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Description

Technical Field

[0001] The embodiment relates to phosphor, coating phosphor composition, a method for preparing the phosphor,
and a light emitting device.

Background Art

[0002] Recently, gallium nitride (GaN)-based white light emitting diode (LED) is actively developed and manufactured
throughout the world. In such a GaN-based white LED, blue, green, and red LED chips are simultaneously lightened
and then the brightness of the LED chips is adjusted such that variable coloring mixing can be achieved, thereby
expressing a white color, or blue and yellow (or orange) LED chips are simultaneously lightened while adjusting the
brightness thereof.
[0003] However, in the above two multiple chip-type white LED manufacturing methods, the LED chips have different
operational voltages, and color coordinates are changed depending on the output of the LED chips which may be vary
according to the ambient temperature.
[0004] As another method, phosphor may be coated on a blue or a near-UV(ultra violet) LED chip to fabricate a white
LED.
[0005] In the above method for manufacturing the white LED by coating phosphor, the manufacturing process is more
simple and economical, and a light source having a desired color is more simply manufactured through the variable
color mixing of three colors using blue, green, and red phosphor, as compared with that of the multiple chip-type white
LED manufacturing methods.
[0006] However, in the phosphor coating method, the primary light emitted from a light emitting device is changed into
the secondary light through phosphor, so that the light source using phosphor may have brightness, a correlated color
temperature (CCT), and a color rendering index (CRI) varied according to the performance and the application scheme
of the phosphor.
[0007] Recently, most white LEDs have been manufactured according to the combination of (In)GaN LEDs emitting
blue light having a wavelength of about 460nm and yttrium aluminum garnet (YAG) Ce3+ phosphor emitting yellow light.
[0008] However, since conventional the (In)GaN LEDs emits blue excitation light having a narrow band, the develop-
ment of light emitting devices expressing various colors is difficult, and white light may be seriously changed according
to the wavelength of blue light. In addition, light emitting efficiency may be excessively lowered in UV excitation light.

Disclosure of Invention

Technical Problem

[0009] Embodiments of the present invention provide new phosphor, phosphor composition, a method for preparing
the phosphor, and a light emitting device using the phosphor.
[0010] Embodiments of the present invention provide phosphor, phosphor composition and a light emitting device
using the same, and a method for preparing the phosphor, capable of expressing various colors, with a high color
temperature and a high CRI.

Technical Solution

[0011] According to an embodiment of the present invention, a silicate-based phosphor is expressed in a chemical
formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu, wherein M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb
or Lu, in which 0<x≤3.95,0<y≤1,0≤z<3.95, x+y+z<4,0<a<2, and 0<b<1.
[0012] According to an embodiment of the present invention, a phosphor is obtained by mixing a silicate-based first
phosphor, which is expressed in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (M is at
least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0 < x≤3.95, 0 < y≤1, 0≤z < 3.95, x+y+z < 4, 0 < a < 2, and 0 < b < 1), with
a garnet-based phosphor.
[0013] According to an embodiment of the present invention, a phosphor is obtained by mixing a silicate-based first
phosphor, which is expressed in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)-bM2O3: yEu(M is at
least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0<x≤3.95, 0<y≤1, 0≤z<3.95, x+y+z<4, 0 < a < 2, and 0 < b < 1), with a
nitride-based phosphor.
[0014] According to an embodiment of the present invention, a phosphor is obtained by mixing a silicate-based first
phosphor, which is expressed in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)-bM2O3: yEu (M is at
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least one of Y, Ce, La, Nd, Gd, Tb, Yb, or Lu, 0 < x≤3.95, 0 <y≤ 1, 0≤z < 3.95, x+y+z < 4, 0 < a < 2, and 0<b< 1), with
a sulfide-based phosphor.
[0015] According to an embodiment of the present invention, a coating phosphor composition comprises transparent
resin and a silicate-based phosphor expressed in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 :
yEu (M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb, or Lu, 0 < x≤3.95, 0 < y≤1, 0≤z< 3.95, x+y+z<4, 0<a<2, and 0<b< 1).
[0016] According to an embodiment of the present invention, a method for preparing a silicate-based phosphor com-
prises the steps of (a) mixing an oxide, nitride, or carbonate of alkaline earth metal including Ba, SiO2, an oxide, nitride,
or halide of rare earth metal, and an oxide or halide of Eu which is employed as an activator with each other in a NH4F,
BAF2, CAF2, or MGF solvent which is employed as a flux, (b) drying the mixture under a temperature in the range of
50°C to 150°C for three minutes to 24 hours, (c) thermally treats the resultant under a reduction atmosphere having a
temperature in the range of 800°C to 1500°C for one hour to 48 hours, (d) obtaining phosphor particles having a
predetermined size by pulverizing and distributing an obtained phosphor, and (e) removing a non-reactive material by
washing the phosphor particles using a solvent.
[0017] According to an embodiment of the present invention, a light emitting device comprises a light emitting diode
chip that emits light having a light emitting peak wavelength in a range of 430nm to 480nm, a substrate that electrically
connects to the light emitting diode chip, a molding member used to mold the light emitting diode chip, and a phosphor
that is entirely or partially dispersed in the molding member, wherein the phosphor is a silicate-based phosphor expressed
in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu(M is at least one of Y, Ce, La, Nd, Gd,
Tb, Yb or Lu, 0<x≤3.95, 0<y≤1, 0≤z<3.95, x+y+z<4, 0<a<2, and 0<b<1).
[0018] According to an embodiment of the present invention, a light emitting device comprises a light emitting diode
chip that emits light having a light emitting peak wavelength in a range of 430nm to 480nm, a substrate that electrically
connects to the light emitting diode chip, a molding member used to mold the light emitting diode chip, and a phosphor
that is entirely or partially dispersed in the molding member, wherein the phosphor comprises a silicate-based first
phosphor, which is expressed in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu (M is at
least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0 < x≤3.95, 0 < y≤1, 0≤z < 3.95, x+y+z<4, 0 < a <2, and 0<b<1), and a
garnet-based second phosphor.
[0019] According to an embodiment of the present invention, a light emitting device comprises a light emitting diode
chip that emits light having a light emitting peak wavelength in a range of 430nm to 480nm, a substrate that electrically
connects to the light emitting diode chip, a molding member used to mold the light emitting diode chip, and a phosphor
that is entirely or partially dispersed in the molding member, wherein the phosphor comprises a silicate-based first
phosphor, which is expressed in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)-bM2O3: yEu(M is at
least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0 < x≤3.95, 0 < y≤1, 0≤z< 3.95, x+y+z < 4, 0 < a < 2, and 0 < b < 1), and
a nitride-based second phosphor.
[0020] According to an embodiment of the present invention, a light emitting device comprises a light emitting diode
chip that emits light having a light emitting peak wavelength in a range of 430nm to 480nm, a substrate that electrically
connects to the light emitting diode chip, a molding member used to mold the light emitting diode chip, and a phosphor
that is entirely or partially dispersed in the molding member, wherein the phosphor comprises a silicate-based first
phosphor, which is expressed in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (M is at
least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0 < x≤3.95, 0 < y≤1, 0≤z < 3.95, x+y+z<4,0<a<2, and 0<b<1), and a sulfide-
based second phosphor.

Advantageous Effects

[0021] Phosphor, phosphor composition, and a light emitting device according to an embodiment of the present in-
vention can express various colors with a high color temperature or a high color rendering index.

Brief Description of the Drawings

[0022] FIG. 1 is a view showing the structure of a light emitting device;
[0023] FIG. 2 is a view showing another structure of the light emitting device according to another embodiment;
[0024] FIG. 3 is a graph showing the comparison of the light emitting characteristic of the secondary light of conventional
YAG:Ce3+ phosphor and the light emitting characteristic of the secondary light of yellow phosphor according to an
embodiment of the present invention;
[0025] FIG. 4 is a graph showing the comparison of a light emitting device manufactured using yellow phosphor of
the first phosphor according to an embodiment of the present invention and a light emitting device manufactured using
conventional YAG phosphor in view of light emission spectrum;
[0026] FIG. 5 is a graph showing the variation of the light emitting characteristic of the secondary light depending on
the change of the contents of Ca and Ba in yellow phosphor of the first phosphor according to an embodiment of the
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present invention;
[0027] FIG. 6 is a graph showing the light emission spectrum of a light emitting device including green phosphor of
the first phosphor according to the embodiment;
[0028] FIG. 7 is a graph showing the variation of the light emission spectrum of the secondary light of a light emitting
device according to the variation of the content of Ba in green phosphor of the first phosphor according to an embodiment
of the present invention;
[0029] FIG. 8 is a graph showing the light emission spectrum of a light emitting device including orange phosphor of
the first phosphor according to an embodiment of the present invention;
[0030] FIG. 9 is a graph showing the light emission spectrum of a light emitting device according to the mixture ratio
of yellow phosphor and green phosphor according to an embodiment of the present invention;
[0031] FIG. 10 is a graph showing the variation of a light emission spectrum of the secondary light emitted from a light
emitting device according to the increase of the mixture ratio of green phosphor to yellow phosphor according to an
embodiment of the present invention;
[0032] FIG. 11 is a graph showing the light emission spectrum of a light emitting device including the mixture of yellow
phosphor and orange phosphor according to an embodiment of the present invention;
[0033] FIG. 12 is a graph showing the light emission spectrum of the light emitting device including the mixture of
green phosphor and orange phosphor according to an embodiment of the present invention;
[0034] FIG. 13 is a graph showing the light emission spectrum of a light emitting device including the mixture of yellow
phosphor, green phosphor, and orange phosphor according to an embodiment of the present invention;
[0035] FIG. 14 is a graph showing a light emitting spectrum of a light emitting device including the garnet-based second
phosphor according to an embodiment of the present invention;
[0036] FIG. 15 is a graph showing the light emitting spectrum of the light emitting device including the mixture of
orange phosphor and garnet-based phosphor according to an embodiment of the present invention;
[0037] FIG. 16 is a graph showing the light emitting spectrum of a light emitting device including the nitride-based
second phosphor according to an embodiment of the present invention;
[0038] FIG. 17 is a graph showing the measurement result of the light emitting spectrum of a light emitting device
manufactured using the mixture of yellow phosphor of the first phosphor and the second phosphor according to an
embodiment of the present invention;
[0039] FIG. 18 is a graph showing the measurement result of the light emitting spectrum of a light emitting device
manufactured using the mixture of green phosphor of the first phosphor and the second phosphor according to an
embodiment of the present invention;
[0040] FIG. 19 is a graph showing the measurement result of the light emitting spectrum of a light emitting device
manufactured using the mixture of yellow phosphor and the green phosphor of the first phosphor and the second phosphor
according to an embodiment of the present invention;
[0041] FIG. 20 is a graph showing the light emitting spectrum of a light emitting device including the sulfide-based
second phosphor according to an embodiment of the present invention;
[0042] FIG. 21 is a graph showing the measurement result of the light emitting spectrum of a light emitting device
manufactured using the mixture of yellow phosphor of the first phosphor and the second phosphor according to an
embodiment of the present invention;
[0043] FIG. 22 is a graph showing the measurement result of the light emitting spectrum of a light emitting device
manufactured using the mixture of green phosphor of the first phosphor and the second phosphor according to an
embodiment of the present invention; and
[0044] FIG. 23 is a graph showing the measurement result of the light emitting spectrum of a light emitting device
manufactured using the mixture of yellow phosphor and green phosphor of the first phosphor and the second phosphor
according to an embodiment of the present invention.

Mode for the Invention

[0045] Hereinafter, phosphor, phosphor composition, a light emitting diode, and a method for manufacturing the phos-
phor according to an embodiment of the present invention will be described with respect to accompanying drawings in
detail.
[0046] FIG. 1 is a view showing the structure of a light emitting device.
[0047] Referring to FIG. 1, the light emitting device includes an InGaN-based light emitting diode (LED) chip 110, a
substrate 120, two lead frames 130, a wire 140, a molding member 150, and a phosphor 151. The InGaN-based LED
chip 110 emits light having a light emitting peak wavelength in the range of 430nm to 480nm. The substrate 120 reflects
light, which is emitted from the InGaN-based LED chip 110, upward while supporting the InGaN-based LED chip 110.
The two lead frames 130 provide power to the InGaN-based LED chip 110 and are electrically insulated from each other.
The wire 140 electrically connects the InGaN-based LED chip 110 to the two lead frames 130. The molding member
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150 includes colorless or colored light permeable resin to mold the InGaN-based LED chip 110. The phosphor 151 is
entirely or partially dispersed in the molding member 150.
[0048] FIG. 2 is a view showing another structure of the light emitting device.
[0049] Referring to FIG. 2, the light emitting device includes an InGaN-based light emitting diode (LED) chip 110, a
substrate 120, two lead frames 130, a wire 140, a molding member 150, and a phosphor 151. The InGaN-based LED
chip 110 emits light having a light emitting peak wavelength in the range of 430nm to 480nm. The substrate 120 reflects
light, which is emitted from the InGaN-based LED chip 110, upward while supporting the InGaN-based LED chip 110.
The two lead frames 130 provide power to the InGaN-based LED chip 110 and are insulated from each other. The wire
140 electrically connects the InGaN-based LED chip 110 to the lead frame 130. The molding member 150 includes
colorless or colored light permeable resin to mold the InGaN-based LED chip 110. The phosphor 151 is entirely or
partially dispersed in the molding member 150.
[0050] In the light emitting device shown in FIG. 2, one wire 140 electrically connects the InGaN-based LED chip 110
to one lead frame 130. The InGaN-based LED chip 110 is mounted on the other lead frame 130, and thus directly
connected with the lead frame 130 electrically.
[0051] As shown in FIGS. 1 and 2, the light emitting device includes the InGaN-based LED chip 110 provided with
power and the phosphor 151 surrounding the InGaN-based LED chip 110. The light emitted from the InGaN-based LED
chip 110 is excited through the phosphor 151 to emit the secondary light.
[0052] In other words, the light emitting device according to an embodiment of the present invention includes a light
source that emits light, the substrate that supports the light source, and the molding member molded around the light
source.
[0053] The molding member includes light permeable resin, and includes at least one of epoxy resin, silicon resin,
urea resin, and acrylic resin. In addition, the molding member may have a single structure or a multiple structure. The
molding member includes the first phosphor or phosphor obtained by mixing the first phosphor with the second phosphor,
which are described later.
[0054] In addition, the embodiment provides coating phosphor composition for the light emitting device including the
phosphor 151 and transparent resin. The coating phosphor composition may be obtained by mixing the phosphor 151
with the transparent resin in the weight ratio of 1:2 to 1:10.
[0055] In detail, the embodiment provides coating phosphor composition including transparent resin and at least one
first phosphor selected from the group consisting of silicate-based yellow phosphor, silicate-based green phosphor,
silicate-based orange phosphor, the mixture of the silicate-based yellow phosphor and the silicate-based green phosphor,
the mixture of the silicate-based yellow phosphor and the silicate-based orange phosphor, the mixture of the silicate-
based green phosphor and the silicate-based orange phosphor, and the mixture of the silicate-based yellow phosphor,
the silicate-based green phosphor, and the silicate-based orange phosphor.
[0056] The embodiment provides coating phosphor composition including transparent resin and phosphor obtained
by mixing the first phosphor with the second phosphor. The transparent resin includes at least one of transparent epoxy
resin, silicon resin, urea resin, and acrylic resin.
[0057] For example, FIG. 6 is a graph showing the mixture of the green phosphor and the transparent epoxy resin
having the mixture ratio of 1:3 or 1:5.
[0058] In other words, the light emitting device according to the embodiment, the phosphor 151 may include the first
phosphor or phosphor obtained by mixing the first phosphor with the second phosphor. For example, the first phosphor
may be mixed with the second phosphor at the weight ratio of 1:1 to 1:9 or 9:1 to 1:1. The average size of particles of
the phosphor 151 is 20Pm or less.
The light emitting device is an illumination unit of secondarily emitting visible light, white light, and green light by employing
light source primarily emitted from the InGaN-based LED chip 110 as an energy source.
For example, the InGaN-based LED chip 110 emits blue light as the primary light, and the phosphor 151 is excited by
the blue light emitted from the InGaN-based LED chip 110 to emit the secondary light.
In addition, the InGaN-based LED chip 110 emits blue light as the primary light, the first phosphor of the phosphor 151
is excited by the blue light emitted from the InGaN-based LED chip 110 to emit the secondary light, and the second
phosphor of the phosphor 151 is excited by the blue light from the InGaN-based LED chip 110 and the secondary light
from the first phosphor to emit light having a wavelength longer than those of the light from the InGaN-based LED chip
110 and the secondary light.
The phosphor 151 may be employed for a light emitting diode, a laser diode, a surface light emitting laser diode, an
inorganic electroluminescence (IEL), and an organic electroluminescence (EL). According to the embodiment, the phos-
phor 151 is employed for the light emitting device including the InGaN-based LED chip 110.



EP 2 052 052 B1

6

5

10

15

20

25

30

35

40

45

50

55

Embodiment 1. Silicate-based First Phosphor, Preparation method of First Phosphor, and Manufacturing Method of 
Light Emitting Device using First Phosphor

First Phosphor

[0059] As show in FIGS. 1 and 2, the phosphor 151 surrounding the InGaN-based LED chip 110 may include the
following first phosphor.
[0060] The first phosphor is silicate-based phosphor expressed in chemical formula 1.

(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu Chemical Formula 1

[0061] In chemical formula 1, M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb, or Lu, wherein, 0 < x≤3.95, 0 < y≤1, 0≤z
< 3.95, x+y+z < 4, 0 < a < 2, and 0 < b < 1.
[0062] Accordingly, the first phosphor can be expressed in following chemical formulas.

(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bY2O3: yEu Chemical Formula 2

(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bCe2O3: yEu Chemical Formula 3

Chemical Formula 4
[0063]

(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bLa2O3: yEu Chemical Formula 4

[0064] Chemical Formula 5
[0065]

(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bNd2O3: yEu Chemical Formula 5

[0066] Chemical Formula 6
[0067]

(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bGd2O3: yEu Chemical Formula 6

[0068] Chemical Formula 7
[0069]

(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bTb2O3: yEu Chemical Formula 7

[0070] Chemical Formula 8
[0071]

(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bYb2O3: yEu Chemical Formula 8

[0072] Chemical Formula 9
[0073]

(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bLu2O3: yEu Chemical Formula 9

[0074] If x, y, and z satisfy 0.01≤x < 1.0, 0.02≤y≤0.40, 0≤z≤ 1 and x+y+z < 4 in chemical formula 1, the first phosphor
is excited by the primary light having a light emitting peak wavelength in the range of 430nm to 480nm to emit the
secondary light having a light emitting peak wavelength in the range of 540nm to 600nm. In here, the first phosphor is
called yellow phosphor.
[0075] If x, y, and z satisfy 1.0≤x≤3.95, 0.02≤y≤0.40, z=0, and x+y+z<4 in chemical formula 1, the first phosphor is
excited by the primary light having a light emitting peak wavelength in the range of 430nm to 480nm to emit the secondary
light having a light emitting peak wavelength in the range of 480nm to 540nm. In here, the first phosphor is called green
phosphor.
[0076] If x, y, and z satisfy 0.01≤x < 1, 0.02≤y≤0.40, 1<z < 3.95 and x+y+z<4 in chemical formula 1, the first phosphor
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is excited by the primary light having a light emitting peak wavelength in the range of 430nm to 480nm to emit the
secondary light having a light emitting peak wavelength in the range of 570nm to 620nm. In here, the first phosphor is
called orange phosphor.
[0077] The first phosphor may include at least one selected from the group consisting of the yellow phosphor, the
green phosphor, the orange phosphor, the mixture of the yellow phosphor and the green phosphor, the mixture of the
yellow phosphor and the orange phosphor, the mixture of the green phosphor and the orange phosphor, and the mixture
of the yellow phosphor, the green phosphor, and the orange phosphor. In this case, if the green phosphor is mixed with
the yellow phosphor, the green phosphor may be mixed with the yellow phosphor at the weight ratio in the range of 1:
1 to 1:9, or 9:1 to 1:1 by taking light emitting characteristics into consideration. For example, the weight ratio may be in
the range of 1:1 to 1:5 or 5:1 to 1:1.
[0078] The first phosphor includes Mg, and at least one of Y, Ce, La, Nd, Gd, Tb, Yb, or Lu to have performance
superior to that of YAG:Ce3+ phosphor.
[0079] Preparation Method of First Phosphor
[0080] The first phosphor is prepared through the following steps.
[0081] The preparation process of the first phosphor comprises
[0082] (a) mixing an oxide, nitride, or carbonate of alkaline earth metal, SiO2, an oxide, nitride, or halide of rare earth
metal, and an oxide or halide of Eu, which is employed as an activator, with each other in a NH F, BaF2, CaF2, or MgF
solvent, which is employed as a flux;
[0083] (b) drying the mixture under a temperature in the range of 50°C to 150°C for three minutes to 24 hours,
[0084] (c) thermally treats the dried mixture under a reduction atmosphere having a temperature in the range of 800°C
to 1500°C for one hour to 48 hours,
[0085] (d) obtaining phosphor particles having a predetermined size by pulverizing and distributing the first phosphor,
and
[0086] (e) removing a non-reactive material by washing the particles of the first phosphor using a solvent.
[0087] In step (a), the use amount of each material can be adjusted according to a stoichiometric ratio such that
chemical formula 1 is satisfied.
[0088] In step (c), the temperature of the reduction reaction exceeds the temperature enough to complete the reduction
reaction. If a thermal treatment temperature is less than 800°C at the reduction atmosphere, the crystal of the first
phosphor is insufficiently created, so that light emitting efficiency is reduced. If the terminal treatment temperature
exceeds 1500°C, over reaction occurs so that brightness may be degraded or the creation of solid-state particles may
be difficult. In addition, reduction gas includes nitride gas, with which hydrogen is mixed by 2 to 25 volume %, for the
reduction atmosphere.
[0089] Since the first phosphor obtained through the step (d) is condensed due to a high thermal treatment temperature,
a pulverizing and distributing process is required in order to obtain particles having desired brightness and desired size.
[0090] In order to remove a non-reactive material in step (e), at least one polymer solvent such as alcohol and acetone
that melts the non-reactive material is used. In order to wash the non-reactive material, a method for putting the first
phosphor in the above solvent, mixing the first phosphor with the solvent, and then drying the resultant may be suggested.
However, the present invention is not limited thereto. In this case, step (e) of removing a non-reactive material may be
performed, and then step (d) of pulverizing and distributing the first phosphor may be performed.
[0091] The first phosphor obtained through thermal treatment at the reduction atmosphere includes a small number
of a halogen compound, If the halogen compound is not removed, moisture-resistance may be degraded when the light
emitting device is manufactured using the first phosphor.
[0092] Example of Preparation Method of Yellow phosphor of First Phosphor
[0093] 1.07g SrCO3, 0.43g BaCO3, 0.07g MgO, 0.33g SiO2, 0.25g Eu2O3 0.05g Y2O3 and 0.07g La2O3 were put in
acetone, and the resultant was mixed by using a ball mill for three hours. The mixture was inserted into a dryer having
a temperature of 100°C and then dried for 12 hours so that a solvent was volatilized. The dried mixture was placed in
an alumina melting pot and then subject to thermal treatment at the temperature 1200 °C for five hours. At this time, the
resultant was sintered while applying nitrogen mixture gas containing 10volume% of hydrogen at a flow rate of 400cc/min.
The first phosphor having been subject to the thermal treatment was pulverized, and phosphor available for the light
emitting device was distributed in the form of powder having the size of 20. Since the first phosphor having been subject
to the distributed process includes a non-reactive material, the first phosphor was in the mixture solution of both ethyl-
alcohol and acetone having the ratio of 1:1, and then subject to ultrasonic washing for 30 minutes. Then, the resultant
was dried, so that alkaline earth silicate-based yellow phosphor having the chemical formula of (4-x-y-z)
SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2 (wherein, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y, or La) was prepared.
[0094] Example of Preparation Method of Green Phosphor of First Phosphor
[0095] 1.32g SrCO3, 0.82g BaCO3, 0.13g MgO, 0.02g Eu2O3, 0.40g SiO2, and 0.03g Y2O3 were put in acetone, and
the resultant was mixed by using a ball mill for three hours. The mixture was inserted into a dryer having the temperature
of 150°C and then dried for 12 hours so that a solvent was volatilized. The dried mixture was placed in an alumina
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melting pot and then subject to thermal treatment at the temperature 1400°C for six hours. At this time, the mixture had
been subject to thermal treatment while applying mixture gas, in which 10volume% of hydrogen was mixed with 90volum%
of nitrogen, at a flow rate of 500cc/min. The first phosphor having been subject to the thermal treatment was pulverized,
and phosphor available for the light emitting device was distributed in the form of powder having the size of 20. The first
phosphor having been subject to the distribution was in the mixture solution of both ethylalcohol and acetone having the
ratio of 1:1, and then subject to ultrasonic cleaning for 30 minutes in order to remove a non-reactive material. Then, the
resultant was dried, so that green phosphor having the chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)
·bM 2O3 : yEu2 (wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y) was prepared.
[0096] Example of Preparation Method of Orange Phosphor of First Phosphor
[0097] 0.73g SrCO3, 0.01g BaCO3, 0.13g MgO, 0.45g CaO, 0.4g SiO2, 0.03g Y2O3, and 0.17g Eu2O3 were put in
acetone, and the resultant was mixed by using a ball mill for three hours. The mixture was inserted into a dryer having
the temperature of 150°C and then dried for 12 hours so that a solvent was volatilized. The dried mixture was placed in
an alumina melting pot and then subject to thermal treatment at the temperature 1350°C for 12 hours. At this time, the
mixture had been subject to thermal treatment while applying mixture gas, in which 25volume% of hydrogen was mixed
with 75volum% of nitrogen at a flow rate of 1000cc/min. The first phosphor having been subject to the thermal treatment
was pulverized, and phosphor available for the light emitting device was distributed in the form of powder having the
size of 20. The first phosphor having been subject to the distribution process was in the mixture solution of both ethylalcohol
and acetone having the ratio of 1:1, and then subject to ultrasonic cleaning for 30 minutes in order to remove a non-
reactive material. Then, the resultant was dried, so that orange phosphor having the chemical formula of (4-x-y-z)
SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (wherein, x=0.01, y=0.1, z=2.4, a=1, b=0.1, and M=Y)was prepared.
[0098] Example of Preparation Method of Mixture of Yellow phosphor and Green phosphor of First Phosphor
[0099] The yellow phosphor having chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2 (where-
in, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y or La) and the green phosphor having chemical formula of (4-x-y-z)
SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2 (wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y), which were pre-
pared through the above method, were mixed with each other at the weight ratio of 1:3.
[0100] Example of Preparation Method of Mixture of Orange Phosphor and Yellow

Phosphor of First Phosphor

[0101] The yellow phosphor having chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu2

(wherein, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y or La) and the orange phosphor having chemical formula of (4- x-
y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu (wherein, x=0.01, y=0.1, z=2.4, a=1, b=0.1, and M=Y), which were
prepared through the above method, were mixed with each other at the weight ratio of 1:1.
[0102] Example of Preparation Method of Mixture of Green phosphor and Orange

Phosphor of First Phosphor

[0103] The green phosphor having chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2 (where-
in, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y), and the orange phosphor having chemical formula of (4-x-y-z)
SrO·xBaO·zCaO·aMgO·2(SiO2)·bM203: yEu (wherein, x=0.01, y=0.1, z=2.4, a=1, b=0.1, and M=Y), which were prepared
through the above method, were mixed with each other at the weight ratio of 9:1.
[0104] Example of Preparation Method of Mixture of Yellow Phosphor, Green phosphor, and Orange phosphor of
First Phosphor
[0105] The yellow phosphor having chemical formula of(4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2 (where-
in, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y or La), the green phosphor having chemical formula of (4-x-y-z)
SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O2 : yEu2 (wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y), and the orange
phosphor having chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu (wherein, x=0.01, y=0.1,
z=2.4, a=1, b=0.1, and M=Y), which were prepared through the above method, were mixed with each other at the weight
ratio of 5:2:3.
[0106] Example of Manufacturing Light Emitting Device using Yellow phosphor of First Phosphor
[0107] Referring to FIGS. 1 and 2, the light emitting device was manufactured by employing alkaline earth silicate-
based yellow phosphor, having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu2 (wherein,
x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y or La), of the first phosphor for the InGaN-based LED 110 having a light
emitting peak wavelength in the range of 430nm to 480nm.
[0108] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0109] The phosphor 151 emits the secondary light having a peak wavelength in the range of 540nm to 600nm while
being excited by blue light having a wavelength of 460nm emitted from the InGaN-based LED chip 110.
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[0110] FIG. 3 is a graph showing the comparison of the light emitting characteristic of the secondary light of conventional
YAG:Ce3+ phosphor and the light emitting characteristic of the secondary light of yellow phosphor. In other words, FIG.
3 shows the light emitting characteristic of the secondary light of yellow phosphor obtained by selecting one of Y, Ce
and La as M and changing the value of b in chemical formula 1.
[0111] When manufacturing phosphor through a detailed example of a preparation method of yellow phosphor of the
first phosphor by selecting Y and La as M and the contents of Y and LA as 0.2mol and 0.1mol, respectively, in chemical
formula 1, the maximum light emitting efficiency can be obtained in a peak wavelength of 550nm (see, graph e).
[0112] FIG. 4 is a graph showing the comparison of the light emitting device manufactured using yellow phosphor of
the first phosphor according to the embodiment and a conventional light emitting device manufactured using YAG
phosphor in view of light emission spectrum.
[0113] The yellow phosphor of the first phosphor emits the secondary light having a peak wavelength in the range of
540nm to 600nm, and has a light emitting characteristic superior to that of the conventional YAG phosphor.
[0114] FIG. 5 is a graph showing the variation of the light emitting characteristic of the secondary light in accordance
with the change of the contents of Ca and Ba in yellow phosphor of the first phosphor according to the embodiment.
[0115] The yellow phosphor of the first phosphor according to the embodiment may be prepared by changing the
content ratio of Ca to Ba to Sr in chemical formula 1. As a result, the light emitting device including the yellow phosphor
may have various light emitting characteristics capable of emitting various color light ranging from bluish white light to
reddish white light.
[0116] When the content (x value) of Ba and the content (z value) of Ca approximate to 1 and 0, respectively, in
chemical formula 1, light emitted from the yellow phosphor has a peak wavelength approximating to 540nm.
[0117] A light emitting device, which is manufactured using phosphor having a light characteristic of emitting light with
the peak wavelength approximating to 540nm, emits near bluish white light. In order for the light emitting device to emit
bluish white light, the content (x value) of Ba and the content (z value) of Ca may be selected in the range of 0 to 0.1.
[0118] Meanwhile, when the content (x value) of Ba and the content (z value) of Ca approximate to 0.01 and 1.0,
respectively, in chemical formula 1, light emitted from the yellow phosphor has a peak wavelength approximating to
600nm.
[0119] A light emitting device, which is manufactured using phosphor having a light characteristic of emitting light with
the peak wavelength approximating to 600nm, emits near reddish white light. In order for the light emitting device to
emit reddish white light, the content (x value) of Ba may be selected in the range 0.01 to 0.3, and the content (z value)
of Ca may be selected in the range of 0.5 to 0.8.
[0120] Example of Manufacturing Light Emitting Device using Green Phosphor of First Phosphor
[0121] Referring to FIGS. 1 and 2, the light emitting device was manufactured by employing green phosphor, having
a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO)2·bM2O3: yEu2 (wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1,
and M=Y ), of the first phosphor for the InGaN-based LED 110 having a light emitting a peak wavelength in the range
of 430nm to 480nm.
[0122] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0123] The phosphor 151 emits light having a peak wavelength in the range of 480nm to 540nm while being excited
by blue light having a wavelength of 465nm emitted from the InGaN-based LED chip 110.
[0124] FIG. 6 is a graph showing the light emission spectrum of a light emitting device including green phosphor of
the first phosphor according to the embodiment.
[0125] In FIG. 6, the light emission spectrum according to the mixture ratio of the green phosphor to epoxy resin used
for the molding member 150 is shown. As the content of the green phosphor becomes greater relative to the content
the epoxy resin, the intensity of light is increased. In FIG. 6, the emission of the secondary light having a peak wavelength
of 505nm is disclosed.
[0126] FIG. 7 is a graph showing the variation of the light emission spectrum of the secondary light of the light emitting
device according to the variation of the content of Ba in the green phosphor of the first phosphor according to the
embodiment.
[0127] The green phosphor of the first phosphor according to the embodiment may be prepared such that the green
phosphor has a light emitting characteristic of emitting bluish green light to green light according to the content ratio of
Ba to Sr in chemical formula.
[0128] When the content (x value) of Ba approximates to 3.95 in chemical formula 1, light emitted from the green
phosphor has a peak wavelength approximating to 480nm.
[0129] A light emitting device, which is manufactured using phosphor having a light emitting characteristic of emitting
light having the peak wavelength approximating to 480nm, emits near bluish green light. In order for the light emitting
device to emit bluish green light, the content (x value) of Ba may be selected in the range of 2.0 to 3.95.
[0130] Meanwhile, when the content (x value) of Ba approximates to 1 in chemical formula 1, light emitted from the
green phosphor has a peak wavelength approximating to 540nm.
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[0131] A light emitting device, which is manufactured using phosphor having a light emitting characteristic of emitting
light having the peak wavelength approximating to 540nm, emits near green light. In order for the light emitting device
to emit green light, the content (x value) of Ba may be selected in the range 1.0 to 2.0.
[0132] Example of Manufacturing Light Emitting Device using Orange Phosphor of First Phosphor
[0133] Referring to FIGS. 1 and 2, the light emitting device was manufactured by employing orange phosphor, having
a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (wherein, x=0.01, y=0.1, z=2.4, a=1, b=0.1,
and M=Y), of the first phosphor for the InGaN-based LED 110 having a light emitting a peak wavelength in the range of
430nm to 480nm.
[0134] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0135] The phosphor 151 emits light having a peak wavelength in the range of 570nm to 620nm while being excited
by blue light having a wavelength of 465nm emitted from the InGaN-based LED chip 110.
[0136] FIG. 8 is a graph showing the light emission spectrum of the light emitting device including the orange phosphor
of the first phosphor according to the embodiment.
[0137] As shown in FIG. 8, the light emitting device of the secondary light having a peak wavelength of 590nm is
disclosed.
[0138] Example of Manufacturing Light Emitting Device using Mixture of Yellow Phosphor and Green Phosphor of
First Phosphor
[0139] Referring to FIGS. 1 and 2, the light emitting device was manufactured by employing phosphor, which was
obtained by mixing yellow phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO)2·bM2O3: yEu2

(wherein, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y or La) and green phosphor having a chemical formula of (4-x-y-z)
SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu2 (wherein, x=1.25, y=0.05, z=0, a=1, b=0.1, and M=Y) of the above first
phosphor at the weight ratio 1:3, for the InGaN-based LED chip 110 having a light emitting a peak wavelength in the
range of 430nm to 480nm.
[0140] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0141] The phosphor 151 emits light having peak wavelengths in the range of 480nm to 540nm and 540nm to 600nm
while being excited by blue light having a wavelength of 465nm emitted from the InGaN-based LED chip 110.
[0142] The mixture of the yellow phosphor and the green phosphor is excited by the blue light emitted from the light
emitting diode chip 110 so that light having a peak wavelength in the range of 540nm to 600nm is emitted from the yellow
phosphor, and light having a peak wavelength in the range of 480nm to 540nm is emitted from the green phosphor. In
addition, a portion of the blue light emitted from the light emitting diode chip 110 is transmitted.
[0143] FIG. 9 is a graph showing the light emission spectrum of the light emitting device according to the mixture ratio
of the yellow phosphor and the green phosphor, and FIG. 10 is a graph showing the variation of the light emission
spectrum of the secondary light emitted from the light emitting device according to the increase of the mixture ratio of
the green phosphor to the yellow phosphor.
[0144] As described above, the color coordinate, the color temperature, and the color rendering index of the light
emitting from a white light emitting device can be adjusted by changing the mixture ratio of the green phosphor to the
yellow phosphor.
[0145] As shown in FIG. 9, the light emitting device of the secondary light having peak wavelengths of 510nm and
575nm is disclosed.
[0146] Example of Manufacturing Light Emitting Device using Mixture of Orange

Phosphor and Yellow phosphor of First phosphor

[0147] Referring to FIGS. 1 and 2, the light emitting device was manufactured by employing phosphor, which was
obtained by mixing yellow phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu2

(wherein, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y or La) and orange phosphor having a chemical formula of (4-x-y-
z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu (in this case, x=0.01, y=0.1, z=2.4, a=1, b=0.1, and M=Y) of the above
first phosphor at the weight ratio 1:1, for the InGaN-based LED chip 110 having a light emitting a peak wavelength in
the range of 430nm to 480nm.
[0148] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0149] FIG. 11 is a graph showing the light emission spectrum of a light emitting device including the mixture of the
yellow phosphor and the orange phosphor.
[0150] The phosphor 151 emits light, which has peak wavelengths in the range of 540nm to 600nm and 570nm to
620nm, while being excited by blue light having a wavelength of 465nm generated from the InGaN-based LED chip 110.
[0151] As shown in FIG. 11, the light emitting device of emitting the secondary light having a peak wavelength of
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590nm is disclosed.
[0152] Example of Manufacturing Light Emitting Device using Mixture of Green

Phosphor and Orange Phosphor of First phosphor

[0153] Referring to FIGS. 1 and 2, the light emitting device was manufactured by employing phosphor, which was
obtained by mixing green phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu2

(wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y) and orange phosphor having a chemical formula of (4-x-y-z)
SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (wherein, x=0.01, y=0.1, z=2.4, a=1, b=0.1, and M=Y) of the above first
phosphor at the weight ratio 9:1, for the InGaN-based LED chip 110 having a light emitting a peak wavelength in the
range of 430nm to 480nm.
[0154] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0155] FIG. 12 is a graph showing the light emission spectrum of the light emitting device including the mixture of the
green phosphor and the orange phosphor.
[0156] The phosphor 51 emits light, which has peak wavelengths in the range of 480nm to 540nm and 570nm to
620nm, while being excited by blue light having a wavelength of 465nm emitted from the InGaN-based LED chip 110.
[0157] As shown in FIG. 12, the light emitting device of emitting the secondary light having a peak wavelength of
570nm is disclosed.
[0158] Example of Manufacturing Light Emitting Device using Mixture of Yellow Phosphor, Green Phosphor, and
Orange Phosphor of First Phosphor
[0159] Referring to FIGS. 1 and 2, the light emitting device was manufactured by employi ng phosphor, which was
obtained by mixing yellow phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2

(wherein, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y or La),green phosphor having a chemical formula of (4-x-y-z)
SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2 (wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y), and orange phos-
phor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (wherein, x=0.01, y=0.1, z=2.4,
a=1, b=0.1, and M=Y) of the above first phosphor at the weight ratio 5:2:3, for the InGaN-based LED chip 110 having
a light emitting a peak wavelength in the range of 430nm to 480nm.
[0160] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin and
then, the resultant was molded to surround the InGaN-based LED chip 110.
[0161] FIG. 13 is a graph showing the light emission spectrum of the light emitting device including the mixture of
yellow phosphor, green phosphor, and orange phosphor.
[0162] The phosphor 151 emits light, which has peak wavelengths in the range of 480nm to 540nm and 540nm to
600nm, and 570nm to 620nm,while being excited by blue light having a wavelength of 456nm emitted from the InGaN-
based LED chip 110.
[0163] As shown in FIG. 13, the light emitting device of emitting the secondary light having a peak wavelength of
590nm is disclosed.
[0164] Embodiment 2. Garnet-based Second Phosphor, Preparation Method of Second Phosphor, and Man-
ufacturing of Light Emitting Device using Mixture of First Phosphor and Second Phosphor
[0165] First Phosphor
[0166] The first phosphor and the preparation method of the first phosphor are identical to those of embodiment 1.
[0167] Second Phosphor
[0168] The second phosphor is garnet-based phosphor expressed in chemical formula 10.
[0169] Chemical formula 10
[0170] x(M12O3)·y(M22O3): zRE
[0171] In chemical formula 10, M1 is at least one of Y, Tb, La, Yb, Sm, or Lu, and M2 is at least one of Al or Ga, and
RE is at least one of Pr, Gd or Ce, wherein 0<x≤ 1.5, 0< y≤2.5, and 0<z≤1.
[0172] Chemical formula 11
[0173] x(Y2O3)·y(Al2O3): zPr
[0174] Chemical formula 12
[0175] x(Y2O3)·y(Al2O3): zGd
[0176] Chemical formula 13
[0177] x(Y2O3)·y(Al2O3): zCe
[0178] Chemical formula 14
[0179] x(Y2O3)·y(Ga2O3): zPr
[0180] Chemical formula 15
[0181] x(Y2O3)·y(Ga2O3): zGd
[0182] Chemical formula 16
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[0183] x(Y2O3)·y(Ga2O3) : zCe
[0184] Chemical formula 17
[0185] x(Tb2O3)·y(Al2O3) : zPr
[0186] Chemical formula 18
[0187] x(Tb2O3)·y(Al2O3): zGd
[0188] Chemical formula 19
[0189] x(Tb2O3)·y(Al2O3): zCe
[0190] Chemical formula 20
[0191] x(Tb2O3)·y(Ga2O3): zPr
[0192] Chemical formula 21
[0193] x(Tb2O3)·y(Ga2O3): zGd
[0194] Chemical formula 22
[0195] x(Tb2O3)·y(Ga2O3): zCe
[0196] Chemical formula 23
[0197] x(La2O3)·y(Al2O3): zPr
[0198] Chemical formula 24
[0199] x(La2O3)·y(Al2O3): zGd
[0200] Chemical formula 25
[0201] x(La2O3)·y(Al2O3): zCe
[0202] Chemical formula 26
[0203] x(La2O3)·y(Ga2O3): zPr
[0204] Chemical formula 27
[0205] x(La2O3)·y(Ga2O3): zGd
[0206] Chemical formula 28
[0207] x(La2O3)·y(Ga2O3) : zCe
[0208] Chemical formula 29
[0209] x(Yb2O3)·y(Al2O3) : zPr
[0210] Chemical formula 30
[0211] x(Yb2O3)·y(Al2O3) : zGd
[0212] Chemical formula 31
[0213] x(Yb2O3)·y(Al2O3): zCe
[0214] Chemical formula 32
[0215] x(Yb2O3)·y(Ga2O3): zPr
[0216] Chemical formula 33
[0217] x(Yb2O3)·(Ga2O3) : zGd
[0218] Chemical formula 34
[0219] x(Yb2O3)·y(Ga2O3): zCe
[0220] Chemical formula 35
[0221] x(Sm2O3)·y(Al2O3): zPr
[0222] Chemical formula 36
[0223] x(Sm2O3)·y(Al2O3): zGd
[0224] Chemical formula 37
[0225] x(Sm2O3)·y(Al2O3): zCe
[0226] Chemical formula 38
[0227] x(Sm2O3)·y(Ga2O3): zPr
[0228] Chemical formula 39
[0229] x(Sm2O3)·y(Ga2O3): zGd
[0230] Chemical formula 40
[0231] x(Sm2O3)·y(Ga2O3) : zCe
[0232] Chemical formula 41
x(Lu2O3)·y(Al2O3) : zPr

x(Lu2O3)·y(Al2O3): zGd Chemical formula 42

x(Lu2O3)·y(Al2O3): zCe Chemical formula 43

x(Lu2O3)·y(Ga2O3): zPr Chemical formula 44
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x(Lu2O3)·y(Ga2O3) : zGd Chemical formula 45

x(Lu2O3)·y(Ga2O3) : zCe Chemical formula 46

Preparation Method of Second Phosphor

[0233] The second phosphor is prepared through the following steps.
[0234] The preparing process of the second phosphor includes

(a) mixing oxide having trivalent cation with rare earth oxide having trivalent cation, which is an activator, by using
acetone,
(b) drying the mixture under a temperature of 50 °C to 150 °C for 3 minutes to 24 hours,
(c) thermally treating the dried mixture at a hydrogen/nitrogen mixture gas atmosphere having a temperature in the
range of 1400°C to 1700°C for one hour to 48 hours,
(d) obtaining a phosphor particle having a predetermined size by pulverizing or distributing the phosphor, and
(e) washing the phosphor particles by using a solvent to remove a non-reactive material.

Example of Preparation Method of Second Phosph Example of Preparation Method of Second Phosphor

[0235] 1.52g Y2O3, 1.27g Al2O3, and 0.25g CeO2 were mixed with acetone by using a ball mill for three hours. The
mixture was inserted into a dryer having a temperature of 100°C and then dried for 12 hours so that a solvent was
volatilized. The dried mixture was placed in an alumina melting pot and then subject to thermal treatment at the temper-
ature 1500°C for five hours. At this time, the resultant was sintered while applying nitrogen mixture gas containing
15volume% of hydrogen at a flow rate of 500cc/min. The phosphor having been subject to the thermal treatment was
pulverized, and phosphor having a size available for the light emitting device was distributed in the form of powder having
the size of 20Pm, so that garnet-based phosphor having a chemical formula of x(M12O3)·y(M22O3) : zRE (wherein,
x=1.35, y=2.5, z=0.3, M1=Y, M2=Al, and RE=Ce) was prepared.

Light Emitting Characteristic of Second Phosphor

[0236] FIG. 14 is a graph showing a light emitting spectrum of a light emitting device including the garnet-based second
phosphor.
[0237] As shown in FIG. 14, the second phosphor emits the secondary light, which has a peak wavelength in the
range of 530nm to 600nm, while being excited by blue light having a wavelength of 465nm, which is emitted from the
InGaN-based LED chip 110.
[0238] Example of Mixture of Orange Phosphor of First Phosphor and Second Phosphor The orange phosphor having
a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu (wherein, x=0.01, y=0.1, z=2.4, a=1, b=0.1,
M=Y) and the garnet-based phosphor having a chemical formula of x(M12O3)·y(M22O3) : zRE (wherein, x=1.35, y=2.5,
z=0.3, M1=Y, M2=Al, RE=Ce), which were prepared through the above method, were mixed with each other at the
weight ratio of 2:8.
[0239] Example of Manufacturing Light Emitting Device using Mixture of Orange Phosphor of First Phosphor and
Second phosphor
[0240] Referring to FIGS. 1 and 2, the light emitting device was manufactured by employing the mixture of the orange
phosphor, which has a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)bM2O3 : yEu (wherein, x=0.01, y=0.1,
z=2.4, a=1, b=0.1, M=Y), of the first phosphor and the garnet-based phosphor, which has a chemical formula of x(M12O3)
·y(M22O3) : zRE (wherein, x=1.35, y=2.5, z=0.3, M1=Y, M2=Al, RE=Ce), having the weight ratio of 2:8 for the InGaN-
based LED 110 having a light emitting a peak wavelength in the range of 430nm to 480nm.
[0241] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0242] FIG. 15 is a graph showing the light emitting spectrum of the light emitting device including the mixture of the
orange phosphor and the garnet-based phosphor.
[0243] The phosphor 151 emits the secondary light having peak wavelengths in the range of 530nm to 600nm and
570nm to 620nm while being excited by blue light having a wavelength of 465nm emitted from the InGaN-based LED
chip 110.
[0244] As shown in FIG. 15, the light emitting device of emitting the secondary light having a peak wavelength of
560nm is disclosed.
[0245] Embodiment 3. Nitride-based Second Phosphor, Preparation Method of Second Phosphor, and Manufacturing
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of Light Emitting Device using Mixture of First Phosphor and Second Phosphor

First Phosphor

[0246] The first phosphor and the preparation method of the first phosphor are identical to those of embodiment 1.

Second Phosphor

[0247] The second phosphor is nitride- based phosphor expressed in chemical formula 47 or 48.

(2-a-b-c-d)SrN aMgN bCaN cBaN · (Si5N8) : dEu Chemical formula 47

[0248] In chemical formula 47, 0≤a<2, 0≤b<2, 0≤c<2, 0<d≤1, and a+b+c+d<2.

(3-a-b-c-d)CaN aMgN bSrN cBaN 3(XN) (Z3N4): dEu Chemical formula 48

[0249] In chemical formula 48, X is at least one of Al or Ga, and Z is at least one of Si or Ge, wherein 0≤a<3, 0≤b<3,
0≤c<3, 0<d≤1 and a+b+c+d<3.
[0250] Accordingly, the expressions of the second phosphor of chemical formula 48 are as follows.

(3-a-b-c-d)CaN aMgN bSrN cBaN 3(AIN) (Si3N4) : dE Chemical formula 49

(3-a-b-c-d)CaN aMgN bSrN cBaN 3(AiN) (Ge3N4) : dEu Chemical formula 50

(3-a-b-c-d)CaN aMgN bSrN cBaN 3(GaN) (Si3N4) : dEu Chemical formula 51

(3-a-b-c-d)CaN aMgN bSrN cBaN 3(GaN) · (Ge3N4) : dEu Chemical formula 52

Preparation Method of Second Phosphor

[0251] The second phosphor is prepared through the following steps.
[0252] The preparing process of the second phosphor includes

(a) mixing akaline-earth-metal-nitride, akaline-earth-metal- carbonate, nitride having trivalent cation, nitride having
tetrad cation, Eu oxide or halogenide, which is an activator, by using acetone,
(b) drying the mixture under a temperature of 50°C to 150°C for 3 minutes to 24 hours,
(c) thermally treating the dried mixture at a hydrogen/nitrogen mixture gas atmosphere having a temperature in the
range of 1400°C to 1700°C for one hour to 48 hours,
(d) obtaining a phosphor particle having a predetermined size by pulverizing or distributing the second phosphor, and
(e) washing the phosphor particles by using a solvent to remove a non-reactive material.

Example 1 of Preparation Method of Second Phosphor

[0253] 1.59g Sr(NO3)2, 0.10g Ca3N2, 1.16g Si3N4, and 0.04g Eu2O3 were mixed with acetone by using a mortar. The
mixture was inserted into a dryer having a temperature of 80°Cand then dried for three hours so that a solvent was
volatilized. The dried mixture was placed in an alumina melting pot and then subject to thermal treatment at the temper-
ature 1650 °C for six hours. At this time, the resultant was sintered while applying nitrogen mixture gas containing 25%
of hydrogen at a flow rate of 500cc/min. The phosphor having been subject to the thermal treatment was pulverized,
and phosphor having a size available for the light emitting device was distributed in the form of powder having the size
of 20Pm, so that nitride-based phosphor having a chemical formula of (2-a-b-c-d)SrN aMgN bCaN cBaN (Si5N8) : dEu
(wherein, a=0, b=0.45, c=0, and d=0.05) was prepared.

Example 2 of Preparation Method of Second Phosphor

[0254] 0.47g Ca3N2, 0.40g AIN, 0.46g Si3N4 and 0.05g Eu2O3 were mixed with acetone by using a mortar. The mixture
was inserted into a dryer having a temperature of 80°C and then dried for three hours so that a solvent was volatilized.
The dried mixture was placed in an alumina melting pot and then subject to thermal treatment at the temperature 1500°C



EP 2 052 052 B1

15

5

10

15

20

25

30

35

40

45

50

55

for six hours. At this time, the resultant was sintered while applying nitrogen mixture gas containing 25% volume of
hydrogen at a flow rate of 500cc/min. The phosphor having been subject to the thermal treatment was pulverized, and
phosphor having a size available for the light emitting device was distributed in the form of powder having the size of
20Pm, so that nitride-based phosphor having a chemical formula of (3-a-b-c-d)CaN aMgN bSrN cBaN 3(XN) (Z3N4) :
dEu (wherein, a=0, b=0, c=0, d=0.03, X=AI, and Z=Si)was prepared.

Light Emitting Characteristic of Second Phosphor

[0255] FIG. 16 is a graph showing a light emitting spectrum of a light emitting device including the nitride-based second
phosphor.
[0256] The nitride-based second phosphor prepared through example 1 of a preparation method of the second phos-
phor has a characteristic substantially identical to that of the nitride-based second phosphor prepared through example
2 of the preparation method of the second phosphor. In FIG. 16, the light emitting spectrum of the light emitting device
including nitride-based phosphor having a chemical formula of (2-a-b-c-d)SrN aMgN bCaN cBaN (Si5N8) : dEu (wherein,
a=0, b=0.45, c=0, and d=0.05) is shown.
[0257] As shown in FIG. 16, the second phosphor emits the secondary light , which has a peak wavelength in the
range of 620nm to 690nm, while being excited by blue light having a wavelength of 465nm, which is emitted from the
InGaN-based LED chip 110.

Example of Mixture of Yellow Phosphor of First Phosphor and Second Phosphor

[0258] The mixture of the first phosphor and the second phosphor can be obtained by mixing the first phosphor with
the second phosphor at the weight ratio in the range of 1:1 to 1:9 or 9:1 to 1:1.
[0259] The yellow phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu2

(wherein, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y, or La), which was prepared through the above preparation method
of yellow phosphor of the first phosphor, and the nitride-based phosphor having a chemical formula of (2-a-b-c-d)SrN
aMgN bCaN cBaN (Si5N8) : dEu (wherein, a=0, b=0.45, c=0, and d=0.05) were mixed with each other at the weight ratio
of 1:1.

Example of Manufacturing Light Emitting Device using Mixture of Yellow Phosphor of First Phosphor and Second phos-
phor

[0260] Referring to FIGS. 1 and 2, the phosphor 151 obtained by mixing the above yellow phosphor of the first phosphor
with the second phosphor at the weight ratio of 1:1 is employed for the InGaN-based LED chip 110 having the light
emitting a peak wavelength in the range of 430nm to 480nm, thereby manufacturing the light emitting device.
[0261] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0262] The phosphor 151 emits the secondary light having peak wavelengths in the range of 540nm to 600nm and
620nm to 690nm while being excited by blue light having a wavelength of 465nm emitted from the InGaN-based LED
chip 110.
[0263] In this case, the second phosphor of the phosphor 151 may be excited by the blue light from the InGaN-based
LED chip 110 and the secondary light from the yellow phosphor of the first phosphor, to emit light having a wavelength
longer than those of both the blue light and the secondary light from the yellow phosphor.
[0264] FIG. 17 is a graph showing the measurement result of the light emitting spectrum of the light emitting device
manufactured using the mixture of the yellow phosphor of the first phosphor and the second phosphor.
[0265] As shown in FIG. 17, the light emitting device of emitting the secondary light having a peak wavelength of
620nm is disclosed.
[0266] Example of Mixture of Green Phosphor of First Phosphor and Second Phosphor The mixture of the first phosphor
and the second phosphor can be obtained by mixing the first phosphor with the second phosphor at the weight ratio in
the range of 1:1 to 1:9 or 9:1 to 1:1.
[0267] The green phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu2

(wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y), which was prepared through the above preparation method of
the green phosphor of the first phosphor, and the nitride-based phosphor having a chemical formula of (2-a-b-c-d)SrN
aMgN bCaN BaN (Si5N8) : dEu (wherein, a=0, b=0.45, c=0, and d=0.05) were mixed with each other at the weight ratio
of 8.5:1.5.
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Example of Manufacturing Light Emitting Device using Mixture of Green Phosphor of First Phosphor and Second phosphor

[0268] Referring to FIGS. 1 and 2, the phosphor 151 obtained by mixing the above green phosphor of the first phosphor
with the second phosphor at the weight ratio of 8.5:1.5 is employed for the InGaN-based LED chip 110 having the light
emitting a peak wavelength in the range of 430nm to 480nm, thereby manufacturing the light emitting device.
[0269] In detail, the phosphor 151 was mixed with the molding member 150 including
[0270] light permeable epoxy resin, and then the resultant was molded to surround the InGaN-based LED chip 110.
[0271] The phosphor 151 emits the secondary light having central wavelength bands in the range of 480nm to 540nm
and 620nm to 690nm while being excited by blue light having a wavelength of 460nm emitted from the InGaN-based
LED chip 110.
[0272] In this case, the second phosphor of the phosphor 151 may be excited by the blue light from the InGaN-based
LED chip 110 and the secondary light from the green phosphor of the first phosphor, to emit light having a wavelength
longer than those of both the blue light and the secondary light from the green phosphor.
[0273] FIG. 18 is a graph showing the measurement result of the light emitting spectrum of the light emitting device
manufactured using the mixture of the green phosphor of the first phosphor and the second phosphor.
[0274] As shown in FIG. 18, the light emitting device of emitting the secondary light having peak wavelengths of 530nm
and 640nm is disclosed.

Example of Mixture of Second Phosphor and Mixture of Green Phosphor and Yellow Phosphor of First Phosphor

[0275] The mixture of the first phosphor and the second phosphor can be obtained by mixing the first phosphor with
the second phosphor at the weight ratio in the range of 1:1 to 1:9 or 9:1 to 1:1.
[0276] The yellow phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu2

(wherein, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y, or La) and the green phosphor having a chemical formula of (4-
x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 : yEu2(wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y), which were
prepared through the above preparation method of the mixture of the yellow phosphor and the green phosphor of the
first phosphor, and the nitride-based phosphor having a chemical formula of (2-a-b-c-d)SrN aMgN bCaN cBaN (Si5N8) :
dEu (wherein, a=0, b=0.45, c=0, and d=0.05) were mixed with each other at the weight ratio of 9:3:1.

Example of Manufacturing Light Emitting Device using Mixture of Yellow Phosphor of First Phosphor, Green Phosphor 
of First Phosphor, and Second phosphor

[0277] Referring to FIGS. 1 and 2, the phosphor 151 obtained by mixing the yellow phosphor of the first phosphor,
the green phosphor of the first phosphor, and the second phosphor with each other at the weight ratio of 9:3:1 is employed
for the InGaN-based LED chip 110 having the light emitting a peak wavelength in the range of 430nm to 480nm, thereby
manufacturing the light emitting device.
[0278] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0279] The phosphor 151 emits the secondary light having peak wavelengths in the
[0280] range of 540nm to 600nm, 480nm to 540nm, and 620nm to 690nm while being excited by blue light having a
wavelength of 460nm emitted from the InGaN-based LED chip 110.
[0281] In this case, the second phosphor of the phosphor 151 may be excited by the blue light emitted from the InGaN-
based LED chip 110 and the secondary light emitted from the yellow phosphor and the green phosphor of the first
phosphor, to emit light having a wavelength longer than those of both the blue light and the secondary light from the
yellow phosphor and the green phosphor of the first phosphor.
[0282] FIG. 19 is a graph showing the measurement result of the light emitting spectrum of the light emitting device
manufactured using the mixture of the yellow phosphor and the green phosphor of the first phosphor and the second
phosphor.
[0283] As shown in FIG. 19, the light emitting device of emitting the secondary light having a peak wavelength of
620nm is disclosed.

Embodiment 4. Sulfide-based Second Phosphor, Preparation Method of Second Phosphor, and Manufacturing of Light 
Emitting Device using Mixture of First Phosphor and Second Phosphor

First Phosphor

[0284] The first phosphor and the preparation method of the first phosphor are identical to those of embodiment 1.
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Second Phosphor

[0285] The second phosphor is sulfide-based phosphor expressed in chemical formula 53 or 54.

Sr(1-x)Ga2S4:Eux, wherein 0<x<1 Chemical formula 53

CaS(1-x-y) · SrxS : Euy, wherein 0≤x<1, 0<y<1. Chemical formula 54

Preparation Method of Second Phosphor

[0286] The second phosphor is prepared through the following steps.
[0287] The preparing process of the second phosphor includes

(a) mixing akaline-earth-metal-sulfide, sulfide having trivalent cation, nitride having tetrad cation, with Eu oxide or
halogenide, which is an activator by using acetone,
(b) drying the mixture under a temperature of 50°C to 150°C for 3 minutes to 24 hours,
(c) thermally treating the dried mixture at a hydrogen/nitrogen mixture gas atmosphere having a temperature in the
range of 1000°C to 1400°C for one hour to 48 hours,
(d) obtaining a phosphor particle having a predetermined size by pulverizing or distributing the second phosphor, and
(e) washing the phosphor particles by using a solvent to remove a non-reactive material.

Example 1 of Preparation Method of Second Phosphor

[0288] 1.01g SrS, 1.18g Ga2S3, 0.23g S, 0.17g Eu2O3 were mixed with acetone by using a mortar. The mixture was
inserted into a dryer having a temperature of 100°C and then dried for three hours so that a solvent was volatilized. The
dried mixture was placed in an alumina melting pot and then subject to thermal treatment at the temperature 1100°C
for six hours. At this time, the resultant was sintered while applying nitrogen mixture gas containing 10% volume of
hydrogen at a flow rate of 300cc/min. The second phosphor having been subject to the thermal treatment was pulverized,
and phosphor having a size available for the light emitting device was distributed in the form of powder having the size
of 20Pm, so that phosphor having a chemical formula of Sr(1-x)Ga2S4:Eux (wherein, x=0.1) was prepared.

Example 2 of Preparation Method of Second Phosphor

[0289] 2.04g CaSO4, 0.73g SrSO4, 0.3g S, and 0.17g Eu2O3 were mixed with acetone by using a mortar. The mixture
was inserted into a dryer having a temperature of 100°C and then dried for three hours so that a solvent was volatilized.
The dried mixture was placed in an alumina melting pot and then subject to thermal treatment at the temperature 900°C
for six hours. At this time, the resultant was sintered while applying nitrogen mixture gas containing 10% volume of
hydrogen at a flow rate of 300cc/min. The phosphor having been subject to the thermal treatment was pulverized, and
phosphor having a size available for the light emitting device was distributed in the form of powder having the size of
20Pm, so that sulfide-based phosphor having a chemical formula of CaS(1-x-y) · SrXS : Euy (wherein, x=0.2, y=0.05) was
prepared.

Light Emitting Characteristic of Second Phosphor

[0290] FIG. 20 is a graph showing a light emitting spectrum of a light emitting device including the sulfide-based second
phosphor.
[0291] The sulfide-based second phosphor prepared through example 1 of a preparation method of the second phos-
phor has a characteristic substantially identical to that of the sulfide-based second phosphor prepared through example
2 of the preparation method of the second phosphor. In FIG. 20, the light emitting spectrum of the light emitting device
including sulfide-based phosphor having a chemical formula of Sr(1-x)Ga2S4:Eux (wherein, x=0.1)is shown.
[0292] As shown in FIG. 20, the second phosphor emits the secondary light, which has a peak wavelength in the
range of 630nm to 670nm, while being excited by blue light having a wavelength of 465nm, which is emitted from the
InGaN-based LED chip 110.

Example of Mixture of Yellow Phosphor of First Phosphor and Second Phosphor

[0293] The mixture of the first phosphor and the second phosphor can be obtained by mixing the first phosphor with
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the second phosphor at the weight ratio in the range of 1:1 to 1:9 or 9:1 to 1:1.
[0294] The yellow phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2

(wherein, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y or La), which was prepared through the above preparation method
of yellow phosphor of the first phosphor, and the sulfide-based phosphor having a chemical formula of Sr(1-x)Ga2S4:Eux
(wherein, x=0.1), which was prepared through the above preparation method of the second phosphor, were mixed with
each other at the weight ratio of 8:2.
[0295] Example of Manufacturing Light Emitting Device using Mixture of Yellow Phosphor of First Phosphor and
Second phosphor
[0296] Referring to FIGS. 1 and 2, the phosphor 151 obtained by mixing the above yellow phosphor of the first phosphor
with the second phosphor at the weight ratio of 8:2 is employed for the InGaN-based LED chip 110 having the light
emitting a peak wavelength in the range of 430nm to 480nm, thereby manufacturing the light emitting device.
[0297] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0298] The phosphor 151 emits the secondary light having peak wavelengths in the range of 540nm to 600nm and
630nm to 670nm while being excited by blue light having a wavelength of 460nm emitted from the InGaN-based LED
chip 110.
[0299] In this case, the second phosphor of the phosphor 151 may be excited by the blue light from the InGaN-based
LED chip 110 and the secondary light from the yellow phosphor of the first phosphor, to emit light having a wavelength
longer than those of both the blue light and the secondary light from the yellow phosphor.
[0300] FIG. 21 is a graph showing the measurement result of the light emitting spectrum of the light emitting device
manufactured using the mixture of the yellow phosphor of the first phosphor and the second phosphor.
[0301] As shown in FIG. 21, the light emitting device of emitting the secondary light having a peak wavelength of
610nm is disclosed.
[0302] Example of Mixture of Green Phosphor of First Phosphor and Second Phosphor
[0303] The mixture of the first phosphor and the second phosphor can be obtained by mixing the first phosphor with
the second phosphor at the weight ratio in the range of 1:1 to 1:9 or 9:1 to 1:1.
[0304] The green phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2

(wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y), which was prepared through the above preparation method of
the green phosphor of the first phosphor, and the sulfide-based phosphor having a chemical formula of Sr(1-x)Ga2S4:
Eux (wherein, x=0.1), which was prepared through the above preparation method of the second phosphor, were mixed
with each other at the weight ratio of 9:1.
[0305] Example of Manufacturing Light Emitting Device using Mixture of Green Phosphor of First Phosphor and
Second phosphor
[0306] Referring to FIGS. 1 and 2, the phosphor 151 obtained by mixing the above green phosphor of the first phosphor
with the second phosphor at the weight ratio of 9:1 is employed for the InGaN-based LED chip 110 having the light
emitting a peak wavelength in the range of 430nm to 480nm, thereby manufacturing the light emitting device.
[0307] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable resin, and then
the resultant was molded to surround the InGaN-based LED chip 110.
[0308] The phosphor 151 emits the secondary light having peak wavelengths in the range of 480nm to 540nm and
630nm to 670nm while being excited by blue light having a wavelength of 460nm emitted from the InGaN-based LED
chip 110.
[0309] In this case, the second phosphor of the phosphor 151 may be excited by the blue light from the InGaN-based
LED chip 110 and the secondary light from the green phosphor of the first phosphor, to emit light having a wavelength
longer than those of both the blue light and the secondary light from the green phosphor.
[0310] FIG. 22 is a graph showing the measurement result of the light emitting spectrum of the light emitting device
manufactured using the mixture of the green phosphor of the first phosphor and the second phosphor.
[0311] As shown in FIG. 22, the light emitting device of emitting the secondary light having peak wavelengths of 530nm
and 640nm is disclosed.
[0312] Example of Mixture of Second Phosphor and Mixture of Green Phosphor and Yellow Phosphor of First Phos-
phor
[0313] The mixture of the first phosphor and the second phosphor can be obtained by mixing the first phosphor with
the second phosphor at the weight ratio in the range of 1:1 to 1:9 or 9:1 to 1:1.
[0314] The yellow phosphor having a chemical formula of (4-x-y-z)SrO·xBaO·zCaO. aMgO·2(SiO2)·bM2O3: yEu2

(wherein, x=0.65, y=0.05, z=0, a=1, b=0.2, and M=Y, or La) and the green phosphor having a chemical formula of (4-
x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu2 (wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y), which were
prepared through the above preparation method of the mixture of the yellow phosphor and the green phosphor of the
first phosphor, and the sulfide-based phosphor having a chemical formula of Sr(1-x)Ga2S4:Eux (wherein, x=0.1) were
mixed with each other at the weight ratio of 2:7:1.
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[0315] Example of Manufacturing Light Emitting Device using Mixture of Yellow Phosphor of First Phosphor. Green
Phosphor of First Phosphor, and Second phosphor
[0316] Referring to FIGS. 1 and 2, the phosphor 151 obtained by mixing the yellow phosphor of the first phosphor,
the green phosphor of the first phosphor, and the second phosphor with each other at the weight ratio of 2:7:1 is employed
for the InGaN-based LED chip 110 having the light emitting a peak wavelength in the range of 430nm to 480nm, thereby
manufacturing the light emitting device.
[0317] In detail, the phosphor 151 was mixed with the molding member 150 including light permeable epoxy resin,
and then the resultant was molded to surround the InGaN-based LED chip 110.
[0318] The phosphor 151 emits the secondary light having peak wavelengths in the range of 540nm to 600nm, 480nm
to 540nm, and 630nm to 670nm while being excited by blue light having a wavelength of 460nm emitted from the InGaN-
based LED chip 110.
[0319] In this case, the second phosphor of the phosphor 151 may be excited by the blue light emitted from the InGaN-
based LED chip 110 and the secondary light emitted from the yellow phosphor and the green phosphor of the first
phosphor, to emit light having a wavelength longer than those of both the blue light and the secondary light from the
yellow phosphor and the green phosphor of the first phosphor.
[0320] FIG. 23 is a graph showing the measurement result of the light emitting spectrum of the light emitting device
manufactured using the mixture of the yellow phosphor and the green phosphor of the first phosphor and the second
phosphor.
[0321] As shown in FIG. 23, the light emitting device of emitting the secondary light having peak wavelengths of 545nm
and 645nm is disclosed.
[0322] As described above, new phosphor according to the embodiment of the present invention includes Mg and at
least one of Y, Ce, La, Nd, Gd, Tb, Yb, or Lu, so as to provide the optical characteristic superior to that of conventional
YAG:Ce3+ phosphor generally known to those skilled in the art. In other words, according to embodiment of the present
invention, it is possible to obtain phosphor having a superior luminous effect in which a light emitting device can easily
express a bluish white color to a reddish white color according to the ratio of added rare earth and alkali components.
[0323] In addition, according to embodinment of the present invention, it is possible to control a color coordinate, a
color temperature, and a color rendering index while representing high performance as compared with a conventional
technology employing the mixture of silicate-based phosphor.
[0324] Further, the embodiment of the present invention provides an illumination light source replacing a color LCD
backlight of a cellular phone, an LED lamp, a display LED of a train and a bus, or a fluorescence lamp in order to save
energy.

Industrial Applicability

[0325] Phosphor, phosphor composition, and a light emitting device according to an embodiment of the present in-
vention can express various colors with a high color temperature or a high color rendering index.

Claims

1. A silicate-based phosphor expressed in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu,
wherein M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, in which 0<x≤3.95, 0<y≤1, 0≤z<3.95, x+y+z<4, 0<a<2,
and 0<b<1.

2. The silicate-based phosphor as claimed in claim 1, wherein, in the chemical formula, x, y and z satisfy 0.01≤x<1.0,
0.02≤y<0.40, 0≤z<1, and x+y+z<4, in which the phosphor is excited by a primary light having a light emitting a peak
wavelength in a range of 430nm to 480nm so that a secondary light has a light emitting a peak wavelength in a
range of 540nm to 600nm.

3. The silicate-based phosphor as claimed in claim 1, wherein, in the chemical formula, x, y and z satisfy 1.0≤x<3.95,
0.02≤y≤0.40, z=0 and x+y+z<4, in which the phosphor is excited by a primary light having a light emitting a peak
wavelength in a range of 430nm to 480nm so that a secondary light has a light emitting peak wavelength in a range
of 480nm to 540nm.

4. The silicate-based phosphor as claimed in claim 1, wherein, in the chemical formula, x, y and z satisfy 0.01≤x<1,
0.02≤y≤0.40, 1<z<3.95, and x+y+z<4, in which the phosphor is excited by a primary light having a light emitting
peak wavelength in a range of 430nm to 480nm so that a secondary light has a light emitting peak wavelength in a
range of 570nm to 620nm.
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5. The silicate-based phosphor as claimed in claim 1, wherein the silicate-based phosphor is obtained by mixing a
phosphor having x, y and z satisfying 0.01≤x<1.0, 0.02≤y≤0.40, 0≤z≤1, and x+y+z<4 with a phosphor having x, y,
and z satisfying 1.0≤x≤3.95, 0.02≤y≤0.40, z=0 and x+y+z<4 in the chemical formula.

6. The silicate-based phosphor as claimed in claim 1, wherein the silicate-based phosphor is obtained by mixing a
phosphor having x, y and z satisfying 0.01≤x<1.0, 0.02≤y≤0.40, 0≤z≤1, and x+y+z<4 with a phosphor having x, y,
and z satisfying 0.01≤x<1, 0.02≤y≤0.40, 1<z<3.95, and x+y+z<4 in the chemical formula.

7. The silicate-based phosphor as claimed in claim 1, wherein the silicate-based phosphor is obtained by mixing a
phosphor having x, y and z satisfying 1.0≤x≤3.95, 0.02≤y≤0.40, z=0, and x+y+z<4 with a phosphor having x, y, and
z satisfying 0.01≤x<1, 0.02≤y≤0.40, 1<z<3.95, and x+y+z<4 in the chemical formula.

8. The silicate-based phosphor as claimed in claim 1, wherein the silicate-based phosphor is obtained by mixing a
phosphor, which has x, y and z satisfying 0.01≤x<1.0, 0.02≤y≤0.40, 0≤z≤1, and x+y+z<4, a phosphor, which has x,
y, and z satisfying 1.0≤x≤3.95, 0.02≤y≤0.40, z=0, and x+y+z<4 and a phosphor, which has x, y, and z satisfying
0.01≤x<1, 0.02≤y≤0.40, 1<z<3.95, and x+y+z<4 in the chemical formula.

9. A phosphor obtained by mixing a silicate-based first phosphor, which is expressed in a chemical formula of (4-x-y-
z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0<x≤3.95,
0<y≤1, 0≤z<3.95, x+y+z<4, 0<a<2, and 0<b<1), with a garnet-based phosphor, wherein the garnet-based second
phosphor is expressed in a chemical formula of x(M1203)·y(M2203) : zRE, in which M1 is at least one of Y, Tb, La,
Yb, Sm, or Lu, M2 is at least one of A1 or Ga, RE is at least one of Pr, Gd, or Ce, 0<x≤1.5, 0<y≤2.5, and 0<z≤1._

10. A phosphor obtained by mixing a silicate-based first phosphor, which is expressed in a chemical formula of (4-x-y-
z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0<x≤3.95,
O<y≤1, 0≤z<3.95, x+y+z<4, 0<a<2, and 0<b<1), with a nitride-based phosphor,
wherein the nitride-based second phosphor is expressed in a chemical formula of (2-a-b-c-d) SrN · aMgN · bCaN ·
cBaN · (Si5N8): dEu, in which 0≤a<2, 0≤b<2, 0≤c<2, 0<d≤1, and a+b+c+d<2, or,
wherein the nitride-based second phosphor is expressed in a chemical formula of (3-a-b-c-d)CaN · aMgN · bSrN ·
cBaN · 3(XN) · (Z3N4): dEu, in which X is at least one of Al or Ga, Z is at least one of Si or Ge, 0≤a<3, 0≤b<3, 0≤c<3,
0<d≤1, and a+b+c+d<3.

11. A phosphor obtained by mixing a silicate-based first phosphor, which is expressed in a chemical formula of (4-x-y-
z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb, or Lu, 0<x≤3.95,
0<y≤1, 0≤z<3.95, x+y+z<4, 0<a<2, and 0<b<1), with a sulfide-based phosphor,
wherein the sulfide-based phosphor is expressed in a chemical formula of Sr(1-x)Ga2S4:Eux(0<x<1), or wherein
the sulfide-based phosphor is expressed in a chemical formula of CaS(1-x-y) · SrxS: Euy (0≤x<1 and 0<y<1).

12. A light emitting device comprising:

a light emitting diode chip that emits light having a light emitting peak wavelength in a range of 430nm to 480nm;
a substrate that electrically connects to the light emitting diode chip;
a molding member used to mold the light emitting diode chip; and
a phosphor that is entirely or partially dispersed in the molding member, wherein the phosphor is a silicate-
based phosphor expressed in a chemical formula of (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (M
is at
least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0<x≤3.95, 0<y≤1, 0≤z<3.95, x+y+z<4, 0<a<2, and 0<b<1).

13. The light emitting device as claimed in claim 12,
wherein the silicate-based phosphor has x, y and z satisfying 0.01≤x<1.0, 0.02≤y≤0.40, 0≤z≤1, and
x+y+z<4, and is excited by a primary light having a light emitting peak wavelength in a range of 430nm to 480nm
so that a secondary light having a light emitting peak wavelength in a range of 540nm to 600nm is emitted.

14. The light emitting device as claimed in claim 12,
wherein the silicate-based phosphor has x, y and z satisfying 1.0≤x≤3.95, 0.02≤y≤0.40, z=0, and x+y+z<4,
and is excited by a primary light having a light emitting peak wavelength in a range of 430nm to 480nm so that a
secondary light having a light emitting peak wavelength in a range of 480nm to 540nm is emitted.
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15. The light emitting device as claimed in claim 12,
wherein the silcate-based phosphor has x, y and z satisfying 0.01≤x<1, 0.02≤y≤0.40, 1<z<3.95, and x+y+z<4, and
is excited by a primary light having a light emitting peak wavelength in a range of 430nm to 480nm so that a secondary
light having a light emitting peak wavelength in a range of 570nm to 620nm is emitted.

Patentansprüche

1. Leuchtstoff auf Silikatbasis, der in einer chemischen Formel (4-x-y-z)SrO•xBaO•zCaO•aMgO•2(SiO2)•bM2O3: yEu
ausgedrückt wird, worin M mindestens eines von Y, Ce, La, Nd, Gd, Tb, Yb oder Lu ist, wobei 0<x≤3,95, 0<y≤1,
0≤z<3,95, x+y+z<4, 0<a<2 und 0<b<1 ist.

2. Leuchtstoff auf Silikatbasis gemäß Anspruch 1, wobei x, y und z in der chemischen Formel 0,01x≤1,0, 0,02≤y≤0,40,
0≤z≤1, und x+y+z<4 erfüllen, wobei der Leuchtstoff von einem primären Licht erregt wird, das eine Lichtemissions-
Spitzenwellenlänge im Bereich von 430 nm bis 480 nm aufweist, sodass ein sekundäres Licht eine Lichtemissions-
Spitzenwellenlänge im Bereich von 540 nm bis 600 nm aufweist.

3. Leuchtstoff auf Silikatbasis gemäß Anspruch 1, wobei x, y und z in der chemischen Formel 1,0≤x≤3,95, 0,02≤y≤0,40,
z=0 und x+y+z<4 erfüllen, wobei der Leuchtstoff von einem primären Licht erregt wird, das eine Lichtemissions-
Spitzenwellenlänge im Bereich von 430 nm bis 480 nm aufweist, sodass ein sekundäres Licht eine Lichtemissions-
Spitzenwellenlänge im Bereich von 480 nm bis 540 nm aufweist.

4. Leuchtstoff auf Silikatbasis gemäß Anspruch 1, wobei x, y und z in der chemischen Formel 0,01≤x<1, 0,02≤y≤0,40,
1<z<3,95 und x+y+z<4 erfüllen, wobei der Leuchtstoff von einem primären Licht erregt wird, das eine Lichtemissions-
Spitzenwellenlänge im Bereich von 430 nm bis 480 nm aufweist, sodass ein sekundäres Licht eine Lichtemissions-
Spitzenwellenlänge im Bereich von 570 nm bis 620 nm aufweist.

5. Leuchtstoff auf Silikatbasis gemäß Anspruch 1, wobei der Leuchtstoff auf Silikatbasis durch Mischen eines Leucht-
stoffs, bei dem x, y und z 0,01≤x<1,0, 0,02≤y≤0,40, 0≤z≤1 und x+y+z<4 erfüllen, mit einem Leuchtstoff, bei dem x,
y und z in der chemischen Formel 1,0≤x≤3,95, 0,02≤y≤0,40, z=0 und x+y+z<4 erfüllen, erhalten wird.

6. Leuchtstoff auf Silikatbasis gemäß Anspruch 1, wobei der Leuchtstoff auf Silikatbasis durch Mischen eines Leucht-
stoffs, bei dem x, y und z 0,01≤x<1,0, 0,02≤y≤0,40, 0≤z≤1 und x+y+z<4 erfüllen, mit einem Leuchtstoff, bei dem x,
y und z in der chemischen Formel 0,01≤x<1, 0,02≤y≤0,40, 1<z<3,95 und x+y+z<4 erfüllen, erhalten wird.

7. Leuchtstoff auf Silikatbasis gemäß Anspruch 1, wobei der Leuchtstoff auf Silikatbasis durch Mischen eines Leucht-
stoffs, bei dem x, y und z 1,0≤x≤3,95, 0,02≤y≤0,40, z=0 und x+y+z<4 erfüllen, mit einem Leuchtstoff, bei dem x, y
und z in der chemischen Formel 0,01≤x<1, 0,02≤y≤0,40, 1<z<3,95 und x+y+z<4 erfüllen, erhalten wird.

8. Leuchtstoff auf Silikatbasis gemäß Anspruch 1, wobei der Leuchtstoff auf Silikatbasis durch Mischen eines Leucht-
stoffs, bei dem x, y und z 0,01≤x<1,0, 0,02≤y≤0,40, 0≤z≤1 und x+y+z<4 erfüllen, mit einem Leuchtstoff, bei dem x,
y und z in der chemischen Formel 0,01≤x<1, 0,02≤y≤0,40, 1<z<3,95 und x+y+z<4 erfüllen, erhalten wird.

9. Leuchtstoff, der durch Mischen eines ersten Leuchtstoffs auf Silikatbasis, der in einer chemischen Formel (4-x-y-
z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu ausgedrückt ist (worin M mindestens einer von Y, Ce, La, Nd, Gd,
Tb, Yb oder Lu ist, 0<x≤3,95, 0<y≤1, 0≤z<3,95, x+y+z<4, 0<a<2 und 0<b<1 ist), mit einem Leuchtstoff auf Granatbasis
erhalten wird, wobei der zweite Leuchtstoff auf Granatbasis in einer chemischen Formel x(M12O3)·y(M22O3): zRE
ausgedrückt ist, worin M1 mindestens eines von Y, Tb, La, Yb, Sm oder Lu ist, M2 mindestens eines von Al oder
Ga ist, RE mindestens eines von Pr, Gd oder Ce ist, 0<x≤1,5, 0<y≤2,5 und 0<z≤1 ist.

10. Leuchtstoff, der durch Mischen eines ersten Leuchtstoffs auf Silikatbasis, der in einer chemischen Formel (4-x-y-
z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu ausgedrückt ist (worin M mindestens einer von Y, Ce, La, Nd, Gd,
Tb, Yb oder Lu ist, 0<x≤3,95, 0<y≤1, 0≤z<3,95, x+y+z<4, 0<a<2 und 0<b<1 ist), mit einem Leuchtstoff auf Nitridbasis
erhalten wird, wobei der zweite Leuchtstoff auf Nitridbasis in einer chemischen Formel (2-a-b-c-d)
SrN·aMgN·bCaN·cBaN·(Si5N8):

dEu ausgedrückt ist, worin 0≤a<2, 0≤b<2, 0≤c<2, 0<d≤1 und a+b+c+d<2 ist, oder wobei der zweite Leuchtstoff
auf Nitridbasis in einer chemischen Formel (3-a-b-c-d)CaN·aMgN·bSrN·cBaN·3(XN)·(Z3N4): dEu ausgedrückt
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ist, worin X mindestens einer von Al oder Ga ist, Z mindestens eines von Si oder Ge ist, 0≤a<3, 0≤b<3, 0≤c<3,
0<d≤1 und a+b+c+d<3 ist.

11. Leuchtstoff, der durch Mischen eines ersten Leuchtstoffs auf Silikatbasis, der in einer chemischen Formel (4-x-y-
z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu ausgedrückt ist (worin M mindestens einer von Y, Ce, La, Nd, Gd,
Tb, Yb oder Lu ist, 0<x≤3,95, 0<y≤1, 0≤z<3,95, x+y+z<4, 0<a<2 und 0<b<1 ist), mit einem Leuchtstoff auf Sulfidbasis
erhalten wird, wobei der Leuchtstoff auf Sulfidbasis in einer chemischen Formel Sr(1-x)Ga2S4:Eux(0<x<1) ausge-
drückt ist oder wobei der Leuchtstoff auf Sulfidbasis in einer chemischen Formel CaS(1-x-y)·SrxS: Euy (0≤x<1 und
0<y<1) ausgedrückt ist.

12. Lichtemissionsvorrichtung, umfassend:

einen Lichtemissionsdioden-Chip, der Licht mit einer Lichtemissions-Spitzenwellenlänge im Bereich von 430
nm bis 480 nm emittiert;
ein Substrat, das eine elektrische Verbindung mit dem Lichtemissionsdioden-Chip herstellt;
ein Formteil, das zum Formen des Lichtemissionsdioden-Chips verwendet wird; und
einen Leuchtstoff, der in dem Formteil vollständig oder teilweise dispergiert ist, wobei der Leuchtstoff ein Leucht-
stoff auf Silikatbasis ist, der in einer chemischen Formel (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu
ausgedrückt ist (worin M mindestens eines von Y, Ce, La, Nd, Gd, Tb, Yb oder Lu ist, 0<x≤3,95, 0<y≤1, 0≤z<3,95,
x+y+z<4, 0<a<2 und 0<b<1 ist).

13. Lichtemissionsvorrichtung gemäß Anspruch 12, wobei in dem Leuchtstoff auf Silikatbasis x, y und z 0,01≤x<1,0,
02≤y≤0,40, 0≤z≤1 und x+y+z<4 erfüllen und dieser von einem primären Licht erregt wird, das eine Lichtemissions-
Spitzenwellenlänge im Bereich von 430 nm bis 480 nm aufweist, sodass ein sekundäres Licht mit einer Lichtemis-
sions-Spitzenwellenlänge im Bereich von 540 nm bis 600 nm emittiert wird.

14. Lichtemissionsvorrichtung gemäß Anspruch 12, wobei in dem Leuchtstoff auf Silikatbasis x, y und z 1,0≤x≤3,95,
0,02≤y≤0,40, z=0 und x+y+z<4 erfüllen und dieser von einem primären Licht erregt wird, das eine Lichtemissions-
Spitzenwellenlänge im Bereich von 430 nm bis 480 nm aufweist, sodass ein sekundäres Licht mit einer Lichtemis-
sions-Spitzenwellenlänge im Bereich von 480 nm bis 540 nm emittiert wird.

15. Lichtemissionsvorrichtung gemäß Anspruch 12, wobei in dem Leuchtstoff auf Silikatbasis x, y und z 0,01≤x<1,
0,02≤y≤0,40, 1<z<3,95 und x+y+z<4 erfüllen und dieser von einem primären Licht erregt wird, das eine Lichtemis-
sions-Spitzenwellenlänge im Bereich von 430 nm bis 480 nm aufweist, sodass ein sekundäres Licht mit einer
Lichtemissions-Spitzenwellenlänge im Bereich von 570 nm bis 620 nm emittiert wird.

Revendications

1. Luminophore à base de silicate exprimé dans une formule chimique de (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)
·bM2O3: yEu, dans laquelle M est au moins l’un de Y, Ce, La, Nd, Gd, Tb, Yb ou Lu, où 0 <x≤ 3,95, 0 < y ≤ 1, 0≤ z
< 3,95, x+y+z<4,0<a<2 et 0<b<1.

2. Luminophore à base de silicate selon la revendication 1, dans lequel dans la formule chimique, x, y et z satisfont
0,01 ≤ x < 1,0, 0,02 ≤ y ≤ 0,40, 0 ≤ z ≤ 1 et x + y + z < 4, dans lequel le luminophore est excité par une lumière
primaire ayant un pic de longueur d’onde d’émission de lumière dans une plage de 430 nm à 480 nm de sorte
qu’une lumière secondaire a un pic de longueur d’onde d’émission de lumière dans une plage de 540 nm à 600 nm.

3. Luminophore à base de silicate selon la revendication 1, dans lequel dans la formule chimique, x, y et z satisfont
1,0 ≤ x < 3,95, 0,02 ≤y ≤ 0,40, z = 0 et x + y + z < 4, dans lequel le luminophore est excité par une lumière primaire
ayant un pic de longueur d’onde d’émission de lumière dans une plage de 430 nm à 480 nm de sorte qu’une lumière
secondaire a un pic de longueur d’onde d’émission de lumière dans une plage de 480 nm à 540 nm.

4. Luminophore à base de silicate selon la revendication 1, dans lequel dans la formule chimique, x, y et z satisfont
0,01 ≤ x < 1, 0,02 ≤ y 0,40, 1 ≤ z ≤ 3,95 et x + y + z < 4, dans lequel le luminophore est excité par une lumière
primaire ayant un pic de longueur d’onde d’émission de lumière dans une plage de 430 nm à 480 nm de sorte
qu’une lumière secondaire a un pic de longueur d’onde d’émission de lumière dans une plage de 570 nm à 620 nm.
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5. Luminophore à base de silicate selon la revendication 1, dans lequel le luminophore à base de silicate est obtenu
par mélange d’un luminophore dont x, y et z satisfont 0,01 ≤ x < 1,0, 0,02 ≤ y ≤ 0,40, 0 ≤ z ≤ 1 et x + y+ z < 4, avec
un luminophore dont x, y et z satisfont 1,0 ≤ x < 3,95, 0,02 ≤ y ≤ 0,40, z = 0 et x + y + z < 4 dans la formule chimique.

6. Luminophore à base de silicate selon la revendication 1, dans lequel le luminophore à base de silicate est obtenu
par mélange d’un luminophore dont x, y et z satisfont 0,01 ≤ x < 1,0, 0,02 ≤ y ≤ 0,40, 0 ≤ z ≤ 1 et x + y + z < 4, avec
un luminophore dont x, y et z satisfont 0,01 ≤ x < 1, 0,02 ≤ y ≤ 0,40, 1 ≤ z ≤ 3,95 et x + y + z < 4 dans la formule chimique.

7. Luminophore à base de silicate selon la revendication 1, dans lequel le luminophore à base de silicate est obtenu
par mélange d’un luminophore dont x, y et z satisfont 1,0 ≤ x < 3,95, 0,02 ≤ y ≤ 0,40, z = 0 et x + y + z < 4, avec un
luminophore dont x, y et z satisfont 0,01 ≤ x < 1, 0,02 ≤ y ≤ 0,40, 1 ≤ z ≤ 3,95 et x + y + z < 4, dans la formule chimique.

8. Luminophore à base de silicate selon la revendication 1, dans lequel le luminophore à base de silicate est obtenu
par mélange d’un luminophore dont a x, y et z satisfont 0,01 ≤ x < 1,0, 0,02 ≤ y ≤ 0,40, 0 ≤ z ≤ 1 et x + y + z < 4, un
luminophore dont x, y et z satisfont 1,0 ≤ x < 3,95, 0,02 ≤ y ≤ 0,40, z = 0 et x + y + z < 4 et un luminophore qui est
tel que x, y et z satisfont 0,01 ≤ x < 1, 0,02 ≤ y ≤ 0,40, 1 ≤ z ≤ 3,95 et x + y + z < 4, dans la formule chimique.

9. Luminophore obtenu par mélange d’un premier luminophore à base de silicate, qui est exprimé dans une formule
chimique de (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (M est au moins l’un de Y, Ce, La,
Nd, Gd, Tb, Yb ou Lu, où 0 < x ≤3,95, 0 < y ≤ 1, 0 ≤ z < 3,95, x + y + z < 4, 0 < a < 2 et 0 < b < 1), avec un luminophore
à base de grenat,
où le deuxième luminophore à base de grenat est exprimé dans une formule chimique de x(M1203)·y(M2203): zRE,
dans laquelle M1 est au moins l’un de Y, Tb, La, Yb, Sm ou Lu, M2 est au moins l’un de Al ou Ga, RE est au moins
l’un de Pr, Gd ou Ce, 0 <x ≤ 1,5, 0 <y ≤ 2,5 et 0 < z ≤ 1.

10. Luminophore obtenu par mélange d’un premier luminophore à base de silicate, qui est exprimé dans une formule
chimique de (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3: yEu (M est au moins l’un de Y, Ce, La, Nd, Gd, Tb,
Yb ou Lu, où 0 < x ≤3,95, 0 < y ≤ 1, 0 ≤ z < 3,95, x + y + z < 4, 0 < a < 2 et 0 < b < 1), avec un luminophore à base de nitrure,
où le deuxième luminophore à base de nitrure est exprimé dans une formule chimique de (2-a-b-c-d)SrN·aM-
gN·bCaN·cBaN·(Si5N8): dEu, dans laquelle 0 ≤ a < 2,0 ≤ b < 2,0 ≤ c < 2,0 < d ≤ 1 et a+b+c+d < 2,ou,
dans lequel le deuxième luminophore à base de nitrure est exprimé dans une formule chimique de (3-a-b-c-d)
CaN·aMgN·bSrN·cBaN·3(XN)·(Z3N4): dEu, dans laquelle X est au moins l’un de Al ou Ga, Z est au moins l’un de
Si ou Ge, 0 ≤ a < 3, 0 ≤ b < 3,0 ≤ c < 3,0 < d ≤ 1 et a+b+c+d < 3.

11. Luminophore obtenu par mélange d’un premier luminophore à base de silicate, qui est exprimé dans une formule
chimique de (4-x-y-z)SrO·xBaO·zCaO·aMgO·2(SiO2)·bM2O3 yEu (M est au moins l’un de Y, Ce, La, Nd, Gd, Tb,
Yb ou Lu, où 0 < x ≤ 3,95, 0 < y ≤ 1, 0 ≤ z < 3,95, x + y + z < 4, 0 < a < 2 et 0 < b < 1), avec un luminophore à base de sulfure,
où le luminophore à base de sulfure est exprimé dans une formule chimique de Sr(1-x)Ga2S4 :Eux (0 < x < 1), ou
dans lequel le luminophore à base de sulfure est exprimé dans une formule chimique de CaS(1-x-y)·SrxS :Euy (0
≤ x < 1 et 0 < y < 1).

12. Dispositif électroluminescent comprenant :

une puce à diode électroluminescente qui émet de la lumière ayant un pic de longueur d’onde d’émission de
lumière dans une plage de 430 nm à 480 nm ;
un substrat qui se connecte électriquement à la puce à diode électroluminescente ;
un organe de moulage utilisé pour mouler la puce à diode électroluminescente ; et
un luminophore qui est entièrement ou partiellement dispersé dans l’organe de moulage, où le luminophore est
un luminophore à base de silicate exprimé dans une formule chimique de (4-x-y-z)SrO·xBaO·zCaO·aMgO·2
(SiO2)·bM2O3: yEu, (M est au moins l’un de Y, Ce, La, Nd, Gd, Tb, Yb ou Lu, où 0 < x ≤ 3,95, 0 < y ≤ 1, 0 ≤ z
< 3,95, x + y + z < 4, 0 < a < 2 et 0 < b < 1).

13. Dispositif électroluminescent selon la revendication 12, dans lequel le luminophore à base de silicate est tel que x,
y et z satisfont 0,01 ≤ x < 1,0, 0,02 ≤ y ≤ 0,40, 0 ≤ z ≤ 1 et x + y + z < 4, et est excité par une lumière primaire ayant
un pic de longueur d’onde d’émission de lumière dans une plage de 430 nm à 480 nm de sorte qu’une lumière
secondaire ayant un pic de longueur d’onde d’émission de lumière dans une plage de 540 nm à 600 nm est émise.

14. Dispositif électroluminescent selon la revendication 12, dans lequel le luminophore à base de silicate est tel que x,
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y et z satisfont 1,0 ≤ x < 3,95, 0,02 ≤ y ≤ 0,40, z = 0 et x + y + z < 4, et est excité par une lumière primaire ayant un
pic de longueur d’onde d’émission de lumière dans une plage de 430 nm à 480 nm de sorte qu’une lumière secondaire
ayant un pic de longueur d’onde d’émission de lumière dans une plage de 480 nm à 540 nm est émise.

15. Dispositif électroluminescent selon la revendication 12, dans lequel le luminophore à base de silicate est tel que x,
y et z satisfont 0,01 ≤ x < 1, 0,02 ≤ y ≤ 0,40, 1 ≤ z ≤ 3,95 et x + y + z < 4, et est excité par une lumière primaire ayant
un pic de longueur d’onde d’émission de lumière dans une plage de 430 nm à 480 nm de sorte qu’une lumière
secondaire ayant un pic de longueur d’onde d’émission de lumière dans une plage de 570 nm à 620 nm est émise.
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