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(57) ABSTRACT

A light-emitting device includes a light-emitting element, a
light-transmissive member, and a first light adjustment
member. The light-transmissive member has a first upper
surface, a second upper surface, a lower surface facing a first
surface of a support substrate of the light-emitting element,
a first lateral surface contiguous with the first upper surface
and the second upper surface, a second lateral surface
contiguous with the second upper surface and the lower
surface, and a third lateral surface contiguous with the first
upper surface and the lower surface. The first light adjust-
ment member exposes the first upper surface of the light-
transmissive member and covers the second upper surface
and the first lateral surface of the light-transmissive member.
The light-transmissive member and the first light adjustment
member collectively define a rectangular cross-sectional
shape.
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FIG. 1A
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LIGHT-EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
U.S. patent application Ser. No. 18/352,571 filed on Jul. 14,
2023. This application claims priority to Japanese Patent
Application No. 2022-116500 filed on Jul. 21, 2022, Japa-
nese Patent Application No. 2022-192240 filed on Nov. 30,
2022, and Japanese Patent Application No. 2023-067600,
filed on Apr. 18, 2023. The entire disclosures of U.S. patent
application Ser. No. 18/352,571 and Japanese Patent Appli-
cation Nos. 2022-116500, 2022-192240 and 2023-067600
are hereby incorporated herein by reference.

[0002] The present disclosure relates to a light-emitting
device.
[0003] In recent years, LEDs have been used as light

sources for vehicle lamps such as headlights. For example,
Japanese Patent Publication No. 2017-011259 discloses a
light-emitting device having a light distribution suitable for
a headlight by including a combination of a plurality of
light-emitting elements with different areas (dimensions).

SUMMARY

[0004] An object of the present disclosure is to provide a
light-emitting device including a high luminance region in a
light-emitting surface.

[0005] A light-emitting device according to an embodi-
ment of the present disclosure includes a light-emitting
element, a light-transmissive member, and a first light
adjustment member. The light-emitting element includes a
support substrate having a first surface and a second surface
located on a side opposite to the first surface, and a light-
emitting portion located on the second surface of the support
substrate and including a semiconductor layered body
including a first semiconductor layer, a light-emitting layer
and a second semiconductor layer in this sequence. The
light-transmissive member has a first upper surface, a sec-
ond upper surface, a lower surface located on a side opposite
to the first upper surface and the second upper surface, and
facing the first surface of the support substrate of the
light-emitting element, a first lateral surface contiguous with
the first upper surface and the second upper surface, a
second lateral surface contiguous with the second upper
surface and the lower surface, and a third lateral surface
contiguous with the first upper surface and the lower surface.
The first light adjustment member exposes the first upper
surface of the light-transmissive member and covers the
second upper surface and the first lateral surface of the
light-transmissive member. The light-transmissive member
and the first light adjustment member collectively define a
rectangular cross-sectional shape.

[0006] According to embodiments of the present disclo-
sure, it is possible to provide a light-emitting device includ-
ing a high luminance region in a light-emitting surface.

BRIEF OF DESCRIPTION OF DRAWINGS

[0007] FIG. 1A is a schematic perspective view illustrat-
ing a light-emitting device according to a first embodiment.
[0008] FIG. 1B is a schematic plan view illustrating the
light-emitting device according to the first embodiment.
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[0009] FIG. 1C is a schematic plan view for showing a
shape of a light-emitting region of the light-emitting device
according to the first embodiment.

[0010] FIG. 1D is a schematic sectional view illustrating
a cross-section taken along a line ID-ID of FIG. 1B.
[0011] FIG. 1E is a schematic bottom view illustrating a
light-emitting element of the light-emitting device according
to the first embodiment.

[0012] FIG. 1F is a schematic sectional view illustrating
the light-emitting element of the light-emitting device
according to the first embodiment.

[0013] FIG. 1G is a schematic plan view for showing a
wiring substrate of the light-emitting device according to the
first embodiment.

[0014] FIG. 1H is a schematic plan view illustrating the
wiring substrate of the light-emitting device according to the
first embodiment.

[0015] FIG. 2 is a schematic sectional view illustrating a
light path from a light-emitting portion of the light-emitting
device according to the first embodiment.

[0016] FIG. 3 is a flowchart of a method for manufacturing
the light-emitting device according to the first embodiment.
[0017] FIG. 4A is a schematic plan view illustrating the
method for manufacturing the light-emitting device accord-
ing to the first embodiment.

[0018] FIG. 4B is a schematic sectional view illustrating
the method for manufacturing the light-emitting device
according to the first embodiment.

[0019] FIG. 4C is a schematic plan view illustrating the
method for manufacturing the light-emitting device accord-
ing to the first embodiment.

[0020] FIG. 4D is a schematic sectional view illustrating
the method for manufacturing the light-emitting device
according to the first embodiment.

[0021] FIG. 4E is a schematic plan view illustrating the
method for manufacturing the light-emitting device accord-
ing to the first embodiment.

[0022] FIG. 4F is a schematic sectional view illustrating
the method for manufacturing the light-emitting device
according to the first embodiment.

[0023] FIG. 4G is a schematic sectional view illustrating
the method for manufacturing the light-emitting device
according to the first embodiment.

[0024] FIG. 4H is a schematic sectional view illustrating
the method for manufacturing the light-emitting device
according to the first embodiment.

[0025] FIG. 41 is a schematic sectional view illustrating
the method for manufacturing the light-emitting device
according to the first embodiment.

[0026] FIG. 4] is a schematic sectional view illustrating
the method for manufacturing the light-emitting device
according to the first embodiment.

[0027] FIG. 5A is a schematic sectional view illustrating a
light-emitting device according to a second embodiment.
[0028] FIG. 5B is a schematic sectional view illustrating a
light-emitting device according to a third embodiment.
[0029] FIG. 5C is a schematic sectional view illustrating a
light-emitting device according to a fourth embodiment.
[0030] FIG. 5D is a schematic sectional view illustrating
a light-emitting device according to a fifth embodiment.
[0031] FIG. 6 is a schematic sectional view illustrating a
light-emitting device according to a sixth embodiment.
[0032] FIG. 7 is a schematic sectional view illustrating a
light-emitting device according to a seventh embodiment.
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[0033] FIG. 8A is a schematic plan view for showing a
shape of a light-emitting region of a light-emitting device
according to an eighth embodiment.

[0034] FIG. 8B is a schematic plan view for showing a
shape of a light-emitting region of a light-emitting device
according to a ninth embodiment.

[0035] FIG. 9 is a schematic sectional view illustrating a
light-emitting device according to a tenth embodiment.

[0036] FIG. 10 is a schematic sectional view illustrating a
light-emitting device according to an eleventh embodiment.

[0037] FIG. 11 is a schematic sectional view illustrating a
light-emitting device according to a twelfth embodiment.

EMBODIMENTS

[0038] Embodiments will be described below with refer-
ence to the drawings. The following embodiments are
examples of light-emitting devices and methods for manu-
facturing the light-emitting devices to embody the technical
concept of the present embodiment, and the present embodi-
ment is not limited to the embodiments described below. In
addition, dimensions, materials, shapes, relative arrange-
ments, or the like of components described in the embodi-
ments are not intended to limit the scope of the present
invention thereto, unless otherwise specified, and are merely
exemplary. Note that, sizes, positional relationship, and the
like of members illustrated in the drawings can be exagger-
ated or simplified for clarity of description. To avoid over-
complicating the drawings, some elements are not shown or
end views illustrating only cut surfaces may be used as
sectional views. Furthermore, “covering” is not limited to
cases of direct contact, but also includes cases of indirectly
covering a member, for example, via another member.
Moreover, “covering a surface” includes the surface being
covered entirely or partially. Furthermore, “disposing” is not
limited to cases of direct contact, but also includes cases of
indirectly disposing a member, for example, via another
member. Note that “plan view” as used in the present
specification means observation from the side of an upper
surface, which is a light-emitting surface of a light-emitting
device.

First Embodiment

Light-Emitting Device

[0039] FIG. 1A is a schematic perspective view illustrat-
ing a light-emitting device according to a first embodiment.
FIG. 1B is a schematic plan view illustrating the light-
emitting device according to the first embodiment. FIG. 1C
is a schematic plan view for showing a shape of a light-
emitting region of the light-emitting device according to the
first embodiment. FIG. 1D is a schematic sectional view
illustrating a cross-section taken along a line ID-ID of FIG.
1B. FIG. 1E is a schematic bottom view illustrating a
light-emitting element of the light-emitting device according
to the first embodiment. FIG. 1F is a schematic sectional
view illustrating the light-emitting element of the light-
emitting device according to the first embodiment. FIG. 1G
is a schematic plan view for showing a wiring substrate of
the light-emitting device according to the first embodiment.
FIG. 1H is a schematic plan view illustrating the wiring
substrate of the light-emitting device according to the first
embodiment. FIG. 2 is a schematic sectional view illustrat-
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ing a light path from a light-emitting portion of the light-
emitting device according to the first embodiment.

[0040] A light-emitting device 100 includes, on an upper
surface, a light-emitting region R including a first light-
emitting region R1 and a second light-emitting region R2
disposed next to the first light-emitting region R1. The
light-emitting device 100 includes at least a light-emitting
element 10, a light-transmissive member 20, and a light
adjustment member 30. Specifically, the light-emitting ele-
ment 10 includes a support substrate 15 including a first
surface 154 and a second surface 155 located on the side
opposite to the first surface 154, and light-emitting portions
11 and 12 located on the second surface 155 of the support
substrate 15, the light-emitting portion 11 including a semi-
conductor layered body including a first semiconductor layer
111, a light-emitting layer 112, and a second semiconductor
layer 113 in this sequence, and the light-emitting portion 12
including a semiconductor layered body including a first
semiconductor layer 121, a light-emitting layer 122, and a
second semiconductor layer 123 in this sequence. The
light-transmissive member 20 has a first upper surface 20q,
a second upper surface 205, a lower surface 20c¢ located on
the side opposite to the first upper surface 20a and the
second upper surface 205, a first lateral surface 20d con-
tiguous with the first upper surface 20a and the second upper
surface 205, a second lateral surface 20e contiguous with the
second upper surface 2056 and the lower surface 20c¢, and a
third lateral surface 20f contiguous with the first upper
surface 20a and the lower surface 20c. The light adjustment
member 31 that exposes the first upper surface 20a of the
light-transmissive member 20 and covers the second upper
surface 205 and the first lateral surface 20d. The light-
transmissive member 20 has a thickness T1 from the lower
surface 20¢ to the first upper surface 20a larger than a
thickness T2 from the lower surface 20c to the second upper
surface 2056. The lower surface 20c of the light-transmissive
member 20 faces the first surface 154 of the support sub-
strate 15.

[0041] In plan view, the first light-emitting region R1 has
the first upper surface 20aq, the second light-emitting region
R2 has the second upper surface 205, the area of the second
light-emitting region R2 is in a range from 35% to 95% of
an area of the light-emitting region R. The boundary
between the first light-emitting region R1 and the second
light-emitting region R2 includes a first point P1 and a
second point P2 on the perimeter of the light-emitting region
R, and a straight line S1 connecting the first point P1 and the
second point P2 is a straight line extending across the
light-emitting region R in plan view.

[0042] In the light-emitting device 100, the first upper
surface 20a of the light-transmissive member 20 serving as
the light-emitting surface of the first light-emitting region
R1 and the upper surface of the light adjustment member 31
serving as the light-emitting surface of the second light-
emitting region R2 configure portions of the upper surface of
the light-emitting device 100. In the light-emitting device
100, the boundary between the first light-emitting region R1
and the second light-emitting region R2 in the light-emitting
region R is the outer edge of the first upper surface 20a
contiguous with the first lateral surface 20d of the light-
transmissive member 20. In the light-emitting device 100
having the above-described configuration, the luminance of
the light emitted from the first light-emitting region R1 can
be higher than the luminance of the light emitted from the
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second light-emitting region R2. In this manner, the light-
emitting device 100 can include a high luminance region in
the light-emitting surface.

[0043] As an example, in the following description, the
light-emitting device 100 further includes a wiring substrate
40 on which the light-emitting element 10 is disposed. A
light-emitting region and each component of the light-
emitting device 100 are described below.

Light-Emitting Region

[0044] The light-emitting device 100 includes, on the
upper surface, the light-emitting region R including the first
light-emitting region R1 and the second light-emitting
region R2 next to the first light-emitting region R1 as the
light-emitting surface of the light-emitting device 100. Spe-
cifically, the light-emitting device 100 includes the light-
emitting region R on the upper surface, and the light-
emitting region R is divided into two regions with different
luminances by the boundary between the first light-emitting
region R1 and the second light-emitting region R2. The
luminance of the first light-emitting region R1 is higher than
the luminance of the second light-emitting region R2. Note
that the luminance of the first light-emitting region R1
higher than the luminance of the second light-emitting
region R2 means that when the light-emitting device 100
emits light, the average luminance of the entire first light-
emitting region R1 is higher than the average luminance of
the entire second light-emitting region R2.

[0045] In plan view, each of the first light-emitting region
R1 and the second light-emitting region R2 includes a region
overlapping the light-emitting element 10 and includes a
region overlapping the light-transmissive member 20.

[0046] In plan view, the first light-emitting region R1
includes the first upper surface 20a, and the second light-
emitting region R2 includes the second upper surface 205. In
the present embodiment, in plan view, the first light-emitting
region R1 overlaps the first upper surface 20a, and the
second light-emitting region R2 overlaps the second upper
surface 205. Note that in plan view, a part of the first
light-emitting region R1 may include a part not overlapping
the first upper surface 20a, and a part of the second light-
emitting region R2 may include a part not overlapping the
second upper surface 205. The boundary between the first
light-emitting region R1 and the second light-emitting
region R2 includes the first point P1 and the second point P2
both on the perimeter of the light-emitting region R, and the
straight line S1 connecting first point P1 and the second
point P2 is a straight line extending across the light-emitting
region R in plan view. In the present disclosure, the straight
line extending across the light-emitting region R is a straight
line that divides the light-emitting region R into two regions,
which does not include a straight line not overlapping the
light-emitting region R in plan view, such as a straight line
overlapping the perimeter of the light-emitting region R.

[0047] In this case, the boundary between the first light-
emitting region R1 and the second light-emitting region R2
is one straight line S1 connecting the first point P1 and the
second point P2. Specifically, in the light-emitting device
100, the boundary between the first light-emitting region R1
and the second light-emitting region R2 coincide with one
straight line S1 connecting the first point P1 and the second
point P2, where the boundary and the perimeter of the
light-emitting region R meet, in plan view.
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[0048] In this manner, in the light-emitting device 100, the
light-emitting region R located on the upper surface is
divided into two regions with different luminances by the
boundary extending across the light-emitting region R.
Specifically, in the light-emitting device 100, a high lumi-
nance region (i.e., the first light-emitting region R1) and a
low luminance region (i.e., the second light-emitting region
R2) are disposed next to each other in the light-emitting
region R, and parts of the outer edges of the regions
configure the outer edge of the light-emitting region R. Thus,
for example, in the case in which the light-emitting device
100 is used for a light source of a vehicle headlight, the
light-emitting device 100 can be suitable for formation of
the cutoff line and formation of the desired light distribution
suitable for low beams and high beams.

[0049] The area ratio between the first light-emitting
region R1 and the second light-emitting region R2 in the
light-emitting region R may be set as necessary in accor-
dance with the desired light distribution.

[0050] Preferably, in plan view, the area of the second
light-emitting region R2 is in a range from 35% to 95% of
the area of the light-emitting region R. In that case, the
light-emitting device 100 can include a high luminance
region in the light-emitting surface. For example, by setting
the area of the second light-emitting region R2 in a range
from 35% to 75% of the area of the light-emitting region R,
the light-emitting device that includes a high luminance
region in the vicinity of the outer edge of the light-emitting
region R while suppressing the reduction of the light emis-
sion efficiency of the entire light-emitting region R can be
obtained. Further, by setting the area of the second light-
emitting region R2 in a range from 75% to 95% of the area
of the light-emitting region R, the luminance difference
between the low luminance region and the high luminance
region in the light-emitting region R of the light-emitting
device 100 can be increased, and the high luminance region
can be locally positioned in a part of the outer edge of an
emission region.

[0051] The luminance difference between the first light-
emitting region R1 and the second light-emitting region R2
in the light-emitting region R may be set as necessary in
accordance with the desired light distribution. Note that the
greater the ratio of the second light-emitting region R2 in the
light-emitting region R, the more the luminance of the first
light-emitting region R1 can be increased relative to the
luminance of the second light-emitting region R2.

[0052] For example, when the second light-emitting
region R2 has the above-described area ratio with respect to
the light-emitting region R in the light-emitting device 100,
the luminance of the second light-emitting region R2 can be
set in a range from 5% to 80% of the luminance of the first
light-emitting region R1.

[0053] Forexample, the light-emitting device in which the
area of the second light-emitting region R2 is in a range from
35% to 75% of the area of the light-emitting region R is
suitable for setting the average luminance of the second
light-emitting region R2 in a range from 20% to 95% of the
average luminance of the first light-emitting region R1.
Further, the light-emitting device in which the area of the
second light-emitting region R2 is in a range from 75% to
95% of the light-emitting region R is suitable for setting the
average luminance of the second light-emitting region R2 in
arange from 5% to 20% of the average luminance of the first
light-emitting region R1.
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[0054] In the present embodiment, to obtain the light-
emitting device 100 including the first light-emitting region
R1 and the second light-emitting region R2 having a lumi-
nance difference as described above, the thickness of the
light-transmissive member 20 located in the second light-
emitting region R2 in plan view (i.e., the shortest distance
from the lower surface 20c to the second upper surface 2056)
is smaller than the thickness of the light-transmissive mem-
ber 20 located in the first light-emitting region R1 in plan
view (i.e., the shortest distance from the lower surface 20c
to the first upper surface 20a). Further, the light adjustment
member 31 is disposed on the upper surface) of the light-
transmissive member 20 located in the second light-emitting
region R2 (i.e., the second upper surface 205 in plan view.
The light adjustment member 31 is an optical member with
reflective and light-transmissive optical properties. With the
light adjustment member 31 covering the second upper
surface 204 in the light-emitting device 100, a part of light
emitted from the second upper surface 205 can be reflected,
the reflected light can be guided to the first light-emitting
region R1 side, and I guided light can exit the first upper
surface 20qa. In this manner, the light-emitting device 100
can include a high luminance region in the first light-
emitting region R1 of the light-emitting region R.

[0055] Further, because the light-emitting region R of the
light-emitting device 100 includes the first light-emitting
region R1 and the second light-emitting region R2 having a
luminance difference, a high luminance region can be pro-
vided in a desired region of the irradiated region in the case
in which the light-emitting device 100 is used for a headlight
of a vehicle, for example. That is, because the desired light
distribution can be obtained without using complex optical
designs such as reflectors and lenses, the size of the head-
light can be reduced, and the design of the headlight can be
further enhanced.

Light-Emitting Flement

[0056] The light-emitting element 10 includes the support
substrate 15 including the first surface 154 and the second
surface 155 located on the side opposite to the first surface
15a, and a light-emitting portion disposed on the second
surface 156 of the support substrate 15 and including a
semiconductor layered body including a first semiconductor
layer, a light-emitting layer and a second semiconductor
layer in sequence. The light-emitting element 10 may
include a plurality of light-emitting portions, and in this case
the light-emitting element 10 includes a first light-emitting
portion 11 and a second light-emitting portion 12 spaced
apart from each other on the second surface 155 of the
support substrate 15. Specifically, the light-emitting element
10 includes the support substrate 15, the first light-emitting
portion 11 and the second light-emitting portion 12 disposed
adjacent to each other on the second surface 156 of the
support substrate 15, a first element electrode 16 disposed on
the first light-emitting portion 11, and a second element
electrode 17 disposed on the second light-emitting portion
12. The first light is emitted from the first light-emitting
portion 11 of the light-emitting element 10, and the second
light is emitted from the second light-emitting portion 12 of
the light-emitting element 10.

[0057] Examples of the support substrate 15 include an
insulating substrate formed of sapphire, spinel (MgAl,O,),
or the like, and a nitride-based semiconductor substrate
formed of InN, AIN, GaN, InGaN, AlGaN, InGaAlN, or the
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like. Preferably, the support substrate 15 is formed of a
light-transmissive material such that light emitted from the
light-emitting portions is extracted through the support
substrate 15.

[0058] Each of the first light-emitting portion 11 and the
second light-emitting portion 12 includes the semiconductor
layered body. The semiconductor layered body of the first
light-emitting portion 11 includes the first semiconductor
layer 111, the light-emitting layer 112, and the second
semiconductor layer 113 disposed in this order on the
support substrate 15. The semiconductor layered body of the
second light-emitting portion 12 includes the first semicon-
ductor layer 121, the light-emitting layer 122, and the
second semiconductor layer 123 disposed in this order on
the support substrate 15. A buffer layer formed of AlGaN or
the like may be provided between the support substrate 15
and the semiconductor layered bodies. The first light-emit-
ting portion 11 and the second light-emitting portion 12 are
disposed adjacent to each other with a gap therebetween on
the second surface 156 of the support substrate 15. An
element electrode for supplying the power from the outside
is disposed on the surface of each of the first light-emitting
portion 11 and the second light-emitting portion 12 on the
side opposite to the support substrate 15. On the first
light-emitting portion 11, three element electrodes of an
N-side electrode 161, a P-side electrode 162, and an N-side
electrode 163 are disposed as the first element electrode 16.
Similarly, on the second light-emitting portion 12, three
element electrodes of an N-side electrode 171, a P-side
electrode 172, and an N-side electrode 173 are disposed as
the second element electrode 17. In the light-emitting ele-
ment 10, the first light-emitting portion 11 and the second
light-emitting portion 12 are spaced apart and electrically
independent from each other.

[0059] For the first light-emitting portion 11 and the
second light-emitting portion 12, materials that emit light of
given wavelengths may be selected. For example, the first
light-emitting portion 11 and/or the second light-emitting
portion 12 that emit blue light (for example, with a wave-
length in a range from 430 nm to 500 nm) and green light
(for example, with a wavelength in a range from 500 nm to
570 nm) can use the semiconductor layered body formed
using a nitride-based semiconductor (In Al,Ga, N, 0=X,
0=<Y, X+Y=1), GaP, or the like. Also, for example of the first
light-emitting portion 11 and/or the second light-emitting
portion 12 that emit red light (for example, with a wave-
length in a range from 610 nm to 700 nm) can use the
semiconductor layered body formed using GaAlAs, Alln-
GaP, or the like as well as a nitride-based semiconductor.
The first light-emitting portion 11 and the second light-
emitting portion 12 may have the same semiconductor
layered structure or different semiconductor layered struc-
tures. The area of the first light-emitting portion 11 and the
second light-emitting portion 12 may have the same area
(dimensions) or different areas (dimensions) in plan view.

[0060] A larger amount of current can be applied to the
light-emitting element 10 by connecting the first light-
emitting portion 11 and the second light-emitting portion 12
in series, and thus the light-emitting element 10 with a
higher output can be obtained. Preferably, in the case in
which the light-emitting element 10 includes the first light-
emitting portion 11 and the second light-emitting portion 12
disposed next to each other, the boundary between the first
light-emitting region R1 and the second light-emitting
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region R2 is located between the plurality of light-emitting
portions 11 and 12 in plan view. In the light-emitting
element 10 including the plurality of light-emitting portions,
the light-emitting layers 112 and 122 are not disposed
between the light-emitting portions 11 and 12. That is, the
light-emitting element 10 includes a non-light-emitting
region between the light-emitting portions 11 and 12. In this
case, in some situations the luminance of the region imme-
diately above the non-light-emitting region on the first
surface 15a of the support substrate 15 is lower than that in
the region immediately above the light-emitting portions 11
and 12. In view of this, by providing, between the first
light-emitting region R1 and the second light-emitting
region R2, the non-light-emitting region between the light-
emitting portions 11 and 12, the unevenness in light emis-
sion in the light-emitting region R can be suppressed.

Light-Transmissive Member

[0061] The light-emitting device 100 includes the light-
transmissive member 20 with the lower surface 20c¢ facing
the first surface 15a of the support substrate 15. Examples of
the planar shape of the light-transmissive member 20
include various shapes such as a circular shape, an elliptical
shape, a quadrangular shape, and a hexagonal shape. In
particular, quadrilateral shapes such as a square shape and a
rectangular shape are preferable. In this case, the light-
transmissive member 20 has a rectangular planar shape as an
example.

[0062] The light-transmissive member 20 includes the first
upper surface 20qa, the second upper surface 205, the lower
surface 20c, the first lateral surface 20d, the second lateral
surface 20e, and the third lateral surface 20f. The first lateral
surface 204 is located between the first upper surface 20a
and the second upper surface 205.

[0063] In the light-transmissive member 20, the planar
shape of the entire upper surface including the first upper
surface 20a and the second upper surface 206 is a quadri-
lateral shape, and the outer edge of this quadrilateral over-
laps the outer edge of the light-emitting region R of the
light-emitting device 100 in plan view. In addition, in the
light-transmissive member 20, the outer edge of the first
upper surface 20a contiguous with the first lateral surface
204 configures the boundary between the first light-emitting
region R1 and the second light-emitting region R2.

[0064] Specifically, the outer edge of the first upper sur-
face 20a contiguous with the first lateral surface 20d
includes the first point P1 and the second point P2 on the
perimeter of the light-emitting region R, and the straight line
connecting the first point P1 and the second point P2
overlaps the boundary between the first light-emitting region
R1 and the second light-emitting region R2. In this case, the
first point P1 and the second point P2 are respectively on the
opposite two sides of the quadrilateral shape of the light-
transmissive member 20. In this manner, the first light-
emitting region R1 and the second light-emitting region R2
can be located on the left and right sides or upper and lower
sides of the emission region, and thus ease of lens design for
obtaining the desired light distribution is increased in the
case in which the light-emitting device 100 is used as a light
source of a headlight, for example.

[0065] The first lateral surface 20d and the second upper
surface 2056 may be flat surfaces perpendicularly contiguous
with each other, or the first lateral surface 204 and/or the
second upper surface 206 may include an inclined surface
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and may be contiguous with each other through the inclined
surface. Preferably, the first lateral surface 204 and/or the
second upper surface 205 include an inclined surface so as
to be contiguous through the inclined surface. In this case,
the second upper surface 206 includes a curved surface
portion 2051 as an inclined surface between the second
upper surface 2056 and the first lateral surface 20d. This
makes it easier to propagate the light on the second light-
emitting region R2 side to the first light-emitting region R1
side, and increase the luminance of the first light-emitting
region R1. The curved surface portion 2051 is formed in a
recessed shape recessed to the light-transmissive member 20
side. The curvature radius of the curved surface portion 2051
is in a range from 5 pm to 35 um, for example.

[0066] Note that the boundary between the second upper
surface 205 and the first lateral surface 204 is a position in
contact with the curved surface portion 2061 on the first
lateral surface 204 (a broken line B1 in FIG. 1D). The
boundary between the second upper surface 205 and the first
lateral surface 204 need not be clear. Preferably, the third
lateral surface 20f'and the first lateral surface 204 contiguous
with the first upper surface 20a each include a flat surface
perpendicularly contiguous with the first upper surface 20a.
This can clarify the luminance difference between the region
surrounding the light-emitting region R and the light-emit-
ting region R on the upper surface of the light-emitting
device 100.

[0067] The light-transmissive member 20 may further
include protruding portions 23 and 24 with a shape partially
protruded in a lateral direction on the second lateral surface
20e and the third lateral surface 20f As described later, the
protruding portions 23 and 24 are formed when singulation
into separate light-transmissive members 20 is performed in
the manufacturing process. The protruding portions 23 and
24 are located along the perimeter of the lower surface 20¢
of the light-transmissive member 20 on the second lateral
surface 20e¢ and the third lateral surface 20f of the light-
transmissive member 20. With the light-transmissive mem-
ber 20 provided with the protruding portions 23 and 24, the
adhesion between a light adjustment member 32, and the
second lateral surface 20e and the third lateral surface 20f of
the light-transmissive member 20 can be improved in the
light-emitting device 100.

[0068] In the light-transmissive member 20, the thickness
T1 from the lower surface 20c¢ to the first upper surface 20a
is larger than the thickness T2 from the lower surface 20c to
the second upper surface 205. Thus, in the case in which the
light-transmissive member 20 contains a filler such as a light
diffusion member, the multiple reflection of the light guided
from the second light-emitting region R2 side to the first
light-emitting region R1 side is suppressed, and the effi-
ciency of light extraction from the light-emitting region R is
improved.

[0069] Preferably, the thickness T1 from the lower surface
20c to the first upper surface 20a in the light-transmissive
member 20 is 50 pm or larger in view of improvement of the
mechanical strength, and 300 pm or smaller in view of
reduction in the size of the light-emitting device 100. In
more particular, the thickness T1 from the lower surface 20c¢
to the first upper surface 20a is more preferably in a range
from 55 pm to 200 pm, still more preferably in a range from
60 pm to 100 pm.

[0070] Similar to the thickness T1, the thickness T2 from
the lower surface 20c¢ to the second upper surface 205 is
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preferably in a range from 30 um to 280 pm in view of the
improvement of the mechanical strength and reduction in
size, and in consideration of the difference from the thick-
ness T1.

[0071] The difference between the thickness T1 from the
lower surface 20c to the first upper surface 20a and the
thickness T2 from the lower surface 20c to the second upper
surface 205 can be adjusted as necessary in accordance with
the desired light distribution. For example, in the case in
which the luminance of the second light-emitting region R2
is set in a range from 5% to 80% of the luminance of the first
light-emitting region R1, the thickness T2 of the light-
transmissive member 20 at the second upper surface 205
may be in a range from 20% to 90% of the thickness T1 of
the light-transmissive member 20 at the first upper surface
20aq.

[0072] In addition, preferably, in the case in which the
second upper surface 205 includes the curved surface por-
tion 20541, a thickness T3 from the lower surface 20c¢ to the
lower end of the first lateral surface 204 (i.e., the boundary
between the second upper surface 205 and the first lateral
surface 204d) is 90% or less of the thickness T1 in the
light-transmissive member 20. In that case, the boundary
between the first light-emitting region R1 and the second
light-emitting region R2 can be clarified.

[0073] Preferably, the second upper surface 206 includes
a protrusion and recession structure on the surface. In that
case, the adhesion between the second upper surface 206 and
the light adjustment member 31 can be improved. Specifi-
cally, preferably, a surface roughness Ra of the second upper
surface 204 is greater than the surface roughness Ra of the
first upper surface 20a. This can increase the adhesion
between the second upper surface 205 of the light-transmis-
sive member 20 and the light adjustment member 31, and
suppress rising of the light adjustment member 31 to the first
upper surface 20a. The surface roughness Ra of the second
upper surface 205 is in a range from 0.3 pm to 10 pm, for
example. When the surface roughness Ra of the second
upper surface 206 is 0.3 um or greater, the adhesion between
the light-transmissive member 20 and the light adjustment
member 31 is more improved. On the other hand, when the
surface roughness Ra of the second upper surface 205 is 10
um or less, it is easy to guide light to the first upper surface
20a side by reflecting the light at the interface between the
light-transmissive member 20 and the light adjustment
member 31.

[0074] The light-transmissive member 20 is, as an
example, a wavelength conversion member containing a
phosphor that performs wavelength conversion of first light
emitted from the first light-emitting portion 11 and second
light emitted from the second light-emitting portion 12 into
third light. The light emission peak wavelengths of the first
light and the second light are in a range from 420 nm to 460
nm, for example. The light emission peak wavelength of the
third light is in a range from 500 nm to 600 nm, for example.
Preferably, the phosphor concentration of the light-transmis-
sive member 20 is in a range from 60 mass % to 70 mass %,
for example. The phosphor concentration represents the
ratio of the phosphor in the light-transmissive member 20
containing the phosphor.

[0075] Because the second upper surface 206 and the first
lateral surface 204 of the light-transmissive member 20 are
covered with the light adjustment member 31, light reflected
by the light adjustment member 31 propagates through the
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light-transmissive member 20 and excites the phosphor
again. Therefore, in the present embodiment, in consider-
ation of the repetitive excitation of the phosphor by the light
reflected by the light adjustment member 31, the thickness
T2 from the lower surface 20c¢ to the second upper surface
205 is set smaller than the thickness T1 from the lower
surface 20c¢ to the first upper surface 20a. Specifically, the
amount of the phosphor disposed between the lower surface
20c¢ and the second upper surface 2056 is set smaller than the
amount of the phosphor disposed between the lower surface
20c¢ and the first upper surface 20a. In this manner, the
chromaticity difference between the light emitted from the
first light-emitting region R1 side and the light emitted from
the second light-emitting region R2 side can be reduced, and
the chromaticity unevenness between the first light-emitting
region R1 and the second light-emitting region R2 in the
light-emitting region R of the light-emitting device 100 can
be reduced.

[0076] As the light-transmissive member 20, a light-trans-
missive resin, glass, ceramic, or the like may be used, for
example. As the light-transmissive resin, a resin containing
one or more of a silicone resin, a modified silicone resin, an
epoxy resin, a modified epoxy resin, an acrylic resin, a
phenol resin, and a polyimide resin may be used, for
example. In addition, the light-transmissive member 20 may
contain a phosphor that can convert the wavelength of at
least a part of incident light. Examples of the light-trans-
missive member containing a phosphor include a sintered
compact of a phosphor and a material containing phosphor
powder in a light-transmissive resin, glass, ceramic, or the
like, for example. In addition, the light-transmissive member
20 may be a member in which a phosphor-containing layer
such as a resin layer containing a phosphor is disposed on
the surface of a light-transmissive layer that is a formed
body of a light-transmissive resin, glass, a ceramic, or the
like.

[0077] As the phosphor, one that can be excited by the first
light and the second light emitted from the first light-
emitting portion 11 and the second light-emitting portion 12,
respectively, can be used.

[0078] Examples of a phosphor that emits green light
include an yttrium-aluminum-garnet-based phosphor (for
example, Y;(Al, Ga);0,,:Ce), a lutetium-aluminum-garnet-
based phosphor (for example, Lu;(Al, Ga);0,,:Ce), a ter-
bium-aluminum-garnet-based phosphor (for example, Tb,
(Al, Ga)s0,,:Ce), a silicate-based phosphor (for example,
(Ba, Sr),SiO,:Eu), a chlorosilicate-based phosphor (for
example, CagMg(Si0,),Cl,:Eu), a f-sialon-based phosphor
(for example, Siz AL ON; :Fu (0<z<4.2)), and an SGS-
based phosphor (for example, SrGa,S ,:Eu).

[0079] Examples of a phosphor that emits yellow light
include an a-sialon-based phosphor (for example, Mz(Si,
Al),(O, N), ¢ (where 0<z<2, and M is Li, Mg, Ca, Y, or a
lanthanide element excluding La and Ce). In addition, the
above phosphors that emit green light include a phosphor
that emits yellow light. For example, when Y is partially
substituted with Gd in the yttrium-aluminum-garnet-based
phosphor, a light emission peak wavelength can be shifted to
a long wavelength side, and thus, the yttrium-aluminum-
garnet-based phosphor can emit yellow light. Further, the
above phosphors include a phosphor that can emit orange
light.

[0080] Examples of a phosphor that emits red light include
a nitrogen-containing calcium aluminosilicate (CASN or
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SCASN)-based phosphor (for example, (Sr, Ca)AlSiN;:Eu)
and a BSESN-based phosphor (for example, (Ba, Sr,
Ca),SisNg:Eu). Other examples include a manganese-acti-
vated fluoride-based phosphor (a phosphor represented by a
general formula (I) A,[M,; Mn_F.] (where, in the general
formula (I), A is at least one element selected from the group
consisting of K, Li, Na, Rb, Cs, and NH,, M is at least one
element selected from the group consisting of Group 4
elements and Group 14 elements, and a satisfies 0<a<0.2)).
Examples of the manganese-activated fluoride-based phos-
phor include a KSF-based phosphor (for example, K,SiF:
Mn), a KSAF-based phosphor (for example, K,Si, 55Al,.
01F5 5o:Mn), and an MGF-based phosphor (for example,
3.5Mg0O-0.5MgF,-GeO,:Mn).

[0081] For example, an yttrium-aluminum-garnet-based
phosphor (for example, (Y, Gd);Al;0,,:Ce) in which Y is
partially substituted with Gd can be preferably used as a
yellow light-emitting phosphor that can emit white mixed-
color light in combination with a blue light-emitting ele-
ment. In the case in which the light-emitting device 100 that
can emit white light is provided, the type and concentration
of the phosphor contained in the light-transmissive member
20 are adjusted such that white light of the desired chroma-
ticity rank can be emitted.

Light Adjustment Member

[0082] The light adjustment member 30 covers the second
upper surface 205 of the light-transmissive member 20. The
light adjustment member 30 is an optical member having
both light-blocking and light-transmitting optical properties.
As a light-blocking property, a light reflecting property is
preferably provided although a light absorbing property may
be provided. The light adjustment member 30 may have both
light-reflecting and light-transmitting optical properties with
respect to light of all wavelengths emitted from the second
upper surface 205, or may have an optical property of
blocking (preferably, reflecting) light with a specific wave-
length while transmitting light of other wavelengths.

[0083] The light-emitting device 100 includes the light
adjustment member 31 that covers the second upper surface
206 and the first lateral surface 204 of the light-transmissive
member 20, and thus a part of light emitted from the second
upper surface 205 can be reflected and the reflected light can
exit the first light-emitting region R1 side. In this manner,
the luminance of the first light-emitting region R1 can be
made relatively higher than the luminance of the second
light-emitting region R2.

[0084] The light-emitting device 100 may include, as the
light adjustment member 30, the light adjustment member
31 that covers the second upper surface 205 and the first
lateral surface 204 of the light-transmissive member 20, and
the light adjustment member 32 that covers the second
lateral surface 20e and the third lateral surface 20f of the
light-transmissive member 20 and the lateral surface of the
light-emitting element 10. In the case in which the light-
emitting element 10 is disposed on the wiring substrate 40,
the light adjustment member 32 may cover the upper surface
of the wiring substrate 40. In this case, the light adjustment
member 31 and the light adjustment member 32 are mono-
lithically formed using the same material. The boundary
between the light adjustment member 31 and the light
adjustment member 32 is a plane perpendicular to the
second upper surface 205 and along the boundary between
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the second upper surface 206 and the second lateral surface
20e (a broken line B2 illustrated in FIG. 1D), for example.
[0085] The light adjustment member 31 and the light
adjustment member 32 may respectively be a first light
adjustment member 31 and a second light adjustment mem-
ber 32 that are individual members. The first individual light
adjustment member 31 and the second individual light
adjustment member 32 may be formed of the same material,
or formed of materials different from each other.

[0086] It is preferable to use an insulating material for the
light adjustment member 30. As the light adjustment mem-
ber 30, a thermosetting resin, a thermoplastic resin, or the
like may be used, for example. Specific examples of the light
adjustment member 30 include a resin containing particles
of a light reflective material. Examples of a resin include a
resin containing at least one of a silicone resin, a modified
silicone resin, an epoxy resin, a modified epoxy resin, an
acrylic resin, a phenol resin, a bismaleimide triazine resin,
and a polyphthalamide resin, and a hybrid resin thereof.
Among these materials, it is preferable to use a resin
containing, as a base polymer, a silicone resin, which
exhibits a good heat resistance property and electrically
insulating property and has flexibility. Examples of the light
reflective material include titanium oxide, silicon oxide,
zirconium oxide, magnesium oxide, calcium carbonate, cal-
cium hydroxide, calcium silicate, zinc oxide, barium titan-
ate, potassium titanate, aluminum oxide, aluminum nitride,
boron nitride, and mullite, and a combination thereof.
Among these materials, titanium oxide is preferable because
it is relatively stable with respect to moisture or the like and
has a high refractive index.

[0087] It is preferable to set the concentration of the light
reflective material of the light adjustment member 30 in a
range from 60 mass % to 70 mass %. The concentration of
the light reflective material represents the ratio of the light
reflective material in the light adjustment member 30 con-
taining the light reflective material.

[0088] Preferably, the reflectance of the light adjustment
member 30 is in a range from 1% to 95%, for example. The
reflectance means the reflectance at the light emission peak
wavelength of light emitted from the light-emitting element
10. Note that in the case in which the light emission peak
wavelengths of the first light and the second light respec-
tively emitted from the first light-emitting portion 11 and the
second light-emitting portion 12 are different from each
other, the reflectance means the reflectance at the light
emission peak wavelength of the light with a shorter wave-
length.

[0089] Preferably, the total luminous transmittance of the
light adjustment member 30 is in a range from 1% to 35%,
for example. The total luminous transmittance is the ratio of
the amount of light transmitted through a targeted object to
the amount of light incident on the targeted object. For
example, the total luminous transmittance means a total
luminous transmittance measured in compliance with Japan
industrial standard JIS K 7375:2008.

[0090] As described above, the light adjustment member
30 is a resin member containing a light reflective material,
for example. Thus, by using, as the light adjustment member
30, a resin member containing a light reflective material, the
light adjustment member 30 can be easily handled and
disposed on the second upper surface 205.

[0091] The light adjustment member 31 may contain a
phosphor. The phosphor contained in the light adjustment
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member 31 may be the same phosphor as that contained in
the light-transmissive member 20, or may be a different
phosphor. For example, the phosphor contained in the light
adjustment member 31 may be a phosphor that differs from
the phosphor contained in the light-transmissive member 20
in light emission peak wavelength. In that case, the chro-
maticity of the light emitted from the second light-emitting
region R2 can be corrected. The phosphor contained in the
light adjustment member 31 performs wavelength conver-
sion of the first light and the second light into fourth light
that differs from the first light and the second light in light
emission peak wavelength, for example. The light emission
peak wavelength of the fourth light is in a range from 470
nm to 660 nm, for example. Preferably, the phosphor con-
centration of the light adjustment member 31 is lower than
the concentration of the light reflective material in the light
adjustment member, and is preferably in a range from 5 mass
% to 30 mass %. The phosphor concentration represents the
ratio of the phosphor in the light adjustment member 31
containing the phosphor.

[0092] Preferably, in the light-emitting region R, the first
light-emitting region R1 (i.e., the first upper surface 20a of
the light-transmissive member 20) and the second light-
emitting region R2 (i.e., the upper surface of the light
adjustment member 31) are flush with each other (i.e.,
located in the same plane). This makes it easy to adjust the
focal point position and the like of an optical system such as
a reflector and a lens in the case in which the light-emitting
device 100 is used for a headlight of a vehicle, for example.
Note that the thickness of the light adjustment member 31
may be adjusted as necessary with reference to the thick-
nesses T1, T2, and T3 of the light-transmissive member 20
and the like. In addition, while the light adjustment member
31 is disposed together with the light adjustment member 32
in the above-described example, the light adjustment mem-
ber 31 may be disposed independently without providing the
light adjustment member 32.

Wiring Substrate

[0093] In the light-emitting device 100, the light-emitting
element 10 can be disposed on the wiring substrate 40.
[0094] The wiring substrate 40 includes a base body 41,
and a wiring 42 disposed at least on the upper surface of the
base body 41. The wiring 42 is a member through which
power is supplied to the first element electrode 16 and the
second element electrode 17 of the light-emitting element 10
through a conductive member 50. The first element electrode
16 and the second element electrode 17 are disposed on the
wiring 42 with the conductive member 50 interposed ther-
ebetween. For the conductive member 50, conductive metals
such as metal materials formed of Cu, Au, or their alloys
may be used. Note that regarding the light-emitting element
10 and the wiring 42, the element electrodes and the wiring
42 may be directly joined without the conductive member 50
interposed therebetween.

[0095] The wiring substrate 40 includes the wiring 42 that
connects the first light-emitting portion 11 and the second
light-emitting portion 12 in series.

[0096] The wiring 42 includes a first wiring 421, a second
wiring 422, and a third wiring 423, for example. The first
element electrode 16 (specifically, the P-side electrode 162)
is disposed at the first wiring 421, the second element
electrode 17 (specifically, the N-side electrode 171 and the
N-side electrode 173) is disposed at the second wiring 422,
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and the first element electrode 16 (i.c., the N-side electrode
161 and the N-side electrode 163) and the second element
electrode 17 (i.e., the P-side electrode 172) are disposed at
the third wiring 423. In addition, an electronic component
441 is disposed at the first wiring 421 and the second wiring
422. With the above-described wiring 42, a current can be
supplied to the first light-emitting portion 11 and the second
light-emitting portion 12 with one circuit, and thus the
wiring substrate 40 can be downsized. In this manner, the
light-emitting device 100 can be downsized. In the wiring
42, the third wiring 423 is disposed between the first wiring
421 and the second wiring 422. Note that the wiring 42 may
include a wiring for individually driving the first light-
emitting portion 11 and the second light-emitting portion 12,
for example. In this case, the wiring substrate 40 can
individually control the amounts of current supplied to the
first light-emitting portion 11 and the second light-emitting
portion 12.

[0097] For the base body 41, materials publicly known in
the field may be used as the base body included in the wiring
substrate for supporting the electronic components such as
the light-emitting elements. For example, an insulating
material such as glass epoxy, a resin, or a ceramic, a
semiconductor material such as silicon, or a conductive
material such as copper may be used. In particular, a
ceramic, which has high heat resistance and light resistance,
can be preferably used. Examples of ceramic include alu-
minum oxide, aluminum nitride, silicon nitride, LTCC, and
the like. In addition, a composite material of such an
insulating material, a semiconductor material, and a con-
ductive material may also be used. In the case in which a
semiconductor material or a conductive material is used for
the base body 41, the wiring 42 can be disposed on the upper
surface of the base body 41 with the insulation layer
interposed therebetween. Examples of the material of the
wiring 42 include metals such as Fe, Cu, Ni, Al, Ag, Au, P,
Ti, W, and Pd, and alloys containing at least one of them.

Operation of Light-Emitting Device

[0098] Upon activation of the light-emitting device 100, a
current is fed from an external power source to the light-
emitting element 10, and the light-emitting element 10 emits
light. At least a part of the first light and the second light
emitted from the light-emitting element 10 is subjected to
wavelength conversion into the third light by the phosphor
contained in the light-transmissive member 20. The third
light is mixed with the first light and the second light that are
not subjected to wavelength conversion into the third light.
The mixed light exits to the outside as white light, for
example. In this case, as described above, because the light
adjustment member 31 is disposed on the second upper
surface 205 of the light-transmissive member 20, a part of
the light emitted from the second upper surface 2056 is
reflected by the light adjustment member 31, propagated in
the light-transmissive member 20, and emitted from the first
light-emitting region R1 side. In this manner, the luminance
of the second light-emitting region R2 decreases and the
luminance of the first light-emitting region R1 relatively
increases. In this manner, the light-emitting device 100 can
include a high luminance region in the emission region
where the light is emitted from the light-emitting region R.
In the light-transmissive member 20, the thickness T2 from
the lower surface 20c¢ to the second upper surface 205 is
smaller than the thickness T1 from the lower surface 20c¢ to



US 2024/0247769 Al

the first upper surface 20a. This reduces repetitive excitation
of the phosphor in the light-transmissive member 20 due to
the light reflected by the light adjustment member 31. In this
manner, the chromaticity of the light emitted from the first
light-emitting region R1 side and the chromaticity of the
light emitted from the second light-emitting region R2 side
can be adjusted.

[0099] Now, the luminance difference provided by the
light adjustment member 31 is specifically described below
with reference to FIG. 2. In addition, the description will be
made with reference to FIG. 1D as necessary. Note that FIG.
2 schematically illustrates only a part of the light path for the
sake of simplification of the description. While the travelling
direction of the actual light changes as necessary between
members and inside each member through refraction, scat-
tering, and the like, the illustration may be omitted for the
sake of simplification.

[0100] Most of the first light I.1 emitted from the first
light-emitting portion 11 is emitted from the first upper
surface 20a of the light-transmissive member 20. On the
other hand, while most of the second light [.2 emitted from
the second light-emitting portion 12 travels toward the
second upper surface 205 of the light-transmissive member
20, a part of the light is reflected by the light adjustment
member 31 toward the support substrate 15 side so as to be
reflected by the support substrate 15 and emitted from the
first upper surface 20a of the light-transmissive member 20,
for example. Another part of the second light [.2 is trans-
mitted through the light adjustment member 31 and emitted
from the upper surface of the light adjustment member 31.
In this manner, the amount of the light emitted from the first
light-emitting region R1 increases, and the amount of the
light emitted from the second light-emitting region R2
decreases. Thus, the luminance of the first light-emitting
region R1 increases, and the luminance of the second
light-emitting region R2 relatively decreases.

[0101] In addition, in the light-transmissive member 20
containing the phosphor, the thickness T2 from the lower
surface 20c to the second upper surface 205 is smaller than
the thickness T1 from the lower surface 20c to the first upper
surface 20a. Thus, in the region overlapping the second
light-emitting region R2 in plan view, the amount of the
phosphor contained in the light-transmissive member 20 is
smaller than in the region overlapping the first light-emitting
region R1 in plan view. Specifically, the ratio of the light
subjected to wavelength conversion in the light emitted from
the second upper surface 205 is smaller than that in the light
emitted from the first upper surface 20a, and as a result a
chromaticity difference is caused between the light emitted
from the second upper surface 205 and the light emitted
from the first upper surface 20a. However, because the ratio
of the light subjected to wavelength conversion in the light
emitted from the second light-emitting region R2 is large,
the chromaticity difference between the light emitted from
the first light-emitting portion 11 and the light emitted from
the second light-emitting portion 12 can be reduced. In this
manner, for example, the chromaticities of white light emit-
ted from the light-emitting device 100 with a luminance
difference can be adjusted to approximately equal chroma-
ticities. In this manner, by adjusting the height difference
between the first upper surface 20a and the second upper
surface 206 and adjusting the phosphor concentration of the
light-transmissive member 20, the light-emitting device 100
can include in the light-emitting region R the first light-
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emitting region R1, which is a region with a relatively high
luminance, and the second light-emitting region R2, which
is a region with a relatively low luminance, and can adjust
their emission chromaticities to the desired chromaticities.

Method for Manufacturing Light-Emitting Device

[0102] FIG. 3 is a flowchart of a method for manufacturing
the light-emitting device according to the first embodiment.
FIGS. 4A, 4C, and 4E are schematic plan views illustrating
the method for manufacturing the light-emitting device
according to the first embodiment. FIGS. 4B, 4D, and 4F to
4] are schematic sectional views illustrating the method for
manufacturing the light-emitting device according to the
first embodiment.

[0103] The method for manufacturing the light-emitting
device 100 includes: providing the light-emitting element
10, the light-emitting element 10 including, the support
substrate 15 having the first surface 15a¢ and the second
surface 155 located on the side opposite to the first surface
154, and the light-emitting portions 11 and 12 disposed on
the second surface 156 of the support substrate 15, the
light-emitting portion 11 including a semiconductor layered
body including the first semiconductor layer 111, the light-
emitting layer 112, and the second semiconductor layer 113
in this sequence, and the light-emitting portion 12 including
a semiconductor layered body including the first semicon-
ductor layer 121, the light-emitting layer 122, and the
second semiconductor layer 123 in this sequence; joining a
light-transmissive member 200 to the support substrate 15,
the joining including, providing the light-transmissive mem-
ber 200 having the first surface and the second surface
located on the side opposite to the first surface, and joining
the first surface 15a of the support substrate 15 and the
second surface of the light-transmissive member 200; pro-
cessing the first surface of the light-transmissive member
200 so as to provide the first upper surface 20q, and the
second upper surface 206 with a thickness from the second
surface smaller than a thickness from the second surface to
the first upper surface 20a; and disposing, on the first surface
side of light-transmissive member 200, the light adjustment
member 31 that exposes the first upper surface 20a and
covers the second upper surface 205.

[0104] In addition, the method for manufacturing the
light-emitting device 100 may include disposing, over the
wiring substrate 40, the light-emitting element 10 to which
the light-transmissive member 20 is joined, after processing
the first surface of the light-transmissive member 200 and
before disposing the light adjustment member 31.

[0105] The method for manufacturing the light-emitting
device 100 will be described assuming that it includes a step
S11 of providing the light-emitting element, a step S12 of
joining the light-transmissive member, a step S13 of pro-
cessing the light-transmissive member, a step S14 of singu-
lation, a step S15 of disposing the light-emitting element,
and a step S16 of disposing the light adjustment member.

[0106] Note that the materials, arrangement, and the like
of'the members are as in the description of the light-emitting
device 100, and thus descriptions thereof will be omitted as
appropriate. In addition, the number of the light-emitting
elements and the sizes of the light-transmissive members are
illustrated in an easy-to-illustrate manner, and are therefore
not limited to the illustration. In addition, the description
will be made with reference to FIG. 1D as necessary.
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Step of Providing Light-Emitting Element

[0107] In the step S11 of providing the light-emitting
element, the light-emitting element 10 including the support
substrate 15, the first light-emitting portion 11, the second
light-emitting portion 12, the first element electrode 16, and
the second element electrode 17 is provided.

[0108] In the step S11 of providing the light-emitting
element, a semiconductor wafer 101 in which a plurality of
regions that become separate light-emitting portions after
the singulation are disposed on the support substrate 15 is
provided.

[0109] In the step S11 of providing the light-emitting
element, the light-emitting element 10 may be provided as
a semiconductor wafer that becomes separate light-emitting
elements 10 after the singulation, or may be provided as an
individual light-emitting element 10 obtained by the singu-
lation. Note that the following step is described assuming
that the light-emitting element 10 is provided as the semi-
conductor wafer 101. Preferably, in the case in which the
semiconductor wafer 101 is provided in the step S11 of
providing the light-emitting element, the step S11 of pro-
viding the light-emitting element includes a step of forming
a crack 151 with a laser at a location where division is to be
performed in singulation.

[0110] In the case in which the separated light-emitting
elements 10 are provided in the step S11 of providing the
light-emitting element, the step S11 of providing the light-
emitting element may include a singulation step of dividing
the semiconductor wafer 101 into separate light-emitting
elements 10. The singulation may be performed by a pub-
licly known method such as blade dicing or laser dicing.
[0111] Note that the light-emitting element 10 can be
provided through some or all of manufacturing steps such as
a semiconductor growth step. Alternatively, the light-emit-
ting element 10 may be provided by purchasing it or other
ways.

Step of Joining Light-Transmissive Member

[0112] As illustrated in FIGS. 4A and 4B, in the step S12
of joining the light-transmissive member, the light-transmis-
sive member 200 is joined to the first surface 15a of the
support substrate 15.

[0113] In the step S12 of joining the light-transmissive
member, the light-transmissive member 200 having a first
surface 200a and a second surface 2005 located on the side
opposite to the first surface 200a is provided. The light-
transmissive member 200 is a single plate-shaped light-
transmissive member including a plurality of regions that
become separate light-transmissive members 20 after the
singulation. Subsequently, the first surface 15a of the sup-
port substrate 15 and the second surface 20056 of the light-
transmissive member 200 are joined to each other.

[0114] The light-transmissive member 200 can be joined
to the support substrate 15 by a direct joining method such
as pressure bonding, surface activated bonding, atomic
diffusion bonding, or hydroxyl bonding, for example. Note
that the light-transmissive member 200 may be joined to the
support substrate 15, using a publicly known adhesive
member.

Step of Processing Light-Transmissive Member

[0115] As illustrated in FIGS. 4C to 4F, in the step S13 of
processing the light-transmissive member, the light-trans-
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missive member 200 is processed such that after the singu-
lation, the light-transmissive member 20 has the first upper
surface 20a, the second upper surface 205, the lower surface
20c located on the side opposite to the first upper surface 20a
and the second upper surface 205, the first lateral surface
204 contiguous with the first upper surface 20a and the
second upper surface 205, the second lateral surface 20e
contiguous with the second upper surface 205 and the lower
surface 20c, and the third lateral surface 20f contiguous with
the first upper surface 20a and the lower surface 20¢, and has
the thickness T1 from the lower surface 20c to the first upper
surface 20a larger than the thickness T2 from the lower
surface 20c¢ to the second upper surface 205.

[0116] In the step S13 of processing the light-transmissive
member, a first groove portion 612 is formed on the first
surface 200q side of the light-transmissive member 200 by
removing a portion of the light-transmissive member 200
with a blade 61 along a predetermined removal line 611 as
illustrated in FIGS. 4C to 4F. Preferably, the predetermined
removal line 611 is located at a position overlapping the
crack 151 for the singulation into separate light-emitting
elements 10. The first groove portion 612 may reach the
support substrate 15; however, preferably, it does not reach
the support substrate 15 to avoid unintended chipping or
cracking of the support substrate 15. In this case, the first
groove portion 612 is formed by using the blade 61 with a
blade thickness substantially equal to the desired width of
the first groove portion 612 (i.e., the width of the predeter-
mined removal line 611). In addition, in the region where the
second upper surface 204 is located, a part of the light-
transmissive member 200 on the first surface 2004 side is
removed along a predetermined removal line 621 with a
blade 62 as illustrated in FIGS. 4C to 4F. In this manner, a
second groove portion 622 is formed. In this case, the second
groove portion 622 along the predetermined removal line
621 is formed by repeating the removal multiple times (here,
four times) using the blade 62 with a blade thickness smaller
than the desired width of the second groove portion 622 (i.e.,
the width of the predetermined removal line 621) while
shifting the entry position of the blade 62. In this manner, as
illustrated in FIG. 4F, a light-transmissive member 210
processed into a desired shape is formed on the support
substrate 15. Note that in FIG. 4D, both the blade 61 with
which the first groove portion 612 is formed and the blade
62 that moves multiple times while shifting the entry posi-
tion to form the second groove portion 622 are illustrated
with the solid lines. In addition, in FIG. 4E, the first groove
portion 612 is extended from the outer edge of the circular
light-transmissive member for convenience of the illustra-
tion. In addition, the width of the groove portion as used in
the present specification means the maximum value of the
length of the groove portion in the direction perpendicular to
the direction in which the length of the groove portion is the
maximum in plan view.

Singulation Step

[0117] In the step S14 of singulation, the light-transmis-
sive member 210 and the support substrate 15 are divided as
illustrated in FIG. 4G.

[0118] In the step S14 of singulation, the light-transmis-
sive member 210 is split at the first groove portion 612.
Because the first groove portion 612 is disposed at a position
overlapping the crack 151, the support substrate 15 is also
divided along the crack 151 at the time of split. Further, the
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divided light-transmissive member 20 includes the protrud-
ing portions 23 and 24 with partially laterally protruded
shapes on the second lateral surface 20e and the third lateral
surface 20f" The protruding portions 23 and 24 are regions
located on the lower side of the first groove portion 612
formed in the processing step. In this manner, the light-
emitting element 10 on which the separate light-transmissive
member 20 is disposed is obtained. Because the light-
transmissive member 20 includes the protruding portions 23
and 24 formed through splitting, and the support substrate 15
is divided along the crack 151 simultaneously with the split
of the light-transmissive member 210, the lower surface 20¢
of the light-transmissive member 20 can easily be provided
with the same area (dimensions) as that of the first surface
15a of the support substrate 15. Further, the outer edges of
the lower surface 20c¢ of the light-transmissive member 20
and the first surface 15a of the support substrate 15 overlap
in plan view. Thus, the light is easily guided from the
light-emitting element 10 to the light-transmissive member
20, and the light extraction efficiency of the light-emitting
device 100 is improved.

Step of Disposing Light-Emitting Element

[0119] In the step S15 of disposing the light-emitting
element, the light-emitting element 10 to which the light-
transmissive member 20 is joined is disposed over the
wiring substrate 40 as illustrated in FIGS. 4H and 4I.
[0120] In the step S15 of disposing the light-emitting
element, the first upper surface 204 of the light-transmissive
member 20 is suctioned by a suctioning portion 72 of a collet
70, and the light-emitting element 10 to which the light-
transmissive member 20 is joined is moved to a predeter-
mined position of the wiring substrate 40, for example.
Preferably, the collet 70 includes a flexible adjusting portion
71 at a portion that makes contact with the second upper
surface 204. In that case, the light-transmissive member 20
with the processed upper surface can be stably held.
[0121] Then, the first element electrode 16 and the second
element electrode 17, and the wiring 42 are joined to each
other by disposing the light-emitting element 10 in which
the light-transmissive member 20 is joined to the wiring
substrate 40 with the conductive member 50 interposed
therebetween, and pressing the collet 70 in the direction
toward the wiring substrate 40 side as illustrated by the
arrow in FIG. 41.

Step of Disposing Light Adjustment Member

[0122] In the step S16 of disposing the light adjustment
member, the light adjustment member 31 that exposes the
first upper surface 20a of the light-transmissive member 20
and covers the second upper surface 205 is disposed as
illustrated in FIG. 4J. Here, further, the light adjustment
member 32 is disposed covering the lateral surface of the
light-transmissive member 20, the lateral surface of the
light-emitting element 10, and the upper surface of the
wiring substrate 40.

[0123] In the step S16 of disposing the light adjustment
member, an uncured resin for forming the light adjustment
member 30 is disposed on the wiring substrate 40 in such a
manner as to expose the first upper surface 20a of the
light-transmissive member 20 and cover the second upper
surface 205 and the lateral surface. The resin may be
disposed by potting, for example. In addition, the resin may
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be disposed by compression molding, transfer molding, or
the like. Thereafter, the resin is cured to form the light
adjustment member 30. Note that the light adjustment mem-
ber 30 may be formed by disposing a frame for holding the
resin in advance at a desired position in the wiring substrate
40, and supplying the resin in the frame. In addition, the
upper surface of the formed light adjustment member 30
may be cut to adjust its height and the upper surface of the
light adjustment member 30 may be processed to have a flat
shape, as necessary.

[0124] Note that in the method for manufacturing the
light-emitting device 100, a plurality of the light-emitting
devices 100 may be manufactured simultaneously using a
single wiring substrate including a plurality of continuous
regions each of which becomes the wiring substrate 40 of the
light-emitting device 100 after singulation, or the light-
emitting device 100 may be manufactured individually. In
the case in which a plurality of the light-emitting devices
100 are simultaneously manufactured, separate light-emit-
ting devices 100 are formed by performing the singulation
after the step S16 of disposing the light adjustment member.
[0125] Next, other embodiments will be described. Note
that here, the description will be made with reference to FI1G.
1D as necessary, and the description of the components
described above will be omitted as necessary. Note that the
light-emitting devices according to other embodiments
described below can also include a high luminance region in
the light-emitting surface.

Second to Fifth Embodiments

[0126] FIGS. 5A to 5D are schematic sectional views
illustrating light-emitting devices according to second to
fifth embodiments.

[0127] The configurations of a light-emitting device 100A
to a light-emitting device 100D differ from that of the
light-emitting device 100 of the first embodiment in that a
light-transmissive plate 80 that covers the upper surface of
the light adjustment member 31 is provided.

[0128] As illustrated in FIG. 5A, in the light-emitting
device 100A, the light-transmissive plate 80 is disposed at a
position facing the second upper surface 205 of the light-
transmissive member 20. The light-transmissive plate 80 is
disposed on the light adjustment member 31 at a position
spaced from the first lateral surface 20d. In addition, the
light-transmissive plate 80 is disposed such that the upper
surface of the light-transmissive plate 80 and the first upper
surface 20a of the light-transmissive member 20 are flush
with each other.

[0129] Because the light-emitting device 100A is provided
with the light-transmissive plate 80, the light adjustment
member 31 can be protected. In particular, in the case in
which the light adjustment member 31 contains a resin, the
degradation of the resin can be suppressed and the light-
emitting surface can be protected. Thus, the light-emitting
device 100A can provide a luminance difference in the
light-emitting region and can have improved reliability.
[0130] The configuration of the light-emitting device
100B differs from that of the light-emitting device 100A in
that the light-transmissive plate 80 extends to be in contact
with the first lateral surface 204 at a position facing the
second upper surface 205 of the light-transmissive member
20. The light-emitting device 100B also achieves an effect
similar to that of the light-emitting device 100A.
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[0131] The configuration of the light-emitting device
100C differs from that of the light-emitting device 100B in
that the light-transmissive plate 80 is disposed at a position
facing the first upper surface 20a and the second upper
surface 2056 of the light-transmissive member 20. In the
light-emitting device 100C, the light adjustment member 31
and the light-transmissive member 20 can be protected, the
degradation of the light adjustment member 31 and the
light-transmissive member 20 can be suppressed, and the
light-emitting surface can be more widely protected.

[0132] The configuration of the light-emitting device
100D differs from that of the light-emitting device 100C in
that the lateral surface of the light-transmissive plate 80 is
exposed from the light adjustment member 31. The light-
emitting device 100D can be easily manufactured because
the light-transmissive plate 80 can be disposed after the light
adjustment member 30 is disposed.

[0133] Examples of the light-transmissive plate 80 used in
the light-emitting devices 100A to 100D include light-
transmissive materials, such as a resin, glass, and an inor-
ganic substance, molded into a plate shape. Examples of the
glass include borosilicate glass and quartz glass, and
examples of the resin include a silicone resin and an epoxy
resin. In particular, it is preferable to use glass for the
light-transmissive plate 80, taking into consideration its
resistance to degradation by light and mechanical strength,
for example. Note that the light-transmissive plate 80 may
contain a light diffusion member. When the light-transmis-
sive plate 80 contains a light diffusion member, uneven
chromaticity and uneven luminance can be inhibited.
Examples of the light diffusion member include titanium
oxide, barium titanate, aluminum oxide, and silicon oxide.

[0134] In addition, the light-emitting devices 100A to
100D include the light-transmissive plate 80 at least in the
second light-emitting region R2. Accordingly, in a non-light
emission period of the light-emitting device, it is easy to
recognize the position of the light-emitting region R includ-
ing the second light-emitting region R2. Thus, it is easy to
perform alignment with an optical system.

[0135] Preferably, the thickness of the light-transmissive
plate 80 used in the light-emitting devices 100A to 100D is
in a range from 30 um to 230 um, for example. When the
thickness of the light-transmissive plate 80 is 30 um or
larger, the light adjustment member 31 can be more easily
protected. On the other hand, when the thickness of the
light-transmissive plate 80 is 230 um or smaller, the thick-
ness of the light adjustment member 31 can be ensured, and
the size of the light-emitting device can be more easily
reduced. Note that the thickness of the light-transmissive
plate 80 is the thickness in the direction perpendicular to the
upper surface of the wiring substrate 40 or the first surface
15a of the support substrate 15.

[0136] The light-emitting device 100A and the light-emit-
ting device 100B may be manufactured in such a manner
that when the light adjustment member 30 is disposed, an
uncured resin is disposed, and then the light-transmissive
plate 80 is disposed at a predetermined position, and there-
after, the resin is cured, for example. Alternatively, a pre-
determined portion in the upper surface of the light adjust-
ment member 31 may be cut after the resin is cured, and the
light-transmissive plate 80 may be disposed with a publicly
known adhesive member or the like interposed therebe-
tween.
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[0137] The light-emitting devices 100C and 100D may be
manufactured in such a manner that after the light adjust-
ment member 30 is disposed, the light-transmissive plate 80
is disposed on the upper surface of the light adjustment
member 31 and the first upper surface 20a of the light-
transmissive member 20 with a light-transmissive adhesive
member or the like interposed therebetween, for example.
Alternatively, the light adjustment member 30 and the
light-transmissive member 20 may be formed using a resin
and joined to the light-transmissive plate 80 by using the
tackiness of the resin.

Sixth Embodiment

[0138] FIG. 6 is a schematic sectional view illustrating a
light-emitting device according to a sixth embodiment.
[0139] The configuration of a light-emitting device 100E
differs from that of the light-emitting device 100 of the first
embodiment in that a light adjustment member 31A is an
inorganic member containing a light reflective material.
[0140] The light-emitting device 100E includes a light
adjustment member 30A including the first light adjustment
member 31A that covers the second upper surface 206 and
the first lateral surface 204 of the light-transmissive member
20, and the second light adjustment member 32 that exposes
the upper surface of the first light adjustment member 31A
and the first upper surface 20a of the light-transmissive
member 20 and covers the lateral surface of the first light
adjustment member 31A, the second lateral surface 20e and
the third lateral surface 20fof the light-transmissive member
20, and the lateral surface of the light-emitting element 10.
In the light adjustment member 30A, the first light adjust-
ment member 31A is formed of an inorganic member, and
the second light adjustment member 32 is formed of a resin,
for example. Examples of the inorganic member include
glass and ceramic.

[0141] With the first light adjustment member 31A formed
of the inorganic member, the light-emitting device 100E has
better reliability. In addition, in the light-emitting device
100E, it is easy to recognize the position of the light-
emitting region R including the second light-emitting region
R2 in the non-light emission period of the light-emitting
device because the boundary between the first light adjust-
ment member 31A and the second light adjustment member
32 is easily visually recognized. Thus, it is easy to perform
alignment with an optical system.

[0142] The light-emitting device 100E can be manufac-
tured in such a manner that after the light-transmissive
member 200 joined to the support substrate 15 is processed,
the first light adjustment member 31A is disposed and
thereafter singulation is performed to divide the light-emit-
ting element 10 to which the light-transmissive member 20
is joined, for example.

Seventh Embodiment

[0143] FIG. 7 is a schematic sectional view illustrating a
light-emitting device according to a seventh embodiment.
[0144] The configuration of a light-emitting device 100F
differs from that of the light-emitting device 100 of the first
embodiment in that a second upper surface 20Ab of the
light-transmissive member 20A has a recessed portion 25
between the second upper surface 20Ab and a first lateral
surface 20Ad and that the first lateral surface 20Ad partially
defines the lateral surface of the recessed portion 25.
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[0145] The light-emitting device 100F has the recessed
portion 25 on the first lateral surface 20Ad side in the second
upper surface 20Ab of the light-transmissive member 20A.
With the recessed portion 25 provided in the light-transmis-
sive member 20A, the boundary between the first light-
emitting region R1 and the second light-emitting region R2
can be more clarified. Further, in plan view, allowing the
recessed portion 25 to be located between the first light-
emitting portion 11 and the second light-emitting portion 12
can suppress uneven chromaticity at the boundary between
the first light-emitting region R1 and the second light-
emitting region R2.

[0146] A depth D1 of the recessed portion 25 (i.e., the
difference between the thickness from a lower surface 20Ac
to the second upper surface 20Ab and the thickness from the
lower surface 20Ac to the bottom of the recessed portion 25)
is in a range from 5 pm to 45 um, for example.

[0147] A width W1 of the recessed portion 25 (i.e., the
length in the direction from a first upper surface 20Aa
toward the second upper surface 20Ab) is in a range from 25
um to 50 um, for example.

Eighth Embodiment and Ninth Embodiment

[0148] FIG. 8A is a schematic plan view for showing a
shape of a light-emitting region of a light-emitting device
according to an eighth embodiment. FIG. 8B is a schematic
plan view for showing a shape of a light-emitting region of
a light-emitting device according to a ninth embodiment.
[0149] The configuration of the light-emitting device of
the eighth embodiment differs from that of the light-emitting
device 100 of the first embodiment in the positions of the
first point P1 and the second point P2 on the boundary
between the first light-emitting region R1 and the second
light-emitting region R2.

[0150] The first point P1 and the second point P2 are
shifted to the first light-emitting region R1 side from the
center on respective sides of the light-emitting region R in
plan view. In addition, the first point P1 is more shifted to the
first light-emitting region R1 side than the second point P2
is. Thus, a straight line S2 connecting the first point P1 and
the second point P2 obliquely extends across the light-
emitting region R from the upper right to the lower right in
the drawing. Note that the area of the second light-emitting
region R2 is larger than the area of the first light-emitting
region R1. In addition, the light-emitting region R is formed
such that the boundary between the first light-emitting
region R1 and the second light-emitting region R2 overlaps
the straight line S2.

[0151] The configuration of the light-emitting device of
the ninth embodiment differs from that of the light-emitting
device of the eighth embodiment in that the positions of the
first point P1 and the second point P2 on the boundary
between the first light-emitting region R1 and the second
light-emitting region R2 are more shifted to the first light-
emitting region R1 side, and that the boundary between the
first light-emitting region R1 and the second light-emitting
region R2 does not overlap the straight line S3 extending
across the light-emitting region R.

[0152] The boundary between the first light-emitting
region R1 and the second light-emitting region R2 defines
the first light-emitting region R1 and the second light-
emitting region R2 with two straight lines.

[0153] The eighth and ninth embodiments can also
achieve a light-emitting device including a high luminance
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region in the light-emitting surface. In addition, the chro-
maticity difference between the light emitted from the first
light-emitting region R1 side and the light emitted from the
second light-emitting region R2 side can be reduced, and the
uneven chromaticity on the light-emitting surface of the
light-emitting device can be improved.

Tenth Embodiment

[0154] FIG. 9 is a schematic sectional view illustrating a
light-emitting device according to a tenth embodiment.

[0155] The configuration of a light-emitting device 100G
differs from that of the light-emitting device 100 of the first
embodiment in that the protruding portions 23 and 24 are not
provided, that a lower surface 20Bc of a light-transmissive
member 20B is larger than the first surface 15a of the
support substrate 15, and that a light guide member 90 is
provided.

[0156] In the light-transmissive member 20B, the lower
surface 20Bc larger than the first surface 15a of the support
substrate 15 is joined to the first surface 15a of the support
substrate 15. Specifically, the light-transmissive member
20B having the outer edge located outward from the outer
edge of the light-emitting element 10 in plan view is
disposed.

[0157] The light guide member 90 is a member that guides
light from the light-emitting element 10 to the light-trans-
missive member 20B. The light guide member 90 covers the
lateral surface of the support substrate 15. The light guide
member 90 may be an adhesive member that bonds the
light-emitting element 10 and the light-transmissive member
20B and extends to the lateral surface of the support sub-
strate 15, for example. In this case, the light guide member
90 with a predetermined thickness may be disposed between
the support substrate 15 and the light-transmissive member
20B. In addition, the light guide member 90 may be a
member different from the adhesive member of the light-
emitting element 10 and the light-transmissive member 20B.

[0158] In the shape of the light guide member 90 in
sectional view, for example, the lateral surface is curved and
tilted such that the width increases from the second surface
155 side of the support substrate 15 toward the lower surface
20Bc side of the light-transmissive member 20B. The cross-
sectional shape of the lateral surface of the light guide
member 90 may be a straight shape, or a curved shape. For
example, in the case in which the lateral surface of the light
guide member 90 in sectional view is a curved shape, the
curved shape may be a curved shape recessed toward the
light adjustment member 30 side, or a curved shape recessed
toward the support substrate 15 side. Further, the lateral
surface of the light guide member 90 may have a shape with
a portion recessed toward the light adjustment member 32
side and a portion recessed toward the support substrate 15
side.

[0159] As the light guide member 90, a light-transmissive
resin may be used, for example. As the light guide member
90, an organic resin such as an epoxy resin, a silicone resin,
a phenol resin, or a polyimide resin may be used, for
example. In particular, a silicone resin, which has a high heat
resistance, is preferably used. The above-described light
diffusion member or phosphor can also be contained in the
light guide member 90.
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Eleventh Embodiment

[0160] FIG. 10 is a schematic sectional view illustrating a
light-emitting device according to an eleventh embodiment.
[0161] The configuration of a light-emitting device 100H
differs from that of the light-emitting device 100G of the
tenth embodiment in that (i) a light-transmissive plate 81 is
disposed on a first upper surface 20Ca of a light-transmis-
sive member 20C, and (ii) as a light adjustment member
30B, a first light adjustment member 31B that covers a
second upper surface 20Cb of the light-transmissive member
20C and the second light adjustment member 32 that covers
the lateral surface of the light-transmissive plate 81 are
provided.

[0162] The light-emitting device 100H includes the light-
emitting element 10, the light-transmissive member 20C, the
first light adjustment member 31B, and the light-transmis-
sive plate 81. The light-transmissive member 20C has the
first upper surface 20Ca, the second upper surface 20Cb, and
a lower surface 20Cc located on the side opposite to the first
upper surface 20Ca and the second upper surface 20Cb. The
first upper surface 20Ca and the second upper surface 20Cb
are contiguous through a first lateral surface 20Cd. The
light-transmissive member 20C is disposed on the light-
emitting element 10 with the lower surface 20Cc facing the
support substrate 15 of the light-emitting element 10. In the
light-transmissive member 20C, the thickness T1 from the
lower surface 20Cc to the first upper surface 20Ca is larger
than the thickness T2 from the lower surface 20Cc to the
second upper surface 20Cb. The first light adjustment mem-
ber 31B exposes the first upper surface 20Ca of the light-
transmissive member 20C and covers the second upper
surface 20Cb and the first lateral surface 20Cd. The light-
transmissive plate 81 covers the first upper surface 20Ca of
the light-transmissive member 20C and the upper surface of
the first light adjustment member 31B. In the light-emitting
device 100H, the first light adjustment member 31B is
disposed between the second upper surface 20Cb of the
light-transmissive member 20C and the light-transmissive
plate 81. Preferably, the first light adjustment member 31B
is disposed in contact with the light-transmissive member
20C and the light-transmissive plate 81 between the second
upper surface 20Cb of the light-transmissive member 20C
and the light-transmissive plate 81.

[0163] Preferably, the thickness T1 from the lower surface
20Cc to the first upper surface 20Ca in the light-transmissive
member 20C is 10 um or larger in view of improvement of
the mechanical strength, and 200 um or smaller in view of
reduction in size of the light-emitting device 100H. In more
particular, the thickness T1 from the lower surface 20Cc to
the first upper surface 20Ca is more preferably in a range
from 15 pm to 150 pum, still more preferably in a range from
20 um to 120 pm.

[0164] Preferably, the thickness T2 from the lower surface
20Cc to the second upper surface 20Cb in the light-trans-
missive member 20C is smaller than the thickness T1, and
is in a range from 10 um to 200 um in view of the
improvement of the mechanical strength and reduction in
size, as with the thickness T1. I thickness T2 is more
preferably in a range from 10 um to 105 pm, still more
preferably in a range from 15 pm to 90 um. The difference
between the thickness T1 from the lower surface 20Cc to the
first upper surface 20Ca and the thickness T2 from the lower
surface 20Cc to the second upper surface 20Cb in the
light-transmissive member 20C (i.e., the thickness of the
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first light adjustment member 31B that covers the second
upper surface 20Cb) can be adjusted as necessary in accor-
dance with the desired light distribution. For example, in the
case in which the luminance of the second light-emitting
region R2 is set in a range from 5% to 80% of the luminance
of the first light-emitting region R1, the thickness T2 at the
second upper surface 20Chb of the light-transmissive member
20C is in a range from 20% to 90% of the thickness T1 at
the first upper surface 20Ca of the light-transmissive mem-
ber 20C, for example.

[0165] The light-emitting device 100H may further
include, as the light adjustment member 30B, the second
light adjustment member 32 that exposes the upper surface
of the light-transmissive plate 81 and covers the lateral
surface of the light-transmissive plate 81, the lateral surface
of the first light adjustment member 31B, a second lateral
surface 20Ce and a third lateral surface 20CT of the light-
transmissive member 20C, and the lateral surface of the
light-emitting element 10. The second light adjustment
member 32 covers the lateral surface of the support substrate
15 directly or with another member such as the light guide
member 90 interposed therebetween.

[0166] In the light-emitting device 100H, the light-trans-
missive member 20C is a resin containing phosphor powder,
and the first light adjustment member 31B and the second
light adjustment member 32 are a resin containing light
reflective material particles. By using a resin as the base
material of the light-transmissive member 20C, the first light
adjustment member 31B, and the second light adjustment
member 32, the concentration and the like of the phosphor
powder and/or the light reflective material contained in each
of the members can be easily adjusted, and the luminance
and chromaticity of light emitted from each of the light-
emitting regions can be easily adjusted.

[0167] In the light-emitting device 100H, phosphor con-
tained in the light-transmissive member 20C can be dis-
persed in the light-transmissive member 20Cc, or locally
disposed on the lower surface 20c¢ side (i.e., the light-
emitting element 10 side). Even in the case in which the
phosphor is locally disposed on the lower surface side in the
light-transmissive member 20C, the amount of phosphor
disposed between the lower surface 20Cc and the second
upper surface 20Cb can be less than the amount of phosphor
disposed between the lower surface 20Cc and the first upper
surface 20Ca. This can reduce the chromaticity difference
between the light emitted from the first light-emitting region
R1 side and the light emitted from the second light-emitting
region R2 side.

[0168] The light-transmissive plate 81 is disposed on the
first upper surface 20Ca of the light-transmissive member
20C and the upper surface of the first light adjustment
member 31B. Thus, the first light adjustment member 31B
and the light-transmissive member 20C can be protected, the
degradation of the first light adjustment member 31B and the
light-transmissive member 20C can be suppressed, and the
light-emitting surface can be protected.

[0169] Preferably, the thickness of the light-transmissive
plate 81 is 20 um or larger in view of improvement of the
mechanical strength, and 300 pm or smaller in view of
reduction in the size of the light-emitting device 100H. In
addition, preferably, in the case in which each of the first
light adjustment member 31B and the light-transmissive
member 20C is formed of a resin member, the thickness of
the light-transmissive plate 81 as a support for supporting
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the resin member is larger than the thickness of the light-
transmissive member 20C. Note that the thickness of the
light-transmissive plate 81 is the thickness in the direction
perpendicular to the upper surface of the wiring substrate 40
or the upper surface of the light-emitting element 10. The
material of the light-transmissive plate 81 may be the same
material as that of the light-transmissive plate 80, for
example.

Twelfth Embodiment

[0170] FIG. 11 is a schematic sectional view illustrating a
light-emitting device according to a twelfth embodiment.
[0171] The configuration of a light-emitting device 1001
differs from that of the light-emitting device 100H of the
eleventh embodiment in that the light-emitting element 10A
includes only one light-emitting portion 11A.

[0172] The light-emitting device 1001 can have a lumi-
nance difference in the light-emitting region R and have
improved reliability.

[0173] The eleventh and twelfth embodiments can also
achieve a light-emitting device including a high luminance
region in the light-emitting surface. In addition, the chro-
maticity difference between the light emitted from the first
light-emitting region R1 side and the light emitted from the
second light-emitting region R2 side can be reduced, and the
uneven chromaticity on the light-emitting surface of the
light-emitting device can be improved.

[0174] The light-emitting device according to the present
embodiment and the method for manufacturing the light-
emitting device have been specifically described above by
means of the embodiments for carrying out the invention,
but the spirit of the present invention is not limited to these
descriptions and should be interpreted broadly based on the
appended claims. Various modifications, variations, and the
like based on these descriptions are also included within the
spirit of the present invention. Further, the aforementioned
embodiments may be implemented in combination with
each other.

[0175] Forexample, the first light-emitting portion and the
second light-emitting portion may have the same current
density during light emission, or have different current
densities during light emission. When the current density of
the current passing through the light-emitting layer of the
first light-emitting portion and the current density of the
current passing through the light-emitting layer of the sec-
ond light-emitting portion are different from each other, the
luminance difference between the low luminance and the
high luminance can be adjusted. The first light-emitting
portion and the second light-emitting portion can have
different current densities during light emission by using a
wiring substrate that can separately drive the first light-
emitting portion and the second light-emitting portion. In
addition, even in the case in which the wiring substrate
includes a wiring that connects the first light-emitting por-
tion and the second light-emitting portion in series, the first
light-emitting portion and the second light-emitting portion
can have different current densities during light emission
when having different areas (dimensions) in plan view.
When the first light-emitting portion and the second light-
emitting portion have the same area (dimensions) in plan
view, a wiring substrate provided with a wiring that connects
the first light-emitting portion and the second light-emitting
portion in series may be provided with a constant-current
diode to make the first light-emitting portion and the second
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light-emitting portion have different current densities during
light emission. Even when the first light-emitting portion
and the second light-emitting portion have different areas
(dimensions) in plan view, the first light-emitting portion
and the second light-emitting portion may be individually
driven to have different current densities during light emis-
sion.

[0176] In addition, the light-emitting element may include
a plurality of light-emitting portions including the first
light-emitting portion and the second light-emitting portion,
or may include one light-emitting portion. In addition, the
number of element electrodes disposed on one light-emitting
portion may be two, or four or more. One light-emitting
portion may include a plurality of semiconductor layered
bodies disposed in an overlapping manner. The light-trans-
missive member may have a layered structure with two or
more layers. In this case, the phosphor concentration may be
set as the ratio of the amount of the phosphor to the total
amount of all layers containing the phosphor in the light-
transmissive member.

[0177] In the light-emitting device, a reflection film such
as a dielectric multilayer film may be disposed on the
light-transmissive member 20 and/or the upper surface of
the light-transmissive plate 80 in the light-emitting region R.
In that case, the luminance and luminous intensity of the
light emitted from the first light-emitting region R1 and/or
the second light-emitting region R2 can be more easily
adjusted.

[0178] Furthermore, in the method for manufacturing the
light-emitting device, the order of some steps is not limited,
and the order can be reversed. For example, after a light-
emitting element to which a light-transmissive member
having a plate shape (i.e., having no second upper surface)
is joined is formed through division of a semiconductor
wafer to which one light-transmissive member is joined, this
light-emitting element may be disposed on a wiring sub-
strate, and then processing such as forming a first upper
surface and a second upper surface in the light-transmissive
member may be performed. Alternatively, before a light-
emitting element to which a light-transmissive member
having a plate shape (i.e., having no second upper surface)
is joined is disposed on a wiring substrate, processing such
as forming a first upper surface and a second upper surface
in the light-transmissive member joined to the light-emitting
element may be performed, and then the light-emitting
element may be disposed on the wiring substrate.

[0179] After a light-transmissive member joined to a semi-
conductor wafer is processed, a light adjustment member
may be disposed, and then the light-transmissive member on
which the light adjustment member is disposed may be
divided for singulation. After a light-emitting element is
disposed on a wiring substrate and an individual light-
transmissive member obtained by singulation is disposed on
the light-emitting element disposed on the wiring substrate,
a light adjustment member may be disposed.

[0180] The Ilight-emitting devices according to the
embodiments of the present disclosure are as follows, for
example.

Aspect 1

[0181] A light-emitting device including, on an upper
surface, a light-emitting region including a first light-emit-
ting region and a second light-emitting region disposed next
to the first light-emitting region, the light-emitting device
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including a light-emitting element including: a support sub-
strate having a first surface and a second surface located on
a side opposite to the first surface; and a light-emitting
portion located on the second surface of the support sub-
strate and including a semiconductor layered body including
a first semiconductor layer, a light-emitting layer and a
second semiconductor layer in this sequence; a light-trans-
missive member having: a first upper surface, a second
upper surface, a lower surface located on a side opposite to
the first upper surface and the second upper surface, and
facing the first surface of the support substrate of the
light-emitting element, a first lateral surface contiguous with
the first upper surface and the second upper surface, a
second lateral surface contiguous with the second upper
surface and the lower surface, and a third lateral surface
contiguous with the first upper surface and the lower sur-
face; and a light adjustment member exposing the first upper
surface of the light-transmissive member and covering the
second upper surface and the first lateral surface of the
light-transmissive member, wherein the light-transmissive
member has a thickness from the lower surface to the first
upper surface larger than a thickness from the lower surface
to the second upper surface, in a plan view, the first
light-emitting region has the first upper surface of the
light-transmissive member, the second light-emitting region
includes the second upper surface of the light-transmissive
member, and an area of the second light-emitting region is
in a range from 35% to 95% of an area of the light-emitting
region, and a boundary between the first light-emitting
region and the second light-emitting region includes a first
point and a second point on a perimeter of the light-emitting
region, and a straight line connecting the first point and the
second point extends across the light-emitting region in the
plan view.

Aspect 2

[0182] The light-emitting device according to aspect 1,
wherein the light-emitting element further includes an addi-
tional light-emitting portion spaced apart from the light-
emitting portion on the second surface of the support sub-
strate.

Aspect 3

[0183] The light-emitting device according to aspect 2,
wherein in the plan view, the boundary between the first
light-emitting region and the second light-emitting region is
located between the light-emitting portion and the additional
light-emitting portion.

Aspect 4

[0184] The light-emitting device according to aspect 2 or
3, wherein the light-emitting portion and the additional
light-emitting portion are different from each other in a
current density during light emission.

Aspect 5

[0185] The light-emitting device according to any one of
aspects 1 to 3, wherein the light-transmissive member con-
tains a phosphor.
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Aspect 6

[0186] The light-emitting device according to aspect 5,
wherein the light adjustment member contains a phosphor
that differs in light emission peak wavelength from the
phosphor contained in the light-transmissive member.

Aspect 7

[0187] The light-emitting device according to any one of
aspects 1 to 6, wherein the light adjustment member is a
resin member containing a light reflective material.

Aspect 8

[0188] The light-emitting device according to any one of
aspects 1 to 7, wherein the light adjustment member covers
the second lateral surface and the third lateral surface of the
light-transmissive member and a lateral surface of the light-
emitting element.

Aspect 9

[0189] The light-emitting device according to any one of
aspects 1 to 6, wherein the light adjustment member is an
inorganic member containing a light reflective material.

Aspect 10

[0190] The light-emitting device according to aspect 9,
further including an additional light adjustment member
exposing an upper surface of the light adjustment member
and the first upper surface of the light-transmissive member
and covering a lateral surface of the light adjustment mem-
ber, the second lateral surface and the third lateral surface of
the light-transmissive member, and a lateral surface of the
light-emitting element.

Aspect 11

[0191] The light-emitting device according to any one of
aspects 1 to 10, wherein the first upper surface of the
light-transmissive member and the upper surface of the light
adjustment member are flush with each other.

Aspect 12

[0192] The light-emitting device according to any one of
aspects 1 to 11, further including a light-transmissive plate
covering the upper surface of the light adjustment member.

Aspect 13

[0193] The light-emitting device according to any one of
aspects 1 to 12, wherein a surface roughness Ra of the
second upper surface of the light-transmissive member is
greater than a surface roughness Ra of the first upper surface
of the light-transmissive member.

Aspect 14

[0194] The light-emitting device according to any one of
aspects 1 to 13, wherein in the light-transmissive member,
the second upper surface includes a curved surface portion
contiguous with the first lateral surface.

Aspect 15

[0195] The light-emitting device according to any one of
aspects 1 to 13, wherein, in the light-transmissive member,
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the second upper surface has a recessed portion contiguous
with the first lateral surface such that the first lateral surface
partially defines a lateral surface of the recessed portion.

Aspect 16

[0196] The light-emitting device according to any one of
aspects 1 to 15, wherein the light-emitting portion includes
an additional semiconductor layered body overlapping the
semiconductor layered body.

[0197] The light-emitting devices according to the
embodiments of the present disclosure can be preferably
utilized for vehicle lighting such as headlights. In addition,
the light-emitting devices according to the embodiments of
the present disclosure can be utilized for the light source for
a backlight of a liquid crystal display, various types of
lighting fixtures, a large display, various types of display
devices for advertisements, destination information, and the
like, and further, a digital video camera, image reading
devices in a facsimile, a copy machine, a scanner, and the
like, and a projector device, for example.

What is claimed is:

1. A light-emitting device comprising:

a light-emitting element including

a support substrate having a first surface and a second
surface located on a side opposite to the first surface,
and

a light-emitting portion located on the second surface of
the support substrate and including a semiconductor
layered body including a first semiconductor layer, a
light-emitting layer and a second semiconductor layer
in this sequence;

a light-transmissive member having

a first upper surface,

a second upper surface,

a lower surface located on a side opposite to the first upper
surface and the second upper surface, and facing the
first surface of the support substrate of the light-
emitting element,

a first lateral surface contiguous with the first upper
surface and the second upper surface,

a second lateral surface contiguous with the second upper
surface and the lower surface, and

a third lateral surface contiguous with the first upper
surface and the lower surface; and

a first light adjustment member exposing the first upper
surface of the light-transmissive member and covering the
second upper surface and the first lateral surface of the
light-transmissive member, wherein

the light-transmissive member and the first light adjust-
ment member collectively define a rectangular cross-
sectional shape.

2. The light-emitting device according to claim 1, further

comprising

a second light adjustment member exposing an upper
surface of the first light adjustment member and the
first upper surface of the light-transmissive member,
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and covering a lateral surface of the first light adjust-
ment member, the second lateral surface and the third
lateral surface of the light-transmissive member, and a
lateral surface of the light-emitting element.
3. The light-emitting device according to claim 1, further
comprising
a light-transmissive plate covering an upper surface of the
first light adjustment member and the first upper sur-
face of the light-transmissive member.
4. The light-emitting device according to claim 3, wherein
the second light adjustment member covers a lateral
surface of the light-transmissive plate.
5. The light-emitting device according to claim 1, wherein
the first light adjustment member is a resin member
containing a light reflective material.
6. The light-emitting device according to claim 1, wherein
the light-transmissive member contains a phosphor.
7. The light-emitting device according to claim 1, wherein
the light-transmissive member is a resin member contain-
ing a phosphor.
8. The light-emitting device according to claim 1, wherein
the light-transmissive member is an inorganic member
containing a phosphor.
9. The light-emitting device according to claim 1, wherein
the light-emitting element further includes an additional
light-emitting portion spaced apart from the light-
emitting portion on the second surface of the support
substrate.
10. The light-emitting device according to claim 9,
wherein
in the plan view, the boundary between the first light-
emitting region and the second light-emitting region is
located between the light-emitting portion and the
additional light-emitting portion.
11. The light-emitting device according to claim 1,
wherein
the first light adjustment member contains a phosphor that
differs in light emission peak wavelength from the
phosphor contained in the light-transmissive member.
12. The light-emitting device according to claim 1,
wherein
the first upper surface of the light-transmissive member
and an upper surface of the first light adjustment
member are flush with each other.
13. The light-emitting device according to claim 1,
wherein
in the light-transmissive member, the second upper sur-
face includes a curved surface portion contiguous with
the first lateral surface.
14. The light-emitting device according to claim 1,
wherein
in the light-transmissive member, the second upper sur-
face has a recessed portion contiguous with the first
lateral surface such that the first lateral surface partially
defines a lateral surface of the recessed portion.

#* #* #* #* #*



