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7) ABSTRACT

A white LED includes a light emitting element with a light
emission peak wavelength equal to or longer than 380 nm and
equal to or shorter than 420 nm, and a phosphor layer con-
taining three or more types of phosphors including at least a
blue phosphor, a green phosphor, and a red phosphor and
disposed in a manner to cover at least part of the light emitting
element. The phosphor layer has a first phosphor layer and a
second phosphor layer disposed in an opposite side of a side
of the light emitting element of the first phosphor layer. In the
first phosphor layer, a content of the blue phosphor in an
entire phosphor contained in the first phosphor layer is equal
to or less than 5 mass %, or the blue phosphor is not contained.
In the second phosphor layer, a content of phosphor other than
the blue phosphor in an entire phosphor contained in the
second phosphor layer is equal to or less than 5 mass %, or no
phosphor other than the blue phosphor is contained.
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WHITE LED, AND BACKLIGHT AND LIQUID
CRYSTAL DISPLAY DEVICE USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is continuation of prior Interna-
tional Application No. PCT/TP2009/002318, filed on May 26,
2009 which is based upon and claims the benefit of priority
from Japanese Patent Application No. 2008-143761., filed on
May 30, 2008; the entire contents of all of which are incor-
porated herein by reference.

FIELD

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

BACKGROUND

[0003] In recent years, there is developed a white LED
having characteristics such as compactness, a longer operat-
ing life, low voltage drive, and being free of mercury, in
relation to mercy gas excitation-type fluorescent light tube
(FL) and cold cathode fluorescent light tube (CCFL), which
have been used for general lighting and backlights for liquid
crystal display devices.

[0004] With regard to the white LED, there are a type | in
which white light is emitted by combining light emitting
diodes of three colors of a blue-light light emitting diode, a
green light emitting diode, and ared light emitting diode, and
a type 2 in which white light is emitted by combining a
long-wavelength ultraviolet-light (300 to 430 nm) or blue-
wavelength light (460 to 480 nm) emitting diode as an exci-
tation source and a phosphor layer containing a phosphor of a
single color or a plurality of colors which emits visible light.
Since the white LED of the type 2 leads to reduction of the
number of light emitting diodes and heat generation of the
entire can be suppressed, development of the white LED of
the type 2 is vigorously done in recent years.

[0005] Among the white LEDs of the type 2, the one using
the light emitting diode (hereinafter, referred to as an ultra-
violet-light light emitting diode) emitting a long wavelength
ultraviolet ray (300 to 430 nm) obtains white light by using
phosphors of three colors of blue, green, and red as phos-
phors.

[0006] On the other hand, the one using the light emitting
diode (hereinafter, referred to as a blue-light light emitting
diode) of the blue wavelength (460 to 480 nm) obtains white
light by using phosphors of two colors of green and red or a
phosphor of yellow as a phosphor(s).

[0007] Among the white LEDs using the blue-light light
emitting diode, the one using the phosphors of two colors of
green and red has a problem that color unevenness is large and
that dispersion of chromaticity is also large. The one using the
yellow phosphor has a problem that color reproducibility is
narrow, that color rendering is also bad, and that designing to
a predetermined chromaticity is difficult. On the other hand,
the white LED using the ultraviolet-light light emitting diode,
where there is a wide variety of phosphors to be used com-
pared with the one using the blue-light light emitting diode
and thus color reproducibility is wide and predetermined
chromaticity is easier to be obtained, is suitable for a back-
light light source in a liquid crystal display device.
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[0008] As the phosphor used along with the ultraviolet-
light light emitting diode, for example, an europium-activated
halophosphate phosphor or an europium-activated aluminate
phosphor as a blue phosphor, a copper/aluminum-activated
zinc sulfide phosphor or an europium/manganese-activated
aluminate phosphor as a green phosphor, and an europium-
activated yttrium oxysulfide phosphor or an europium-acti-
vated lanthanum oxysulfide phosphor as a red phosphor are
combinedly used.

[0009] Meanwhile, the white LED using the ultraviolet-
light light emitting diode is manufactured, for example, by
adding and mixing phosphors of three colors of the blue
phosphor, the green phosphor, and the red phosphor to a
transparent resin thereby to prepare a phosphor slurry, there-
after applying this phosphor slurry onto the ultraviolet-light
light emitting diode, and curing the phosphor slurry. A com-
pounding amount of the phosphor, properly chosen according
to aimed chromaticity, is that, for example, among a total
amount of the phosphors of the blue phosphor, the green
phosphor, and the red phosphor, the blue phosphor occupies
equal to or more than 15 mass % and equal to or less than 25
mass %, the green phosphor occupies equal to or more than 15
mass % and equal to or less than 25 mass %, and the red
phosphor occupies the rest (for example, see JP-A 2007-
096133 (KOKAI)).

[0010] In recent years, usage of white LEDs as backlight
light sources in a variety of liquid crystal display devices such
as small screens of a cellular phone, a car navigation system,
a mobile communication device and the like, and medium/
large screens of a personal computer and TV and so on has
been discussed.

[0011] However, with regard to the white LED using the
ultraviolet-light light emitting diode, there is a problem that
chromaticity gradually changes after light emission due to
temperature rise by heat generation by itself. Concretely,
values X, y in an XYZ color system of CIE change in a manner
to gradually increase in accordance with temperature rise.
Further, such change of chromaticity halts light emission of
the white LED, and is repeated after light is emitted again.
[0012] As stated above, since chromaticity may change
upon temperature rise in a white LED using an ultraviolet-
light light emitting diode, application thereof to a backlight
light source in a liquid crystal display device is not necessar-
ily easy. In particular, since a cellular phone, a car navigation
system, a mobile communication device and the like may be
left in a sun-heated vehicle and reach quite a high tempera-
ture, a white LED as a back light source in that liquid crystal
display device is required to have a small chromaticity change
due to temperature rise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a cross-sectional view showing a white
LED according to an embodiment.

[0014] FIG. 2 is a graph showing an example of tempera-
ture change of an excitation spectrum of a red phosphor.
[0015] FIG. 3 is a cross-sectional view showing a white
LED according to another embodiment.

[0016] FIG. 4 is a schematic cross-sectional view showing
abacklight and a liquid crystal display device according to an
embodiment.

[0017] FIG. 5 is a cross-sectional view showing a white
LED according to a comparative example.
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DETAILED DESCRIPTION

[0018] In one embodiment, a white LED includes a light
emitting element with a light emission peak wavelength equal
to or longer than 380 nm and equal to or shorter than 420 nm,
and a phosphor layer containing three or more types of phos-
phors including at least a blue phosphor, a green phosphor,
and a red phosphor. The phosphor layer has a first phosphor
layer and a second phosphor layer disposed in an opposite
side of a side of the light emitting element of the first phos-
phor layer. In the first phosphor layer, a content of the blue
phosphor in an entire phosphor contained in the first phosphor
layer is equal to or less than 5 mass %, or the blue phosphor is
not contained. In the second phosphor layer, a content of the
phosphor other than the blue phosphor in an entire phosphor
contained in the second phosphor layer is equal to or less than
5 mass %, or no phosphor other than the blue phosphor is
contained.

[0019] Inoneembodiment, a backlight includes a plurality
of the white LEDs of the embodiment, and a substrate to
which the white LEDs are mounted. A liquid crystal display
device includes a backlight which includes a plurality of the
white LEDs of the embodiment and a substrate to which the
white LEDs are mounted, and a liquid crystal panel disposed
in a light emitting surface side of the backlight.

[0020] Hereinafter, embodiments will be described. FIG. 1
is a cross-sectional view showing an example of a white LED.
The white LED 1 includes a substrate 10 which has a front
surface side electrode 12 as a conductive part provided on an
insulation part 11, a light emitting element 20 mounted to the
front surface side electrode 12 of the substrate 10, a transpar-
ent resin layer 30 sealing the light emitting element 20, and a
phosphor layer 40 covering the transparent resin layer 30.

[0021] The substrate 10, concretely, has an insulation part
11, the front surface side electrode 12 and a rear surface side
electrode 13 as conductive parts provided on front and rear
surface sides of the insulation part 11, and a feeding via 14
penetrating the insulation part 11 to conduct the front surface
side electrode 12 and the rear surface side electrode 13.

[0022] As the insulation part 11, there can be cited a plate
material made of alumina, ceramics such aluminum nitride
(AIN), or a glass epoxy resin, or the like. The insulation part
11 formed of an alumina plate or an aluminum nitride plate,
which has a high thermal conductivity and suppresses tem-
perature rise of the white LED 1, is preferable. Further, if the
insulation part 11 is a glass epoxy resin plate provided with a
heat releasing via made by filling a silver paste, a copper
paste, or the like into a via hole penetrating an entire portion
or part of the portion where the light emitting element 20 is
provided of the front surface side electrode 12 and the rear
surface side electrode 13, heat conductivity is high and tem-
perature rise of the white LED 1 can be suppressed, and such
a insulation part 11 is preferable.

[0023] Thefront surface side electrode 12 as the conductive
part is disposed on the insulation part 11 and constitutes the
substrate 10. Since the front surface side electrode 12 is the
conductive part in a side where the light emitting element 20
is mounted, the front surface side electrode 12 is a light-
reflecting electrode, for example. The light-reflecting elec-
trode means an electrode having a reflectivity of 60% or more
at a wavelength of 400 nm measured by a spectral reflecto-
meter. As the light-reflecting electrode, there can be cited a
metal electrode made of Ag, Pt, Ru, Pd, Al and the like.
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[0024] When the front surface side electrode 12 is the light-
reflecting electrode, even if part of second light from the
phosphors (B, G, R) is reflected to a side of the front surface
side electrode 12 or part of first light from the light emitting
element 20 is reflected by an interface between the transpar-
ent resin layer 30 and the phosphor layer 40 thereby being
reflected to the side of the front surface side electrode 12, the
light can be reflected to an emerging surface side by the front
surface side electrode 12, so that luminance of the white LED
1 can be heightened. On the other hand, since the rear surface
side electrode 13 does not require light reflectivity unsimi-
larly to the front surface side electrode 12, a well-known
metal such as Ag, Pt, Ni, Cu, Au and the like can be used.

[0025] The light emitting element 20 emits ultraviolet light
to violet light (first light) having a peak wavelength equal to or
longer than 380 nm and equal to or shorter than 420 nm,
preferably having a peak wavelength equal to or longer than
390 nm and equal to or shorter than 410 nm, and a light
emitting diode of an InGaN system, a GaN system, or an
AlGaN system, for example, is used. It should be noted that,
in stead of the light emitting diode, a laser which emits ultra-
violet light to violet light having a peak wavelength equal to
or longer than 380 nm and equal to or shorter than 420 nm,
preferably having a peak wavelength equal to or longer than
390 nm and equal to or shorter than 410 nm, can be used as the
light emitting element 20, and those light emitting diode and
laser are collectively referred to as a light emitting element.

[0026] Thelightemitting element 20 is joined to one (in the
diagram, of the left side) front surface side electrode 12 by
various types of solder such as AuSn eutectic solder and the
like for example, or a silver paste, and so on, and further, the
electrode is electrically connected to the other (in the dia-
gram, of the right side) front surface side electrode 12 by
using a bonding wire 25.

[0027] The transparent resin layer 30 seals the light emit-
ting element 20 and is constituted by a transparent resin cured
product 30s. In general, a phosphor layer has a high reflective
index and has a property of confining light inside thereof.
Thus, if a phosphor layer is formed in a manner to directly
cover the light emitting element, part of first light from the
light emitting element is reflected by an interface with the
phosphor layer to the light emitting element or visible light
(second light) discharged from a phosphor of the phosphor
layer is incident on the light emitting element, whereby such
light is kept within the light emitting element and becomes
difficult to be retrieved, leading to deterioration of an effi-
ciency. Under the circumstances, the transparent resin layer
30 is provided in order to decrease an amount of the second
light from the phosphor layer 40 to be incident on the light
emitting element 20, thereby to suppress deterioration of the
efficiency.

[0028] The transparent resin cured product 31 is made by
curing a resin having high transparency. As the transparent
resin, a silicone resin, an epoxy resin, and the like, for
example, can be cited. Among the silicone resins, a dimethyl
silicone resin, having high durability against an ultraviolet
ray, is preferable. The transparent resin layer 30 can be
formed, for example, by making a transparent resin flow
down on the light emitting element 20 and the bonding wire
25, heating to equal to or higher than 100° C. and equal to or
lower than 160° C. for example, and curing the transparent
resin.
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[0029] The phosphor layer 40 covers an upper surface and
a side surface of the transparent resin layer 30, and has a first
phosphor layer 41 disposed in a manner to cover the trans-
parent resin layer 30 and a second phosphor layer 42 disposed
in a manner to cover the outside of the first phosphor layer 4,
that is, a side farther from the light emitting element 20.
Further, with regard to the first phosphor layer 41 being a side
nearer to the light emitting element 20, a green phosphor G
and a red phosphor R are contained and a blue phosphor B is
not contained in the transparent resin cured product 41s, for
example, while with regard to the second phosphor layer 42
disposed in a position farther from the light emitting element
20, the blue phosphor B is contained and neither the green
phosphor G nor the red phosphor R is contained in the trans-
parent resin cured product 42s, for example.

[0030] Itshould be noted that, with regard to the white LED
shown in FIG. 1, though only the green phosphor G and the
red phosphor R are made to be contained as the phosphors in
the first phosphor layer 41 and only the blue phosphor B is
made to be contained as the phosphor in the second phosphor
layer 42, the blue phosphor B can be contained in the first
phosphor layer 41 and at least one of the green phosphor G
and the red phosphor R can be contained in the second phos-
phor layer 42. However, if the blue phosphor B is made to be
contained in the first phosphor layer 41, a content of the blue
phosphor B is made to be equal to or less than 5 mass % of a
total amount of the phosphors of the respective colors con-
tained in the first phosphor layer 41. Further, if the phosphor
other than the blue phosphor B is made to be contained in the
second phosphor layer 42, a content of the phosphor other
than the blue phosphor B is made to be equal to or less than 5
mass % of a total amount of the phosphors of the respective
colors contained in the second phosphor layer 42.

[0031] By dividing the phosphor layer 40 into two layers,
and sufficiently decreasing the content of the blue phosphor B
in the first phosphor layer 41 being the side nearer to the light
emitting element 20 compared with a conventional content
and sufficiently increasing the content of the blue phosphor B
in the second phosphor layer 42 being the side farther from
the light emitting element 20 compared with a conventional
content, chromaticity change of the white LED 1 can be
suppressed effectively even if a temperature of the white LED
1 rises due to heat generation of the light emitting element 20
after light emission or an external environment.

[0032] Here, FIG. 2 shows temperature change of an exci-
tation spectrum of a red phosphor R (europium-activated
lanthanum oxysulfide of a later-mentioned formula (4); (La,
sssBu, | M 495),0,5, M is Sb). As shown in FIG. 2, upon
temperature rise, an absorption amount near 430 nm to 460
nm where a general peak wavelength of blue light emitted
from a blue phosphor B exists rises. If a blue phosphor B, a
green phosphor G, and a red phosphor R are made mixedly
contained in one phosphor layer as is conventionally done, a
ratio at which the blue light emitted from the blue phosphor B
is absorbed into the red phosphor R increases as the tempera-
ture rises, and as a consequence, the blue light becomes
relatively decreased, whereby chromaticity changes. Con-
cretely, the chromaticity changes in a manner that values x, y
in an XYZ color system of CIE gradually increase as tem-
perature rises.

[0033] Itshouldbenoted that though absorption of the blue
light upon temperature rise is noticeably recognized particu-
larly in a case that the red phosphor R is europium-activated
lanthanum oxysulfide of a later-mentioned formula (4), simi-
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lar absorption of the blue light is also recognized in red
phosphors of other types, and also with regard to the green
phosphor G, absorption of the blue light is recognized though
not as much as in the case of the red phosphor R.

[0034] The phosphor layer 40 is divided into two layers,
and the content of the blue phosphor B in the first phosphor
layer 41 being the side nearer to the light emitting element 20
is decreased and the content of the blue phosphor B in the
second phosphor layer 42 being the side farther from the light
emitting element 20 is increased, whereby the blue light
emitted from the blue phosphor B can emerge from the sec-
ond phosphor layer 42 as it is, so that the amount absorbed
into the green phosphor G or the red phosphor R can be
decreased, and thereby an emerging amount of the blue light
emitted from the blue phosphor B can be maintained even if
temperature rises, and chromaticity change can be sup-
pressed.

[0035] In view of suppressing absorption of the blue light
emitted from the blue phosphor B into the green phosphor G
or the red phosphor R as described above, it is preferable that
the blue phosphor B is not contained in the first phosphor
layer 41, but the first phosphor layer 41 may contain the blue
phosphor B of equal to or less than 5 mass % in relation to a
total amount of the phosphors of the respective colors con-
tained in the first phosphor layer 41. If the content of the blue
phosphor B contained in the first phosphor layer 41 exceeds 5
mass %, a difference from a conventional phosphor layer
becomes small and an amount of the absorption of the blue
light emitted from the blue phosphor B into the green phos-
phor G or the red phosphor R is increased, which is not
preferable.

[0036] A content rate of the green phosphor G and the red
phosphor R in the first phosphor layer 41 is adjusted so that
desired chromaticity of white color can be obtained in a
relationship with the second phosphor layer 42, and it is
preferable that a ratio (content of green phosphor G/content
of red phosphor R; mass ratio) of the content of the green
phosphor G in relation to the content of the red phosphor R is
equal to or larger than 0.05 and equal to or smaller than 0.4,
for example. If the above-described mass ratio is smaller than
0.05 or larger than 0.4, there is a possibility that obtaining
suitable chromaticity of white color as a backlight light
source in a variety of liquid crystal display devices becomes
difficult.

[0037] Further, with regard also to the second phosphor
layer 42, from a similar view point, it is preferable that a
phosphor other than the blue phosphor B, for example, the
green phosphor G or the red phosphor R which absorb blue
light, is not contained, but the second phosphor layer 42 may
contain equal to or less than 5 mass % of phosphor other than
the blue phosphor B in relation to a total amount of the
phosphors of the respective colors contained in the second
phosphor layer 42. If the content of the phosphor other than
the blue phosphor B is equal to or less than 5 mass %, absorp-
tion of the blue light emitted from the blue phosphor B by the
green phosphor G or the red phosphor R can be reduced and
the blue light can be made emerge sufficiently, and as a
consequence, chromaticity change can be efficiently sup-
pressed even in a case that the temperature rises.

[0038] The transparent resin cured products 41s, 42s con-
stituting the first phosphor layer 41 and the second phosphor
layer 42 are made by curing a transparent resin with high
transparency. As the transparent resin used for formation of
the transparent resin cured products 41s, 42s, a transparent
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resin similar to the one used for formation of the transparent
resin cured product 30s in the transparent resin layer 30 can be
used.

[0039] The transparent resin cured product 30s constituting
the transparent resin layer 30 and the transparent resin cured
products 41s, 42s constituting the phosphor layer 40, that is,
the first phosphor layer 41 and the second phosphor layer 42,
can be resins of the same type or can be resins of different
types. Further, the transparent resin cured product 415 con-
stituting the first phosphor layer 41 and the transparent resin
cured product 425 constituting the second phosphor layer 42
can also be resins of the same type or can also be resins of
different types.

[0040] The blue phosphor B made to be contained in the
phosphor layer 40, concretely, in the first phosphor layer 41
and the phosphor layer 42, receives first light of the light
emitting element 20 and emits blue light, the green phosphor
G receives the first light of the light emitting element 20 and
emits green light, and the red phosphor R receives the first
light of the light emitting element 20 and emits red light. As
the blue phosphor B, the green phosphor G, and the red
phosphor R, the following ones can be used, for example.
[0041] <Blue Phosphor B>

[0042] As the blue phosphor B, concretely, a blue phosphor
emitting blue light with a peak wavelength of 430 nm to 460
nm is used. As the blue phosphor, a blue phosphor having a
composition represented by formulas (1) or (2) shown below,
for example, is used.

{Sr l-x-y-zBa'xcayEuz)IO(PO4)6XZ o

(In the formula, x, y, and z are values fulfilling 0=x<0.2,
0=y<0.1,0.005<z<0.1, and X is at least one element selected
from F, Cl and Br.)

[0043] In the formula (1), x and y within ranges described
above, with which a wavelength of light from the blue phos-
phor is suitable for a backlight purpose, are preferable. Fur-
ther, as x and y each become larger in the above-described
range, a light emitting component of a long wavelength of
light from the blue phosphor increases. On the other hand, as
x and y each become smaller within the above-described
range, a spectrum width of the light from the blue phosphor is
narrowed, becoming more suitable for the backlight purpose.
Further, z within the above-described range, with which a
light emission efficiency of the blue phosphor becomes
higher, is preferable.

(Bal-x-y-zsrxcayEuz)MgAlloo17 o))

(In the formula, x, y, and z are values fulfilling 0=x<0.5,
0=y<0.1, 0.15<z<0.4.)

[0044] In the formula (2), x and y within ranges described
above, with which a wavelength of light from the blue phos-
phor is suitable for a backlight purpose, are preferable. Fur-
ther, as x and y each become larger in the above-described
range, a light emitting component of a long wavelength of
light from the blue phosphor slightly increases. Further, z
within the above-described range, with which a light emis-
sion efficiency of the blue phosphor becomes higher, is pref-
erable.

[0045] <Green Phosphor G>

[0046] As the green phosphor G, concretely, a green phos-
phor emitting green light with a peak wavelength of 490 nm
to 575 nm is used. As the green phosphor, a green phosphor
made of europium/manganese-activated aluminate having a
composition represented by formula (3) shown below, for
example, is used.

(Bal—x—y—zsrxcayEuz)(Mgl—uMnu)Al 10017 ©)

(In the formula, x, y, z and u are values fulfilling 0=x<0.5,
0=y<0.1, 0.15<z<0.4, 0.25<u<0.6.)
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[0047] 1In the formula (3), z and u within ranges described
above, by which a light emission efficiency of the green
phosphor is high, are preferable. Further, x and y within the
above-described range, with which a balance between an
operating life and a luminance of the green phosphor is good,
are preferable. If x is equal to or larger than 0.5, there is a
possibility that an operating life of a green phosphor is dete-
riorated.

[0048] <Red Phosphor R>

[0049] As the red phosphor R, concretely, a red phosphor
emitting red light with a peak wavelength of 620 nm to 780
nm is used. As the red phosphor, europium-activated lantha-
num oxysulfide having a composition represented by a for-
mula (4) shown below, for example, is used.

(L) Bu,M, 1,058 (C)

(In the formula, M is at least one element selected from Sb,
Sm, Ga and Sn, and x and y are values fulfilling 0.08=x<0.17,
0=y<0.003.)

[0050] In the formula (4), M being at least one type of
element chosen from Sb, Sm, Ga and Sn, with which a light
emission efficiency of the red phosphor is high, is preferable.
Further, x and y within above-described ranges, with which a
wavelength of light from the red phosphor is suitable for a
backlight purpose, are preferable.

[0051] The content of the phosphor in the first phosphor
layer 41 is not necessarily limited, butis preferable to be equal
to or more than 30 mass % and equal to or less than 80 mass
% in a total amount of the transparent resin cured product 41s
and the phosphor which constitute the first phosphor layer41.
It should be noted that the phosphor here means a total of the
blue phosphor B, the green phosphor G, and the red phosphor

[0052] If the content of the phosphor in the first phosphor
layer 41 is within such a range, a balance between light
emitting efficiencies of the first phosphor layer 41 and the
second phosphor layer 42 becomes appropriate and formation
of the first phosphor layer 41 becomes easy. In other words, if
the content of the phosphor in the first phosphor layer 41 is
less than 30 mass %, first light penetrating the first phosphor
layer 41 increases excessively, thereby deteriorating a light
emission efficiency, and if the content of the phosphor in the
first phosphor layer 41 exceeds 80 mass %, first light pen-
etrating the first phosphor layer 41 decreases excessively,
thereby deteriorating a light emission efficiency of the second
phosphor layer 42, and formation of the first phosphor layer
41 is made difficult due to an excessively large content of the
phosphor.

[0053] Further, the content of the phosphor in the second
phosphor layer 42 is not necessarily limited either, but is
preferable to be equal to or more than 30 mass % and equal to
or less than 80 mass % in a total amount of the transparent
resin cured product 42s and the phosphor which constitute the
second phosphor layer 42. It should be noted that the phos-
phor here also means a total of the blue phosphor B, the green
phosphor G, and the red phosphor R.

[0054] If the content of the phosphor in the second phos-
phor layer 42 is within such a range, a balance between light
emission efficiencies of the first phosphor layer 41 and the
second phosphor layer 42 becomes appropriate and formation
of the second phosphor layer 42 becomes easy. In other
words, if the content of the phosphor in the second phosphor
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layer 42 is less than 30 mass %, the light emission efficiency
of the second phosphor layer 42 is lowered, and if the content
of the phosphor in the first phosphor layer 41 exceeds 80 mass
%, formation of the second phosphor layer 42 becomes dif-
ficult due to an excessively large content of the phosphor.
[0055] With regard to the first phosphor layer 41 and the
second phosphor layer 42, when, in an upper surface side of
the light emitting element 20, a thickness of the first phosphor
layer 41 is represented by T, and a thickness of the second
phosphor layer 42 is represented by T, it is preferable that
T,/T, is equal to or larger than 1 and equal to or smaller than
3. If T,/T, is smaller than 1, the thickness T, of the second
phosphor layer 42 is too thin in relation to the thickness T, of
the first phosphor layer 41, whereby blue light emerging from
the second phosphor layer 42 is relatively decreased, while if
T,/T, exceeds 3, the thickness T, of the second phosphor
layer 42 is too thick in relation to the thickness T, of the first
phosphor layer 41, whereby blue light emerging from the
second phosphor layer 42 is relatively increased, and both
cases, in which desired chromaticity of white color is difficult
to be obtained, are not preferable.

[0056] Further, when, in a side surface side of the light
emitting element 20, a thickness of the first phosphor layer 41
is represented by S, and a thickness of the second phosphor
layer 42 is represented by S,, it is preferable that S,/S; is
equal to or larger than 1 and equal to or smaller than 3. In other
words, similarly to in the upper surface side of the light
emitting element 20, if S,/S, is less than 1, the thickness S, of
the second phosphor layer is too thin in relation to the thick-
ness S, of the first phosphor layer 41, whereby blue light
emerging from the second phosphor layer 42 is relatively
decreased, while if S,/S, exceeds 3, the thickness S, of the
second phosphor layer 42 is too thick in relation to the thick-
ness S; of the first phosphor layer 41, whereby blue light
emerging from the second phosphor layer 42 is relatively
increased, and both cases, in which desired chromaticity of
white color is difficult to be obtained, are not preferable.
[0057] It should be noted that, with regard to the thick-
nesses T, and S, of the first phosphor layer 41 and the thick-
nesses T, and S, of the second phosphor layer 42, it is pref-
erable that, for example, T, is equal to or larger than 1000 pm
and equal to or smaller than 3000 pm, S, is equal to or larger
than 1000 pm and equal to or smaller than 3000 um, T, is
equal to or larger than 1000 pm and equal to or smaller than
9000 pm, and S, is equal to or larger than 1000 pm and equal
to or smaller than 9000 pm, within a range fulfilling the
above-described ratio of thicknesses. The thicknesses T, S,
of the first phosphor layer 41 and the thicknesses T,, S, of the
second phosphor layer 42 deviating from such a range, which
leads to an insufficient luminance of the white LED D1 and so
on, are not preferable.

[0058] Next, a method for manufacturing a white LED 1
will be described. First, before formation of a phosphor layer
40, a light emitting element 20 is mounted to a substrate 10 on
which a front surface side electrode 12 and a rear surface side
electrode 13 are formed. Then, after an angular tube mold
(mold for transparent resin layer formation) whose cross sec-
tion is rectangular is provided and the angular tube mold is
disposed in a manner to surround the light emitting element
20 and a bonding wire 25 on the substrate 10, a transparent
resin is poured into the angular tube mold and cured by a heat
processing, whereby a transparent resin layer 30 is formed. It
should be noted that the angular tube mold is removed after
the transparent resin layer 30 is formed.
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[0059] Separately from the above, a green phosphor G and
a red phosphor R are mixed with a transparent resin, and a
blue phosphor B is mixed as necessary, thereby to prepare a
first phosphor slurry. A content of the blue phosphor B in an
entire phosphor in the first phosphor slurry is equal to or less
than 5 mass % and it is preferable that the blue phosphor B is
not contained at all, and a content of the entire phosphor in the
first phosphor slurry, that is, a content of the entire phosphor
in a total amount of the transparent resin and the entire phos-
phor is equal to or more than 30 mass % and equal to or less
than 80 mass %.

[0060] The first phosphor slurry as above can be prepared,
for example, by mixing a green phosphor G and a red phos-
phor R, and a blue phosphor B as necessary, with a transparent
resin individually thereby to prepare phosphor slurries of
respective colors and thereafter further mixing such a plural-
ity of phosphor slurries, or can be prepared, for example, by
mixing a green phosphor G and a red phosphor R, and a blue
phosphor B as necessary in advance thereby to make a phos-
phor mixture and thereafter mixing the phosphor mixture
with a transparent resin.

[0061] Further, an angular tube mold (mold for first phos-
phor layer formation) whose cross section is rectangular is
provided and the angular tube mold is disposed in a manner to
surround the previously formed transparent resin layer 30 on
the substrate 10 and thereafter the first phosphor slurry is
poured into the angular tube mold and cured by a heat pro-
cessing, whereby a first phosphor layer 41 is formed. It should
be noted that this angular tube mold is also removed after the
first phosphor layer 41 is formed.

[0062] Further, separately from the above, a blue phosphor
B is mixed with a transparent resin, and a green phosphor G or
ared phosphor R is mixed as necessary, thereby to prepare a
second phosphor slurry. A content of the phosphor other than
the blue phosphor B in an entire phosphor in the second
phosphor slurry is equal to or less than 5 mass % and it is
preferable that the phosphor other than the blue phosphor B is
not contained at all, and a content of the entire phosphor in the
second phosphor slurry, that is, a content of the entire phos-
phor in a total amount of the transparent resin and the entire
phosphor is equal to or more than 30 mass % and equal to or
less than 80 mass %.

[0063] The second phosphor slurry as above can be pre-
pared, for example, by mixing a blue phosphor B with a
transparent resin. Further, when making a green phosphor G
or a red phosphor R contained together with the blue phos-
phor B in the second phosphor slurry, the second phosphor
slurry can be prepared, for example, by mixing the blue
phosphor B, the green phosphor G, and the red phosphor R
with a transparent resin individually, thereby to prepare phos-
phor slurries of the phosphors of respective colors and there-
after further mixing such a plurality of phosphor slurries, or
can be prepared, for example, by mixing the blue phosphor B,
the green phosphor G, and the red phosphor R in advance
thereby to make a phosphor mixture and thereafter mixing the
phosphor mixture with a transparent resin.

[0064] Then, an angular tube mold (mold for second phos-
phor layer formation) whose cross section is rectangular is
provided and the angular tube mold is disposed in a manner to
surround the previously formed first phosphor layer 41 on the
substrate 10, and thereafter the second phosphor slurry is
poured into the angular tube mold and cured by a heat pro-
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cessing, whereby a second phosphor layer 42 is formed, the
angular tube mold being removed, and a white LED 1 is
obtained.

[0065] According to the above-described method for
manufacturing, it is possible to form a first phosphor layer 41
in which a content of a blue phosphor B in an entire phosphor
is equal to or less than 5 mass %, preferably in which no blue
phosphor B is contained, in a side nearer to a light emitting
element 20, and to form a second phosphor layer 42 in which
a content of a phosphor other than the blue phosphor B in the
entire phosphor is equal to or less than 5 mass %, preferably
in which no phosphor other than the blue phosphor B is
contained, in a side farther from the light emitting element 20,
whereby a white LED 1 suppressing chromaticity change due
to temperature rise can be manufactured.

[0066] FIG. 3 is a cross-sectional view showing another
embodiment of a white LED 1. As shown in FIG. 3, the white
LED 1 may include a cylindrical frame part 50 constituted by
aresin or the like, in which a light emitting element 20 may be
disposed and a first phosphor layer 41 and a second phosphor
layer 42 as a phosphor layer 40 may be disposed in a manner
to cover the light emitting element 20. Further, on an inner
surface of the frame part 50, for example, a light emitting
element 20 or a reflection layer 51 reflecting emission from
phosphors (B, G, R) may be formed.

[0067] With regard also to the white LED 1 as above, basic
constitutions of the light emitting element 20 and the phos-
phor layer 40 (first phosphor layer 41, second phosphor layer
42) can be the same as the constitutions in the white LED 1
shown in FIG. 1, and by using such constitutions, a similar
effect, that is, an effect of suppressing chromaticity change
due to temperature rise can be obtained.

[0068] It should be noted that in the white LED 1 shown in
FIG. 3 athickness T, of the first phosphor layer 41 is a length
from a surface of a substrate 10 on which the light emitting
element 20 is mounted to a boundary surface between the first
phosphor layer 41 and the second phosphor layer 42, and a
thickness T, of the second phosphor layer 42 is a length from
the boundary surface between the first phosphor layer 41 and
the second phosphor layer 42 to a surface of the second
phosphor layer 42. It should be noted that if the surface of the
second phosphor layer is recessed, a length to the most
recessed portion is regarded as the length. Further, with
regard to the thickness T, of the first phosphor layer 41 and the
thickness T, of the second phosphor layer 42 as above, it is
preferable that, for example, T, is equal to or larger than 300
um and equal to or smaller than 700 wm and that T, is equal to
or larger than 300 um and equal to or smaller than 2100 pm,
within a range fulfilling the predetermined ratio of thick-
nesses having been already explained.

[0069] A plurality of the white LED 1 can be disposed
linearly or surfacely and used as a light source of a backlight.
Further, such backlights can be suitably used as light sources
of a variety of liquid crystal display devices such as small
screens of a cellular phone, a car navigation system, and a
mobile communication device, and medium/large screens of
a personal computer or TV and so on.

[0070] FIG.4isacross-sectional view schematically show-
ing a backlight 100 using a white LED 1 and a liquid crystal
display device 200 using the backlight 100. The backlight 100
is a direct-type backlight and is constituted, for example, by a
substrate 101 and a plurality of white LEDs 1 arranged in a
plane direction on the substrate 101. Further, theliquid crystal
display device 200 has, for example, an optical sheet part 201
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provided in a manner to cover a light emitting surface side of
such a backlight 100 and a liquid crystal panel 202 provided
in amanner to cover an outer side ofthe optical sheet part 201.
[0071] The optical sheet part 201 is constituted, for
example, by a pair of diffusion sheets 201a, 2015 and a prism
sheet 201¢ sandwiched by the pair of diffusion sheets 201a,
201, and is fixed to the backlight 100 by means of an inner
frame part 203 constituted by a resin, a metal or the like.
[0072] Further, the liquid crystal panel 202 is formed in a
manner that an array substrate and a color filter substrate each
having a transparent electrode formed thereon and being a
glass plate are disposed in a manner to face to each other
between, for example, two polarizing plates and liquid crystal
is injected between the array substrate and the color filter
substrate, thereby constituting a liquid crystal layer, and blue
(B), green (G), and red (R) color filters corresponding to each
pixel are formed on the color filter substrate. Such a liquid
crystal panel 202 is fixed to the backlight 100 in a manner to
cover the optical sheet part 201 by means of an external frame
part 204 constituted by a resin or a metal.

[0073] Hereinabove, the backlight and the liquid crystal
display device are described, but the backlight is not limited
in a form as long as the backlight is one to which the white
LED s applied, and can be the direct-type backlight as shown
in FIG. 4 or can be a sidelight-type backlight, which is not
shown. Further, the liquid crystal display device is not limited
in a form as long as the backlight is applied thereto, and can
be one to which the direct-type backlight as shown in FIG. 4
is applied or can be one to which a sidelight-type backlight is
applied, which is not shown.

Example 1

[0074] An ultraviolet-light light emitting diode with a light
emission peak wavelength of 400 nm as a light emitting
element is mounted on a substrate and a mold for transparent
resin layer formation is disposed in a manner to surround the
ultraviolet-light light emitting diode, and a silicone resin is
poured into the mold for transparent resin layer formation and
cured by being left for thirty minute at a temperature of 150°
C., whereby a transparent resin layer is formed.

[0075] Separately from the above, a green phosphor and a
red phosphor are mixed with a silicone resin, thereby to
prepare a first phosphor slurry. With regard to the first phos-
phor slurry, a mass ratio of the green phosphor and the red
phosphor is made to be 16:84, and a total content of the green
phosphor and the red phosphor in the first phosphor slurry is
made to be 60 mass %. Then, a mold for first phosphor layer
formation is disposed in a manner to surround the previously
formed transparent resin layer, the first phosphor slurry is
poured into the mold for first phosphor layer formation and
cured by being left for thirty minutes at a temperature of 150°
C., whereby a first phosphor layer is formed.

[0076] Further, separately from the above, a second phos-
phor slurry is prepared by mixing a blue phosphor with a
silicone resin. With regard to the second phosphor slurry, a
content of the blue phosphor is made to be 50 mass %. Then,
a mold for second phosphor layer formation is disposed in a
manner to surround the previously formed first phosphor
layer, and the second phosphor slurry is poured into the mold
for second phosphor layer formation and cured by being left
for thirty minutes at a temperature of 150° C., whereby a
second phosphor layer is formed, and a white LED as shown
in FIG. 1 1s manufactured.



US 2011/0128466 Al

[0077] 1t should be noted that as the blue phosphor, the
green phosphor, and the red phosphor, the following phos-
phors are used.

<Blue Phosphor>
[0078]

(Sto.0Bag 04Cag 01EU0.05)10(PO4)¢ Cl (average partticle
size: 16 pm)

<Green Phosphor>
[0079]

{Bag 7510.015C 2 005EU0.28) (M8 65M1g,36) Al 1O 17
(average particle size: 18 um)

<Red Phosphor>
[0080]

{Lag gogFllo, 1 Mg.002)20-S (M is Sm, average particle
size: 22 pm)

[0081] Further, a thickness T, of the first phosphor layer in
anupper surface side of the light emitting element is 2000 um,
a thickness T, of the second phosphor layer is 4000 pm, and
T,/T, is 2, while a thickness S, of the first phosphor layer in
a side surface side of the light emitting element is 2000 pm, a
thickness S, of the second phosphor layer is 4000 pum, and
S,/8,is 2.

Comparative Example 1

[0082] An ultraviolet-light light emitting diode with a light
emission peak wavelength of 400 nm as a light emitting
element is mounted on a substrate and a mold for transparent
resin layer formation is disposed in a manner to surround the
ultraviolet-light light emitting diode, and a silicone resin is
poured into the mold for transparent resin layer formation and
cured by being left for thirty minute at a temperature of 150°
C., whereby a transparent resin layer is formed.

[0083] Separately from the above, a blue phosphor, a green
phosphor, and a red phosphor which are similar to the ones
used in the working example 1 are mixed witha silicone resin,
thereby to prepare a three-color phosphor slurry. With regard
to the three-color phosphor slurry, a mass ratio of the blue
phosphor, the green phosphor, and the red phosphor is made
to be 23:11:66, and a total content of the phosphors of three
colors in the three-color phosphor slurry is made to be 70
mass %. Then, a mold for phosphor layer formation is dis-
posed in a manner to surround the previously formed trans-
parent resin layer, the three-color phosphor slurry is poured
into the mold for phosphor layer formation and cured by
being left for thirty minutes at a temperature of 150° C,,
whereby a three-color phosphor layer is formed, and a white
LED is manufactured.

[0084] A cross-sectional view of the white LED manufac-
tured as above is shown in FIG. 5. As shown in FIG. 5, in the
white LED 1 a three-color phosphor layer 60 is formed in a
manner to cover a transparent resin layer 30, and the three-
color phosphor layer 60 mixedly contains a blue phosphor B,
a green phosphor G, and a red phosphor R in a transparent
resin cured product 60s. Further, in the white LED 1, a thick-
ness T of the three-color phosphor layer 60 in a front surface
side of a light emitting element 20 is 6000 pum while a thick-
ness S of the three-color phosphor layer 60 in a side surface
side 1s 6000 pm.
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[0085] Next, for white LEDs of the working example 1 and
the comparative example 1 which have been manufactured as
above, an instantaneous multiple photometry system MCPD-
3700 of Otsuka Flectronics Co., Ltd. is used, and chromatic-
ity is measured at a current of 20 mA in a room temperature
(25°C.). As aresult, in the white LED of the working example
1, x in an XYZ color system of CIE is 0.297 and y is 0.262.
Further, in the white LED of the comparative example 1, x in
a similar XYZ color system of CIE 15 0.298 and y is 0.257. It
should be noted that hereinafter in an XYZ color system of
CIE at 25° C. x is indicated as x,5, and y is indicated as ys.
[0086] Thereafter, in a state that the white LEDs of the
working example 1 and the comparative example 1 are heated
to 100° C., chromaticity is measured in a like manner. In the
XYZ color system of CIE at 100° C., x is indicated as X, o, ¥
is indicated as y . Then, as indices for evaluating deviation
(change) in chromaticity at a time when temperatures of the
white LEDs of the working example 1 and the comparative
example 1 are risen from the room temperature to 100° C.,
there are obtained Ax, Ay being differences between x, , or
V10010 the XYZ color system of CIE at 100° C. and X,5 0ry,5
in the XYZ color system of CIE at the room temperature. It
should be noted that Ax, Ay are represented by the following
formulas. Results will be shown in Table 1.

Ax=x160-%75
Ay=y100-%25
TABLE 1
Ax Ay
EXAMPLE 1 0.012 0.004
COMPARATIVE EXAMPLE 1 0.040 0.031
[0087] As is obvious from Table 1, in the white LED of the

working example 1 in which the phosphor layer is divided
into two layers, the first phosphor layer in which the green
phosphor and the red phosphor are contained and the blue
phosphor is not contained is disposed in a side nearer to the
light emitting element and the second phosphor layer in
which the blue phosphor is made to be contained and neither
the green phosphor nor red phosphor is made to be contained
is disposed in a side farther from the light emitting element,
increase of Ax, Ay upon temperature rise is suppressed com-
pared with the white LED of the comparative example 1 in
which the blue phosphor, the green phosphor, and the red
phosphor are made to be contained in the same phosphor
layer, and it is found that deviation in chromaticity is effec-
tively suppressed.

[0088] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
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What is claimed is:

1. A white LED, comprising:

a light emitting element with a light emission peak wave-
length equal to or longer than 380 nm and equal to or
shorter than 420 nm; and

a phosphor layer containing three or more types of phos-
phors including at least a blue phosphor, a green phos-
phor, and a red phosphor,

wherein the phosphor layer has a first phosphor layer and a
second phosphor layer disposed in an opposite side of a
side of the light emitting element of the first phosphor
layer;

wherein, in the first phosphor layer, a content of the blue
phosphor in an entire phosphor contained in the first
phosphor layer is equal to or less than 5 mass %, or the
blue phosphor is not contained; and

wherein, in the second phosphor layer, a content of phos-
phor other than the blue phosphor in an entire phosphor
contained in the second phosphor layer is equal to or less
than 5 mass, or no phosphor other than the blue phosphor
is contained.

2. The white LED as set forth in claim 1,

wherein the first phosphor layer contains the green phos-
phor and the red phosphor and does not contain the blue
phosphor, and the second phosphor layer contains the
blue phosphor and does not contain the green phosphor
nor the red phosphor.

3. The white LED as set forth in claim 1,

wherein the blue phosphor is an europium-activated halo-
phosphate phosphor represented by a general formula
(1) shown below or an europium-activated aluminate
phosphor represented by a general formula (2) shown
below, the green phosphor is an europium/manganese-
activated aluminate phosphor represented by a general
formula (3) shown below, and the red phosphor is an
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europium-activated lanthanum oxysulfide phosphor
represented by a general formula (4) shown below.
<Blue Phosphor>
(Sr LB a‘xca}Euz) 10(PO4)6X;5 M

(In the formula, %, y, and z are values fulfilling 0=x<0.2,
0=y<0.1, 0.005<z<0.1, and X is at least one element
selected from F, Cl and Br.)

(Ba .51, Ca Fu )MgAl 0, @

(In the formula, X, y, and z are values fulfilling 0=x<0.5,
0=y<0.1, 0.15<z<04.)
<Green Phosphor>

(Balfx—yfzsrxcayEuz) (Mg, . Mn, )AL 0,5 3

(In the formula, x, y, z and u are values fulfilling 0=x<0.5,
0=y<0.1, 0.15<z<0 4, 0.25<u<0.6.)
<Red Phosphor>

(Lay,, Fu,M,),058 4)

(In the formula, M is at least one element selected from Sb,
Sm, Ga and Sn, and x and y are values fulfilling
0.08<x<0.17, 0=y<0.003.)

4. The white LED as set forth in claim 1,

wherein the light emission peak wavelength of the light
emitting element is equal to or longer than 390 nm and
equal to or shorter than 410 nm.

5. A backlight, comprising:

a plurality of the white LEDs as set forth in claim 1; and

a substrate to which the plurality of white LEDs are
mounted.

6. A liquid crystal display device, comprising:

abacklight comprising a plurality of the white LEDs as set
forth in claim 1, and a substrate to which the white LEDs
are mounted; and

a liquid crystal panel disposed in a light emitting surface
side of the backlight.
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