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(57) ABSTRACT

A white light emitting diode (LED) device includes a blue
LED light source, a sealant material, a green phosphor mate-
rial, and an orange phosphor material. The sealant material
covers the blue LED light source. The green phosphor mate-
rial distributed in the sealant material includes (Lul_x_y_a_
»Y,Gd, );(Al,_Ga,);0,,:Ce Pr,, wherein 0=x=1, 0=y=1,
0=7=0.1, 0=a=0.2, and 0=b=0.1. The orange phosphor
material, which is also distributed in the sealant material,
include the compound A, the compound B, or both. The
compound A is (Sr;__, CaBaMg,),Si0,Fu,, wherein
0=x=1,0=y=1, 0=z=1,and 0.03=w=0.2. The compound
Bis (M1),(M2),(51,Al),,(O,N), 5, wherein M1 represents Li,
Mg, Ca, or Y, M2 represents Ce, Pr, Eu, Tb, Yb, or Er,
0.05=x+y=1.5, and 0=y=0.7.
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WHITE LIGHT EMITTING DIODE DEVICE,
LIGHT EMITTING APPARATUS, AND
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 99133081, filed Sep. 29, 2010. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a white light emitting diode
(LED) device, a light emitting apparatus having the white
LED device, and a liquid crystal display (LCD) having the
white LED device.

[0004] 2. Description of Related Art

[0005] Along with the great development of semiconductor
science and technology, LED has been extensively applied in
display and illumination fields due to its well characteristics
such as high luminance output, low power consumption,
small volume occupancy, low driving voltage, and mercury-
free content. In the conventional white LED application,
phosphors of different emission wavelengths are used to gen-
erate the light different from the light which were emitted by
the chip. The chromaticity is composed and changed by the
ratio of intensity of blue light to phosphors’. Said technology
one of the most prevailing white light technology.

[0006] Currently, various phosphor materials have been
developed with specific wavelength in the white LED appli-
cations. Most people focus on the conversion efficiency but
few mention to thermal stability and reliability. However,
reliability is an important characteristic essential to the life-
time, too. Hence, when the phosphor materials with favorable
thermal stability and reliability are employed in the white
LED device, the lifetime of the white LED device can be
extended, and the luminosity can be also enhanced.

SUMMARY OF THE INVENTION

[0007] The invention is directed to a white LED device, a
light emitting apparatus having the white LED device, and an
LCD having the white LED device. Since phosphor materials
applied herein are characterized by favorable thermal stabil-
ity and reliability, the white LED device can have long life-
time and great performance.

[0008] The invention provides a white LED device that
includes a blue LED light source, a sealant material, a green
phosphor material, and an orange phosphor material. The
sealant material covers the blue LED light source. The green
phosphor material is distributed in the sealant material and
includes (Lu, ., ,Y,Gd,);(Al, .Ga,);O, 5:Ce,Pr,, wherein
0=x=1, 0=y=1, 0=7=0.1, 0=a=0.2, and 0=b=0.1. The
orange phosphor material is also distributed in the sealant
material and includes the compound A, the compound B, or
both as below. The compound A is (Sr, ., Ca BaMg)
55i0,Eu,,, wherein 0=x=1, 0=y=1, 0=z=1, and
0.03=w=0.2. The compound B is (M1),(M2),(Si,Al), ,(O,N)
16 Wherein M1 represents Li, Mg, Ca, orY, M2 represents Ce,
Pr, Eu, Th, Yb, or Er, 0.05=x+y=1.5, and 0=y=0.7.

[0009] Theinvention further provides alight emitting appa-
ratus that includes a frame body and at least one white LED

Mar. 29,2012

device located in the frame body. Herein, the at least one
white LED device refers to the aforesaid white LED device.
[0010] Theinvention further provides an LCD thatincludes
an LCD panel and a backlight module configured on a rear
side of the LCD panel. The backlight module includes at least
one white LED device. Herein, the at least one white LED
device refers to the aforesaid white LED device.

[0011] Based on the above, the special green phosphor
material and the special orange phosphor material that are
applied in the white LED device of the invention have favor-
able thermal stability and reliability in comparison with the
conventional green and orange phosphor materials. There-
fore, the white LED device can have satisfactory performance
and long lifetime.

[0012] In order to make above advantages of the invention
more comprehensible, several embodiments accompanied
with figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and con-
stitute a part of this specification. The drawings illustrate
exemplary embodiments and, together with the description,
serve to explain the principles of the disclosure.

[0014] FIG. 1isa schematic cross-section view illustrating
awhite LED device according to an embodiment of the inven-
tion.

[0015] FIG. 2 is a curve illustrating thermal stability of
various phosphor materials which are applied in a white LED
device.

[0016] FIG. 3 is a curve illustrating reliability of various
phosphor materials in combination which are applied in a
white LED device.

[0017] FIG. 4 is a schematic view illustrating a light emit-
ting apparatus according to an embodiment of the invention.
[0018] FIG. 5 is a schematic view illustrating an LCD
according to an embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

[0019] FIG. 1is a schematic cross-section view illustrating
awhite LED device according to an embodiment of the inven-
tion. With reference to FIG. 1, the white LED device of this
embodiment includes a blue LED light source 120, a sealant
material 140, a green phosphor material 150, and an orange
phosphor material 160. According to this embodiment, the
white LED device further includes a carrier 100 and a mold-
ing structure 130.

[0020] The blue LED light source 120 is configured on the
carrier 100. Herein, the blue LED light source 120 is, for
instance, a blue LED chip, and the light emission wavelength
of the blue LED light source 120 is from about 440 nm to
about 460 nm. According to an embodiment of the invention,
the carrier 100 is a lead-frame that includes a main body (not
shown) and conductive wires (not shown) formed on the main
part, for example. Note that the carrier 100 can also be any
other type of known carrier. According to another embodi-
ment of the invention, the carrier 100 can also be a circuit
board or any other substrate. The blue LED light source 120
configured on the carrier 100 is electrically connected to the
conductive structure in the carrier 100. In this embodiment,
the blue LED light source 120 is electrically connected to the
conductive structure in the carrier 100 by wire bonding. How-
ever, the invention is not limited thereto. In other embodi-
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ments of the invention, the blue LED light source 120 can also
be electrically connected to the conductive structure in the
carrier 100 in other manner of electrical connection, e.g.,
performing a soldering process.

[0021] The molding structure 130 is configured on the car-
rier 100 according to this embodiment. Herein, the molding
structure 130 can be formed with an injection molding pro-
cess. Besides, the molding structure 130 has an accommoda-
tion space 1308, and the blue LED light source 120 is con-
figured in the accommodation space 130S of the molding
structure 130. However, in another embodiment of the inven-
tion, it is not likely to form the molding structure 130. That is
to say, the blue LED light source 120 is simply configured on
the carrier 100.

[0022] The sealant material 140 covers the blue LED light
source 120. The sealant material 140 can include silicone,
epoxy, or other transparent adhesive materials.

[0023] Inthisembodiment, the accommodation space 130S
of the molding structure 130 is filled with the sealant material
140 to cover the blue LED light source 120.

[0024] Theupper surface of the sealant material 140 and the
upper surface of the molding structure 130 are co-planar in
this embodiment. However, the invention is not limited
thereto. According to another embodiment, the upper surface
of the sealant material 140 can protrude from the upper sut-
face of the molding structure 130. Alternatively, if there is no
molding structure 130 configured on the carrier 100, the
sealant material 140 can be directly formed on the blue LED
light source 120 with a dispensing process.

[0025] The green phosphor material 150 and the orange
phosphor material 160 are distributed in the sealant material
140. In an embodiment of the invention, the green phosphor
material 150 and the orange phosphor material 160 are mixed
with the sealant material 140 in a liquid form, and then the
accommodation space 1308 of the molding structure 130 is
filled with the mixture. Alternatively, the mixture is coated
onto the blue LED light source 120 by the dispensing process.
According to other embodiments of the invention, the phos-
phor materials 150 and 160 distributed in the sealant material
140 can be evenly distributed, remotely distributed away
from the blue LED light source, or conformally distributed
close to the surface of the blue LED light source.

[0026] In particular, the green phosphor material 150
includes (Lu, ., , Y, Gd,);(Al; Ga,);sO,,:Ce,Pr,, wherein
0=x=1,0=y=1,0=2z=0.1, 0=a=0.2, and 0=b=0.1. Pref-
erably, the green phosphor material 150 includes Lu, Al O,
Ce>*. Besides, alight emission wavelength of the green phos-
phor material 150 is from about 525 nm to about 545 nm.

[0027] The orange phosphor material 160 can be for
example compound A, compound B, combination of com-
pound A and compound B, material comprising compound A,
material comprising compound B, or material comprising
compound A and compound B. Namely, the orange phosphor
material 160 can include the compound A, the compound B,
or both. A light emission wavelength of the orange phosphor
material 160 is from about 590 nm to about 610 nm.

[0028] The compound A is (Sr . .CaBaMg);SiO,:
Eu,,, wherein 0=x=1, 0=y=1, 0=z=1, and 0.03=w=0.2.
Preferably, the compound A is (Sr,Ca,Ba),Si0,:Fu*.
[0029] The compound B is (M1),(M2),(S1,Al);,(O,N),,,
wherein M1 represents Li, Mg, Ca, or Y, M2 represents Ce, Pr,
Eu, Tb, Yb, or Er, 0.05=x+y=1.5, and 0=y=0.7. Preferably,
the compound B is Ca-o.-SiAlION:Eu**.
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[0030] TItshould be mentioned that a ratio of the total weight
of the green phosphor material 150 and the orange phosphor
material 160 to the weight of the sealant material 140 is about
4% to about 30%. According to this embodiment, a weight
ratio (Green/Orange, G/O) of the green phosphor material
150 to the orange phosphor material 160 in the sealant mate-
rial 140 is about 1 to about 20.

[0031] FIG. 2 is a curve illustrating thermal stability of
various phosphor materials. The horizontal coordinate of
FIG. 2 stands for temperature, while the vertical one stands
for relative luminous intensity. Besides, in this embodiment
as shown in FIG. 2, the curve A represents the correlation
between the relative luminous intensity and the temperature
of the green phosphor material Lu,Al.O, ,:Ce**; the curve B
represents the correlation between the relative luminous
intensity and the temperature of the orange phosphor material
Ca-0.-SiAlION:Eu*; the curve C represents the correlation
between the relative luminous intensity and the temperature
of the conventional phosphor material YAG:Ce>*; the curve D
represents the correlation between the relative luminous
intensity and the temperature of the conventional phosphor
material Sr,Si;Ng:Eu*; the curve E represents the correla-
tion between the thermal stability and the temperature of the
conventional silicate phosphor material.

[0032] It can be observed from FIG. 2 that the green phos-
phor material Lu,AlO,,:Ce** (curve A) and the orange
phosphor material Ca-0-SiAION:Eu** (curve B) of this
embodiment have desirable thermal stability than other con-
ventional phosphor materials (curves C to E). Therefore,
when the green phosphor material Lu,AlLO,,:Ce** (curve A)
and the orange phosphor material Ca-o.-SiAION:Eu** (curve
B) are applied together to the blue LED light source in the
white LED device, favorable thermal stability of the white
LED device can be guaranteed.

[0033] FIG. 3 is a curve illustrating reliability of various
phosphor materials in combination which are applied to an
LED device. The horizontal coordinate of FIG. 3 stands for
time, while the vertical one stands for relative luminous inten-
sity of the LED device. The reliability test condition is to burn
in the LED at 60° C. with 90% relative humidity for 1,000
hours. In this embodiment as shown in FIG. 3, the curve X
represents the correlation between the relative luminous
intensity and the time of the combined green phosphor mate-
rial LusAlO;,:Ce® and orange phosphor material Ca-ci-
SiAION:Eu**; the curve Y represents the correlation between
the relative luminous intensity and the time of the combined
green phosphor material Lu;Al,O,,:Ce** and conventional
orange silicate phosphor; the curve Z represents the correla-
tion between the relative luminous intensity and the time of
the combined conventional green silicate phosphor and con-
ventional orange silicate phosphor.

[0034] It can be observed from FIG. 3 that the combined
green phosphor material Lu,Al;O,,:Ce** and orange phos-
phor material Ca-a-SiAION:Eu* (curve X) of this embodi-
ment has favorable reliability in comparison with the other
two combinations (curves Y and 7).

[0035] As described above, the special green phosphor
material and the special orange phosphor material are collec-
tively applied along with the blue LED light source in the
white LED device of the invention. Since the phosphor mate-
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rials utilized in this embodiment have great thermal stability
and reliability in comparison with the conventional phosphor
material, the while LED device of this embodiment is char-
acterized by favorable performance and long lifetime.

[0036] The white LED device depicted in FIG. 1 can be
applied to various light-emitting/illumination apparatuses,
backlight modules of displays, and so forth. The detailed
description is given as follows.

[0037] FIG. 4 is a schematic view illustrating a light emit-
ting apparatus according to an embodiment of the invention.
With reference to FIG. 4, the light emitting apparatus of this
embodiment includes a frame body 400 and at least one white
LED device 402 located in the frame body 400. The frame
body 400 mainly serves to secure, accommodate, and protect
the white LED device 402. In addition, the frame body 400
can also serve to embellish the light emitting apparatus. Here,
the frame body 400 can be made of metal or plastic. The shape
and the look of the frame body 400 are not limited in this
invention and can be adjusted and modified based on appli-
cation fields or design of the light emitting apparatus. On the
other hand, the white LED device 402 can refer to the white
LED device shown in FIG. 1. The white LED device 402
configured in the frame body 400 can be singular or plural.
Given there are plural white LED devices 402 configured in
the frame body 400, the white LED devices 402 can be
arranged in arrays, in the manner of straight lines, or in the
manner of curves.

[0038] FIG. 5 is a schematic view illustrating an LCD
according to an embodiment of the invention. With reference
to FIG. 5, the LCD of this embodiment includes an LCD panel
500 and a backlight module 502 configured on a rear side of
the LCD panel 500. In particular, the backlight module 500
includes at least one white LED device, and the white LED
device in the backlight module 500 can refer to the white LED
device shown in FIG. 1. Besides, the backlight module 502
can be a direct-type backlight module or an edge-type back-
light module, and the light source in the direct-type backlight
module or the edge-type backlight module 502 is the white
LED device as depicted in FIG. 1.

[0039] Inlight of the foregoing, the special green phosphor
material and the special orange phosphor material that are
applied in the white LED device of the invention have favor-
able thermal stability and reliability in comparison with the
conventional phosphor material. Therefore, the white LED
device can have satisfactory performance and long life span.

[0040] Moreover, since the white LED device of the inven-
tion is characterized by satisfactory performance and long life
span, the light emitting apparatus having the white LED
device or the display having the white LED device can also
have satisfactory performance/display quality and long life
span.

[0041] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the invention without departing from the scope or spirit
of the invention. In view of the foregoing, it is intended that
the invention cover modifications and variations of this inven-
tion provided they fall within the scope of the following
claims and their equivalents.
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What is claimed is:
1. A white light emitting diode device comprising:
a blue light emitting diode light source;
a sealant material covering the blue light emitting diode
light source;
a green phosphor material distributed in the sealant mate-
rial and comprising:
(L) yyns YO )5(Al G, )50, 5:Ce Pry, wherein
0=x=1, 0=y=1, 0=7=0.1, 0=a=0.2, and 0=b=0.1,
an orange phosphor material distributed in the sealant
material comprising compound A or compound B,
the compound A being (Sr, . Ca Ba Mg, ),Si0,:Fu,,
wherein 0=x=1, 0=y=1, 0=z=1, and 0.03=w=0.2,
the compound B being (M1),(M2),(Si,Al);,(O,N),,
wherein M1 represents Li, Mg, Ca, or Y, M2 represents
Ce, Pr,Eu, Th,Yb, or Er, 0.05=x+y=1.5,and 0=y=0.7.
2. The white light emitting diode device as claimed in claim
1, wherein a ratio of a total weight of the green phosphor
material and the orange phosphor material to a weight of the
sealant material is about 4% to about 30%.
3. The white light emitting diode device as claimed in claim
2, wherein a weight ratio G/O of the green phosphor material
to the orange phosphor material is about 1 to about 20.
4. The white light emitting diode device as claimed in claim
1, wherein a light emission wavelength of the green phosphor
material is about 525 nm to about 545 nm.
5. The white light emitting diode device as claimed in claim
1, wherein a light emission wavelength of the orange phos-
phor material is about 590 nm to about 610 nm.
6. The white light emitting diode device as claimed in claim
1, wherein a light emission wavelength of the blue light
emitting diode light source is about 440 nm to about 460 nm.
7. The white light emitting diode device as claimed in claim
1, wherein the sealant material comprises silicone or epoxy.
8. The white light emitting diode device as claimed in claim
1, further comprising:
a carrier, the blue light emitting diode light source being
configured on the carrier; and
a molding structure located on the carrier and having an
accommodation space, the blue light emitting diode
light source being located in the accommodation space,
wherein the accommodation space is filled with the sealant
material to cover the blue light emitting diode light
source.
9. The white light emitting diode device as claimed in claim
1, wherein the green phosphor material and the orange phos-
phor material distributed in the sealant are evenly distributed,
remotely distributed away from the blue light emitting diode
light source, or conformally distributed close to the surface of
the blue light emitting diode light source.
10. A light emitting apparatus comprising:
a frame body;
at least one white light emitting diode device as claimed in
claim 1 located in the frame body.
11. A liquid crystal display comprising:
a liquid crystal display panel; and
a backlight module configured on a rear side of the liquid
crystal display panel, wherein the backlight module
comprises at least one white light emitting diode device
as claimed in claim 1.
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