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(57) ABSTRACT

The present invention provides a white LED comprising: an
ultraviolet emitting diode or a purple light emitting diode; and
phosphors for emitting at least three visible lights including
blue light, green light and red light; wherein an emission
spectrum of the white LED has; a first luminescence peak in
a blue light region having a wavelength of 440-460 nm; a
second luminescence peak in a green light region having a
wavelength of 510-530 nm; and a third luminescence peak in
a red light region having a wavelength of 620-640 nm. Fur-
ther, it is preferable that a half bandwidth of each of the
luminescence peaks is 50 nm or less. As a result, there can be
provided a white LED, backlight and liquid crystal display
using the white LED exhibiting a high luminance, and an
excellent color reproducing property,
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WHITE LED, BACKLIGHT USING SAME AND
LIQUID CRYSTAL DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to a white LED (light
emitting diode), a backlight and a liquid crystal display using
the white LED which is suitable for the backlight of the liquid
crystal display. More particularly, the present invention
relates to a white LED, a backlight and a liquid crystal display
using the white LED exhibiting a high luminance and an
excellent color reproducing property due no less mixing of
other emitting color lights with respect to blue, green and red
color lights.

BACKGROUND ART

[0002] A light emitting diode (LED) is a semiconductor
diode for radiating light, and has a function of converting an
electrical energy into ultraviolet light or visible light. Particu-
larly, for the purpose of utilizing the visible lights, there has
been widely used a LED in whicha light entitling chip formed
of light emitting materials such as Gap, GaAsP, GaAlAs,
GaN, InGaAlP or the like is sealed by a transparent resin.
Further, there has been also widely used a display-type LED
in which the light emitting material is fixed on an upper
surface of a printed circuit board or a metal lead, and the fixed
material is sealed by a resin case formed in a shape of numeri-
cal character or letter.

[0003] Further, when various phosphors are contained into
a front surface of the light emitting chip or contained in the
resin, it is also possible to suitably control the color of the
emitted lights. That is, the LED can reproduce various lights
in visible light region ranging from blue to red which is
suitable for concrete use, Furthermore, since the light emit-
ting diode (LED) is a semiconductor element, LED has a long
life property and a high reliability, so that an exchanging
frequency of LED due to failure is effectively decreased when
the LED is used as a light source. Therefore, LED has been
widely used as a constituting part of mobile communication
devices, personal computer peripheral equipment, OA (office
automation) devices, household electrical appliances, audio-
visual apparatuses, various switches, various display devices
such as light source display plate for backlight or the like.
[0004] However, in recent years, a sense of color of user
utilizing the above various display devices has become highly
upgraded, so that there has been technically demanded a
function of capable of reproducing delicate color shade with
a high resolution and a uniform external appearance of LED.
In particular, LED for emitting white color light has grown in
usage and popularity as a backlight for cellular phone or a
lamp for automobile use, and demand of LED has been
expected to greatly increased as an excellent substitute for
fluorescent lamps. In this regard, in order to realize a high
color-rendering property of the white light and the uniform
external appearance of LED, various improvements have
been tried.

[0005] Up to now, as LED for emitting white color light that
have generally used or have been in trial run, there are two
types of LEDs: LED which is formed by combining a blue
luminescence diode (blue emission diode) with yellow lumi-
nescence phosphor (YAG), and If occasion demands, red
phosphor (hereinafter referred to as “type 17”): and LED
which is formed by combining a diode for emitting ultraviolet
rays or ultraviolet lights with blue, yellow, red luminescence
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phosphors (hereinafter referred to as “type 2”). At the present
stage, since the type 1 has a higher luminance than the type 2,
the type 1 has been most widely used.

[0006] However, the type 1 has posed the .following draw-
backs. Namely, the emitted light is liable to be recognized by
user as yellowish light depending on a direction from which
the user sees the emitted light, and unevenness of yellow color
light and blue color light appear on a white surface when the
emitted light is projected onto the white surface. Therefore,
there may be a case where the light emitted, from the white
luminescence LED of type 1 is called as “pseudo-white
light”,

[0007] When the white color light is evaluated by an aver-
age color rendering index which indicates a quality of the
white color light, the average color rendering index of the
white luminance LED of type 1 remains at low range of 70 to
75 (70 or more 75 or less).

[0008] On the other hand, although the white luminance
LED of the latter (type 2) is inferior to the former (type 1) in
luminance, unevenness of the emitted light and the projected
light is less than that of type 1. so that LED of type2 has
solidified the front runner position of light source for illumi-
nation and backlight use. The LED of type2 has expected to
be widely spread and further developments have been
advanced.

[0009] As an example of the improvement in a direction
which the development wants to head, there is reported a
white luminance LED which is formed by combining: an
ultraviolet luminance LED; europium-activated halo-phos-
phate phosphor or europium-activated aluminate phosphor;
copper, aluminum-activated sine sulfide phosphor or
europium, manganese-activated aluminate phosphor as green
luminance phosphor; and europium-activated yittrium
oxysulfide phosphor as red luminance phosphor (for
example, refer to non-patent document 1).

[0010] As another example of the improvement, there is
also reported a white luminance LED which is formed by
combining: an ultraviolet luminance LED; europium-acti-
vated halo-phosphate phosphor or europium-activated alumi-
nate phosphor; europium, manganese-activated aluminate
phosphor as green luminance phosphor; and europium-acti-
vated lanthanum oxysulfide phosphor as red luminance phos-
phor (for example, refer to patent document 1),

[0011] Although these white luminance LEDs have a high
color rendering property and a high uniformity of the emitted
lights that are inherent properties of the white LED of type 2,
the luminance is still insufficient and further improvements
are required, According to knowledge of the inventors of this
invention, in order to attain both high color rendering prop-
erty and high luminance in the white luminance LED of the
above type 2, the following requirements must be fulfilled in
a spectrum of the white light. Namely, the emitted lights
having a wavelength of about 450 nm, 560 nm, and 620 nm at
which respective peaks of color sensibilities for human per-
son exist are contained in a well-balanced manner in the
spectrum of the white light, and luminous efficiencies of the
respective phosphors of blue (B), green (G) and red (R) lumi-
nance components are well balanced.

[0012] On the other hand, a liquid crystal display, which
uses the above white LED (white luminance diode) as a
backlight, has been widely used as a constituting part of
mobile communication devices such as cellular phone,
mobile phone or the like, OA (office automation) devices such
as personal computer or the like, household electrical appli-
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ances, audiovisual apparatuses, various switches, various dis-
play devices such as light source display plate for backlight or
the like.

[0013] These conventional liquid crystal displays are
formed by combining a backlight using cold cathode fluores-
cent lamp (CCFL) with color filters, and have improved so as
to attain a color reproduction range of about 70% or so in
terms of international standard ratio (NTSC ratio). However,
further improvement of the color reproduction range has been
demanded. Further, since the cold cathode fluorescent lamp
so be used as the light source contains harmful mercury, there
has been seriously pointed out an adverse impact of the use of
mercury on the environment.

[0014] Furthermore, in recent years, a blue LED (B-LED)
and an LED capable of emitting an ultraviolet light have been
developed and commercialized, and an LED lighting appara-
tus (illumination device) has actively developed. There are
three types of LED lighting apparatuses; LED lighting appa-
ratus (type 1) formed by combining B-LED (blue luminance
diode) with yellow luminance phosphor; LED lighting appa-
ratus (type 3) formed by mixing the respective lights emitted
from R-LED (red luminance diode; , G-LED (green lumi-
nance diode) and B-LED (blue luminance diode); and LED
lighting apparatus (type 2) formed by combining UV-LED
(ultraviolet ray emitting diode) with RGB phosphors.

[0015] LED lighting apparatuses of type 1 and type 3 have
drawbacks such that the color reproducing property is poor
and a control of the light color is difficult. Therefore, an
expectation to realize LED lighting apparatuses of type 2
composed of W-LED+RGB phosphors has been increased.
[0016] However, even if the white LED composed of
UV-LED+RGB phosphors is applied to the backlight source,
the color reproducing range was not sufficient. For example,
when the white LED disclosed in the patent document 1 is
applied to a liquid crystal display, a green color light other
than blue color light is mixed into spectrum of a light trans-
mitted through a blue color filter, and a blue color light is
mixed into spectrum of a light transmitted through a green
color filter. As a result, there is posed problem such that the
color reproducing property is disadvantageously lowered.

Patent Document 1: Japanese Patent Application (Laid-
Open) No. 2000-73052.

Non-Patent Document 1: Technical Journal of Mitsubishi
Densen Kogyo (published July 2002, No. 99)

DISCLOSURE OF INVENTION

[0017] According to knowledge of the inventors of this
invention, the following findings were obtained from series of
developing history for actually realizing the conventional
white LEDs of type 2. Namely, it became clear that there was
a difference in a direction which the development wanted to
head between the white LED used for lighting apparatus and
the white LED used for backlight. That is, in a white LED
used for lighting apparatus, it is important to realize a high
luminance and a high average color rendering index (Ra)
determining the quality of the white light. In contrast, in a
white LED used for backlight, both the high luminance and a
broad color reproducing range are technically demanded. In
other words, although the high luminance is common prop-
erty required for both the lighting apparatus and the backlight,
the high average color rendering index and the broad color
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reproducing range are different depending on a specification
required for the respective devices, and are not always com-
patible to each other.

[0018] Particularly in these years, in the white LED for
liquid crystal television having a fast-growing market, the
problem of environmental pollution, that has been a serious
issue in the conventional cool cathode ray tube, would not
occur. Further, there is some possibility of expanding the
color reproduction range, so that an expectation to the tech-
nical development is extremely increased.

[0019] Under these circumstances, in the course of the
development of the white LED of type 2 formed by combin-
ing ultraviolet ray emitting diode or violet luminance diode
with three kinds or more of visible lights emitting phosphors,
the inventors had found a desired luminance spectrum suit-
able for the white LED lamp as liquid crystal backlight, and
founda combination of phosphors for realizing the luminance
spectrum. The present invention had been achieved on the
basis of the above findings.

[0020] Further, in a case where the conventional white LED
was used as the backlight for the liquid crystal display, the
white LED was incompatible with a color filter, so that other
lights were mixed into the respective RGB lights thereby to
deteriorate the color reproducing property. This is because the
conventional white LED was widely used for not only the
backlight for liquid crystal display but also a road traffic sign
or the like, so that engineers paid attention only to emit the
white light.

[0021] As the result of the researches eagerly conducted by
the inventors of this invention, the inventors had found that an
affinity (compatibility) of the RGB color filters with the light
emitting wavelength of the white LED was very important,
and the present invention had been achieved on the basis of
the above finding.

[0022] The present invention has been achieved to solvethe
above conventional problems, and the present invention pro-
vides a white LED comprising: an ultraviolet emitting diode
or a purple light emitting diode; and phosphors for emitting at
least three visible lights including blue light, green light and
red light; wherein a light spectrum of the white LED has: a
first luminescence peak in a blue light region having a wave-
length of 440-460 nm; a second luminescence peak in a green
light region having a wavelength of 510-530 nm; and a third
luminescence peak in a red light region having a wavelength
of 620-640 nm.

[0023] Further, in the above white LED, it is preferable that
each of the first to third luminescence peaks in the blue, green
and red light regions has a half band width (FWHM: full
width at half maximum) of 50 nm or less.

[0024] Furthermore, in the above white LED, it is also
preferable that the phosphor for emitting blue light is an
europium activated halo-phosphate phosphor expressed by a
general formula 1: (Sr, , ,Ba, Ca Eu,),, (PO,),.Cl, in which
X, ¥, Z respectively satisfy the relations x<0.2, y<<0.1 and
0.005<2<<0.1.

[0025] Further, in the above white LED, it is preferable that
the phosphor for emitting green light is an europium and
manganese activated aluminate phosphor expressed by a gen-
eral formula 2: (Ba, ., Sr, Ca,Eu,) (Mg, , Mn,) A1,,O,,
in which x, y, 7, u respectively satisfy the relations x<<0.5,
y<<0.1, 0.15<z<0.4 and 0.3<u<0.6.
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[0026] Furthermore, in the above white LED, it is prefer-
able

[0027] that the phosphor for emitting red light is an
europium activated lanthanum oxysulfide phosphor

expressed by a general formula 3: (La, ., Bu, M), O, Sin
which M is at least one element selected from Sb and Sn, and
X, y respectively satisfy the relations 0.01 <x<<0.15 and y<<0.
03.

[0028] Further, in the above white LED, it is preferable that
a luminescence intensity of the ultraviolet emitting diode or
the purple light emitting diode has a peat value in a wave-
length range 0of 360-410 nm.

[0029] Furthermore, the white LED of the present inven-
tion is suitable for a backlight and a liquid crystal display
using the above white LED, Namely, the backlight of the
present invention is characterized by comprising the above
white LED,

[0030] Further, it is preferable that a light spectrum of the
abovewhite LED has: a first luminescence peak in a blue light
region having a wavelength of 440-450 nm; and a second
luminescence peak in a green light region having a wave-
length of 510-530 nm, wherein each of the first to second
luminescence peaks in the blue and green light regions has a
half band width of 50 nm or less,

[0031] Further, the liquid crystal display of the present
invention comprises: the above white LED; a backlight using
the white LED; and color filters for filtering blue, green, red
color lights, wherein: a percentage of a spectrum area com-
posed of light components transmitted through the green
color filter and having wavelengths of 400 to 500 nm with
respect to a spectrum area composed of light components
having wavelengths of 400 to 600 nm is 15% or less; and a
percentage ofa spectrum, area composed of light components
having wavelengths of 400 to 550 nm with respect to the
spectrum area composed of light components having wave-
lengths of 400 to 600 nm is 90% or more.

[0032] Furthermore, in the above liquid crystal display, it is
preferable that a light emitting wavelength of the light emit-
ting diode used in the white LED is 360 to 410 nm.

[0033] Further, in the above liquid crystal display, it is
preferable that the spectrum of the lights transmitted the blue
color filter comprises: a first peak top existing in a wavelength
range of 440 to 450 nm; and a second peak top existing in a
wavelength range of 510 to 530 nm; and a height of the second
peak top is %2 or less of a height of the first peak top.

[0034] Furthermore, in the above liquid crystal display, it is
preferable that a transmission factor (transmittance) at the
blue color filter is 90% or less of a maximum transmission
factorand a transmission factor at the green color filter is 95%
or less of a maximum transmission factor when a light having
wavelength of 500 nm is transmitted; and a transmission
factor at the green color filter is 40% or less of a maximum
transmission factor when a light having wavelength of 600
nm is transmitted.

[0035] The white LED of the present invention exhibits a
high luminance and is excellent in color reproducing prop-
erty. Further, according to the liquid crystal display of this
invention, since the spectrum of the backlight using the white
LED and the transmission spectrum of the color filters are
suitably controlled, the liquid crystal display is excellent in
color reproducing property. Therefore, all of the backlight
and the liquid crystal display each using the white LED of the
present invention can exhibit the high luminance and the
excellent color reproducing property. In addition, unlike the
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conventional cold cathode fluorescent lamp (CCFL), there is
no need to use harmful mercury, so that the problem of pol-
luting environment would not occur.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1is a sectional view schematically showing a
structure of one embodiment of a white LED according to the
present invention.

[0037] FIG. 2 is a graph schematically showing one
example of an emission spectrum of the white LED according
to the present invention.

[0038] FIG. 3is a graph schematically showing color repro-
duction range in a case where the white LED of the present
invention is used as the backlight for the liquid crystal display
compared with a case a current CCFL is used as the backlight
for the liquid crystal display.

[0039] FIG. 4 is a graph schematically showing one
example of an emission spectrum in a case where a half
bandwidth of the emission spectrum peak is changed in the
white LED of the present invention.

[0040] FIG. 5 is a graph comparatively showing color
reproduction ranges in a case where the white LEDs of the
present invention each having emission spectrums shown in
FIG. 4 are used as the backlights for the respective liquid
crystal displays.

[0041] FIG. 6 is a graphic representation showing one
example of spectrum of lights transmitted through the color
filters used in the liquid crystal displays according to the
present invention.

[0042] FIG. 7 is a graphic representation showing one
example of spectrum of lights transmitted through the color
filters in the liquid crystal displays according to the present
invention.

[0043] FIG. 8 is a graph showing an emission spectrum of
the white LED used in the liquid, crystal display according to
Comparative Example 5.

[0044] FIG. 9 is a graphic representation showing a spec-
trum of lights transmitted through the color filters in the liquid
crystal display according to Comparative Example 5.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0045] FIG. 1 is a sectional view schematically showing
one embodiment of a white LED according to the present
invention.

[0046] . The white LED shown in FIG. 1 comprises: a light
emitting diode a; a phosphor layer b embedded in resin; a
reflective layer ¢ for reflecting and guiding the lights emitted
from the above light emitting diode a and the phosphor layer
b to outside; and a resin frame d for supporting an emission
part. The white LED has a mechanism in which electrical
energy applied to the LED lamp is converted, by the light
emitting diode a into ultraviolet light or purple light, and the
converted lights are further converted into lights each having
a longer wavelength by the phosphor layer b formed at an
upper portion of the light emitting diode a, so that a white
light, as a total, is radiated to outside the LED lamp.

[0047] As the ultraviolet light emitting diode or the purple
light emitting diode, various light emitting diodes such as
InGaN type, GaN type, AlGaN type diode or the like can be
applied. Particularly, in a case where a light emitting diode
having a light emitting peak value in a wavelength range of
360-420 nm is used and the light emitting diode is combined
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with a phosphor as described later, it becomes possible to
configure a white LED exhibiting a high luminance and an
excellent color reproducing property.

[0048] As the phosphor to be used for the above the phos-
phor layer b, it is important to adopt visible light emitting
phosphor for radiating at least three kinds of lights including
blue color, green color and red color lights. Concretely, there
1s used a phosphor having a light spectrum comprising three
luminescence peaks, i.e., a first luminescence peak in a blue
light region having a wavelength of 440-460 nm; a second
luminescence peak in a green light region having a wave-
length of 510-530 nm; and a third luminescence peak in a red
light region having a wavelength of 620-640 nm.

[0049] In other words, when using; a blue luminance phos-
phor of which peak wavelength is existing in a range of
440-460 nm; a green luminance phosphor of which peak
wavelength is existing in a range of 510-530 nm; a red lumi-
nance phosphor of which peak wavelength is existing in a
range of 620-640 nm, three kinds of visible light emitting
phosphors are used. In this connection, when two or more of
phosphors for emitting the same color light are used, the
number of kinds of visible light emitting phosphor is three or
more as a octal.

[0050] For example, in case of the white LED shown in
FIG. 1, electrical energy applied to the light emitting diode a
is converted by the light emitting diode a into ultraviolet light
(or purple light), and the converted lights are further con-
verted into lights each having a longer wavelength by the
phosphor layer b formed at the upper portion of the light
emitting diode a, so that a white light, as a total, is radiated to
outside the LED.

[0051] In this regard, in the present invention, the ultravio-
let light emitting diode or the purple light emitting diode is
referred to as “light emitting diode”, and the white light
emitting diode as a finished product is referred to as “white
LED”.

[0052] FIG. 2 is a graph schematically showing one
example of an emission spectrum of the white LED according
to the present invention which is configured as shown in FIG.
1. Concretely, FIG. 2 shows an emission spectrum when the
light emitting diode was excited by a current value of 20 mA
thereby to radiate ultraviolet ray having a peak value at a
wavelength of 400 nm and then the ultraviolet ray was con-
verted by phosphor into a white light having a chromaticity of
(0.253, 0.238). This emission spectrum is characterized in
that the peak values are detected in a blue color region (By at
a wavelength of 447 nm, a green color region (G) at a wave-
length of 518 nm and a red color region (R) at a wavelength of
623 nm, and ahalfband width of the respective peaks is SO0nm
or less.

[0053] FIG. 3 is a graph in which emission colors of the
lights transmitted through the general blue, green and red
color filters are plotted in a CIE chromaticity diagram. That is,
the lights emitted from the white LED according to the
present invention are transmitted through the respective color
filters that are generally used for a liquid crystal display
(liquid crystal display device). The transmitted lights have the
respective emission colors plotted in the CIE chromaticity
diagram.

[0054] According to this CIE chromaticity diagram, the
liquid crystal display means to able to display the lights
having chromaticity falling within a triangular region
obtained by connecting three emission points of blue color
(B), green color (G) and red color (R).
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[0055] That is, when an area of the triangular region in the
above CIE chromaticity diagram is broader, the liquid crystal
display can display more lights having various chromaticity.
Thus, it can be said that the liquid crystal display (LCD) has
a broad color reproduction range, and the LCD an excellent
color reproducing property.

[0056] In FIG. 3, a color reproduction range of a liquid
crystal display using the conventional cold cathode fluores-
cent lamp (CCFL) is also indicated by a thick broken line.
However, it can be easily confirmed than the color reproduc-
tion range of the LCD of this invention is evidently broader
than that of conventional one, so that the liquid crystal display
of this invention can be confirmed to be excellent in color
reproducing propetty.

[0057] InFIG. 3, there is also simultaneously indicated by
a dotted line an international standard (NTSC) indicating an
ideal triangular color reproduction range. An extent of the
color reproduction range is usually expressed as a relative
value obtained by calculating an area of the triangular region
in the chromaticity diagram when the area of a triangular
region specified by NTSC is assumed to be 100. On the basis
of this definition, the color reproduction range of the liquid
crystal display of this invention was 98, while that of the
conventional liquid crystal display was 65.

[0058] As previously described, it is preferable that a half
bandwidth of the respective peak values of blue color region,
green color region and red color region in the luminance
spectrum of the white LED is 50 nm or less. For example, in
the white LED obtained by combining B, G, R phosphors
specified by the present invention, there were prepared: a
white LED (product 1) in which the half bandwidths of peak
values of B, G, R color lights are all 50 nm or less; and a white
LED (product 2) in which a part of the half bandwidths of
peak values of B, G, R color lights exceed 50 nm. FIG. 4 is a
graph comparatively showing luminance spectrums in the
white LEDs of one produces 1 and 2. Further, FIG. 5is agraph
showing the color reproduction ranges of the liquid crystal
displays using the white LEDs according to the products 1
and 2.

[0059] Asis clear from the results shownin F1G. 4 and FIG.
5, the color reproduction range of the liquid crystal display
according to the product 1 was 98 based on a standard of
NTSC shown in FIG. 3, while that of product 2 was 87.
Although the color reproduction range of the product 2 is
more excellent than that of the cool cathode fluorescent lamp,
the color reproduction range of the product 2 is inferior to that
of the product 1. The reason is that the spectrum in product 2
has peak values in a blue color region at a wavelength of 447
nm, a green color region at a wavelength of 518 nm and ared
color region at a wavelength of 623 nm as specified in the
present invention, however, the half band width of the blue
color peak is excessively broad to be 60 nm thereby to dete-
riorate a purity of the blue color component.

[0060] Inthisconnection,itis most preferable that all of the
respective peaks is 50 nm or less. However, if a maximum
value of the half bandwidth is 80 nm or less, such width is
suitable for practical use. In particular, if the half band width
of only one peak of blue color, green color or and red color is
80 nm and the half band widths of remaining two color peaks
are 50 nm or less, the color reproduction range can attain to 80
or more with respect to NTSC. Accordingly, the half band-
widths of the respective peaks are preferably set to 80 nm or
less, more preferably to 50 nm or less.
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[0061] As described above, when the phosphors compris-
ing: a luminescence peak in a blue light region having a
wavelength of 440-460 nm; a luminescence peak in a green
light region having a wavelength of 510-530 nm; and a third
luminescence peak in a red light region having a wavelength
of 620-640 nm are used, and the half band widths of the
respective luminescence peaks are 70 nm or less, preferably
50 nm or less, there can be formed a white LED having a high
luminance and an excellent color reproducing property.
[0062] Next, the phosphor will be explained. As far as the
phosphor comprises the above characteristics, a composition
thereof is not particularly limited. However, preferable
examples of the phosphors can be listed hereunder.

[0063] As the phosphor for emitting blue color light, there
can be listed an europium activated halo-phosphate phosphor
expressed by a general formula 1: (Sr,__, Ba, Ca, Bu,),
(PO,);.Cl, in which X, y, z respectively satisfy the relations
x<0.2, y<0.1 and 0.005<z<<0.1. In the above general for-
mula 1, x value and y value may include 0 (zero). As described
later, in order to make a shape of a luminescence peak sharp,
it is preferable to set the x value and the y value to close to 0
(including zero).

[0064] Further, as the phosphor for emitting green color
light, there can be listed an europium and manganese acti-
vated. aluminate phosphor expressed by a general formula 2:
(Ba, ., Sr, Ca Bu) (Mg, ,Mn,)AlO,,inwhichx,y,z,u
respectively satisfy the relations x<C0.5, y<<0.1,0.15<z<C0.4
and 0.3<<u<<0.6. In the above general formula 2, x value and
y value may include O (zero).

[0065] Furthermore, as the phosphor for emitting red color
light, there can be listed an europium activated lanthanum
oxysulfide phosphor expressed by a general formula 3: (La,_
xy Bu, M), O, S in which M is at least one element selected
from Sb and Sn, and x, y respectively satisfy the relations
0.01<x<0.15, and y<0.03. In the above general formula 3,y
value may include O (zero).

[0066] Although an average grain size of the phosphor is
not particularly limited. However, the average grain size of
the phosphor is preferably set to 3 pum or more. When a grain
size of the phosphor is large enough to have the average grain
size of 3 wm or more, a high luminance property can be easily
obtained. An upper limit of the average grain size of the
phosphor is not particularly limited. However, the upper limit
is appropriately determined so as to meet a structure of the
white LED. However, the grain sizes of the phosphors are
excessively large, the phosphors are not easily mixed uni-
formly. Therefore, the upper limit of the average grain size of
the phosphor is preferably set to 60 pm or less.

[0067] Further, a mixing ratio of the respective phosphors is
arbitral as far as the mixing ratio can realizes an aimed chro-
maticity of the resultant light. However, in general, in order to
obtain a good white LED, it is preferable to mix 15-25 mass
% of blue light phosphor with 15-25 mass % of green light
phosphor and a balance of red light phosphor thereby to
prepare 100 mass % in total of a mixture including blue,
green, red color light phosphors.

[0068] A method of manufacturing the phosphor layer in
the white LED is not particularly limited. However, for
example, there can be adopted a method comprising the steps
of: mixing each of phosphor powders with a suitable resin to
prepare some kinds of mixtures; and mixing the somekinds of
mixtures to prepare a final phosphor mixture including the
phosphors and resins. In addition, there can be also adopted a
method comprising the steps of: mixing each of phosphor
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powders for emitting the respective color lights to prepare a
phosphor mixture; and mixing the phosphor mixture with
resin to prepare a final phosphor mixture including the phos-
phors and resins.

[0069] Thus prepared the phosphor mixture is coated on the
light emitting diode and subsequently the resin is set whereby
awhite LED can be formed. In this regard, the structure of a
substrate to be used in the white LED or a metal frame or the
like is arbitrarily configured.

[0070] Since the white LED according to the present inven-
tion can maintain a high luminance and is excellent in color
reproducing property, the white LED is effective as a back-
light of the liquid crystal, display used in various display
devices such as mobile communication devices including
cellular phone and mobile phone, personal computer periph-
eral equipment, OA (office automation) devices, household
electrical appliances, audiovisual apparatuses, various
switches, light source display plate for backlight or the like.
The liquid crystal display using the white LED can obtain a
high luminance property and an excellent color reproducing
property. In addition, when the white LED is used as a back-
light, a plurality of the white LEDs may be combined so as to
form the backlight. For example, four pieces of the white
LEDs may be arranged to form a rectangular shape.

[0071] Further, the liquid crystal display of the present
invention can be applied to various driving systems such as
simple-matrix system, active matrix system, static system or
the like, various kinds of liquid crystals such as TN, STN,
TSTN or the like, various display systems such as ASM
mode, OCB mode, homogeneous-to-twisted planer mode,
RFFMH mode, patterned vertical alignment mode, IPS mode
or the like. Furthermore, the liquid crystal display of the
present invention can be also applied to various display sys-
tems such as a liquid crystal display requiring a backlight, for
example, a transmission type liquid crystal display, a semi-
transmission type liquid crystal display or the like.

[0072] The liquid crystal display is configured by mainly
comprising: a backlight portion for supplying lights to a lig-
uid crystal shutter portion; the liquid crystal shutter portion
for adjusting an intensity of a transmitted light by an applied
voltage; and a color filter portion for displaying colors. If
necessary, there may be provided other members such as
diffusing sheet, lens sheet, polarizing sheet, phase differential
sheet, reflector (reflecting sheet) or the like that have func-
tions for correcting uniformity of the light, light distributing
property, phase difference or the like. Further, as the backlight
portion, either backside-light source system or side-light sys-
tem can be adopted.

[0073] According to the knowledge of the inventors of this
invention, it has been confirmed that the color reproducing
property of a liquid crystal display depends heavily on char-
acteristics of the color filter portion and the backlight portion
among the above various constitutional elements.

[0074] The liquid crystal display of the present invention is
characterized by comprising: a backlight using a white LED;
and color filters for filtering blue, green, red color lights,
wherein: a percentage of a spectrum area composed of light
components having been transmitted the green color filter and
having wavelengths of 400 to 500 nm with respect to a spec-
trum area composed of light components having wavelengths
of 400 to 600 nm is 15% or less; and a percentage of a
spectrum area composed of light components having wave-
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lengths of 400 to 550 nm with respect to the spectrum area
composed of light components having wavelengths of 400 to
600 nm is 90% or more.

[0075] Namely, in the present invention, an attention is
particularly paid to a light transmitted through the green color
filter. The reason to pay attention is as follows. That is, in a
case where three kinds of phosphors for emitting blue, green,
red color lights are used, the peak wavelengths for the respec-
tive colors are revealed in an emission spectrum in an order of
blue color, green color, red color from a shorter wavelength
region, Since the green color peak wavelength is formed
between the blue color peak wavelength and the red color
peak wavelength, the green color peak wavelength is easily
affected by both the blue color light and the red color light.

[0076] Accordingly, when a shape of spectrum of the light
transmitted through the green color light filter is improved, it
becomes possible to mitigate the adverse influences of the
blue color light and the red color light. As a result, the inven-
tors had found that a liquid crystal display having an excellent
color reproducing property could be obtained. Further, when
the following requirements were fulfilled, the present inven-
tion had been achieved.

[0077] A first requirement is that a percentage of a spec-
trum area composed of light components having been trans-
mitted the green color filter and having wavelengths of 400 to
500 nm with respect to a spectrum area composed of light
components having wavelengths of 400 to 600 nm is 15% or
less. In this regard, “light transmitted the green color filter”
means a light after transmitting through the green color light
filter on which the light radiated from a backlight is projected
when the liquid crystal display is turned on. Furthermore, the
respective spectrum areas composed of light components are
calculated and obtained by an equation: | Ig (\) d\ wherein
the light intensity is Ig(\).

[0078] Concretely, with respect to the lights transmitted
through the green color filter, when a spectrum area (area 1)
within the wavelength range of 400-500 nm and a spectrum
area (area 2) within the wavelength range of 400-600 nm are
measured, an area ratio A calculated by an equation: (area
1/area 2) X100(%) is required to be 15% or less. Setting the
above area ratio A to 15% or less means that the peak wave-
lengths of the green lights as a whole stay within the wave-
length range of 500-600 nm. According to this feature, other
color lights are hardly affected by the blue color light wave-
length, so that the color rendering property can be improved.
Preferably, the above area ratio A, is 10% or less.

[0079] A second requirement is that a percentage of a spec-
trum area composed of light components having been trans-
mitted the green color filter and having wavelengths of 400 to
550 nm with respect to a spectrum area composed of light
components having wavelengths of 400 to 600 nm is 90% or
more.

[0080] Concretely, as is the same manner as above, with
respect to the lights transmitted through the green color filter,
when a spectrum area (area 3) within the wavelength range of
400-550 nm and a spectrum area (area 4) within the wave-
length range of 400-600 nm are measured, an area ratio B
calculated by an equation: (area 3/area 4)X100(%) is
required to be 90% or more. Setting the above area ratio B to
90% or more means that the peak wavelengths of the green
lights as a whole stay within the wavelength range of 400-550
nm. According to this feature, other color lights are hardly
affected by the red (or yellow) color light wavelength, so that
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the color rendering property can be improved. Preferably, the
above area ratio B is 91% or more.

[0081] In the present invention, if either one of above the
first requirement or the second requirement is satisfied, the
color rendering property can be improved. However, when
both of the first requirement and the second requirement are
satisfied, it becomes possible to effectively mitigate the influ-
ences of both the blue color wavelength and the red color (or
yellow color) wavelength, thus being a more preferable fea-
ture.

[0082] When the above area ratio A is decreased at an
amount of 1%, an NTSC ratio indicating the color reproduc-
tion range is increased about three times. On the other hand,
when the above arearatio B is increased at an amount ofis, the
NTSC ratio is increased about six times. When a current cool
cathode fluorescent lamp is used as a light source, the NTSC
ratio is about 70 or so. Therefore, it was confirmed to be
extremely effective to appropriately control the above area
ratio for the purpose of broadening the color reproduction
range.

[0083] Further, it is preferable that the spectrum of the
lights transmitted through the blue color filter comprises: a
first peak existing in a wavelength range of 440 to 450 nm;
and a second peak existing in a wavelength range of 510 to
530 nm; and a height (b2) of the second peak is % or less of
a height (b1) of the first peak. In this connection, “light
transmitted through the blue color filter” means a light after
transmitting through the blue color light filter on which the
light radiated from a backlight is projected when the liquid
crystal display is turned on.

[0084] Inthe light transmitted through the blue color filter,
a ratio (b2/b1) of the second peak height (b2)/the first peak
height (b1) being /2 or less means that the blue color light is
hardly affected by the green color light wavelength when the
blue light is displayed. That is, the blue color light is purified
so as to include less amount of green color light components,
so that the color reproducing property can be improved. The
ratio (b2/b1) of the second peak height (b2)/the first peak
height (b1) is preferably set to V5 or less.

[0085] Furthermore, it is preferable that a transmission fac-
tor (transmittance) at the blue color filter is 90% or less of a
maximum transmission factor and a transmission factor at the
green color filter is 95% or less of a maximum transmission
factor when a light having wavelength of 500 nm is transmit-
ted; and a transmission factor at the green color filter is 40%
or less of a maximum transmission factor when a light having
wavelength of 600 nm is transmitted. In this regard, the maxi-
mum transmission factor is defined as the largest transmission
factor when a light having wavelength of 400-700 nm is
transmitted.

[0086] The feature of the transmission factor at the blue
color filter being 90% or less of a maximum transmission
factor when alight having wavelength of 500 nm being trans-
mitted indicates that a peak shape of the blue color light is
sharp. In the same manner, the feature of the transmission
factor at the green color filter being 95% or less of the maxi-
mum transmission factor; and the transmission factor at the
green color filter being 40% or less of a maximum transmis-
sion factor when a light having wavelength of 600 nm being
transmitted indicates that a peak shape of the green color light
is sharp. The feature of the peak shape being sharp indicates
that a wavelength range, at which the blue color light and the
green color light are mixed, is narrow. Therefore, the light
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having the sharp peak is hardly affected by other color lights,
thus resulting in a further improvement of the color reproduc-
ing property.

[0087] According to the above structure, a liquid crystal
display excellent in a color reproducing property can be
obtained. In order to obtain the above characteristics, it is
necessary to suitably control compatibility between the white
LED and the RGB color filters. As a measure for controlling
the color filter, there can be adopted various measures. Con-
cretely, a measure to suitably set a position or a width of
transmission window by selecting a pigment; a measure to
increase a concentration of the pigment; and a measure to
control a thickness of the color filter film; or the like are
effective.

[0088] A method of manufacturing the color filter is not
particularly limited. However, one example of the method in
which a pigment dispersion method is applied to a black
matrix having a metal chromium (Cr) layer will be described
hereunder.

[0089] That is, the method comprises the steps of: provid-
ing a resist layer onto the Cr layer formed on a glass substrate
by a sputtering method or the like; forming a pattern by using
aphoto exposing technique; performing an etching work; and
peeling the resist layer thereby to provide a black matrix
having a predetermined structure.

[0090] Next, a photo-sensitive color resist containing a
multi-functional monomer as photo-induced polymerization
component and a polymerization initiating catalyst is coated.
Then, the coated color resist is exposed to a light and devel-
oped by utilizing an alkaline solution. These series of opera-
tion are repeated for the respective color layers thereby to
form coloring layers having an entire set of RGB, Thereafter,
an overcoat layer is provided, and if necessary, an ITO layer
and a photo spacer are provided whereby the color filters can
be manufactured.

[0091] The above color resist in case of the photo-sensitive
color resist can be constituted by: the multi-functional mono-
mer as photo-induced polymerization component and a poly-
merization initiating catalyst; a dispersing agent for uni-
formly dispersing the pigment; a leveling agent for making a
film thickness uniform; and an organic solvent in addition to
a coloring agent and a binder resin.

[0092] As the above coloring agent, there can be used vari-
ous coloring agents such as organic pigment, inorganic pig-
ment, dye or the like. However, a coloring agent excellent in
a heat resistance and a light resisting property is preferable.
For example, there can be used various pigments such as
azo-chelate type, condensated azo type, pnthalocyanine type,
benzo-imidazolone type, quinacridone type, iso-indolynine
type, pyransulone type, anthrax-pyrimidine type, dibrom-an-
thansulone type, indanthrone type, franthrone type, perilene
type, perinone type, quino phtharone type, thio-indigo type,
dioxadine type, anthraquinone type, pyrolo-pyrol type or the
like.

[0093] More concretely, the pigments indicated by the fol-
lowing color index (CI.) numbers are suitably used.

[0094] C.I. yellow pigments No: 20, 24, 83, 86, 93, 109,
110,117,125,137, 133,139, 147,148,150, 153,154, 166 and
168.

[0095] C.I.redpigments No:3,97,122, 123,149,168, 177,
180, 192, 208, 215, 216, 217, 220, 223, 224, 226, 227, 228,
240 and 254.

[0096] C.I. purple pigments No: 19, 23, 29, 30, 37, 40 and
50.
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[0097] C.I. blue pigments No: 15, 15:1-6, 22, 60 and 64.
[0098] C.I. green pigments No: 7 and 36.
[0099] When akind, an addition amount and a mixing ratio

of the above pigment are controlled, the light transmission
factor can be adjusted in accordance with the color to be
aimed.

[0100] By the way, when the color filter is manufactured in
accordance with the pigment dispersion method, it is suitable
to use a colored and photo-induced polymerization type resin
constituted by a binder resin, ethylene type unsaturated com-
pound, photo-induced polymerization initiating agent and the
pigment.

[0101] As the above binder resin, it is preferable to use a
polymer material which is colorless and transparent, and hav-
ing an excellent heat resistance and a light resisting property.
Concretely, the examples of the binder resin may include: for
example, an epoxy resin, melamine resin, acryl resin, poly-
imide resin, polyamic resin, polyester resin, unsaturated
polyester resin, polycarbonate resin, photo-sensitive mono-
mer and oligomer having a (meta) acryloyl group or the like.
[0102] Theexamples ofthe ethylene type unsaturated com-
pound may include: for example, monovalent or multivalent
monomers such as styrene, (meta) methyl acrylate, (meta)
ethyl acrylate, (meta) n-propyl acrylate, (meta) isopropyl
acrylate, (meta) n-butyl acrylate, (meta) SEC-butyl acrylate,
(meta) tert-butyl acrylate, (meta) isobutyl acrylate, (meta)
n-pentyl acrylate, methyl styrene, hydroxyethyl, (meta) acry-
late, ethylene glycol, dimeta-acrylate, penta-erythritol tri-
(meta) acrylate or the like; and normal photo-induced poly-
merization type resin such as polyester (meta) acrylate,
polyurethane (meta) acrylate, epoxy (meta) acrylate, or the
like.

[0103] As the photo-induced polymerization initiating
agent (starter; , there can be suitably used, for example,
a-aminoacetophenone, anthraqurnone, benzoyl ethylether,
benzil, benzophenone, 4,4'-bisdimethyl amino benzophe-
none, 4,4'-bistrichloromethyl benzophenone, dibutyl phenyl
phosphine, a , «'-diethoxy acetophenone, 2-ethyl
anthraquinone, benzoyl bisphenyi, chlorobenzophenone,
benzoin, benzoin methyl ether, benzoin isobutyl ether,
anthraquinone thioxanthone, methyl orthobenzoil benzoic
acid, paradimethy! aminoacetophenone or the like.

[0104] A backlight 1s manufactured by using the white
LED according to the present invention having a structure
shown in FIG. 1. Concretely, at a time of assembling the white
LED into a backlight, a plurality of the white LEDs required
for obtaining a predetermined surface luminance and lumi-
nous flux amount are arranged on a plain surface, or the white
LEDsare disposed to four sides of abacklight casing whereby
it becomes possible to obtain the backlight according to the
present invention.

[0105] As previously described, it is preferable to provide a
reflection sheet (a reflecting layer) to a bottom surface or a
side surface of the backlight casing. The reflection sheet has
a function of reflecting the light, which is emitted from the
white LED and radiated in directions of a rear surface and a
side surface of the backlight casing, to a direction of a back-
light surface. As the above reflection sheet, there can be used,
asheet of which front surface is worked to be a mirror surface
formed by depositing metals such as aluminum (Al) or gold
(Au) ; ora sheetto which a resin having a high light-reflecting
property is integrally molded.

[0106] Further, it is necessary to control the light to be
uniform so as not to cause any distribution of luminosity on a
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liquid crystal display panel. Therefore, a light guiding plate
and a light diffusing sheet can be used. The diffusing sheet is
formed by providing a means for diffusing the light to a sheet
composed of transparent resin material. In this connection,
the means for diffusing the light may .be also formed: by
mixing a light diffusing substance into the sheet; or formed by
mixing micro-substances having different refractive index
into the sheet; or formed by coarsening a surface of the sheet;
or formed by providing a film composed of a light diffusing
substance onto the sheet surface. Further, it is also possible to
appropriately use a prism sheet or the like having a function of
converging the light to a particular direction in place of the
above light diffusing sheet, or it is also possible to use the
prism sheet or the like together with the light diffusing sheet.
[0107] Inthepresentinvention, itis preferable thatan emis-
sion wavelength of the light emitting diode used in the white
LED is within a range of 360-410 nm, If the emission wave-
length is within she range of 360-410 nm, the white light
emission spectrum is easily controlled by combining the
aforementioned phosphors. A preferable emission wave-
length of the light emitting diode is within a range of 370-410
nm. As the wavelength is shortened, although a light absorb-
ing efficiency and luminous efficiency of the red emission
phosphor are improved, a luminous efficiency of the light
emitting diode chip per se is disadvantageously lowered, so
that the shortening of the wavelength does not always con-
tribute to improve the luminance. In addition, there are
revealed harmful effects such that deteriorations of the phos-
phor layer b, resin and optical parts become marked and so on.
On the other hand, as the wavelength is prolonged, the lumi-
nous efficiency of not only the red emission phosphor but also
overall phosphors is lowered thereby to deteriorate the lumi-
nance.

[0108] Further, the phosphor laver of the white LED is
formed by hardening the powders of blue, green, reo emission
phosphors by a resin. As the respective phosphors, it is pref-
erable to use phosphors of which light spectrum has: a lumi-
nescence peak in a blue light region having a wavelength of
440-460 nm; a luminescence peak in a green light region
having awavelength of 510-530 nm; and a luminescence peak
in a red light region having a wavelength of 620-640 nm.
Namely, it is preferable 1o use the blue emission phosphor
having a peak wavelength of 440-460 nm; the green emission
phosphor having a peak wavelength of 510-530 nm; and the
red emission phosphor having a peak wavelength of 620-640
nm, respectively.

[0109] As the phosphors having the above emission char-
acteristics, as previously described, there can be suitably
used: a blue emission phosphor having a composition
expressed by the general formula 1 (Sr,__ Ba, Ca, Bu,),
(PO,)5.Cly; a green emission phosphor having a composition
expressed by a general formula 2 (Ba, ... Sr, Ca, Eu,)
(Mg, Mn,)Al,; O,;; and ared emission phosphor having a
composition expressed by a general formula 3; (La, ., Eu,
M,),0,S.

[0110] Note, in the above general formulae 1-2, the values
of x and y may include O (zero). Further, in the above general
formula 3, a part of La is substituted by Eu, and a part of La is
further substituted by M elements such as Sb, Sn, Sm or the
like. These substituting elements M would not change the
peak wavelength in the emission spectrum and a half band-
width of the peak. However, there is a tendency that a grain
size of the phosphor is increased whereby the grain is liable to
easily settled down in slurry of the phosphor while there is
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also a tendency that the luminance can be improved. The
grain size of the phosphoris set to 80 um or less, preferably to
60 pm or less.

[0111] Further, it is preferable that the light emission spec-
trum of the white LED has: a luminescence peak in a blue
light region having a wavelength of 440-460 nm; ana a lumi-
nescence peak in a green light region having a wavelength of
510-530 nm; and each of the luminescence peaks has a half
band width of 50 nm or less.

[0112] When the half band widths of the peak wave forms
in the blue light region and the green light region are 50 nm or
less, there can be provided a light which is emitted from the
white LED and having been mixed with less amount of blue
and green lights. In addition, it is more preferable that a half
bandwidth of a peak waveform existing in the red light region
having a wavelength of 620-640 nm is also 50 nm or less. The
above white LED can be realized by using the phosphors-
described above.

[0113] As explained above, in the liquid crystal display
according to the present invention, since the compatibility
between the emission spectrum of the white LED ana the
color filter is suitably controlled, the color reproducing prop-
erty of the display is excellent. Therefore, this liquid crystal
display can be widely applied to various products including
mobile communication devices such as cellular phone,
mobile phone or the like, OA (office automation) devices such
as personal computer or the like, household electrical appli-
ances, audiovisual apparatuses, various switches, various dis-
play devices such as light source display plate for backlight or
the like.

Embodiment

[0114] Next, a concrete embodiment of the white LED
according to the present invention will be explained and illus-
trated in more detail with reference to the attached drawings.

[0115] The white LED according to this embodiment
adopted a structure of which cross section was shown in FIG.
1. An evaluation of the white LED was performed in accor-
dance with the following manners. That is, emission chips
each having a 300 um square were arranged to a display
casing as the respective light emitting diodes. Then, an elec-
tric current of 60 mA was passed through the emission chips
thereby to emit lights. The emitted lights were transmitted
through blue, green and red color filters that were generally
used for a liquid crystal display. Then, the transmitted lights
were introduced into an integrating sphere where the respec-
tive emission colors of blue, green and red of the lights were
measured.

[0116] As a result, the color reproduction ranges (color
reproducing property) of the respective lights were evaluated
under a condition that light emitting device was assembled
into a display. In this regard, the color reproducing property
was calculated as an area ratio with respect to the ideal color
reproduction range prescribed by the International Standard
(NTSC) as already explained hereinbefore. Further, a lumi-
nance ofthe white LED was evaluated with respect to the light
which was not transmitted through the color filter.

[0117] The above color reproducing property was evalu-
ated by using a compact array spectrometer (CAS 140; manu-
factured by Systems Corporation) while the luminance of the
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white LED was evaluated by using an MCPD apparatus
(manufactured by Ootsuka Electron Corporation).

<Method of Manufacturing LED Lamp>

[0118] Each of three kinds or more of phosphor powders
was separately blended with silicone resin so that the weight
ratio of the phosphor was controlled to be 30 mass %, thereby
to prepare the respective slurries of the phosphors. Next, the
respective slurries of the phosphors were blended so that a
chromaticity of the LED lamp in an coordinate was fallen
within the ranges of x and y values (x=0.250-0.255, y=0.235-
0.240) thereby to prepare a blended slurry. A part of thus
obtained blended-slurry was taken out and dropped on the
LED arranged as shown in FIG. 1. Then, the dropped slurry
was subjected to a heat treatment at a temperature of 100-150°
C. and the silicone resin was hardened or cured thereby to
manufacture a white LED lamp.

[0119] Embodiment of the white LED lamp will be
explained more concretely with reference to the following
Examples and Comparative Examples. In the following
Examples and Comparative Examples, as the light emitting
diode, an emission diode having an emission peak value at
wavelength of 399 nm was used.

EXAMPLE 1

[0120] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (Sr, g6 EU, o) 0 (PO,)-Cl, as blue emission phosphor; an
europium and manganese activated aluminate phosphor hav-
ing a composition of (Ba, 5,5 By 57,) (Mg, 55 M1, 45) Al
O, as green emission phosphor; and an europium activated
lanthanum oxysulfide phosphor having a composition of (La,
833 Sby 605 g 1, 5), O, S as red emission phosphor.

[0121] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 20.1% , 19,5% and 60.4% (mass %) thereby to
prepare a blended phosphor slurry. The blended-slurry was
then dropped on the LED, and the dropped slurry was sub-
jected to a heat treatment at a temperature of 140° C. and the
silicone resin was hardened and cured thereby to manufacture
a white LED according to Example 1.

EXAMPLE 2

[0122] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (Sr, o7 Cag 0.Eu, 51)10 (PO4)6.Cl, as blue emission phos-
phor; an europium and manganese activated aluminate phos-
phor having a composition of (Bay 156 Eugs7.) (Mg 5o
Mngs,) Al,, O, as green emission phosphor; ana an
europium activated lanthanum oxysulfide phosphor having a
composition of (Lag ¢34 Sby 50; By 11), O, S asreel emission
phosphor.

[0123] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 19.0%, 19.0% and 62.0% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
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a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Example 2.

EXAMPLE 3

[0124] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (St 66 FU, 0,)10 (PO,L).CL, as blue emission phosphor; an
europium and manganese activated aluminate phosphor hav-
ing a composition of (Bag 5 St 475 Bl 275) (Mg 55 Mng 45)
Al,, O, as green emission phosphor; and an europium acti-
vated lanthanum oxysulfide phosphor having a composition
of (Lag gs5 Sbg g0z B 1 15), O5 S as red emission phosphor.
[0125] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 20.2%, 19.0% and 60.8% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Example 3.

EXAMPLE 4

[0126] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (St 75 Bag 3 Cag o1 Bug o110 (PO4)s.Cl, as blue emission
phosphor; an europium and manganese activated aluminate
phosphor having a composition of (Bag 555 Eug 574) (Mg, 55
Mn, ;) Al,, O,, as green emission phosphor; and an
europium activated lanthanum oxysulfide phosphor having a
composition of (La, 355 Sby 002 Elg 15), O, S as red emission
phosphor.

[0127] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 20.1%, 19.5% and 60.4% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Example 4.

EXAMPLE 5

[0128] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (Sry 05 U 02)10 (PO,)s.Cl, as blue emission phosphor; an
europium and manganese activated aluminate phosphor hav-
ing a composition of (Bay, 756 Bty 27,) (Mg g0 Mg 40) Al
0, as green emission phosphor; and an europium activated
lanthanum oxysulfide phosphor having acomposition of (La,
883 Sby g0 g 115)» O, S as red emission phosphor.

[0129] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries,
Then, the respective phosphor slurries were blended at
amounts of 20.3%, 19.8% and 59.9% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
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a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Example 5.

EXAMPLE 6

[0130] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (Sr, o, Cag 5 Bug 5,), 6 (PO,)6.Cl, as blue emission phos-
phor; an europium and manganese activated aluminate phos-
phor having a composition of (Ba, ;5 St 5,5EU, 575) Mg, 55
Mn, 45) Aly, O, as green emission phosphor; and an
europium activated lanthanum oxysulfide phosphor having a
composition of (Lag g4 Sbg go1 Ellg 115)2 O, S as red emission
phosphor.

[0131] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 20.0%, 20.0% and 60.0% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Example 6.

EXAMPLE 7

[0132] There were prepared; an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (St 60 EUg o1)10 (PO, )s.Cl, as blue emission phosphor; an
europium and manganese activated aluminate phosphor hav-
ing a composition of (Ba, 5 Buy, ,5) (Mg, ss M1, 45)Al O
as green emission phosphor; and an europium activated lan-
thanum oxysulfide phosphor having a compositionof (La, g45
Sbg 0oz BUg 115)» O5 S as red emission phosphor.

[0133] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 20.2%, 19.9% and 59.9% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Example 7.

EXAMPLE 8

[0134] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (Sry 60 EUg o1)10 (PO,)s.Cl, as blue emission phosphor; an
europium and manganese activated aluminate phosphor hav-
ing a composition of (Ba, 7,6 Bty 27,) (Mg 55 Mg 45) Al
0, as green emission phosphor; and an europium activated
lanthanum oxysulfide phosphor having acomposition of (La,
883 Sby g2 Elg 115)» O, S as red emission phosphor.

[0135] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 20.5%, 20.1% and 59.4% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
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a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Example 8.

EXAMPLE 9

[0136] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (Sr, o7 FU, 03),0 (PO,L).CL, as blue emission phosphor; an
europium and manganese activated aluminate phosphor hav-
inga composition of (Bay, ;5 Bug 55) (Mg, 5s M 45) Al O,
as green emission phosphor; and an europium activated lan-
thanum oxysulfide phosphor having a composition of (La,, g5
St 002 EUg 115)» O, S as red emission phosphor.

[0137] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 19.5%, 20.0% and 60.5% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Example 9.

EXAMPLE 10

[0138] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (St 66 EUg o1)10 (PO, )s.Cl, as blue emission phosphor; an
europium and manganese activated aluminate phosphor hav-
ing a composition of (Bay 726 By 574) (Mgoss Mng 4s) Alyg
O, , as green emission phosphor; and an europium activated
lanthanum oxysulfide phosphor having acomposition of (La,
882 Sby 505 Bl 15)» O, S as red emission phosphor.

[0139] Each of three Kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 19.6%, 19.8% and 69.6% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Example 19.

COMPARATIVE EXAMPLE 1

[0140] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (Sry 5o Bag 36 Cag o1 Eug o)1 (PO4)6.Cl, as blue emission
phosphor; a copper and aluminum activated zinc sulfide phos-
phor having a composition of ZnS: Cu, Al as green emission
phosphor; and an europium activated yttrium oxysulfide
phosphor having a composition of (Y, o, B, o), O, Sasred
emission phosphor.

[0141] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 15.0%, 14.0% and 71.0% thereby to prepare a
blended phosphor slurry. The blended-slurry was then
dropped on the LED, and the dropped slurry was subjected to
a heat treatment at a temperature of 140° C. and the silicone
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resin was hardened and cured thereby to manufacture a white
LED according to Comparative Example 1.

COMPARATIVE EXAMPLE 2

[0142] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (Sr, 5o Bag 36 Cag o Bug 6116 (PO,)6.Cl, as blue emission
phosphor; an europium and manganese activated aluminate
phosphor having a composition of (Bag ges Ftly 156) (M8 74
Mn, ,,) Al,; O,, as green emission phosphor; and an
europium activated yttrium oxysulfide phosphor having a
composition of (Y, o, Eug o6)5 O, S as red emission phosphor.
[0143] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries.
Then, the respective phosphor slurries were blended at
amounts of 16.0%, 18.0% and 66.0% thereby to prepare a
blended phosphor slurry. The blended slurry was then
dropped on the LED, and the dropped slurry was subjected to
a heat treatment at a temperature of 140° C. and the silicone
resin was hardened and cured thereby to manufacture a white
LED according to Comparative Example 2.

[0144] Thus manufactured white LEDs, and the liquid
crystal displays (liquid crystal display devices) using the
white LEDs as backlights according to the respective
Examples and Comparative Examples were turned on by
passing an electric current of 40 mA through the devices or
the like thereby to emit lights. With respect to the respective
emitted lights, the color reproduction ranges and the lumi-
nance were measured thereby to obtain the results shown in
Table 1 hereunder.

[0145] Further, as a Conventional Example (Comparative
Example 3), there was also manufactured a liquid crystal
display in which a cold cathode fluorescent lamp (CCFL) was
used as a backlight. The color reproduction range and the
luminance in Comparative Example 3 are simultaneously
shown in Table 1.

[0146] When each of spectra of the respective white LEDs
was measured and analyzed, it was confirmed that each of
spectra in the respective Examples had: an emission peak
value (luminescence peak) in a blue light region having a
wavelength of 440-460 nm; a luminescence peak in a green
light region having a wavelength of 510-530 nm, and a lumi-
nescence peak in a red light region having a wavelength of
620-640 nm, and each of the luminescence peaks in the blue,
green and red light regions has a half band width of 50 nm or
less.

[0147] In contrast, in the spectrum of Comparative
Example 1, the peak wavelengths of both the green color
region and the red color region were outside the wavelength
ranges specified by the present invention. Further, in the spec-
trum of Comparative Example 2, only the peak wavelength of
the red color region was outside the wavelength range speci-
fied by the present invention.

TABLE 1
COLOR
REPRODUCTION LUMINANCE
SAMPLE NO. RANGE med
EXAMPLE 1 98 400
EXAMPLE 2 96 400
EXAMPLE 3 95 410
EXAMPLE 4 93 430
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TABLE 1-continued
COLOR
REPRODUCTION LUMINANCE
SAMPLE NO. RANGE med
EXAMPLE 5 96 410
EXAMPLE 6 95 420
EXAMPLE 7 97 405
EXAMPLE 8 98 390
EXAMPLE 9 97 410
EXAMPLE 10 96 400
COMPARATIVE EXAMPLE 1 80 400
COMPARATIVE EXAMPLE 2 87 300
CONVENTIONAL EXAMPLE 65 -
(COMPARATIVE EXAMPLE 3)

[0148] As is clear from the above results shown in Table 1,
it was confirmed that each of the white LEDs of Examples and
the liquid crystal display using the white LED as a backlight
exhibited a high color reproducing property of 90 or more ana
an excellent emission property such that the luminance could
be increased to be 390 med or more.

EXAMPLES 11-15

[0149] Next, the same procedures as in Example 1 were
repeated except that the emission wavelengths of the light
emitting diodes were changed as shown in Table 2 thereby to
prepare white LEDs of Examples 11-15. In the same manner,
the color reproduction range and the luminance of these
Examples were measured. In this connection, the blending
ratios of the blue. green and red emission phosphors were
adjusted such chat the chromaticity of the enisled lights were
fallen within a specified range (x=0.250-0,255, y=0.235-0.
240). The results are shown in Table 2.

TABLE 2
EMISSION
WAVELENGH

OF LIGHT COLOR

EMITTING  REPRODUCTION  LUMINANCE
SAMPLE NO. DIODE (nm) RANGE med
EXAMPLE 1 399 98 400
EXAMPLE 11 360 98 300
EXAMPLE 12 370 98 460
EXAMPLE 13 380 98 430
EXAMPLE 14 410 98 380
EXAMPLE 15 420 95 100

[0150] As is clear from the results shown in Table 2, in case
of the white LEDs of Examples 11-15 in which the light
emitting diode has the emission wavelength of 360-410nm, it
was confirmed that both the color reproduction range and the
luminance are high, thus being preferable characteristic.
[0151] Next, an example of the liquid crystal display in
which thus prepared white LED is used as a backlight will be
explained more concretely.

EXAMPLES 16

[0152] An electric current of 20 mA is passed through the
white LED prepared in Example 1, and the white LED is
excited by a light emitting diode naming an emission wave-
length of 400 nm. An emission spectrum at this time is shown
FIG. 2. As shown in FIG. 2, the emission spectrum of the
white LED used in Example 16 comprises; a peak in the blue
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color region having a wavelength range of 440-450 nm; and a
peak in the green color region having a wavelength range of
510-530 nm, and the half bandwidths of the restive peaks are
40 nm and 30 nm that are 50 nm or less.

[0153] On the other hand, color filters each having a spec-
trum shown in F1G. 6 were prepared as RGB color filters. The
above white LED and the RGB color filters were combined to
manufacture a liquid crystal display according to Example
16.

[0154] Using the white LED having the emission property
shown in FIG. 2, a spectrum distribution of the lights trans-
mitted through the color filters having the transmittance spec-
trum shown in FIG, 6 was measured. The results of the mea-
surement are shown in FIG. 7. In FIG. 7, a solid line (B-CF)
indicates a transmittance spectrum of a blue light color filter,
a dotted line (G-CF) indicates a transmittance spectrum of a
green light color filter, and a thick dotted line (R-CF) indi-
cates a transmittance spectrum of a red light color filter,
respectively.

[0155] As is clear from the results shown in Table 7, in the
transmittance spectrum of the green light color filter, when a
spectrum area (area 1) within the wavelength range of 400-
500 nm and a spectrum area (area 2) within the wavelength
range 0f 400-600 nm are measured, an area ratio A calculated
by an equation: (area 1/area 2)X100(%) is 15% or less. As in
the same manner, when a spectrum area (area 3) within the
wavelength range 0f 400-550 nm and a spectrum area (area 4)
within the wavelength range of 400-600 nm are measured, an
area ratio B calculated by an equation: (area 3/area 4)X100
(%) is 90% or more.

[0156] Further, the spectrum of the lights transmitted
through the blue light color filter comprises: a first peak (first
peak top) existing in a wavelength range of 440 to 450 nm;
and a second peak (second peak top) existing in a wavelength
range of 510 to 530 nm, and a height of the second peak is %2
or less of a height of the first peak.

[0157] Thefirst peak almost coincided with a transmittance
peak of the blue light color filter, so that it was confirmed that
the light supplied from the backlight was effectively utilized.
The first peak is an emission peak caused by the blue emission
phosphor used in this Example. The second peak is a light
component emitted from the green emission phosphor. When
the height of the second peak is set to ¥ or less of the height
of the first peak, there can be obtained a pure blue light to
which a less amount of green light component is mixed.

[0158] Furthermore, the color reproducing property of the
liquid crystal display was also examined. The color reproduc-
ing property was relatively indicated as a ratio which is
obtained by plotting emission colors of the liquid crystal
display (liquid crystal display device) into a CTE chromaticity
diagram to draw a triangle, and by comparing an area of the
triangle with the triangle area specified by International Stan-
dard (NTSC) indicating an ideal color reproduction range
which is assumed to be 100.

[0159] That is, the color reproduction range was expressed
as arelative value calculated in accordance with a calculation
formula of: (an area of the triangular region indicating the
emission colors in the CIE chromaticity diagram of the liquid
crystal display of Example/the area of the triangular region
specified by NTSC)X 100 (%).
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[0160] In the above CIE chromaticity diagram, the liquid
crystal display means to able to display the lights having a
chromaticity falling within the triangular region obtained by
connecting three emission points of blue, green and red col-
ors. Therefore, when the area of the triangular region in the
above CIE chromaticity diagram is broader, the liquid crystal
display can display more lights having various chromaticity.
Thus, it can be said that the liquid crystal display has a broad
color reproduction range and an excellent color reproducing
property.

[0161] Concrete results of the measurement are shown in
Tables 3 and 4. In the spectrum of the lights transmitted
through one blue color filter in Example 16, the ratio (b2/b1)
of a height of the second peak (b2) existing in a wavelength
range of 510 to 530 nm to a height of the first peak (b1)
existing in a wavelength range of 440 to 450 nm was 0.34, the
area ratio A was 9.6% and the area ratio B was 92%.

[0162] Further, relating to the color reproducing property,
chromaticity coordinates of the lights transmitted through the
respective color filters for blue, green, red color lights were
(0.14,0.06), (0.17,0.69) and (0.69, 0.31 ) respectively, and the
NTSC ratio was 98%, thus indicating a good color reproduc-
tion range.

EXAMPLES 17-26

[0163] The same procedure as in Example 16 was repeated
except that the area ratio A and the area ratio B (half band-
widths) were changed as shown in Table 3 by changing mate-
rial and thickness of the white LED and the color filter,
thereby to prepare liquid crystal displays of Examples 17-26
each having the same structure as Example 16. With respect to
Examples of 17-26, the half bandwidth of the respective
emission peaks or the like were measured. The results are
shown in Tables 3 and 4.

COMPARATIVE EXAMPLE 4

[0164] There were prepared: an europium activated alka-
line earth chloro-phosphate phosphor having a composition
of (S, 50 Bag 30 Cag o1 Eug o), 0 (PO,)6.Cl, as blue emission
phosphor; an europium and manganese activated aluminate
phosphor having a composition of (Bag g¢4 Ftg 156) (Mg 74
Mn, ) Al,; O,, as green emission phosphor; and an
europium activated yttrium oxysulfide phosphor having a
composition of (Y, o4 Bug 56)» O, S asred emission phosphor.
[0165] Each of three kinds of phosphors was mixed with
silicone resin so that a concentration of the phosphor was 30
mass % thereby to prepare three kinds of phosphor slurries,
Then, the respective phosphor slurries were blended at
amounts of 16.0%, 18.0% and 66.0% thereby to prepare a
blended phosphor slurry. The blended slurry was then
dropped on the light emitting diode, and the dropped slurry
was subjected to a heat treatment at a temperature of 140° C.
and the silicone resin was hardened and cured thereby to
manufacture a white LED according to Comparative
Example 4.

[0166] The half bandwidths of peaks formed at the blue
color region and the green color region in an emission spec-
trum were 60 nm and 30 nm, respectively. By replacing the
white LED of Example 22 with the white LED of Compara-
tive Example 4 thereby to prepare a liquid crystal display of
Comparative Example 4.

[0167] As the result of the same measurements as in
Example 22, the ratio (b2/b1) of a height of the second peak



US 2008/0106186 A1 May &, 2008
(b2) existing in a wavelength range of 510 to 530 nm to a
height of the first peak (b1) existing in a wavelength range of TABLE 3
44010 450 nm was 0.55 which was larger than 4. In addition,
although the area ratio B was 90.2%, the area ratio A was HALF BANDWIDTH ~ HALF BAND WIDTH
16.2%, and the color reproduction range in terms of the NTSC OF PEAK IN OF PEAK IN
ratio was 78%, thus being deteriorated. BLUE EMISSION GREEN EMISSION
’ g ) REGION HAVING REGION HAVING
WAVELENGTH WAVELENGTH
COMPARATIVE EXAMPLE 5 SAMPLE NO. OF 440~450 nm OF 510~530 nm
[0168] The same procedure as in Comparative Example 4
- P EXAMPLE 16 40 (nm) 30 (nm)
was repeated except that the green emission phosphor having EXAMPLE 17 20 I
acomposition of (Sr, Ba),SiO, :Eu”* was adopted thereby to EXAMPLE 18 40 1
prepare a white LED of Comparative Example 5 having the EXAMPLE 19 40 10
same structure as in Comparative Example 4. EXAMPLE 20 40 30
[0169] As the result of the same measurements as in Com- EXAMPLE 21 40 30
parative Example 4, a second peak of the light transmitted EXAMPLE 22 40 30
through the blue color filter was not observed. The area ratio =~ EXAMPLE 23 40 30
A was 19.5%, while the area ratio B was 66%, and the color EXAMPLE 2‘_‘ 40 30
reproduction range in terms of the NTSC ratio was 65%. Eiiﬁiig ;; :8 ;8
[0170] Inthis connection, the inventors had tried so that the COMPARATIVE 60 0
peaks of the blue and green color regions formed in an emis- EXAMPLE 4 )
sion spectrum of the white LED would be separated by COMPARATIVE OVER 50 OVER 50
assuming that they are Gaussian curves. However, satisfac- EXAMPLE 5
tory results could notbe obtained, so that a quantitative analy-
sis of the peaks was resigned. However, it is evidently clear
TABLE 4
B-CF G-CF G-CF
500 nm 500 nm 600 nm COLOR B-CF TRANAMITTED
TRANSMITANCE/ ~ TRANSMITANCE/  TRANSMITANCE/ ~ REPRODUCTION TRANAMITTED LIGHT
MAX MAX MAX RANGE LIGHT 2500/
SAMPLENO.  TRANSMITTANCE ~ TRANSMITTANCE TRANSMITTANCE %) b2/b1 g600  g550/g600
EXAMPLE 16 073 0.88 0.16 98.0 0.34 9.6 917
EXAMPLE 17 0.78 0.88 0.16 97.6 0.38 9.6 9.5
EXAMPLE 18 0.83 0.88 0.16 95.2 045 9.6 9.1
EXAMPLE 19 073 091 0.23 93.5 0.34 116 91.2
EXAMPLE 20 0.78 091 0.23 91.7 0.38 112 90.6
EXAMPLE 21 0.83 091 0.23 89.3 043 116 91.0
EXAMPLE 22 0.73 093 0.33 84.2 0.33 14.5 90.4
EXAMPLE 23 0.78 093 0.33 82.4 0.39 147 90.4
EXAMPLE 24 0.83 093 0.33 82.5 043 14.8 90.4
EXAMPLE 25 0.88 0.88 0.16 92.2 0.50 149 91.7
EXAMPLE 26 0.88 091 0.23 86.4 048 116 91.0
that the half bandwidth of the peak in the green color region COMPARATIVE EXAMPLES 6-7
is sufficiently larger than 50 nm.
[0171] An emission spectrum of the white LED used in the [0172] In the liquid crystal display of Example 16, color

liquid crystal display of Comparative Example 5 is shown in
FIG. 8, while a spectrum of the lights transmitted through the
respective color filters is shown in FIG. 9.

filters of which thickness was controlled were combined
thereby to manufacture liquid crystal displays of Compara-
tive Examples 6-7.

TABLE 5
B-CF G-CF G-CF
500 nm 500 nm 600 nm COLOR B-CF TRANAMITTED
TRANSMITANCE/ TRANSMITANCE/ TRANSMITANCE/  REPRODUCTION TRANAMITTED LIGHT
MAX MAX MAX RANGE LIGHT 8500/
SAMPLE NO. TRANSMITTANCE = TRANSMITTANCE  TRANSMITTANCE (%) b2/b1 2600 g550/g600
COMPARATIVE 0.92 0.96 0.48 63.5 0.48 18.5 87

EXAMPLE 6
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TABLE 5-continued
B-CF G-CF G-CF
500 nm 500 nm 600 nm COLOR B-CF TRANAMITTED
TRANSMITANCE/  TRANSMITANCE/  TRANSMITANCE/ REPRODUCTION TRANAMITTED LIGHT

MAX MAX MAX RANGE LIGHT 2500/
SAMPLE NO. TRANSMITTANCE ~ TRANSMITTANCE  TRANSMITTANCE (%) b2/b1 2600 550/g600
COMPARATIVE 0.92 0.97 041 773 0.46 15.2 89
EXAMPLE 7

[0173] InTables4and 5, “b2/b1”is aratio of a height of the
second peak (b2) to a height of the first peak (b1), while
“g500/g600” s a ratio of the spectrum area (g500) composed
of light components having wavelengths of 400 to 500 nm
with respect to a spectrum area (g600) composed of light
components having wavelengths of 400 to 600 nm. In con-
trast, “g550/g6000” is a ratio of the spectrum area (g550)
composed of light components having wavelengths of 400 to
550 nm with respect to a spectrum area (g600) composed of
light components having wavelengths of 400 to 600 nm.
[0174] Asis clear from the results shown in Table 5, even if
she color filters are made from the same material, the color
reproducing property of the liquid crystal display becomes
greatly different when the thickness of the color filter was
changed. Namely, if the compatibility between the emission
spectrum of the white LED and the RGB color filters would
not be taken into consideration unlike she present invention,
aliquid crystal display having an excellent color reproducing
property cannot be obtained.

INDUSTRIAL APPLICABILITY

[0175] As described above, the white LED according to the
present invention exhibits a high luminance and is excellent in
color reproducing property. Further, according to the liquid
crystal display of this invention, since one spectrum of the
backlight using the unite LED and the transmission spectrum
of the color filters are suitably controlled, the liquid crystal
display is excellent in color reproducing property. Therefore,
all of the backlight and the liquid crystal display each using
the white LED of the present invention can exhibit the high
luminance and the excellent color reproducing property. In
addition, unlike the conventional cold cathode fluorescent
lamp (CCFL), there is no need to use harmful mercury, so that
the problem of polluting environment would not occur.

1. A white LED comprising:

an ultraviolet emitting diode or a purple light emitting

diode; and

phosphors for emitting at least three visible lights includ-

ing blue light, green light and red light;

wherein an emission spectrum of said white LED has: a

first luminescence peak in a blue light region having a
wavelength 0f 440-460 nm; a second luminescence peak
in a green light region having a wavelength of 510-530
nm; and a third luminescence peak in a red light region
having a wavelength of 620-640 nm.

2. The white LED according 1o claim 1, wherein each of
said first to third luminescence peaks in the blue, green and
red light regions has a half band width of 50 nm or less.

3. The white LED according to claim 1, wherein said
phosphor for emitting blue color light is an europium acti-
vated halo-phosphate phosphor expressed by a general for-

mula 1: (Sr,__, Ba, Ca, Bu), (PO,)s.Cl, in which x, y, z
respectively satisfy the relations x<<0.2, y<t0.1 and
0.005<z<<0.1.

4. The white TED according to claim 1, wherein said
phosphor for emitting green color light is an europium and
manganese activated aluminate phosphor expressed by a gen-
eral formula2: (Ba, .. Sr,Ca, Eu,) (Mg, , Mn,)Al,;,O,,in
which x, y, z, u respectively satisfy the relations x<<0.5,
y<0.1, 0.15<z<0.4 and 0.3<u<0.6.

5. The white LED according to claim 1, wherein said
phosphor for emitting red color light is an europium activated
lanthanum oxysulfide phosphor expressed by a general for-
mula 3: (La, ., Eu, M,), O, S in which M is at least one
element selected from Sb and Sn, and x, y respectively satisfy
the relations 0.01<x<C0.15, and y<C0.03.

6. The white LED according to claim 1, wherein a lumi-
nescence intensity of said ultraviolet emitting diode or the
purple light emitting diode has a peak value in a wavelength
range of 360-410 nm.

7. A backlight comprising the white LED according to any
one of claims 1 to 6.

8. A liquid crystal display comprising:

a white LED according to claim 1;

a backlight using the white LED; and

color filters for filtering blue, green, red color lights,

wherein: a percentage of a spectrum area composed of light

components having been transmitted the green color
filter and having wavelengths of 400 to 500 nm with
respect to a spectrum area composed of light compo-
nents having wavelengths of 400 to 600 nm is 15% or
less; and

a percentage of a spectrum area composed of light, com-

ponents having wavelengths of 400 to 550 nm with
respect to the spectrum area composed of light compo-
nents having wavelengths of 400 to 600 nm is 90% or
more.

9. The liquid crystal display according to claim 8, wherein
alight emitting wavelength of the light emitting diode used in
said white LED is 360 to 410 nm.

10. The liquid crystal display according to claim 8, wherein
the spectrum of the lights transmitted the blue color filter
comprises; a first peak top existing in a wavelength range of
44010 450 nm; and a second peak top existing in a wavelength
range of 510 to 530 nm; and a height of the second peak top
is Y2 or less of a height of the first peak top.

11. The liquid crystal display according to any one of
claims 8 to 10, wherein a transmission factor at the blue color
filter is 90% or less of a maximum transmission factor and a
transmission factor at the green color filter is 95% or less of a
maximum transmission factor when a light having wave-
length of 500 nm is transmitted; ana a transmission factor at
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the green color filter is 40% or less of a maximum transmis- respect to a spectrum area composed of light compo-
sion factor when a light having wavelength of 600 nm is nents having wavelengths of 400 to 600 nm is 15% or
transmitted. less; and
12. A liquid crystal display comprising; a percentage of a spectrum area composed of light compo-
abacklight using a white LED; and nents having wavelengths of 400 to 550 nm with respect
color filters for filtering blue, green, red color lights, to the spectrum area composed of light components
wherein: a percentage of a spectrum area composed of light having wavelengths of 400 to 600 nm is 90% or more.

components having been transmitted the green color
filter and having wavelengths of 400 to 500 nm with ok ok ox Ok
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