently control the
emission direction of the emission light [.3 in this case.
[0100] In other words, a photolithography process, an
etching process, and a cutting process (a process of applying
pressure) make it possible to obtain the LED device 100 (the
LED array 200) according to the present technology by
performing cutting into pieces. Further, the photolithogra-
phy process and the etching process also make it possible to
obtain the LED device 100 (the LED array 200) by per-
forming cutting into pieces.

[0101] The LED device 100 (the LED array 200) may be
obtained by performing cutting into pieces, and then the
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concavo-convex structure 30 may be formed on an end
surface of the obtained LED device 100 (the obtained LED
array 200). This is another method for producing the LED
device 100 (the LED array 200).

[0102] Forexample, cutting is performed along the cutting
line C without forming the through-hole 40 illustrated in A
of FIG. 8. It is possible to produce the LED device 100 (the
LED array 200) including the concavo-convex structure 30
formed on each of the side surfaces 13a and 13¢, by forming
a plurality of concave portions 31 and a plurality of convex
portions 32 in a cutting plane obtained by the cutting, the
concave portion 31 and the convex portion 32 being alter-
nately arranged in a specified direction. In this case, any
technique such as performing cutting using a blade dicer, or
performing cleavage by pressing a blade and by applying
pressure, may be used for performing cutting into pieces. It
is also possible to form an alteration layer on a wafer using
a laser and then to perform cutting into pieces.

Other Examples of Concavo-Convex Structure

[0103] In the concavo-convex structure 30 illustrated in
FIG. 2, the semicircular concave portion 31 is formed, as
viewed from the Z-direction. The shape of the concave
portion 31 is not limited to a semicircular shape, and any
circular-arc-shaped concave portion may be formed. Note
that, in the present disclosure, the circular arc is not limited
to a shape of a true circular arc, and includes an arc shape
such as an ellipse. Moreover, a concave portion having any
curved shape, as viewed from the X-direction, may be
formed.

[0104] As illustrated in FIG. 9, a V-shaped concave por-
tion 331, as viewed from the Z-direction, may be formed. In
the example illustrated in FIG. 9, a plurality of V-shaped
concave portions 331 and a plurality of V-shaped convex
portions 332 are formed such that the concave portion 331
and the convex portion 332 are alternately arranged in the
X-direction. In other words, a concavo-convex structure 330
may be formed of an angled planar surface. Note that the
angle and the like of the V-shape are not limited, and may
be designed discretionarily.

[0105] As illustrated in FIG. 10, the sinusoidal shape may
be formed by a plurality of concave portions 431 and a
plurality of convex portions 432, as viewed from the Z-di-
rection. In other words, a concavo-convex structure 430 may
be formed to be sinusoidal in shape. The magnitude of
amplitude, the cycle, and the like are not limited, and may
be designed discretionarily.

[0106] A result of measuring a light emission profile
shows that the semicircular concavo-convex structure 30
illustrated in FIG. 2 provides a relatively greater effect of
suppressing the intensity of an erroneous signal than the
V-shaped concavo-convex structure 330 illustrated in FIG.
9. The result further shows that the concavo-convex struc-
ture 430 sinusoidal in shape illustrated in FIG. 10 provides
a relatively greater effect of suppressing the intensity of an
erroneous signal than the semicircular concavo-convex
structure 30 illustrated in FIG. 2. Of course, those are
relative comparison results obtained by comparing two
concavo-convex structures, and they do not mean that the
V-shaped concavo-convex structure 330 provides a small
effect.

[0107] Moreover, the result also shows that a great sup-
pression effect is provided by arranging a concave portion
and a convex portion at high densities, and a small suppres-
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sion effect is provided by arranging a concave portion and a
convex portion at low densities. In any case, the shape of the
concavo-convex structure is not limited, and any shape that
makes it possible to guide the emission light [.3 in a
direction in which the concave portion and the convex
portion are arranged may be adopted.

[0108] As described above, in the LED device 100 (the
LED array 200) according to the present embodiment, the
concave portion 31 and the convex portion 32 that are
arranged in a specified direction are formed on the side
surface 13 of the base 10 including the light extraction
surface 15. This makes it possible to control the emission
direction (a scattering direction) of the emission light [.3
emitted from the side surface 13. This results in being able
to sufficiently suppress the occurrence of an erroneous
signal.

[0109] Further, the concavo-convex structure 30 is
obtained by forming a plurality of concave portions 31
using, as a reference position, the position of the end surface
corresponding to the side surface 13 (the position of the
cutting line C). In this case, a portion that protrudes from the
side surface 13 beyond the reference position is not formed.
Thus, it is possible to closely arrange a plurality of LED
devices 100 (a plurality of LED arrays 200) to be brought
into contact with each other at the reference position.
Consequently, the respective LED light-emitting sources 20
of'adjacent LED devices 100 (adjacent LED arrays 200) can
be equally spaced without being displaced.

[0110] Furthermore, it is assumed that, for example, a
phosphor that emits specified colored light is formed on the
primary surface 11 using the exit light .1 as excitation light.
In this case, if leaked light exits from the side surface 13 in
the front direction, color unevenness may be caused in the
colored light emitted from the phosphor. The adoption of the
concavo-convex structure 30 according to the present tech-
nology also makes it possible to prevent such a problem with
color unevenness.

[0111] Moreover, it is assumed that a phosphor that emits
specified colored light is formed on each of the primary
surface 11 and the side surface 13. Since the thickness of the
phosphor differs depending on the angle at which a light
source of the phosphor is observed, the thickness of the
phosphor may cause color unevenness after color conversion
is performed. It is also possible to prevent such a problem
with color unevenness from occurring due to an observation
angle, by adopting the concavo-convex structure 30 accord-
ing to the present technology to perform adjustment such
that the ratio of the exit light [.1 to the thickness of a
phosphor of the primary surface 11 and the ratio of the
emission light 1.3 to the thickness of the phosphor of the side
surface 13 are the same.

[0112] <Other Embodiments>

[0113] The present technology is not limited to the
embodiments described above, and can achieve various
other embodiments.

[0114] FIG. 11 is a diagram for describing a concavo-
convex structure according to another embodiment. A of
FIG. 11 schematically illustrates an example of a configu-
ration of a concavo-convex structure 530 formed on a side
surface 513a. B of FIG. 11 is a schematic diagram for
describing a distribution of the emission direction of the
emission light [.3 emitted from the side surface 513a.
[0115] In the example illustrated in FIG. 11, a plurality of
concave portions 531 and a plurality of convex portions 532
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are formed as the concavo-convex structure 530 such that
the concave portion 531 and the convex portion 532 are
alternately arranged in the Z-direction parallel to the exit
direction (the Z-direction) of the exit light L1 exiting from
a light extraction surface. In other words, the plurality of
concave portions 531 and the plurality of convex portions
532 are formed such that the concave portion 531 and the
convex portion 532 are alternately arranged in a direction
parallel to a perpendicular direction of a primary surface.
[0116] In the example illustrated in FIG. 11, the Z-direc-
tion corresponds to a specified direction, and the X-direction
corresponds to a direction orthogonal to the specified direc-
tion. The plurality of concave portions 531 and the plurality
of convex portions 532 are formed to extend in the Z-di-
rection. The shape of the plurality of concave portions 531
and the plurality of convex portions 532 as viewed from the
Z-direction is not limited, and may be designed discretion-
arily, such as a circular-arc shape, a V-shape, or a sinusoidal
shape.

[0117] As illustrated in B of FIG. 11, the emission direc-
tion of the emission light [.3 emitted from the side surface
513a is guided in the X Y-plane direction. A light distribution
performance of the emission light L3 emitted from the side
surface 513a is concentrated in the XY-plane direction. This
results in being able to further increase the intensity of light
in the exit direction (the front direction) of the exit light [.1
exiting from the light extraction surface. In other words, it
is possible to increase the light intensity in the front direc-
tion.

[0118] For example, when an LED array is used as a light
source apparatus of an image display apparatus, or a lighting
apparatus, it is necessary that the light efficiency and the
brightness be improved. It is possible to improve the light
efficiency and the brightness by forming the concavo-con-
vex structure 530 as illustrated in FIG. 11.

[0119] As described above, it is possible to control, as
appropriate, a direction in which a light distribution perfor-
mance is to be improved by controlling, as appropriate, a
direction in which a convex portion and a concave portion
are arranged. For example, a concavo-convex structure may
be formed in a direction oblique to the exit direction of the
exit light L1.

[0120] FIG. 12 schematically illustrates an example of a
configuration of a light-emitting device according to another
embodiment. In a light-emitting device 600 illustrated in
FIG. 12, a base 610 has a cylindrical shape of which an axis
direction is a perpendicular direction of a light extraction
surface 615 (the Z-direction). Further, a concavo-convex
structure (of which an illustration is omitted) having any
configuration is formed on a side surface 613 of the base
610. Furthermore, an outer shape of the base is not limited,
and any shape may be adopted.

[0121] FIG. 13 schematically illustrates an example of a
configuration of a light-emitting device according to another
embodiment. In the example illustrated in FIG. 13, an LED
package 700 is formed as a light-emitting device. The LED
package 700 includes an LED device 710 and a transparent
(light-transmissive) cover portion 720. A packaged light-
emitting device is obtained by covering the LED device 710
with the cover portion 720.

[0122] The LED device 710 includes a light extraction
surface 711 from which exit light exits, and side surfaces
712a and 712b that face each other in the Y-direction.
Concavo-convex structures 713a and 7135 according to the
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present technology are respectively formed on the side
surfaces 712a and 712b. In the present embodiment, a
concave portion and a convex portion (of which illustrations
are omitted) that are alternately arranged in the X-direction
are formed as each of the concavo-concave portion struc-
tures 713a and 713b. The LED device 710 itself is also
included in one of the embodiments of the light-emitting
device according to the present technology. A specific con-
figuration of the LED device 710 is not limited, and the LED
device 710 may be designed discretionarily.

[0123] The cover portion 720 is configured to cover the
light extraction surface 711 and the side surfaces 712a and
7125 of the LED device 710. In the example illustrated in
FIG. 13, a portion other than a bottom surface of the LED
device 710 is covered with the cover portion 720. The
material of the cover portion 720 is not limited, and the
cover portion 720 is made of, for example, glass or a resin
material.

[0124] The cover portion 720 includes a primary surface
721 that faces the light extraction surface 711 of the LED
device 710. Light exiting from the light extraction surface
711 of the LED device 710 exits from the primary surface
721 of the cover portion 720.

[0125] Further, the cover portion 720 includes side sur-
faces 723a and 7234 that face each other in the Y-direction.
Concavo-convex structures 724a and 7245 according to the
present technology are respectively formed on the side
surfaces 723a and 723b. In the present embodiment, a
concave portion and a convex portion (of which illustrations
are omitted) that are alternately arranged in the X-direction
are formed as each of the concavo-concave portion struc-
tures 724a and 724b.

[0126] It is also possible to respectively apply the con-
cavo-convex structures 724a and 724b according to the
present technology to the side surfaces 723a and 7235 of the
cover portion 720 used to perform packaging as described
above. This makes it possible to control an emission direc-
tion of emission light emitted from the side surfaces 723a
and 7235 of the cover portion 720, and to similarly exert the
effect described above.

[0127] The LED device (the LED array) has been
described above as an example of the light-emitting device.
Without being limited thereto, the present technology is also
applicable to other light-emitting devices such as a laser
diode (I.D) device. In other words, the present technology is
applicable to a semiconductor light-emitting section that
includes a light-emitting source different from an LED
light-emitting source.

[0128] The LED device, the LED array, the concavo-
convex structure, the LED package, the production pro-
cesses, and the like described with reference to the respec-
tive figures are merely embodiments, and any modifications
may be made thereto without departing from the spirit of the
present technology. In other words, for example, any other
configurations and any production processes for purpose of
practicing the present technology may be adopted.

[0129] Inthe present disclosure, expressions such as “rect-
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angular shape”, “rectangular-parallelepiped shape”, “cylin-
drical shape”, “orthogonal”, “parallel”, “the same”, “central
portion”, “semicircular/semicircular shape”, “V-shaped”,
and “sinusoidal shape/sinusoidal in shape” respectively
include, in concept, expressions such as “substantially rect-
angular  shape”,  “generally-rectangular-parallelepiped

shape”, “substantially cylindrical shape”, “substantially
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orthogonal”, “substantially parallel”, “substantially the
same”, “substantially central portion”, “substantially semi-
circular/substantially semicircular shape”, “generally
V-shaped”, and “substantially sinusoidal shape/substantially
sinusoidal in shape”. For example, the expressions such as
“rectangular shape”, “rectangular-parallelepiped shape”,
“cylindrical shape”, “orthogonal”, “parallel”, “the same”,
“central portion”, “semicircular/semicircular shape”,
“V-shaped”, and “sinusoidal shape/sinusoidal in shape” also
respectively include states within specified ranges (such as
a range of +/-10%), with expressions such as “perfectly
rectangular shape”, “perfectly rectangular-parallelepiped
shape”, “perfectly cylindrical shape”, “perfectly orthogo-
nal”, “perfectly parallel”, “exactly the same”, “exactly cen-
tral portion”, “perfectly semicircular/perfectly semicircular
shape”, “fully V-shaped”, and “perfectly sinusoidal shape/
perfectly sinusoidal in shape” being respectively used as
references. It is also possible to use other wording such as

“approximately rectangular shape”.

[0130] At least two of the features of the present technol-
ogy described above can also be combined. In other words,
various features described in the respective embodiments
may be combined discretionarily regardless of the embodi-
ments. Further, the various effects described above are not
limitative but are merely illustrative, and other effects may
be provided.

[0131] (1) A light-emitting device, including:
[0132] a semiconductor light-emitting section; and
[0133] a base that supports the semiconductor light-emit-

ting section, and includes a light extraction surface and a
side surface including a concave portion and a convex
portion that are alternately arranged in a specified direction.

[0134] (2) The light-emitting device according to (1), in
which
[0135] the side surface includes a plurality of the concave

portions and a plurality of the convex portions, and

[0136] the concave portion and the convex portion are
alternately arranged one by one in the specified direction.

[0137] (3) The light-emitting device according to (2), in
which
[0138] the concave portion and the convex portion are

alternately arranged in a direction orthogonal to an exit
direction of light that exits from the light extraction surface.

[0139] (4) The light-emitting device according to (2) or
(3), in which
[0140] the concave portion and the convex portion are

alternately arranged in a direction orthogonal to a perpen-
dicular direction of the light extraction surface.

[0141] (5) The light-emitting device according to any one
of (2) to (4), in which

[0142] the base has a rectangular-parallelepiped shape,
and
[0143] the side surface is a surface orthogonal to the light

extraction surface.

[0144] (6) The light-emitting device according to any one
of (2) to (4), in which

[0145] the base has a cylindrical shape of which an axis
direction is a perpendicular direction of the light extraction
surface, and

[0146]
base.

the side surface is a circumferential surface of the
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[0147] (7) The light-emitting device according to any one
of (2) to (6), in which

[0148] the concave portion and the convex portion are
configured to extend on the side surface in a direction
orthogonal to the specified direction.

[0149] (8) The light-emitting device according to any one
of (2) to (7), in which

[0150] the concave portions of the plurality of the concave
portions have the same shape when the plurality of the
concave portions and the plurality of the convex portions are
viewed from a direction orthogonal to the specified direc-
tion.

[0151] (9) The light-emitting device according to any one
of (2) to (8), in which

[0152] the convex portions of the plurality of the convex
portions have the same shape when the plurality of the
concave portions and the plurality of the convex portions are
viewed from a direction orthogonal to the specified direc-
tion.

[0153] (10) The light-emitting device according to any one
of (2) to (9), in which

[0154] each of the plurality of the concave portions has a
shape of a circular arc when the plurality of the concave
portions and the plurality of the convex portions are viewed
from a direction orthogonal to the specified direction.
[0155] (11) The light-emitting device according to any one
of (2) to (9), in which

[0156] each of the plurality of the concave portions has a
semicircular shape when the plurality of the concave por-
tions and the plurality of the convex portions are viewed
from a direction orthogonal to the specified direction.
[0157] (12) The light-emitting device according to any one
of (2) to (9), in which

[0158] each of the plurality of the concave portions has a
V-shape when the plurality of the concave portions and the
plurality of the convex portions are viewed from a direction
orthogonal to the specified direction.

[0159] (13) The light-emitting device according to any one
of (2) to (9), in which

[0160] a sinusoidal shape is formed by the plurality of the
concave portions and the plurality of the convex portions
when the plurality of the concave portions and the plurality
of the convex portions are viewed from a direction orthogo-
nal to the specified direction.

[0161] (14) The light-emitting device according to (2), in
which
[0162] the concave portion and the convex portion are

alternately arranged in a direction parallel to an exit direc-
tion of light that exits from the light extraction surface.

[0163] (15) The light-emitting device according to (2) or
(14), in which
[0164] the concave portion and the convex portion are

alternately arranged in a direction parallel to a perpendicular
direction of the light extraction surface.

[0165] (16) The light-emitting device according to any one
of (1) to (15), in which

[0166] the semiconductor light-emitting section includes
at least one light-emitting source.

[0167] (17) The light-emitting device according to (16), in
which
[0168] the at least one light-emitting source is at least one

light-emitting diode (LED).
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[0169] (18) The light-emitting device according to (16) or
(17), in which
[0170] the at least one light-emitting source is arranged on

a side of the light extraction surface of the base, or is
arranged on a side opposite to the light extraction surface of
the base.

[0171] (19) The light-emitting device according to any one
of (1) to (18), further including

[0172] a cover portion that is configured to cover the light
extraction surface and the side surface of the base, the cover
portion including a side surface including a concave portion
and a convex portion that are alternately arranged in a
specified direction.

[0173] (20) A method for producing a light-emitting
device, the method including:

[0174] forming a plurality of light-emitting sources on a
substrate;
[0175] partitioning the substrate into a plurality of regions

such that each of the plurality of regions includes a specified
number of light-emitting sources from among the plurality
of light-emitting sources;

[0176] forming a plurality of through-holes at a boundary
of adjacent regions of the plurality of regions; and

[0177] performing cutting along the boundary of the adja-
cent regions of the plurality of regions such that the plurality
of through-holes is divided.

[0178] (21) A method for producing a light-emitting
device, the method including:

[0179] forming a plurality of light-emitting sources on a
substrate;
[0180] partitioning the substrate into a plurality of regions

such that each of the plurality of regions includes a specified
number of light-emitting sources from among the plurality
of light-emitting sources;

[0181] performing cutting along a boundary of adjacent
regions of the plurality of regions; and

[0182] forming a concave portion and a convex portion in
a cutting plane obtained by the cutting, the concave portion
and the convex portion being alternately arranged in a
specified direction.

REFERENCE SIGNS LIST

[0183] L1 exit light

[0184] L2 propagation light

[0185] L3 emission light

[0186] 10 base

[0187] 11, 511 primary surface

[0188] 13, 513, 613, 712 side surface of base
[0189] 15 light extraction surface

[0190] 20 LED light-emitting source

[0191] 30, 330, 430, 530, 713, 72 concavo-convex struc-
ture

[0192] 31, 331, 431, 531 concave portion
[0193] 32, 332, 432, 532 convex portion
[0194] 40 through-hole

[0195] 100 LED device

[0196] 200 LED array

[0197] 700 LED package

[0198] 710 LED device

[0199] 720 cover portion

[0200] 723 side surface of cover
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1] A light-emitting device, comprising:

a semiconductor light-emitting section; and

a base that supports the semiconductor light-emitting
section, and includes a light extraction surface and a
side surface including a concave portion and a convex
portion that are alternately arranged in a specified
direction.

2] The light-emitting device according to claim 1, wherein
the side surface includes a plurality of the concave
portions and a plurality of the convex portions, and
the concave portion and the convex portion are alternately

arranged one by one in the specified direction.
3] The light-emitting device according to claim 2, wherein
the concave portion and the convex portion are alternately
arranged in a direction orthogonal to an exit direction
of light that exits from the light extraction surface.
4] The light-emitting device according to claim 2, wherein
the concave portion and the convex portion are alternately
arranged in a direction orthogonal to a perpendicular
direction of the light extraction surface.
5] The light-emitting device according to claim 2, wherein
the base has a rectangular-parallelepiped shape, and
the side surface is a surface orthogonal to the light
extraction surface.
6] The light-emitting device according to claim 2, wherein
the base has a cylindrical shape of which an axis direction
is a perpendicular direction of the light extraction
surface, and
the side surface is a circumferential surface of the base.
7] The light-emitting device according to claim 2, wherein
the concave portion and the convex portion are configured
to extend on the side surface in a direction orthogonal
to the specified direction.
8] The light-emitting device according to claim 2, wherein
the concave portions of the plurality of the concave
portions have the same shape when the plurality of the
concave portions and the plurality of the convex por-
tions are viewed from a direction orthogonal to the
specified direction.
9] The light-emitting device according to claim 2, wherein
the convex portions of the plurality of the convex portions
have the same shape when the plurality of the concave
portions and the plurality of the convex portions are
viewed from a direction orthogonal to the specified
direction.
10] The light-emitting device according to claim 2,
wherein
each of the plurality of the concave portions has a shape
of a circular arc when the plurality of the concave
portions and the plurality of the convex portions are
viewed from a direction orthogonal to the specified
direction.
11] The light-emitting device according to claim 2,
wherein
each of the plurality of the concave portions has a
semicircular shape when the plurality of the concave
portions and the plurality of the convex portions are
viewed from a direction orthogonal to the specified
direction.
12] The light-emitting device according to claim 2,
wherein
each of'the plurality of the concave portions has a V-shape
when the plurality of the concave portions and the
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plurality of the convex portions are viewed from a
direction orthogonal to the specified direction.
13] The light-emitting device according to claim 2,
wherein
a sinusoidal shape is formed by the plurality of the
concave portions and the plurality of the convex por-
tions when the plurality of the concave portions and the
plurality of the convex portions are viewed from a
direction orthogonal to the specified direction.
14] The light-emitting device according to claim 2,
wherein
the concave portion and the convex portion are alternately
arranged in a direction parallel to an exit direction of
light that exits from the light extraction surface.
15] The light-emitting device according to claim 2,
wherein
the concave portion and the convex portion are alternately
arranged in a direction parallel to a perpendicular
direction of the light extraction surface.
16] The light-emitting device according to claim 1,
wherein
the semiconductor light-emitting section includes at least
one light-emitting source.
17] The light-emitting device according to claim 16,
wherein
the at least one light-emitting source is at least one
light-emitting diode (LED).
18] The light-emitting device according to claim 16,
wherein
the at least one light-emitting source is arranged on a side
of'the light extraction surface of the base, or is arranged
on a side opposite to the light extraction surface of the
base.
19] The light-emitting device according to claim 1, further
comprising
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a cover portion that is configured to cover the light
extraction surface and the side surface of the base, the
cover portion including a side surface including a
concave portion and a convex portion that are alter-
nately arranged in a specified direction.

20] A method for producing a light-emitting device, the

method comprising:

forming a plurality of light-emitting sources on a sub-
strate;

partitioning the substrate into a plurality of regions such
that each of the plurality of regions includes a specified
number of light-emitting sources from among the plu-
rality of light-emitting sources;

forming a plurality of through-holes at a boundary of
adjacent regions of the plurality of regions; and

performing cutting along the boundary of the adjacent
regions of the plurality of regions such that the plurality
of through-holes is divided.

21] A method for producing a light-emitting device, the

method comprising:

forming a plurality of light-emitting sources on a sub-
strate;

partitioning the substrate into a plurality of regions such
that each of the plurality of regions includes a specified
number of light-emitting sources from among the plu-
rality of light-emitting sources;

performing cutting along a boundary of adjacent regions
of the plurality of regions; and

forming a concave portion and a convex portion in a
cutting plane obtained by the cutting, the concave
portion and the convex portion being alternately
arranged in a specified direction.
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