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(57) ABSTRACT

Certain embodiments provide a white LED for a backlight of
aliquid crystal display device, which comprises an ultraviolet
(or violet) light emitting element and a phosphor layer that
contains a green phosphor selected from trivalent cerium- and
terbium-activated rare earth borate phosphors, a blue phos-
phor selected from divalent europium-activated halophos-
phate phosphors and divalent europium-activated aluminate
phosphors, and a red phosphor selected from europium-acti-
vated lanthanum oxysulfide phosphors and europium-acti-
vated yttrium oxysulfide phosphors as the contained amounts
of'the respective phosphors relative to the total amount of the
phosphors as follows: 35-50% by weight of the green phos-
phor content; 50-70% by weight of the blue phosphor con-
tent; and 1-10% by weight of the red phosphor content.
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FIG. 3

CIE chromaticity diagram
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FIG. 4

CIE chromaticity diagram
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WHITE LED, BACKLIGHT USING THE
SAME, AND LIQUID CRYSTAL DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of prior Interna-
tional Application No. PCT/JP2010/005199, filed on Aug. 24,
2010 which is based upon and claims the benefit of priority
from Japanese Patent Application No. 2009-202899 filed on
Sep. 2, 2009; the entire contents of all of which are incorpo-
rated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
white LED suitable for a backlight of a liquid crystal display
device and the like, and a backlight using it and a liquid
crystal display device.

BACKGROUND

[0003] Recently, it has come to develop a white LED hav-
ing characteristics such as compactness, long life, low-volt-
age drive, mercury free and the like in contract to a fluorescent
tube (FL) and a cold cathode fluorescent lamp (CCFL) which
are excited by mercury gas and used for general lighting, a
backlight of the liquid crystal display device, and the like.
[0004] The white LED includes type 1 that combines three-
color light emitting diodes such as a red light emitting diode,
a green light emitting diode and a blue light emitting diode to
emit white light, and type 2 that combines a light emitting
diode having long-wavelength ultraviolet light (300 to 430
nm) or a blue wavelength (460 to 480 nm) as an excitation
source with a phosphor layer which contains a plurality of
types of visible light emitting phosphors to emit white light.
[0005] Since the type 1 uses a three-color light source, a
mechanism for color mixing, such as use of'a diffuser plate for
producing white light or provision of a space for diffusion, is
required, so that a thickness is needed for the backlight. And,
since three types of LEDs are used, the number of parts
increases because separate control circuits are required for
them, and there is a problem in view of the cost.

[0006] Since the type 2 can use the same LED for all and
emits the same color by them, a mechanism for mixing colors
is not needed, and the control circuit is only one type, so that
the number of parts can be reduced, and it can be produced
inexpensively in view of the cost. The white LED of the type
2 includes one using the long-wavelength ultraviolet (or vio-
let) light emitting diode as described above and one using the
light emitting diode which emits blue light (460 to 480 nm).
[0007] In a case where an ultraviolet (or violet) light emit-
ting diode is used, visible light emitting phosphors of three
colors ofred, green and blue are used as the phosphor layer to
obtain white light. On the other hand, the blue light emitting
diode generally obtains the white light by using visible light
emitting phosphors of two colors of red and yellow. It has
come to know that when the ultraviolet light emitting diode is
used, color reproducibility is better because three color phos-
phors are used in comparison with the blue light emitting
diode which uses two colors to obtain white light.

[0008] Different from conventional excitation by mercury
gas at 254 nm, the type 2 white LED is excited with long-
wavelength ultraviolet light (300 to 430 nm) or a blue wave-
length (460 to 480 nm) and, therefore, cannot often use the
phosphor which has been used for the present FL. and CCFL.
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[0009] Especially, LaPO,:Ce, Tb which is generally used
as a green phosphor for the FL and CCFL hardly emits light
at 320 to 430 nm. Therefore, it is well known that as a green
component, BaMgAl, ,O,,:Eu, Mn is used (component sat-
isfying the general formula), but there was a problem that the
color rendering properties were deteriorated when used for
lighting because as the green component, an emission wave-
length is 515 nm, which is a short wavelength in comparison
with 543 nm of the conventional material LaPO,:Ce, Tb, and
doesn’t become complete interchangeable.

[0010] On the other hand, the liquid crystal display device
has its color reproducibility range determined as a display
device depending on a combination of the backlight and the
color filter. For example, even when the CCFL is merely
replaced by the white LED in a liquid crystal display device
which has a backlight using CCFL mounted, the properties of
the liquid crystal display device are not improved. It is
because the color filter is designed in conformity with the
color reproduction region of the light of the CCFL. In other
words, mere replacement of the light source from the CCFL
to the white LED does not necessarily improve the properties
of the liquid crystal display device.

[0011] For example, a certain reference discloses a white
LED using YBO,:Ce**, Tb** phosphors (cerium- and ter-
bium-activated yttrium borate phosphors) as a green phos-
phor, and Y,0,S:Eu**, Bi** phosphors (europium- and bis-
muth-activated yttrium oxysulfide phosphors) as a red
phosphor. But, since a blue light emitting diode is used in the
reference, the color reproduction region of the blue portion is
particularly fixed by the light emitting property of the blue
light emitting diode. Therefore, since the color reproduction
region is different from the CCFL, it is necessary to change
the design of the color filter to use the white LED of the
reference for the liquid crystal display device using the con-
ventional CCFL.

[0012] Therefore, there were demands for the white LED
having the same color reproduction region as that of the
conventional FL or CCFL by using the light emitting diode
which has good color reproducibility, namely which can
adjust the color reproduction region in a large range and emits
light with long-wavelength ultraviolet light (300 to 430 nm).
And, in response to the above demands, there is disclosed a
white LED which is characterized by three color phosphors of
red, green and blue to be combined with an ultraviolet (or
violet) light emitting element.

[0013] Recent liquid crystal display devices are used for
various types of screens (monitors) such as small screens of
cellular phones, car navigation systems and mobile telecom-
munications equipment, middle- and large-size screens of
personal computers and TVs, and CCFL is mainly used for
their backlight light source.

[0014] To use the CCFL as the light source, there are pro-
posed conventionally various types of optical members such
as color filters and the like to make the light from the CCFL
better and to improve the color reproducibility. Considering
the characteristics and the like of the emitted light of the
CCFL, such a color filter is designed to provide the best
display quality, color reproducibility and the like in specific
uses, and there are also provided many satisfactory color
filters for the CCFL at present.

[0015] Recently, attempts have been made to use the LED
instead of the CCFL as the light source in response to increas-
ing demands for mercury free in view of environmental prob-
lems, but since the conventional white LED is largely differ-
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ent in emission color from the CCFL, mere replacement of the
CCFL of'the liquid crystal display device with the white LED
cannot provide good display quality and color reproducibil-
ity, and the color filter designed to be suitable for the CCFL
cannot be used.

[0016] Under the above circumstances, to use a conven-
tional white LED as a light source, the color filter was also
required to be redesigned so as to be suitable for the emitted
light characteristics or a color reproduction region of the
white LED. It is needless to say that significant cost and time
are needed to develop a technology to design anew color filter
and to produce it stably. Thus, it is demanded to develop a
white LED that a conventional CCFL color filter can be used
as it is.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1is asectional view showing an example of the
white LED of an embodiment.

[0018] FIG. 2 is a diagram showing an example of the
emission spectrum of the white LED of the embodiment.
[0019] 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.

[0020] FIG. 4 is a diagram showing an example of color
reproducibility when a conventional CCFL is used as a back-
light of a liquid crystal display device.

DETAILED DESCRIPTION

[0021] The white LED ofa first mode of the embodiment is
a white LED for a backlight of a liquid crystal display device,
comprising at least one light emitting element selected from
ultraviolet light emitting diodes, violet light emitting diodes,
ultraviolet light emitting lasers and violet light emitting
lasers, and a phosphor layer, wherein an emission spectrum of
the white LED has a first emission peak group comprising at
least one emission peak having a maximum intensity in a
range of 430 to 470 nm, a second emission peak group having
atleast one line emission peak having a maximum intensity in
a range of 470 to 560 nm, and a third emission peak group
having at least one line emission peak having a maximum
intensity in a range of 600 to 650 nm, and when maximum
intensity P1 of the first emission peak group is determined to
be 1, maximum intensity P2 of the second emission peak
group is 3=P2=5, and maximum intensity P3 of the third
emission peak group is 1=P3=5.

[0022] The white LED of a second mode of the embodi-
ment is a white LED for a backlight of a liquid crystal display
device, comprising at least one light emitting element
selected from ultraviolet light emitting diodes, violet light
emitting diodes, ultraviolet light emitting lasers and violet
light emitting lasers, and a phosphor layer containing a green
phosphor, a blue phosphor and a red phosphor, wherein the
green phosphor is at least one phosphor selected from triva-
lent cerium- and terbium-activated rare earth borate phos-
phors substantially represented by the following general for-
mula 1; the blue phosphor is at least one phosphor selected
from divalent europium-activated halophosphate phosphors
substantially represented by the following general formula 2
and divalent europium-activated aluminate phosphors sub-
stantially represented by the following general formula 3; the
red phosphor is at least one phosphor selected from
europium-activated lanthanum oxysulfide phosphors repre-
sented by the following general formula 4 and europium-
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activated yttrium oxysulfide phosphors represented by the
following general formula 5; and the contained amounts of
the respective color phosphors in the phosphor layer relative
to the total amount of the phosphors are as follows: 35 to 50%
by weight of the green phosphor, 50 to 70% by weight of the
blue phosphor, and 1 to 10% by weight of the red phosphor:
[0023] <green phosphor>

M, Ce,Tb BO; general formula 1

(wherein, M is at least one element selected from Sc, Y, La,
Gdand Lu, and x and y are respective numbers of 0.03<x<0.3
and 0.03<y<0.3)

[0024] <blue phosphor>

(M2, 1,Eu, 1) 10(PO4)6.Cly general formula 2

(wherein, M2 is at least one element selected from Mg, Ca, Sr
and Ba, and x1 is a number satisfying 0<x1<1)

a(M3_,5,Eu,5)0.0A1,03 general formula 3

(wherein, M3 is at least one element selected from Mg, Ca, Sr,
Ba, Zn, Li, Rb and Cs, x2 is a number satisfying 0<x2<1, and
a and b are respective numbers satisfying 0<a, 0<b, and
0.2=a/b=1.5)

[0025] <red phosphor>

(Lay,3,Eu,3)20,8 general formula 4

(wherein, X3 is a number satisfying 0.01<x3<0.15)

(Y |_x4-EUX4),0,8 general formula 5

(wherein, x4 is a number satisfying 0.01<x4<0.15).

[0026] FIG. 1 shows a sectional view showing an example
of the white LED of the embodiment. In FIG. 1, 1 denotes a
light emitting diode, 2 denotes a phosphor layer which is
buried in a resin, 3 denotes a reflection layer which leads the
light emitted from the light emitting diode and the phosphors
to outside, and 4 denotes a resin frame which supports a light
emitting unit. It is configured such that electrical energy
applied to the LED lamp through a wire 5 is converted into
ultraviolet light or violet light by the light emitting diode,
such light is converted into light having a longer wavelength
by the phosphor layer which is on the light emitting diode,
and in total, white light is externally emitted from the LED
lamp.

[0027] For an ultraviolet light emitting diode or a violet
light emitting diode, various diodes such as InGaN-base,
GaN-base, and AlGaN-base diodes can be applied. Espe-
cially, when a light emitting diode has a peak value of an
emission wavelength of 300 to 430 nm, a white LED having
high level of brightness and more excellent color reproduc-
ibility can be realized by combining with phosphors
described later. It is preferable when an ultraviolet light emit-
ting diode or a violet light emitting diode has a peak value of
an emission wavelength of 300 to 430 nm because higher
brightness can be obtained when it is combined with the
phosphors described later. And, an ultraviolet light emitting
laser or a violet light emitting laser may be used instead of the
ultraviolet light emitting diode or the violet light emitting
diode. In this specification, the ultraviolet light emitting
diode, the violet light emitting diode, the ultraviolet light
emitting laser and the violet light emitting laser are collec-
tively called as a light emitting element.

[0028] 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 emission peaks given below when the white
LED is formed, but it is important to use a visible light
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emitting phosphor. As the visible light emitting phosphor, itis
preferable to use at least one or more of a green phosphor, a
blue phosphor and a red phosphor. FIG. 2 shows an emission
spectrum of one example (specifically, an emission spectrum
ofthe white LED obtained by the following Example 1) of the
white LED according to the embodiment together with the
emission spectrum of a typical CCFL (using as a panel a
liquid crystal panel manufactured by NEC LCD Technolo-
gies, Ltd.).

[0029] A first emission peak group comprises at least one
emission peak having a maximum intensity in a range of 430
to 470 nm, a second emission peak group comprising at least
one line emission peak having a maximum intensity in a range
0f4701t0 560 nm, and a third emission peak group comprising
atleast one line emission peak having a maximum intensity in
a range of 600 to 650 nm.

[0030] According to the white LED of'this embodiment, the
emission peak wavelengths of the respective emission peak
groups comprising the plural emission peaks appearing on the
emission spectrum are specified as described above. In short,
the respective emission peak groups are appropriate when
they include the wavelength indicating the maximum inten-
sity of the emission peak group in the above-described
ranges, and it is not necessary to have all the emission peak
groups in the above ranges.

[0031] For characteristics of the respective emission peak
groups, the first emission peak group exhibits the emission
peak having the maximum intensity in a range of 430 to 470
nm, and this wavelength is more preferably in a range of 430
to 460 nm, and the number of the emission peaks configuring
the emission peak group may be plural and preferably be
single. Here, the first emission peak group of the emission
spectrum of the white LED of one example of the embodi-
ment shown in FIG. 2 comprises one emission peak of which
peak wavelength is 450 nm.

[0032] The second emission peak group exhibits the line
emission peak having the maximum intensity in a range of
470 to 560 nm, and this wavelength is more preferably in a
range of 480 to 560 nm. And, the number of the emission
peaks configuring the emission peak group may be plural by
combining the line emission peaks and peaks other than the
line emission peaks, but it is preferably ten or less as a total of
the both peaks. When the emission spectrum of FIG. 2 is
checked, the second emission peak group comprises five line
emission peaks, and their peak wavelengths are 547 nm
(maximum intensity), 487, 495, 541 and 551 nm. The line
emission peak in the specification denotes a emission peak
having a full width at half maximum of 10 nm or less.
[0033] The third emission peak group exhibits the line
emission peak having the maximum intensity in a range of
600 to 650 nm, and this wavelength is preferably in a range of
610to 640 nm. The number of the emission peaks configuring
the emission peak group may be plural by combining the line
emission peaks and peaks other than the line emission peaks
but preferably be two or less as a total of both peaks. In FIG.
2, the third emission peak group is comprised of two line
emission peaks and their wavelengths are 624 nm (maximum
intensity) and 615 nm.

[0034] If the white LED of this embodiment does not
exhibit the respective emission peak groups in the above-
described wavelength range, the same color as the color pro-
vided by the CCFL cannot be reproduced because a differ-
ence from the CCFL emission spectrum becomes large when
it is used as the backlight of the liquid crystal display device.
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[0035] Various types of phosphors usable for the white
LED of this embodiment in order to exhibit the above-de-
scribed emission peaks are described below. First, as the
green phosphor, trivalent cerium- and terbium-activated rare
earth borate phosphors substantially represented by the fol-
lowing general formula 1 can be preferably used. In the white
LED of this embodiment, as the green phosphor, one or two
types or more of the above-described phosphors can be used
solely or as a mixture.

M, ., Ce,Tb BO; General formula 1

(wherein, M is at least one element selected from Sc, Y, La,
Gdand Lu, and x and y are respective numbers of 0.03<x<0.3
and 0.03<y<0.3)

[0036] The element M is at least one element selected from
Sc, Y, La, Gd and Lu. Since these elements are trivalent and
have an ion radius of 0.07 to 0.11 nm, they are apt to have an
MBO,; structure. A crystal that emits light can be obtained by
partly replacing the element M by Tb (terbium) and Ce (ce-
rium).

[0037] And, as the element M, two or more may be selected
from Sc, Y, La, Gd and Lu. For example, when it is assumed
that the total amount of the element M is 100 (at) %, the Lu
content is determined to be 1 at or more and less than 100 at
%, and one or two or more elements the balance of Sc,Y, La
and Gd can also be combined.

[0038] Upon replacement with Ce®* and Tb>*, excitation
light (300 to 430 nm) emitted from the light emitting element
is first absorbed in Ce®* ions, and the absorbed energy is
transferred to Tbh** ions, resulting in emission of green light.
The value x and the value y showing the replacement level are
0.03<x<0.3 and 0.03<y<0.3, respectively. When x is 0.03 or
less, energy is not sufficiently absorbed in Ce®*, so that suf-
ficient quantity of energy is not transferred to Tb**, and the
emission of green light from Tb** is not satisfactory. When x
becomes 0.30 or more, luminous efficiency decreases con-
versely. Similarly, when y becomes 0.03 or less, the amount
of Tb** which receives energy transferred from Ce*
becomes insufficient, the green light emission is not suffi-
cient, and when it becomes 0.3 or more, the luminous effi-
ciency decreases.

[0039] The method of producing the green phosphor is not
particularly limited, and for example, the following method
may be mentioned. First, at least one of scandium oxide
(Sc,0;), yttrium oxide (Y,0;), lanthanum oxide (La,O5),
gadolinium oxide (Gd,O;) and lutetium oxide (Lu,O;) is
weighed together with cerium oxide (CeO,), terbium oxide
(Tb,0,) and hydrogen borate (H,BO,) to obtain a predeter-
mined amount so to have a composition represented by the
general formula 1, and they are mixed sufficiently together
with a sintering aid. The obtained raw material mixture is put
in an alumina crucible or the like and fired at a temperature of
about 1100 to 1400° C. for about 3 to 6 hours. Then, the
obtained fired product is washed with pure water to remove
unnecessary soluble components. Subsequently, it is filtered
and dried to obtain a target green phosphor.

[0040] Now, the blue phosphor is described below. As the
blue phosphor, the divalent europium-activated halophos-
phate phosphors substantially represented by the following
general formula 2 and the divalent europium-activated alu-
minate phosphors substantially represented by the following
general formula 3 can be preferably used. As the blue phos-
phor of the white LED of this embodiment, one type or two or
more types selected from the phosphor group represented by
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the general formula 2 or the general formula 3 can be used
alone or as a mixture. The mixture of two or more types may
be a combination of two or more types selected from only one
ofthe 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 types selected from
both of the phosphor group represented by the general for-
mula 2 and the phosphor group represented by the general
formula 3.

(M2, ,Eu,1)16(PO4)s-Cly General formula 2

(wherein, M2 is at least one element selected from Mg, Ca, Sr
and Ba, and x1 is a number satisfying 0<x1<1)

a(M3_,5,Eu,,)0.5A1,04 General formula 3

(wherein, M3 is at least one element selected from Mg, Ca, Sr,
Ba, Zn, Li, Rb and Cs, x2 is a number satisfying 0<x2<1, and
a and b are respective numbers satisfying 0<a, 0<b, and
0.2=a/b=1.5)

[0041] The element M2 in the general formula 2 denotes at
least one element selected from the above elements, but the
element M2 may be used by selecting two or more types from
the above elements. The element M3 in the general formula 3
may be used by selecting two or more types in the same
manner.

[0042] The method of producing the blue phosphor is not
particularly limited, and the compound belonging to the gen-
eral formula 2 or the general formula 3 produced by a general
production method can be used for the white LED of this
embodiment. And, it is also possible to use a commercially
available product.

[0043] Finally, the red phosphor is described below. As the
red phosphor, the europium-activated lanthanum oxysulfide
phosphors represented by the following general formula 4
and the europium-activated yttrium oxysulfide phosphors
represented by the general formula 5 can be preferably used.
As the red phosphor in the white LED of this embodiment,
one type or two or more types selected from the phosphor
group represented by the general formula 4 or the general
formula 5 can be used alone or as a mixture. The mixture of
two or more types may be a combination of two or more types
selected from only one of 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
types selected from both of the phosphor group represented
by the general formula 4 and the phosphor group represented
by the general formula 5.

(Lay 3,Bu,3),0,8 General formula 4

(wherein, x3 is a number satisfying 0.01<x3<0.15)

(Y| a:E4),058 General formula 5

(wherein, x4 is a number satisfying 0.01<x4<0.15)

[0044] The method of producing the red phosphor is not
particularly limited, and the compound belonging to the gen-
eral formula 4 or the general formula 5 produced by a general
production method can be used for the white LED of this
embodiment. And, it is also possible to use a commercially
available product.

[0045] For selection between the general formula 2 and the
general formula 3 and between the general formula 4 and the
general formula 5, it is preferable to select the phosphor
according to an excitation wavelength, demand for bright-
ness, chemical stability, cost and the like.
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[0046] The white LED of this embodiment contains the
above green phosphor, the blue phosphor and the red phos-
phor in the phosphor layer so as to exhibit the emission peak
of the above-described characteristics in the emission spec-
trum.

[0047] The above-described green phosphor, blue phos-
phor and red phosphor receive an ultraviolet (or violet light)
having a wavelength of 300 to 430 nm from the light emitting
element of an ultraviolet light emitting diode or the like,
absorb the ultraviolet light efficiently and emit the respective
color lights at high efficiency. In other words, the green phos-
phor emits a highly bright green color light, the blue phosphor
emits a highly bright blue color light, and the red phosphor
emits a highly bright red color light. As a result, a highly
bright white light can be provided. And, to obtain the white
light, it is not preferable if a brightness difference is exces-
sively large among the respective colors, for example, if only
the green color light has a high brightness, because the white
light becomes greenish. In other words, all color lights of
green (G), blue (B) and red (R) are required to have a high
brightness to obtain the white light with a high brightness, and
the combination of the respective color phosphors is very
important.

[0048] For example, the white LED of FIG. 1 is configured
such that electrical energy applied to the light emitting diode
1is converted into ultraviolet light (or violet light) by the light
emitting diode, such light is converted to light having a longer
wavelength by the phosphor layer which is on the light emit-
ting diode, and in total, white light is externally emitted out of
the LED. The emission spectrum, which is obtained by mea-
suring the light emitted from the white LED of this embodi-
ment by a spectrometer, is expressed in the form represented
by, for example, FIG. 2.

[0049] In this specification, the ultraviolet light emitting
diode or the violet light emitting diode used for the light
emitting diode 1 is expressed as a light emitting diode, and the
completed white light emitting diode is indicated as a white
LED.

[0050] The emission peak, which appears in the emission
spectrum of the white LED of this embodiment, appears at the
above-described wavelength. For the intensity of each emis-
sion peak, when the intensity P1 of the maximum emission
peak of the first emission peak group appearing in the range of
430to 470 nm is determined to be 1, maximum intensity P2 of
the second emission peak group is 3=P2=5, and maximum
intensity P3 of the third emission peak group is 1=P3=5.

[0051] When the maximum intensities of the respective
emission peak groups of the white LED of this embodiment
are not in the above relationships, the same color as the color
provided by the CCFL cannot be reproduced when the white
LED is used as the backlight of the liquid crystal display
device.

[0052] By adjusting as described above, the relationships
between the wavelength at which the emission peak of the
emission spectrum of the white LED of this embodiment is
exhibited and the intensities of the respective emission peaks
becomes the same as the optical characteristics of the CCFL.
[0053] Thewhite LED ofthis embodiment can be produced
by blending the above-described phosphors such as the green
phosphor, the blue phosphor and the red phosphor at an
appropriate blending ratio into the phosphor layer, such that
the intensity ratio of emission peaks obtained as the emission
spectrum falls in the above-described range.
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[0054] Specifically, to obtain the above-described optical
characteristics same as the optical characteristics of the
CCFL by the white LED of this embodiment, there may be
used and adjusted, as the green phosphor, at least one phos-
phor selected from trivalent cerium- and terbium-activated
rare earth borate phosphors substantially represented by the
above-described general formula 1, as the blue phosphor, at
least one phosphor selected from divalent europium-activated
halophosphate phosphors substantially represented by the
above-described general formula 2 and divalent europium-
activated aluminate phosphors substantially represented by
the above-described general formula 3, and as the red phos-
phor, at least one phosphor selected from europium-activated
lanthanum oxysulfide phosphors represented by the above-
described general formula 4 and europium-activated yttrium
oxysulfide phosphors represented by the above-described
general formula 5, so that the contained amounts of the
respective phosphors in the phosphor layer relative to the total
amount of the phosphors become as follows: the green phos-
phor of 35 to 50% by weight, the blue phosphor of 50 to 70%
by weight, and the red phosphor of 1 to 10% by weight.

[0055] Formore preferable blending ratios of the respective
phosphors, the green phosphor is 35 to 45% by weight, the
blue phosphor is 50 to 60% by weight, and the red phosphor
is 2 to 10% by weight. When the blending ratios of the
respective phosphors are not in the above-described relation-
ships in the white LED of this embodiment, the same color as
the color provided by the CCFL cannot be reproduced by
using it as the backlight for the liquid crystal display device.

[0056] And, it is also effective to increase the average par-
ticle diameter of the respective phosphors in order to improve
the brightness furthermore. It is preferable that the average
particle diameter is increased to 1 um or more, and further to
10 um or more. The method of increasing the average particle
diameter includes a method of granulating one-color phos-
phors mutually, a method of granulating by mixing three-
color phosphors, and the like. There are other methods such as
a method using a sintering aid to produce the phosphor, a
method for firing at a high temperature for a long period, and
the like. The upper limit value of the average particle diameter
is not particularly limited, and it is preferably 90% or less of
the thickness of the phosphor layer of the white LED. If it is
larger than the thickness of the phosphor layer, a problem that
the phosphor particles are apt to drop when the phosphor layer
is formed by fixing the phosphor particles with resin.

[0057] The method of producing the white LED is not
particularly limited, and there are, for example, a method of
producing a mixture phosphor by mixing respective color
phosphor powders with respective resins and then mixing the
mixture of respective color resins, and a method of producing
a mixture phosphor by previously mixing respective color
phosphor powders mutually, and then mixing with a resin.
Here, the blending ratio of the resin and the phosphor is not
limited if it is in a range that the phosphor acts efficiently
when the white LED is formed, and in the phosphor layer as
a whole, a total amount of the phosphors to be used relative to
100 parts by weight of the resin is preferably 30 to 80 parts by
weight, and more preferably blended in 50 to 70 parts by
weight. When the contained amount of the phosphor is less
than 30 parts by weight relative to 100 parts by weight of the
resin, the phosphors in the slurry might sediment, and if it
exceeds 80 parts by weight, coating might become difficult.
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[0058] The resin material used for the white LED of this
embodiment is not particularly limited if it is a resin normally
used for the white LED production, and it is preferably col-
orless and transparent and has a prescribed optical refractive
index. It is preferable that the white LED of this embodiment
has a transmission rate of 98 to 100%, and particularly 99 to
100%, (using a value obtained by measuring monochromatic
light of 400 nm by using a test specimen having a thickness of
2 mm) and an optical refractive index of 1.3 to 1.7, and
particularly 1.4 to 1.6. Here, when the optical refractive index
is less than 1.3, it might become difficult to take light out of
the light emitting diode element, and when it exceeds 1.7, it is
not preferable because it might become difficult to take light
out of the phosphor layer.

[0059] And, it is preferable that the resin material used for
the white LED of this embodiment has sufficient durability
against ultraviolet light used for excitation of the phosphor or
under a thermal condition to which the resin material is
exposed under production conditions or use conditions. In
addition, its change in volume is preferably small under vari-
ous conditions when it is exposed under the production con-
ditions or the use conditions, or an adverse effect exerted due
to the volume expansion is small. Use of such a soft resin
material prevents effectively deformation of the resin frame 4
and (or) breakage of the wire 5.

[0060] As a particularly preferable resin material for the
white LED of this embodiment satisfying the above condi-
tions, there are, for example, silicone resins, epoxy resins and
the like. Among them, the silicone resins, which are hardly
discolored by ultraviolet light and have durability, are par-
ticularly preferable.

[0061] Thecompleted mixture phosphoris coated ona light
emitting diode, and the resin is hardened. Thus, the white
LED can be formed. Structures of a substrate, a metallic
frame (reflector) and the like used for the white LED are
arbitrary.

[0062] The above-described white LED provides white
light having a high level of brightness. This white LED is
effective for a backlight, and particularly for the backlight of
the liquid crystal display device.

[0063] FIG. 3 is a diagram showing a preferable example
that the emitted light of the white LED (specifically, the white
LED obtained by the following Example 1) of the white LED
of this embodiment is passed through general color filters of
blue, green and red used for the liquid crystal display device
which has a conventional cold cathode fluorescent lamp
(CCFL) as a backlight (specifically, using a liquid crystal
display NLL12876BC26 (manufactured by NEC LCD Tech-
nologies, [td.) using CCFL, which is replaced by the white
LED obtained in the Example 1), and its emission colors are
plotted on a CIE chromaticity diagram. This chromaticity
diagram shows that the liquid crystal display device can
express the light having chromaticity within a triangle
obtained by connecting blue, green and red luminous points.

[0064] When the triangle has a larger area, light with more
chromaticities can be expressed, and its liquid crystal display
device has a large color reproduction region (color reproduc-
ibility is good). FIG. 4 shows a color reproduction region of a
typical liquid crystal display: NLL12876BC26 (manufactured
by NEC LCD Technologies, Ltd.) using a conventional cold
cathode fluorescent lamp (CCFL), and it has substantially the
same range as the color reproduction region of FIG. 3.
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[0065] FIG. 3 and FIG. 4 also show color reproduction
regions specified by an international standard, which is
National Television Standards Committee (NTSC), showing
ideal color reproduction regions. A size of the color repro-
ductionregion is indicated by arelative value with the triangle
area of this NTSC determined as 100. Among the white LEDs
of this embodiment exemplified here, the color reproduction
region of the liquid crystal display device using a preferable
white LED was 67, but the liquid crystal display device using
a conventional CCFL had 65.

[0066] For the white LED of this embodiment obtained as
described above, its emitted light was passed through general
blue, green and red color filters which are used for a liquid
crystal display device having a conventional cold cathode
fluorescent lamp (CCFL) as a backlight. The emission colors
were plotted on the CIE chromaticity diagram. Though some-
what variable depending on the used color filters, white chro-
maticity was roughly in a range of 0.26=x=0.36 and
0.22=y=0.36, and the respective blue, green and red lumi-
nous points are plotted to fall in the following ranges.

Blue luminous point (B): 0.13=x=0.15 and 0.06=y=0.11
Green luminous point (G): 0.28=x=0.30 and 0.58=y=0.61
Red luminous point (R): 0.63=x=0.66 and 0.31=y=0.34
[0067] The color reproduction region obtained by connect-
ing the above B, G and R as corners of the triangle is same as
the one shown in FIG. 3 and shows a size level of about 60 to
80 when it is determined that the triangle area of the NTSC is
100.

[0068] Thus, the white LED of this embodiment has color
reproducibility same to or slightly higher than a conventional
CCFL, so that a conventional color filter designed to be suit-
able for the CCFL can also be used, and the color reproduc-
ibility same to or higher than the conventional one can be
obtained.

[0069] Inaddition, since the white LED ofthis embodiment
can use the technology or knowledge used for the color filter
for the conventional CCFL when it is desired to further
improve the properties of the color filter, a target color filter
can be obtained quite easily.

[0070] The white LED according to this embodiment and
the backlight and liquid crystal display device using the same
do not need to use mercury unlike the conventional CCFL and
do not cause an environmental problem.

[0071] The backlight and liquid crystal display device
using the above white LED are suitable for various liquid
crystal display devices such as small screens of cellular
phones, car navigation systems and mobile telecommunica-
tions equipment, middle- and large-size screens of personal
computers and TVs, and the like. Especially, since the liquid
crystal display device using the conventional CCFL has simi-
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lar color reproducibility, it can be used without changing the
designs of the color filter and the like. And, since the white
LED has a high level of brightness, it can be applied to both of
sidelight type and directly-under type backlights.

[0072] And, it is determined that a plurality of white LEDs
are used to apply to the backlight, if necessary.

EXAMPLES
Examples 1 to 8

[0073] For evaluation of the white LED according to this
embodiment, the structure having the cross section of FIG. 1
was adopted. The white LEDs according to the respective
examples were formed by arranging an ultraviolet light emit-
ting diode having a size of 300 pm square as a light emitting
element, mixing the respective phosphors (65 parts by weight
of phosphors in total) having an average particle diameter of
5 pum and 35 parts by weight of a 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
siliconeresin. The used silicone resin had an optical refractive
index of 1.5 after hardening.

[0074] It was determined that the wavelength of the ultra-
violet light emitting diode and the types and blending ratios
(% by weight of the respective phosphors when the total
amount of phosphors was determined to be 100%) of the
respective phosphors are as shown in Table 1.

Comparative Examples 1 to 5

[0075] The same white LED as in Example 6 was prepared
as the white LED of comparative examples except that the
compositions of respective color phosphors were determined
not to fall in the ranges of the compositions of the respective
color phosphors of the white LED of this embodiment.

<Evaluation>

[0076] The white LEDs of the respective examples and
comparative examples were measured for brightness. The
brightness was measured by a method of measuring a total
luminous flux, and specifically by emitting the respective
white LEDs with a current of 40 mA, and using a 10-inch
integrating sphere (DAS-2100) manufactured by Labshere,
Inc. The results are shown in Table 2.

[0077] And, the white LEDs according to the respective
examples and comparative examples were measured for the
emission spectrum. The results on the wavelengths of the
appeared emission peaks and the intensity ratios of the
respective emission peaks are shown in Table 2. The line
emission peaks were discriminated by affixing (1) to the back
of the unit nm of the wavelength.

TABLE 1
Blue phosphor Green phosphor Red phosphor
Blending Blending Blending Excitation

ratio ratio ratio wavelength of

(% by (% by (% by light emitting

Compound weight) Compound weight) Compound weight) element (nm)
E1 (810.97Ca9.02EU0.01)10(PO4)s*Cly 50 Lug gCeq 1 Tbg ;BO3 45 (Lag goFug 11),0,8 5 370
E2 (810.97Cag.02EU0 01)10(PO4)s*Cly 53 Lug 5Yo3Ceq 1 Tbo ;BO3 45 (Lag goEug 11),0,8 2 370
E3 (S16.99F 01)10(PO4)6*Cly 55 Lug 9Ceg 65 Thg 0sBO3 35 (Yo.04E00 06)2058 10 370
E4 2(Mgo sBag 3750, 125)0*5A1,0; 55 Lug 7Ceq 1 Tbg ,BO3 43 (Lag goEug 11),0,8 2 370
E5 (810.97Ca0.02Eu6 01)10(PO4)6* Clz 55 Seg8Ceq.1Tho 1 BO; 40 (Yo.04Eu0,06)2028 5 320
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TABLE 1-continued

Blue phosphor Green phosphor Red phosphor
Blending Blending Blending Excitation
ratio ratio ratio wavelength of
(% by (% by (% by light emitting
Compound weight) Compound weight) Compound weight) element (nm)
E6 (Sr6.97Ca0 02E16 01)10(PO4)6*Cly 60 Yo5Ceq,Tbg ,BO; 35 (Yo.04E10,06)2058 5 400
E7 (S10.75Bag 23Ca0.01Eug 01)10P04)6*Cly 60 Lag gCeq 1 Tbg ;BO; 35 (Lag goFug 112058 5 340
E8 (S10.97Cag 02EU0 01)10(PO4)s*Cly 60 Gdg gCep  Tby ;BO3 35 (Lag goFug 11)2058 5 380
CEl (S10.97Cag 02EU0 01)10(PO4)s*Cly 60 Lag gCeq 1 Tbg | PO, 35 (Lag goFug 11)2058 5 360
CE2 (S10.97Cag 02EU0 01)10(PO4)s*Cly 60 Lug 5Ceq ; Tbg 4BO3 35 (Lag goFug 11)2058 5 370
CE3 (810.97Cag 02EU0 01)10(PO4)s*Cly 60 Lug 95Ceg 62 Tbo.03BO3 35 (Lag goFug 11)2058 5 370
CE4 (Sr6.97Cag.02Eu6,01)10(PO4)6*Cly 60 Lug gCeq ; Tbg ;BO; 35 (Yos0Eu0.11)203 5 360
CES CaWO, 60 Luy sY03Ceq Ty ;BO; 35 (Lag.goEug 11)2058 5 370
El to E8 = Example 1 to Example 8
CE1 to CES = Comparative Example 1 to Comparative Example 5
[0080] Specifically, Example 9 had an average particle

TABLE 2

Total
lumi-
nous
flux Emission peak wavelength

(Im) of emission spectrum (nm) P2 P3

Example 1  1.12 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 4.3 3.6
547 nm(I), 551 nm(I), 615 nm(T), 624 nm(I)

Example 2 1.09 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 4.0 1.5
547 nm(I), 551 nm(I), 615 nm(T), 624 nm(I)

Example3  1.02 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 5.0 5.0
547 nm(T), 551 nm(I), 618 nm(I), 627 nm(I)

Example4 0.98 455 nm, 487 nm(I), 495 nm(I), 541 nm(I), 3.8 1.0
547 nm(I), 551 nm(D), 615 nm(T), 624 nm(I)

Example 5 0.52 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 4.0 34
547 nm(T), 551 nm(D), 618 nm(T), 627 nm(I)

Example 6  0.34 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 3.0 3.1
547 nm(T), 551 nm(I), 618 nm(T), 627 nm(I)

Example 7 0.32 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 3.0 3.1
547 nm(T), 551 nm(I), 615 nm(T), 624 nm(I)

Example 8  0.45 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 3.0 3.1
547 nm(I), 551 nm(I), 615 nm(T), 624 nm(I)

Compar- 0.05 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 2.0 3.1

ative 547 nm(I), 551 nm(I), 615 nm(I), 624 nm(I)

Example 1

Compar- 0.08 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 2.1 3.1

ative 547 nm(I), 551 nm(I), 615 nm(I), 624 nm(I)

Example 2

Compar- 0.12 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 29 3.1

ative 547 nm(I), 551 nm(I), 615 nm(I), 624 nm(TI)

Example 3

Compar- 0.03 450 nm, 487 nm(I), 495 nm(I), 541 nm(I), 1.9 3.1

ative 547 nm(I), 551 nm(I), 615 nm(I), 624 nm(I)

Example 4

Compar- 0.02 430 nm, 487 nm(I), 495 nm(I), 541 nm(I), 1.0 3.1

ative 547 nm(I), 551 nm(I), 615 nm(I), 624 nm(I)

Example 5

[0078] Itwas found as shown in Table 2 that the white LEDs

of the above examples are provided with a high brightness.
And, it is seen that the emission peaks in the emission spec-
trum are same as those of the emission spectrum of the CCFL
shown in FIG. 2.

Examples 9 to 10

[0079] Then, the same white LED as in Example 2 was
prepared and measured for the brightness in the same manner
except that the average particle diameter of the phosphor was
changed.

diameter of 10 um by firing each phosphor at a high tempera-
ture for a long period, and Example 10 had an average particle
diameter of 15 um by firing with a sintering aid used at a high
temperature for a long period. The results are shown in Table
3.

TABLE 3

Total luminous flux (Im)

Example 9 1.25
Example 10 1.48
[0081] It was found as shown in Table 3 that even when the

same phosphor is used, the brightness becomes higher when
the average particle diameter is larger. Even if the particle
diameter of the phosphor is varied, the emission spectrum of
the obtained white LED does not change.

Examples 11 to 20 and Comparative Examples 6 to 8

[0082] Thewhite LEDs of Examples 1 to 10 and Compara-
tive Examples 1 to 3 were used to configure backlights for the
liquid crystal display devices by combining with general red
(R), green (G) and blue (B) color filters used for the liquid
crystal display devices having conventional cold cathode
fluorescent lamps (CCFLs) as backlights (specifically, using
liquid crystal displays NL12876BC26 (manufactured by
NEC LCD Technologies, Ltd.) using the CCFLs, which are
replaced by the white LEDs obtained in the examples).

[0083] Light passed through the color filters was guided to
an integrating sphere to evaluate emission colors of red (R),
green (G) and blue (B), and a color reproduction region (color
reproducibility) of the obtained liquid crystal display device
(display) was examined. For the color reproducibility, the
CIE chromaticity diagram shown in FIG. 3 was used to mea-
sure coordinate of luminous points of green, blue and red. In
addition, white chromaticity was determined. For compari-
son, the light emission coordinate of respective colors of the
CCFL and the white chromaticity were also examined. The
results are shown in Table 4.
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TABLE 4
Green Blue Red White

Backlight ‘White LED X y X y X y vy
Ell El 0.283 0.589 0.140 0.070 0.650 0.321 0.292 0.311
E12 E2 0.284 0.588 0.140 0.070 0.650 0.321 0.280 0.305
E13 E3 0.284 0.587 0.140 0.070 0.660 0.318 0.311 0.305
E14 E4 0.283 0.588 0.143 0.100 0.650 0.321 0.282 0.299
E15 ES 0.282 0.589 0.140 0.070 0.660 0.318 0.288 0.297
El6 E6 0.283 0.587 0.140 0.070 0.660 0.318 0.270 0.285
E17 E7 0.283 0.587 0.140 0.070 0.650 0.321 0.270 0.220
E18 E8 0.283 0.588 0.140 0.070 0.650 0.321 0.270 0.231
E19 E9 0.284 0.587 0.140 0.070 0.650 0.321 0.272 0.289
E20 E10 0.283 0.588 0.140 0.070 0.650 0.321 0.274 0.292
CE6 CE1 0.282 0.586 0.140 0.070 0.650 0.321 0.240 0.200
CE7 CE2 0.283 0.589 0.140 0.070 0.650 0.321 0.205 0.170
CE8 CE3 0.282 0.589 0.140 0.070 0.650 0.321 0.200 0.160
CCFL 0.282 0.587 0.140 0.070 0.650 0.321 0.288 0.297
E =Example

CE = Comparative Example
(x, y) = CIE color coordinate

[0084] Itwas found as shown in Table 4 that chromaticity of
blue, green and red filtered by the BGR color filters was not
different between the examples and the comparative
examples, but the chromaticity of white was almost same
between the examples and the CCFL though it was deviated in
the comparative examples from the coordinate value of the
CCFL. That is, it can be said that the liquid crystal display
device according to this embodiment is excellent in color
reproducibility similar to the case that the conventional CCFL
was used.

[0085] Incidentally, while certain embodiments have been
described, these embodiments have been presented by way of
example only, and are not intended to limit the scope of the
inventions. Indeed, the novel embodiments described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
ormodifications as would fall within the scope and sprit of the
inventions.

What is claimed is:

1. A white LED for a backlight of a liquid crystal display
device, comprising at least one light emitting element
selected from ultraviolet light emitting diodes, violet light
emitting diodes, ultraviolet light emitting lasers and violet
light emitting lasers, and a phosphor layer,

wherein an emission spectrum of the white LED includes:

afirstemission peak group comprising at least one emis-
sion peak having a maximum intensity in a range of
430 to 470 nm;

a second emission peak group having at least one line
emission peak having a maximum intensity in a range
of 470 to 560 nm; and

a third emission peak group having at least one line
emission peak having a maximum intensity in a range
of 600 to 650 nm,

wherein, when maximum intensity P1 of the first emission

peak group is determined to be 1,

maximum intensity P2 of the second emission peak
group is 3=P2=5; and

maximum intensity P3 of the third emission peak group
is 1=P3=5.

2. The white LED according to claim 1,

wherein the first emission peak group is comprised of one
emission peak having a maximum intensity in a range of
430 to 460 nm, the second emission peak group has 1 to
10 line emission peaks having a maximum intensity in a
range of 480 to 560 nm, and the third emission peak
group has 1 or 2 line emission peaks having a maximum
intensity in a range of 610 to 640 nm.

3. The white LED according to claim 1,

wherein the phosphor layer contains at least one green
phosphor selected from trivalent cerium- and terbium-
activated rare earth borate phosphors substantially rep-
resented by the following general formula 1:

M., Ce,Tb BO; general formula 1

(wherein, M is at least one element selected from Sc, Y, La,
Gdand Lu, and x and y are respective numbers of 0.03<x<0.3
and 0.03<y<0.3).
4. The white LED according to claim 3,
wherein an average particle diameter of the green phosphor
is 1 pm or more.
5. The white LED according to claim 1,
wherein the phosphor layer contains at least one blue phos-
phor selected from divalent europium-activated halo-
phosphate phosphors substantially represented by the
following general formula 2 and divalent europium-ac-
tivated aluminate phosphors substantially represented
by the following general formula 3:

(M2, 1,E0,1)10(PO4)6.Cly general formula 2

(wherein, M2 is at least one element selected from Mg, Ca, Sr
and Ba, and x1 is a number satisfying 0<x1<1); and

a(M3_,5,Eu,5)0.0A1,053 general formula 3

(wherein, M3 is at least one element selected from Mg, Ca, Sr,
Ba, Zn, Li, Rb and Cs, x2 is a number satisfying 0<x2<1, and
a and b are respective numbers satisfying 0<a, 0<b, and
0.2=a/b=1.5).
6. The white LED according to claim 5,
wherein an average particle diameter of the blue phosphor
is 1 pm or more.
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7. The white LED according to claim 1,

wherein the phosphor layer contains at least one red phos-
phor selected from europium-activated lanthanum
oxysulfide phosphors represented by the following gen-
eral formula 4 and europium-activated yttrium oxysul-
fide phosphors represented by the following general for-
mula 5:

(Lay_y3,Eu,3)2058 general formula 4

(wherein, x3 is a number satisfying 0.01<x3<0.15); and
(Y ) xa-B4)2058

(wherein, x4 is a number satisfying 0.01<x4<0.15).
8. The white LED according to claim 7,
wherein an average particle diameter of the red phosphor is
1 pm or more.

9. The white LED according to claim 1,

wherein the light emitting element has an emission wave-

length of 300 to 430 nm.

10. A backlight using the white LED according to claim 1.

11. A liquid crystal display device using the backlight
according to claim 10.

12. A white LED for a backlight of a liquid crystal display
device, comprising at least one light emitting element
selected from ultraviolet light emitting diodes, violet light
emitting diodes, ultraviolet light emitting lasers and violet
light emitting lasers, and a phosphor layer containing a green
phosphor, a blue phosphor and a red phosphor,

wherein:

the green phosphor is at least one phosphor selected
from trivalent cerium- and terbium-activated rare
earth borate phosphors substantially represented by
the following general formula 1;

the blue phosphor is at least one phosphor selected from
divalent europium-activated halophosphate phos-
phors substantially represented by the following gen-
eral formula 2 and divalent europium-activated alu-
minate phosphors substantially represented by the
following general formula 3;

the red phosphor is at least one phosphor selected from
europium-activated lanthanum oxysulfide phosphors
represented by the following general formula 4 and
europium-activated yttrium oxysulfide phosphors
represented by the following general formula 5; and

the contained amounts of the respective color phosphors
in the phosphor layer relative to the total amount of
the phosphors are as follows: 35 to 50% by weight of

general formula 5
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the green phosphor, 50 to 70% by weight of the blue
phosphor, and 1 to 10% by weight of the red phos-
phor:

<green phosphor>

M., Ce,Tb,BO; general formula 1

(wherein, M is at least one element selected from Sc, Y, La,
Gdand Lu, and x and y are respective numbers of 0.03<x<0.3
and 0.03<y<0.3)

<blue phosphor>

(M2, ,Eu, 1) 10(POL6Cly general formula 2

(wherein, M2 is at least one element selected from Mg, Ca, Sr
and Ba, and x1 is a number satisfying 0<x1<1)

a(M3_5,Eu,,)0.5A1,05 general formula 3

(wherein, M3 is at least one element selected from Mg, Ca, Sr,
Ba, Zn, Li, Rb and Cs, x2 is a number satisfying 0<x2<1, and
a and b are respective numbers satisfying 0<a, 0<b, and

0.2=a/b=1.5)
<red phosphor>

(Lay,3,Eu,3)20,8 general formula 4

(wherein, x3 is a number satisfying 0.01<x3<0.15)

(Y 124, E,4)2058 general formula 5

(wherein, x4 is a number satisfying 0.01<x4<0.15).
13. The white LED according to claim 12,
wherein the contained amounts of the respective color
phosphors in the phosphor layer relative to the total
amount of the phosphors are: 35 to 45% by weight of the
green phosphor, 50 to 60% by weight of the blue phos-
phor, and 2 to 10% by weight of the red phosphor.
14. The white LED according to claim 12,
wherein average particle diameters of the green phosphor,
the blue phosphor and the red phosphor are 1 um or
more, respectively.
15. The white LED according to claim 12,
wherein the light emitting element has an emission wave-
length of 300 to 430 nm.
16. A backlight using the white LED according to claim 12.
17. A liquid crystal display device using the backlight
according to claim 16.

* * & ok ok
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