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(57) ABSTRACT

There are provided light-emitting layer provided on transpar-
ent substrate and emitting light of a specific wavelength, first
reflecting layer formed on a light exit side relative to light-
emitting layer and including a function of reflecting light
emitted from light-emitting layer, second reflecting layer pro-
vided on a side of substrate in a manner to interpose light-
emitting layer between first reflecting layer and second
reflecting layer; light diffusion layer that diffuses light emit-
ted from light-emitting layer is disposed between first reflect-
ing layer and second reflecting layer;

and second reflecting layer is formed of a high reflective
metallic layer formed of a metallic film having a high reflec-
tivity, a low refractive index layer formed of a material film
having a low refractive index, and a multilayer-film reflective
layer formed by laminating films made of materials having
different reflectivity.
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BACKLIGHT UNIT, LIQUID CRYSTAL
DISPLAY APPARATUS USING THE SAME,
AND LIGHT-EMITTING DIODE USED
THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to a backlight unit, a
liquid crystal display apparatus using the same, and a light-
emitting diode (hereinafter, referred to as the “LED”) used
therefor.

BACKGROUND ART

[0002] In a backlight unit of a large-sized liquid crystal
display apparatus, a plurality of cold-cathode tubes is
arranged immediately below a liquid crystal panel. These
cold-cathode tubes are used together with members such as a
reflecting plate that reflects emitted light from the cold-cath-
ode tubes to a side of the liquid crystal panel and a diffuser
plate for diffusing light emitted from the cold-cathode tubes
to thereby make a surface light source.

[0003] Inrecent years, alight-emitting diode has been used
as a light source of this type of backlight unit. The light-
emitting diode has been improved recently in its efficiency
and is expected as a light source that consumes less power and
replaces a fluorescent lamp. Additionally, when the light-
emitting diode is used as a light source of the liquid crystal
display apparatus, it is possible to reduce the power consump-
tion of the liquid crystal display apparatus by controlling the
brightness of the light-emitting diode according to video
images.

[0004] Incidentally, as a light-emitting diode for a liquid
crystal display apparatus, a type in which a blue light-emit-
ting diode using a GaN semiconductor as an active layer is
combined with a phosphor is becoming mainstream.

[0005] FIG.19isadiagram illustrating a structure of a GaN
light-emitting diode disclosed in PTL 1. As illustrated in FIG.
15, in the light-emitting diode, n-type contact layer 32 formed
of an n-type GaN film and n-type clad layer 33 are formed on
sapphire substrate 31 via a buffer layer (not illustrated).
Light-emitting layer 34 formed of'an InGaN film is formed on
n-type clad layer 33, and p-type clad layer 35 formed of a
p-type A1GaN film and p-type contact layer 36 formed of a
p-type GaN film are formed on light-emitting layer 34
sequentially from a bottom thereof. N-type electrode 37 is
formed on n-type contact layer 32, and p-type electrode 38 is
formed on p-type contact layer 36. Light-emitting layer 34
emits light by applying a voltage between n-type electrode 37
and p-type electrode 38.

[0006] According to the light-emitting diode disclosed in
PTL 1, a largest amount of light is emitted in a front direction
of a chip of the light-emitting diode. Therefore, light emitted
from the chip in the front direction is diffused by refraction
using a lens, through a concave face near an optical axis, so
that luminance on an illuminated surface near the optical axis
is subdued, and an illumination distribution is made wider.

[0007] Itis an object of the present invention to provide a
light-emitting diode having a light-emitting characteristic
with wider distribution of light, a backlight unit that is inex-
pensive and has a high efficiency using this light-emitting
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diode, and a liquid crystal display apparatus having an
improved image quality using this backlight unit.

CITATION LIST
Patent Literature

[0008] PTL 1; Unexamined Japanese Patent Publication
No. 2001-7399

SUMMARY OF THE INVENTION

[0009] A backlight unit according to the present invention
includes light-emitting means that emits light of a specific
color; the light-emitting means is a light-emitting diode that
includes a light-emitting layer provided on a transparent sub-
strate and emitting light of a specific wavelength, a first
reflecting layer formed on a light exit side relative to the
light-emitting layer and including a function of reflecting
light emitted from the light-emitting layer, and a second
reflecting layer provided on a side of the substrate in a manner
to interpose the light-emitting layer between the first reflect-
ing layer and the second reflecting layer. A light diffusion
layer that diffuses light emitted from the light-emitting layer
is disposed between the first reflecting layer and the second
reflecting layer, and the second reflecting layer is formed of a
high reflective metallic layer formed of a metallic film having
a high reflectivity, a low refractive index layer formed of a
material film having a low refractive index, and a multilayer-
film reflective layer formed by laminating films made of
materials having different reflectivity.

[0010] A liquid crystal display apparatus according to the
present invention includes a backlight unit including light-
emitting means that emits light of a specific color, and a liquid
crystal panel configured to receive light from the backlight
unit incident on a rear side thereof and display an image. The
light-emitting means is a light-emitting diode that includes a
light-emitting layer provided on a transparent substrate and
emitting light of a specific wavelength, a first reflecting layer
formed on a light exit side relative to the light-emitting layer
and including a function of reflecting light emitted from the
light-emitting layer, and a second reflecting layer provided on
a side of the substrate in a manner to interpose the light-
emitting layer between the first reflecting layer and the sec-
ond reflecting layer. A light diffusion layer that diffuses light
emitted from the light-emitting layer is disposed between the
first reflecting layer and the second reflecting layer, and the
second reflecting layer is formed of a high reflective metallic
layer formed of ametallic film having a high reflectivity, a low
refractive index layer formed of a material film having a low
refractive index, and a multilayer-film reflective layer formed
by laminating films made of materials having different reflec-
tivity.

[0011] A light-emitting diode according to the present
invention includes a light-emitting layer provided on a trans-
parent substrate and emitting light of a specific wavelength, a
first reflecting layer formed on a light exit side relative to the
light-emitting layer and including a function of reflecting
light emitted from the light-emitting layer, and a second
reflecting layer provided on a side of the substrate in a manner
to interpose the light-emitting layer between the first reflect-
ing layer and the second reflecting layer. A light diffusion
layer that diffuses light emitted from the light-emitting layer
is disposed between the first reflecting layer and the second
reflecting layer, and the second reflecting layer is formed of a
high reflective metallic layer formed of a metallic film having
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a high reflectivity, a low refractive index layer formed of a
material film having a low refractive index, and a multilayer-
film reflective layer formed by laminating films made of
materials having different reflectivity.

[0012] According to the backlight unit configured as
described above, it is possible to obtain a backlight unit that is
inexpensive, high-efficient, and with reduced color uneven-
ness.

[0013] According to the liquid crystal display apparatus
that is configured as described above, it is possible to obtain a
liquid crystal display apparatus that can improve the image
quality.

[0014] According to the light-emitting diode configured as
described above, it is possible to obtain a light-emitting diode
having a light-emitting characteristic with wider distribution
of light.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is a perspective view illustrating an outline
structure of a subjacent-type backlight unit according to an
exemplary embodiment of the present invention.

[0016] FIG. 2 is a cross sectional view illustrating an out-
line structure of a liquid crystal display apparatus using the
backlight unit.

[0017] FIG. 3 is a cross sectional view illustrating a struc-
ture of an LED used for the backlight unit.

[0018] FIG. 4 is a cross sectional view schematically illus-
trating a structure of an LED chip of the LED.

[0019] FIG. 5is a cross sectional view schematically illus-
trating a structure of a first reflecting layer of the LED chip.
[0020] FIG. 6 is a diagram illustrating an angular charac-
teristic of relative intensity of light outputted from the LED.
[0021] FIG. 7 is a cross sectional view schematically illus-
trating a structure of a second reflecting layer of the LED chip.
[0022] FIG. 8 is a diagram illustrating an angular distribu-
tion of the second reflecting layer having a reflectivity accord-
ing to a configuration indicated in Table 2.

[0023] FIG.9 is a diagram illustrating an angular distribu-
tion of the second reflecting layer having a reflectivity accord-
ing to a configuration indicated in Table 3.

[0024] FIG. 10 is a diagram illustrating an angular distri-
bution of the second reflecting layer having a reflectivity
according to a configuration indicated in Table 4.

[0025] FIG. 11 is a diagram illustrating an angular distri-
bution of the second reflecting layer having a reflectivity
according to a configuration indicated in Table 5.

[0026] FIG. 12 is a diagram illustrating an angular distri-
bution of the second reflecting layer having a reflectivity
according to a configuration indicated in Table 1.

[0027] FIG. 13 is a diagram illustrating an angular charac-
teristic of intensity of blue light of the LED and yellow light
from a phosphor.

[0028] FIG. 14 is a diagram illustrating an emission spec-
trum at angles of 0 degrees and 60 degrees of blue light
emitted from the LED.

[0029] FIG. 15is a diagram illustrating one example of an
absorption spectrum of a yellow phosphor.

[0030] FIG. 16A is a diagram illustrating one example of a
spectrum of white light in a 0-degree direction after light
passes through a phosphor layer of the LED.

[0031] FIG. 16B is a diagram illustrating one example of a
spectrum of white light in a 60-degree direction after light
passes through a phosphor layer of the LED.
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[0032] FIG. 17 is a diagram illustrating one example of a
spectrum of a white LED resulted from color mixture of light
of an ultraviolet light LED, and light of red, blue, and green
phosphors.

[0033] FIG. 18 is a cross sectional view illustrating an
outline structure of a liquid crystal display apparatus using a
backlight unit according to another exemplary embodiment
of the present invention.

[0034] FIG.19isacross sectional view schematically illus-
trating a structure of an LED chip of a conventional LED.

DESCRIPTION OF EMBODIMENTS

[0035] Hereinafter, a backlight unit according to an exem-
plary embodiment of the present invention will be described
with reference to the drawings.

[0036] The backlight unit according to the exemplary
embodiment is a subjacent-type backlight unit.

[0037] FIG. 1 is a perspective view illustrating an outline
structure of a subjacent-type backlight unit according to the
exemplary embodiment of the present invention, and FIG. 2 is
a cross sectional view illustrating an outline structure of a
liquid crystal display apparatus using the subjacent-type
backlight unit illustrated in FIG. 1. FIG. 2 illustrates an out-
line cross section at a position including an optical axis of the
LED in a plane taken along a line x-y of FIG. 1. Hereinafter,
referring to FIGS. 1 and 2, a direction of an x-axis is referred
to as a “transverse direction”, a positive direction of a y-axis
which is a direction in which light of subjacent-type backlight
unit 1 exits is referred to as a “front direction”, a negative
direction of the y-axis is referred to as a “rear direction”, a
positive direction of a z-axis is referred to as an “upper direc-
tion”, and a negative direction of the z-axis is referred to as a
“lower direction”.

[0038] As illustrated in FIGS. 1 and 2, in subjacent-type
backlight unit 1, a plurality of LEDs 2 is laid at regular
intervals in a matrix formation on a front surface of reflecting
plate 3. Various types of optical sheets are disposed on a front
direction side of LEDs 2 with a distance from LEDs 2. To be
specific, diffusion sheet 4, wavelength conversion sheet 5,
and luminance enhancing sheet 6 are arranged on the front
direction side of LEDs 2.

[0039] Diffusion sheet4 is a diffusion member that diffuses
light from LEDs 2 and light reflected by reflecting plate 3 and
forms a surface light source. Wavelength conversion sheet 5is
wavelength conversion means that allows part of light inci-
dent thereon through diffusion sheet 4 to pass therethrough
and allows mixing the part of the light passing therethrough
with other light of which wavelength is changed by wave-
length conversion sheet 5 for producing light of white color.
Luminance enhancing sheet 6 collects light and allows light
to exit therefrom in a direction normal to an exit plane to
thereby enhance frontal luminance of the exit light.

[0040] LEDs 2 are arbitrarily arranged in an optimum
quantity and at optimum intervals according to the structure
of subjacent-type backlight unit 1. For example, these are
decided by a size and a thickness of subjacent-type backlight
unit 1, a light distribution characteristic of LED 2, and the
like.

[0041] Further, subjacent-type backlight unit 1 allows sur-
face light of white color to exit from a surface on the front
direction side of luminance enhancing sheet 6 serving as an
exit plane of light. Here, the white color means a color having
a color temperature in a range between 3000 K and 10000 K.
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[0042] Reflecting plate 3 has a flat shape and is arranged on
a rear direction side of LEDs 2. Reflecting plate 3 is provided
with at least diffusion reflection surface 3a placed on its front
surface on which LEDs 2 are laid and formed of white poly-
ester. Light reached diffusion reflection surface 3a is diffused
and reflected in a front direction. This means that the light
reached reflecting plate 3 is diffused and reflected on the front
direction side.

[0043] Diffusion sheet 4 has a flat shape and is disposed on
the front direction side of LEDs 2 with a distance from LEDs
2 and reflecting plate 3. Diffusion sheet 4 diffuses light inci-
dent thereon from a side of LEDs 2, that is, a rear side of
diffusion sheet 4. Diffusion sheet 4 controls light so that part
of the light passes through diffusion sheet 4 and exits from a
front surface in a front direction, and part of the light is
reflected by diffusion sheet 4 and returns to a rear side thereof
(side of LEDs 2).

[0044] Wavelength conversion sheet 5 has substantially a
flat shape as an external shape and is disposed between dif-
fusion sheet 4 and luminance enhancing sheet 6 which will be
described later. Wave length conversion sheet 5 has a phos-
phor film therein. The phosphor film is excited by blue light
emitted by LEDs 2, converts the light into light of a specific
color, that is, converts the wavelength of blue light in this
exemplary embodiment into yellow light having a dominant
emission wavelength on a long-wavelength side of 550 nm to
610 nm by an action of the phosphor film, and emits the
resultant light in the front direction. To state it differently, part
of blue light entering from a rear side passes through wave-
length conversion sheet 5 intact, and part of the blue light is
converted into yellow light by the wavelength conversion
action of the phosphor film and passes through wavelength
conversion sheet 5. As a result of this, wavelength conversion
sheet 5 mixes blue light and yellow light with each other and
emits white light. When an amount of the blue light is larger,
the resultant light becomes bluish white light, and, when an
amount of the yellow light is larger, the resultant light
becomes yellowish white light.

[0045] Luminance enhancing sheet 6 has a flat shape and is
arranged in front of diffusion sheet 4. Luminance enhancing
sheet 6 reflects part of incident light to a rear direction, allows
part ofthe incident light to pass therethrough, and collects and
emits light in a direction normal to the exit plane. With this
arrangement, it increases a frontal luminance of the exit light.
Specifically, a prism, for example, is provided in front of
luminance enhancing sheet 6 so that only light of a predeter-
mined angle can be outputted.

[0046] Subjacent-type backlight unit 1 is formed of the
above-mentioned members. Additionally, as illustrated in
FIG. 2, a liquid crystal display apparatus is configured when
liquid crystal panel 7 for displaying images is placed in the
front direction of subjacent-type backlight unit 1. Further,
liquid crystal panel 7 is a panel formed to have a plurality of
pixels by encapsulating liquid crystal between a substrate on
which transparent electrodes and transistors as switching ele-
ments are formed and a substrate on which a deflection plate
is provided. Then, individual pixels are switched according to
an image signal to thereby adjust an amount of the backlight
passing through the panel so that a desired image is displayed.
[0047] It should be noted that, although FIG. 2 illustrates
diffusion sheet 4, wavelength conversion sheet 5, and lumi-
nance enhancing sheet 6 with gaps provided therebetween,
there is no need to necessarily provide such gaps for arranging
individual sheets. This is merely an example.
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[0048] Next, LED 2 used for the backlight unit according to
this exemplary embodiment will be described in detail.
[0049] LED 2 emits blue light having a dominant emission
wavelength of 430 nm to 480 nm. As illustrated in FIG. 3,
LED 2 is formed by arranging LED chip 8 inside LED pack-
age 9 and encapsulating by resin 10 for protecting LED chip
8. LED chip 8 is electrically connected to a substrate (not
illustrated) of LED package 9 by means of a wiring member.
Here, the dominant emission wavelength means a wavelength
at which a maximum emission intensity in an emission spec-
trum is achieved. Referring to FIG. 3, dotted line A schemati-
cally indicates an emission pattern of light of LED 2.

[0050] FIG. 4 is a cross sectional view schematically illus-
trating a structure of LED chip 8. Referring to FIG. 4, refer-
ence mark 11 represents a transparent substrate made of GaN.
One of principal surfaces of substrate 11 includes n-type
contact layer 12 formed of an n-type GaN film, n-type clad
layer 13 formed of an n-type A1GaN film, light-emitting layer
14 which is formed of an InGaN film and is an active layer
emitting light of a specific wavelength, p-type clad layer 15
formed of a p-type A1GaN film, and p-type contact layer 16
formed of a p-type GaN film, which are laminated thereon
sequentially.

[0051] In addition, first reflecting layer 17 having a func-
tion of reflecting light emitted from light-emitting layer 14 is
laminated on a light exit side relative to light-emitting layer
14 of the laminated body. As described later, first reflecting
layer 17 is formed of a dielectric multilayer film. According to
this exemplary embodiment, first reflecting layer 17 is formed
of a plurality of layers of TiO, and a plurality of layers of
Si0,.

[0052] Reference mark 18 represents a second reflecting
layer formed of a high reflective metallic layer, a low refrac-
tive index layer, and a multilayer-film reflective layer, refer-
ence mark 19 represents an n-type electrode, and reference
mark 20 represents a p-type electrode.

[0053] Second reflecting layer 18 is provided on the other
of the principal surfaces of substrate 11, and light-emitting
layer 14 is sandwiched between second reflecting layer 18
and first reflecting layer 17.

[0054] In addition, light diffusion layer 21 formed of opal
glass is formed between first reflecting layer 17 and p-type
contact layer 16 formed of p-type GaN film so as to be
disposed between first reflecting layer 17 and light-emitting
layer 14.

[0055] Referring to FIG. 4, light-emitting layer 14 emits
light by applying a voltage between n-type electrode 19 and
p-type electrode 20. Since light emitted from light-emitting
layer 14 is isotropic light, part of the light emitted therefrom
travels to second reflecting layer 18 and first reflecting layer
17, part of the light is totally reflected by some of interfaces of
the laminated body that forms LED 2, and part of the light is
absorbed by some of materials of the laminated body that
forms LED 2.

[0056] Here, reflectivity of first reflecting layer 17 is con-
figured to be lower than that of second reflecting layer 18.
Light emitted by light-emitting layer 14 repeats reflections
and is extracted from first reflecting layer 17. FIG. 5 is a cross
sectional view of first reflecting layer 17. Referring to FIG. 5,
first reflecting layer 17 is formed on p-type contact layer 16
and is formed of a dielectric multilayer film in which seven
layers of high refractive index layers 174, 176, 17¢, 17d, 17e,
17f; and 17g made of titanium dioxide (TiO,) serving as a first
dielectric, and six layers of low refractive index layers 174,
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17i, 17}, 17k, 171, and 17m made of silicon dioxide (SiO,)
serving as a second dielectric are laminated alternately on top
of one another. High refractive index layers 17a made of
titanium dioxide makes contact with p-type contact layer 16.

[0057] Here, in high refractive index layers 17a to 17g
formed of the first dielectric and low refractive index layers
17/ to 17m formed of the second dielectric, which constitute
first reflecting layer 17, each optical film thickness is set close
to V4 of a wavelength of the light from light-emitting layer 14
in the first dielectric and the second dielectric.

[0058] Specifically, the thicknesses of the layers are,
sequentially from a side of p-type contact layer 16, 25.0 nm
for high refractive index layer 17q, 83.3 nm for low refractive
index layer 174, 49.0 nm for high refractive index layer 175,
80.0 nm for low refractive index layer 17i, 47.5 nm for high
refractive index layer 17¢, 78.3 nm for low refractive index
layer 17, 45.5 nm for high refractive index layer 174, 73.3 nm
for low refractive index layer 17k, 42.0 nm for high refractive
index layer 17¢, 66.7 nm for low refractive index layer 17/,
38.0 nm for high refractive index layer 17/ 60.0 nm for low
refractive index layer 17m, and 18.0 nm for high refractive
index layer 17g. Here, a refractive index of titanium dioxide at
awavelength of450 nmis 2.5, and a refractive index of silicon
dioxide at a wavelength of 450 nm is 1.5.

[0059] In this way, by forming first reflecting layer 17 of
LED chip 8 by using the dielectric multilayer film formed of
the first dielectric and the second dielectric having refractive
indices different from each other, it is possible to realize LED
2 having a light distribution characteristic illustrated in FIG.
6

[0060] FIG. 6 is a diagram illustrating an example of an
angular characteristic of relative intensity of light outputted
from LED 2 having the above-mentioned structure illustrated
in FIGS. 4 and 5. In the characteristic illustrated in FIG. 6,
light emitted from light-emitting layer 14 is isotropic light. In
addition, the characteristic illustrated in FIG. 6 is based on
normalization in which intensity of light outputted in the front
direction, where an output angle is 0 degrees, is assumed as 1.

[0061] Incidentally, when reflecting layers are disposed to
sandwich a light-emitting layer in a general LED, a resonator
structure is formed by the reflecting layers, and directivity of
light outputted from the LED makes a distribution close to
Lambertian distribution. Specifically, intensity of light
becomes maximum at an output angle of 0 degrees, and an
angular distribution proportional to cosine of the output angle
is formed.

[0062] In contrast, in LED 2 according to this exemplary
embodiment, as illustrated in FIG. 6, LED 2 shows a light
distribution characteristic with wider distribution in which
intensity of light increases as the output angle becomes larger
and becomes a maximum at an output angle near 70 degrees
which is equal to or larger than 65 degrees.

[0063] Specifically, in LED 2 according to this exemplary
embodiment, a half of light emitted from light-emitting layer
14 travels to a side of second reflecting layer 18. Light
reflected by second reflecting layer 18 travels to a direction of
first reflecting layer 17 and exits from LED 2. Light among
the emitted light and reflected by first reflecting layer 17
travels to second reflecting layer 18. Since light diffusion
layer 21 is disposed between first reflecting layer 17 and
second reflecting layer 18, light that incidents on light diffu-
sion layer 21 is subjected to perfect diffusion, and passes
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therethrough or is reflected thereby. By arranging light diffu-
sion layer 21 as a perfect diffusion layer, multiple reflection of
light by first reflecting layer 17 and second reflecting layer 18
is suppressed, and an amount of light confined inside LED 2
can be reduced.

[0064] In this way, according to LED 2 of this exemplary
embodiment, the multiple reflection of light caused by first
reflecting layer 17 and second reflecting layer 18 is sup-
pressed. In addition, a characteristic in which an angular
characteristic of transmittance and reflectivity of first reflect-
ing layer 17, i.e., a characteristic in which a peak of transmit-
tance is designed to an output angle of 65 degrees or larger, is
provided. Also, by considering a distribution characteristic of
light emitted from light-emitting layer 14, the light distribu-
tion characteristic of LED 2 can be easily controlled to
become a light distribution characteristic with wider distribu-
tion as illustrated in FIG. 6.

[0065] Next, a detailed structure of second reflecting layer
18 will be described with reference to FIG. 7. Second reflect-
ing layer 18 is formed of high reflective metallic layer 18a
which is formed of a metallic film having a high reflectivity
selected from among aluminum, gold, and silver, a low
refractive index layer 185 formed of a material film having a
low refractive index such as silicon dioxide (Si0O,) formed on
high reflective metallic layer 184, and multilayer-film reflec-
tive layer 18¢ formed on low refractive index layer 185 and
having a structure in which material films formed of a high
refractive index material and a low refractive index material
having different reflectivity from each other are alternately
stacked on top of one another. The high refractive index
material of multilayer-film reflective layer 18¢ is a material
selected from a group consisting of titanium dioxide, silicone
nitride, di-tantalum trioxide, niobium pentoxide, and zirco-
nium dioxide, and the low refractive index material is silicon
dioxide. Table 1 indicates one example of a configuration of
second reflecting layer 18.

TABLE 1
Film
thickness
(nm)

GaN substrate 11 —
f TiO, 45.00
SiO, 75.00
TiO, 45.00
SiO, 75.00
TiO, 45.00
SiO, 75.00
TiO, 45.00
SiO, 75.00
18¢c TiO, 45.00
SiO, 75.00
TiO, 45.00
Sio, 75.00
TiO, 45.00
Sio, 75.00
TiO, 45.00
Sio, 75.00
K TiO, 45.00
Sio, 75.00
TiO, 45.00
Low refractive index 825.00

layer 18b (SiO,)
High reflective metallic —
layer 18a (Ag)
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[0066] Hereinafter, a description will be given of effects of
individual layers of high reflective metallic layer 18a, low
refractive index layer 185, and multilayer-film reflective layer
18¢ which form second reflecting layer 18.

[0067] Table 2 indicates a structure of layer of high reflec-
tive metallic layer 18a alone.
TABLE 2
Refractive Extinction Film
index coefficient thickness
GaN substrate 11 2.5 0 —
High reflective metallic layer 0.13163 2.74674 —
18a (Ag)
[0068] FIG. 8 is a graph illustrating an angular dependency

of a reflectivity at a wavelength of 450 nm according to the
configuration of Table 2. The reflectivity is about 88% at an
angle of 0 degrees, and it is understood that the reflectivity
increases as the angle increases.

[0069] First, the effect of low refractive index layer 185 will
be described. Table 3 indicates configurations of high reflec-
tive metallic layer 18a and low refractive index layer 185.
Here, to obtain the effect of low refractive index layer 185, a
medium thereof’is alow refractive index layer having a refrac-
tive index of 1.5 which is lower than the refractive index of 2.5
and has a thickness as an optical film thickness of 600 nm
which is A/2 or larger of an emitted light wavelength (A) of
450 nm.

TABLE 3
Refractive Extinction Film
index coefficient thickness
GaN substrate 11 2.5 0 —
Low refractive index 1.5 0 600.00
layer 18b
High reflective metallic 0.13163 2.74674 —

layer 18a (Ag)

[0070] FIG. 9 illustrates a characteristic representing an
angular dependency of a reflectivity at a wavelength of 450
nm according to a configuration indicated in Table 3. The
reflectivity of light at an angle 0f 40 degrees or larger is almost
100% due to the effect of low refractive index layer 185. This
coincides with a value close to a critical angle of 37 degrees
that is calculated from the refractive index of 2. 5 of substrate
11 and the refractive index of 1.5 of low refractive index layer
1854. This means that, since light at an angle over the critical
angle is subjected to total reflection, and a reflectivity thereof
is 100%, it is possible to improve the reflectivity on a side of
a wider angle by using low refractive index layer 18a. In
addition, since low refractive index layer 185 uses the total
reflection, an influence of a thin-film interference increases,
and the effect of the total reflection cannot be obtained when
the film thickness becomes small. Accordingly, it is prefer-
able that the thickness of low refractive index layer 185 be the
optical film thickness of A/2 or larger of the emitted light
wavelength (A) of LED 2.

[0071] Next, the effect of multilayer-film reflective layer

18c will be described. Table 4 indicates configurations of high
reflective metallic layer 18a and multilayer-film reflective
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layer 18¢. Here, medium 1 having a refractive index of 2.5 and
medium 2 having refractive index of 3.5 are used as a medium
of' multilayer-film reflective layer 18¢. Extinction coefficients
of medium 1 and medium 2 are set to 0. Film thicknesses of
medium 1 and medium 2 are set to 45 nm and 32.14 nm,
respectively, so that they become A/4 of a center wavelength
of 450 nm of the light emitted by LED 2.

TABLE 4

Refractive Extinction Film
index coefficient thickness

GaN substrate 11 2.5 0 —
Medium 1 2.5 0 45.00
( Medium 2 3.5 0 32.14
Medium 1 2.5 0 45.00
Medium 2 3.5 0 32.14
Medium 1 2.5 0 45.00
Medium 2 3.5 0 32.14
Medium 1 25 0 45.00
Medium 2 3.5 0 32.14
Medium 1 2.5 0 45.00
18¢ Medium 2 35 0 32.14
Medium 1 2.5 0 45.00
Medium 2 35 0 32.14
Medium 1 2.5 0 45.00
Medium 2 35 0 32.14
Medium 1 2.5 0 45.00
Medium 2 3.5 0 32.14
Medium 1 2.5 0 45.00
\ Medium 2 35 0 32.14
Medium 1 2.5 0 45.00

High reflective 0.13163 2.74674 —

metallic layer 18a (Ag)

[0072] FIG. 10 illustrates a characteristic representing an
angular dependency of a reflectivity at a wavelength of 450
nm according to a configuration indicated in Table 4. The
reflectivity of light at near O degrees is about 100% due to the
effect of multilayer-film reflective layer 18¢. This is resulted
from improvement of the reflectivity by the thin-film inter-
ference effect obtained by forming multilayer-film reflective
layer 18¢ using medium 2 having a high refractive index and
medium 1 having a low refractive index, and arranging it as a
multilayer film having a film thickness of A/4.

[0073] Next, adescription will be given of an effect resulted
from a combination of low refractive index layer 186 and
multilayer-film reflective layer 18¢ as described above. Table
5 indicates a configuration of second reflecting layer 18
formed of high reflective metallic layer 18a, low refractive
index layer 185, and multilayer-film reflective layer 18c.
Here, in the same manner as described above, a medium for
low refractive index layer 185 is a low refractive index layer
18b having a refractive index of 1.5 which is lower than the
refractive index of 2.5 and has a thickness as an optical film
thickness of 880 nm which is A/2 or larger of the emitted light
wavelength (A) of 450 nm. In addition, for multilayer-film
reflective layer 18¢, medium 1 having a refractive index of2.5
and medium 2 having a refractive index of 3.5 are used.
Extinction coefficients of medium 1 and medium 2 are set to
0.

[0074] Film thicknesses of medium 1 and medium 2 are set
to 45 nm and 32.14 nm, respectively, so that they become A/4
of the emitted light wavelength of 450 nm of the LED.
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TABLE 5

Refractive Extinction Film
index coefficient thickness

GaN substrate 11 2.5 0 —

’ Medium 1 2.5 0 45.00
Medium 2 3.5 0 32.14
Medium 1 2.5 0 45.00
Medium 2 3.5 0 32.14
Medium 1 25 0 45.00
Medium 2 3.5 0 32.14
Medium 1 25 0 45.00
Medium 2 3.5 0 32.14

18 Medium 1 2.5 0 45.00
Medium 2 35 0 32.14
Medium 1 2.5 0 45.00
Medium 2 35 0 32.14
Medium 1 2.5 0 45.00
Medium 2 35 0 32.14
Medium 1 2.5 0 45.00
Medium 2 35 0 32.14
Medium 1 2.5 0 45.00

\ Medium 2 35 0 32.14
Medium 1 2.5 0 45.00
Low refractive index 1.5 0 825.00
layer 18b

High reflective
metallic layer 18a (Ag)

0.13163 2.74674 —

[0075] FIG. 11 illustrates a characteristic representing an
angular dependency of a reflectivity at a wavelength of 450
nm according to a configuration indicated in Table 5. It is
understood that light at an angle of 40 degrees or larger is
subjected to total reflection, and the reflectivity thereof is
almost 100% by the effect of low refractive index layer 185.
The reflectivity of light at near 0 degrees is about 100% due to
the effect of multilayer-film reflective layer 18¢. This is
resulted from improvement of the reflectivity by the thin-film
interference effect obtained by forming multilayer-film
reflective layer 18¢ using medium 2 having a high refractive
index and medium 1 having a low refractive index, and
arranging it as a multilayer film having a film thickness of A/4.
This means that it is possible to greatly increase the reflec-
tivity at all incident angles by forming second reflecting layer
18 using high reflective metallic layer 18a, low refractive
index layer 184, and multilayer-film reflective layer 18c.

[0076] FIG. 12 illustrates a characteristic representing an
angular dependency of a reflectivity at a wavelength of 450
nm of second reflecting layer 18 according to a configuration
indicated in Table 1. According to the configuration of Table
1, a material of low refractive index layer 185 is SiO, having
a refractive index of 1.5, and a low refractive index material
used for multilayer-film reflective layer 18¢ is SiO, which is
the same material used for low refractive index layer 185.
With the configuration described above, the production pro-
cess is simplified and the cost is reduced. As in the previous
cases, in the angular characteristic of the reflectivity, the
reflectivity of light at an angle of 40 degrees or larger is about
100% due to the effect of low refractive index layer 185, and
the reflectivity of light at an angle near 0 degrees is about
100% due to the effect of multilayer-film reflective layer 18c¢.
By forming second reflecting layer 18 using high reflective
metallic layer 18a, low refractive index layer 185, multilayer-
film reflective layer 18¢, and the reflectivity can be greatly
increased.

[0077] Further, since light diffusion layer 21 is formed of
opal glass, the refractive index is smaller than the refractive
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index of 2.5 of GaN of light-emitting layer 14. Accordingly,
by laying light diffusion layer 21 between light-emitting layer
14 and first reflecting layer 17, it is possible to realize a high
extraction efficiency without harming the effect of low refrac-
tive index layer 185 of second reflecting layer 18.

[0078] As described above, in this exemplary embodiment,
the backlight unit includes LED 2 that is light-emitting means
for emitting light of specific color and diffusion sheet 4 that is
a diffusion member serving as a surface light source for
diffusing the light from LED 2; LED 2 includes light-emitting
layer 14 provided on transparent substrate 11 and emitting
light of a specific wavelength, first reflecting layer 17 formed
on a light exit side relative to light-emitting layer 14 and
including a function of reflecting light emitted from light-
emitting layer 14, and second reflecting layer 18 provided on
a side of substrate 11 in a manner to interpose light-emitting
layer 14 between first reflecting layer 17 and second reflect-
ing layer 18; and second reflecting layer 18 includes high
reflective metallic layer 18a formed of a metallic film having
a high reflectivity, low refractive index layer 185 formed of a
material film having a low refractive index, and multilayer-
film reflective layer 18¢ resulted from laminating films made
of material having different reflectivity. With this structure,
since a light interference effect exerted by second reflecting
layer 18 and first reflecting layer 17 is suppressed. In addition,
an angular characteristic of transmittance and reflectivity of
first reflecting layer 17, i.e., a characteristic in which a peak of
transmittance is designed to an output angle of 65 degrees or
larger. This means that, as illustrated in FIG. 6, it is possible
to easily control the characteristic to become a light distribu-
tion characteristic with wider distribution, and provide an
inexpensive and high-efficient backlight unit.

[0079] According to the example illustrated in FIG. 4,
although light diffusion layer 21 is disposed between first
reflecting layer 17 and light-emitting layer 14, light diffusion
layer 21 may be disposed between light-emitting layer 14 and
second reflecting layer 18. The point is that light diffusion
layer 21 for diffusing light emitted from light-emitting layer
14 may be disposed between first reflecting layer 17 and
second reflecting layer 18.

[0080] In the example illustrated in FIG. 7, second reflect-
ing layer 18 is sequentially structured ofhigh reflective metal-
lic layer 18a, low refractive index layer 185 formed on high
reflective metallic layer 184, and multilayer-film reflective
layer 18¢ formed on low refractive index layer 185. Alterna-
tively, the sequential order of low refractive index layer 185
and multilayer-film reflective layer 18¢ may be replaced with
each other. The point is that low refractive index layer 185 and
multilayer-film reflective layer 18¢ may be formed on high
reflective metallic layer 18a.

[0081] Incidentally, in the case where light itself which is
emitted from LED 2 is arranged to be distributed widely
without using a lens, blue light emitted from LED chip 8 is
widely distributed as indicated by characteristic B in FIG. 13.
Alternatively, a light distribution characteristic of yellow
light having a dominant emission wavelength between 550
nm and 610 nm which is emitted from a phosphor film that is
excited by blue light from LED 2 becomes Lambertian dis-
tribution as indicated by characteristic Y. This means that light
distribution characteristics of blue light and yellow light out-
putted from LED package 9 are different from each other,
while the yellow light has a maximum value of intensity in a
direction immediately above LED 2, the blue light has a
maximum value of intensity at an angle of 65 degrees or larger
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and near 70 degrees. For this reason, the light becomes yel-
lowish white immediately above LED 2 and bluish white atan
angle of about 70 degrees. This results in different colors
depending on the angle, and causes uneven color.

[0082] Further, when a dielectric multilayer film is used as
first reflecting layer 17 on a light exit side so as to widen the
light distribution, constructive wavelengths and destructive
wavelengths, which are caused by interference of light, are
present in the dielectric multilayer film, which results in
different emission spectra depending on the angle. FIG. 14
illustrates one example of a spectrum of a blue LED. As
illustrated in FIG. 14, it is understood that a spectrum of light
B2 outputted in a direction of 60 degrees is shifted by about 10
nm to a longer wavelength side relative to light B1 outputted
in a direction of 0 degrees. In addition, as illustrated in FIG.
14, since the emission spectrum changes according to the
angle, chromaticity also deviates.

[0083] FIG. 15 illustrates one example of an absorption
spectrum of a phosphor that emits yellow light. A peak in the
absorption spectrum is at around 450 nm as in the case of the
emission spectrum in a direction of 0 degrees, and an absorp-
tion coefficient decreases on a long wavelength side equal to
or higher than 450 nm. This means that an absorption amount
of light of the phosphor decreases, and an emission intensity
of the yellow phosphor that is excited becomes smaller.
Accordingly, light in a direction of 0 degrees after passing
through the phosphor has a spectrum illustrated in FIG. 16A,
and light in a direction of 60 degrees has a spectrum illus-
trated in FIG. 16B. According to FIG. 16B, the emission
intensity of the yellow phosphor becomes smaller relative to
the emission intensity of the blue LED, and the color changes
between 0 degrees and 60 degrees, and, as a result, uneven
color is caused in the backlight unit.

[0084] In contrast, in the backlight unit according to this
exemplary embodiment, the blue light outputted from LED 2
shows, as described above, the light distribution characteris-
tic as illustrated in FIG. 6, and blue light having this light
distribution characteristic passes through diffusion sheet 4
and enters wavelength conversion sheet 5. Then, part of blue
light incident on wavelength conversion sheet 5 passes there-
through intact, and remainder blue light is converted into
yellow light by the wavelength conversion action of the phos-
phor and passes therethrough. During such a process, since
the light distribution characteristic of the blue light immedi-
ately after it passes wavelength conversion sheet 5 and the
yellow light converted by the wavelength conversion action
of the phosphor show the same illumination distribution, and
additionally the both show the Lambertian distribution char-
acteristic, the blue light and the yellow light show the same
characteristic. As a result, the uneven color as discussed
above can be suppressed, and an improvement in an image
quality for the liquid crystal display apparatus can be
achieved.

[0085] In the description above, although wavelength con-
version sheet 5 is arranged between diffusion sheet 4 and
luminance enhancing sheet 6, the location is not restricted to
this. For example, wavelength conversion sheet 5 may be
arranged between reflecting plate 3 and diffusion sheet 4. In
short, if wavelength conversion sheet 5 is arranged between
reflecting plate 3 and luminance enhancing sheet 6, it is
possible to provide an effect of reducing uneven color.
[0086] In addition, if a diffusion plate having a high
mechanical strength is used instead of diffusion sheet 4 as a
diffusion member, it is possible to allow this diffusion plate to
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hold other optical sheet. In such a case, wavelength conver-
sion sheet 5 may be arranged between the diffusion plate and
luminance enhancing sheet 6.

[0087] Although luminance enhancing sheet 6 is config-
ured so that it reflects part of incident light toward a rear side,
allows part of incident light to pass therethrough and be
collected and emitted in a direction normal to an exit plane,
and thereby enhances frontal luminance of the exit light, the
structure thereof'is not restricted to this. For example, as long
as it reflects part of incident light to a rear side, it may be
configured differently. Also, it may be configured so that,
when a liquid crystal display apparatus is formed, only a
polarization component which is absorbed by liquid crystal
panel 7 is reflected, and remainder light is allowed to pass
through.

[0088] Further, in this exemplary embodiment, although
wavelength conversion sheet 5 is configured so that it is
provided with a phosphor film for converting blue light into
yellow light, the structure is not restricted to this. For
example, wavelength conversion sheet 5 may be provided
with a phosphor film for converting blue light into red light
and a phosphor film for converting blue light into green light.
According to this structure, it is possible to generate white
light by performing a color mixture between blue light from
LED 2 which is light emitting means and red and green light
whose wavelength is converted by wavelength conversion
sheet 5.

[0089] Further, it is also possible to use an LED as LED 2
which emits ultraviolet light having a dominant emission
wavelength of 350 nm to 400 nm. Then, as illustrated in FIG.
17, as wavelength conversion sheet 5, a sheet on which phos-
phor films of R, G, and B having characteristics of emitting
red, blue, and green light by being excited by the ultraviolet
light of the LED are formed may be used so that light of white
color is achieved by mixing light of blue, green, and red.
When the LED emitting the ultraviolet light is used, since the
ultraviolet light is not used as part of white color, the uneven
color is not affected by the change of chromaticity of LED
and is only affected by an excitation efficiency of the phos-
phor, it is possible to realize a backlight unit having further
reduced uneven color.

[0090] In addition, as to light diffusion layer 21 of LED
chip 8, a plurality of recess and a plurality of protrusion are
may be formed at random on a partial surface of p-type
contact layer 16, for example, by etching or the like, and a
layer made of SiO, may be formed on a surface of the plural-
ity of recess and a plurality of protrusion to make light diffu-
sion layer 21.

[0091] Next, another exemplary embodiment will be
described. FIG. 18 is a cross sectional view illustrating an
outline structure of a liquid crystal display apparatus using a
subjacent-type backlight unit according to another exemplary
embodiment.

[0092] Inthis exemplary embodiment, wavelength conver-
sion sheet 25 is used as the wavelength conversion means that
is configured so that a thickness thereof is thicker near an
angle where intensity shows a maximum value.

[0093] Specifically, as illustrated in FIG. 18, wavelength
conversion sheet 25 is configured in such a way that thickness
12 thereof outside an optical axis of LED 2 and near an angle
at which intensity of LED 2 shows a maximum value is made
thicker than thickness t1 in the optical axis of LED 2. The
thickness of wavelength conversion sheet 25 in the optical
axis of LED 2 is t1, and the thickness becomes thinner as a
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location is distanced farther away from the optical axis. Then,
the thickness becomes t2 which is larger than t1 at an angle at
which a change of chromaticity becomes the largest. Thick-
ness t1 in the optical axis of LED 2 is identical in each LED
2, and the change of thickness of wavelength conversion sheet
25 is distributed concentrically with the optical axis of LED 2
as a center.

[0094] InLED 2 according to this exemplary embodiment,
when a dielectric multilayer film is used as first reflecting
layer 17, constructive wavelengths and destructive wave-
lengths, which are caused by interference of light, are present,
and, when the output angle of LED 2 is different, the spectrum
of light becomes different as illustrated in FIG. 14. These
cause a reduction in the excitation efficiency of the phosphor,
and cause uneven color as a result.

[0095] With the structure according to this exemplary
embodiment, it is possible to make the emission intensity of
the yellow phosphor film almost equal to the emission inten-
sity of the blue light of LED 2, and provide a backlight unit
with reduced amount of uneven color.

INDUSTRIAL APPLICABILITY

[0096] As described above, the present invention is effec-
tive in providing an inexpensive and high-efficient backlight
unitand improving an image quality of a liquid crystal display
apparatus.

REFERENCE MARKS IN THE DRAWINGS

[0097] 1 Subjacent-type backlight unit
[0098] 2LED

[0099] 3 Reflecting plate

[0100] 4 Diffusion sheet

[0101] 5,25 Wavelength conversion sheet
[0102] 6 Luminance enhancing sheet
[0103] 7 Liquid crystal panel

[0104] 8 LED chip

[0105] 9 LED package

[0106] 10 10 Resin

[0107] 11 Substrate

[0108] 12 n-type contact layer

[0109] 13 n-type clad layer

[0110] 14 Light-emitting layer

[0111] 15 p-type clad layer

[0112] 16 p-type contact layer

[0113] 17 First reflecting layer

[0114] 17a to 17g High refractive index layer
[0115] 17/ to 17m Low refractive index layer
[0116] 18 Second reflecting layer

[0117] 18a High reflective metallic layer
[0118] 18b Low refractive index layer
[0119] 18¢ Multilayer-film reflective layer
[0120] 19 n-type electrode

[0121] 20 p-type electrode

[0122] 21 Light diffusion layer

1. A backlight unit comprising light-emitting means that
emits light of a specific color,
wherein the light-emitting means is a light-emitting diode
that includes:
a light-emitting layer provided on a transparent substrate
and emitting light of a specific wavelength;
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a first reflecting layer formed on a light exit side relative to
the light-emitting layer and including a function of
reflecting light emitted from the light-emitting layer;
and

a second reflecting layer provided on a side of the substrate
in a manner to interpose the light-emitting layer between
the first reflecting layer and the second reflecting layer,
and

wherein a light diffusion layer that diffuses light emitted
from the light-emitting layer is disposed between the
first reflecting layer and the second reflecting layer, and

the second reflecting layer is formed of a high reflective
metallic layer formed of a metallic film having a high
reflectivity, a low refractive index layer formed of a
material film having a low refractive index, and a mul-
tilayer-film reflective layer formed by laminating films
made of materials having different reflectivity.

2. The backlight unit according to claim 1 further compris-
ing wavelength conversion means configured to allow part of
light from the light-emitting means to pass therethrough, and
convert the light into light of a specific color such that light of
white color is formed by a mixture with the light that is
allowed to pass therethrough.

3. The backlight unit according to claim 1,

wherein the second reflecting layer is formed by disposing
the low refractive index layer on the high reflective
metallic layer, and disposing the multilayer-film reflec-
tive layer on the low refractive index layer.

4. The backlight unit according to claim 1,

wherein a film thickness of the low refractive index layer of
the second reflecting layer has an optical film thickness
of A/2 or greater with respect to a center wavelength (&)
of light emitted by the light-emitting diode.

5. The backlight unit according to claim 1,

wherein the multilayer-film reflective layer of the second
reflecting layer is formed by laminating a high refractive
index material and a low refractive index material.

6. The backlight unit according to claim 5,

wherein the high refractive index material is a material
selected from a group consisting of titanium dioxide,
silicone nitride, di-tantalum trioxide, niobium pentox-
ide, and zirconium dioxide, and the low refractive index
material is silicon dioxide.

7. The backlight unit according to claim 1,

wherein the first reflecting layer is formed of a dielectric
multilayer film.

8. The backlight unit according to claim 1,

wherein the light diffusion layer is disposed between the
first reflecting layer and the light-emitting layer.

9. The backlight unit according to claim 1,

wherein the high reflective metallic layer of the second
reflecting layer is formed of a metal selected from
among aluminum, gold, and silver.

10. The backlight unit according to claim 1,

wherein the first reflecting layer of the light-emitting diode
is configured to have a peak of transmittance when an
output angle is 65 degrees or larger.

11. The backlight unit according to claim 2,

wherein the light-emitting means is a blue light-emitting
diode that emits blue light having a dominant emission
wavelength of 430 nm to 480 nm, and the wavelength
conversion means includes a phosphor film that, by
being excited by light of the blue light-emitting diode,
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emits light of a specific color which forms light of white
color by being mixed with light of blue color.

12. The backlight unit according to claim 2,

wherein the light-emitting means is a light-emitting diode
that emits ultraviolet light having a dominant emission
wavelength of 350 nm to 400 nm, and the wavelength
conversion means includes phosphor films that are
excited by ultraviolet light of the light-emitting diode
and individually emit light of red, blue, and green colors.

13. A liquid crystal display apparatus comprising:

a backlight unit including light-emitting means that emits
light of a specific color; and

a liquid crystal panel configured to receive light from the
backlight unit incident on a rear side thereof and display
an image,

wherein the light-emitting means is a light-emitting diode
that includes:

a light-emitting layer provided on a transparent substrate
and emitting light of a specific wavelength;

a first reflecting layer formed on a light exit side relative to
the light-emitting layer and including a function of
reflecting light emitted from the light-emitting layer;
and

a second reflecting layer provided on a side of the substrate
in a manner to interpose the light-emitting layer between
the first reflecting layer and the second reflecting layer,
and

wherein a light diffusion layer that diffuses light emitted
from the light-emitting layer is disposed between the
first reflecting layer and the second reflecting layer, and

the second reflecting layer is formed of a high reflective
metallic layer formed of a metallic film having a high
reflectivity, a low refractive index layer formed of a
material film having a low refractive index, and a mul-
tilayer-film reflective layer formed by laminating films
made of materials having different reflectivity.

14. The liquid crystal display apparatus according to claim

13,

wherein the backlight unit includes wavelength conversion
means configured to allow part of light from the light-
emitting means to pass therethrough, and convert the
light into light of a specific color such that light of white
color is formed by a mixture with the light that is allowed
to pass therethrough.

15. A light-emitting diode comprising:

a light-emitting layer provided on a transparent substrate
and emitting light of a specific wavelength;

a first reflecting layer formed on a light exit side relative to
the light-emitting layer and including a function of
reflecting light emitted from the light-emitting layer;
and
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a second reflecting layer provided on a side of the substrate
in a manner to interpose the light-emitting layer between
the first reflecting layer and the second reflecting layer,

wherein a light diffusion layer that diffuses light emitted
from the light-emitting layer is disposed between the
first reflecting layer and the second reflecting layer, and

the second reflecting layer is formed of a high reflective
metallic layer formed of a metallic film having a high
reflectivity, a low refractive index layer formed of a
material film having a low refractive index, and a mul-
tilayer-film reflective layer formed by laminating films
made of materials having different reflectivity.

16. The light-emitting diode according to claim 15,

wherein the second reflecting layer is formed by disposing
the low refractive index layer on the high reflective
metallic layer, and disposing the multilayer-film reflec-
tive layer on the low refractive index layer.

17. The light-emitting diode according to claim 15,

wherein a film thickness of the low refractive index layer of
the second reflecting layer has an optical film thickness
of A/2 or greater with respect to a center wavelength (M)
of light emitted by the light-emitting diode.

18. The light-emitting diode according to claim 15,

wherein the multilayer-film reflective layer of the second
reflecting layer is formed by laminating a high refractive
index material and a low refractive index material.

19. The light-emitting diode according to claim 18,

wherein the high refractive index material is a material
selected from a group consisting of titanium dioxide,
silicone nitride, di-tantalum trioxide, niobium pentox-
ide, and zirconium dioxide, and the low refractive index
material is silicon dioxide.

20. The light-emitting diode according to claim 15,

wherein the first reflecting layer is formed of a dielectric
multilayer film.

21. The light-emitting diode according to claim 15,

wherein the light diffusion layer is disposed between the
first reflecting layer and the light-emitting layer.

22. The light-emitting diode according to claim 15,

wherein the high reflective metallic layer of the second
reflecting layer is formed of a metal selected from
among aluminum, gold, and silver.

23. The light-emitting diode according to claim 15,

wherein the first reflecting layer of the light-emitting diode
is configured to have a peak of transmittance when an
output angle is 65 degrees or larger at a dominant emis-
sion wavelength from the light emitting layer.
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