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WHITE LED, BACKLIGHT USING SAME,
AND LIQUID CRYSTAL DISPLAY DEVICE
CONFORMING TO EBU STANDARD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of prior Interna-
tional Application No. PCT/JP2010/001554, filed on Mar. 5,
2010 which is based upon and claims the benefit of priority
from Japanese Patent Application No. 2009-056556, filed on
Mar. 10, 2009; the entire contents of all of which are incor-
porated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
white LED, a backlight using the same, and a liquid crystal
display device conforming to the EBU standard.

BACKGROUND

[0003] The liquid crystal display is used increasingly for
television, PC, etc. in ordinary homes. A Braun tube (CRT:
cathode ray tube) display which provides high-definition
images is still used in many situations in the fields where the
image quality is valued for monitors typically used as the
master monitors in broadcasting stations and the monitors
used at video creation spots. Even in the same field, it is
considered to use a liquid crystal display or a PDP (Plasma
Display Panel) instead of the CRT display, but the image
quality of the liquid crystal display or the PDP is not satis-
factory yet in comparison with that of the CRT display
although the improvement of the image quality is underway.
In view of the above circumstances, an image display device
other than the CRT display has not been used positively in the
above-described fields of broadcasting and the like.

[0004] The broadcasting color CRT reproduces the shape,
movement and color phase of an image subject on an image-
receiving screen through imaging (color camera), transmit-
ting and image-receiving processes. Therefore, a method of
transmitting an image signal including the color phase is
standardized. Typical ones of the standards are the standard
defined by NTSC (National Television System Committee),
and the standard defined by EBU (European Broadcasting
Union).

[0005] The EBU standard equivalent to 72% of the NTSC
(international standard showing an ideal color reproduction
range) which can be displayed by the CRT is used as a stan-
dard in the broadcasting and other fields and being still in use.
Accordingly, it is now being attempted to obtain the same
image quality as that of the CRT display by designing the
liquid crystal display device so as to conform to the EBU
standard being used in the fields of broadcasting and the like.
And developments have been made on color filters, back-
lights and the like having good color reproducibility conform-
ing to the EBU standard to realize the above.
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[0006] The color reproducibility of the liquid crystal dis-
play device is determined by a combination of the backlight
and the color filter. Several color filters have been developed
to obtain color reproducibility conforming to the EBU stan-
dard, but no backlight for the liquid crystal display device has
been obtained to realize the color reproducibility conforming
to the EBU standard by combining with the above color
filters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a sectional view showing an example of a
white LED in an embodiment.

[0008] FIG. 2 is adiagram showing an example of emission
spectrum of the white LED in the embodiment.

[0009] FIG. 3 is a diagram showing an example of color
reproducibility when the white LED of the embodiment is
used as a backlight of a liquid crystal display device.

DETAILED DESCRIPTION

[0010] Inanembodiment, a white LED for a backlight of a
liquid crystal display device conforming to the EBU standard
is provided with a light-emitting element including at least
one selected from an ultraviolet light-emitting diode, a purple
light-emitting diode, an ultraviolet-emitting laser and a
purple light-emitting laser, and a phosphor layer. In the white
LED, an emission spectrum has a first light emission peak
group composed of at least one light emission peak having a
maximum intensity in a range of 430 to 470 nm, a second light
emission peak group composed of at least one light emission
peak having a maximum intensity in a range of 520 to 560 nm,
a third light emission peak group having two or more linear
light emission peaks in a range of 580 to 740 nm, and a valley
which is between the first light emission peak group and the
second light emission peak group and has a minimum inten-
sity in a range 0f 480 to 500 nm. When the first light emission
peak group is determined to have a maximum intensity P1 of
1.0, a maximum intensity P2 of the second light emission
peak group is 0.15=P2=1.0, a maximum intensity P3 of the
third light emission peak group is 0.21=P3=3.0, and a mini-
mum intensity V1 of the valley is 0.01=V1=0.6, and an
intensity of 600 nm is 50% or less of the maximum intensity
P3 of the third light emission peak group.

[0011] The white LED is suitable for a backlight of a liquid
crystal display device conforming to the EBU standard, and
the backlight is suitable for the liquid crystal display device
conforming to the EBU standard.

[0012] In the specification, “the liquid crystal display
device conforming to the EBU standard” means a liquid crys-
tal display device produced in conformity with the EBU
standard, which indicates color reproduction with substan-
tially an NTSC ratio of 70 or more and does not necessarily
indicate only a liquid crystal display device 100% conform-
ing to the EBU standard. Itis used as the generic name for the
liquid crystal display devices including a liquid crystal dis-
play device conforming at an appropriate level to the EBU
standard.
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[0013] FIG.1isasectional view showing an example of the
white LED. In FIG. 1, 1 denotes a light-emitting diode, 2
denotes a phosphor layer which has a phosphor buried in a
resin, 3 denotes a reflection layer which leads the light emit-
ted from the light-emitting diode and the phosphor to outside,
and 4 denotes a resin frame which supports the light-emitting
portion. Itis configured that electric energy applied to an LED
lamp through a wiring 5 is converted into ultraviolet light or
purple light by the light-emitting diode, such light is con-
verted into light of a longer wavelength by the phosphor layer
which is on the light-emitting diode, and white light is exter-
nally emitted from an LED lamp (white LED) 10.

[0014] As the ultraviolet light-emitting diode or the purple
light-emitting diode, various light emitting diodes such as
InGaN type, GaN type, AlGaN type and the like can be
applied. In a case where a light emission wavelength of the
light emitting diode has a peak value in a wavelength range of
360 to 430 nm, it becomes possible to configure a white LED
which exhibits high brightness and superior color reproduc-
ibility by combining with a phosphor described later. It is
preferable that the light emission wavelength of the ultravio-
let light-emitting diode or the purple light-emitting diode has
a peak value of 360 to 430 nm because higher brightness can
be obtained when the light-emitting diode is combined with
the phosphor described later. The ultraviolet-emitting laser or
the purple light-emitting laser may be used instead of the
ultraviolet light-emitting diode or the purple light-emitting
diode. The ultraviolet light-emitting diode, the purple light-
emitting diode, the ultraviolet-emitting laser and the purple
light-emitting laser are collectively called as the light-emit-
ting element.

[0015] The phosphor to be used for the phosphor layer 2 is
not limited to a particular one if it is a phosphor capable of
exhibiting the light emission peaks given below when the
white LED is formed, but it is important to use a visible light
emitting phosphor. As the visible light emitting phosphor, itis
preferable to use at least one green phosphor, at least one blue
phosphor and at least one red phosphor. FIG. 2 shows an
emission spectrum (specifically, an emission spectrum of the
white LED obtained by the following Example 1) of the
embodiment of the white LED together with an emission
spectrum of a white display state of a typical CRT RDS-15X
(manufactured by Mitsubishi Electric Corporation) conform-
ing to the EBU standard.

[0016] A first light emission peak group includes at least
one light emission peak having the maximum intensity in a
range of 430 to 470 nm, a second light emission peak group
includes at least one light emission peak having the maximum
intensity in a range of 520 to 560 nm, and a third light
emission peak group includes two or more linear light emis-
sion peaks in a range of 580 to 740 nm.

[0017] The light emission peak wavelengths of the indi-
vidual light emission peak groups including the plural light
emission peaks appearing on the emission spectrum are
specified as described above. In short, the individual light
emission peak groups are appropriate when they include the
wavelength indicating the maximum intensity of the light
emission peak group in the above-described ranges, and it is
not necessary to have all the light emission peak groups in the
above ranges.
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[0018] The individual light emission peak groups have
characteristics as described below. The first light emission
peak group exhibits the light emission peak having the maxi-
mum intensity in a range of 430 to 470 nm. This wavelength
is preferably in a range of 430 to 460 nm. The light emission
peaks configuring the light emission peak group may be plu-
ral but preferably be single. The first light emission peak
group of the emission spectrum of the white LED of the
embodiment shown in FIG. 2 includes one light emission
peak of which peak wavelength is 452 nm.

[0019] The second light emission peak group exhibits the
light emission peak having the maximum intensity in a range
of 520 to 560 nm. This wavelength is more preferably in a
range of 520 to 555 nm. The light emission peaks configuring
the light emission peak group may be plural but preferably be
single. When it is checked in the emission spectrum of FIG. 2,
the second light emission peak group includes one light emis-
sion peak, and its peak wavelength is 534 nm. The second
light emission peak preferably has a full width at half maxi-
mum in a range of 50 to 200 nm.

[0020] Asto the third light emission peak group having two
or more linear light emission peaks in a range of 580 to 740 m,
it is more preferably in a range of 590 to 710 nm. It is
preferable that at least one of the linear light emission peaks
is exhibited in a range of 620 to 630 nm and another one in a
range of 700to 710 nm, because deep red can be exhibited. On
the emission spectrum of the white LED of the embodiment
shown in FIG. 2, the third light emission peak group has four
main linear light emission peaks, and their peak wavelengths
are 595 nm, 616 nm, 625 nm and 704 nm. The linear light
emission peak denotes a light emission peak having a full
width at half maximum of 5 nm or less.

[0021] The white LED of the embodiment does not con-
formto the EBU standard if the individual light emission peak
groups do not exhibit in the above-described wavelength
range, because a difference from the emission spectrum of the
CRT becomes large when the white LED is used as the back-
light of the liquid crystal display device.

[0022] Various phosphors usable in order to exhibit the
above-described light emission peaks are described below.
[0023] As the green phosphor, it is preferable that a divalent
europium-activated silicate phosphor represented by the fol-
lowing general formula 1 can be used. The phosphor repre-
sented by the general formula 1 is occasionally expressed as
a green phosphor or a yellow phosphor depending on x, y, z
and u in the formula, it is determined in the specification that
the phosphor represented by the general formula 1 is called as
the green phosphor comprehensively.

[0024] The embodiment can use as the green phosphor the
above-described phosphors solely or as a mixture.

(St55 . Ba,Mg Eu,Mn,)SiO, General formula 1:

where, X, y, zand u are numerals satisfying 0.1<x<1.0=y<0.
21, 0.05<z<0.3 and 0=u<0.04.

[0025] When x and u in the general formula 1 are in the
above-described range, the wavelength of the light from a
green phosphor powder falls in a range suitable for the white
LED. It is preferable when y in the general formula 1 is in the
above range because solid solution of Mn is formed
adequately in the green phosphor powder. It is preferable
when z in the general formula 1 is in the above-described
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range because the green phosphor powder is provided with
high luminous efficiency. Addition of Mn increases the emis-
sion of a red portion based on Mn, and a more desirable
emission spectrum can be obtained with good color reproduc-
tion as a whole. When the phosphor represented by the gen-
eral formula 1 is used as a green light-emitting phosphore, Mn
is not essentially required to be added and the addition of Mg
can also be omitted, so that it becomes that u=0 and y=0.
[0026] As the green phosphor, a divalent europium and
manganese-activated silicate phosphor substantially repre-
sented by the following general formula 1a can be used more
preferably.

(St25p- B2, Mg, Eu,Mn, )SiO, General formula la:

where, X, y, z and u are values satisfying 0.1<x<1.0,
0.005<y<0.21, 0.05<z<0.3 and 0.001<u<0.04.

[0027] The blue phosphor is described below. As the blue
phosphor, it is preferable to use a divalent europium-activated
halo-phosphate phosphor represented by the following gen-
eral formula 2 and a divalent europium-activated aluminate
phosphor represented by the following general formula 3. As
the blue phosphor, one phosphor or two or more of phosphors
selected from the phosphor group represented by the general
formula 2 and the general formula 3 can be used solely or as
a mixture. The mixture of two or more may be a combination
of two or more selected from the phosphor group represented
by the general formula 2 or the phosphor group represented
by the general formula 3, or may be a combination of two or
more selected from both of the phosphor group represented
by the general formula 2 and the phosphor group represented
by the general formula 3.

(M2,Eu);0(PO,)6.Cl, General formula 2:

where, M2 is at least one element selected from Mg, Ca, Sr
and Ba.

a(M3,Eu)0.bAl,0, General formula 3:

where, M3 is at least one element selected from Mg, Ca, Sr,
Ba, Zn, Li, Rb and Cs, and a and b are numerals satisfying
0<a, 0<b and 0.2=a/b=1.5.

[0028] The method of producing the blue phosphor is not
particularly limited, and a compound produced by a general
production method and belonging to the general formula 2 or
the general formula 3 can be used. A commercially available
product can also be used.

[0029] The red phosphor is described below. As the red
phosphor, it is preferable to use a europium-activated lantha-
num oxysulfide phosphor expressed by the general formula 4
and a europium-activated yttrium oxysulfide phosphor
expressed by the general formula 5. As the red phosphor, it is
possible to use one phosphor or two or more of phosphors
selected from the phosphor group represented by the general
formula 4 and the general formula 5 solely or as a mixture.
The mixture of two or more may be a combination of two or
more selected from the phosphor group represented by the
general formula 4 or the phosphor group represented by the
general formula 5, or may be a combination of two or more
selected from both of the phosphor group represented by the
general formula 4 and the phosphor group represented by the
general formula 5.

(Lay ., Bu,y),058 General formula 4:
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where, x1 is a value satisfying 0.01<x1<0.15.

(Y 152,B1,5),0,8 General formula 5:

where, x2 is a value satisfying 0.01<x2<0.15.

[0030] The method of producing the red phosphor is not
limited to a particular one, and a compound produced by a
general production method and belonging to the general for-
mula 4 or the general formula 5 can be used. A commercially
available product can also be used.

[0031] In connection with the selection of the general for-
mula 2 or the general formula 3, and the general formula 4 or
the general formula 5, it is preferable to select a phosphor
depending on an excitation wavelength, brightness demands,
corrosion resistance, costs, etc.

[0032] The white LED contains the above-described green
phosphor, blue phosphor and red phosphor in the phosphor
layer so as to exhibit the light emission peaks having above-
described characteristics on the emission spectrum.

[0033] The above-described green phosphor, blue phos-
phor and red phosphor absorb ultraviolet rays efficiently and
emit individual color lights at high efficiency when they are
exposed to irradiation of ultraviolet rays (or purple light) with
a wavelength of 360 to 430 nm from the light-emitting ele-
ment such as the ultraviolet light-emitting diode. In other
words, the green phosphor provides green light having high
brightness, the blue phosphor provides blue light having high
brightness, and the red phosphor provides red light having
high brightness. As a result, white light having high bright-
ness can be obtained. When obtaining the white light, if a
difference in brightness of the individual colors is excessively
large, for example, if only green has high brightness, it is not
preferable because the obtained white becomes greenish
white. In order to obtain white color having high brightness,
the individual colors green (G), blue (B) and red (R) are
required to have high brightness, and a combination of the
individual color phosphors is important.

[0034] For example, the white LED 10 shown in FIG. 1 has
a structure that electric energy applied to the light-emitting
diode 1 is converted to ultraviolet light (or violet light) by the
light-emitting diode, such lights are converted to light having
a longer wavelength by the phosphor layer which is on the
light-emitting diode, and white light is emitted out of the
white LED in total. The emission spectrum obtained by mea-
suring the light emitted from the white LED 10 by a sectrom-
eter is shown in a shape shown in FIG. 2.

[0035] The ultraviolet light-emitting diode or the purple
light-emitting diode used for the light-emitting diode 1 is
indicated as a light-emitting diode, and the completed white
light-emitting diode 10 is indicated as a white LED.

[0036] The light emission peaks appearing in the emission
spectrum of the white LED are exhibited on the above-de-
scribed wavelength, and the intensity of each light emission
peak is determined that when a maximum light emission peak
of'the first light emission peak group exhibiting in a range of
430to 470 nm has an intensity P1 of 1.0, a maximum intensity
P2 of the second light emission peak group is expressed as
0.1=P2=1.0, and a maximum intensity P3 of the third light
emission peak group is expressed as 0.21=P3=3.0. More
preferably, when it is determined that the intensity P1 of the
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maximum light emission peak of the first light emission peak
group is 1.0, the above P2 and P3 are expressed as
0.2=P2=0.9 and 0.3=P=2.9.

[0037] The emission spectrum of the white LED has a
valley which has a minimum intensity in a range 0480 to 500
nm and is between the first light emission peak group and the
second light emission peak group. When the intensity P1 of
the maximum light emission peak of the first light emission
peak group is determined to be 1.0, the valley has a minimum
intensity V1 satisfying 0.01=V1=0.6. More preferably, the
minimum intensity V1 of the valley is expressed as
0.01=V1=0.4 when the P1is 1.0.

[0038] Inaddition, the emission spectrum of the white LED
has an intensity of 600 nm which is 50% or less of the
maximum intensity P3 of the third light emission peak group.
As a more preferable embodiment, the intensity of 600 nm is
not larger than 30% of the P3.

[0039] When the maximum intensities of the individual
light emission peak groups of the white LED are not in the
above-described relations and the white LED is used as the
backlight for the liquid crystal display device, color mixing of
color filter transmitting lights becomes large, and color purity
decreases. For example, if the V1 becomes large to exceed the
above-described range, a green component is mixed into the
blue color filter transmitting light, and a blue component is
mixed into the green color filter transmitting light. It is pref-
erable that the V1 is smaller but cannot be substantially
smaller than 0.01. If the intensity of 600 nm becomes larger
than the above range, the green (yellow) component is mixed
into the red color filter transmitting light, and color purity
decreases.

[0040] By adjusting as described above, a relation of the
exhibited wavelength of the light emission peak of the emis-
sion spectrum of the white LED with the intensities of the
individual light emission peaks becomes similar to the emis-
sion spectrum (emission spectrum required to secure the
color reproducibility conforming to the EBU standard) in the
white display state of a typical CRT RDS-15X (manufactured
by Mitsubishi Electric Corporation) conforming to the EBU
standard shown in FIG. 2.

[0041] The white LED can be produced by blending at an
appropriate blending ratio the phosphors such as the above-
described green phosphor, blue phosphor and red phosphor
into the phosphor layer so that the intensity ratio of light
emission peaks obtained as the emission spectrum falls in the
above-described range.

[0042] Specifically, to obtain the above-described optical
characteristics which are conformable to the EBU standard
for the white LED, the divalent europium and manganese-
activated silicate phosphor represented by the above-de-
scribed general formula 1 as the green phosphor, at least one
phosphor selected as the blue phosphor from the divalent
europium-activated halo-phosphate phosphor represented by
the above-described general formula 2 and the divalent
europium-activated aluminate phosphor represented by the
above-described general formula 3, and at least one phosphor
selected as the red phosphor from the europium-activated
lanthanum oxysulfide phosphor expressed by the above-de-
scribed general formula 4 and the europium-activated yttrium
oxysulfide phosphor expressed by the above-described gen-
eral formula 5 are used by adjusting so that the contents of the
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individual color phosphors in the phosphor layer relative to
the total amount of phosphors become 1 to 10 wt % for the
green phosphor, 40 to 80 wt % for the blue phosphor, and 10
to 50 wt % for the red phosphor.

[0043] The more preferable blending amount of the above-
described individual phosphors is 2 to 9 wt % for the green
phosphor, 45 to 65 wt % for the blue phosphor, and 22 to 48
wt % for the red phosphor. When the blending ratio of the
individual phosphors in the white LED is not in the above-
described relation, a desired white point cannot be realized
even if the white LED is used as the backlight for the liquid
crystal display device.

[0044] It is also effective to increase the average particle
diameters of the individual phosphors in order to increase the
brightness. It is preferable that the average particle diameter is
1 um or more, and further is 10 pm or more. As a method of
increasing the average particle diameter, there are a method of
producing particles of one-color phosphors mutually, a
method of producing particles by mixing three color phos-
phors, and the like. There are also other methods such as a
method of using a calcining aid when the phosphor is cal-
cined, and a method of calcining at a high temperature for a
long time. The average particle diameter is not limited to a
particular upper limit value, and it is preferably 90% or less of
the thickness of the phosphor layer of the white LED. Ifit is
larger than the thickness of the phosphor layer, a defect that
the phosphor particles drop tends to occur when the phosphor
layer is formed by hardening the phosphor particles with
resin.

[0045] The white LED production method is not limited.
For example, the phosphor layer is produced by using a mix-
ture phosphor having the above-described three color phos-
phors blended with the resin. As a method of producing the
mixture phosphor, there are a method of producing the mix-
ture phosphor by mixing phosphor powders of individual
colors with the resin and mixing the mixture with the indi-
vidual color resins, and a method of producing a mixture
phosphor by mixing phosphor powders of individual colors in
advance and mixing with resin.

[0046] A blendingratio ofthe resin and the phosphors in the
mixture phosphor is not limited if it is in a range that the
phosphor acts efficiently when the white LED is produced. A
total blending amount of the three color phosphors in the
entire mixture phosphor, namely in the entire phosphor layer,
is blended preferably in 30 to 80 wt %, and more preferably in
40to 70 wt %. When the blending amount of the phosphors in
the phosphor layer is less than 30 wt %, the direct light from
the light-emitting diode occasionally comes out without
being absorbed by the phosphor layer, and the viscosity of a
slurry lowers, so that the phosphor particles sediment easily
and color variations might increase. When the blending
amount exceeds 80 wt %, the viscosity of the slurry becomes
high, and its handling might become difficult.

[0047] The resin material used for the above-described
mixture phosphor is not limited if it is a resin normally used
for the white LED production. It is preferable that the resin is
colorless and transparent, and has a prescribed light refractive
index. It is preferable that a transmission rate (using a value
obtained by measuring monochromatic light of 400 nm by
using a test specimen having a thickness of 2 mm) of the resin
is 98 to 100%, and particularly 99 to 100%, and the light
refractive index of the resin is 1.3 to 1.7, and particularly 1.4
to 1.6. When the light refractive index is less than 1.3, it might
become difficult to take light out of the light-emitting diode
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element, and when it exceeds 1.7, it is not preferable because
alteration tends to occur in reaction with ultraviolet rays used
to excite the phosphor.

[0048] Examples of a preferable resin material satisfying
the above conditions are silicone resin and epoxy resin. The
silicone resin is more preferable because it is not easily dis-
colored by ultraviolet rays and has durability.

[0049] The white LED can be formed by coating the mix-
ture phosphor produced by using the above-described mate-
rials on the light-emitting diode and hardening the resin. The
structures of a substrate, metallic frame (reflector) and the
like used for the white LED are arbitrary.

[0050] The above-described white LED provides white
light having high brightness. The white LED is used particu-
larly effectively as a backlight of the liquid crystal display
device conforming to the EBU standard.

[0051] FIG. 3 shows an example that the emitted light of the
white LED (specifically, the white LED obtained by Example
1 described below) according to a preferable embodiment is
passed through the blue, green and red color filters for the
liquid crystal display device, and its emission colors are plot-
ted on a CIE chromaticity diagram. This chromaticity dia-
gram shows that the liquid crystal display device can express
the light having chromaticity within a triangle obtained by
connecting blue, green and red light emitting points. FIG. 3
also shows the color reproduction range determined accord-
ing to the EBU standard, and it has substantially the same
range as the color reproduction range of the white LED. The
color reproduction range determined according to the NTSC
standard is also shown for reference in FIG. 3.

[0052] The emitted light of the white LED obtained as
described above is passed through the blue, greed and red
color filters for the liquid crystal display device, and the
emission colors are plotted on the CIE chromaticity diagram.
Although there are some differences depending on the used
color filters, white chromaticity is roughly in a range of
0.20=x=0.36 and 0.20=y=0.36, and the individual light
emitting points of blue, green and red are within the range
given below and plotted in a range including roughly the EBU
standard and the NTSC standard.

Blue light emitting point (B): 0.13=x=0.16, 0.06=y=0.10
Green light emitting point (G): 0.21=x=0.30, 0.59=y=0.71
Red light emitting point (R): 0.63=x=0.68, 0.32=y=0.34

[0053] The color reproduction range obtained by connect-
ing the above B, G and R as corners of a triangle is same as the

color reproduction range determined according to the EBU
standard similar to the one shown in FIG. 3.
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[0054] Thus, the white LED of the embodiment realizes the
color reproducibility of the EBU standard by combination
with the blue, green and red color filters for the liquid crystal
display device conforming to the EBU standard.

[0055] Thebacklight formed by using the above white LED
is used for the liquid crystal display device conforming to the
EBU standard. To apply the white LED to the backlight,
plural white LEDs are used if necessary. The white LED has
high brightness, so that it can also be applied to both of
sidelight type and directly-under type backlights.

[0056] The liquid crystal display device, which is config-
ured by combining the above-described backlight with the
blue, green and red color filters for a liquid crystal display
device conforming to the EBU standard, conforms to the EBU
standard, and it can be used instead of the CRT displays used
for broadcasting, video creation and the like.

[0057] Other structures of the backlight using the white
LED of the embodiment and the liquid crystal display device
conforming to the EBU standard can be determined arbi-
trarily depending to various usages and purposes.

Examples 1 to 6

[0058] To evaluate the white LED of the examples, the
structure having the cross section of FIG. 1 was used. The
white LEDs according to the individual examples were
formed by arranging an ultraviolet light-emitting diode hav-
ing a size of 300 pm square as a light-emitting element,
mixing the individual phosphors (70 parts by weight of three
color phosphors in total) having an average particle diameter
of' 5 um and 30 parts by weight of silicone resin to obtain a
slurry, dripping the slurry onto the ultraviolet light-emitting
diode, and thermally treating at 100 to 150° C. to harden the
silicone resin. The used silicone resin had a light refractive
index of 1.4 after hardening.

[0059] Excitation wavelengths of ultraviolet light-emitting
diodes and kinds and blending ratios of the individual phos-
phors (wt % of the individual phosphors when the total
amount of phosphors was determined to be 100%) used for
the white LED production in the above-described examples
were determined as shown in Table 1.

Comparative Examples 1 to 3

[0060] The same white LED as in Example 1 was prepared
except that the compositions of individual color phosphors
were determined different from the above range as shown in
Table 1 to obtain the white LEDs according to Comparative
Examples 1 and 2. And, as Comparative Example 3, a white
LED having a phosphor layer containing only a green phos-
phor shown in Table 1 was produced in the same way as above
by using a blue light-emitting diode as a light-emitting ele-
ment.

TABLE 1
Blue Phosphor Green Phosphor Red Phosphor Excitation

Blending Blending Blending Wavelength of

Amount Amount Amount  Light-Emitting

Compound (wt%) Compound (wt %) Compound (wt %) Element (nm)
Example 1 (Ba, Eu)10(PO4)6*Cly 50 (St1.143Ba0,707ME0,045EU6,. 1MNg 005)Si04 5 (Lag g, Eug 1)20,8 45 400
Example 2 2(St, Eu)O*5A1,0;4 40 (8ty.143Ba0,707M80,045EU0.1MNg,605)S10,4 10 (Yo, Eug 1),058 50 400
Example 3 (Ba, Eu) 0(PO4)s*Cly 80 (S71.143B20.707Mg0.045EU0. 1Ml 005)Si104 9 (Lag g, Eug 1),0,8 11 400
Example 4 (Ba, Eu);o(PO,)s*Cl, 44 (Sry 133Bag 717M8o 0a5EUG 1 MNg 005)SiO0, 6 (Lag g, Eug 1),0,8 50 400
Example 5 (Ba, Eu) 4(PO4)s*Cly 75 (81} 343Ba6 507M80.045EU0 1M1l 005)Si04 1 (Lag g, Eug 1),0,8 24 400
Example 6 (Ba, Eu)10(PO4)6*Cly 65 (St 343Ba0 507M80.045EU6.1MNg 0055104 10 (Lag, Eug 1)20,8 25 400
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TABLE 1-continued

Blue Phosphor Green Phosphor Red Phosphor Excitation
Blending Blending Blending Wavelength of
Amount Amount Amount  Light-Emitting
Compound (wt %) Compound (wt %) Compound (wt %) Element (nm)
Comparative  (Ba, Eu);o(PO,)s*Cl, 70 (81} 363Bag.487Mgo 0asEug 1Mng 005)Si0,4 11 (Lag.g, Eug 1),0,8 19 400
Example 1
Comparative  (Ba, Eu);o(PO,)s*Cl, 37 (810.943Ba0 907M8o 0asEg 1Mng 005)S10,4 11 (Lag.g, Eug 1),0,8 52 400
Example 2
Comparative — — (Sry 343Bag 507MEo.045EUg 1 M1 605)S10,4 100 — — 462
Example 3
<Evaluation> [0062] Tt is seen that the light emission peaks of the emis-

[0061] Emission spectra of the white LEDs according to
Examples and Comparative Examples were measured.
Results on wavelengths of the exhibited light emission peaks
and intensity ratios of the individual light emission peaks are
shown in Table 2. Linear peaks were discriminated by adding
(1) to the rear of the unit nm of the wavelength. P1, P2, P3, V1
and 600 nm of the light emission peak intensity are intensities
shown below.

P1: Maximum intensity of first light emission peak group
(range of 430 to 470 nm)

P2: Maximum intensity of second light emission peak group
(range of 520 to 560 nm)

P3: Maximum intensity of third light emission peak group
(range of 580 to 740 nm)

V1: Minimum intensity of valley (range of 480 to 500 nm)
between first and second light emission peak groups 600 nm:
Intensity of wavelength 600 nm

And, 600 nm/P3 shows a percentage (%) of the third light
emission peak group with intensity of 600 nm to the maxi-
mum intensity P3.

sion spectrum of the white LED of Example is substantially
similar to the emission spectrum of the CRT shown in FIG. 2.
Meanwhile, the blending amount of phosphors of the white
LEDs of Comparative Examples is not adjusted to fall in the
above range, so that the maximum intensity of the first light
emission peak group becomes small in Comparative Example
1, the wavelength of the second light emission peak becomes
short in Comparative Example 2, and a difference from the
emission spectrum of the CRT is large as a result. In addition,
since Comparative Example 3 does not have the third light
emission peak group, an index related to the P3 cannot be
defined, and it is not in the above range.

Examples 7 to 11, Comparative Examples 4 to 6

[0063] The white LEDs of Examples 1 and 3 to 6 and
Comparative Examples 1 to 3 were used to configure back-
lights for the liquid crystal display device conforming to the
EBU standard by combining with the color filter generally
used for industrial use.

TABLE 2
Intensity Ratio of
Emission Peaks

Light Emission Peak Wavelengths in P2/ P3/ 600 nm/P3
Emission Spectrum (nm) P1 P1 V1/P1 (%)

Example 1 452 nm, 534 nm, 595 nm(I), 0.63  2.40 0.16 8
616 nm(I), 625 nm(I), 704 nm(I)

Example 2 456 nm, 534 nm, 598 nm(I), 0.63  2.40 0.20 8
619 nm(I), 628 nm(I), 707 nm(I)

Example 3 452 nm, 534 nm, 595 nm(I), 0.70  0.20 0.20 50
616 nm(I), 625 nm(I), 704 nm(I)

Example4 452 nm, 520 nm, 595 nm(I), 1.00  3.00  0.60 5
616 nm(I), 625 nm(I), 704 nm(I)

Example 5 452 nm, 560 nm, 595 nm(I), 0.10 0.20 0.01 5
616 nm(T), 625 nm(I), 704 nm(T)

Example 6 452 nm, 560 nm, 595 nm(I), 1.00  0.70 0.02 50
616 nm(I), 625 nm(I), 704 nm(I)

Comparative 452 nm, 565 nm, 595 nm(I), 0.10 0.10  0.01 52

Example 1 616 nm(I), 625 nm(I), 704 nm(I)

Comparative 452 nm, 515 nm, 595 nm(I), 1.10 3.10 0.70 3

Example 2 616 nm(I), 625 nm(I), 704 nm(I)

Comparative 462 nm(by light-emitting element), 045 — 0.21 —

Example3 560 nm
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[0064] The light which was passed through the color filter wherein an emission spectrum includes:
was led to an integrating sphere, the emission colors of red a first light emission peak group composed of at least one
(R), green (G) and blue (B) were evaluated, and the color light emission peak having a maximum intensity in a
reproduction range (color reproducibility) on a liquid crystal range of 430 to 470 nm;
display devices (displays) was examined. As to the color a second light emission peak group composed of at least
reproducibility, the CIE chromaticity diagram shown in FIG. one light emission peak having a maximum intensity
3 was used to measure coordinates of green, blue and red light in a range of 520 to 560 nm;
emitting points. In addition, white chromaticity was deter- a third light emission peak group having two or more
mined. For comparison, white chromaticity and the light linear light emission peaks in a range of 580 to 740
emission coordinates of the individual colors of lights emitted nm; and
in the GBR display state of a CRT RDS-15X (manufactured a valley which is between the first light emission peak
by Mitsubishi Electric Corporation) were examined. The group and the second light emission peak group and
results are shown in Table 3. has a minimum intensity in a range of 480 to 500 nm,
TABLE 3
Green Blue Red White
Chromaticity Chromaticity Chromaticity Chromaticity
X- y- X- y- X- y- X- y-
Backlight White LED coordinate coordinate coordinate coordinate coordinate coordinate coordinate coordinate
Example 7 Example 1 0.27 0.64 0.14 0.09 0.64 0.33 0.30 0.32
Example 8 Example 3 0.27 0.64 0.14 0.09 0.63 0.34 0.20 0.36
Example 9 Example 4 0.21 0.71 0.16 0.10 0.68 0.32 0.23 0.22
Example 10 Example 5 0.29 0.60 0.13 0.06 0.63 0.33 0.25 0.20
Example 11 Example 6 0.30 0.68 0.13 0.07 0.63 0.34 0.26 0.24
Comparative Comparative 0.31 0.67 0.13 0.06 0.62 0.35 0.30 0.32
Example4  Example 1
Comparative Comparative 0.21 0.71 0.18 0.11 0.68 0.32 0.36 0.36
Example 5 Example 2
Comparative Comparative 0.31 0.58 0.14 0.07 0.63 0.35 0.18 0.33
Example 6  Example 3
CRT — 0.29 0.60 0.15 0.07 0.64 0.33 — —
[0065] As shown in Table 3, it was found that the liquid in case that the first light emission peak group is deter-
crystal display devices (backlights) according to the Example mined to have a maximum intensity P1 of 1.0, a maxi-
have color reproducibility conforming to the EBU standard mum intensity P2 of the second light emission peak
similar to the case of using the conventional CRT. Meanwhile, group 1s 0.1 §.P2.§ 1.0;a maximum intensity P3ofthe
in Comparative Examples, it was hard to say that they have th}rq light €mission peak group is 0~2§P3 =3.0;anda
color reproducibility conforming to the EBU standard minimum intensity V1 of the valley is 0.01=V1=0.6,
because at least one color of green chromaticity, blue chro- a.nd . e .
maticity and red chromaticity is deviated from chromaticity an.lntenglty;; 6190hm1;1'1sd51(') %o or le.ss.of theaﬁlaxunum
when the conventional CRT is used. wtensity b3 ol the thir ight CHISSION peax group.
00661 Whil . bodi have b described 2. The white LED according to claim 1,
[h 1 bodi N certialm e1;1 odiments dage cen £ scrl eli wherein the phosphor layer contains as a green phosphor a
these embodiments have been presented by way of example divalent europium-activated silicate phosphor repre-
only, and are not intended to limit the scope of the inventions. sented by a general formula 1:
Indeed, the novel embodiments described herein may be ’
embodied in a variety of other forms; furthermore, various (Sr2cpr- B, Mg Eu.Mn, )SiO, general formula 1:
omissions, substitutions and changes in the form of the where, X, y, z and u are values satisfying 0.1<x<1.0, 0=y<0.
embodiments described herein may be made without depart- 21, 0.05<z<0.3 and 0=u<0.04).
ing from the spirit of the inventions. The accompanying 3. The white LED according to claim 1,
claims and their equivalents are intended to cover such forms wherein the phosphor layer contains as a blue phosphor at
or modifications as would fall within the scope and spirit of least one selected from a divalent europium-activated
the inventions. halo-phosphate phosphor represented by a general for-
mula 2 and a divalent europium-activated aluminate
phosphor represented by a general formula 3:
What is claimed is: (M2,Eu),,(PO,4)s.Cl, general formula 2:
1.' A white LED for a backlight of a liquid crystal display where, M2 denotes at least one element selected from Mg, Ca,
device conforming to the EBU standard, comprising: Sr and Ba
a light-emitting element including at least one selected ’
from an ultraviolet light-emitting diode, a purple light- a(M3,Eu)0.bAl,04 general formula 3:
emitting dJode,. an ultraviolet-emitting laser, and a where, M3 denotes at least one element selected from Mg, Ca,
purple light-emitting laser; and Sr, Ba, Zn, Li, Rb and Cs, and a and b are values satisfying

a phosphor layer, 0<a, 0<b and 0.2=a/b=1.5.
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4. The white LED according to claim 1,

wherein the phosphor layer contains as a red phosphor at
least one selected from a europium-activated lanthanum
oxysulfide phosphor expressed by a general formula 4
and a europium-activated yttrium oxysulfide phosphor
expressed by a general formula 5:

(Lay1,Eu,),0,8 general formula 4:

where, x1 is a value satisfying 0.01<x1<0.15,

(Y 152:E02),0,8 general formula 5:

where, X2 is a value satisfying 0.01<x2<0.15.

5. The white LED according to claim 1,

wherein the light-emitting element has a light emission
wavelength in a range of 360 to 430 nm.

6. A backlight for a liquid crystal display device conform-
ing to the EBU standard comprising the white LED according
to claim 1.

7. A liquid crystal display device conforming to the EBU
standard comprising the backlight according to claim 6.

8. A white LED for a backlight of a liquid crystal display
device conforming to the EBU standard, comprising:

a light-emitting element including at least one selected
from an ultraviolet light-emitting diode, a purple light-
emitting diode, an ultraviolet-emitting laser, and a
purple light-emitting laser; and

aphosphor layer containing a green phosphor, a blue phos-
phor and a red phosphor,

wherein the green phosphor includes a divalent europium-
activated silicate phosphor represented by a general for-
mula 1, the blue phosphor includes at least one selected
from a divalent europium-activated halo-phosphate
phosphor represented by a general formula 2 and a diva-
lent europium-activated aluminate phosphor repre-
sented by a general formula 3, the red phosphor includes
at least one selected from a europium-activated lantha-

Mar. 15, 2012

num oxysulfide phosphor expressed by a general for-
mula 4 and a europium-activated yttrium oxysulfide
phosphor expressed by a general formula 5, and

wherein contents of the green, blue and red phosphors in
the phosphor layer relative to the total amount of the
phosphors are in a range of 1 to 10 wt %, in a range of 40
to 80 wt %, and in a range of 10 to 50 wt %,

(Sroyyr, Ba,Mg Eu.Mn, )SiO, general formula 1:

where, X, y, z and u are values satisfying 0.1<x<1.0, 0=y<0.
21, 0.05<z<0.3 and 0=u<0.04,

(M2,EU),((PO,)e-.Cly general formula 2:

where, M2 denotes at least one element selected from Mg, Ca,
Sr and Ba,

a(M3,Eu)0.bAL,04 general formula 3:

where, M3 denotes at least one element selected from Mg, Ca,
Sr, Ba, Zn, Li, Rb and Cs, and a and b are numerals satisfying
0<a, 0<b and 0.2=a/b=1.5,

(Lay_y,Bu,),0,8 general formula 4:

where, x1 is a value satisfying 0.01<x1<0.15,

(Y 12,B1,5),0,8 general formula 5:

where, x2 is a value satisfying 0.01<x2<0.15.

9. The white LED according to claim 8,

wherein the light-emitting element has a light emission

wavelength of 360 to 430 nm.

10. A backlight for a liquid crystal display device conform-
ing to the EBU standard comprising the white LED according
to claim 9.

11. A liquid crystal display device conforming to the EBU
standard comprising the backlight according to claim 10.

* * #* ok %
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