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(54) FULL-COLOR LIGHT-EMITTING MATERIAL AND PREPARATION METHOD THEREOF

(57) A full-color light-emitting material and prepara-
tion method thereof are provided. A light-emitting mate-
rial is following general formula compound (Y_,.y.,ABy-
C,),GeOg5, wherein 0<x<0.05, 0<y<0.15, 0<z<0.15, x:y:
z=1:1~10:1~10, A is one of Tm and Ce, B is one of Tb,
Ho, Er and Dy, C is one of Eu, Pr and Sm. Preparation
method is: grinding the raw material uniformly, then sin-
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tering the material at 1300~1500 [J for 6~24 h, cooling
down the material to room temperature then getting the
product. A full-color light-emitting material which can emit
red-green-blue full-color light directly and be adapted for
light-emitting device excited in ultraviolet zone without
other doped material is provided. And a preparation
method having simple process, stable product quality for
full-color light-emitting materials is provided.
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Description
FIELD OF THE INVENTION

[0001] The present invention belongs to technical
fields of photoelectronic display and lighting, and relates
to a fluorescent material, more particularly, to a full-color
light-emitting material capable of emitting red-blue-green
(R-G-B) full-color light directly and preparation method
thereof.

BACKGROUND OF THE INVENTION

[0002] Withthe development of semiconductor lighting
technology (LED), such revolutionary new light source
has come into our daily life gradually. When the third
generation semiconductor material gallium nitride is used
as the semiconductor lighting source, its power con-
sumption is only one-tenth of that of a common incan-
descent lamp under the same brightness; its lifetime can
reach more than 1 million hours as well. As a new-type
lighting technology, LED can be applied into varieties of
fields such as indication, display, decoration, backlight
and general lighting due to its numerous advantages in-
cluding energy conservation, green environmental pro-
tection and flexible application etc., which is to bring
about a revolution in the lighting field. Therefore, there
is an urgent need for an efficient fluorescent material,
which is capable of converting the blue-purple light emit-
ted by light-emitting components including LED into the
visible light, thus achieving white-light and multi-color
light-emitting devices.

[0003] In the prior art, a main approach for achieving
the white light emission of LED is through the cooperation
of a blue-light LED chip and a rare earth garnet yellow
fluorescent powder (such as YAG:Ce3* or TAG: Ce3*)
which is excited by cerium. However, the white light spec-
trum implemented by such method is short of green and
red element, thus leading to two obvious disadvantages
namely low color rendering property and high color tem-
perature. In order to solve the disadvantages mentioned
above, on one hand, green fluorescent powder or red
fluorescent powder is doped into the yellow fluorescent
powder excited by blue-light LED chip. On the other hand,
an ultraviolent LED chip is used for exciting the red-
green-blue tribasic fluorescent powder to enhance the
color rendering property and regulate the color temper-
ature. Although the above-mentioned two approaches
can solve the problems of color rendering property and
color temperature of light source relatively well, it still is
required to encapsulate the LED chip after mixing various
fluorescent powders with resin. During this process, the
problem lies in that different kinds of fluorescent powders
may not be mixed uniformly, which causing the non-uni-
form color of produced white light and influencing its prac-
ticability seriously.
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SUMMARY OF THE INVENTION

[0004] The objective of the present invention is to pro-
vide afull-color light-emitting material which is able to emit
a red-green-blue (R-G-B) full-color light directly without
the need of doping any other substances, has good lumi-
nescent property and adapts for being excited by light-
emitting components in ultraviolent zone (240~410nm),
aiming at the drawbacks that green fluorescent powder or
red fluorescent powder should be added in the approach
for achieving the white light emission of LED of prior art
through the cooperation of a blue-light LED chip and a
rare earth garnet yellow fluorescent powder which is ex-
cited by cerium, causing the non-uniform color of pro-
duced white light and influencing its practicability seriously
when various fluorescent powders are not mixed uniform-
ly.

[0005] Another objective of the present invention is to
provide a preparation method for full-color light-emitting
material which has simple process and stable product
quality.

[0006] According to an aspect, a full-color light-emit-
ting material is provided, which is a compound of follow-
ing general formula (Y_.,.,AB,C,),GeOs, wherein x is
0<x<0.05, yis 0<y<0.15, zis 0<z<0.15and x:y:z=1:1~10:
1~10;A is one selected from a group of Tm and Ce, B is
one selected from a group of Tb, Ho, Er and Dy, and C
is one selected from a group of Eu, Prand Sm.

[0007] Ranges of x, y and z are preferably 0<x<0.03,
0<y<0.10 and 0<z<0.10, respectively.

[0008] The ratio of x:y:z is preferably 1:1~6:1-6.
[0009] According to an aspect, a preparation method
for full-color light-emitting material is provided, which
comprising taking an oxide, carbonate, oxalate, acetate,
nitrate or halide of Y and Ge together with an oxide, car-
bonate, oxalate, acetate, nitrate or halide of A, B and C
as raw materials, grinding the raw materials uniformly,
sintering the raw materials at 1300~1500 °C for 6~24 h,
cooling down the raw materials to room temperature and
then obtaining the full-color light-emitting material;
wherein A is one selected from a group of Tm and Ce, B
is one selected from a group of Tb, Ho, Er and Dy, and
C is one selected from a group of Eu, Prand Sm.
[0010] In the preparation method for full-color light-
emitting material, the method preferably comprises
grinding the raw materials uniformly in a mortar, sintering
the raw materials at 1350~1450 °C for 8~15 h, cooling
down the raw materials to room temperature and then
obtaining the full-color light-emitting material.

[0011] In the preparation method for full-color light-
emitting material, the method comprises weighting the
raw materials in a stoichiometric ratio of each element in
a chemical formula (Y4, ,AB,C,);CeO0s, that is,
weighing the raw materials in accordance with a molar
ratio of each element in the chemical formula; wherein
ranges of X, y and z are respectively 0<x<0.05, 0<y<0.15
and 0<z<0.15, and ratio of x:y:z is 1:1~10:1~10.

[0012] In the preparation method for full-color light-
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emitting material, the range of x, y and z is preferably
0<x<0.03, 0<y<0.10 and 0<z<0.10, respectively.

[0013] In the preparation method for full-color light-
emitting material, the ratio of x:y:z is preferably 1:1~6:
1~6.

[0014] In the raw material, Purity of the oxide, carbon-
ate, oxalate, acetate, nitrate or halide is no less than an-
alytic purity.

[0015] The light-emitting material prepared in the
present invention uses germanate doped with rare earth.
Accordingly, the light-emitting material is capable of emit-
ting a full-color light when excited in the ultraviolet zone
(240~410 nm) and has good luminescent property due
to the addition of rare earth. Besides, an ideal white light-
ing can be achieved by adapting the ratio of the doping
rare earth in the germanate.

[0016] The preparation method for full-color light-emit-
ting material of the presentinvention has simple process,
stable product stability, strong practicability and wide
range of application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention will be further described
with reference to the accompanying drawings and em-
bodiments in the following. In the Figures:

Figure 1is the emission spectrum of the full-color light-
emitting material (Yq.97TMq g1Tbg 01EUg.01)2Ge05
prepared in the example 1;

Figure 2 is the emission spectrum of the full-color light-
emitting material (Y g45TMg o1 Tbg g2EUg g25)2Ge0s5
prepared in the example 9;

Figure 3is the emission spectrum of the full-color light-
emitting material (Y g45TMg 91 T0g 02EUg 025)2Ge€05
prepared in the example 11;

wherein the excitation wavelength of the emission spec-
trum is 360 nm.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0018] The full-color light-emitting material of the
present invention is the compound of following general
formula: (Y., AB,),GeOs wherein the ranges of x, y
and z are respectively 0<x<0.05, 0<y<0.15 and
0<z<0.15, and the ratio of x:y:z is 1:1~10:1~10. Among
them, A is one selected from the group of Tm and Ce, B
is one selected from the group of Tb, Ho, Er and Dy, and
C is one selected from the group of Eu, Prand Sm. The
ranges of x, y and z are preferably 0<x<0.03, 0<y<0.10
and 0<z<0.10, respectively. The ratio of x:y:z is prefera-
bly 1:1~-6:1~6.

[0019] A preparation method for full-color light-emitting
material is provided, which comprises taking the oxide,
carbonate, oxalate, acetate, nitrate or halide of Y and Ge
together with the oxide, carbonate, oxalate, acetate, ni-
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trate or halide of A, B and C as the raw materials, grinding
the raw materials uniformly, sintering the raw materials
at 1300~1500 °C for 6~24 h, cooling down the raw ma-
terials to room temperature and then obtaining the full-
color light-emitting material; wherein A is one selected
from the group of Tm and Ce, B is one selected from the
group of Tb, Ho, Er and Dy, and C is one selected from
the group of Eu, Pr and Sm.

[0020] In the preparation method for full-color light-
emitting material, the method preferably comprises
grinding the raw material uniformly in a mortar, sintering
the uniform raw materials at 1350~1450 °C for 8~15 h,
cooling down the raw materials to room temperature and
then obtaining the full-color light-emitting material.
[0021] In the preparation method for full-color light-
emitting material, the method comprises weighting the
raw materials in the stoichiometric ratio of each element
in the chemical formula (Yy_.,.,AB,C,),GeO0s, that is,
weighing the raw material in accordance with the molar
ratio of each element in the formula; wherein the ranges
of x, y and z are respectively 0<x<0.05, 0<y<0.15 and
0<z<0.15, and the ratio of x:y:zis 1:1~10:1~10. Prefera-
bly, the ranges of x, y and z are respectively 0<x<0.03,
0<y<0.10 and 0<z<0.10, and the ratio of x:y:z is 1:1~6:
1-~6.

[0022] In the raw material, the purity of the oxide, car-
bonate, oxalate, acetate, nitrate or halide is preferably
no less than analytic purity.

[0023] The present invention will be further explained
in detail according to some examples in the following.
[0024]  Example 1: (Yq.945TMg 0100 02EU 025)2G€05
prepared by high temperature solid-state method
[0025] At room temperature, 0.97 mmol Y,0,, 0.01
mmol Tm,03, 0.005 mmol Tb,O-, 0.01 mmol Eu,05 and
1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. Then the obtained powder is transferred
to a corundum crucible and then placed in a high tem-
perature box-type furnace, in which the powder is sin-
tered at 1350 (1 for 15 h. Subsequently, the yielded prod-
uctis cooled down to room temperature and further grind-
ed in a mortar. Then a full-color light-emitting material
(Y0.97TMq 91 Tbg.02EUq 025)2GeO5 is obtained. As shown
in figure 1, it is the emission spectrum of the full-color
light-emitting material (Y g7Tmg g1 Tbg g2EUg g25)2Ge05
prepared in the example. As shown in the figure 1, when
excited at 360 nm, the full-color light-emitting material
prepared in the example emits a blue light at 455, 460
and 487 nm, a yellow-green light at 544, 548, 580 and
587 nm, as well as an orange red light at 594, 611, 618
and 622 nm, thus realizing the full-color composite lumi-
nescence. The preparation method above has simple
steps and stable product quality.

[0026] Example 2: (Yq97TMq g1Tbg 02EUg 025)2Ge05
prepared by high temperature solid-state method
[0027] Atroom temperature, 1.94 mmol Y(NOs)3, 0.02
mmol Tm(NO3)3, 0.02 mmol Tb(NO3);, 0.02 mmol Eu
(NO3)3 and 1 mmol GeO, are placed in an agate mortar
and grinded to be uniform. Then the obtained powder is
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transferred to a corundum crucible and placed in a high
temperature box-type furnace, in which the powder is
sintered at 1300 O for 24 h. Subsequently, the yielded
product is cooled down to room temperature and further
grinded in a mortar. Then a full-color light-emitting ma-
terial (Y g7 TMq 91 Tbg.02EUg.025)2Ge05 is obtained.
[0028] Example 3: (Y g45TMg g1 Tbg 02EUg 025)2Ge05
prepared by high temperature solid-state method
[0029] At room temperature, 0.945 mmol Y,05, 0.01
mmol Tm,0O3, 0.02 mmol Dy,03 0.025 mmol Eu,04 and
1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. Then the obtained powder is transferred
to a corundum crucible and placed in a high temperature
box-type furnace, in which the powder is sintered at 1450
[ for 8 h. Subsequently, the yielded product is cooled
down to room temperature and further grinded in a mor-
tar. Thenafull-color light-emitting material (Y g45TMg ¢1-
Tbg.02EUg 925)2Ge05 is obtained.

[0030] Example 4: (Y g45TMg 91 Tbg g2EUg 025)2GeO5
prepared by high temperature solid-state method
[0031] At room temperature, 0.945 mmol Y,05, 0.01
mmol Tm,03, 0.015 mmol Ho,03, 0.03 mmol Eu,05 and
1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. Then the obtained powder is transferred
to a corundum crucible and placed in a high temperature
box-type furnace, in which the powder is sintered at 1500
[ for 6 h. Subsequently, the yielded product is cooled
down to room temperature and further grinded in a mor-
tar. Thenafull-color light-emitting material (Y g45TMg o1-
Tbg.02EUg 25)2Ge05 is obtained.

[0032] Example 5: (Yg g45TMg g1 Tbg g2EUq 025)2GeO5
prepared by high temperature solid-state method
[0033] At room temperature, 0.94 mmol Y,05, 0.01
mmol Tm,03, 0.025 mmol Er,05 0.025 mmol Eu,05 and
1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. Then the obtained powder is transferred
to a corundum crucible and placed in a high temperature
box-type furnace, in which the powder is sintered at 1400
[ for 11 h. Subsequently, the yielded product is cooled
down to room temperature and further grinded in a mor-
tar. Then a full-color light-emitting material (Y g4TMg ¢1-
Tbg.925EUg 025)2GeOs5 is obtained.

[0034] Example 6: (Yq.g45TMg g1Tbg g2EUg 02)2GEO;
prepared by high temperature solid-state method
[0035] At room temperature, 0.95 mmol Y,05 0.01
mmol Tm,03, 0.01 mmol Tb,O, 0.02 mmol Sm,04 and
1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. The remaining steps are the same as those
in example 1. Then a full-color light-emitting material
(Yo.05TmMq 91 Tbg g2EUg 02)2GeO5 is obtained.

[0036] Example 7: (Y g15TMg g15TPg 04EUg 03)2Ge0;5
prepared by high temperature solid-state method
[0037] At room temperature, 0.915 mmol Y,04 0.015
mmol Tm,04, 0.02 mmol Tb,O; 0.01 mmol PrgO44 and
1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. The remaining steps are the same as those
in example 1. Then a full-color light-emitting material
(Y0.915TMo 015 TP 04Pro.03)2Ge05 is obtained.
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[0038] Example 8: (Y.93Ceq g1Tbg 03EUq.03)2GeEO5
prepared by high temperature solid-state method
[0039] At room temperature, 0.93 mmol Y,05 0.02
mmol CeO, 0.015 mmol Tb,O, 0.03 mmol Eu,05 and 1
mmol GeO, are placed in an agate mortar and grinded
to be uniform. The remaining steps are the same as those
in example 1. Then a full-color light-emitting material
(Y0.93C€0 015 Tbg 03EU 03)2G€05 is obtained.

[0040] Example 9: (Y 945TMg 01 Tbg 02EUp 025)2G€0s5
prepared by high temperature solid-state method
[0041] At room temperature, 0.945 mmol Y,05, 0.01
mmol Tm,04, 0.01 mmol Tb,O7, 0.025 mmol Eu,05 and
1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. The remaining steps are the same as those
in example 1. Then a full-color light-emitting material
(Yo.045TMg 91 Tbg 0oEUg 25)2GeO5 is obtained. As shown
infigure 2, itis the emission spectrum of the full-color light-
emitting material (Y g45TMq g1 Tbg 02EUg 025)2GeO05 pre-
pared in the example. As shown in figure 2, when excited
at 360 nm, the full-color light-emitting material prepared
in the example emits a blue light at 455, 460 and 487 nm,
a yellow-green light at 544, 548, 580 and 587 nm, as well
as an orange red light at 594, 611, 618 and 622 nm. The
color coordinate of the combined light in the example is
(0.3364, 0.3282), which is close to that of an ideal white
light, i.e. (0.33, 0.33). Thus, a white light emission is
achieved.

[0042] Example 10: (Y 9oTmMg g1Tbg g4EUq 03)2GEO;
prepared by high temperature solid-state method
[0043] At room temperature, 0.92 mmol Y,05 0.01
mmol Tm;03,0.02 mmol Tb,O; 0.03 mmol Eu,05 and
1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. The remaining steps are the same as those
in example 1. Then a full-color light-emitting material
(Yg.92TMg 91 Tbg.02EUg 03)2Ge05 is obtained.

[0044] Example 11: (Ygg15TMg o1T0g 04EUg 035)0-
GeOg prepared by high temperature solid-state method
[0045] At room temperature, 0.915 mmol Y,05, 0.01
mmol Tm,03, 0.02 mmol Tb,O7 0.035 mmol Eu,05 and
1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. The remaining steps are the same as those
in example 1. Then a full-color light-emitting material
(Y0.915TmMg 91 Tbg g4EUg 35)2GeO5 is obtained. As shown
infigure 3, itis the emission spectrum of the full-color light-
emitting material (Y g45TMg 941 Tbg g4EUg 035)2GeO05 pre-
pared in the example 11. As shown in figure 3 when ex-
cited at 360 nm, the full-color light-emitting material pre-
pared in the example emits a blue light at 455, 460 and
487 nm, a yellow-green light at 544, 548, 580 and 587 nm,
as well as an orange red light at 594, 611, 618 and 622
nm. The color coordinate of the combined light in the ex-
ample is (0.3387, 0.3355), which is close to that of an ideal
white light, i.e. (0.33, 0.33). Thus, a full-color composite
luminescence is achieved.

[0046] Example 12: (Y ggTmg g1Tbg.05EUg.06)2G€05
prepared by high temperature solid-state method
[0047] At room temperature, 0.88 mmol Y,05 0.01
mmol Tm,03, 0.025 mmol Tb,O-, 0.06 mmol Eu,05 and
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1 mmol GeO, are placed in an agate mortar and grinded
to be uniform. The remaining steps are the same as those
in example 1. Then a full-color light-emitting material
(Yo.88TMq 01Tbg g5EUq 06)2GEO5 is obtained.

[0048] Example 13: (Yy79Ceq1Tbg 1EUq 1)2GeOg
prepared by high temperature solid-state method
[0049] Atroomtemperature, 1.58 mmol Y(CH;COO)s,
0.02 mmol Ce(CH;COO0)3, 0.2 mmol Tb(CH;CO0),, 0.2
mmol Eu(CH;COO); and 1 mmol Ge(NOs), are placed
in an agate mortar and grinded to be uniform. The re-
maining steps are the same as those in example 1. Then
a full-color light-emitting material (Yq.79Ceq ¢1Tbg.o1-
Eug 4)oGeOs is obtained.

[0050]  Example 14:(Yo.g15TMg 015Er0.02PT0.15)2G€05
prepared by high temperature solid-state method
[0051] At room temperature, 0.815 mmol Y,(CO3)s,,
0.015 mmol Tmy(CO3)3, 0.02 mmol Ery(CO3)3, 0.3 mmol
Pr(CH3;COO); and 1 mmol Ge(C,0,) are placed in an
agate mortar and grinded to be uniform. The remaining
steps are the same as those in example 1. Then a full-
color light-emitting material (Y g15TMq 915Erg 02Prg.15)2-
GeOy is obtained.

[0052] Example 15: (Y goTMg g5Tbg 01EUg.12)2GeO5
prepared by high temperature solid-state method
[0053] At room temperature, 0.82 mmol Y,(Cy04)3
0.05 mmol Tm,(CO3)3, 0.01 mmol Ho,(C,0,4); 0.24
mmol Eu(CH;COO); and 1 mmol Ge(CH3;COO0), are
placed in an agate mortar and grinded to be uniform. The
remaining steps are the same as those in example 1.
Then a full-color light-emitting material (Y g,TMg g5-
Hog ¢1Eug 12),GeOs is obtained.

[0054] Example 16: (Yo g05TMo 015DY0.055M0.03)2"
GeOg prepared by high temperature solid-state method
[0055] At room temperature, 1.61 mmol YClj, 0.03
mmol TmCls, 0.3 mmol DyCl3, 0.06 mmol Sm(CH3;CO0),
and 1 mmol GeCl, are placed in an agate mortar and
grinded to be uniform. The remaining steps are the same
as those in example 1. Then a full-color light-emitting
material (Y go5TMp 015DY0.155Mp 03)2G€05 is obtained.

Claims

1. A full-color light-emitting material, wherein said full-
color light-emitting material is a compound of follow-
ing general formula (Y4_,.,.,A,B,C,),GeOs, wherein
x is 0<x=0.05, y is 0<y<0.15, zis 0<z<0.15 and x:y:
z=1:1~10:1~10; A is one selected from a group of
Tm and Ce, B is one selected from a group of Tb,
Ho, Er and Dy, and C is one selected from a group
of Eu, Prand Sm.

2. The full-color light-emitting material according to
claim 1, wherein ranges of x, y and z are 0<x<0.03,
0<y<0.10 and 0<z<0.10, respectively.

3. The full-color light-emitting material according to
claim 1, wherein the ratio ofx:y:z is 1:1~6:1~6.
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4,

A preparation method for the full-color light-emitting
materials in claim 1~3, wherein comprising following
steps: taking an oxide, carbonate, oxalate, acetate,
nitrate or halide of Y and Ge together with an oxide,
carbonate, oxalate, acetate, nitrate or halide of A, B
and C as raw materials, grinding said raw materials
uniformly, sintering said raw materials at 1300~1500
°C for 6~24 h, cooling down said material to room
temperature and then obtaining the full-color light-
emitting material; wherein A is one selected from a
group of Tm and Ce, B is one selected from a group
of Tb, Ho, Er and Dy, and C is one selected from a
group of Eu, Pr and Sm.

The preparation method for full-color light-emitting
material according to claim 4, wherein further com-
prising grinding said raw materials uniformly, sinter-
ing said raw materials at 1350~1450 °C for 8~15 h,
cooling down said raw materials toroom temperature
and then obtaining the full-color light-emitting mate-
rial.

The preparation method for full-color light-emitting
material according to claim 4, wherein further com-
prising weighting said raw materials in a stoichiomet-
ric ratio of each element in the chemical formula
(Y1x-y-zAxByC,)2Ce0s; wherein ranges of x, y and
z are respectively 0<x<0.05, 0<y<0.15 and
0<z<0.15,

and ratio of x:y:z is 1:1~10:1~10.

The preparation method for full-color light-emitting
material according to claim 6, wherein said ranges
of x, y and z are 0<x<0.03, 0<y<0.10 and 0<z<0.10,
respectively.

The preparation method for full-color light-emitting
material according to claim 6, wherein said ratio ofx:
y:zis 1:1~6:1-6.

The preparation method for full-color light-emitting
material according to claim 6, wherein purity of the
oxide, carbonate, oxalate, acetate, nitrate or halide
in said raw materials is no less than analytic purity.
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