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Description
PHOSPHOR MATERIAL, COATING PHOSPHOR

COMPOSITION, METHOD OF PREPARING PHOSPHOR

MATERIAL AND LIGHT EMITTING DEVICE
Technical Field

The embodiment relates to phosphor, coating phosphor composition, a method for
preparing the phosphor, and a light emitting device.
Background Art

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.

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.

As another method, phosphor may be coated on a blue or a near-UV (ultra violet)
LED chip to fabricate a white LED.

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.

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.

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) Ce™ phosphor emitting yellow light.

However, since conventional the (In)GaN LEDs emits blue excitation light having a
narrow band, the development of light emitting devices expressing various colors is

difficult, and white light may be seriously changed according to the wavelength of blue
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light. In addition, light emitting efficiency may be excessively lowered in UV

excitation light.
Disclosure of Invention

Technical Problem

Embodiments of the present invention provide new phosphor, phosphor
composition, a method for preparing the phosphor, and a light emitting device using
the phosphor.

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

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(Si02)-bM203 :
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<z2<3.95, x+y+z2<4,0<a<2,and 0<b <1,

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-2;1MgO-2(Si02)-bMZO3 : yEu (M is at least one of Y, Ce, La,
Nd, Gd, Tb, Yb or Lu, 0<x<3.95, 0<y<1, 0<z2<3.95, x+y+z2<4, 0<a<2, and
0<b<1), with a garnet-based phosphor.

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-2;1MgO-2(SiO2)-bMZO3 : yEu(M is at least one of Y, Ce, La,
Nd, Gd, Tb, Yb or Lu, 0<x<3.95, 0<y<1, 0<z2<3.95, x+y+z2<4, 0<a<2, and
0<b<1), with a nitride-based phosphor.

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-2;1MgO-2(SiO2)-bMZO3 : yEu (M is at least one of Y, Ce, La,
Nd, Gd, Tb, Yb, or Lu, 0<x<3.95, 0<y<1, 0<2<3.95, x+y+z<4, 0<a<2, and
0<b<1), with a sulfide-based phosphor.

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(Si02)-bM203: yEu (M is at
least one of Y, Ce, La, Nd, Gd, Tb, Yb, or Lu, 0<x<3.95, 0<y<1, 0<2<3.95,
x+y+2<4,0<a<2,and 0<b<1).

According to an embodiment of the present invention, a method for preparing a

silicate-based phosphor comprises the steps of (a) mixing an oxide, nitride, or
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carbonate of alkaline earth metal including Ba, SiOz, an oxide, nitride, or halide of rare
earth metal, and an oxide or halide of Eu which is employed as an activator with each
otherin a NH4F, BAFz, CAFZ, or MGF2 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.

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-2;1MgO-2(SiO2)-bMZO3 : yEu(M is at least one of Y, Ce, La,
Nd, Gd, Tb, Yb or Lu, 0<x<3.95, 0<y<1, 0<z2<3.95, x+y+z2<4, 0<a<2, and
0<b<1).

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(Si02)-bM203: 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+z2<4,0<a<2,and 0<b<1), and a garnet-based second phosphor.

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)-bMZO3 :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+z2<4,0<a<2,and 0<b<1), and a nitride-based second phosphor.

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
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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(Si02)-bM203: 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+z2<4,0<a<2,and 0<b<1), and a sulfide-based second phosphor.
Advantageous Effects

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

Brief Description of the Drawings

FIG. 1 is a view showing the structure of a light emitting device;

FIG. 2 is a view showing another structure of the light emitting device according to
another embodiment;

FIG. 3 is a graph showing the comparison of the light emitting characteristic of the
secondary light of conventional YAG:Ce™ phosphor and the light emitting char-
acteristic of the secondary light of yellow phosphor according to an embodiment of the
present invention;

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;

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 present invention;

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;

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;

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;

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
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embodiment of the present invention;

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;

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;

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;

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;

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;

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;

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;

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;

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;

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;

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;
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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;

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

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

Hereinafter, phosphor, phosphor composition, a light emitting diode, and a method
for manufacturing the phosphor according to an embodiment of the present invention
will be described with respect to accompanying drawings in detail.

FIG. 1 is a view showing the structure of a light emitting device.

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 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.

FIG. 2 is a view showing another structure of the light emitting device.

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
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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.

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.

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.

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.

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.

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.

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.

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.

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.

In other words, the light emitting device according to the embodiment, the phosphor
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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 200 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 phosphor 151 is

employed for the light emitting device including the InGaN-based LED chip 110.

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

First Phosphor
As show in FIGS. 1 and 2, the phosphor 151 surrounding the InGaN-based LED

chip 110 may include the following first phosphor.
The first phosphor is silicate-based phosphor expressed in chemical formula 1.
Chemical Formula 1
(4—X—y—z)SrO-XBalO-ZCaO-2;1MgO-2(Si02)-szO3 :yEu
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<z2<3.95, x+y+z<4,0<a<2,and 0<b<1.
Accordingly, the first phosphor can be expressed in following chemical formulas.
Chemical Formula 2
(4—x—y—z)SrO-XBaO-ZCaO-aMgO-2(Si02)-bY203 :yEu
Chemical Formula 3
(4—x—y—z)SrO-XBaO-ZCaO-aMgO-2(Si02)-bC6203 : yEu

Chemical Formula 4
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(4—x—y—z)SrO-XBaO-ZCaO-aMgO-2(Si02)-bLa203 : yEu
Chemical Formula 5
(4—x—y—z)SrO-XBaO-ZCaO-aMgO-2(SiO2)-bNd203 : yEu
Chemical Formula 6
(4—x—y—z)SrO-XBaO-ZCaO-aMgO-2(SiO2)-bGd203 : yEu
Chemical Formula 7

(4—x—y—z)SrO-XBaO-ZCaO-aMgO-2(Si02)-bTb203 : yEu

Chemical Formula 8
(4—x—y—z)SrO-XBaO-ZCaO-aMgO-2(SiO2)-be203 :yEu
Chemical Formula 9

(4—x—y—z)SrO-XBaO-ZCaO-aMgO-2(Si02)-bLu203 : yEu

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.

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.

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 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.

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.

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:Ce™ phosphor.
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Preparation Method of First Phosphor

The first phosphor is prepared through the following steps.

The preparation process of the first phosphor comprises

(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 NH4F, Ban, Can, or MgF2 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 dried mixture 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 the first phosphor, and

(e) removing a non-reactive material by washing the particles of the first phosphor
using a solvent.

In step (a), the use amount of each material can be adjusted according to a stoi-
chiometric ratio such that chemical formula 1 is satisfied.

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 insuf-
ficiently 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.

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.

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.

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 man-
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ufactured using the first phosphor.

Example of Preparation Method of Yellow phosphor of First Phosphor

1.07g SrCOB, 0.43g BaCOs, 0.07g MgO, 0.33¢ SiO2, 0.25¢g EuzOl 0.05¢g Y203’ and
0.07¢g L21203 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 200. 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
ethylalcohol 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(SiOZ)-bM203: yEu2 (wherein, x=0.65, y=0.05, z=0,
a=1, b=0.2, and M=Y, or La) was prepared.

Example of Preparation Method of Green Phosphor of First Phosphor

1.32¢g SrCO3, 0.82¢g BaCOB, 0.13g MgO, 0.02¢ Eu2O3, 0.40g SiO2 ,and 0.03g Y203
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 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 200. 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-aMgOQ(SiOZ)-bM
O : yEu2 (wherein, x=1.25, y=0.05, z=0, a=0.1, b=0.1, and M=Y ) was prepared.

2 3

Example of Preparation Method of Orange Phosphor of First Phosphor
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0.73g SrCO3, 0.01g BaCOB, 0.13g MgO, 0.45g CaO0, 0.4g SiOz, 0.03g YZO3 ,and
0.17g Eu203 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 200. 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-2;1MgO-2(SiO2)-bMZO3 : yEu (wherein, x=0.01, y=0.1, z=2.4,
a=1, b=0.1, and M=Y)was prepared.

Example of Preparation Method of Mixture of Yellow phosphor and Green

phosphor of First Phosphor
The yellow phosphor having chemical formula of

(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiOz)-bM203: 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 chemical formula of
(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiO2)-bM203 : 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 method, were mixed
with each other at the weight ratio of 1:3.

Example of Preparation Method of Mixture of Orange Phosphor and Yellow
Phosphor of First Phosphor

The yellow phosphor having chemical formula of
(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiOz)-bM203: 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-2;1MgO-2(Si02)-bMZO3 : 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.

Example of Preparation Method of Mixture of Green phosphor and Orange

phosphor of First Phosphor
The green phosphor having chemical formula of
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(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiO2)-bM203 : 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-2;1MgO-2(Si02)-bMZO3 : 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.

Example of Preparation Method of Mixture of Yellow Phosphor. Green phosphor,

and Orange phosphor of First Phosphor
The yellow phosphor having chemical formula

0f(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiO2)-bM203: yEuz(Wherein, x=0.65, y=0.05,
7=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)-bM203 : 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-2;1MgO-2(SiO2)-bMZO3 : 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.

Example of Manufacturing Light Emitting Device using Yellow phosphor of First

Phosphor
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(SiOz)-bM203: 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.

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.

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.

FIG. 3 is a graph showing the comparison of the light emitting characteristic of the
secondary light of conventional YAG:Ce™ phosphor and the light emitting char-
acteristic 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.

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



14

WO 2008/082163 PCT/KR2007/006911

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]
[144]

[145]

light emitting efficiency can be obtained in a peak wavelength of 550nm (see, graph e).

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 con-
ventional light emitting device manufactured using YAG phosphor in view of light
emission spectrum.

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.

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.

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.

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.

A light emitting device, which is manufactured using phosphor having a light char-
acteristic 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 0to 0.1.

Meanwhile, when the content (x value) of Ba and the content (z value) of Ca ap-
proximate to 0.01 and 1.0, respectively, in chemical formula 1, light emitted from the
yellow phosphor has a peak wavelength approximating to 600nm.

A light emitting device, which is manufactured using phosphor having a light char-
acteristic 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.

Example of Manufacturing Light Emitting Device using Green Phosphor of First

Phosphor
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(Si02)-bMZO3 : yEu2 (wherein, x=1.25, y=0.05, z=0,
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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.

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.

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.

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.

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.

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.

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.

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.

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.

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.

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.

Example of Manufacturing Light Emitting Device using Orange Phosphor of First
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employing orange phosphor, having a chemical formula of
(4—X—y—z)SrO-XBaO-zCaO-2;1MgO-2(Si02)-bMZO3 : 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.

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.

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.

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.

As shown in FIG. 8, the light emitting device of the secondary light having a peak

wavelength of 590nm is disclosed.

Example of Manufacturing Light Emitting Device using Mixture of Yellow

Phosphor and Green Phosphor of First Phosphor
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(Si02)-bM203: 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(Si02)-bM203 : 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.

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.

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.

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
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diode chip 110 is transmitted.

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.

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.

As shown in FIG. 9, the light emitting device of the secondary light having peak

wavelengths of 510nm and 575nm is disclosed.

Example of Manufacturing Light Emitting Device using Mixture of Orange

Phosphor and Yellow phosphor of First phosphor
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(Si02)-bM203: 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)-bM203 : 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.

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.

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.

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.

As shown in FIG. 11, the light emitting device of emitting the secondary light

having a peak wavelength of 590nm is disclosed.

Example of Manufacturing Light Emitting Device using Mixture of Green

Phosphor and Orange Phosphor of First phosphor
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)-bMZO3 : yEu2 (wherein,
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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-2;1MgO-2(Si02)-szO3 : 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.

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.

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.

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.

As shown in FIG. 12, the light emitting device of emitting the secondary light

having a peak wavelength of 570nm is disclosed.

Example of Manufacturing Light Emitting Device using Mixture of Yellow

Phosphor, Green Phosphor, and Orange Phosphor of First Phosphor
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(Si02)-bM203: 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)-bM203 : yEu2 (wherein, x=1.25, y=0.05,
7=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-2;1MgO-2(Si02)-bMZO3 : 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.

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.

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.

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.

As shown in FIG. 13, the light emitting device of emitting the secondary light

having a peak wavelength of 590nm is disclosed.
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Second Phosphor, and Manufacturing of Light Emitting Device using Mixture of
First Phosphor and Second Phosphor

First Phosphor
The first phosphor and the preparation method of the first phosphor are identical to

those of embodiment 1.

Second Phosphor
The second phosphor is garnet-based phosphor expressed in chemical formula 10.

Chemical formula 10
X(M1203)-y(M2203) :ZRE
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, O<
y<2.5, and O<z<]1.
Chemical formula 11
X(Y203)-y(A1203) :zPr
Chemical formula 12
X(Y203)-y(A1203) :zGd
Chemical formula 13
X(Y203)-y(A1203) :72Ce
Chemical formula 14
X(Y203)-y(Ga203) :zPr
Chemical formula 15
x(Y203)-y(Ga203) :2Gd
Chemical formula 16
x(Y203)-y(Ga203) :72Ce
Chemical formula 17
X(Tb203)-y(A1203) :zPr
Chemical formula 18
x(Tb203)-y(A1203) :zGd
Chemical formula 19
x(Tb203)-y(A1203) :2Ce
Chemical formula 20
X(szOs)-y(Gazos) 1 7zPr
Chemical formula 21
X(Tb203)-y(Ga2O3) :2Gd

Chemical formula 22
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] x(Tb203)-y(Ga203) :72Ce

] Chemical formula 23

] x(La203)-y(A1203) :zPr

] Chemical formula 24

] X(La203)-y(A1203) :zGd

] Chemical formula 25

] X(La203)-y(A1203) :72Ce

] Chemical formula 26

] X(Lazos)-y(Ga203) :zPr

] Chemical formula 27

] x(La2O3)-y(GazO3) :zGd

] Chemical formula 28

] x(La203)-y(Ga2O3) :72Ce

] Chemical formula 29

] X(Yb203)-y(Al2O3) :zPr

] Chemical formula 30

] x(Yb2O3)-y(A1203) :zGd

] Chemical formula 31

] x(Yb2O3)-y(A1203) :2Ce
[245] Chemical formula 32

] X(Yb203)-y(Ga203) :zPr

] Chemical formula 33

] X(Yb203)-y(Ga203) :zGd

] Chemical formula 34

] x(Yb203)-y(Ga203) :72Ce

] Chemical formula 35

] X(Sm203)-y(A1203) 1 zZPr

] Chemical formula 36

] X(Sm203)-y(A1203) :zGd

] Chemical formula 37

] X(Sm203)-y(A1203) :72Ce

] Chemical formula 38

] X(szOs)-y(Ga203) 1 zPr

] Chemical formula 39

| X(Sm203)-y(GazO3) :z2Gd

] Chemical formula 40

i X(Sm203)-y(GazO3) :2Ce

Chemical formula 41
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[264] X(Lu203)-y(A1203) :zPr

[265] Chemical formula 42

[266] X(Lu203)-y(A1203) : zGd

[267] Chemical formula 43

[268] X(Lu203)-y(A1203) :72Ce

[269] Chemical formula 44

[270] X(Lu203)-y(Ga203) 1 7ZPr

[271] Chemical formula 45

[272] X(Lu203)-y(Ga203) :2Gd

[273] Chemical formula 46

[274] x(Lu2O3)-y(Ga203) :72Ce

[275]

[276] Preparation Method of Second Phosphor

[277] The second phosphor is prepared through the following steps.

[278] The preparing process of the second phosphor includes

[279] (a) mixing oxide having trivalent cation with rare earth oxide having trivalent
cation, which is an activator, by using acetone,

[280] (b) drying the mixture under a temperature of 50 °C to 150 °C for 3 minutes to 24
hours,

[281] (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,

[282] (d) obtaining a phosphor particle having a predetermined size by pulverizing or dis-
tributing the phosphor, and

[283] (e) washing the phosphor particles by using a solvent to remove a non-reactive
material.

[284]

[285] Example of Preparation Method of Second Phosphor

[286] 1.52¢g Y203, 1.27¢g A1203, 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
temperature 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 200, so that garnet-based phosphor having a
chemical formula of X(M1203)-y(M2203) : ZRE (wherein, x=1.35, y=2.5, z=0.3, M1=Y,
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[287]
[288]
[289]
[290]
[291]

[292]
[293]

[294]
[295]

[296]

[297]

[298]

[299]

[300]

[301]
[302]

M?2=Al, and RE=Ce) was prepared.

Light Emitting Characteristic of Second Phosphor
FIG. 14 is a graph showing a light emitting spectrum of a light emitting device

including the garnet-based second phosphor.

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.

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-2;1MgO-2(Si02)-bMZO3 : 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(Ml2
03)-y(M2203) : 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.

Example of Manufacturing Light Emitting Device using Mixture of Orange

Phosphor of First Phosphor and Second phosphor
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-2;1MgO-2(Si02)-bMZO3 : 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(M1203)-y(M2203) : 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.

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.

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.

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.

As shown in FIG. 15, the light emitting device of emitting the secondary light

having a peak wavelength of 560nm is disclosed.

Embodiment 3. Nitride-based Second Phosphor, Preparation Method of
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Second Phosphor, and Manufacturing of Light Emitting Device using Mixture of
First Phosphor and Second Phosphor

First Phosphor
The first phosphor and the preparation method of the first phosphor are identical to

those of embodiment 1.

Second Phosphor
The second phosphor is nitride-based phosphor expressed in chemical formula 47 or

48.

Chemical formula 47

(2—a—b—c—d)SrNDaMgN[IbCaNDCBaNs[Iﬂ§) : dEu

In chemical formula 47, 0<a<2, 0<b<2, 0<c<2, 0<d<1, and a+b+c+d<?2.

Chemical formula 48

(3—a—b—c—d)CaNDaMgNDbSrNI]cBaNDZ%(XI;]DQ()ZdEu

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.

Accordingly, the expressions of the second phosphor of chemical formula 48 are as
follows.

Chemical formula 49

(3—a—b—c—d)CaNDaMgNIZIbSrNDCBaND?)(AlI\g)HgSi dE

Chemical formula 50

(3—a—b—c—d)CaNDaMgNDbSrNDCBaND3(AlN)3[N4Ge dEu

Chemical formula 51

(3—a—b—c—d)CaNI]aMgNDbSrNDCBaND3(Gal\£)ﬁ5)§i dEu

Chemical formula 52

(3—a—b—c—d)CaNDaMgNDbSrNI]CBaND3(GaN)3[N4Ge dEu

Preparation Method of Second Phosphor
The second phosphor is prepared through the following steps.

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,
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[330]

[331]

[332]
[333]
[334]

[335]
[336]
[337]

[338]
[339]
[340]

[341]

(d) obtaining a phosphor particle having a predetermined size by pulverizing or dis-
tributing 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

1.59¢g Sr(NOs)z, 0.10g CasNz, 1.16g Si3N4, and 0.04g Eu203 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 temperature 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 200, so that nitride-based phosphor having a
chemical formula of (2—a—b—c—d)SrNDaMgNDbCaNDCBaNSDﬂ§)': dEu (wherein, a=0,
b=0.45, ¢=0, and d=0.05) was prepared.

Example 2 of Preparation Method of Second Phosphor
0.47¢g Ca3N2, 0.40g AIN, 0.46¢g Si3N4 and 0.05g Eu203 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 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 200, so that nitride-based phosphor having a
chemical formula of (3-a-b-c-d)CaNI aMgNI]bSrNDcBaND3(XI;IDID4()Z dEu (wherein,
a=0, b=0, ¢=0, d=0.03, X=Al, and Z=Si)was prepared.

Light Emitting Characteristic of Second Phosphor
FIG. 16 is a graph showing a light emitting spectrum of a light emitting device

including the nitride-based second phosphor.

The nitride-based second phosphor prepared through example 1 of a preparation
method of the second phosphor 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
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device including nitride-based phosphor having a chemical formula of
(2—a—b—c—d)SrNDaMgNI]bCaNDCBaNs[Iﬂ?): dEu (wherein, a=0, b=0.45, c=0, and d=0.05)
is shown.

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
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.

The yellow phosphor having a chemical formula
0f(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiO2)-bM203: yEu2 (wherein, x=0.65, y=0.05,
7z=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)SrNDaMgNDbCaNDCBaNSD@): dEu (wherein,
a=0, b=0.45, ¢=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 phosphor
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.

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.

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.

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.

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.
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As shown in FIG. 17, the light emitting device of emitting the secondary light

having a peak wavelength of 620nm is disclosed.

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.

The green phosphor having a chemical formula of
(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiO2)-bM203 : 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)SrNDaMgNI]bCaNI]cBaNP@?)’: 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.

Example of Manufacturing Light Emitting Device using Mixture of Green

Phosphor of First Phosphor and Second phosphor
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.

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.

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.

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.

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.

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
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Yellow Phosphor of First 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.

The yellow phosphor having a chemical formula of
(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiOz)-bM203: 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)-bM203 : yEuz(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)SrNDaMgNI]bCaNDCBaNs[Iﬂ?): 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
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.

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.

The phosphor 151 emits the secondary light having peak wavelengths in the 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.

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.

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.

As shown in FIG. 19, the light emitting device of emitting the secondary light

having a peak wavelength of 620nm is disclosed.
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Second Phosphor, and Manufacturing of Light Emitting Device using Mixture of
First Phosphor and Second Phosphor

First Phosphor
The first phosphor and the preparation method of the first phosphor are identical to

those of embodiment 1.

Second Phosphor

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

Chemical formula 53

Sr Ga , S y :Eu . wherein O0<x<1

4" 20 4 x
Chemical formula 54

CaS OSr S : Eu . wherein 0<x<1. O<y<],
dxy) X v

Preparation Method of Second Phosphor
The second phosphor is prepared through the following steps.

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 dis-
tributing 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
1.01g S1S, 1.18¢ Gazss, 0.23g S,0.17¢g Eu203 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
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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 200, so that phosphor having a chemical formula of

Sr(l_ )Ga284:Eu (wherein, x=0.1)was prepared.

Example 2 of Preparation Method of Second Phosphor
2.04¢g CaSO4, 0.73g SrSO4, 0.3g S, and 0.17¢g Eu203 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 200, so that sulfide-based phosphor having a

chemical formula of CaS(1 )DSIS : Eu (wherein, x=0.2, y=0.05) was prepared.
XV X y

X

Light Emitting Characteristic of Second Phosphor
FIG. 20 is a graph showing a light emitting spectrum of a light emitting device

including the sulfide-based second phosphor.

The sulfide-based second phosphor prepared through example 1 of a preparation
method of the second phosphor 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(l_X)GazSA‘:EuX
(wherein, x=0.1)is shown.

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
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.

The yellow phosphor having a chemical formula of
(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiOZ)-bM203: 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



30

WO 2008/082163 PCT/KR2007/006911

[413]
[414]

[415]

[416]

[417]

[418]

[419]

[420]
[421]

[422]
[423]

[424]

having a chemical formula of Sr(l_ )Ga2$4:Eu (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.

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

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.

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.

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.

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.

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.

As shown in FIG. 21, the light emitting device of emitting the secondary light

having a peak wavelength of 610nm is disclosed.

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.

The green phosphor having a chemical formula of
(4—x—y—z)SrO-xBaO-zCaO-aMgO-2(SiO2)-bM203 : yEuz(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(l_X)GaZSA‘: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.
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Example of Manufacturing Light Emitting Device using Mixture of Green
Phosphor of First Phosphor and Second phosphor

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.

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.

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.

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.

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.

As shown in FIG. 22, 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

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.

The yellow phosphor having a chemical formula of (4-x-y-z)SrO-xBaQO-zCaO-
aMgO-2(Si02)-bM203: 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)-bM203 : 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(l_X)GazSA‘:EuX (wherein,

x=0.1)were mixed with each other at the weight ratio of 2:7:1.
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Example of Manufacturing Light Emitting Device using Mixture of Yellow
Phosphor of First Phosphor, Green Phosphor of First Phosphor, and Second phosphor

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.

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.

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.

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.

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.

As shown in FIG. 23, the light emitting device of emitting the secondary light
having peak wavelengths of 545nm and 645nm is disclosed.

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:Ce™ 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.

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 rep-
resenting high performance as compared with a conventional technology employing
the mixture of silicate-based phosphor.

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.
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Industrial Applicability
[448] Phosphor, phosphor composition, and a light emitting device according to an
embodiment of the present invention can express various colors with a high color

temperature or a high color rendering index.
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Claims

A silicate-based phosphor expressed in a chemical formula of
(4—X—y—z)SrO-XBaO-ZCaO-2;1MgO-2(Si02)-bM203 : 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+z2<4,0<a<2,and 0<b<1.

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.

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.

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.

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 satistying 1.0<x<3.95, 0.02<y<0.40, z=0 and x+y+z<4 in the chemical
formula.

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.

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.

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
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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.

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(SiOz)-bM2
03: yEu (M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0 <x<3.95,
0<y<1,0<z2<3.95, x+y+2<4,0<a<2, and 0<b<1), with a garnet-based
phosphor.

The phosphor as claimed in claim 9, 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 Al or Ga, RE is at
least one of Pr, Gd, or Ce, 0<x<1.5, O<y<2.5, and O<z<I.

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(SiOz)-bM2
03: yEu (M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0 <x<3.95,
0<y<1,0<z2<3.95, x+y+2<4,0<a<2, and 0<b<1), with a nitride-based
phosphor.

The phosphor as claimed in claim 11, wherein the nitride-based second phosphor
is expressed in a chemical formula of (2—a—b—c—d)SrNDaMgNDbCaNDCBaNs[K@) :
dEu, in which 0<a<?2, 0<b<2, 0<c<2, 0<d<1, and a+b+c+d<?2.

The phosphor as claimed in claim 11, wherein the nitride-based second phosphor
is expressed in a chemical formula of

(3-a-b-c-d)CaN0 aMgNDbSrNDcBaNDZ%(XI;]DII]4()ZdEu, 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<l1, and
a+b+c+d<3.

A phosphor obtained by mixing a silicate-based first phosphor, which is
expressed in a chemical formula 0]?(4—)(—y—z)SrO-XBaO-ZCaO-2;1MgO-2(Si02)-bM2
03: yEu (M is at least one of Y, Ce, La, Nd, Gd, Tb, Yb, or Lu, 0 <x<3.95,
0<y<1,0<z2<3.95, x+y+z2<4,0<a<2, and 0<b<1), with a sulfide-based
phosphor.

The phosphor as claimed in claim 14, wherein the sulfide-based phosphor is
expressed in a chemical formula of Sr(l_X)Ga2$4:EuX( O<x<1).

The phosphor as claimed in claim 14, wherein the sulfide-based phosphor is
)DSIS : Euy (0<x<1 and O<y<l1).

X

expressed in a chemical formula of CaS(1

xy
A coating phosphor composition comprising transparent resin and a silicate-
based phosphor expressed in a chemical formula

0]?(4—)(—y—z)SrO-XBaO-zCaO-aMgOQ(SiOz)-bM203 : yEu (M is at least one of Y,
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Ce, La, Nd, Gd, Tb, Yb, or Lu, 0<x<3.95, 0<y<I1, 0<2<3.95, x+y+z <4,
0<a<2,and 0<b<1).

The coating phosphor composition as claimed in claim 17, wherein the phosphor
is mixed with the transparent resin at a weight ratio of 1:2 to 1:10.

A method for preparing a silicate-based phosphor comprising the steps of:

(a) mixing an oxide, nitride, or carbonate of alkaline earth metal comprising Ba,
SiOz, 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, BAFz, CAFZ’ or
MGF2 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.

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-2;1MgO-2(Si02)-bMZO3 : 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).

The light emitting device as claimed in claim 20, 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.

The light emitting device as claimed in claim 20, 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.

The light emitting device as claimed in claim 20, wherein the silcate-based
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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.

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 includes a silicate-based first phosphor, which is expressed in a
chemical formula of (4—x—y—z)SrO-xBaO-zCaO-aMgO-2(Si02)-bM203 :yEu (M is
at least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0<x<3.95, 0<y<1, 0<z2<3.95,
x+y+z<4,0<a<2, and 0<b<1), and a garnet-based second phosphor.

The light emitting device as claimed in claim 24, 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 Al or Ga, RE is at least one of Pr, Gd, or Ce, 0<x<1.5, O<y<2.5, and O<z<]1.
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 comprises a silicate-based first phosphor, which is expressed in a
chemical formula of (4—x—y—z)SrO-xBaO-zCaO-aMgO-2(Si02)-bM203 :yEu (M is
at least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0<x<3.95, 0<y<1, 0<z2<3.95,
x+y+z2<4,0<a<2, and 0<b<1), and a nitride-based second phosphor.

The light emitting device as claimed in claim 26, wherein the nitride-based
second phosphor is expressed in a chemical formula of (2—a—b—c—d—e)SrNaDMgI;I
DCaItUBaI:U(Ssﬂ\I 8) : Eue (O<a<?2, 0<b<2, 0<c<2, 0<d<2, O<e<]1, and a+b+c+d+e<
2).

The light emitting device as claimed in claim 26, wherein the nitride-based
second phosphor is expressed in a chemical formula of (3—a—b—c—d—e)CaNaDMgI;I
DSrI\cIDBaI:]]?)M?)NDI\QIN4 : Eue, in which M3 is at least one of Al or Ga, M4 is at
least one of Si or Ge, O<a<3, 0<b<3, 0<c<3, 0<d<3, O<e<1, and a+b+c+d+e<3.
The light emitting device as claimed in claim 26, wherein the nitride-based

second phosphor is excited by light emitted from the light emitting diode chip
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and light, which is excited in the silicate-based first phosphor, to emit light
having a wavelength longer than wavelengths of the light emitted from the light
emitting diode chip and the light excited in the silicate-based first phosphor.

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 comprises a silicate-based first phosphor, which is expressed in a
chemical formula of (4—x—y—z)SrO-xBaO-zCaO-aMgO-2(Si02)-bM203 :yEu (M is
at least one of Y, Ce, La, Nd, Gd, Tb, Yb or Lu, 0<x<3.95, 0<y<1, 0<z2<3.95,
x+y+z2<4,0<a<2, and 0<b<1), and a sulfide-based second phosphor.

The light emitting device as claimed in claim 30, wherein the sulfide-based
second phosphor is expressed in a chemical formula of Sr(l_X)GaZSA‘:EuX (O<x<1).
The light emitting device as claimed in claim 30, wherein the sulfide-based

second phosphor is expressed in a chemical formula of CaS(1 )DSIS :Eu (0<x<
X7y X y

I and O<y<1). )
The light emitting device as claimed in claim 30, wherein the sulfide-based
second phosphor is excited by light emitted from the light emitting diode chip
and light, which is excited in the silicate-based first phosphor, to emit light
having a wavelength longer than wavelengths of the light emitted from the light

emitting diode chip and the light excited in the silicate-based first phosphor.
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