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(57) ABSTRACT

A light-emitting device includes: one or more first light-
emitting elements each having a peak wavelength 1n a range
from 430 nm to less than 490 nm; a second light-emitting
clement having a peak wavelength Y 1n a range from 490 nm
to less than a wavelength X; a third light-emitting element
having a peak wavelength Z 1n a range from more than the
wavelength X to 570 nm; and a phosphor or a fourth
light-emitting element having a peak wavelength 1n a range
from 580 nm to 680 nm. At least one of the second and third
light-emitting elements 1s connected to at least one of the
first light-emitting elements in series. The wavelength X 1s
in a range from more than 490 nm to less than 570 nm with
an absolute value of difference between |X-Y| and |X-Z|
being 10 nm or less.
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LIGHT-EMITTING DEVICE AND
BACKLIGHT INCLUDING
LIGHT-EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2016-007484, filed on Jan. 18, 2016, the
disclosure of which 1s hereby incorporated by reference 1n
its entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present disclosure relates to a light-emitting

device and a backlight including the light-emitting device.
[0004] 2. Description of Related Art

[0005] Generally, light-emitting devices including light-
emitting elements such as light-emitting diodes (LEDs) are
widely used as various light sources for apparatuses such as
backlights of liquid-crystal displays, LED bulbs or LED
fluorescent lights, and lighting apparatuses including ceiling
lights.

[0006] For example, light-emitting devices disclosed 1n
Japanese Unexamined Patent Application Publication No.
2007-158296 include red phosphors, light-emitting elements
that emit blue light, and light-emitting elements that emit
green light. This constitution 1s described as light-emitting
devices with high color reproducibility used for backlights
for liguid-crystal displays.

SUMMARY

[0007] A light-emitting device according to an embodi-
ment includes one or more first light-emitting elements, a
second light-emitting element, a third light-emitting ele-
ment, and a phosphor or a fourth light-emitting element.
Each of the first light-emitting elements has a peak wave-
length 1n a range from 430 nm to less than 490 nm. The
second light-emitting element has a peak wavelength Y 1n a
range from 490 nm to less than a wavelength X. The third
lightemitting element has a peak wavelength 7 1n a range
from more than the wavelength X to 570 nm. The phosphor
or the fourth light-emitting element has a peak wavelength
in a range from 580 nm to 680 nm. At least one of the second
light-emitting element and the third light-emitting element 1s
connected to at least one of the first light-emitting elements
in series. The wavelength X 1s 1n a range from more than 490
nm to less than 570 nm with an absolute value of difference
between |X-Y| and |X-Z| being 10 nm or less.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A 1s a schematic top view of a light-emitting
device 100 according to a first embodiment.

[0009] FIG. 1B 1s a schematic cross-sectional view along
the line Ib-Ib 1n FIG. 1A.

[0010] FIG. 2 1s a schematic top view of a light-emitting
device 100A according to a modification of the light-
emitting device 100.

[0011] FIG. 3 1s a schematic top view of a modification of
a light-emitting device 100B according to the first embodi-
ment.

[0012] FIG. 4A 1s a schematic top view of a modification
of a light-emitting device 100C according to the first
embodiment.
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[0013] FIG. 4B 1s a schematic cross-sectional view along
the line 1n FIG. 4A.

[0014] FIG. 5 1s a schematic top view of a backlight 200
according to a second embodiment.

[0015] FIG. 6 1s a schematic cross-sectional view of a
modification of the backlight 200 according to the second
embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] The following describes embodiments of the pres-
ent invention in detail on the basis of the accompanying
drawings. The descriptions below include terms indicating
specific directions or positions (for example, “up”, “down”,
and other terms containing the meanings of these terms) as
appropriate. Use of these terms 1s, however, itended to
facilitate understanding of the invention referring to the
drawings, and the meanings of these terms do not limit the
technical scope of the present invention. A portion with the
same reference number represents the same or equivalent
portion or member 1n a plurality of drawings.

[0017] The embodiments below exemplify light-emitting
devices embodying the technical concept of the present
invention and are not intended to limit the present invention
to the constitutions below. Unless specifically stated other-
wise, sizes, materials, shapes, and relative positions of
constituent components described 1n the embodiments do
not limit the scope of the present invention to the aforemen-
tioned descriptions only but are intended to exemplify the
scope ol the present invention. There 1s a case where
magnitudes or positional relations of members 1llustrated in
cach drawing are exaggerated so as to facilitate understand-
ing. Standards according to JIS Z8110 are applied to the
relations between color names and chromaticity coordinates,
the relations between wavelength ranges of light and color
names of monochromatic lights, and the like.

[0018] However, the light-emitting elements that emait
green light (hereinafter referred to as green light-emitting
clements) contain more indium than the light-emitting ele-
ments that emit blue light, resulting, therefore, even when a
plurality of green light-emitting elements are manufactured
by the same procedure, wavelengths from the resulting
light-emitting elements might vary greatly. Accordingly,
when the light-emitting devices disclosed in Japanese Unex-
amined Patent Application Publication No. 2007-158296 are
produced using only green light-emitting elements having
desired wavelengths, yield of the light-emitting devices may
be extremely poor.

[0019] In view of the above, certain embodiments of the
present disclosure have an object to provide a light-emitting
device with an improved yield.

[0020] A light-emitting device according to certain
embodiments of the present disclosure includes a first light-
emitting element (1.e., blue light-emitting element) that
emits light having a peak wavelength 1n a range of 430 nm
to less than 490 nm, and second and third light-emitting
clements (1.e., green light-emitting elements) that emait light
having peak wavelengths 1n a range of 490 nm to 570 nm.
The light-emitting device also includes a phosphor or a
fourth light-emitting element (red light-emitting element)
that emits light having a peak wavelength in a range of 580
nm to 630 nm.

[0021] Based on a wavelength X nm 1n a range of more
than 490 nm to less than 570 nm, the peak wavelength Y nm
of the second light-emitting element 1s 1n a range of 490 nm
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to less than the wavelength X nm, and the peak wavelength
7. nm of the third light-emitting element 1s 1n a range of more
than the wavelength X nm to 570 nm. The absolute value of
difference between | X-Y| and |X-Z/| 1s equal to or less than
10 nm.

[0022] The hight-emitting device according to certain
embodiments of the present disclosure having such a con-
stitution can achieve good color reproducibility. In addition,
use of at least two green light-emitting elements having a
specific relation can achieve a desired color range at lower
cost than 1n the case of a light-emitting device including only
one green light-emitting element.

[0023] The following describes light-emitting devices
according to embodiments of the present invention in detail.

1. First Embodiment

[0024] FIG. 1A 1s a schematic perspective view of a
light-emitting device 100. FIG. 1B 1s a schematic cross-
sectional view along the line Ib-Ib 1n FIG. 1A. In FIG. 1A,
illustration of a phosphor 4 1s omitted to facilitate 1dentifi-
cation of first light-emitting elements 105, a second light-
emitting element 20g, and a third light-emitting element 30g
in a light-transmissive member 3.

[0025] The light-emitting device 100 1ncludes at least one
blue light-emitting element (1.e., first light-emitting element
105) on an upper surface of a first lead 36a disposed on a
bottom surface of a cavity of a resin package 2. In the
embodiment shown in FIG. 1A and FIG. 1B, two first
light-emitting elements 105 are mounted on the upper sur-
face of the first lead 36a. The light-emitting device 100
includes at least two green light-emitting elements (1.e., the
second light-emitting element 20g and the third light-emiat-
ting element 30g) on an upper surface of a second lead 365
disposed on the bottom surface of the cavity of the resin
package 2.

[0026] Depending on the desired quantity of light or the
like, the light-emitting device 100 may include two or more
blue light-emitting elements and may include three or more
green light-emitting elements. In the embodiment shown 1n
FIG. 1A, the number of blue light-emitting elements 1s the
same as the number of green light-emitting elements, but the
numbers can be appropriately determined. For example, as
shown 1n FIG. 2, the number of blue light-emitting elements
may differ from the number of green light-emitting ele-
ments. Depending on the desired emission properties, the
number of blue light-emitting elements may be larger than
the number of green light-emitting elements, or the number
of green light-emitting elements may be larger than the
number of blue light-emitting elements.

[0027] In the embodiment shown in FIG. 1A, the second
light-emitting element 20g and one first light-emitting ele-
ment 105 are aligned 1n the bottom row starting from the left,
and the other first light-emitting element 105 and the third
light-emitting element 30g are aligned in the second row
from the bottom starting from the left.

[0028] The peak wavelength of the first light-emitting
clements 105 1s 1n a range of 430 nm to less than 490 nm
(1.e., wavelength range 1n the blue region), preferably 1n a
range of 440 nm to 470 nm. The peak wavelengths of the
second light-emitting element 20g and the third light-emat-
ting element 30g are 1n a range of 490 nm to570 nm (1.e.,
wavelength range 1n the green region), preferably 1n a range

of 520 nm to 550 nm.
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[0029] For example, the first light-emitting elements 105,
the second light-emitting element 20g, and the third light-
emitting element 30g are each electrically connected to an
external circuit such as a wiring layer of a mounting board,
and emit light using electricity supplied via the external
circuit. In the embodiment of the light-emitting device 100
shown 1 FIG. 1A, regarding the second light-emitting
clement 20g and the first light-emitting element 1056 1n the
bottom row, one of positive and negative electrodes of the
second light-emitting element 20g 1s connected to the first
lead 36a via a wire 6, and the other one of the positive and
negative electrodes of the second light-emitting element 20g
1s connected to one of positive and negative electrodes of the
first light-emitting element 106 i1n the bottom row via
another wire 6.

[0030] Regarding the first light-emitting element 105 and
the third light-emitting element 30g 1n the second row from
the bottom, one of positive and negative electrodes of the
first light-emitting element 105 1s connected to the first lead
36a via a wire 6, the other one of the positive and negative
clectrodes of the first light-emitting element 105 1s con-
nected to one of positive and negative electrodes of the third
light-emitting element 30g via another wire 6, and the other
one of the positive and negative electrodes of the third
light-emitting element 30g 1s connected to the second lead
366 via still another wire 6. In the embodiment of the
light-emitting device 100 shown 1n FIG. 1A, the first light-
emitting element 106 1n the bottom row 1s connected to the
third light-emitting element 30g via a wire 6. This consti-
tution enables each light-emitting element to be electrically
connected to a support 7 stably even with little region 1n
which the wires 6 extending from the light-emitting ele-
ments mounted on the first lead 36 are connected to the
second lead 366, when an electronic component such as a
protective element 1s disposed on the support 7 (on the
second lead 366 1n FIG. 1A), for example as shown 1n FIG.
1A. In this light-emitting device according to the embodi-
ment of the present disclosure, at least one of the second
light-emitting element 20g and the third light-emitting ele-
ment 30g 1s connected to the first light-emitting element(s)
105 1n series.

[0031] In the light-emitting device 100, the support 7 1s a
term for a combination of the resin part, the first lead 36aq,
and the second lead 365. The support herein 1s a member on
which the first light-emitting elements 105, the second
light-emitting element 20g, and the third light-emitting
clement 30g are disposed. The support includes, for
example, a base such as a resin package or a substrate, and
an electrically-conductive member that 1s disposed on the
surface of or within the base to supply electricity to the
light-emitting elements. Examples of the electrically-con-
ductive member include, for example, leads, via holes, and
wiring layers.

[0032] In the embodiment of the light-emitting device 100
shown 1 FIG. 1A and FIG. 1B, the light-transmissive
member 3 1s disposed 1n the cavity of the resin package 2.
The light-transmissive member 3 may be, for example, an
encapsulation resin or glass. The light-transmissive member
3 contains the phosphor 4 having a peak wavelength 1n a
range of 580 nm to 680 nm. The phosphor 4 absorbs part of
blue light emitted from the first light-emitting elements 1056
and emits red light. That 1s, the phosphor 4 converts the
wavelength of the blue light into a wavelength of red light.
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[0033] The light-emitting device according to certain
embodiments of the present disclosure may include a fourth
light-emitting element (1.e., red light-emitting element) that
emits light having a peak wavelength 1n a range of 580 nm
to 680 nm, instead of the phosphor 4. When the fourth
light-emitting element 1s used, use of a light-emitting ele-
ment having a full width at half maximum of 30 nm 1s
preferable, and use of a light-emitting element having a full
width at half maximum of 20 nm 1s more preferable. Use of
such a fourth light-emitting element readily enables the red
light having a sharp peak wavelength. Accordingly, a liquid-
crystal display including the light-emitting device 100 can
achieve high color reproducibility.

[0034] It 1s preferable that the phosphor 4 hardly absorb
green light and hardly emit red light. That 1s, the phosphor
4 substantially does not convert the wavelength of green
light into the wavelength of red light. The reflectance of the
phosphor 4 with respect to green light 1s preferably 70% or
more on average in the wavelength range of green light.
Designing the light-emitting device can be facilitated by
employing a phosphor having a high reflectance with respect
to green light, that 1s, less likely to absorb green light, that
1s, less likely to convert the wavelength of green light, for
the phosphor 4.

[0035] When a red phosphor having a high absorption
with respect to green light 1s used, the light output balance
of the light-emitting device 1s required to be determined in
consideration of wavelength conversion by the phosphor 4
with respect to not only the first light-emitting elements 105
but the second light-emitting element 20g and the third
light-emitting element 30g. On the other hand, when the
phosphor 4 that hardly converts the wavelength of green
light 1s used, the light output balance of the light-emitting
device can be designed 1n consideration of only wavelength
conversion of blue light emitted from the first light-emitting
clements 10b.

[0036] Examples of the phosphor 4 having such preterable
properties include the red phosphors below. The phosphor 4
1s at least one of the following.

[0037] One type 1s red phosphors having compositions
represented by the following general formula (I).

A MF Mn** (1)

[0038] In the general formula (I), A 1s at least one selected
from the group consisting of K, Li, Na, Rb, Cs, and NH**,
and M 1s at least one element selected from the group
consisting of Group IV elements and Group XIV elements.

[0039] The Group IV elements include titamium (T1),
zirconium (Zr), and hatnium (Hf). The Group XIV elements
include silicon (S1), germanium (Ge), tin (Sn), and lead (Pb).

[0040] Specific examples of the one type of red phosphors
include K,SiF.:Mn™*, K,(Si,Ge)F.:Mn™* and K,TiF,:
Mn**.

[0041] The light-transmissive member 3 covers at least

part of the first light-emitting elements 105 and at least part
of each of the second light-emitting element 20g and the
third light-emitting element 30g. At least part of the light-
transmissive member 3 1s located between the first light-
emitting element 106 and the second light-emitting element
20g or between the first light-emitting element 105 and the
third light-emitting element 30g. The light-transmissive
member 3 1s preferably disposed across the first light-
emitting elements 105, the second light-emitting element
20g, and the third light-emitting element 30g 1n contact with
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these elements. As shown 1n FIG. 1A and FIG. 1B, the entire
surfaces except for the bottom surfaces, which are 1n contact
with the first lead 36a or the second lead 365, of the first
light-emitting elements 106 (that 1s, an upper surface and
lateral surfaces) may substantially be covered with the
light-transmissive member 3. In the same manner, the entire
surfaces except for the bottom surfaces, which are in contact
with the first lead 364 or the second lead 365, of the second
light-emitting element 20g and the third light-emitting ele-
ment 30g (that 1s, upper surfaces and lateral surfaces) may
substantially be covered with the light-transmissive member

3.

[0042] By covering the first light-emitting elements 105
with the light-transmissive member 3, the phosphor 4 con-
tained 1n the light-transmissive member 3 absorbs part of
blue light emitted from the first light-emitting elements 105,
and emits red light. Blue light that has not been subjected to
wavelength conversion by the phosphor 4, and the red light
emitted from the phosphor 4 pass through the light-trans-
missive member 3 and exit to the outside through the upper
surface (1.e., light extracting surface of the light-emitting
device 100) of the light-transmissive member 3. On the other
hand, green light emitted from the second light-emitting
clement 20g and the third light-emitting element 30g 1s
partially converted by the phosphor 4 1nto red light, prefer-
ably not (or hardly) converted by the phosphor 4 into red
light, passes through the light-transmissive member 3, and
exits to the outside through the upper surface of the light-
transmissive member 3. The blue light, the red light, and the
green light are then mixed outside the light-transmissive
member 3, and light of a desired color such as white can be
obtained.

[0043] In the light-emitting device 100, green light is
obtained by emission of light from at least two elements,
which are the second light-emitting element 20g and the
third light-emitting element 30g, having peak wavelengths
in a range of 490 nm to 570 nm. Light-emitting elements
having full width at half maximum 40 nm are preferably
used as the second light-emitting element 20g and third
light-emitting element 30g, and light-emitting elements hav-
ing full width at half maximum 30 nm are more preferably
used. This constitution enables the green light to have a
sharp peak more easily than when green light 1s obtained
using a green phosphor. Accordingly, a liquid-crystal display
including the light-emitting device 100 can achieve high
color reproducibaility.

[0044] In addition, part of the green light emitted from the
second light-emitting element 20g and the third light-emiat-
ting element 30g 1s preferably scattered by the phosphor 4
without change 1n 1ts wavelength. In this case, the intensity
distribution of green light outside the light-transmissive
member 3 1s uniform, and color non-umiformity can be
reduced. In addition, for example, 1t 1s advantageous also in
view of productivity for the light-transmissive member 3 to
be made of the same resin covering the first light-emitting
clements 105 as the resin covering the second light-emitting
clement 20g and the third light-emitting element 30g.

[0045] Based on a given wavelength X nm 1n a range of
490 nm to 570 nm, the peak wavelength Y nm of the second
light-emitting element 20g 1s 1n a range of 490 nm to less
than the wavelength X nm, and the peak wavelength Z nm
of the third light-emitting element 30g 1s 1n a range of more
than the wavelength X nm to 570 nm. The absolute value of
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difference between | X-Y| and |X-Z| 1s equal to or less than
10 nm. The wavelength X 1s preferably in a range of 515 nm
to 335 nm.

[0046] The following describes details of constituents of
the light-emitting device 100.

Light-Emitting Element

[0047] The first light-emitting elements 105, the second
light-emitting element 20g, and the third light-emitting
clement 30g may be disposed in appropnately selected
arrangement. The following exemplifies several preferable
arrangements.

[0048] As shown in FIG. 1A and FIG. 1B, the longitudinal
directions of the first light-emitting element 106 and the
second light-emitting element 20g may be parallel to the
longitudinal direction (1.e., lateral direction in FIG. 1A and
FIG. 1B) of the support 7. In addition or alternatively, as
shown 1 FIG. 1A and FIG. 1B, the longitudinal direction of
the first light-emitting element 105 may be aligned with the
longitudinal direction of the second light-emitting element
20¢g 1n one straight line. These arrangements can distribute
light emitted from the light-emitting elements more uni-
formly over the entire light-emitting device 100.

[0049] The element-mounting surface of the support 7
herein 1s a surface of the support 7 on which at least one of
the first light-emitting element 106 and the second light-
emitting element 20g 1s mounted. The same applies to the
arrangement of the first light-emitting element 105 and the
third light-emitting element 30g.

[0050] As in the case of the light-emitting device 100
where the two first light-emitting elements 105, the second
light-emitting element 20g, and the third light-emitting
clement 30g are used, blue light-emitting elements and
green light-emitting elements may be alternately disposed as
shown 1n FIG. 1A. That 1s, the light-emitting element nearest
(for example, the distance between the centers of the light-
emitting elements 1s the shortest) to the first light-emitting
element 105 1n the second row from the bottom 1s the second
light-emitting element 20g, and the light-emitting element
nearest to the first light-emitting element 106 1n the bottom
row 1s the third light-emitting element 30g. As shown in
FIG. 1A, the two first light-emitting elements 1056, the
second light-emitting element 20g, and the third light-
emitting element 30g are arranged in a two-dimensional
array. As shown 1n FIG. 1A, the two first light-emitting
clements 106 are located diagonally in one diagonal line
connecting the centers of the light-emitting elements, and
the second light-emitting element 20g and the third light-
emitting element 30g are located diagonally in another
diagonal line other than the aforementioned diagonal line.
Such an arrangement can reduce color non-uniformity.
[0051] As shown 1n FIG. 1A, a plurality of rows may be
disposed 1n each of which the longitudinal direction of a blue
light-emitting element 1s aligned with the longitudinal direc-
tion of a green light-emitting element in one straight line.
That 1s, the longitudinal direction of one first light-emitting
clement 106 may be aligned with the longitudinal direction
of the second light-emitting element 20g 1n one straight line,
and the longitudinal direction of the other first light-emitting
clement 1056 may be aligned with the longitudinal direction
of the third light-emitting element 30g in another straight
line.

[0052] The above preferable arrangements may be appro-
priately altered.
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[0053] The first light-emitting elements 105, the second
light-emitting element 20g, the third light-emitting element
30g, and the fourth light-emitting element may be semicon-
ductor elements such as light-emitting diodes (LEDs) that
emit light from 1tself by applying a voltage. For the semi-
conductor used for each of the light-emitting elements,
nitride based semiconductors (In,Al;Ga, 5. N, 0=X, 0=Y,
X+Y=1) can be used. That 1s, the first light-emitting ele-
ments 105, the second light-emitting element 20g, the third
light-emitting element 30g, and the fourth light-emitting
clement may be nitride semiconductor elements. The num-
ber of each of the first light-emitting elements 105, the
second light-emitting element 20g, the third light-emitting
clement 30g, and the fourth light-emitting element disposed
on the support 7 may be one or or more. The planar shape
of each light-emitting element may be a substantially square
or a substantially rectangle, or a plurality of light-emitting
clements having different shapes may be disposed in com-
bination. The numbers and the shapes of the light-emitting
clements can be selected as appropriate depending on the
shape and the size of the support 7.

[0054] The light output of the first light-emitting element
105 may be the same as the light output of the second
light-emitting element 20g or the third light-emitting ele-
ment 30g. Alternatively, the light output of the first light-
emitting element 105 may differ from the light output of the
second light-emitting element 20¢ or the third light-emitting
clement 30g depending on the desired properties such as
color reproducibility. As one embodiment for providing
good color reproducibility, the ratio of the light output of the
second light-emitting element 20¢g or the third light-emitting
clement 30g to the light output of the first light-emitting
clement 1056 may be about 0.3 or more and about 0.7 or less.

[0055] The ratio of the light outputs of the light-emitting
clements can be calculated from the ratio of the heights of
the emission peaks of the blue light-emitting element and the
green light-emitting element after obtaining emission spec-
tra with a spectrophotometer.

[0056] In the embodiment shown in FIG. 1B, the upper
surtace of the first light-emitting element 105 1s located at
the same height as the upper surface of the second light-
emitting element 20g, but these heights can be altered as
appropriate. The upper surface of the second light-emitting
clement 20g may be located higher than the upper surface of
the first light-emitting element 105. That 1s, the upper
surface of the second light-emitting element 20g may be
located nearer to the light extracting surface (1.e., upper
surface of the light-transmissive member 3) of the light-
emitting device 100 than the upper surface of the first
light-emitting element 106 1s. For example, the second
light-emitting element 20g can be disposed on a submount
so that the upper surface of the second light-emitting ele-
ment 20g 1s higher than the upper surface of the first
light-emitting element 1056 on the support 7. Alternatively,
one or more steps can be made on the element-mounting
surface of the support 7 between the first light-emitting
clement 106 and the second light-emitting element 20g.
These methods can be used in combination. The same
applies to the third light-emitting element 30g. Such
arrangements enable good color reproducibility to be
obtained, for example, even when the light outputs of the
second light-emitting element 20g and the third light-emiat-
ting element 30g are rather lower than the light output of the
first light-emitting element 105.
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Light-Transmissive Member

[0057] The light-transmissive member 3 may be formed of
resins, glass materials or other materials by approprately
selecting. When the light-transmissive member 3 1s formed
of a resin, suitable resin may be used. One of pretferable
examples 1s a transparent resin, because absorption of light
emitted from the first light-emitting elements 105, the sec-
ond light-emitting element 20g, the third light-emitting
clement 30g, and the phosphor 4 1s reduced. Another pret-
erable example 1s a semitransparent resin made by contain-
ing a diffusing material such as Ti0, and S10, 1n a trans-
parent resin. This 1s because absorption of light emitted from
the first light-emitting elements 105, the second light-emit-
ting element 20g, the third light-emitting element 30g, and
the phosphor 4 can be reduced to some extent, and the light
can be diffused sufliciently.

[0058] Examples of such preferable resins include silicone
based resins and epoxy based resins. The light-transmissive
member 3 can be formed by melting such a resin, mixing and
dispersing the phosphor 4, then providing the resin contain-
ing the dispersed phosphor 4 1n the cavity of the resin
package 2, and curing the resin.

Support

[0059] The resin package 2, which 1s one embodiment of
the support 7, may be formed of suitable resin. Examples of
preferable resins include nylon based resins, epoxy based
resins, and silicone based resins.

[0060] For example, a reflective material may be disposed
by plating with a metal such as silver (Ag) on the surface of
the cavity of the resin package 2, or the surface of the cavity
may have a light color such as white as appropriate. These
constitutions can improve light reflectance of the surface of
the cavity. Since light reached the surface of the cavity 1s
reflected toward the emission direction 1n larger mount, the
efliciency of the light-emitting device 100 can be enhanced.

[0061] Instead of the resin package having the cavity, for
example, the support can include an insulating substrate
made of a ceramic, a resin, a dielectric body, glass, or a
composite material thereof, and connection terminals dis-
posed on the surface of the substrate. Mounting the first
light-emitting elements 105, the second light-emitting ele-
ment 20g, and the third light-emitting element 30g on the
support, thereafter the light-transmissive member 3 contain-
ing the phosphor 4 may be formed to cover the first
light-emitting elements 105, the second light-emitting ele-
ment 20g, and the third light-emitting element 30g, for
example, by molding.

[0062] A long flexible member may be used for the
support as shown 1 FIG. 3. A light-emitting device 100B
shown 1n FIG. 3 includes the support 7, the first light-
emitting elements 105, the second light-emitting elements
20g, the third light-emitting elements 30g, and a plurality of
encapsulants 11.

[0063] A flexible insulating material constitutes the sup-
port 7 shown 1n FIG. 3. As such a material, an insulating
resin such as polyethylene terephthalate and polyimides can
be preferably used, but other materials can be appropriately
selected. For example, the support 7 may be constituted by
covering a sheet of long and thin, tape-shaped copper foil or
aluminum foil with an insulating resin. The thickness of the
support 7 can be, for example, 1n a range of about 10 um to
about 100 um. The ratio of the lengths of the support 7 1n the
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longitudinal direction and the short direction can be selected
as appropriate, and can be, for example, 6:1, 30:1, or 100:1.
The length of the support 7 1n the longitudinal direction can
be, for example, about 1150 mm. The length of the support
7 1n the short direction can be about 15 mm.

[0064] On the support 7, each of the encapsulants 11
covers the first light-emitting elements 105, the second
light-emitting elements 20g, and the third light-emitting
clements 30g. In the present embodiment, the encapsulants
11 are aligned 1n a row along a first direction. The encap-
sulants 11 have a hemispherical shape 1n the present embodi-
ment, but the shape can be appropnately selected. A light-
transmissive resin (such as an epoxy resin, a urea resin, and
a silicone resin) constitutes the encapsulants 11. The encap-
sulants 11 may contain a light-scattering material (such as
barium sulfate, titanium oxide, aluminum oxide, and silicon
oxide). The encapsulants 11 contain a wavelength conver-
sion member such as a phosphor.

[0065] The first light-emitting elements 105, the second
light-emitting element 20g, and the third light-emitting
clement 30g are disposed on the support 7. In each of the
light-emitting devices in the light-emitting device 100B
shown 1 FIG. 3, blue light-emitting elements and green
light-emitting elements are alternately disposed. Specifi-
cally, one of the first light-emitting elements 105, the second
light-emitting element 20g, another one of the first light-
emitting elements 105, and the third light-emitting element
30g are disposed 1n this order along the longitudinal direc-
tion of the light-emitting device 100B. Such an arrangement
can suppress color non-umiformity. For the method for
mounting each light-emitting element, die bonding and wire
bonding may be employed as well as flip chip mounting. An
underfill material 1s preferably provided between each light-
emitting element and the support 7. For example, a silicone
resin or an epoxy resin constitutes the underfill material. The
underfill matenal 1s preterably light-reflective. Specifically,
the underfill material preferably contains a white substance
such as titanium oxide and silicon oxide.

[0066] A light-emitting unit 100C shown in FIG. 4A and
FIG. 4B can be exemplified as a modification of the light-
emitting unit 100 without the support. The light-emitting
unit 100C shown 1n FIG. 4A and FIG. 4B includes the first
light-emitting elements 105, the second light-emitting ele-
ment 20g, the third light-emitting element 30g, the light-
transmissive member 3 disposed on the lateral sides of each
light-emitting element, and a covering member 13 covering
the outer surfaces of the light-transmissive member 3. The
light-emitting unit 100C can include the phosphor 4 and the
light-transmissive member 3 on its upper side, which func-
tions as the light-emitting surface.

[0067] The first light-emitting element 105 shown 1n FIG.
4B includes a light-transmissive substrate 27, a semicon-
ductor stacked body 28, and a pair of electrodes 251 and
252. The light-transmissive substrate 27 1s disposed on the
upper side of the first light-emitting element 105, and the
semiconductor stacked body 28 1s disposed on the lower side
of the first light-emitting element 105.

[0068] The pair of electrodes 251 and 252 of the first
light-emitting element 105 are exposed on the lower surface
of the light-emitting unit 100C out of the covering member
13. The same applies to the second light-emitting element
20g and the third light-emitting element 30g. The covering
member 13 covers the outer surfaces of the light-transmis-
sive member 3 disposed on the lateral surfaces of each
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light-emitting element, and exposed portions of the lateral
surfaces of each light-emitting element. The covering mem-
ber 13 1s formed of a material that satisfies a predetermined
relation of the covering member 13 to the light-transmissive
member 3 and each light-emitting element in terms of
magnitude of coeflicients of thermal expansion. Specifically,
a difference 1n the coellicients of thermal expansion between
the light-transmissive member 3 and each light-emitting
clement 1s referred to as a “first diflerence AT30 1n coetli-
cients of thermal expansion”, and a difference 1n coeflicients
of thermal expansion between the covering member 13 and
cach light-emitting element 1s referred to as a “second
difference AT40 1n coethicients of thermal expansion”. The
material of the covering member 13 1s selected so that the
relation AT40<AT30 1s satisfied. This constitution can alle-
viate detachment of the light-transmissive member 3 from
cach light-emitting element.

[0069] In particular, the resin material used for the cov-
ering member 13 1s preferably a light-transmissive thermo-
setting resin such as a silicone resin, a modified silicone
resin, an epoxy resin, and a phenolic resin. The covering
member 13 can be formed of a light-reflective resin. The
light-reflective resin herein 1s a resin material that has a
reflectance for light from a light-emitting element of 70% or
more. Light reached the covering member 13 1s reflected
toward the upper side (i.e., light-emitting surface side) of the
light-emitting unit 100C, thus the light extraction efliciency
of the light-emitting unit 100C can be enhanced.

[0070] The light-transmissive member 3 covers the lateral
surfaces of each light-emitting element and guides light
exiting from the lateral surfaces in the upper-surface direc-
tion of the light-emitting unit 100C. In other words, the
light-transmissive member 3 1s intended to extract light out
of the light-emitting element through the light-transmissive
member 3 before the light 1s attenuated within each light-
emitting element due to reflection of the light that has
reached the lateral surfaces of the light-emitting element, by
the lateral surfaces. Any of the members exemplified in the
description of the light-emitting unit 100 can be used for the
light-transmissive member 3. In particular, the member 1s
preferably a light-transmissive thermosetting resin such as a
silicone resin, a modified silicone resin, an epoxy resin, and
a phenolic resin. The light-transmissive member 3 1s 1n
contact with the lateral surfaces of the light-emitting element
and easily aflected by heat generated by the light-emitting
clement while the light-emitting element i1s lighting up.
Thermosetting resins are suitable for the light-transmissive
member 3 because this kind of resin 1s good heat resistant
property. The light-transmissive member 3 preferably has a
high transmittance of light. Thus, 1t 1s usually pretferable that
the light-transmissive member 3 contain substantially no
additives that reflect, absorb, or scatter light. In some cases,
however, 1t 1s preferable to add an additive to the light-
transmissive member 3 1n order to impart desirable proper-
ties. For example, some kinds of fillers can be added to
adjust the refractive index of the light-transmissive member
3 or to adjust the viscosity of the light-transmissive member
before being cured.

[0071] In the light-emitting unit 100C shown 1n FIG. 4B,
the light-transmissive member 3 1s disposed on the upper
side, which functions as the light-emitting surface, of the
second light-emitting element 20g, and the phosphor 4 1s
disposed on the upper side, which functions as the light-
emitting surface, of the first light-emitting element 1054. It 1s
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preferable that the light-transmissive member 3 disposed on
the upper side of the second light-emitting element 20g
contain substantially no additives that reflect, absorb, or
scatter light emitted from the second light-emitting element
20g. Such an arrangement enables beams of light emaitted
from the first light-emitting elements 105, the second light-
emitting element 20g, the third light-emitting element 30g,
and the phosphor 4 to be mixed with one another and enables
a desired color light such as white light to be obtained. As
shown 1n FIG. 4B, the first light-emitting element 105 1s
connected to the second light-emitting element 20g 1n series
via a metal film 14 formed by sputtering or the like.
Disposing the metal film 14 enables heat from the light-
emitting elements to be ethiciently dissipated to the outside.

[0072] The light-emitting umit 100 may be manufactured
by the following manufacturing method.

[0073] Adfter locating the first lead 364 and the second lead
366 1n a mold, a resin 1s provided in the mold, so that the
resin package 2, the first lead 364, and the second lead 366
are integrally formed. The first light-emitting elements 105
are disposed on a portion of the first lead 36a exposed on the
bottom surface of the cavity of the resin package 2. The
second light-emitting element 20g and the third light-emit-
ting element 30g are disposed on a portion of the first lead
36a exposed on the bottom surface of the cavity of the resin
package 2. After that, the wires 6 are used to connect the lead
36a, the first light-emitting elements 1056, the second light-

emitting element 20g, the third light-emitting element 30g,
and the second lead 36b.

[0074] Subsequently, a molten resin containing the phos-
phor 4 1s charged into the cavity of the resin package 2 so
that at least part of the resin 1s 1n contact with the first
light-emitting elements 105, the second light-emitting ele-
ment 20g, and the third light-emitting element 30g. The
phosphor 4 1s allowed to settle down, and then the resin 1s
cured to form the light transmissive member 3.

[0075] The light-emitting unit 100 described above 1is
so-called a top-view light-emitting device in which the
upper surface of the light-emitting device serves as the light
extracting surface and the lower surface serves as the
clement-mounting surface. The term “light-emitting device”
according to an embodiment of the present disclosure
includes so-called a side-view light-emitting device 1n which
a surface adjacent to the light extracting surface 1s the
clement-mounting surface, and light 1s emitted 1n a direction
substantially parallel to the device-mounting surface.

2. Second Embodiment

[0076] FIG. 5 1s a schematic top view of a backlight 200

according to a second embodiment. The backlight 200
includes the light-emitting device 100 as described below.
The light-emitting device 100 in the following description,

however, may be replaced with the light-emitting device
100A, 100B or 100C.

[0077] The backlight 200 includes a case 21, a light guide
plate 22 1n the case 21, and the light-emitting device 100 that
1s disposed 1n the case 21 and emits light toward the light
guide plate 22. In the backlight 200, light emitted from the
light-emitting device 100 to a desired apparatus such as a
liquid-crystal panel, through the light guide plate 22.
[0078] The case 21 may be formed so that its inner
surfaces reflect light. For example, the inner surfaces may be
white color.
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[0079] At least one of the four lateral surfaces of the light
guide plate 22 1s used as the incident surface (1.e., light
incident portion) of light. In the embodiment shown 1n FIG.
5, the lower side surface 1s the incident surface. The light-
emitting device 100 1s disposed so that its light extracting
surface faces the incident surface. It i1s preferable that a
plurality of light-emitting devices 100 be disposed along the
incident surface. Light emitted from the light-emitting
device 100 enters the light guide plate 22 through the
incident surface. When a plurality of light-emitting devices
100 are used, beams of light emitted from the different
light-emitting devices 100 are mixed with one another
within the light guide plate 22.
[0080] The upper surface of the light guide plate 22 serves
as the light emission surface. By disposing a desired appa-
ratus such as a liquid-crystal panel on the light emission
surface, light exiting from the light guide plate 22 travels
toward the apparatus.
[0081] The longitudinal direction of the light extracting
surface of the light-emitting device 100 may be aligned with
the longitudinal direction of the incident portion (incident
surface) of the light guide plate 22. The longitudinal direc-
tion of the light extracting surface of the light-emitting
device 100 1s parallel to the longitudinal direction of the
incident surface of the light guide plate, and thus light from
the light-emitting device 100 can be more efliciently guided
into the light gmide plate 22.
[0082] FIG. 6 1s a schematic cross-sectional view of a
modification of the backlight 200 according to the second
embodiment. As shown 1n FIG. 6, the backlight 200 may be
so-called a direct-lit backlight apparatus 1n which a plurality
of light-emitting devices 100 are disposed directly below the
light guide plate 22.
[0083] The light-emitting device according to an embodi-
ment of the present disclosure can be used for a backlight for
a liguid-crystal display, for example.
1. A light-emitting device comprising;:
one or more first light-emitting elements each having a
peak wavelength 1n a range from 430 nm to less than
490 nm;
a second light-emitting element having a peak wavelength
Y 1n a range from 490 nm to less than a wavelength X;
a third light-emitting element having a peak wavelength Z
in a range from more than the wavelength X to 570 nm;
and
a phosphor or a fourth light-emitting element having a
peak wavelength 1n a range from 580 nm to 680 nm,
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wherein at least one of the second light-emitting element
and the third light-emitting element 1s connected to at
least one of the first light-emitting elements 1n series,
and

the wavelength X 1s 1n a range from more than 490 nm to
less than 570 nm with an absolute value of difference
between I X-Y| and IX-Z| being 10 nm or less.

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

comprising

the number of the one or more first light-emitting ele-
ments 1s two, wherein

the first light-emitting elements, the second light-emitting
clement, and the third light-emitting element are
arranged 1n a two-dimensional array,

the first light-emitting elements are arranged diagonally
with respect to each other along a first diagonal line
connecting centers of the first light-emitting elements,
and

the second light-emitting element and the third light-
emitting element are arranged diagonally with respect
to each other along a second diagonal line other than
the first diagonal line.

3. The light-emitting device according to claim 1, wherein

the wavelength X 1s 1n a range from 515 nm to 3535 nm.

4. The light-emitting device according to claim 1, wherein

a rat1o of a light output of one of the second light-emitting
clement and the third light-emitting element to a light
output of the first light-emitting element 1s 1n a range
from 0.3 to 0.7.

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

comprising,

a support on which the first light-emitting element, the
second light-emitting element, and the third light-
emitting element are disposed.

6. The light-emitting device according to claim 1, wherein

the phosphor 1s contained 1n a light-transmissive member
covering the first light-emitting element, the second
light-emitting element, and the third light-emitting ele-
ment.

7. A backlight comprising;

the light-emitting device according to claim 1; and

a light guide plate having a lateral surface including an
incident portion of light, the light gmide plate being
arranged with respect to the light-emitting device so
that the incident portion faces a light extracting surface
of the light-emitting device.
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