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LIGHT-EMITTING APPARATUS AND
DISPLAY DEVICE

TECHNICAL FIELD

[0001] One aspect of the disclosure relates to a light-
emitting apparatus including Quantum Dot (QD) phosphor
particles.

BACKGROUND ART

[0002] In recent years, for example, as a light source of a
display device, a light-emitting apparatus including QD
phosphor particles (also referred to as semiconductor nano-
particle phosphors) has been used. PTL 1 discloses an
example of such a display device. The display device of PTL
1 is intended to improve light usage efliciency.

CITATION LIST

Patent Literature

[0003] PTL 1: JP 2016-142894 A
SUMMARY
Technical Problem
[0004] However, as will be described below, there is room

for improvement in the configuration of the light-emitting
apparatus for improving the color reproducibility of the
display device. An object of one aspect of the disclosure is
to provide a light-emitting apparatus capable of realizing a
display device with excellent color reproducibility.

Solution to Problem

[0005] In order to solve the above problem, a light-
emitting apparatus according to one aspect of the disclosure
is a light-emitting apparatus in which a first light-emitting
layer is provided between a first electrode and a second
electrode, wherein the first light-emitting layer includes a
quantum dot phosphor particle configured to emit a first light
by electro-luminescence and the light-emitting apparatus is
further provided with a wavelength converting member
configured to receive the first light and emit a second light
that is a blue light with a longer peak wavelength than the
first light.

Advantageous Effects of Disclosure

[0006] According to a light-emitting apparatus of one
aspect of the disclosure, it is possible to provide a light-
emitting apparatus capable of realizing a display device with
excellent color reproducibility.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 is a diagram illustrating a schematic con-
figuration of a light-emitting apparatus according to a first
embodiment.

[0008] FIG. 2 is a diagram illustrating a schematic con-
figuration of a light-emitting apparatus according to a com-
parative example.

[0009] FIG. 3 is a diagram illustrating a schematic con-
figuration of a light-emitting apparatus according to a sec-
ond embodiment.
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[0010] FIG. 4 is a diagram illustrating a schematic con-
figuration of a light-emitting apparatus according to a third
embodiment.

[0011] FIG. 5 is a diagram illustrating an example of a
schematic configuration of a light-emitting apparatus
according to a fourth embodiment.

[0012] FIG. 6 is a diagram illustrating another example of
a schematic configuration of a light-emitting apparatus
according to the fourth embodiment.

[0013] FIG. 7 is a diagram illustrating still another
example of a schematic configuration of a light-emitting
apparatus according to the fourth embodiment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0014] FIG. 1 illustrates a schematic configuration of a
light-emitting apparatus 1 according to a first embodiment.
A light-emitting apparatus 1 is used as a light source of a
display device 100. That is, the display device 100 includes
the light-emitting apparatus 1 as a light source. Of the
members included in the light-emitting apparatus 1, the
description of members not related to the first embodiment
will be omitted. It may be understood that the members
which omit these descriptions are similar to those known in
the art. Further, it should be noted that each drawing
schematically describes the shape, structure, and positional
relationship of each member, and is not necessarily drawn to
scale.

[0015] Configuration of Light-Emitting Apparatus 1
[0016] The light-emitting apparatus 1 is a light source that
lights each pixel of the display device 100. In the first
embodiment, the display device 100 expresses an image
with a plurality of pixels of RGB (Red, Green, Blue).
Hereinafter, the red pixel (R pixel) is referred to as Pr, the
green pixel (G pixel) as Pg, and the blue pixel (B pixel) as
Pb.

[0017] In the light-emitting apparatus 1, each of the red
pixel Pr, the green pixel Pg, and the blue pixel Pb is
partitioned by a light blocking member 99 (e.g. a black
matrix). By dividing each pixel by the light blocking mem-
ber 99, the outline of each pixel is emphasized. Therefore,
the contrast of the image displayed on the display surface
(not illustrated) of the display device 100 is improved.
[0018] The light-emitting apparatus 1 includes QD phos-
phor particles which emit light according to the combination
of holes supplied from an anode electrode 16 (anode, second
electrode) and electrons (free electrons) supplied from a
cathode electrode 11 (cathode, first electrode). More spe-
cifically, the QD phosphor particles are contained in the
light-emitting layer 13 (QD phosphor layer) provided
between the anode electrode 16 and the cathode electrode
11. Hereinafter, a direction from the anode electrode 16 to
the cathode electrode 11 is referred to as an upward direc-
tion. Also, the direction opposite to the upward direction is
referred to as the downward direction.

[0019] The light-emitting apparatus 1 includes a cathode
electrode 11, an Electron Transportation layer (ETL) 12, a
light-emitting layer 13, a Hole Transportation layer (HTL)
14, a Hole Injection Layer (HIL) 15, an anode electrode 16,
and a substrate 17 in this order in the downward direction.
[0020] In the present specification, the first electrode
means the upper electrode among the two electrodes sand-
wiching the light-emitting layer 13. On the other hand, the
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second electrode means the lower electrode among the two
electrodes sandwiching the light-emitting layer 13. In the
first embodiment, the cathode electrode 11 is the first elec-
trode and the anode electrode 16 is the second electrode.

[0021] The components between the cathode electrode 11
and the anode electrode 16 are supported by the substrate 17
provided below the anode electrode 16. As an example,
when manufacturing the light-emitting apparatus 1, the
anode electrode 16, the hole injection layer 15, the hole
transportation layer 14, the light-emitting layer 13, the
electron transportation layer 12, and the cathode electrode 11
are formed (film formation) on the substrate 17 in this order.
In the light-emitting apparatus 1, the formation of the blue
phosphor layer 196 described later is performed after the
formation of the cathode electrode 11.

[0022] The substrate 17 may be a highly transparent
substrate (e.g. glass substrate), or a substrate with a poorly
transparent (e.g. flexible substrate). The light-emitting appa-
ratus 1 further includes a sealing glass 170 that seals
(protects) the components between the cathode electrode 11
and the anode electrode 16 and the blue phosphor layer 195
(described later). The sealing glass 170 is fixed to the
substrate 17 by a sealing resin 171 (e.g. adhesive).

[0023] The components between the cathode electrode 11
and the anode electrode 16 may be individually provided for
each of the red pixel Pr, the green pixel Pg, and the blue pixel
Pb. For example, the cathode electrode 11 includes a cathode
electrode 117 provided in the red pixel Pr, a cathode elec-
trode 11g provided in the green pixel Pg, and a cathode
electrode 115 provided in the blue pixel Ph.

[0024] In this way, in FIG. 1, the subscripts “t, g, b” are
appended to distinguish the members corresponding to the
red pixel Pr, the green pixel Pg, and the blue pixel Pb, as
necessary. This is true for the electron transportation layer
12 (12#, 12g, 12b), the light-emitting layer 13 (137, 13g,
134), the hole transportation layer 14 (147, 14g, 145), the
hole injection layer 15 (15¢, 15g, 15b), and the anode
electrode 16 (167, 16g, 165).

[0025] In particular, in the light-emitting layer 13 includes
the red light-emitting layer 137 provided in the red pixel Pr,
the green light-emitting layer 13g provided in the green
pixel Pg, and the blue light-emitting layer 1354 (first light-
emitting layer) provided in the blue pixel Pb. The red
light-emitting layer 13 includes red QD phosphor particles
1307 (red quantum dot phosphor particles) that emit red light
Lr. The green light-emitting layer 13g includes green QD
phosphor particles 130g (green quantum dot phosphor par-
ticles) that emit green light Lg.

[0026] The blue light-emitting layer 135 includes blue QD
phosphor particles 1305 (blue quantum dot phosphor par-
ticles, quantum dot phosphor particles) that emit the first
blue light Lb (first light). The blue light-emitting layer 135
is an example of the first light-emitting layer. The first blue
light Lb is an example of light (first light) emitted from the
first light-emitting layer.

[0027] In the first embodiment, the cathode electrode 11
(cathode) which is the first electrode is made of Indium Tin
Oxide (ITO). That is, the cathode electrode 11 is a light-
transmissive electrode (light extraction electrode) that trans-
mits light (red light Lr, green light Lg, and first blue light Lb)
emitted from the light-emitting layer 13. In this way, the
light-emitting apparatus 1 can emit the light emitted from
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the light-emitting layer 13 in the upward direction. That is,
the light-emitting apparatus 1 is configured as a top-emitting
type light-emitting apparatus.

[0028] On the other hand, the anode electrode 16 (anode)
which is the second electrode is made of Al (aluminum), for
example. That is, the anode electrode 16 is a reflective
electrode that reflects the light emitted from the light-
emitting layer 13. According to this arrangement, among the
light emitted from the light-emitting layer 13, the light going
downward (not illustrated in FIG. 1) can be reflected by the
anode electrode 16. As a result, the light reflected by the
anode electrode 16 can be directed to the cathode electrode
11 (upward). Therefore, the usage efficiency of the light
emitted from the light-emitting layer 13 can be improved.
[0029] The electron transportation layer 12 contains a
material with excellent electron transport property. Accord-
ing to the electron transportation layer 12, the supply of
electrons from the cathode electrode 11 to the light-emitting
layer 13 can be promoted. The electron transportation layer
12 may also have a role of an electron injection layer (EIL).
The hole injection layer 15 is a layer that promotes injection
of electrons from the anode electrode 16 to the light-emitting
layer 13. The hole injection layer 15 contains a material
having excellent hole injection property. In addition, the
hole transportation layer 14 contains a material with excel-
lent hole transport property. The hole injection layer 15 and
the hole transportation layer 14 enables to promote the
supply of holes from the anode electrode 16 to the light-
emitting layer 13.

[0030] By applying a forward voltage between the anode
electrode 16 and the cathode electrode 11 (by setting the
anode electrode 16 to a potential higher than that of the
cathode electrode 11), (1) electrons can be supplied from the
cathode electrode 11 to the light-emitting layer 13 and (ii)
holes can be supplied from the anode electrode 16 to the
light-emitting layer 13. As a result, in the light-emitting
layer 13, light can be generated with a combination of holes
and electrons. The application of the voltage may be con-
trolled by a Thin Film Transistor (TFT) (not illustrated).
[0031] The material of the QD phosphor particles in the
light-emitting layer 13 is a luminescent material (e.g. inor-
ganic luminescent material) with a valence band level and a
conduction band level. In the QD phosphor particles (lumi-
nescent material), excitons are generated in accordance with
a combination of holes and electrons. QD phosphor particles
emit light in accordance with deactivation of excitons. More
specifically, the QD phosphor particle emits light when the
exciton excited from the valence band level to the conduc-
tion band level transits to the valence band level.

[0032] In this way, the light-emitting layer 13 emits light
by electro-luminescence (EL) (more specifically, injection
type EL). The light-emitting layer 13 functions as a self light
emitting type light emitting element. The light-emitting
layer 13 does not require a known light emitting diode
(LED) as a light source (e.g. backlight) of the display device
100. Therefore, a smaller display device 100 can be realized.
[0033] The light-emitting layer 13 (each of the red light-
emitting layer 137, the green light-emitting layer 13g and the
blue light-emitting layer 135) includes particles of a lumi-
nescent material that emits light in accordance with a
combination of holes and electrons as QD phosphor particles
(each of the red QD phosphor particles 1307 and the green
QD phosphor particles 130g, and the blue QD phosphor
particles 1305).
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[0034] As an example, the material of the QD phosphor
particles may be at least one material (semiconductor mate-
rial) selected from the group consisting of “InP, InN, InAs,
InSb, InBi, ZnS, ZnSe, ZnO, In,0,, Ga,0;,, Zr0,, In,S,,
Ga,S;, In,Se;, Ga,Se,, In,Te;, Ga,Te,, CdSe, CdTe, and
CdS”. More specifically, nano-sized crystals (semiconductor
crystals) of the above semiconductor material are used as the
material of the QD phosphor particles.

[0035] For example, the red QD phosphor particles 130r,
the green QD phosphor particles 130g, and the blue QD
phosphor particles 1305 may be CdSe/ZnS based core/shell
type QD phosphor particles, respectively.

[0036] Alternatively, the red QD phosphor particles 1307
and the green QD phosphor particles 130g may be InP/ZnS
based QD phosphor particles, respectively. In this case, the
blue QD phosphor particles 1305 may be ZnSe/ZnS based
QD phosphor particles.

[0037] In FIG. 1, spherical shape QD phosphor particles
are exemplified. However, the shape of the QD phosphor
particles is not limited to a spherical shape. For example, the
shape of the QD phosphor particles may be rod shaped or
wire shaped. Any shape known in the art may be applied to
the shape of the QD phosphor particles. This also applies to
the blue phosphor particles 1905 described below.

[0038] Since QD phosphor particles have high luminous
efficiency, they are suitable for improving luminous effi-
ciency of the light-emitting apparatus 1 (display device
100). Also, by adjusting the size (e.g. grain diameter) of the
QD phosphor particles, the energy band gap of the QD
phosphor particles can be set. That is, adjusting the particle
diameter of the QD phosphor particles allows the wave-
length (more specifically, the wavelength spectrum) of the
light emitted from the QD phosphor particles to be con-
trolled.

[0039] Specifically, as the size of the QD phosphor par-
ticles is reduced, the peak wavelength (the wavelength at
which the intensity peak in the wavelength spectrum can be
obtained) of the light emitted from the QD phosphor par-
ticles can be made shorter, Therefore, as illustrated in FIG.
1, in the light-emitting layer 13, the size of the blue QD
phosphor particles 1305 tends to be smaller than the sizes of
the red QD phosphor particles 1307 and the green QD
phosphor particles 130g.

[0040] The light-emitting apparatus 1 further includes a
blue phosphor layer 194 (wavelength converting member).
The blue phosphor layer 194 includes blue phosphor par-
ticles 1905 that emit second blue light Lb2 (second light,
fluoresce) when excited by the first blue light Lb (first light,
excitation light). The second blue light Lb2 is blue light with
a longer peak wavelength than the first blue light Lb.
[0041] As an example, the first blue light Lb has a peak
wavelength in the vicinity of a wavelength of 440 nm. In
contrast, the second blue light Lb2 has a peak wavelength in
the vicinity of a wavelength of 460 nm. It is preferable to
select a peak wavelength of the second blue light b2 which
has a high color rendering property of blue. The peak
wavelength of 460 nm is an example of a peak wavelength
with high color rendering property of blue color.

[0042] In this way, the blue phosphor layer 195 receives
the first blue light Lb (blue light of short wavelength) and
converts the first blue light Lb into the second blue light Lb2
(blue light of long wavelength). For this reason, the blue
phosphor layer 195 is also called a wavelength converting
member. In this way, the blue phosphor layer 195 emits light
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by photo-luminescence (PL). The blue phosphor layer 195
functions as a light receiving type light emitting element.
[0043] The blue phosphor layer 195 may be disposed to
cover the blue light-emitting layer 135 (to maximally over-
lap the blue light-emitting layer 135) when viewed from the
upward direction (direction normal to the light-transmissive
electrode). In the example of FIG. 1, the blue phosphor layer
195 is disposed on the upper face of the cathode electrode
115 (a light-transmissive electrode corresponding to the blue
phosphor layer 195). According to this arrangement, it is
possible to effectively receive (absorb) the first blue light Lb
(excitation light) into the blue phosphor layer 195. Accord-
ingly, a sufficient amount of the second blue light Lb2
(fluoresce) can be generated in the blue phosphor layer 195.
[0044] In the example of FIG. 1, the blue phosphor layer
195 is disposed such that the circumferential end of the blue
phosphor layer 196 coincides with (aligned with) the cir-
cumferential end of the blue light-emitting layer 135 when
viewed from above. According to this arrangement, since the
size in the width direction of the blue phosphor layer 196 can
be reduced, the manufacturing cost of the blue phosphor
layer 195 can be lowered.

[0045] In addition, in the example of FIG. 1, the blue
phosphor layer 195 is not disposed on the upper face of the
cathode electrode 117, 11g (light-transmissive electrode cor-
responding to the red light-emitting layer 137, the green
light-emitting layer 13g). That is, the blue phosphor layer
195 is arranged not to cover the red light-emitting layer 137
and the green light-emitting layer 13g when viewed from the
normal direction of the light-transmissive electrode. Accord-
ing to this arrangement, the usage efliciency of the red light
Lr and the green light Lg can be improved.

[0046] Any material may be selected as the material of the
blue phosphor particles 1905 as long as it can emit the
second blue light Lb2 by PL. As an example, the material of
the blue phosphor particles 1905 may be aluminum oxyni-
tride (AION) or BaMgAl,,0,,: Bu** (BAM). As the blue
phosphor particles 1905, any blue phosphor particles may be
used as long as they are non QD phosphor particles.
[0047] According to the configuration of the light-emitting
apparatus 1, (i) the red light Lr emitted from the red
light-emitting layer 137, (ii) the green light Lg emitted from
the green light-emitting layer 13g, and (iii) the second blue
light Lb2 (blue light obtained by converting the first blue
light Lb emitted from the blue light-emitting layer 134)
emitted from the blue phosphor layer 195, can be emitted
upward as illumination light.

[0048] That is, the light-emitting apparatus 1 can emit the
second blue light Lb2 (blue light generated by PL) as the
blue component of the illumination light instead of the first
blue light Lb (blue light generated by EL). The advantages
of this configuration will be described later.

COMPARATIVE EXAMPLE

[0049] FIG. 2 illustrates a schematic configuration of a
light-emitting apparatus Lx as a comparative example. The
light-emitting apparatus 1x has a configuration in which the
blue phosphor layer 195 is removed from the light-emitting
apparatus 1. A display device including the light-emitting
apparatus Lx is referred to as a display device 100x. In the
light-emitting apparatus 1x, the first blue light Lb is emitted
as a blue component of the illumination light.

[0050] As described above, the red QD phosphor particle
1307 and the green QD phosphor particle 130g emit red light
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Lr and green light Lg (light with a peak wavelength longer
than that of the first blue light Lb), respectively. Therefore,
each of the red QD phosphor particles 1307 and the green
QD phosphor particles 130g is formed to be larger in size
than the blue QD phosphor particles 1305.

[0051] Accordingly, it is easy to form the red QD phos-
phor particles 1307 such that the sizes of the plurality of red
QD phosphor particles 1307 are uniform between the red QD
phosphor particles 130r. Likewise, it is easy to form the
green QD phosphor particles 130g so that the sizes of the
plurality of green QD phosphor particles 130g are uniform
between the green QD phosphor particles 130g. Therefore,
for (1) the red light Lr emitted from each of the plurality of
red QD phosphor particles 1307 and (ii) the green light Lg
emitted from each of the plurality of green QD phosphor
particles 130g, it is easy to reduce variations in wavelength
spectrum.

[0052] In contrast, the blue QD phosphor particles 1305
emit the first blue light Lb (light with a peak wavelength
shorter than the red light Lr and the green light Lg).
Consequently, it is necessary for the blue QD phosphor
particles 1305 to be formed smaller than the red QD phos-
phor particles 1307 and the green QD phosphor particles
130g.

[0053] Based on the above points, the inventors (herein-
after, the inventors) of the present application newly found
an issue (problem) that “Different from the red QD phosphor
particles 1307 and the green QD phosphor particles 130g, the
blue QD phosphor particles 1305 are difficult to be formed
such that the size between the blue QD phosphor particles
1305 becomes uniform”.

[0054] Further, as described below, QD phosphor particles
that emit light by EL have less degree of freedom in
selection of materials than QD phosphor particles that emit
light by EL. From this point of view, the inventors have
newly found an issue that ““it is particularly difficult to ensure
the uniformity of size among the plurality of blue QD
phosphor particles 1305 that emit light by PL”.

[0055] Further, the inventors of the disclosure newly
found an issue of “As for materials of the blue QD phosphor
particles 130, there is no other choice but to select materials
that greatly affect the wavelength spectrum of the first blue
light Lb, depending on the size difference of the blue QD
phosphor particles 1305, thus, for the first blue light Lb
emitted from each of the plurality of blue QD phosphor
particles 1305, even if the size difference of each of the blue
QD phosphor particles 1305 is minute, the variation of the
wavelength spectrum becomes large, and as a result, in the
blue pixel Pb, a problem of unevenness (color drift) of blue
which is the luminescent color occurs”.

[0056] Based on this point, the inventors newly found a
further issue of “color drift occurs on the display surface of
the display device 100x”. In addition, the inventors have
newly discovered a further issue as follows; “when a plu-
rality of display devices 100x are manufactured, the display
performance of blue may be different between the plurality
of display devices 100x, in other words, the display perfor-
mance tends to vary among the plurality of display devices
100x (among lots)”.

[0057] Based on the above points, the inventors of the
disclosure newly found a further issue of “when the first blue
light Lb (blue light generated by EL) is used as the blue
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component of the illumination light of the light-emitting
apparatus Llx, the color reproducibility of the display device
100x may be lowered”.

Effect of Light-Emitting Apparatus 1

[0058] The inventors conceived a light-emitting apparatus
1 as a specific configuration for solving the issue (problem)
caused in the light-emitting apparatus 1x. According to the
light-emitting apparatus 1, the first blue light Lb (first light)
emitted from the blue light-emitting layer 135 (first layer)
may be converted into the second blue light Lb2 (second
light) by the blue phosphor layer 196 (wavelength convert-
ing member).

[0059] Since the second blue light Lb2 is blue light
generated by PL, the variation of the wavelength spectrum
can be made smaller than the first blue light Lb (blue light
generated by EL). The reason is as follows.

[0060] Since the blue phosphor particles 1906 are non QD
phosphor particles, the selectivity of the material is higher
than that of the QD phosphor particles (the blue QD phos-
phor particles 1305). Accordingly, it is possible to select a
material in which variations in size of the blue phosphor
particles 1905 have less influence on the wavelength spec-
trum of the second blue light Lb2.

[0061] In addition, since the blue phosphor particles 1905
emit light by PL, unlike the QD phosphor particles, the
wavelength of the fluoresce (the second blue light Lb2) is
not determined by the quantum effect depending on the
particle size. Therefore, even if there is a variation in the size
of the blue phosphor particles 1905, the second blue light
Lb2 with small variations in the wavelength spectrum may
be easily obtained.

[0062] As described above, according to the light-emitting
apparatus 1, unlike the light-emitting apparatus 1x, the
second blue light Lb2 (blue light with less variation in the
wavelength spectrum than the first blue light Lb) can be used
as the blue component of the illumination light. As a result,
the blue color drift in the blue pixel Pb can be reduced
compared with the case of the light-emitting apparatus 1x. In
other words, it becomes possible to provide a display device
100 with better color reproducibility than the display device
100x.

[0063] Further, in the light-emitting apparatus 1, (i) a red
light-emitting layer 137 which emits red light Lr with small
variation in wavelength spectrum and (ii) a green light-
emitting layer 13g which emits green light Lg with small
variation in wavelength spectrum, are further provided.
Consequently, the color rendering property of the illumina-
tion light can be improved. As a result, an RGB image with
excellent color reproducibility can be expressed in the
display device 100.

[0064] As described above, the inventors of the disclosure
have newly conceived a technical concept that “the first light
(e.g. the first blue light Lb, which is blue light with a large
variation in the wavelength spectrum generated by EL) is
utilized as an excitation light to generate the second light
(e.g. the second blue light Lb2, which is blue light with a
small variation in the wavelength spectrum generated by
PL)”.

[0065] The peak wavelength of the first blue light Lb is
preferably in the range of about 380 nm to 440 nm. Further,
it is preferable that the peak wavelength of the second blue
light Lb2 is in the range of about 450 nm to 480 nm.
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[0066] The size of the blue QD phosphor particles 1305 is
not particularly limited, but the diameter of the blue QD
phosphor particles 1305 generally may be about 2 nm to 10
nm. The size of the blue phosphor particles 1905 is also not
particularly limited, but the diameter of the blue phosphor
particles 1905 generally may be in the order of um order
(micron order). As described above, the blue phosphor
particles 1905 are sufficiently larger in size than the blue QD
phosphor particles 1305.

[0067] The thickness (film thickness) of the blue light-
emitting layer 135 is not particularly limited, but the thick-
ness of the blue light-emitting layer 135 is about several tens
of nm (the thickness of the blue phosphor particles 1905 for
one layer or two layers).

[0068] Although the thickness of the blue phosphor layer
194 is also not particularly limited, the thickness of the blue
phosphor layer 195 is generally in the order of pm order (e.g.
about several um to 100 um). This is because the blue
phosphor layer 196 has a thickness sufficient for wavelength
conversion. Thus, the blue phosphor layer 194 is sufficiently
thick compared with the blue light-emitting layer 135.

Modified Example

[0069] The first light (light emitted from the blue light-
emitting layer 135) is not necessarily limited to visible light
(blue light with a peak wavelength shorter than that of the
second blue light Lb2). The first light may be invisible light
if it functions suitably as excitation light to excite the blue
phosphor particles 1905.

[0070] For example, the first light may be near-ultraviolet
light. That is, the QD phosphor particles contained in the
first light-emitting layer may emit near-ultraviolet light as
the first light. As an example, the first light Lb may have a
peak wavelength in the vicinity of, for example, a wave-
length of 405 nm.

[0071] When the first light is near-ultraviolet light (invis-
ible light), the component derived from the second blue light
Lb2 becomes more dominant for the blue component of the
illumination light. Consequently, it is possible to more
effectively reduce the color drift of blue in the blue pixel Pb.

Second Embodiment

[0072] FIG. 3 illustrates a schematic configuration of the
light-emitting apparatus 2 of a second embodiment. The
light-emitting apparatus 2 is configured as a bottom-emitting
type light-emitting apparatus. That is, the light-emitting
apparatus 2 is configured to emit light (red light Lr, green
light Lg, and first blue light Lb) emitted from the light-
emitting layer 13 in a downward direction.

[0073] Specifically, by using a reflective electrode as the
cathode electrode 11 (cathode) as the first electrode and a
light-transmissive electrode as the anode electrode 16 (an-
ode) as the second electrode respectively, the bottom-emit-
ting type light-emitting apparatus 2 can be realized. In the
light-emitting apparatus 2, the substrate 17 is a substrate
(e.g. a glass substrate) with optical transparency.

[0074] In the light-emitting apparatus 2, the blue phosphor
layer 195 may be disposed on the lower face of the anode
electrode 165 (a light-transmissive electrode corresponding
to the blue phosphor layer 195). Also in this case, the blue
phosphor layer 195 may be arranged to cover the blue
light-emitting layer 135 (to maximally overlap the blue
light-emitting layer 135) when viewed from above. In the
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example of FIG. 3, the blue phosphor layer 195 is arranged
such that the circumferential end of the blue phosphor layer
195 coincides with the circumferential end of the blue
light-emitting layer 134.

[0075] 1In addition, the blue phosphor layer 195 is not
disposed on the lower face of the anode electrode 167 and
16g (light-transmissive electrodes corresponding to the red
light-emitting layer 137 and the green light-emitting layer
13g). On the lower face of the anode electrode 16 and 16g,
transparent resin is provided.

[0076] According to this arrangement, it is possible to
effectively absorb the first blue light Lb into the blue
phosphor layer 1956. Consequently, it is possible to emit the
second blue light [b2 going downward from the blue
phosphor layer 195.

[0077] As an example, when manufacturing the light-
emitting apparatus 2, the blue phosphor layer 195 is first
formed on the substrate 17. The formation of the anode
electrode 16 is performed after the formation of the blue
phosphor layer 195. Thereafter, each member is formed in
the same order as in the first embodiment.

[0078] Further, the blue phosphor layer 195 is not neces-
sarily required to be disposed on the upper face of the
cathode electrode 115 (in the case of the top-emitting type
light-emitting apparatus 1) or the lower face of the anode
electrode 16h (in the case of the bottom-emitting type
light-emitting apparatus 2). That is, the blue phosphor layer
195 does not necessarily have to be provided in direct
contact with the light-transmissive electrode.

[0079] For example, a light-transmissive member (e.g. a
transparent adhesive layer) may be provided between the
blue phosphor layer 195 and the light-transmissive elec-
trode. In this case, the blue phosphor layer 195 is indirectly
in contact with the light-transmissive electrode via the
adhesive layer. The blue phosphor layer 195 may only have
to be arranged over the cathode electrode 115 (in the case of
the light-emitting apparatus 1) or under the anode electrode
165 (in the case of the light-emitting apparatus 2). In other
words, it is sufficient that the blue phosphor layer 195 may
be disposed on the side of the light-transmissive electrode.

Third Embodiment

[0080] FIG. 4 illustrates a schematic configuration of the
light-emitting apparatus 3 of a third embodiment. The light-
emitting apparatus 3 is configured as an inverted top-
emitting type light-emitting apparatus. That is, in the light-
emitting apparatus 3, the cathode electrode 11, the electron
transportation layer 12, the light-emitting layer 13, the hole
transportation layer 14, the hole injection layer 15, and the
anode electrode 16 are formed in this order on the substrate
17.

[0081] In the third embodiment, the anode electrode 16
(anode) is the first electrode and the cathode electrode 11
(cathode) is the second electrode. The anode electrode 16 is
alight-transmissive electrode and the cathode electrode 11 is
a reflective electrode. In the case of manufacturing the
light-emitting apparatus 3, the formation of the blue phos-
phor layer 195 is performed after the anode electrode 16 is
formed.

[0082] In the example of FIG. 4, the blue phosphor layer
195 is disposed on the upper face of the anode electrode 165
(a light-transmissive electrode corresponding to the blue
phosphor layer 195). Further, the blue phosphor layer 195 is
not disposed on the upper face of the anode electrode 16
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and 16g (light-transmissive electrodes corresponding to the
red light-emitting layer 13 and the green light-emitting
layer 13g).

Fourth Embodiment

[0083] The light-emitting apparatus of each of the embodi-
ments described above may be further provided with a color
filter 195 that blocks at least a part of the first blue light Lb
(excitation light not absorbed by the wavelength converting
member) that has passed through the blue phosphor layer
194. 1t is suflicient that the color filter 195 may be provided
on the side of the light-transmissive electrode. More spe-
cifically, it is sufficient that the color filter 195 may be
provided farther than the blue phosphor layer 195 when
viewed from the blue light-emitting layer 135. According to
the color filter 195, since the component of the first blue light
Lb can be excluded (filtered) from the illumination light, the
blue color drift in the blue pixel Pb can be more effectively
reduced.

[0084] FIG. 5 to FIG. 7 illustrates a schematic configura-
tion of the light-emitting apparatus of the fourth embodi-
ment respectively. Hereinafter, the light-emitting appara-
tuses of FIG. 5 to FIG. 7 will be referred to as light-emitting
apparatuses 4 to 6, respectively.

[0085] As illustrated in FIG. 5, the light-emitting appara-
tus 4 has a configuration in which a color filter 195 is added
to a light-emitting apparatus 1 (top-emitting type light-
emitting apparatus). In the light-emitting apparatus 4, the
color filter 195 is provided on the lower face of the sealing
glass 170.

[0086] The color filter 195 may be disposed to cover the
blue phosphor layer 194 (to maximally overlap the blue
phosphor layer 195) when viewed from above. According to
this arrangement, it is possible to more effectively filter the
first blue light Lb that has passed through the blue phosphor
layer 194.

[0087] In the example of FIG. 5, the color filter 195 is
disposed such that the circumferential end of the color filter
195 coincides with the circumferential end of the blue
phosphor layer 195. According to this arrangement, since the
size in the width direction of the color filter 195 can be
reduced, the manufacturing cost of the color filter 195 can be
lowered.

[0088] In addition, the color filter 195 is arranged not to
cover the red light-emitting layer 137 and the green light-
emitting layer 13g when viewed from above. According to
this arrangement, the usage efliciency of the red light Lr and
the green light Lg can be improved.

[0089] As illustrated in FIG. 6, the light-emitting appara-
tus 5 has a configuration in which a color filter 195 is added
to a light-emitting apparatus 2 (a bottom-emitting type
light-emitting apparatus). In the light-emitting apparatus 5,
the color filter 195 is provided to cover the lower face of the
blue phosphor layer 195. In the case of manufacturing the
light-emitting apparatus 5, the color filter 195 is first formed
on the substrate 17. The formation of the blue phosphor layer
1954 is performed after the formation of the color filter 195.
[0090] As illustrated in FIG. 7, the light-emitting appara-
tus 6 has a configuration in which a color filter 195 is added
to a light-emitting apparatus 3 (an inverted top-emitting type
light-emitting apparatus). The arrangement of the color filter
195 in the light-emitting apparatus 6 is the same as that of
the light-emitting apparatus 4 in FIG. 5.
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Fifth Embodiment

[0091] According to the display device 100 (a display
device including any one of the above-described light-
emitting apparatuses 1 to 6 as a light source), it is possible
to reduce the blue color drift in each of the plurality of blue
pixels Pb. Paying attention to this point, the configuration of
the display device 100 can also be expressed as follows.

[0092] The first blue light Lb has a larger variation in the
wavelength spectrum than the red light Lr and the green light
Lg. That is, in the display region of the display device 100,
among the variations of the average value of the peak
wavelengths in the respective wavelength spectrum of the
red light Lr, the green light Lg, and the first blue light Lb (the
first light), the variation of the first blue light Lb is largest.

[0093] When the first blue light Lb is irradiated on the blue
phosphor layer 196 (wavelength converting member), the
second blue light Lb2 (second light) is generated. The
second blue light Lb2 is blue light with less variation in
wavelength spectrum than the first blue light.

[0094] Therefore, the standard deviation of the average
value of the peak wavelengths in the wavelength spectrum
of the second blue light Lb2 is smaller than the standard
deviation of the average value of the peak wavelengths in the
wavelength spectrum of the first blue light Lb.

Supplement

[0095] A light-emitting apparatus (1) according to a first
aspect of the disclosure is a light-emitting apparatus pro-
vided with a first light-emitting layer (e.g. a blue light-
emitting layer 135) which is disposed between a first elec-
trode (e.g. anode electrode 16) and a second electrode (e.g.
cathode electrode 11), wherein the first light-emitting layer
includes quantum dot phosphor particles emitting first light
(e.g. first blue light Lb) by electro-luminescence, and the
light-emitting apparatus further includes a wavelength con-
verting member (blue phosphor layer 195) to emit second
light (second blue light Lb2), upon receiving the first light,
with a longer peak wavelength than the first light.

[0096] According to the above configuration, the first light
(e.g. light with a large variation in the wavelength spectrum
generated by EL) is utilized as an excitation light to generate
the second light (e.g. blue light with a small variation in the
wavelength spectrum generated by PL). That is, in place of
the first light (e.g. short wavelength blue light) emitted from
the first light-emitting layer, the second light (e.g. long
wavelength blue light) emitted from the wavelength con-
verting member can be utilized as a blue component of the
illumination light of the illumination device.

[0097] As a result, when the above light-emitting appara-
tus is used as the light source of the display device, the blue
color drift in the display device can be reduced compared
with the known device. Consequently, it is possible to
provide a display device with better color reproducibility
than the known display device.

[0098] In alight-emitting apparatus according to a second
aspect of the disclosure, in the first aspect, one of the first
electrode and the second electrode is a light-transmissive
electrode, the wavelength converting member is disposed on
the side of the light-transmissive electrode, and when
viewed from a normal direction of the light-transmissive
electrode, the wavelength converting member is preferably
placed to cover the first light-emitting layer.
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[0099] According to the above configuration, the wave-
length converting member can effectively receive the first
light. Therefore, it is possible to generate a sufficient amount
of second light in the wavelength converting member.

[0100] In a light-emitting apparatus according to a third
aspect of the disclosure, in the second aspect, when viewed
from the normal direction of the light-transmissive elec-
trode, the circumferential end of the wavelength converting
member preferably coincides with the circumferential end of
the first light-emitting layer.

[0101] According to the above configuration, the manu-
facturing cost of the wavelength converting member can be
reduced.

[0102] In a light-emitting apparatus according to a fourth
aspect of the disclosure, in any one of the first to third
aspects, it is preferable that the first light is blue light or
near-ultraviolet light with a peak wavelength shorter than
that of the second light.

[0103] According to the above configuration, the first light
can be suitably used as the excitation light. In particular,
when the first light is near-ultraviolet light (invisible light),
the color drift described above can be further reduced.

[0104] A light-emitting apparatus according to a fifth
aspect of the disclosure, in any one of the first to fourth
aspects, further includes: a green light-emitting layer (13g)
provided between the first electrode and the second elec-
trode; and a red light-emitting layer (13) provided between
the first electrode and the second electrode, and the green
light-emitting layer preferably includes green quantum dot
phosphor particles (green QD phosphor particles 130g)
emitting green light (Lg) by electro-luminescence, and the
red light-emitting layer preferably includes red quantum dot
phosphor particles (red QD phosphor particles 1307) emit-
ting red light (Lr) by electro-luminescence.

[0105] According to the above configuration, since the red
component and the green compornent can be added to the
illumination light, the color rendering property of the illu-
mination light can be improved. In addition, since the
wavelengths of the red light and the green light are longer
than that of the first light (e.g. the blue light of the short
wavelength), the variation of the wavelength spectrum may
be smaller than that of the first light. As a result, an RGB
image excellent in color reproducibility can be expressed on
the display device.

[0106] In a light-emitting apparatus according to a sixth
aspect of the disclosure, in the fifth aspect, one of the first
electrode and the second electrode is a light-transmissive
electrode, and the wavelength converting member is dis-
posed on the side of the light-transmissive electrode, and
when viewed from a normal direction of the light-transmis-
sive electrode, the wavelength converting member is pref-
erably disposed not to cover the green light-emitting layer
and the red light-emitting layer.

[0107] According to the above configuration, the usage
efficiency of the red light and the green light can be
improved.

[0108] A light-emitting apparatus according to a seventh
aspect of the disclosure is, in any one of the first to sixth
aspects, is preferably further provided with a color filter
(195) to block at least a part of the first light having passed
through the wavelength converting member.
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[0109] According to the above configuration, since the
first light component can be excluded (filtered) from the
illumination light, the color drift can be more effectively
reduced.

[0110] In alight-emitting apparatus according to an eighth
aspect of the disclosure, in the seventh aspect, one of the first
electrode and the second electrode is a light-transmissive
electrode, and the color filter is disposed on the side of the
light-transmissive electrode, and when viewed from a nor-
mal direction of the light-transmissive electrode, the color
filter is disposed to cover the wavelength converting mem-
ber.

[0111] According to the above configuration, the first light
can be more effectively filtered.

[0112] In alight-emitting apparatus according to the ninth
aspect of the disclosure, in the seventh aspect, it is preferable
that the circumferential end of the color filter coincides with
the circumferential end of the wavelength converting mem-
ber.

[0113] According to the above configuration, the manu-
facturing cost of the color filter can be reduced.

[0114] A light-emitting apparatus according to a tenth
aspect of the disclosure, in the eighth and ninth aspect,
further includes: a green light-emitting layer provided
between the first electrode and the second electrode; and a
red light-emitting layer provided between the first electrode
and the second electrode. The green light-emitting layer
includes green quantum dot phosphor particles to emit green
light by electro-luminescence, the red light-emitting layer
includes red quantum dot phosphor particles to emit red light
by electro-luminescence, and it is preferable that the color
filter is disposed not to cover the green light-emitting layer
and the red light-emitting layer when viewed from a normal
direction of the light-transmissive electrode.

[0115] According to the above configuration, the usage
efficiency of the red light and the green light can be
improved.

[0116] A display device (100) according to an eleventh
aspect of the disclosure preferably includes a light-emitting
apparatus according to any one of the first to tenth aspects.
[0117] Inadisplay device according to a 12th aspect of the
disclosure, in the eleventh aspect, the standard deviation of
the average value of the peak wavelengths in the wavelength
spectrum of the second light is smaller than the standard
deviation of the average value of peak wavelengths in the
wavelength spectrum of the first light.

[0118] Additional Items

[0119] One aspect of the disclosure is not limited to each
of the embodiments stated above, and various modifications
are possible within the scope indicated in the claims, and
embodiments obtained by appropriately combining techni-
cal means stated in each of the different embodiments also
fall within the technical scope of one aspect of the disclo-
sure. Furthermore, by combining technical means disclosed
in each of the embodiments, new technical features can be
formed.

REFERENCE SIGNS LIST

[0120] 1.2, 3,4, 5, 6 Light-emitting apparatus
[0121] 11, 116 Cathode electrode (first electrode, second
electrode, light-transmissive electrode)

[0122] 135 Blue light-emitting layer (first light-emitting
layer)
[0123] 13g Green light-emitting layer
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[0124] 137 Red light-emitting layer
[0125] 16, 165 Anode electrode (second electrode, first
electrode, light-transmissive electrode)

[0126] 195 Blue phosphor layer (wavelength converting
member)

[0127] 100 Display device

[0128] 1305 Blue QD phosphor particle (Quantum Dot

phosphor particle)

[0129] 130g Green QD phosphor particle (green Quantum
Dot phosphor particle)

[0130] 1307 Red QD phosphor particle (red Quantum Dot
phosphor particle)

[0131] 1905 Blue phosphor particle

[0132] 195 Color filter

[0133] Lb First blue light (first light, excitation light)
[0134] Lb2 Second blue light (second light, fluoresce)
[0135] Lg Green light

[0136] Lr Red light

1. A light-emitting apparatus provided with a first light-
emitting layer between a first electrode and a second elec-
trode,

wherein the first light-emitting layer includes quantum dot

phosphor particles configured to emit first light by
electro-luminescence,

the light-emitting apparatus further includes a wavelength

converting member configured to emit second light

which is blue light, upon receiving the first light, with

a peak wavelength longer than that of the first light,

and further includes

a green light-emitting layer provided between the first
electrode and the second electrode, and

a red light-emitting layer provided between the first
electrode and the second electrode,

the green light-emitting layer includes green quantum dot

phosphor particles configured to emit green light by
electro-luminescence, and

the red light-emitting layer includes red quantum dot

phosphor particles configured to emit red light by
electro-luminescence.

2. The light-emitting apparatus according to claim 1,

wherein one of the first electrode and the second electrode

is a light-transmissive electrode,

the wavelength converting member is disposed on a side

of the light-transmissive electrode, and

when viewed from a normal direction of the light-trans-

missive electrode, the wavelength converting member
is placed to cover the first light-emitting layer.

3. The light-emitting apparatus according to claim 2,

wherein when viewed from the normal direction of the

light-transmissive electrode, a circumferential end of
the wavelength converting member coincides with a
circumferential end of the first light-emitting layer.

4. The light-emitting apparatus according to claim 1,

wherein the first light is blue light or near-ultraviolet light

with a peak wavelength shorter than that of the second
light.

5. (canceled)

6. The light-emitting apparatus according to claim 1,

wherein one of the first electrode and the second electrode

is a light-transmissive electrode,

the wavelength converting member is disposed on a side

of the light-transmissive electrode, and

when viewed from a normal direction of the light-trans-

missive electrode, the wavelength converting member
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is disposed not to cover the green light-emitting layer
and the red light-emitting layer.

7. The light-emitting apparatus according to claim 1,
further comprising:

a color filter configured to block at least a part of the first
light having passed through the wavelength converting
member.

8. The light-emitting apparatus according to claim 7,

wherein one of the first electrode and the second electrode
is a light-transmissive electrode,

the color filter is disposed on a side of the light-transmis-
sive electrode, and

when viewed from a normal direction of the light-trans-
missive electrode, the color filter is disposed to cover
the wavelength converting member.

9. The light-emitting apparatus according to claim 8,

wherein when viewed from the normal direction of the
light-transmissive electrode, a circumferential end of
the color filter coincides with the circumferential end of
the wavelength converting member.

10. The light-emitting apparatus according to claim 8,

further comprising:

a green light-emitting layer provided between the first
electrode and the second electrode; and

a red light-emitting layer provided between the first
electrode and the second electrode,

wherein the green light-emitting layer includes green
quantum dot phosphor particles configured to emit
green light by electro-luminescence,

the red light-emitting layer includes red quantum dot
phosphor particles configured to emit red light by
electro-luminescence, and

the color filter is disposed not to cover the green light-
emitting layer and the red light-emitting layer when
viewed from the normal direction of the light-transmis-
sive electrode.

11. A display device comprising the light-emitting appa-

ratus according to claim 1.

12. The display device according to claim 11,

wherein a standard deviation of an average value of peak
wavelengths in a wavelength spectrum of the second
light is smaller than a standard deviation of an average
value of peak wavelengths in a wavelength spectrum of
the first light.

13. A light-emitting apparatus provided with a first light-
emitting layer between a first electrode and a second elec-
trode,

wherein the first light-emitting layer includes quantum dot
phosphor particles configured to emit first light by
electro-luminescence,

the light-emitting apparatus further includes a wavelength
converting member configured to emit second light
which is blue light, upon receiving the first light, with
a peak wavelength longer than that of the first light, and

further includes a color filter configured to block at least
a part of the first light having passed through the
wavelength converting member,

one of the first electrode and the second electrode is a
light-transmissive electrode,

the color filter is disposed on a side of the light-transmis-
sive electrode,

when viewed from a normal direction of the light-trans-
missive electrode, the color filter is disposed to cover
the wavelength converting member,
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the light-emitting apparatus further includes

a green light-emitting layer provided between the first
electrode and the second electrode, and
a red light-emitting layer provided between the first
electrode and the second electrode,

the green light-emitting layer includes green quantum dot
phosphor particles configured to emit green light by
electro-luminescence,

the red light-emitting layer includes red quantum dot
phosphor particles configured to emit red light by
electro-luminescence, and

the color filter is disposed not to cover the green light-
emitting layer and the red light-emitting layer when
viewed from the normal direction of the light-transmis-
sive electrode.

14. The light-emitting apparatus according to claim 13,

wherein one of the first electrode and the second electrode
is a light-transmissive electrode,

the wavelength converting member is disposed on the side
of the light-transmissive electrode, and

when viewed from the normal direction of the light-
transmissive electrode, the wavelength converting
member is placed to cover the first light-emitting layer.
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15. The light-emitting apparatus according to claim 14,

wherein when viewed from the normal direction of the
light-transmissive electrode, a circumferential end of
the wavelength converting member coincides with a
circumferential end of the first light-emitting layer.

16. The light-emitting apparatus according to claim 13,

wherein the first light is blue light or near-ultraviolet light
with a peak wavelength shorter than that of the second
light.

17. The light-emitting apparatus according to claim 13,

wherein when viewed from the normal direction of the
light-transmissive electrode, a circumferential end of
the color filter coincides with the circumferential end of
the wavelength converting member.

18. A display device comprising the light-emitting appa-

ratus according to claim 13.

19. The display device according to claim 18,

wherein a standard deviation of an average value of peak
wavelengths in a wavelength spectrum of the second
light is smaller than a standard deviation of an average
value of peak wavelengths in a wavelength spectrum of
the first light.
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