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ABSTRACT

The present invention provides a novel phosphor represent by
the following general formula:

A, (B1,Ce,),Ge,0,

wherein A is at least one element selected from Mg and Zn;

B is at least one element selected from the group con-
sisting of La, Y and Gd; each of m, n, y and z is the

number larger than 0 provided that 2m+3n+4y=2z; and x

(22) Filed: Jul. 14, 2008 is in the range 0.0001=x=0.8.
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FIG 5.
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FIG 13.
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NOVEL PHOSPHOR AND FABRICATION OF
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims all benefits accruing under
35 US.C. §119 from Taiwanese Patent Application No.
096127011, filed on Jul. 25, 2007 and Taiwanese Patent
Application No. 097120421, filed on Jun. 2, 2008 in the
Intellectual Property Office Ministry of Economic Affairs,
Republic of China, the disclosures of which are incorporated
by reference herein.

FIELD OF THE INVENTION

[0002] The present invention provides a series of novel
phosphor composition, particularly for use in light-emitting
devices, and fabrication thereof.

DESCRIPTION OF THE RELATED PRIOR ART

[0003] Theuseoflight-emitting diode (LED) to generating
white light similar to sunlight thus generally replaces tradi-
tional white light lighting source, such as sunlight lamps, has
been a main object of lighting source technical field in this
century. As a comparison to traditional lighting sources, LED
has advantages such as compactness, high brightness, usage
life 10 times longer than traditional lighting equipments,
lower cost in fabrication process and disposal treatment, and
environmental friendliness. Therefore, LED has already been
considered as the lighting source of next generation.

[0004] At present, the fabrication of white light LED can be
divided as single-chip type and multi-chip type, wherein the
multi-chip type using three kinds of LED with red, green and
blue light, respectively, to generate white light. The advan-
tage of multi-chip type LED is adjustable light color depend-
ing on different requirements. But, since it requires plural
LEDs at same time, therefore, it has higher cost. Also, since
materials of three kinds of LED are different, they have dif-
ferent drive voltages, and therefore, must design three types
of circuits to control electric current. Besides, the decay rate,
temperature characteristic and usage life of three types of
LEDs are all different, thus it will lead to the variation of color
of generated white light with time. Therefore, the product of
commercial available white light LED and the trend in future
will still take single-chip type as mainstream. As the fabrica-
tion method of single-chip type LED generally have three
kinds as following:

[0005] (1) Combination of blue light LED with yellow light
phosphor, which is using blue light LED to excite phosphor
that can emit yellow light. The phosphor used is primarily a
YAG phosphor with yttrium aluminum garnet structure ((Y,
Gd);(Al,Ga);0,,:Ce (YAG:Ce), Y. Shimizu et al. U.S. Pat.
No. 5,998,925) which emits yellow light that can mix up with
un-absorbed blue light to generate white light. Most of white
light LED currently commercially available are fabricated in
this manner. The advantages of this type of LED are can emit
white light with single chip, low cost and easy to fabricate, but
it has drawbacks such as low light-emitting efficiency, poor
color rendering, light color varies with different output cur-
rents, and un-uniform light color, etc.

[0006] (2) Combination of blue light LED with red light
and green light phosphor, which is using blue light LED to
separately excite phosphors can emit red light and those can
emit green light. The phosphor composition used is primarily
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a sulfur-containing phosphor, which emits red light and green
light thus can mix up with un-absorbed blue light to generate
white light. The advantages of such LED is having a spectrum
with three wavelength distribution and thus have a higher
color rendering, and adjustable light color and color tempera-
ture.

[0007] (3) Combination of UV-LED with red, green and
blue light phosphors, which is using UV light emitted by
UV-LED to excite three or more kinds of phosphors that can
emit red, blue and green light individually, and mix up the
three color light emitted to generate white light. The white
light generated in this manner is similar to sunlight lamp, it
has advantages such as high color rendering, adjustable light
color and color temperature, using high-converting efficiency
phosphors can improve its light-emitting efficiency, and uni-
form light color without variation with current changes, but it
also has drawbacks such as hard to mix its powder, hard to
find phosphor with high efficiency and novel chemical com-
position.

[0008] Wherein the phosphor, or so called fluorescence
converting material (or fluorescence converting compound),
can converts UV light or blue light into visible light with
different wavelengths, and the color of produced light
depends on the specific composition of phosphor. The phos-
phor may have only one phosphor composition or have two or
more phosphor compositions. However, if we like to take
LED as lighting source, only LED with brighter and whiter
light can used in LED lamps. Therefore, the phosphor is
generally coated on LED to produce white light. Each kind of
phosphor under excitation of different wavelength can be
converted into lights with different colors, for example, under
excitation of near UV or blue light LED with wavelength of
365 nm-500 nm, phosphors can be converted into visible
light. And the visible lights produced by the conversion of
excited phosphor have characteristics of high luminescence
intensity and high brightness.

[0009] Two colors visually feeling the same may actually
composed of lights with wavelength different from each
other. Based on the three primary colors, i.e., red, blue and
green, visually various colors are achieved by combining the
primaries at various ratios, i.e. so called principle of the three
primary colors. Commission Internationale de I’Eclairage
(CIE) has determined the equivalent unit for primary colors,
and the luminous flux of standard white light is defined as:

r:g:b=1:4.5907:0.0601.

[0010] As equivalent unit for primary colors is determined,
color combination relationship for white light Fw is:

Fw=1[R/+1[GJ+[B]

[0011] wherein R represents red light, G represents green
light, and B represents blue light.

[0012] To light F with any color, color combination equa-
tion thereof is Fw=t[R]+g[G]+b[B], wherein r, g and b rep-
resents coefficients ofred, blue and green, respectively, deter-
mined experimentally. Corresponding luminous flux is
Fw=680(R+4.5907G+0.0601B) lumens (Im, illumination
unit), wherein the ratio among r, g and b determines chroma-
ticity (degree of color saturation), and the values determine
the brightness of combined color. Relationship of three pri-
mary colors r[R], g[G] and b[B] can be expressed by matrix
after normalization:

FEX[X]HY[Y]RZ[Z]=m{x[X]+3[Y]+z[Z]},
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[0013] wherein m=X+Y+Z, and x=X/m), y=(Y/m) and
7z=(Z/m). Every light-emitting wavelength corresponds to
specific r, g and b values. By defining sum of r values in VIS
region as X, sum of g values as Y, and sum of b values as Z,
then chromaticity of light emitted from phosphor powder can
be expressed by X, y coordinates system, which is named
C.LE. 1931 Standard Colorimetric System (C.I.LE. Chroma-
ticity Coordinates). As a spectrum is measured, contribution
from lights of each wavelength are calculated, then exact
position on chromaticity coordinates is pointed, and color of
light emitted from phosphor powder is thus defined.

[0014] However, in the application of using blue light LED
and yellow light phosphor to fabricate white light LED, the
currently available yellow light phosphors are lack of contri-
bution in red spectrum in color rendering and have drawbacks
such as un-uniform light color and low light-emitting effi-
ciency. In this connection, if a phosphor with improved color
rendering index, high stability and lower cost can be provided
and applied in the phosphor layer of white light LED, the
color temperature of white light LED can be adjusted and
color rendering of LED can be improved and, eventually, it
can used to replace commercially available fluorescence con-
verting materials for LED fabrication nowadays.

SUMMARY OF THE INVENTION

[0015] The present invention disclosed a yellow light phos-
phor with low fabrication cost, stable material and novel
chemical compositions, which can be excited by blue light
emitting LED or laser diode to emit yellow light and to mix
with un-absorbed blue light to generate white light. The
present invention also provides white light light-emitting
device with high color rendering.

[0016] The present invention provides a series of phosphor
with novel chemical composition, which is a Ce**-doped
germinate material which is completely different from that of
YAG:Ce or silicate-based phosphors, expressed by the fol-
lowing general formula:

A,,(B1,Ce,),Ge,0,

[0017] whereinAis atleast one element select from Mg and
Z1u; B is at least one element select from the group consist of
La, Y, Gd; each of m, n, y, z is the number larger than O,
providing that 2m+3n+4y=27; x is in the range of O<x<lI,
preferably 0.005=x=0.01, more preferably 0.01=x=0.10,
most preferable 0.03=x=0.05. More specifically, said phos-
phor material can be expressed by the general formula Mg,
(Y,_.Ce,),Ge,0,,, wherein x is in the range of 0.0001 =x=0.
8, preferably 0.01=x=0.05, more preferably x=0.03.

[0018] The phosphor can be excited by a primary radiation
emitted by a light-emitting element thus emitting a secondary
radiation, wherein the wavelength of the primary radiation
emitted by the light-emitting element is in the range 450
nm~500 nm, and the wavelength of the secondary radiation
emitted by the excited phosphor is longer than the wavelength
of the primary radiation emitted by the light-emitting ele-
ment.

[0019] Specifically, the wavelength of the primary radia-
tion emitted by said light-emitting element is preferably in the
range 460 nm~480 nm, thus the wavelength of the secondary
radiation emitted by the excited phosphor is in the range 500
nm~700 nm, with the CIE Chromaticity Coordinates (x,y) is
in the range 0.40=x=0.60, 0.40=y=0.60, which is yellow in
color.
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[0020] Further, the wavelength of the primary radiation
emitted by said light-emitting element is more preferably in
the range 460 nm~470 nm, thus the wavelength of the sec-
ondary radiation emitted by the excited phosphor is in the
range 550 nm~570 nm, with CIE Chromaticity Coordinates
(x,y) is in the range 0.45=x=0.55, 0.45=y=0.55, which is
yellow in color.

[0021] The present invention also provides a fabrication
method of the above phosphor, comprising: stoichiometri-
cally weighed materials (A) at least one oxide select from the
group consisting of MgO and ZnO, (B) at least one oxide
select from the group consisting of'Y,0;, La,0, and Gd,0;,
(C) Ce0,, and (D) GeO.,; grounding the weighed material and
mixing them well; transferring the obtained mixture into an
alumina boat crucible, and carrying out the solid-state syn-
thesis at 1200~1400° C. with a reaction time of 4~10 hours.
[0022] Furthermore, the present invention provides a light-
emitting device, comprising a light-emitting element and a
phosphor, wherein the light-emitting element emits a primary
radiation with wavelength in the range 450 nm~480 nm, and
the phosphor can be excited by absorbing part of primary
radiation emitted by the light-emitting element and thus emit-
ting a secondary radiation with wavelength different from
that of the primary radiation, and the phosphor can select
from the above mentioned phosphor.

[0023] The light-emitting element can be a semiconductor
light-emitting source, a light-emitting diode or an organic
light-emitting device, and the phosphor is coated on the top or
surface of the light-emitting element. The wavelength of the
secondary radiation emitted by the excited phosphor is longer
than that of the primary radiation emitted by the light-emit-
ting element. Further, the light-emitting device is formed by
packaging the phosphor on the top or surface of the light-
emitting element, after the phosphor is excited by the primary
radiation emitted by the light-emitting element, the second-
ary radiation emitted by the excited phosphor can combined
with the un-absorbed primary radiation to generate a white

light.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 shows the X-ray diffractograms of Example
L.

[0025] FIG. 2 shows the X-ray diffractograms of the
samples synthesized at various synthetic temperatures
obtained in a preferred embodiment.

[0026] FIG. 3 shows the fluorescence emission and excita-
tion spectra for the said phosphors with different Ce** doping
concentrations in Example 1.

[0027] FIG. 4 shows the relationship between the luminous
intensity and luminance for the said phosphors with different
Ce** doping concentrations in a preferred embodiment.
[0028] FIG. 5 shows the reflection spectrum obtained in a
preferred embodiment.

[0029] FIG. 6 shows the comparison of the fluorescence
emission and excitation spectra between the preferred
embodiment and commercial product.

[0030] FIG. 7 shows the CIE chromaticity coordinates
obtained in a preferred embodiment.

[0031] FIG. 8 shows X-ray diffractograms of Example 2.
[0032] FIG. 9 shows the fluorescence emission and excita-
tion spectra for the said phosphors with different Ce** doping
concentrations in Example 2.
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[0033] FIG. 10 shows the relationship between the lumi-
nous intensity and the doping concentration of Ce** in
Example 2.

[0034] FIG. 11 shows X-ray diffractograms of Example 3.
[0035] FIG. 12 shows the fluorescence emission and exci-
tation spectra for the said phosphors with different Ce** dop-
ing concentrations in Example 3.

[0036] FIG. 13 shows X-ray diffractograms of Example 4.
[0037] FIG. 14 shows the fluorescence emission and exci-
tation spectra for the said phosphors with different Zn** dop-
ing concentrations in Example 4.

[0038] FIG. 15 shows the relationship between the lumi-
nance and the doping concentration of Zn** in Example 1-3.
[0039] FIG. 16 shows the relationship between the lumi-
nous intensity and the doping concentration of Ce™ in
Example 1~3.

[0040] FIG. 17 shows the relationship between the lumi-
nance and the doping concentration of Ce™ in Example 1-3.

DETAILED DESCRIPTION OF THE INVENTION

[0041] The present invention describes in detail by refer-
ring to embodiments and drawings, in order to facilitate a
better understanding of the present components and charac-
teristics thereof for those skilled in this field, hence the
objects, technical contents, features, and effectiveness of the
present invention are more easily to be known.

Example 1
Mg, (Y, .,Ce,),Ge;0,,

[0042] According to the chemical composition of Mg,(Y,.
Le ),Ge,0,,, stoichiometric amount of MgO, Y,0,, GeO,
and CeO, are weighed, wherein x is 0.005, 0.01, 0.03, 0.05
and 0.1. The weighed materials were ground thoroughly and
mixed well, the obtained mixture was transferred into alu-
mina boat crucible and loaded into a high temperature furnace
to carry out solid-state sintering at 1200~1400° C. with a
reaction time of 4~10 hours.

[0043] The results obtained by using X-ray diffractometer
(Bruker AXS D8 advance type) to confirm the purity of crys-
talline phase and structural analysis are shown in FIG. 1.
From the X-ray diffractograms, we have observed that no
impurity was found, also proving that the phosphor synthe-
sized by present invention is a pure substance.

[0044] Also at various synthetic temperatures, the X-ray
diffraction profile of a preferred phosphor Mg, (Y, 5,Ceg o5)
,Ge,0,, of the present invention has been measured and the
results are shown in FIG. 2. From the X-ray diffractogram it
is seen that no impurity is present, also proving that the
phosphor synthesized by present invention is a pure sub-
stance.

[0045] Since the light emitting wavelength of blue light
LED is between 450 nm~500 nm, therefore a xenon lamp
with the same wavelength can be used as a simulated excita-
tion source to test the luminous properties of phosphors of the
present invention.

[0046] The fluorescence emission and excitation spectra of
phosphor Mg,(Y, ,Ce, ),Ge,0, , were measured by using the
Spex Fluorolog-3 spectrofluorometer (Jobin-Yvon Spex
S.A., USA) equipped with 450 W xenon lamp and the results
are shown in FIG. 3. There is a broad band absorption in blue
and near UV region, the wavelength of the emission band is
centered at about 562 nm and the band width is about 250 nm.
The emission band is attributed to the transitions Sd—F,,
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and 5d—°F,,, of Ce**, proved that the phosphor of the present
invention can be excited by blue light, and the un-absorbed
blue light in combination with the yellow light emitted by the
phosphor itself can combine to produce white light.

[0047] Using color analyzer (DT-100 Color Analyzer,
manufactured by LAIKO Co. [td., Japan) in combination
with the fluorescence spectrometer, we have measured the
luminance and chromaticity of phosphor.

[0048] FIG.4 shown the relationship between the luminous
intensity and luminance of phosphor Mg, (Y, Ce’")
,Ge,0,, with various Ce®* doping concentrations, the left
arrow (circle solid line) represents luminous intensity and
right arrow (square dashed line) represents the luminance.
These results indicate that when the phosphor is doped with 3
mole % of Ce**, it exhibits the highest luminous intensity and
luminance.

[0049] A reflection spectrum was measured by using a
U-3010 UV-Vis Spectrometer (Hitachi Co., Japan) with
wavelength ranging from 190 nm to 1000 nm to investigate
the absorption region of the preferred phosphor Mg, (Y,
97Ce, o5),Ge;0,, of the present invention and the host
Mg,Y,Ge;0,, without Ce™ ion doping and the results are
summarized in FIG. 5. When Ce** ions are not doped in the
host Mg, Y ,Ge,;0,,, absorption only appeared in the region
between 200 nm~300 nm, but when the Ce®* ions are doped,
a broad absorption band in blue light region between 400
nm~500 nm can be observed. Therefore, this observation
indicates that the phosphor of the present invention can
absorb blue light effectively.

[0050] FIG. 6 shows the photoluminescence and excitation
spectra of the preferred embodiment Mg;(Y, o,Ce; o)
,Ge;0,, and commercially available YAG:Ce (Nichia Co.,
Japan). As a result of comparison, the phosphor of the present
invention exhibits higher excitation efficiency than that of the
YAG:Ce commodity.

[0051] FIG. 7 shows the CIE chromaticity diagram of Mg,
(Y, 67Ce0.03),Ge;0, , measured under the excitation of light
with wavelength of 467 nm, the experimental chromaticity
coordinate is (0.506,0.465). As compared to the YAG:Ce
commodity, the phosphor of the present invention is much
closer to yellow light, and the color saturation is higher.
[0052] According to the above methods, phosphors doped
with different concentrations of Ce®* are measured, the
results are shown in Table 1.

Example 2

Mg;(Yo.oCeLag1).Ges0y,
[0053] Besides adding 10 mole % of La,O,, the processing
conditions are similar as those described in example 1. The
results of measurements are shown in Table 1.
[0054] FIG. 8 shows the X-ray diffractograms of Mg,(Y,,
oxCe La, ),Ge;0,, phosphor. From the X-ray diffracto-
gram, we have observed that no impurity is present, also
proving that the phosphor synthesized by present invention is
a pure substance.
[0055] FIG. 9 shows emission and excitation spectra of
Mg (Y ..Ce,Lay 1),Ge;0y 5 phosphors.
[0056] FIG. 10 shows the luminous intensity of phosphor
Mg+ (Y,0..Ce La, ,),Ge;0, , with various Ce** doping con-
centrations.

Example 3
Mg;(Yoo..Ce,Gdy 1),Ge50, 5

[0057] Besides adding 10 mole % of Gd, O, the processing
conditions are similar as those described in example 1. The
results of measurements are shown in Table 1.
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[0058] FIG. 11 shows the X-ray diffractograms of Mg,(Y,,
9xCe Gd, ,),Ge; 0, phosphors. From the X-ray diffracto-
gram, we have observed that no impurity is present, also
proving that the phosphor synthesized by present invention is
a pure substance.

[0059] FIG. 12 shows emission and excitation spectra of
Mg, (Yo 5..Ce,Gd, 1),Ge; 0, phosphor.

Example 4

(Mg, Zn)5(Y; 56Ce0 01 )Ge50, 5

[0060] According to the chemical composition of (Mg,
=20 )5(Y, 56Ce, o,)Ge;0 5, stoichiometric amounts of MgO,
710,Y,0;, GeO, and CeO, are weighed, wherein x is 0.01,
0.03, and 0.05. Others are prepared according to the process-
ing conditions described in example 1. The results are shown
in Table 1.

[0061] FIG. 13 shows the X-ray diffractogram of (Mg,
xZ1)5(Y, 06Cey 01)Ge;0,, phosphors. From the X-ray dif-
fractogram, no impurity is found, indicating that the phosphor
synthesized by present invention is a pure substance.

[0062] FIG. 14 shows emission and excitation spectra of
(Mg, Zn,)3(Y.00Ce0.01)Ge; 015 phosphors.

[0063] FIG. 15 shows the luminance of a phosphor (Mg, .
220 )3(Ye 00Ce 1 )Ge50,, With various Zn** doping con-
centration.
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trodes which supply current to the LED to enable radiation
emitting. The light-emitting device can comprise any blue
light semiconductor as lighting source, the radiation emitted
by which directly irradiates on the phosphor composition of
the present invention to generate white light.

[0067] Ina preferred embodiment of the present invention,
LED can be doped with various impurities. Said LED can
comprise various suitable I11-V, II-VI or IV-IV semiconduc-
tor layers, and the wavelength of the radiation emitted by
which preferably is 250~500 nm. Said LED comprises at least
a semiconductor layer composed of GaN, ZnSe or SiC. For
example, a LED composed of a nitride represented by the
general formula In,Ga,ALLN (wherein 0=i; 0=j; 0=k, and
i+j+k=1) emits light with wavelength in the range 250
nm~500 nm. Use of the above LED semiconductor has been
known and is useful as excitation source in the present inven-
tion. However, the excitation lighting source for the present
invention is not limited to the above LED, and any kind of
semiconductor with light emitting capability, including semi-
conductor laser lighting source, are applicable.

[0068] Generally, the mentioned LEDs are directed to inor-
ganic ones, however, those skilled in this field can easily
understand that the mentioned LEDs are replaceable by
organic ones or any other radiation sources. The present phos-
phor is coated on said LEDs used as excitation source to

TABLE 1
Excitation Emission CIE relative
Example wavelength ~ wavelength coordinates luminance
No.  Phosphor X {nm) (nm) x,y) (cd/m2)
1 Mga(Y +Cey)Gez0 15 0.005 467 560 (0.497,0.465) 26.9
0.01 467 561 (0.498, 0.465) 348
0.03 467 559 (0.506, 0.465) 439
0.05 467 560 (0.508, 0.465) 40.8
0.1 467 561 (0.509, 0.465) 34
2 Mgy(YoonCelay hGes0,  0.005 467 564 (0.513,0.458) 328
0.01 467 564 (0,516, 0.458) 355
0.03 467 565 (0.521,0.458) 42
0.05 467 568 (0.523,0.458) 393
0.1 467 569 (0.530, 0.446) 28.2
3 Mga(Yo.0.4CexGdg 1),Ge:0 15 0.005 467 562 (0.502, 0.458) 259
0.01 467 563 (0,502, 0.458) 292
0.03 467 568 (0.510,0.463) 349
0.05 467 568 (0.514,0.462) 394
0.1 467 569 (0.517,0.458) 332
4 (Mg, Zn)y(YoosCeoo)Ges0pn  0.01 467 558 (0.495,0.468) 43
0.03 467 555 (0.495,0.467) 427
0.05 467 555 (0.499, 0.465) 41.6

[0064] As shown by FIGS. 16 and 17, the Ce** doping
novel phosphor of the present invention shows high luminous
intensity and luminance. The Ce* ion doping concentration
is preferably 0.5~10% by mole, more preferably 1~10% by
mole, and most preferably 3~5% by mole.

[0065] Further, the present phosphor can be used in LED,
particularly white LED. In order to achieve better color effec-
tiveness, it can be used alone or it can be used in combination
with other red or blue light phosphors for other chromogenic
purposes.

[0066] A preferred embodiment of the present invention
provides light-emitting device, comprising a light-emitting
element which can be a semiconductor light-emitting source,
i.e., LED chip, and a conductive lead connected to the LED
chip. The conductive lead is supported by sheet-like elec-

generate white light. Therefore, as can be seen from the above
preferred embodiments, the present phosphor is capable of
emitting yellow light with excellent luminance and color
saturation, in comparison to those of commercial available
YAG:Ce.
[0069] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and illustrative example shown and described herein. Accord-
ingly, various modifications may be made without departing
from the spirit or scope of the general invention concept as
defined by the appended claims and their equivalents.

1. A phosphor which is formed from Ce**-doped germinate
represented by a formula below:

A, (B,.Ce,),Ge,0,
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wherein:

A is at least one element selected from Mg and Zn;

Bis at least one element selected from the group consisting
of La,Y and Gd;

m, n, y, and 7 are numbers larger than O respectively,
provided that 2m+3n+4y=2z; and X is in the range
O<x<l.

2. The phosphor according to claim 1, wherein x is in the

range of 0.005=x=0.1.

3. The phosphor according to claim 2, wherein X is in the

range of 0.01=x=0.1.

4. The phosphor according to claim 3, wherein x is in the

range of 0.03=x=0.05.

5. The phosphor according to claim 1, wherein, when A is

selected from Mg and B is selected from Y, the formula is
represented as follows:

Mgy(Y,,Ce.),Ge30,,

wherein x is in the range of 0.0001 =x=0.8.

6. The phosphor according to claim 5, wherein x is in the
range of 0.005=x=0.1.

7. The phosphor according to claim 6, wherein x is 0.03.

8. The phosphor according to claim 1, wherein the phos-
phor emits a secondary radiation by the excitation of a pri-
mary radiation emitted by a light-emitting element.

9. The phosphor according to claim 8, wherein a wave-
length of the primary radiation is in the range of 450 nm~500
nm, and a wavelength of the secondary radiation is longer
than that of the primary radiation.

10. The phosphor according to claims 9, wherein the wave-
length of the primary radiation is in the range of 460 nm~480
nm, and the wavelength of the secondary radiation is in the
range of 500 nm~700 nm with CIE chromaticity coordinate
value (x,y) is in the range 0.40=x=0.60 and 0.40=y=0.60.

11. The phosphor according to claims 10, wherein the
wavelength of the primary radiation is in the range of 460
nm~470 nm, and the wavelength of the secondary radiation is
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in the range of 550 nm~570 nm with CIE chromaticity coor-
dinate value (x,y) is in the range 0.45=x=0.55 and
0.45=y=0.55.

12. A process for producing the phosphor according to
claim 1 comprising:

stoichiometrically weighed materials (A) atleast one oxide

selected from MgO and ZnO, (B) at least one oxide
selected from the group consisting of Y,0;, La,0; and
Gd,04, (C) Ce0, and (D) GeO,;

grinding and mixing the weighed materials; and

transferring the mixture into an alumina boat crucible, and

conducting a solid-state synthesis of the mixture at
1200~1400° C.

13. The process according to claim 12, wherein the solid-
state synthesis of the mixture requires a reaction period of
4~10 hours.

14. A light-emitting device which comprises a light-emit-
ting element and a phosphor, wherein:

the light-emitting element emits a primary radiation with a

wavelength in the range of 450 nm~480 nm,

the phosphor is a phosphor according to claim 1, and

the phosphor absorbs part ofthe primary radiation and then

emits a secondary radiation with a wavelength different
from that of the primary radiation.

15. The light-emitting device according to claim 14,
wherein the wavelength of the secondary radiation is longer
than that of the primary radiation.

16. The light-emitting device according to claim 14,
wherein the light-emitting element represents a semiconduc-
tor light source, a light-emitting diode, a laser diode, or an
organic light-emitting device.

17. The light-emitting device according to claim 14,
wherein the phosphor is coated on a surface or top of the
light-emitting device.

18. The light-emitting device according to claim 14,
wherein the phosphor is packaged on a surface or top of the
light-emitting device.



