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COLOR-CONVERTING SUBSTRATE AND
LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a color conversion
substrate and a liquid crystal display device.

BACKGROUND ART

[0002] Various image display devices provided with a
phosphor substrate have been proposed up to now. The dis-
play devices disclosed in Japanese Patent Application Laid-
Open Publication No. 2000-131683 and Japanese Patent
Application Laid-Open Publication No. 2003-5182, for
example, are provided with a liquid crystal display compo-
nent, a light source that illuminates the liquid crystal display
component from the rear side, and a wavelength converting
section. The wavelength converting section includes at least
one type of phosphor for converting wavelength that converts
the light from the light source into red or green, the wave-
length converting section being provided for each pixel on the
light emitting side of the liquid crystal display component.
[0003] Furthermore, the display device disclosed in Japa-
nese Patent Application Laid-Open Publication No. 2010-
66437 is provided with a front plate, a light shutter, and a light
source. The front plate has a plurality of light scattering
members that generate diffused light and a planarizing film
formed so as to cover the light scattering members.

[0004] The light scattering members include a red phos-
phor that converts blue light to red light, a green phosphor that
converts blue light to green light, and a blue light scattering
member that scatters blue collimated light.

[0005] Thebottom of the red phosphoris open, and a reflec-
tive film is formed so as to surround the peripheral surface of
the red phosphor.

RELATED ART DOCUMENTS

Patent Documents

[0006] Patent Document 1: Japanese Patent Application
Laid-Open Publication No. 2000-131683

[0007] Patent Document 2: Japanese Patent Application
Laid-Open Publication No. 2003-5182

[0008] Patent Document 3: Japanese Patent Application
Laid-Open Publication No. 2010-66437

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0009] The display device described in Japanese Patent
Application Laid-Open Publication No. 2010-66437, for
example, requires that the phosphors and the light scattering
members be respectively formed by photolithography, thus
increasing the amount of manufacturing steps.

[0010] A method to solve this problem includes forming
frame-shaped boundary parts in advance and coating the
phosphor material and diffusion material through ink jet
deposition, for example. Reflective parts are formed on the
peripheral surface of these boundary parts. With this method,
the phosphors and the light scattering members can be formed
together by ink jet deposition after the boundary parts have
been formed, thereby allowing for the manufacturing process
to be simplified.

May 7, 2015

[0011] The reflective parts used in this method are formed
along the peripheral surface ofthe boundary parts. Therefore,
there is a risk that the peripheral surface of the boundary parts
and the shape of the reflective parts could cause large devia-
tions in the intensity distribution of light emitted from the
phosphors and light scattering members.

[0012] The present invention was made in view of the
above-mentioned problems, and aims at providing a color
conversion substrate and a liquid crystal display device hav-
ing a simplified manufacturing process and reduced devia-
tions in the intensity distribution of emitted light.

Means for Solving the Problems

[0013] A color conversion substrate according to the
present invention includes a transparent substrate having a
first main surface; a phosphor layer disposed on the first main
surface of the transparent substrate, the phosphor layer hav-
ing a plurality of phosphors arranged along the first main
surface and a plurality of first transparent boundary parts
formed so as to surround the respective phosphors; and a
plurality of first reflective parts formed on a peripheral sur-
face of the respective first transparent boundary parts,
wherein a portion of each of the first transparent boundary
parts attached to the respective first reflective partsis a curved
surface, and wherein a curvature of the curved surface of the
respective first transparent boundary parts is 0.50/d1 to 0.83/
d1, where d1 is a thickness of the respective first transparent
boundary parts.

[0014] It is preferable that a portion of the peripheral sur-
face of the respective first transparent boundary parts contact-
ing the first main surface of the transparent substrate form an
angle to the first main surface that is 60° to 80°.

[0015] Ttis preferable the phosphors each include a second
main surface facing the first main surface of the transparent
substrate, and a third main surface on a side opposite to the
second main surface, wherein a width of each of the phos-
phors is formed so as to become progressively smaller from
the third main surface to the second main surface, and pref-
erable that the first reflective parts each include a lateral
protrusion that extends from a first peripheral surface of the
respective first transparent boundary parts to above third main
surface of the respective phosphors.

[0016] It is preferable that the phosphor layer further
include a plurality of diffusion members and a plurality of
second transparent boundary parts formed so as to surround
the respective diffusion members, and preferable that the
phosphor layer further include second reflective parts formed
on a peripheral surface of the respective second transparent
boundary parts. It is preferable that a portion of each of the
second transparent boundary parts attached to the respective
second reflective parts be a curved surface, and preferable that
a curvature of the curved surface of the respective second
transparent boundary parts be 0.50/d2 to 0.83/d2, where d2 is
a thickness of the respective second transparent boundary
parts.

[0017] It is preferable that the color conversion substrate
further include a low refractive index layer interposed
between the phosphor layer and the main surface of the trans-
parent substrate, and preferable that a refractive index of the
low refractive index layer be less than a refractive index of the
respective phosphors.

[0018] A liquid crystal display device according to the
present invention has the above-mentioned color conversion
substrate. This liquid crystal display device includes a thin
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film transistor substrate; an opposite substrate having the
color conversion substrate, the opposite substrate being dis-
posed on the thin film transistor substrate with a gap therebe-
tween; and a liquid crystal layer provided in the gap between
the thin film transistor substrate and the opposite substrate,
wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than the
color conversion substrate, a transparent conductive film dis-
posed closer to the thin film transistor substrate than the color
conversion substrate, and an alignment film disposed closer to
the thin film transistor substrate than the transparent conduc-
tive film.

[0019] It is preferable that a planarizing film be provided
between the color conversion substrate and the polarization
film, and preferable that a portion of the planarizing film
adjacent to the polarization film have a planarized surface. It
is preferable that a refractive index of the planarizing film be
less than a refractive index of the respective phosphors.

Effects of the Invention

[0020] The color conversion substrate and the liquid crystal
display device of the present invention make it possible to
suppress the occurrence of deviations in the intensity distri-
bution of emitted light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG.1isacross-sectional view of a display device 1
according to Embodiment 1.

[0022] FIG.2isa plan view ofa color conversion substrate
4inFIG. 1.
[0023] FIG. 3 is a cross-sectional view of the structure of a

red phosphor 45R and the periphery thereof.

[0024] FIG. 4 is a cross-sectional view of the configuration
of a reflective part 47R and the periphery thereof.

[0025] FIG. 51is a graph of the intensity distribution of red
light RL shown in FIG. 3.

[0026] FIG. 6 is a cross-sectional view of a portion of a
display device according to a comparison example.

[0027] FIG. 7 is a graph of orientation characteristics of a
red phosphor 45R in a simulation in the comparison example
shown in FIG. 6.

[0028] FIG. 8 is a cross-sectional view of the configuration
of a light scattering member 44 and the periphery thereof.
[0029] FIG.9is a cross-sectional view of the configuration
of a boundary part 18B and the periphery thereof.

[0030] FIG. 10 is a cross-sectional view of the first step of
the manufacturing process of the color conversion substrate 4.
[0031] FIG. 11 is a cross-sectional view of the step after the
manufacturing step in FIG. 10.

[0032] FIG. 12 is a cross-sectional view of the step after the
manufacturing step in FIG. 11.

[0033] FIG. 13 is a cross-sectional view of the step after the
manufacturing step in FIG. 12.

[0034] FIG. 14 is a cross-sectional view of the step after the
manufacturing step in FIG. 13.

[0035] FIG. 15 is a cross-sectional view of the step after the
manufacturing step in FIG. 14.

[0036] FIG. 16 is a cross-sectional view of the step after the
manufacturing step in FIG. 15.

[0037] FIG.17 is a cross-sectional view of the step after the
manufacturing step in FIG. 16.
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[0038] FIG. 18 is a cross-sectional view of a first modifi-
cation example of the display device 1 according to Embodi-
ment 1.

[0039] FIG. 19 is a cross-sectional view of a display device
1 according to Embodiment 2.

[0040] FIG. 20 is a cross-sectional view of a modification
example of the display device 1 according to Embodiment 2.
[0041] FIG. 21 is a schematic view of a first modification
example of Embodiments 1 and 2.

[0042] FIG. 22 is a schematic view of a second modifica-
tion example.
[0043] FIG. 23 is a cross-sectional view of a third modifi-

cation example.
DETAILED DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0044] FIG. 1isacross-sectional view of a display device 1
related to Embodiment 1. As shown in FIG. 1, the display
device 1 includes a light source module 2 and a liquid crystal
module 3.

[0045] The light source module 2 is provided with a light
guide plate 25, a plurality of LEDs (light emitting diodes) 2a
provided on aside face of the light guide plate 25, and the like,
for example. The light source module 2 is a surface light-
emitting unit that radiates blue light BL towards the liquid
crystal module 3. The light source module 2 is not limited to
an edge-lit backlight like the one described above. The light
source module 2 may be a direct-lit type provided with a
plurality of LEDs 2« arranged in an array, for example. The
wavelength region of the blue light BL is 390 nm to 510 nm,
for example. The wavelength in which the intensity of the
blue light BL is highest is approximately 450 nm, for
example. In the present embodiment, an example is described
in which blue light is used, but ultraviolet rays may be used as
the light emitted by the light source module 2. An example
that uses ultraviolet rays will be described later.

[0046] The liquid crystal module 3 includes a TFT (thin
film transistor) substrate 5 disposed near the light source
module 2, an opposite substrate 6 disposed closer to the
opposite side of the light source module 2 than the TFT
substrate 5, a liquid crystal layer 7 sealed between the TFT
substrate 5 and the opposite substrate 6, and a sealing member
8 that seals the liquid crystal layer 7.

[0047] TheTFT substrate 5 includes a transparent substrate
10 such as a glass substrate, a polarizing plate 11 formed on
the transparent substrate 10 on a main surface thereof that
faces the light source module 2, a plurality of TFT transistors
13 formed on the transparent substrate on a main surface
thereof on a side opposite to the main surface where the
polarizing plate 11 is formed, an interlayer insulating film 14
formed so as to cover the TFT transistors 13, a pixel electrode
15 formed on the interlayer insulating film 14, and an align-
ment film 16 that is formed so as to cover the pixel electrode
15.

[0048] The polarizing plate 11 is formed by dyeing a poly-
vinyl alcohol (PVA)-based film with iodine or a dichroic
dyestuff and stretching this film, for example. Each of the
TFT transistors 13 includes a gate electrode GE formed on the
main surface of the transparent substrate 10, a gate insulating
film 12 formed so as to cover this gate electrode GE, a semi-
conductor layer 17 formed on this gate insulating film 12, and
a source electrode SE and a drain electrode DE formed with a
gap therebetween on this semiconductor layer 17. The gate
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insulating film 12 is a transparent insulating film such as a
silicon oxide film or a silicon nitride film.

[0049] The interlayer insulating film 14 is a transparent
insulating film such as a silicon oxide film or a silicon nitride
film.

[0050] The pixel electrode 15 is formed of a transparent
conductive film such as an ITO (indium tin oxide) film, an
170 (indium zinc oxide) film, or the like, for example. The
pixel electrode 15 is connected to the drain electrode DE by a
contact (not shown). Thus, when the TFT transistor 13 is in an
ON state, a prescribed voltage is applied to the pixel electrode
15.

[0051] A plurality of the TFT transistors 13 are provided,
and in the example shown in FIG. 1, TFT transistors 13R,
13G, and 13B are provided. A plurality of each of the TFT
transistors 13R, 13F, and 13B are provided.

[0052] Furthermore, the TFT transistors 13R, 13G, and
13B are respectively connected to pixel electrodes 15R, 15G,
and 15B.

[0053] Thealignment film 16 is formed of a polyimide film
or the like, and a rubbing treatment is performed on the
surface thereof so that the orientation of the liquid crystal
molecules can be controlled. The liquid crystal layer 7
includes a plurality of liquid crystal molecules.

[0054] The opposite substrate 6 includes the color conver-
sion substrate 4, a polarizing plate 33 formed on the bottom of
the color conversion substrate 4, a transparent insulating film
30 formed on the bottom of this polarizing plate 33, an oppo-
site electrode 31 formed on the bottom of this transparent
insulating film 30, and an alignment film 32 formed so as to
cover this opposite electrode 31. The polarizing plate 33 is
made of a wire grid formed by a conductive material such as
aluminum, at least one type of dichroic dyestuff (TCF made
by OPTVA, for example), or the like, for example.

[0055] In the present embodiment, the color conversion
substrate 4 is included in the opposite substrate 6, and the
components of the color conversion substrate and the com-
ponents of the opposite substrate such as the polarizing plate
and opposite electrode are stacked on a transparent substrate
40.

[0056] Therefore, it is possible to omit one transparent
substrate, such as a glass substrate, as compared to if a glass
substrate were used for the opposite substrate and another
glass substrate were used for the color conversion substrate
and these were stacked together, for example. Therefore, it s
possible for the liquid crystal module 3 to be thinner.

[0057] The color conversion substrate 4 includes a main
plate 39 having an emitting surface, a phosphor layer 42
formed on a main surface of the main plate 39 opposite to the
emitting surface thereof, a reflective member 46 formed on
the phosphor layer 42, and a planarizing film 43 formed
between the phosphor layer 42 and the polarizing plate 33.
The main plate 39 includes the transparent substrate 40 and a
low refractive index layer 41 formed on the main surface of
the transparent substrate 40. The transparent substrate 40 is a
glass substrate, or the like, for example. The refractive index
of the low refractive index layer 41 is 1.20 to 1.40, for
example. The thickness of the low refractive index layer 41 is
0.5 um to 3.0 um. It is preferable that the thickness be 1.0 pum
to 1.5 um.

[0058] The phosphor layer 42 includes a plurality of light
scattering members 44, a plurality of phosphors 45, and
boundary parts 18 formed so as to surround the light scatter-
ing members 44 and the phosphors 45. There phosphors
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include a red phosphor 45R and a green phosphor 45G. The
red phosphor 45R, the green phosphor 45G, and the light
scattering member 44 are disposed so as to have gaps ther-
ebetween.

[0059] Therefractive index of the red phosphor 45R and the
green phosphor 45G is approximately 1.49to 1.59. The thick-
ness of the red phosphor 45R and the green phosphor 45G is
2 um to 10 pm. It is preferable that the thickness be 5 pm to 8
um. The red phosphor 45R and the green phosphor 45G are
formed of an organic fluorescent material, a nanofluorescent
material, or the like. Examples of the organic phosphor mate-
rials include a rhodamine pigment such as rhodamine B that
is a red phosphor pigment, a coumarin pigment such as cou-
marin 6 that is a green phosphor pigment, or the like. The
nanophosphor material includes a binder and a plurality of
phosphors diffused in the binder. The binder is formed of a
resin such as a transparent silicone type, an epoxy type, or an
acrylic type, for example. CdSe, ZnS, or the like that is a
nanoparticle phosphor can be used as the phosphor, for
example. By forming the red phosphor 45R using a material
mentioned above, the red phosphor 45R can allow red light
(light with a wavelength region of 530 nm to 690 nm) to pass
therethrough. As a result, the light emitted by exciting the red
phosphor 45R can pass through the red phosphor 45R, and
thus an improvement in light use efficiency of the light emit-
ted by the red phosphor 45R is possible.

[0060] In a similar manner, the green phosphor 45G can
allow green light to pass therethrough and the light emitted by
exciting the green phosphor 45G can pass through the green
phosphor 45G, and thus an improvement in light use effi-
ciency of the light emitted by the green phosphor 45G is
possible.

[0061] The light scattering member 44 is a layer that dif-
fuses light entering therein and then emits the light to outside.
The thickness of the light scattering member 44 is 3 um to 15
um, for example. It is preferable that the thickness be 5 pm to
10 um. The light scattering member 44 includes a transparent
resin as the binder, and a plurality of scattering particles
(fillers) that scatter light in the resin, for example. The trans-
parent resin that is a binder allows blue light BL to pass
therethrough and allows light use efficiency to be improved.
Examples of the scattering particles include filler materials
subject to Mie scattering such as TiO2.

[0062] The planarizing film 43 is made of a material that
has a lower refractive index than the light scattering member
44, the red phosphor 45R, and the green phosphor 45G.

[0063] Theboundary part 18 includes a boundary part 18R
formed so as to surround the peripheral surface of the red
phosphor 45R, a boundary part 18G formed so as to surround
the peripheral surface of the green phosphor 45G, and a
boundary part 18B formed so as to surround the peripheral
surface of the light scattering member 44. The boundary part
18 is made of a transparent resin or the like that allows light to
pass therethrough.

[0064] The reflective member 46 includes a reflective part
47R formed on the boundary part 18R, a reflective part 47G
formed on the boundary part 18G, a reflective part 47B
formed on the boundary part 18B, and connection parts 48
formed so as to connect the respective reflective parts 47R,
47G, and 47B.

[0065] The connection part 48 is formed on the low refrac-
tive index layer 41 located between the boundary part 18R
and the boundary part 18G, between the boundary part 18G
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and the boundary part 18B, and between the boundary part
18B and the boundary part 18R.

[0066] Examples of thereflective member 46 include mate-
rials having a high reflectance of visible light, such as alumi-
num, silver, or an alloy thereof, for example. When using
aluminum (Al) as the metal for the reflective member 46, for
example, the film thickness of the reflective member 46 is 100
nm to 500 nm, for example. It is preferable that the film
thickness be 200 nm to 300 nm.

[0067] The sealingmember 8 is formed along the periphery
of the TFT substrate 5 and the opposite substrate 6 in a loop
shape, and the liquid crystal layer 7 is sealed between the
color conversion substrate 6 and the TFT substrate 5.

[0068] FIG. 2 is a plan view of the color conversion sub-
strate 4 in FIG. 1. FIG. 2 is a plan view of the color conversion
substrate 4 when seen from the light source module 2 side.
[0069] As shown in FIG. 2, a plurality of the red phosphors
45R are arranged in an array direction D1 with gaps therebe-
tween, and in a similar manner, a plurality of the green phos-
phors 45G are arranged in the array direction D1. The light
scattering members 44 are also arranged in the array direction
D1 with gaps therebetween.

[0070] The red phosphors 45R, the green phosphors 435G,
and the light scattering members 44 are sequentially arranged
in an array direction D2 with gaps therebetween. A length LL
shown in FIG. 21s 30 um to 900 um, for example. Lengths LB,
LR,and LG are approximately 30 um to 300 um, for example.
The lengths LB, LR, and LG do not need to be equal.
[0071] In this manner, the plurality of red phosphors 45R,
green phosphors 45G, and light scattering members 44 are
arranged in arrays, and the looped boundary parts 18R, 18G,
and 18B are formed so as to surround these plurality of red
phosphors 45R, green phosphors 45G, and light scattering
members 44. The reflective member 46 is formed on the
boundary parts 18R, 18G, and 18B.

[0072] FIG. 3 is a cross-sectional view of the structure of
the red phosphor 45R and the periphery thereof. As shown in
FIG. 3, the red phosphor 45R has an emitting surface 20 that
is opposite to the main surface of the transparent substrate 40,
abottom surface 21 on a side opposite to the emitting surface
20, and a peripheral surface 22 located between the emitting
surface 20 and the bottom surface 21.

[0073] The boundary part 18R is formed in a loop shape
that surrounds the peripheral surface 22. The boundary part
18R includes an opposite surface 24 that is opposite to the
main surface of the emitting surface 20, and a peripheral
surface 25.

[0074] The peripheral surface 25 includes an outer periph-
eral surface 27 and an inner peripheral surface 26 in contact
with the peripheral surface 22 of the red phosphor 45R. The
outer peripheral surface 27 and the inner peripheral surface 26
are formed in a curved shape.

[0075] The width of the red phosphor 45R becomes pro-
gressively smaller from the bottom surface 21 to the emitting
surface 20.

[0076] The reflective part 47R includes a side wall 28
formed on the outer peripheral surface 27, and a protrusion 29
connected to the end of the side wall 28 and formed on the
bottom surface 21 ofthe red phosphor 45R. The protrusion 29
is formed in a loop shape. A light receiving surface 34 is
formed by a portion of the bottom surface 21 being exposed
from the protrusion 29. The protrusion 29 is formed so as to
face the peripheral surface 22 of the red phosphor 45R and the
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thickness direction of the red phosphor 45R. The thin portions
of the red phosphor 45R are covered by the protrusion 29.
[0077] FIG. 4 is a cross-sectional view of the configuration
of the reflective part 47R and the periphery thereof. In FIG. 4,
the outer peripheral surface 27 of the boundary part 18R is
formed so as to be curved.

[0078] A first location P1 in FIG. 4 is any location on the
outer peripheral surface 27. A second location P2 is alocation
that is closer to the main surface of the transparent substrate
40 than the first location P1. A top end P3 is the location
closest to the main surface of the transparent substrate 40 of
the outer peripheral surface 27.

[0079] L1 is atangent line at the first location P1, and L.2 is
a tangent line at the second location P2. In a similar manner,
L3 is a tangent line at the top end P3.

[0080] The intersection angle of the main surface of the
transparent substrate 40 and the tangent line L1 is a1, and the
intersection angle of the main surface of the transparent sub-
strate 40 and the tangent line 1.2 is a2. The intersection angle
of the main surface of the transparent substrate 40 and the
tangent line 1.3 is a3. The intersection angle o1 and the like
implies an angle of the main surface of the transparent sub-
strate 40 to the tangent line L1 and the like that is less than
90°.

[0081] As is clear in FIG. 4, the intersection angle aul is
smaller than the intersection angle .2, and the intersection
angle a3 is larger than the intersection angle 2. In this
manner, the outer peripheral surface 27 is formed in a curved
shape such that the intersection angle of the outer peripheral
surface 27 to the main surface of the transparent substrate 40
becomes progressively larger approaching the main surface
of the transparent substrate 40.

[0082] Specifically, the outer peripheral surface 27 is
formed in an arc-shape that has a curvature center O1 at the
center thereof. If the thickness of the boundary part 18R is d1,
then the curvature of the outer peripheral surface 27 is 0.50/d1
to 0.83/d1. When the outer peripheral surface 27 is formed so
as to have this type of curvature, the intersection angle o3 is
60° to 80°. It is preferable that the curvature of the outer
peripheral surface 27 be 0.66/d1. The curvature of the outer
peripheral surface 27 does not need to be uniform across the
entire surface.

[0083] The side wall 28 of the reflective part 47R is formed
on the outer peripheral surface 27, and the inner peripheral
surface of the side wall 28 is formed in a manner similar to the
outer peripheral surface 27.

[0084] The operation of the display device 1 with this type
of configuration will be described. In FIG. 1, the blue light BL
from the light source module 2 enters the liquid crystal mod-
ule 3. The liquid crystal module 3 selectively allows the blue
light BL to enter the color conversion substrate 4 disposed on
the liquid crystal module 3. Specifically, when the selected
TFT transistor 13 is ON, only the blue light BL passing
through the pixel electrode 15 connected to the selected TFT
transistor 13 travels through the polarizing plate 33 and enters
the color conversion substrate 4.

[0085] InFIG. 3, the protrusion 29 is formed so as to cover
the portion of the red phosphor 45R below the inner periph-
eral surface 26 of the boundary part 18B. Therefore, the
protrusion 29 suppresses the blue light BL from entering the
thin portions of the red phosphor 45R. By suppressing the
blue light BL from entering the thin portions of the red phos-
phor 45R, it is possible to suppress the blue light BL that has
entered from passing through the red phosphor 45R.
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[0086] The red phosphor 45R is thick at the light receiving
surface 34, and thus, even if the blue light BL enters, the blue
light BL can be suppressed from passing through the red
phosphor 45R. When the blue light BL enters from the light
receiving surface 34, the red phosphor 45R becomes excited
and radially emits red light RL. Red light RL1, for example,
travels towards the low refractive index layer 41. If the angle
of incidence of the red light RL1 is less than the critical angle
ofthe interface of the red phosphor 45R and the low refractive
index layer 41, the red light RL1 enters inside the low refrac-
tive index layer 41 and exits to outside from the emitting
surface of the transparent substrate 40.

[0087] Meanwhile, as shown by red light RL3, when the
angle of incidence of the red light RL3 at the interface of the
low refractive index layer 41 and the red phosphor 45R is
greater than the critical angle of the red phosphor 45R and the
low refractive index layer 41, the light is reflected at this
interface. The red light RL3 reflected at the interface of the
low refractive index layer 41 and the red phosphor 45R in this
manner enters to inside of the boundary part 18B and is then
reflected at the side wall 28 of the reflective part 47R. The red
light RL3 then travels towards the low refractive index layer
41. When the red light RL3 is incident on the interface of the
low refractive index layer 41 and the red phosphor 45R, if the
angle of incidence of the red light RL3 is greater than the
critical angle, then the red light RL3 enters the low refractive
index layer 41 and exits to outside from the emitting surface
of the transparent substrate 40.

[0088] Red light RL4 is the emitted red light RL traveling
towards the light receiving surface 34. The refractive index of
the planarizing film 43 is lower than the refractive index of the
red phosphor 45R. Therefore, if the angle of incidence of the
red light RL4 at the interface of the planarizing film 43 and the
red phosphor 45R is large, then the red light R4 will be
reflected at this interface. The red light RL4 reflected at the
interface of the planarizing film 43 and the red phosphor 45R
is then reflected at the side wall 28 of the reflective part 47R.
[0089] Thered light R[4 reflected at the reflective part 47R
1s reflected towards the low refractive index layer 41. If the
angle ofincidence of the red light RT.4 at this time is less than
the critical angle of the interface of the low refractive index
layer 41 and the red phosphor 45R, then the red light RL.4
passes through the low refractive index layer 41 and exits to
outside from the emitting surface of the transparent substrate
40.

[0090] Among the red light RL, the red light RL2 heading
towards the peripheral surface 22 is also reflected at the side
wall 28 of the reflective part 47R. The red light RL.2 reflected
at the side wall 28 of the reflective part 47R travels towards
the interface of the low refractive index layer 41 and the red
phosphor 45R. At this time, if the angle of incidence of thered
light RL2 is less than the critical angle of the interface of the
low refractive index layer 41 and the red phosphor 45R, then
the red light R1.2 passes through the low refractive index layer
41 and exits to outside from the emitting surface of the trans-
parent substrate 40.

[0091] In this manner, the emitted red light RL is reflected
by the side wall 28 of the reflective part 47R. At this time, the
side wall 28 of the reflective part 47R has a curved surface as
described above. Thus, the reflectance angle of the red light
RL changes depending on the location where the red light RL
is incident on reflective part 47R. Following this, the red light
RL can be suppressed from being reflected in a particular
direction.
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[0092] FIG. 5 is a graph of the intensity distribution of the
red light RL shown in FIG. 3. In F1G. 5, the horizontal axis is
the emitting angle 6 (°) of the red light RL. In FIG. 3, the
direction perpendicular to the emitting surface of the trans-
parent substrate 40 is a reference direction V. The emitting
angle 6 (°) shows the angle of the reference direction V to the
emitting direction of the red light RL. The vertical axis in FIG.
5 shows the intensity of the red light RL.

[0093] The graph in FIG. 5 shows the results of orientation
characteristics being simulated on the basis of the following
parameters inthe display device 1 of the present embodiment.
The ratio of the thickness of the red phosphor 45R to the
opening width of the light receiving surface 34 is 1:9. The
intersection angle a3 of the transparent substrate 40 and the
outer peripheral surface 27 of the boundary part 18R is 70°,
and the refractive index of the low refractive index layer is
1.21. The direction normal to the transparent substrate 40 is
0°.

[0094] Under these parameters, the orientation characteris-
tics of the red light RL of the display device 1 according to the
present embodiment have characteristics that are close to
Lambertian characteristics. This reduces changes in intensity
that differ depending on the viewing angles and improves
display quality.

[0095] The orientation characteristics described above are
due to the shape of the side wall 28 of the reflective part 47R
shown in FIG. 3.

[0096] The red phosphor 45R was described above, but the
green phosphor 45R also has the reflective part 47G formed in
a similar manner, and thus has orientation characteristics that
are similar to the red phosphor 45R. This makes it so that the
brightness of displayed images is substantially uniform
regardless of the viewing angle of the viewer.

[0097] Next, FIGS. 6 and 7 will be used to explain a con-
figuration of the display device 1 according to a comparison
example and the orientation characteristics of light of the
display device 1.

[0098] FIG. 6 is a cross-sectional view of a portion of a
display device according to the comparison example. In the
example shown in FIG. 6, the peripheral surface 22 of the red
phosphor 45R is a slanted surface, and the side wall 28 of the
reflective part 47R is also formed in a slanted shape. In other
words, the angle of the tangent line at any location on the side
wall 28 of the reflective part 47R to the main surface of the
transparent substrate 40 is uniform.

[0099] The graph in FIG. 7 shows the orientation charac-
teristics of the red phosphor 45R in the comparison example
in FIG. 6 that has been simulated on the basis of the following
parameters. The ratio of the thickness of the red phosphor 45R
layer to the opening width is 1:9. The angle of the transparent
substrate 40 to the top end of the peripheral surface of the red
phosphor 45R is 70°, and the refractive index of the low
refractive index layer 41 is 1.21. The refractive index of the
reflective part 47 is 90%. The direction normal to the trans-
parent substrate 40 is 0°.

[0100] Under these parameters, as shown in FIG. 7, the
orientation characteristics of the red phosphor 45R of the
comparison example have a marked peak when the emitting
angle 0 (°) is around 0°, and the intensity rapidly changes to
a very small amount in the£30° direction. Therefore, this is a
significant deviation from Lambertian characteristics. In
other words, the screen would appear very bright when
viewed from a particular angle, and dark when viewed from
another angle.
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[0101] Inthis manner, in the display device 1 in the present
embodiment, the slant angle of the reflective part 47R is made
to differ depending on the location to make it possible to
obtain the Lambertian characteristics shown in FIG. 5.
[0102] In the present embodiment, the entirety of the outer
peripheral surface 27 is formed so as to be curved, but at least
a portion of the outer peripheral surface 27 may be curved.
The reflective part 47R is formed at least on the curved por-
tion of the outer peripheral surface 27.

[0103] FIG. 8 is a cross-sectional view of the configuration
of the light scattering member 44 and the periphery thereof.
As shown in FIG. 8, the light scattering member 44 includes
an emitting surface 50 that faces the main surface of the
transparent substrate 40, a bottom surface 51 disposed on a
side opposite to the emitting surface 50, and a peripheral
surface 52 located between the emitting surface 50 and the
bottom surface 51.

[0104] The boundary part 18B also includes an opposite
surface 54 that is opposite to the main surface of the trans-
parent substrate 40, and a peripheral surface 55. The periph-
eral surface 55 includes an outer peripheral surface 56 and an
inner peripheral surface 57. The inner peripheral surface 57 is
in contact with the peripheral surface 52 of the light scattering
member 44.

[0105] The reflective member 47B includes a side wall 35
formed on the outer peripheral surface 56, and a protrusion 36
connected to the side wall 35 and formed on the bottom
surface 51 of the light scattering member 44.

[0106] The protrusion 36 is formed in a loop shape and the
portion of the bottom surface 51 exposed from the protrusion
36 is a light receiving surface 53 of the light scattering mem-
ber 44.

[0107] The protrusion 36 faces the inner peripheral surface
57 of the boundary part 18B and covers the thin portion of the
light scattering member 44. Due to this, the blue light BL is
suppressed from entering the thin portion of the light scatter-
ing member 44, and the blue light BL that has entered is
suppressed from passing through the light scattering member
44,

[0108] Ifthe blue light BL enters the light scattering mem-
ber 44, the blue light BL in the light scattering member 44 is
scattered and enters inside the main plate 39 from the emitting
surface 50, thereafter exiting to outside.

[0109] At this time, the low refractive index layer 41 is
between the transparent substrate 40 and the light scattering
member 44; therefore, if the angle of incidence of the blue
light BL incident at the interface of the low refractive index
layer 41 and the light scattering member 44 is less than the
critical angle of the low refractive index layer 41 and the light
scattering member 44, then the blue light BL is reflected at
this interface. Of the blue light BL at the interface of the low
refractive index layer 41 and the light scattering member, only
the blue light BL having an angle of incidence that is less than
the critical angle will enter the low refractive index layer 41
and then exit to outside.

[0110] Therefractiveindex of the planarizing film 43 is less
than the refractive index of the light scattering member 44.
Thus, the blue light BL that is scattered inside the light scat-
tering member 44 is suppressed from entering inside the
planarizing film 43. Therefore, it is possible to improve the
light use efficiency of the blue light BL.

[0111] FIG. 9 s a cross-sectional view of the configuration
of the boundary part 18B and the periphery thereof. A fourth
location P4 in FIG. 9 is a location on the outer peripheral
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surface 56. A fifth location P5 is a location that is closer to the
main surface of the transparent substrate 40 than the fourth
location P4. A top end P6 is the top end of the outer peripheral
surface 56.

[0112] L4 is a tangent line passing through the fourth loca-
tion P4, and L5 is a tangent line passing through the fifth
location P3. In a similar manner, 1.6 is a tangent line at the top
end P6. An intersection angle of the tangent line 14 to the
main surface of the transparent substrate 40 is ad, and an
intersection angle of the tangent line L5 to the main surface of
the transparent substrate is o5. The intersection angle of the
main surface of the transparent substrate 40 and the tangent
line L6 is a6.

[0113] As s clear from FIG. 9, the outer peripheral surface
56 is formed in a curved shape such that the intersection angle
a5 is greater than the intersection angle cu4. The intersection
angle 06 is greater than the intersection angle o5. The reflec-
tive part 478 is formed on the outer peripheral surface 56 that
has the curved shape formed in this manner, and the inner
peripheral surface ofthe side wall 35 of the reflective part 47B
is also curved, in a manner similar to the outer peripheral
surface 56. If the thickness of the boundary part 18B is d2,
then the curvature of the outer peripheral surface 56 is 0.50/d2
to 0.83/d2. When the outer peripheral surface 56 is formed so
as to have this type of curvature, the intersection angle a6 is
60° to 80°. It is preferable that the curvature of the outer
peripheral surface 56 be 0.66/d2. The curvature of the outer
peripheral surface 56 does not need to be uniform across the
entire surface.

[0114] Inthe present embodiment, the entirety of the outer
peripheral surface 56 of the boundary part 18B is formed so as
to be curved, but a portion of the outer peripheral surface 56
may be formed so as to be curved. In this case, the reflective
part 47B is formed on at least the curved portion.

[0115] Next, a method of manufacturing the display device
1 shown in FIG. 1 will be explained. The liquid crystal mod-
ule 3 and the light source module 2 are combined together
when manufacturing the display device 1. The liquid crystal
module 3 can be manufactured by bonding the individually
manufactured TFT substrate 5 and opposite substrate 6 to
each other and sealing the liquid crystal layer 7 therebetween
with the sealing member 8. The opposite substrate 6 can be
manufactured by sequentially forming the color conversion
substrate 4, the polarizing plate 33, the transparent insulating
film 30, the electrode 31, and the alignment film 32. Next, the
method of manufacturing the color conversion substrate 4
will primarily be explained.

[0116] FIG. 10 is a cross-sectional view showing the first
step of the manufacturing process of the color conversion
substrate 4. As shown in FIG. 10, a transparent substrate 60
having a main surface is prepared.

[0117] Next, as shown in FIG. 11, the low refractive index
layer 41 is formed on the main surface of the transparent
substrate 60 by spin coating, slit coating, or the like. Next, as
shown in FIG. 12, a resist layer 61 is formed on the low
refractive index layer 41.

[0118] Next, as shown in FIG. 13, ultraviolet rays UR are
radiated onto the resist layer 61 through a mask 62. The mask
62 has light-shielding patterns arranged in a desired layout on
the bottom of a transparent material. The ultraviolet rays UR
can be generated by a high pressure mercury lamp or the like.
[0119] Next,as shown in FIG. 14, the resist layer 61 thathas
been irradiated by the ultraviolet rays UR is developed. Spe-
cifically, an inorganic or organic alkali is used to dissolve the
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portions of the resist layer 61 that have been exposed to light.
A baking treatment is applied to the portions that remain after
the dissolving, thereby forming the boundary parts 18B, 18G,
and 18R. The baking process is not mandatory.

[0120] This makes it possible to make the boundary parts
18B, 18G, and 18R having curved peripheral surfaces by
performing photolithography on the resist layer 61.

[0121] Next, as shown in FIG. 15, the light scattering mem-
ber 44, the green phosphor 45G, and the red phosphor 45R are
formed by ink jet deposition. The light scattering member 44
is formed by coating scattering materials inside a hole formed
by the boundary parts 18B. The green phosphor 45G is
formed by coating a green phosphor material inside the hole
formed by the boundary parts 18G. The red phosphor 45R is
formed by coating a red phosphor material inside the hole
formed by the boundary parts 18R. A heating treatment may
be applied after the respective materials have been coated.
[0122] With the ink jet deposition, the scattering materials,
green phosphor materials, and red phosphor materials can be
coated together, thereby shortening the manufacturing time
as compared to if photolithography were used. The amount of
materials used for coating can also be reduced.

[0123] Next, as shown in FIG. 16, a metal film is formed by
sputtering or vapor deposition to cover the boundary parts
18B, 18G, and 18R, the light scattering member 44, the green
phosphor 45G, and the red phosphor 45R. Aluminum, silver,
an alloy thereof, or the like is used as the metal. The slant
angle of the bottom end side (transparent substrate 60 side) of
the peripheral surface of the boundary part 18R, 18R, and 18B
is 60° to 80°. Therefore, when forming the metal film, it is
possible to suppress metal film from not forming on certain
portions.

[0124] Afterthe metal film is formed, a resist film is formed
on this metal film. Photolithography is performed on this
resist film to pattern the resist film. This patterned resist film
is used to etch the metal film. As shown in FIG. 16, this forms
the reflective member 46. In this manner, it is possible to
manufacture the color conversion substrate 4 according to the
present embodiment.

[0125] Next, the method of manufacturing the opposite
substrate 6 after the color conversion substrate 4 has been
manufactured as described above will be explained.

[0126] In FIG. 17, the planarizing film 43 is formed by a
thermosetting or ultraviolet-curing transparent acrylic-based
resin or the like on the reflective member 46 of the color
conversion substrate 4. Next, the polarizing plate 33 is formed
on the planarizing film 43. The transparent insulating film 30
is formed on the polarizing plate 33 with a silicon oxide film,
a silicon nitride film, or the like, for example. Next, a trans-
parent conductive film such as an ITO film or an 170 filmed
is formed. This transparent conductive film is patterned to
form the opposite electrode 31. Next, the alignment film 32 is
formed to cover the opposite electrode 31.

[0127] In this manner, when manufacturing the opposite
substrate 6 that has been integrated with the color conversion
substrate 4, one glass substrate can be omitted and the manu-
facturing steps can be reduced as compared to if an ordinary
opposite substrate were to be manufactured individually.
[0128] The display device 1 according to the present
embodiment can be applied to TN, VA, ECB, and IPS liquid
crystal driving modes.

[0129] FIG. 18 is a cross-sectional view of a first modifi-
cation example of a display device 1 according to Embodi-
ment 1. In the example shown in FIG. 18, a blue phosphor
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45B is used instead of the light scattering member 44. The
light source module 2 radiates the ultraviolet rays UR towards
the liquid crystal module 3.

[0130] Theultraviolet rays UR enter the selected red phos-
phor 45R, green phosphor 45G, and blue phosphor 45B. In
the example shown in FIG. 18, the ultraviolet rays UR enter
the red phosphor 45R and excite the red phosphor, thereby
causing red light to be emitted. The green phosphor 45G also
emits green light when the ultraviolet rays UR enter, and the
blue phosphor 45B emits blue light when the ultraviolet rays
UR enter.

[0131] In the example shown in FIG. 18, the peripheral
surfaces of the green phosphor 45G, red phosphor 45R, and
blue phosphor 45B are curved as shown in FIGS. 3 and 4.

Embodiment 2

[0132] A display device 1 according to Embodiment 2 will
be described with reference to FIG. 19. Elements of the con-
figuration in FIG. 19 that are the same or equivalent to ele-
ments in FIGS. 1 to 18 are given the same reference character
and an explanation thereof will be omitted.

[0133] FIG. 19 is a cross-sectional view of the display
device 1 according to Embodiment 2. The display device 1
includes a light source module 2, a liquid crystal module 3
disposed on the light source module 2, and a color conversion
substrate 4 disposed on the liquid crystal module 3. In
Embodiment 2, the liquid crystal module 3 and the color
conversion substrate 4 are different components, and the
color conversion substrate 4 is mounted on the liquid crystal
module 3.

[0134] Therefore, an opposite substrate 6 includes a trans-
parent substrate 37, an opposite electrode 31 formed on the
portion of the main surface of the transparent substrate 37
facing the TFT substrate 5, and an alignment film 32 that
covers this opposite electrode 31. The opposite substrate 6
includes a polarizing plate 33 formed on a surface that is
opposite to the surface where the opposite electrode is formed
31 on the transparent substrate 37. The color conversion sub-
strate 4 includes a main plate 39, a phosphor layer 42 formed
on the main plate 39, a reflective member 46 formed on the
phosphor layer 42, and a planarizing film 43 that covers the
reflective member 46 and the phosphor layer 42. In Embodi-
ment 2, the planarizing film 43 is adhesive and adheres the
opposite substrate 6 to the color conversion substrate 4.
[0135] The main plate 39 includes an emitting surface and
amain surface that is located on a side opposite to this emit-
ting surface. The phosphor layer 42 is disposed on the main
surface that is on a side opposite to the emitting surface.
[0136] The main plate 39 includes a transparent substrate
40 and a low refractive index film 41 formed on the bottom
surface of the transparent substrate 40. The phosphor layer 42
includes a red phosphor 45R, a green phosphor 45G, a light
scattering member 44, and boundary parts 18R, 18G, and 185
respectively surrounding the red phosphor 45R, green phos-
phor 45G, and light scattering member 44.

[0137] In Embodiment 2, the outer peripheral surfaces of
the respective boundary parts 18R, 18G, and 18B have curved
surfaces in a manner similar to Embodiment 1, and the reflec-
tive member 46 is formed on the curved outer peripheral
surface.

[0138] The display device 1 of Embodiment 2 can also
improvelightuse efficiency, ina manner similar to the display
device 1 of Embodiment 1.



US 2015/0124188 Al

[0139] FIG. 20 is a cross-sectional view of a modification
example of the display device 1 according to Embodiment 2.
In the example shown in FIG. 20, the display device 1
includes a support member 49 disposed between the color
conversion substrate 4 and the opposite substrate 6 and the
vicinity of the outer edges of the respective substrates. This
defines an air layer 58 between the color conversion substrate
4 and the opposite substrate 6.

[0140] The refractive index of the air layer 58 is less than
the refractive index of the red phosphor 45R, green phosphor
45G, and light scattering member 44. Therefore, in the
example shown in FIG. 20, the light emitted by the red phos-
phor 45R and the green phosphor 45G can be suppressed from
traveling towards the opposite substrate 6, and the light scat-
tered by the light scattering member 44 can be suppressed
from traveling towards the opposite substrate 6.

[0141] Embodiments 1 and 2 described an example in
which the color conversion substrate 4 of the present inven-
tion was applied to a liquid crystal display device having a
side-lit backlight, but the color conversion substrate 4 can be
applied to various types of display devices.

[0142] FIG. 21 is a schematic view of a first modification
example of Embodiments 1 and 2. In the example shown in
FIG. 21, a direct-lit light source module 2 in which a plurality
of LEDs 2a are arrayed is used. Cold cathode fluorescent
tubes may be used instead of the plurality of LEDs.

[0143] FIG. 22 is a schematic view of a second modifica-
tion example. In the example shown in FIG. 22, the light
source module 22 is an organic EL panel or an inorganic EL
panel in which the amount of light is adjustable. The light
source module 2 and the color conversion substrate 4 are
adhered together by an adhesive agent or the like. In the
example shown in FIG. 22, it is not necessary to use a light
shutter device such as a liquid crystal panel.

[0144] FIG. 23 is a cross-sectional view of a third modifi-
cation example, and the display device 1 in FIG. 23 includes
a light source module 2, a light shutter 67, and a color con-
version substrate 4. The light shutter 67 includes a transparent
substrate 63 and a plurality of shutter elements 68 formed on
the main surface of the transparent substrate 63. The shutter
elements 68 are disposed in locations facing the red phosphor
45R, green phosphor 45G, and light scattering member 44.
[0145] Each of the shutter elements 68 has a light-shielding
wall 64 with an operning 66 and gap therein, and a shutter 65
that is movable inside the light shielding wall 64. Movement
of the shutter 65 adjusts the amount of light traveling towards
the liquid crystal module 3 from the opening 66. In this
manner, it is possible to use the light shutter 67, which is a
MEMS shutter.

[0146] Various embodiments based on the present inven-
tion were described above, but all of the embodiments
described above are illustrative in every respect and shall not
be construed as limiting. The technical scope of the present
invention is defined by the claims, and all modifications with
the same meaning as the claims and within the scope defined
thereby are included.

DESCRIPTION OF REFERENCE CHARACTERS

[0147] 1 display device
[0148] 2 light source module
[0149] 24 LED

[0150] 25 light guide plate
[0151] 3 liquid crystal module

[0152] 4 color conversion substrate

[0153]
[0154]
[0155]
[0156]
[0157]
[0158]
[0159]
[0160]
[0161]
[0162]
[0163]
[0164]
[0165]
[0166]
[0167]
[0168]
[0169]
[0170]
[0171]
[0172]
[0173]
[0174]
[0175]
[0176]
[0177]
[0178]
[0179]
[0180]
[0181]
[0182]
[0183]
[0184]
[0185]
[0186]
[0187]
[0188]
[0189]
[0190]
[0191]
[0192]
[0193]
[0194]
[0195]
[0196]
[0197]
[0198]
[0199]
[0200]
[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]
[0210]
[0211]
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5 substrate

6 opposite substrate

7 liquid crystal layer

8 sealing member

10, 40, 63 transparent substrate
11, 33 polarizing plate

12 gate insulating film

13, 13R, 13G, 13B transistor

14 interlayer insulating film

15, 15R, 15G, 15B pixel electrode
16, 32 alignment film

17 semiconductor layer

18, 18B, 18G, 18R boundary part
20, 50 emitting surface

21, 51 bottom surface

22, 25, 26, 52, 55 peripheral surface
24, 54 opposite surface

26 inner peripheral surface

27, 56 outer peripheral surface
28, 35 side wall

29, 36 protrusion

30 transparent insulating film

31 opposite electrode

34, 53 light receiving surface

39 main plate

40 transparent substrate

41 low refractive index layer

42 phosphor layer

43 planarizing film

44 light scattering member

45 phosphor

45B blue phosphor

45G green phosphor

45R red phosphor

46 reflective member

47, 47B, 47G, 47R reflective part
48 connection part

60 transparent substrate

61 resist layer

62 mask

64 light-shielding wall

65 shutter

66 opening

67 light shutter

68 shutter element

BL blue light

D1, D2 array direction

DE drain electrode

GE gate electrode
L1,02,13,14,15, L6 tangent line
LB, LR, LG, LL length

O1 curvature center

P1 first location

P2 second location

P3, P6 top end

P4 fourth location

PS5 fifth location

RL, RL1, RL2, RL3, R[4 red light
SE source electrode
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[0212] UR ultraviolet ray
[0213] V reference direction
[0214] d1, d2 thickness

1. A color conversion substrate, comprising:

a transparent substrate having a main surface;

a phosphor layer disposed on said main surface of the
transparent substrate, said phosphor layer having a plu-
rality of phosphors arranged along the main surface and
a plurality of first transparent boundary parts formed so
as to surround the respective phosphors; and

a plurality of first reflective parts formed on a peripheral
surface of the respective first transparent boundary parts,

wherein a portion of each of the first transparent boundary
parts attached to the respective first reflective parts is a
curved surface, and

wherein a curvature of said curved surface of the respective
first transparent boundary parts is 0.50/d1 to 0.83/d1,
where d1 is a thickness of the respective first transparent
boundary parts.

2. The color conversion substrate according to claim 1,
wherein a portion of the peripheral surface of the respective
first transparent boundary parts contacting the main surface
of the transparent substrate forms an angle to said main sur-
face that is 60° to 80°.

3. The color conversion substrate according to claim 1,

wherein a cross-sectional area of each of the phosphors
becomes progressively smaller from a bottom to a top
thereof, the bottom being a first phosphor surface facing
the main surface of the transparent substrate and the top
being a second phosphor surface on a side opposite to
said first phosphor surface, and

wherein the first reflective parts each include a lateral pro-
trusion that extends from the peripheral surface of the
respective first transparent boundary parts to above the
second phosphor surface of the respective phosphors.

4. The color conversion substrate according to claim 1,

wherein the phosphor layer further includes a plurality of
diffusion members and a plurality of second transparent
boundary parts formed so as to surround the respective
diffusion members,

wherein the phosphor layer further includes second reflec-
tive parts formed on a peripheral surface of the respec-
tive second transparent boundary parts,

wherein a portion of each of the second transparent bound-
ary parts attached to the respective second reflective
parts is a curved surface, and

wherein a curvature of said curved surface of the respective
second transparent boundary parts is 0.50/d2 to 0.83/d2,
where d2 is a thickness of the respective second trans-
parent boundary parts.

5. The color conversion substrate according to claim 1,

further comprising:

a low refractive index layer interposed between the phos-
phor layer and the main surface of the transparent sub-
strate,

wherein a refractive index of the low refractive index layer
is less than a refractive index of the respective phos-
phors.

6. A liquid crystal display device having the color conver-

sion substrate according to claim 1, the liquid crystal display
device comprising:
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a thin film transistor substrate;

an opposite substrate having the color conversion sub-
strate, said opposite substrate being disposed on the thin
film transistor substrate with a gap therebetween; and

a liquid crystal layer provided in the gap between the thin
film transistor substrate and the opposite substrate,

wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than
the color conversion substrate, a transparent conductive
film disposed closer to the thin film transistor substrate
than the color conversion substrate, and an alignment
film disposed closer to the thin film transistor substrate
than the transparent conductive film.

7. The liquid crystal display device according to claim 6,

further comprising:

a planarizing film provided between the color conversion
substrate and the polarization film,

wherein a portion of the planarizing film adjacent to the
polarization film has a planarized surface, and

wherein a refractive index of the planarizing film is less
than a refractive index of the respective phosphors.

8. The color conversion substrate according to claim 2,

wherein a cross-sectional area of each of the phosphors
becomes progressively smaller from a bottom to a top
thereof, the bottom being a first phosphor surface facing
the main surface of the transparent substrate and the top
being a second phosphor surface on a side opposite to
said first phosphor surface, and

wherein the first reflective parts each include a lateral pro-
trusion that extends from the peripheral surface of the
respective first transparent boundary parts to above the
second phosphor surface of the respective phosphors.

9. The color conversion substrate according to claim 2,

wherein the phosphor layer further includes a plurality of
diffusion members and a plurality of second transparent
boundary parts formed so as to surround the respective
diffusion members,

wherein the phosphor layer further includes second reflec-
tive parts formed on a peripheral surface of the respec-
tive second transparent boundary parts,

wherein a portion of each of the second transparent bound-
ary parts attached to the respective second reflective
parts is a curved surface, and

wherein a curvature of said curved surface of the respective
second transparent boundary parts is 0.50/d2 to 0.83/d2,
where d2 is a thickness of the respective second trans-
parent boundary parts.

10. The color conversion substrate according to claim 3,

wherein the phosphor layer further includes a plurality of
diffusion members and a plurality of second transparent
boundary parts formed so as to surround the respective
diffusion members,

wherein the phosphor layer further includes second reflec-
tive parts formed on a peripheral surface of the respec-
tive second transparent boundary parts,

wherein a portion of each of the second transparent bound-
ary parts attached to the respective second reflective
parts is a curved surface, and

wherein a curvature of said curved surface of the respective
second transparent boundary parts is 0.50/d2 to 0.83/d2,
where d2 is a thickness of the respective second trans-
parent boundary parts.
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11. The color conversion substrate according to claim 8,

wherein the phosphor layer further includes a plurality of

diffusion members and a plurality of second transparent
boundary parts formed so as to surround the respective
diffusion members,

wherein the phosphor layer further includes second reflec-

tive parts formed on a peripheral surface of the respec-
tive second transparent boundary parts,

wherein a portion of each of the second transparent bound-

ary parts attached to the respective second reflective
parts is a curved surface, and

wherein a curvature of said curved surface of the respective

second transparent boundary parts is 0.50/d2 to 0.83/d2,
where d2 is a thickness of the respective second trans-
parent boundary parts.
12. A liquid crystal display device having the color conver-
sion substrate according to claim 2, the liquid crystal display
device comprising:
a thin film transistor substrate;
an opposite substrate having the color conversion sub-
strate, said opposite substrate being disposed on the thin
film transistor substrate with a gap therebetween; and

aliquid crystal layer provided in the gap between the thin
film transistor substrate and the opposite substrate,

wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than
the color conversion substrate, a transparent conductive
film disposed closer to the thin film transistor substrate
than the color conversion substrate, and an alignment
film disposed closer to the thin film transistor substrate
than the transparent conductive film.
13. A liquid crystal display device having the color conver-
sion substrate according to claim 3, the liquid crystal display
device comprising:
a thin film transistor substrate;
an opposite substrate having the color conversion sub-
strate, said opposite substrate being disposed on the thin
film transistor substrate with a gap therebetween; and

aliquid crystal layer provided in the gap between the thin
film transistor substrate and the opposite substrate,

wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than
the color conversion substrate, a transparent conductive
film disposed closer to the thin film transistor substrate
than the color conversion substrate, and an alignment
film disposed closer to the thin film transistor substrate
than the transparent conductive film.
14. A liquid crystal display device having the color conver-
sion substrate according to claim 8, the liquid crystal display
device comprising:
a thin film transistor substrate;
an opposite substrate having the color conversion sub-
strate, said opposite substrate being disposed on the thin
film transistor substrate with a gap therebetween; and

aliquid crystal layer provided in the gap between the thin
film transistor substrate and the opposite substrate,

wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than
the color conversion substrate, a transparent conductive
film disposed closer to the thin film transistor substrate
than the color conversion substrate, and an alignment
film disposed closer to the thin film transistor substrate
than the transparent conductive film.
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15. A liquid crystal display device having the color conver-
sion substrate according to claim 4, the liquid crystal display
device comprising:

a thin film transistor substrate;

an opposite substrate having the color conversion sub-

strate, said opposite substrate being disposed on the thin
film transistor substrate with a gap therebetween; and
a liquid crystal layer provided in the gap between the thin
film transistor substrate and the opposite substrate,

wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than
the color conversion substrate, a transparent conductive
film disposed closer to the thin film transistor substrate
than the color conversion substrate, and an alignment
film disposed closer to the thin film transistor substrate
than the transparent conductive film.

16. A liquid crystal display device having the color conver-
sion substrate according to claim 9, the liquid crystal display
device comprising:

a thin film transistor substrate;

an opposite substrate having the color conversion sub-

strate, said opposite substrate being disposed on the thin
film transistor substrate with a gap therebetween; and
a liquid crystal layer provided in the gap between the thin
film transistor substrate and the opposite substrate,

wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than
the color conversion substrate, a transparent conductive
film disposed closer to the thin film transistor substrate
than the color conversion substrate, and an alignment
film disposed closer to the thin film transistor substrate
than the transparent conductive film.

17. A liquid crystal display device having the color conver-
sion substrate according to claim 10, the liquid crystal display
device comprising:

a thin film transistor substrate;

an opposite substrate having the color conversion sub-

strate, said opposite substrate being disposed on the thin
film transistor substrate with a gap therebetween; and
a liquid crystal layer provided in the gap between the thin
film transistor substrate and the opposite substrate,

wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than
the color conversion substrate, a transparent conductive
film disposed closer to the thin film transistor substrate
than the color conversion substrate, and an alignment
film disposed closer to the thin film transistor substrate
than the transparent conductive film.

18. A liquid crystal display device having the color conver-
sion substrate according to claim 11, the liquid crystal display
device comprising:

a thin film transistor substrate;

an opposite substrate having the color conversion sub-

strate, said opposite substrate being disposed on the thin
film transistor substrate with a gap therebetween; and
a liquid crystal layer provided in the gap between the thin
film transistor substrate and the opposite substrate,

wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than
the color conversion substrate, a transparent conductive
film disposed closer to the thin film transistor substrate
than the color conversion substrate, and an alignment
film disposed closer to the thin film transistor substrate
than the transparent conductive film.
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19. A liquid crystal display device having the color conver-
sion substrate according to claim 5, the liquid crystal display
device comprising:
a thin film transistor substrate;
an opposite substrate having the color conversion sub-
strate, said opposite substrate being disposed on the thin
film transistor substrate with a gap therebetween; and

aliquid crystal layer provided in the gap between the thin
film transistor substrate and the opposite substrate,

wherein the opposite substrate includes a polarization film
disposed closer to the thin-film transistor substrate than
the color conversion substrate, a transparent conductive
film disposed closer to the thin film transistor substrate
than the color conversion substrate, and an alignment
film disposed closer to the thin film transistor substrate
than the transparent conductive film.
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