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(57) ABSTRACT

A yellow phosphor having oxyapatite structure, preparation
method and white light-emitting diode thereof are disclosed.
The yellow phosphor has a chemical formula of (A, _Eu,)s_
3B, (POL)s_(810,),(O,_S,),, wherein A and Eu are diva-
lent metal ions, B is a trivalent metal ion, 0<x=0.6, 0=y=6,
and 0=z=1. A canbe analkaline earth metal, Mnor Zn. Bcan
be a group 13 metal, a rare earth meal or Bi.



Patent Application Publication  Jun. 21, 2012 Sheet 1 of 13 US 2012/0153228 A1

ung siedchiosnelric smonnts of w materials

0

oo L3

Codoining the mixed raw ma

| s 3 %{;
id prodagt o

Homogeaizig the calel

TR

Reductng By

Fig. |



Patent Application Publication

Jun. 21, 2012 Sheet 2 of 13

US 2012/0153228 A1

x
S

A N e

o

st Pttt o g g“'é"

i,a) ‘ﬁ}?’{? 3 {},.

LR

33 i;?f‘éﬁi;

WM

3‘; OEOEY

1.45HY

f;{; #4
S Theta

. 3? mkyg&.‘%ﬁ-ﬁ-ﬁﬁ gttt ol e -»g.-ﬁw», =
43

"ﬂ 2%

LAY

w

B
-
Bt
2
i
e
..%:.-,..;-.-,..,.-,..,'i-,.-,..,.-, x
R
s
Mo,
3
%
%

Pevionsidv fa.50)

v

=
s

.}

8
- ;f‘::.‘.‘.:'f.'fﬂ

ES
%
.
»

.:)
v
"
B e

0005
“

ot s B i .-.-.-.-.-.-.,;‘:.-,..-

xgﬁ, ‘tg
o -t
ol v’ss!s"‘*

T g
B,
ot IS w‘ ¢ ‘%‘
ﬂv*m 1

- &g: fen %3 ¥

. -
- e .
# % £

. ’L’ﬁ
| ,.m JSS{

------------ 0001
w e 3 BOE
s o (3 200
o o w30

~owww {43

0

4.:{}

¥ H ¥

ih fnud




Patent Application Publication  Jun. 21, 2012 Sheet 3 of 13 US 2012/0153228 A1

- o LR
e e 0200
w30
woe 06D

3
s e ] FEY

OBy -

& Bty -

ik R P i s b b

$ ey -

£ S

#54 FiE FH Bl

Fig 4



Patent Application Publication  Jun. 21, 2012 Sheet 4 of 13 US 2012/0153228 A1

’ st nA o8

B -fé:;ﬁ" ............................. 8000 B
Vi e 3 01 Bt
fo o3 oM el
| “x OUIOEY
e #0030 B
o {3 OB By

aesseoedy 3713 Bigg

I o
AR R o 0 e oot W

3

i 40 o B

ol
st

HH

e {).i [ 4
o]
&

5
o4

S0 S5 B R i EE

wlength fnm

Fig. 6



Patent Application Publication  Jun. 21, 2012 Sheet 5 of 13 US 2012/0153228 A1

1481

ﬁﬁ% s £ 0 4503 1y
\ e 0y 7 B2 1Y

%

k

i

St

sth fnntd




Patent Application Publication  Jun. 21, 2012 Sheet 6 of 13 US 2012/0153228 A1

e S50 > 0 1

st

Fig. 7B

s g~ ATEY ryey
e et~ BRY 1Ty

B




Patent Application Publication  Jun. 21, 2012 Sheet 7 of 13 US 2012/0153228 A1

s £23 0 4 B 4y
s §o7y T BES vy

Badative micasily (o}
2

chongth (i}

%
X
L]

.3
et
5
&2
52
o
£
Ss3

Fig. 7D

40

.

Belative mivnsily {a.0.)

G ¥ ) B0 B0 HH #0040
Wavelongh {nm)




Patent Application Publication  Jun. 21, 2012 Sheet 8 of 13 US 2012/0153228 A1

143
% s B3¢ ABD M

Fodavive intengi

B +
S K:t:4

- " 4 Fx o450 mm
o e

Bodarive
Py
0%
S

, : ¢ ;
Sk ELYS i

pah {amed

Fig. 8B

i K A

e



Patent Application Publication  Jun. 21, 2012 Sheet 9 of 13 US 2012/0153228 A1

e T3 4503 B
EXTEITERVRVERES gm 633 ﬂm

e

.
g,

e 3 ‘.“‘v N

s B 440 EE ey T B

s 00 Y oy
s oyt © (3T pyeny

FRTN

)
R
o
o
I
-
g
e
S
:
o

&

%3
L
e



Patent Application Publication  Jun. 21, 2012 Sheet 10 of 13 US 2012/0153228 A1

s $30 > SRG 1Y
sssnss $pet © BN ryny

4 g

{? P

3 ¥ # ¢ : B K % * s
pits 306 A3 iEER EEE i B

et 3 S S T

Redaftve uiensity {na.}

200 300 B0 B0 5 ¥ &
Wavelongth fnmd

Fig. 8F



Patent Application Publication  Jun. 21, 2012 Sheet 11 of 13 US 2012/0153228 A1

e 23+ $543 vy
R G B VK R R 3

13

T

; 3
i

Relavive mionsily (a0,
St
St

¥ B ¥ ¥ ¥ ¥ b

L 3 S i B #iH HH

L 288 nm
B L 458

EREW

E " ¥ * R B b
H M &£ B Y FEEE
o
Fig. 8F:

§



Patent Application Publication  Jun. 21, 2012 Sheet 12 of 13 US 2012/0153228 A1

snss £ AU raeny
R 1§ SO VL

Relatber intonsity {au.)

&3
$1 - :
vy §

i G SR e W D GO D R e e WA e AR e

B ¥ + 3 ¢ ¢ : B ®
F00 kT A0 B S0 FRkA B

Wy o L

Fig. 9

TEnm
Em B van |

L]

w2




Patent Application Publication

Rolotive bstonsaty o}

&

Ha

Jun. 21, 2012 Sheet 13 of 13

US 2012/0153228 A1

e

&1
22, wernmen {3,346 (1. 256}
25, memen (0.306,0.225)
& 24.

(0,586 0.405)

e (0557,0.406)
(e e o (0.5120.385)
1, e e (0.473.0.372)
20, wve «{0.430,0,325)

«mes (03760.280)

e (3,277 0192

500 600

W

Fi

3
T

wephength fum)

B0 W




US 2012/0153228 Al

YELLOW PHOSPHOR HAVING OXYAPATITE
STRUCTURE, PREPARATION METHOD AND
WHITE LIGHT-EMITTING DIODE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 099144785, filed Dec. 20, 2010, the
full disclosure of which is incorporated herein by reference.

BACKGROUND

[0002] 1. Technical Field

[0003] The disclosure relates to a yellow phosphor. More
particularly, the disclosure relates to a novel yellow phosphor
having oxyapatite structure for solid-state lighting applica-
tion.

[0004] 2. Description of Related Art

[0005] Since the invention of blue light-emitting InGaN-
based chip in the early 20” century, remarkable progress have
been made in the development of commercially realized effi-
cient white light-emitting diodes (WLEDs). By the combina-
tion of blue emission from the InGaN-based chips and yellow
emission based upon the downconversion of Y,Al;0,,:Ce**
(YAG:Ce)-based phosphors, the generated white light has
already exceeded that of incandescent lamps and is competi-
tive with conventional fluorescent lamps. WLEDs are energy-
efficient, life-durable, and environment-friendly in compari-
son to the conventional light sources. However, the color
quality of WLED:s still requires improvement with respect to
the white hue tunability, color temperature, and color render-
ing. In particular, these properties are closely correlated to the
general illumination.

[0006] For most of the currently applied phosphors in
WLEDs system, they do not reach the optimal requirements
for white light and show poor color rendition in red spectral
region. Therefore, to find a suitable luminescent material for
phosphor converted WLEDs (pc-WLEDs) is important to
attain the optical requirements for white light.

SUMMARY

[0007] In one aspect, the present invention is directed to a
yellow phosphor having oxyapatite structure and a chemical
formula of (A, ,Bu)s_B., (PO,)s_,(8104),(0,_S.),,
wherein A and Eu are divalent metal ions, B is a trivalent
metal ion, 0=x=0.6, 0=y=6, and 0=z=1. A can be a rare
earth metal, Mn, or Zn. B can be a group 13 metal, a rare earth
metal, or Bi.

[0008] According to an embodiment, the chemical formula
is (A;_ Eu )¢B,(PO,)s0, when both y and z are zero.
[0009] According to another embodiment, the chemical
formula is (A, _ Fu ),B,(8i0,),0, when y is 6 and z is zero.
[0010] According to yetanother embodiment, the chemical
formula is (A, _ Eu, )sB,(PO,)sS, when y is zero and z is 1.
[0011] According to yetanother embodiment, the chemical
formula is (A, _ Fu,),Bg(510,)¢S, when yis 6 and z is 1.
[0012] In another aspect, this invention directs to a white-
light emitting diode (WLED) comprising a blue light phos-
phor and the yellow phosphor above.

[0013] Inyetanother aspect, this invention also directs to a
method of preparing the yellow phosphor above. The method
comprises the following steps.

[0014] Stoichiometric amounts of raw materials for
required elements of the yellow phosphor are weighed. The
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raw materials of the metals in the yellow phosphor is metal
oxide or metal carbonate, the raw material of the phosphate in
the yellow phosphoris (NH,),HPO, or (NH,)H,PO,, the raw
material of the silicate in the yellow phosphor is silicon oxide,
and the raw material of the sulfur in the yellow phosphor is
sulfur powder. The weighed raw materials are then uniformly
mixed. Next, the mixed raw materials are calcined in an
environment containing oxygen at a temperature of 1200-
1400° C. till a product having a pure oxyapatite phase is
obtained. Finally, Eu®* of the calcined product is reduced to
Eu** in an NH, atmosphere at a temperature of 900-1200° C.
to obtain the yellow phosphor above.

[0015] According to an embodiment, the calcined product
can be further homogenized before the reducing step.

[0016] The forgoing presents a simplified summary of the
disclosure in order to provide a basic understanding to the
reader. This summary is not an extensive overview of the
disclosure and it does not identify key/critical elements of the
present invention or delineate the scope of the present inven-
tion. Its sole purpose is to present some concepts disclosed
herein in a simplified form as a prelude to the more detailed
description that is presented later.

[0017] Many of the attendant features will be more readily
appreciated as the same becomes better understood by refer-
ence to the following detailed description considered in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a flow diagram of preparing the yellow
phosphor having oxyapatite structure.

[0019] FIGS. 2-5 are XRD, excitation, emission and UV-
Vis diffuse reflectance spectrum of (Ca, __Fu, )sLa,(PO,),0,.
[0020] FIG. 6 is the excitation and emission spectrum of
Cagla,(PO,)0,:0.03Eu** (depicted in solid line) and com-
mercial yellow phosphor product of Y, ALO, :Ce™ (noted as
YAG:Ce**, depicted in dotted line).

[0021] FIGS. 7A-7E are excitation and emission spectrum
of Examples 1-5, respectively.

[0022] FIGS. 8A-8H are excitation and emission spectrum
of Examples 6-13, respectively.

[0023] FIG. 9 is excitation and emission spectrum of
Example 14.

[0024] FIG. 10 is excitation and emission spectrum of
Example 15.

[0025] FIG. 11 is the emission spectrum of the obtained
WLEDs of Examples 16-24.

DETAILED DESCRIPTION

[0026] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in order
to provide a thorough understanding of the disclosed embodi-
ments. [t will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. In other
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

[0027] Europium (Eu)is a lanthanoid and commonly forms
divalent compounds, since Eu(Il) has a relative stable con-
figuration 4f”. The excitation and emission spectrum of Eu(1I)
are both broad band. Thus, Eu(IT) has been widely applied on
light-emitting diodes. The color of the emitted light depends
on crystal structure of the Eu divalent compounds and usually
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is toward blue. However, the excitation and emission spec-
trum of Bu(IIT) are both linear. Thus, phosphor applications of
Eu(III) is limited.

[0028] In photoluminescence, apatite is an effective host.
Many oxyapatites containing various rare earth metal have
been synthesized. The oxyapatites have a chemical formula of
CagM,(PO,),0,, wherein M is a trivalent rare earth metal
ion. The series of CagM,(PO,)s0, can emit various wave-
lengths of light, such as visible light or near infra red light, by
using various trivalent rare earth metal ions.

[0029] Furthermore, the phosphate ions of the above oxya-
patites can be partially to totally replaced by silicate ions. The
structure is called silicate oxyapatite when the phosphate ions
in the oxyapatite are completely replaced by silicate ions to
have the chemical formula of Ca,M(SiO,);0,, wherein M is
a trivalent rare earth metal ion to be responsible for emitting
light. In Ca,M(Si0,)40,. six Ca>* are replaced by six M>* to
balance the six negative charges increased by the six silicate
ions.

Yellow Phosphor Having Oxyapatite Structure

[0030] A yellow phosphor having oxyapatite structure is
provided. The yellow phosphor has a chemical formula of
(A _Eu)e B, (PO, (510,),(0,_5S), A and Eu are
divalent cations to replace the Ca®* in the oxyapatite structure
above. A can be a rare earth metal, Zn, or Mn. B is a trivalent
metal cation to replace the rare earth metal cation in the
oxyapatite structure above. B can be a group 13 metal, a rare
earth metal, or Bi, wherein the group 13 metal can be Al, Ga,
or In, the rare earth metal can be Sc, Y, or a lanthanoid, such
asLa, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, or
Lu. In the chemical formula above, the values ofx, y, and z are
0=x=0.6,0=y=6,and 0=z=1, respectively. The phosphate
ions and the silicate ions occupy the same sites in the oxya-
patite crystal structure, and O and S also occupy the same site
in the oxyapatite crystal structure.

[0031] Insome special conditions, the chemical formula of
(A1—xEux)S—yB2+y(PO4)6—y(SiO4)y(Ol—ZSZ)Z can be Slmph-
fied. Please see Table 1.

TABLE 1

Yellow phosphors having oxyapatite structure.

y z  Chemical formula structure
0 0 (A Eu)sB>(PO,)60, oxyapatite
0-6 0 (AEu)s Bs,,(PO4)s_,(Si0,),0, Phosphate ions
partially replaced by
silicate ions
6 0 (A;_.Fu,)»Bs(Si04)60, Silicate oxyapatite
0 1 (A Eu,)gB5(PO,)6S > oxyapatite
0-6 1 (A Bugs Bs, (PO,)s_,(8i0,),8, Phosphate ions
partially replaced
by silicate ions
6 1 (A Eu,)»Bg(8i04)6S, Silicate oxyapatite
[0032] Since some literatures divide the element number in

the chemical formula CagM,(PO,).0, of the above oxyapa-
tite to obtain the simplified chemical formula of Ca,M(PO,)
;0. Therefore, the chemical formulas of the above yellow
phosphors can also be simplified by the same way. The sim-
plified chemical formula can be expressed as (A,_,Eu, ),
aB,, APO,);_AS510,) L0,_.S,), wherein the values of x and z
are the same as above (0=x=0.6 and 0=z=1), and the value
of d is 0=d=3.
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Preparation Method of the Yellow Phosphors Having Oxya-
paptite Structure

[0033] A preparation method of the yellow phosphor hav-
ing oxyapatite structure is provided. FIG. 1 is a flow diagram
of preparing the yellow phosphor having oxyapatite structure.

[0034] In step 110 of FIG. 1, according to the chemical
formula of the desired yellow phosphor to respectively weigh
stoichiometric amounts of raw materials. For metal ions of
Eu, A, and B, corresponding metal oxides or metal carbonates
can be the sources. For example, calcium oxide or calcium
carbonate can be the sources of Ca ion. Eu,O, can be the
source of Eu(Il/IIT) ions. As for phosphoate ions, (NH,)
,HPQO, or (NH,)H,PQO, can be the sources. For silicate ions,
silicon oxide can be the source. For sulfur, sulfur powder can
be the source.

[0035] Instep120, the required raw materials are uniformly
mixed by a method such as grinding. In step 130, the mixed
raw materials are calcined under an atmosphere containing
oxygen, such as air, at a temperature of 1200-1400° C. until a
product having pure oxyapatite crystal phase is obtained.
Since the calcination is performed in an environment contain-
ing oxygen, the Eu ions in the calcined product are all Eu(IIT).
Therefore, Eu(Ill) occupying the Ca(Il) sites in the oxyapatite
structure needs to be reduced to Eu(Il).

[0036] In step 140, the calcined product is homogenized
again to more completely reduce the Eu(1lI) and increase the
reduction rate of the following reduction reaction. The cal-
cined product can be grinded again, for example. In step 150,
the homogenized product is then reduced under ammonia
atmosphere at a temperature of 900-1200° C. for about 10
hours.

Embodiment 1

Cagla,(PO,),0, Doped with Various Amounts of
Eu(Il)

[0037] First, CagLa,(PO,);0, was doped with various
amounts of Eu®* to replace Ca**, to form a series of (Ca,_
<Fu )gLa,(PO,)40, (noted as Cagl.a,(PO,)0,:xEu** in this
embodiment). The related photoluminescence properties
were observed. In the chemical formula (A,_Fu,)s B,
(PO,)s_,(Si0,),(0,_S,), of this embodiment, A** is Ca™,
B**is La®*,and y=7=0, and x is 0, 0.001, 0.003, 0.005, 0.007,
0.010, 0.020, 0.030, 0.050, 0.070, and 0.100.

[0038] FIGS. 2-5 are XRD, excitation, emission and UV-
Vis diffuse reflectance spectrum of (Ca, _ Eu, );La,(PO,),0..
From XRD spectrum in FIG. 2, it can be known that the
crystal structure of CagLa,(PO,)0, is unchanged until 10
mol % doping amount of Eu?*.

[0039] The excitation spectrum in FIG. 3 was obtained by
monitoring the emission at 630 nm. From FIG. 3, it can be
known that the maximum absorption of blue light at 450 nm
occurs when x is 0.030 (i.e. doping amount of Eu** is 3 mol
%). The emission spectrum in FIG. 4 was obtained by excit-
ing at 450 nm. From FIG. 4, it can be known that the maxi-
mum emission near 625 nm occurs when x is 0.030. From the
UV-Vis diffuse reflectance spectrum in FIG. 5, it can be
known that compounds of CagLa,(PO,)s0, doped with Eu>*
have strong absorption in the region below 500 nm. Contrar
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ily, the undoped Cagla,(PO,)sO, nearly does not have any
absorption in the region below 500 nm.

[0040] FIG. 6 is a comparison between the excitation and
emission spectrum of CagLa,(PO,)40,:0.03Eu** (depicted
in solid line) and commercial yellow phosphor product of
Y.ALO,,:Ce* (noted as YAG:Ce™*, depicted in dotted line).
From FIG. 6, it can be known that Ca La,(PO,),0,:0.03Eu>*
has broader excitation and emission spectrum, and the emis-
sion wavelengths towards red light region. Therefore, the
poor color rendition in the red light region of the conventional
YAG:Ce** can be resolved by this new yellow phosphor.

Embodiment 2
Synthesis of (A,__Fu )sB,(PO,):0,

[0041] When y=7=0, a chemical formula of (A;_ Fu,):B,
(PO,)4O, can be obtained. In the synthesized Examples of
this embodiment, A** included 89 mol % of Ca** and 10 mol
% of Mg™*, Sr**, Ba>*, Mn**, or Zn**. The doping amount of
Bu?* was 1 mol %. B** was La**.

[0042] Table 2 lists the 8-coordinated ionic radii of Mg**,
Sr**, Ba**, Mn** and Zn**, and related photoluminescence
data. From Table 2, it can be known that the emission range
and wavelengths are almost the same, although the ionic radii
of the various A®* ions range from 89 pm to 142 pm. This
result shows that the various A** jons have little influence on
the excitation and emission properties of (Ca, g0, | FUg o1)
sLay(PO4)60,.

[0043] FIGS. 7A-7E are excitation and emission spectrum
of Examples 1-5, respectively. From the spectrum in FIGS.
7A-TE, it can be known that the excitation and emission
spectrum are similar for Examples 1, 2, 4, and 5, except for
(Ca, gsMn, ;Eu, ) La,(PO,)40, of Example 3. This result
shows again that the various A** ions have little influence on
the excitation and emission properties of (Ca, oA, ;Eug o))
sL2,(PO,) 0,
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TABLE 2

Photoluminescence properties of (Cag soAg (Elg 01)sL.8,(PO,) 05

Tonic
radii Excitation Emission
of range range
A (peak) (peak)  CIE
Examples (pm) (nm) (nm) €]

1 (CaggoMgo 1Blig 0)sLas(POL0> 82 240-500  480-800 (0.550,
(450) (628)  0.441)
240-500  480-800 (0.561,
(450) (631)  0432)
240-500  420-800 (0.373,
(370) (651)  0.329)

2 (Cag goZng, (Eug o1)sLas(PO,)60- 90

3 (CaggeMng Eug o;)sLar(PO4)e0, 96

4 (CaggoSry Bty o)sLay(PO0, 126 240-500  480-800 (0.544,
(£50) (623)  0.445)
5 (CagsoBag (Fug o )sLas(PO)0, 142 240-500  480-800 (0,532,
(450) (623)  0.454)

Embodiment 3
Synthesis of (A,_ Fu ):B,(PO,)0,

[0044] When y=7=0, a chemical formula of (A,_ Fu,).B,
(PO,)s0, can be obtained. In the synthesized Examples of
this embodiment, A** was Ca®*, and doping amount of Eu**
was 1 mol %. Moreover, B** included 90 mol % of La** and
10 mol % of AI**. Ga**, Sc¢**, In**, Lu®*, Y**, or Gd**.
[0045] Table 3 lists 6-coordinated ionic radii of AI**, Ga’*,
Sc**, In**, Lu**,Y**, or Gd**, and photoluminescence data of
the synthesized Examples above. From Table 3, it can be
known that the emission range and wavelengths are almost
the same, although the ionic radii of the various B** ions
range from 53.5 pm to 103 pm. This result shows that the
various B** ions have little influence on the excitation and
emission properties of (Cag oEU, o;)s(Lag oBg 1)2(PO4)605.
[0046] FIGS. 8A-8H are excitation and emission spectrum
of Examples 6-13, respectively. From the spectrum in FIGS.
8A-8H, it can be known that the excitation and emission
spectrum are similar for Examples 6-12, except for (Ca,
9B, o;)s(Lay oBi, ; ).(PO,),0, of Example 13. This result
shows again that the various B** ions have little influence on
the excitation and emission properties of (Cag ooFUg o1 )a(Lag.
9By 1)>(PO,)s0,.

TABLE 3

Photoluminescence properties of (Cag goFUg o )a(Lag oBg 1),(PO,)0,

lonic Excitation Emission
radii of range Tange CIE
FExamples B (pm) (peak) (nm) (peak) mm) (X, y)
6 (CagosFllgors(Lagshly )2(POL)E0; 53.5 240-500  480-800  (0.538,
(450) (626)  0.435)
7 (CaggoEug o1 )s(Lag oGag 1)2(PO4)605 62 240-500 480-800  (0.561,
(450) (632) 0.431)
8 (CioeoPllo00)s (L0050 1)2(PO)605 74.5 240-500 480-800  (0.548,
(450) (633) 0441
9 (CaggoEugojs(lagelng 1)2(PO4)60; 80 240-500 480-800 (0564,
(450) (631) 0.430)
10 (CaggoFUly o1 )s(Lag oLtlg )o(POL0; 86.1 240-500  480-800  (0.538,
(450) (638) 0434
11 (CagooBugor)sLage Yo )a(POs)sOy 90 240-500  480-800  (0.542,
(450) (630) 0.445)
12 (CagpaoFUlgorsLagoGdo 1)1o(POL0, 93.8 240-500 480-800 (0553,
(450) (633) 0.438)
13 (CagooBuigor)s(LageBio )o(POss0, 103 240400 400-750  (0.214,
(298) (458) 0.266)
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Embodiment 4
Synthesis of (A, _Fu,); B,, (PO,)s_(Si0,),0,

[0047] When z=0, the chemical formula of (A, Eu ),
#B5,,(PO,)6_,(810,),0, can be obtained. In the synthesized
Example of this embodiment, A** was Ca®*, and the doping
amount of Eu>* was 1 mal %. Moreover, B** was La>*, and
y=l1. Therefore, the obtained chemical formula was (Ca,
9oBU, 1 ),La;(PO,)s(8i0,)0,. The related photolumines-
cence properties are listed in Table 4, and the excitation and
emission spectrum are shown in FIG. 9.

[0048] From Table 4 and FIG. 9, it can be known that the
emission data of (Ca, ooE0y, o,),La5(PO,)<(S10,)0, is simi-
lar to those of Examples 1-13 above. This result shows that the
replacement of a phosphate ion by a silicate ion has little
influence on the excitation and emission spectrum of these
compounds.

TABLE 4
Photoluminescence properties of (Can goFl La:(PO4)s(Si04)0
Excitation ~ Emission
range range
(peak) (peak) CIE
Examples (nm) (nm) x,7)
14 (CaggoEug g;)7L2a3(PO,4)5(Si04)0,  240-500 480-800  (0.436,
(410) (612) 0.448)

Embodiment 5
Synthesis of (A;_ Eu,)sB,(PO,4)s(0,_.S,).

[0049] When y=0, a chemical formula of (A,_Fu ).B,
(PO,)6(0,_,S,), can be obtained. In the synthesized Example
of this embodiment, A** was Ca**, and the doping amount of
Eu?* was 1 mol %. Moreover, B3* was La>*, and z=0.1.
Therefore, the obtained chemical formula was (Ca, ooFug o)
sLa5(PO,)4(0, 65, ;),- The related photoluminescence prop-
erties are listed in Table 5, and the excitation and emission
spectrum are shown in FIG. 10.

[0050] From Table 5 and FIG. 10, it can be known that the
emission data of (Ca, goFug o, )sLas (PO, )s(0g 5S¢ 1), 1s simi-
lar to those of Examples 1-13 above. This result shows that the
replacement of an O®~ jon by a $*~ jon has little influence on
the excitation and emission spectrum of these compounds.

TABLE 5

Photoluminescence properties of (Cay goFuy 0 )el8:(POL)&(00 oS4 1 )>

Excitation Emission
range range

(peak) (peak) CIE

Examples {nm) (nm) &)
14 (CagsoFugo)sLasPOs(00sSe )y 240-500  480-800  (0.568,
375 (624)  0.427)

Embodiment 6

Application of (Ca, o,Eu, o5)sLa,(PO,)0, on
WLEDs
[0051] In this embodiment, an InGaN blue light chip

capable of emitting 460 nm was used, and various concentra-
tions of (Ca, 5,Ey o5)sl.a,(PO,)O, were doped in the seal-
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ant of the chip to form a white-light emitting diode (WLED).
The doping concentrations and related CIE values of the
obtained WLEDs are listed in Table 6, and the emission
spectrum of the obtained WLEDs are shown in FIG. 11.

TABLE 6

The deping concentrations and related CIE values
of the obtained WLEDs

Doping concen-

Examples tration (wt %) CIE (x,y)
16 50 (0.586, 0.405)
17 45 (0.557, 0.406)
18 40 (0.512, 0.385)
19 35 (0.473,0.325)
20 30 (0.430, 0.325)
21 25 (0.376, 0.280)
22 20 (0.346, 0.256)
23 15 (0.306, 0.225)
24 10 (0.277, 0.192)
[0052] From Table 6 andFIG. 11, it can be known that when

the doping concentration of (Cag, o,Fu, o3)s[a5(PO, )0, in
the sealant decreased, the emitted blue light intensity near 460
nm was increased and the emitted yellow light intensity near
625 nm was decreased. Therefore, the CIE value of the
WLEDs can be changed from (0.586, 0.405) of orange yellow
light to (0.277,0.192) of cold white light for Examples 16-24.
[0053] Insummary, the main emission range of the yellow
phosphors having oxyapaptite structure above has longer
wavelengths and thus towards red light region. Therefore,
using the yellow phosphors above to produce WLEDs can
improve the color rendition property of the emitted white
light to gain a better quality of white light.

[0054] The reader’s attention is directed to all papers and
documents which are filed concurrently with this specifica-
tion and which are open to public inspection with this speci-
fication, and the contents of all such papers and documents
are incorporated herein by reference.

[0055] All the features disclosed in this specification (in-
cluding any accompanying claims, abstract, and drawings)
may be replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated other-
wise. Thus, each feature disclosed is one example only of a
generic series of equivalent or similar features.

What is claimed is:

1. A yellow phosphor having oxyapatite structure and a
chemical formula of (A;_Bu,); B,, (PO,)s_(5i04),(O,_
2S,),, wherein A and Eu are divalent metal ions, B is a trivalent
metal ion, 0<x=0.6, 0=y=6, and 0=z=1.

2. The yellow phosphor of claim 1, wherein the chemical
formulais (A, _ Eu )B,(PO,)0, whenbothy and zare zero.

3. The yellow phosphor of claim 1, wherein the chemical
formula is (A,_ Fu ),B4(S10,),0, when y is 6 and 7 is zero.

4. The yellow phosphor of claim 1, wherein the chemical
formula is (A, _ Fu,)sB,(PO,)sS, when y is zero and z is 1.

5. The yellow phosphor of claim 1, wherein the chemical
formula is (A;_ Fu,),Bg(510,)¢S, when y is 6 and z is 1.

6. The yellow phosphor of claim 1, wherein A is arare earth
metal, Mn, or Zn.

7. The yellow phosphor of claim 6, wherein the rare earth
metal is S¢, Y or a lanthanoid.

8. The yellow phosphor of claim 1, wherein B is a group 13
metal, a rare earth metal, or Bi.
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9. The yellow phosphor of claim 8, wherein the rare earth
metal is S¢, Y and a lanthanoid.

10. The yellow phosphor of claim 8, wherein the group 13
metal is Al, Ga, or In.

11. A white-light emitting diode (WLED), comprising:

a blue phosphor; and

the yellow phosphor of claim 1.

12. The WLED of claim 11, wherein A is a rare earth metal,
Mn, or Zn.

13. The WLED of claim 12, wherein the rare earth metal is
Sc, Y or a lanthanoid.

14. The WLED of claim 11, wherein B is a group 13 metal,
a rare earth metal, or Bi.

15. The WLED of claim 14, wherein the rare earth metal is
Sc¢, Y or a lanthanoid.

16. The WLED of claim 14, wherein the group 13 metal is
Al, Ga, or In.

17. A method of preparing the yellow phosphor of claim 1,
the method comprising:
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weighing stoichiometric amounts of raw materials for
required elements of the yellow phosphor, wherein the
raw materials of the metals in the yellow phosphor is
metal oxide or metal carbonate, the raw material of the
phosphate in the yellow phosphor is (NH,),HPO, or
(NH,)H,PO,, the raw material of the silicate in the yel-
low phosphor is silicon oxide, and the raw material of the
sulfur in the yellow phosphor is sulfur powder;

uniformly mixing the weighed raw materials;

calcining the mixed raw materials in an environment con-
taining oxygen at a temperature of 1200-1400° C. till a
product having a pure oxyapatite phase is obtained; and

reducing Eu®* of the calcined product to Eu** in an NH,
atmosphere at a temperature of 900-1200° C. to obtain
the yellow phosphor of claim 1.

18. The method of claim 17, further comprising homog-

enizing the calcined product before the reducing step.
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