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(57) ABSTRACT

A novel yellow phosphor of a fluorosulfide having a chemical
formula of (A, Ce,B ),Ce, Sr,F,S, and a tetragonal crys-
tal phase is disclosed, wherein A and B are different rare earth
metals other than Ce, the values of x, y, zare 0<x=1, 0=y=1,
and 0=z=1, respectively. A preparation method of the fluo-
rosulfide and white-light emitting diode application thereof
are also disclosed.
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YELLOW FLUOROSULFIDE PHOSPHORS
FOR LIGHT-EMITTING DIODE AND
PREPARATION METHOD THEREOF

BACKGROUND

[0001] 1. Technical Field

[0002] The disclosure relates to a yellow phosphor. More
particularly, the disclosure relates to a novel fluorosulfide
phosphor for solid-state lighting application.

[0003] 2. Description of Related Art

[0004] Since the invention of blue light-emitting InGaN-
based chip inthe early 207 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 O,,: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.

[0005] 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

[0006] In one aspect, the present invention is directed to a
yellow phosphor of a fluorosulfide having a chemical formula
of (A, Ce B ),Ca, Sr.F,S,andatetragonal crystal phase,
wherein A and B are different rare earth metals other than Ce,
the values of x, y, zare 0=x=1,0=y=1, and 0=z=1, respec-
tively.

[0007] According to an embodiment, the rare earth metal is
Sc, Y, or a lanthanoid, wherein the Inathanoids is La, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu.

[0008] According to another embodiment, the chemical
formula is (A, Ce,),Ca, Sr F,S, wheny is zero.

[0009] According to another embodiment, the chemical
formula is (A, _Ce,),CaF,S, when both y and z are zero.
[0010] According to another embodiment, the chemical
formula is (A, Ce ),StF,S, when y is zero and z is 1.
[0011] According to another embodiment, the chemical
formulais (A, CeB,),CaF,S, when z is zero.

[0012] According to another embodiment, the chemical
formula is (A, ,,Ce,B,),S1F,S; when zis 1.

[0013] In another aspect, this invention also directs to a
white light emitting diode comprising a blue light phosphor
and the yellow phosphor of the fluororsulfide described
above.

[0014] In light of the forgoing, the novel yellow phosphor
based on Ce doped fluorosulfide can serve as a potential
candidate for white-light LED, especially for generation of
warm white-light.

[0015] The above 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
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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.

[0016] 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

[0017] FIGS. 1A-1D are XRD spectra of Examples 1,9, 2
and 10, respectively.

[0018] FIGS. 2A-2C are excitation and emission spectra of
Examples 1, 8 and 9, respectively.

[0019] FIGS. 3A-3C are excitation and emission spectra of
Examples 12, 18 and 23, respectively.

[0020] FIG. 4 shows the temperature dependent photolu-
minescence intensity of CaS:Ce™, (Y, 0Ce, o1 )2CaF S, and
(Yo.90C€0,01 )2 STE,S,.

[0021] FIG. 5(a) is a visible photoluminescence spectrum
of a WLED vusing the yellow phosphor of (Y, 56Ce; 91),Cag
6551, 5sF,S, with 0.1 mm thick and an InGaN LED chip
emitting blue light of 460 nm.

[0022] FIG. 5(b) shows the variation in CIE chromaticity
coordinates as a function of fraction of phosphor used.

DETAILED DESCRIPTION

[0023] For most phosphors doped with Ce**, they show a
parity allowed 4f-5d emission ranging from ultraviolet to red
color depending upon the host lattice and on the basis of the
site size, site symmetry and coordination number. In fact, the
emission color of Ce®* can also be controlled in the desired
region of the spectrum by changing the crystal field strength.
For example, the optical iii properties of Ce** dopant in
Ca(Si,AN,:Ce** (red), (La,Gd)Sr,Al0.:Ce™ (vellow),
(Ca,Sr)Sc,0,:Ce® (green) phosphors have been investi-
gated.

[0024] Inrecent years, great attentions have been attracted
to study the mixed-anion fluoroxide crystals doped with Ce®*
and show their potentially applicable to WLEDs assemblies,
but there has been no reported study on the photolumines-
cence (PL) properties of the fluorosulfides/mixed-anions sys-
tem prior to this present work. The quaternary fluorosulfide
Y,CaF,S, is isostructural with Sm,CaF,S,, which is first
announced as a new color pigment. In this compound, the
chromatic and chemical properties of rare earth, which is
surrounded by fluorine and sulfur ligands, is expected to
combine the advantages of sulfides and fluorides.

Yellow Phosphor Material of (A, Ce B ),Ca, Sr,F,S,

1-x-y

[0025] Accordingly, in one aspect, this invention directs to
a novel fluorosulfide phosphor having a general chemical
formula of (A, , ,Ce,B,),Ca, St,F,S, for emitting yellow
light having a CIE value of (0.30-0.60, 0.30-0.60). The lattice
structure of (A, , Ce.B,),Ca, St.F,S,, which is similar to
that of Y,CaF,S,, is tetragonal space group (I4/mmm, No.
139), wherein A**, Ce®*, and/or B** are isovalent substitu-
tions for Y>*in Y ,CaF,S,, and St** is a isovalent substitution
for Ca** inY,CaF,S,,. Since Ce* is responsible for emitting
yellow light, the value ofx is 0<x=1. The values of y and z are
both 0-1.In (A, Ce,B ).Ca, ,Sr,F,S,, both A and B repre-
sents different trivalent rare earth elements other than Ce,
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such as Sc,Y and lanthanoids, wherein the lanthanoids can be
La, Pr, Nd, Sm, Fu, Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu, for
example.

[0026] When y and/or z are 0 and/or 1, some simplified
chemical formulas of the formula (A, CeB ), Ca,
=Sr,F,S, can be obtained. For example, when y is zero, sim-
plified to (A, Ce ),Ca, Sr F,S, is obtained. When z is zero,
(A,.,CeB)),Cal, 8, is obtained. Whenzis 1, (A, Ce,B,)
,SrF,S, is obtained. When y and 7z are zero, (A, Ce,)
,Cal,S,. When y is zero and z is 1, (A, Ce,),StF,S, is
obtained.

Preparation Method of the (A, Ce,B ),Ca; St F,S,

L-x-y

[0027] In another aspect, this invention directs to a prepa-
ration method of the novel fluorosulfide phosphor (A, .
e, B,),Ca, Sr,F,S,. First, according to the chemical for-
mula of the desired Ce** doped fluorosulfide, stoichiometric
amounts of at least one sulfide and at least one fluoride of Ce,
at least one rare earth metal other than Ce, Ca and/or Sr are
weighted. For example, trivalentY source canbe YF, orY,,S,,
and divalent Ca source can be CaS or CaF,. According to an
embodiment of this invention, when (Y, ,,Ce, ,,),CaF,S, is
synthesized, YF;, Y,S;, CaF, and CeF; can be used as the
reactants, for example.

[0028] Next, the weighted sulfides and fluorides are
grinded until they are uniformly mixed. Then, the mixture is
calcined under a vacuum environment, or under an inert gas
or nitrogen at a pressure of about 1 atm, and at a temperature
of 900-1100° C. until a pure crystal phase is obtained. The
crystal phase of the obtained product can be examined by
x-ray powder diffracion (XRD) spectrum.
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[0031] Comparing FIGS. 1A and 1C, only the trivalent
cations were different, i.e. Y>* in FIG. 1A and La®* in FIG.
1C. The isovalent cation substitution with various sizes was
used to change the structural environment for Ce®*, and the
crystal field splitting of Ce** 5d level was thus changed. Since
Y?* and La** were compatible with the fluorosulfide host
lattice, the substitution may result in different emission effi-
ciency and color rendition.

[0032] Firstly from Table 1, it can be seen that the 1 mol %
substitution of Ce** can create wide excitation and emission
ranges. Thus, this Ce**-doped flucrosulfide system can use
UV-to-blue light as the excitation source to meet the request
for the pc-WLED applications.

[0033] Second, only a little blueshift or redshift occurred
relative to the excitation and emission ranges and CIE value
of (Y, 45Ce; o) ).CaF,S,. Roughly speaking, the substitution,
suchas La>* subsutition, that result in the expansion of Ce—S
bonds is expected to decerease the emission wavelength, i.e.
blueshift. Contrarily, the substitution that result in the con-
traction of Ce—S bonds is expected to increase the emission
wavelength, i.e. redshift. Therefore, the crystal field strengths
sensed by the Ce®* ions were changed by the various trivalent
rare earth metal ions, and the emission wavelengths were thus
blueshifted or redshifted.

[0034] However, the excitation, emission ranges, and the
CIE values were also relatively unchanged by the various rare
earth elements of A. It can be understood that the sizes of
these trivalent rare earth metal ions are only a subtle change
for the fluorosulfide’s lattice. Hence, the tetragonal aspect
ratio and the lattice size of the fluorosulfides are slightly
affected.

TABLE 1

Photoluminescence properties of (Ag 9oCeq ¢,),CaF,S,, where A

was Y, La, Sm, Eu, Gd or Th.

9-fold Main Main
coordination Excitation Emission
atomic radius Range Range CIE
Examples (A) (peak) (nm)  (peak) (nm) x,¥)
1 (Yp00Ce001):CaFsS, 1.075 250-547 500-800  (0.53,0.46)
(300,337,470)  (590)
2 (LagesCeoo)CaF,S, 1216 250-542 500-800  (0.50,0.48)
(338, 468) (588)
3 (SmgeeCeqp)oCaF,S, 1.132 250-542 500-800  (0.53,0.45)
(341, 470) (589)
4 (EugesCeoorrCaF,S, 112 250-545 503-800  (0.53,0.45)
(335,471) (591, 623)
5 (Gdo 0oCeo.01)2CaF4S, 1.107 250-545 512-800  (0.54,0.47)
(335,472) (595)
6 (TbgeeCepor)CaF,S, 1.095 250-545 503-800  (0.53,0.45)
(335,471) (548, 591)
Embodiment 1 Embodiment 2

(A, Ce,),Cal,S, (y=z=0)

[0029] Wheny=2=0,(A,_, Ce.B,),Ca, Sr.F,S, is simpli-
fied to (A, Ce,),CaF,S,. Examples included that A was 'Y,
La, Sm, Eu, Gd or Tb, and x was 0.01, were prepared accord-
ing to the preparation method described above.

[0030] The XRD spectra of Examples 1 and 2 are shown in
FIGS. 1A and 1C. The excitation and emission spectrum of
Example 1 is shown in FIG. 2A. The prepared fluorosulfides

and photoluminescence properties thereof are listed in Table

Substitution of Ca** by Sr** in (A,_Ce,),CaF,S,

[0035] Next, the Ca®* in (A, Ce, ),CaF,S, (y=0 and z=0)
was gradually substituted by Sr* until (A,_ Ce ),SrF,S, (y=0
and z=1) was obtained. Examples included that A was'Y or
La, xwas 0.01, and z=0,0.1, 0.5, 1, were prepared according
to the preparation method described above.
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[0036] The XRD spectra of Examples 1, 9, 2 and 10 are
shown in FIGS. 1A-1D. The excitation and emission spectra
of Examples 1, 8 and 9 are shown in FIGS. 2A-2C. The
prepared fluorosulfides and photoluminescence properties
thereof are listed in Table 2.

[0037] From FIGS. 1A-1D, it can be seen that the crystal
phase of the (A, _Ce,),CaF,S, was unchanged by the substi-
tution of Ca®* by Sr** for both Y (examples 1 and 9) and La
(examples 2 and 10) series. The crystal phases of these
examples were remained the same as Y,CaF,S, with the
tetragonal structure. However, the XRD peaks move to lower
angle positions after Ca™ was substituted by Sr**. The results
shown in FIGS. 1A-1D are in accordance with the ionic size
variation where the atomic radii for 8-fold coordination of
Ca® and Sr** are 1.12 A and 1.26 A, respectively. That
means, the lattice volume was expanded by the Sr* substitu-
tion.

[0038] From FIGS. 2A-2C, it can be seen that both of the
excitation and emission spectra were blueshifted. The blue
shift phenomena can also be further seen in Table 2 forboth Y
(examples 1 and 7-9) and La (examples 2 and 10) series. It
indicates that the above substitution leads to size expansion of
the lattice volume, which is induced by larger Sr** ionic size.
In such cases, the Ce™* ions experience a weaker crystal field
splitting due to the expansion of lattice size, and the lowest-
lying 5d level is elevated. Therefore, it is reasonable that the
blueshifted excitation and emission spectra were observed.
[0039] From Table 2, the x value of CIE is decreased as the
z value in (A,_ Ce,),Ca, Sr.F,S, increased, and the y value
is increased as the z value is increased, since the color of the
emitted light moves from orange to green-yellow.

TABLE 2

Photoluminescence properties of (Ag 9oCeo.01)2Ca1,SrF4 S5,
where 7 =0,0.1,0.5, 1 for Y saries and z= 0, 1 for La series.

Main Main
Excitation Emission
Range Range
Examples (peak) (nm) (peak) (nm) CIE(X,y)
1 (Yo00Cep.01)2CaF,8, 250-547 500-800  (0.33,0.46)
(300,337, (590)
470)
7 (Yo.99Ce5 01)2Cag 9810 1 F4S5 250-545 503-800  (0.52,0.46)
(300,335, (585)
467)
8 (Yo.00Cep.01)2Ca058195FaS,  250-540 500-800  {0.45,0.47)
(331,461) (576)
9 (Yp.00Cey 01)2S1F 4S5 250-543 480-800  (0.42,0.53)
(299, 335, (553)
441)
2 (Lag g9Ceg g1)2CaF,S, 250-542  500-800  (0.50,0.48)
(338, 468) (588)
10 (Lag goCeg 01)25F,S, 250-539 475-800  (0.40,0.49)
(289,330, (550)
439)
Embodiment 3

Substitution of the First Traivalent Rare Earth Metal
Ion by a Second Trivalent Rare Earth Metal lon in
(A, Ce,),Cal,S,

[0040] 10 mol % ofthe first trivalent rare earth metal ion, A,
in (A, Ce),CaF,S, (y=0 and z=0) was substituted by a
second trivalent rare earth metal ion, B, to obtain (A,
e B, ;),CaF,S, (y=0.1 and 7=0). The first trivalent rare
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earthmetal A in (A, ., Ce B, ;),CaF.S, (y=0.1 and 7=0) was
Y, and the second trivalent rare earth metal B was Sc, La, Sm,
Eu, Gd, or Tb when x was 0.01 were perepared by the prepar-
taion method described above. The prepared examples and
photoluminesecnce properties are listed in Table 3.

[0041] Similar to the results of embodiment 1 (Table 1
above), the trend of the excitation spectra, the emission spec-
tra, and the CIE value were the same as the partial substitution
of first trivalent rare earth metal ion, A, by the second trivalent
rare earth metal ion, B.

TABLE 3

Photoluminesecnce properties of (Y, oCeq 1B, 1),CaF 4S5,

where B was Se, La, Sm, Eu, Gd, or Tb.

Main Main
Excitation Emission

Range (peak) Range (peak)

Examples (nm) (nm) CIE(%,y)

11 (Yo,39Co0.015¢0,)2CaF,S,  250-537 520-800  (0.50,0.48)
(333, 466) (588)

12 (Yo40Ceo01lay , ,CaF,S,  250-538 520-800  (0.51,0.48)
(335, 467) (588)

13 (Yo,59Ce0,015Mg, -CaF,S,  250-540 510-800  (0.52,0.48)
(349, 467) (589)

14 (Yo,39Ce0,01BUy 11,CaF,S,  250-539 514-800  (0.52,0.45)
(357,468)  (589,624)

15 (Yg39Ce001Gdg ),CaF,S,  250-545 511-800  (0.53,0.47)
(358, 468) (594)

16 (Yo39Ce001Thy 112CaF,S,  250-539 520-800  (0.52,0.46)
(356,468)  (348,589)

Embodiment 4
Substitution of Ca** Ton by Sr** Ton in (A, . ,Ce.B))

,Cal,s,

[0042] The Ca** in (Y, 4Cey o, Bq ,)-CaF,S, of embodi-
ment 3 (examples 11-16) was further substituted by Sr** to
verify the lattice size expansion effect. The results are shown
in Table 4, and the excitation and emission spectra of
examples 12, 18, and 23 are shown in FIGS. 3A-3C.

[0043] From Table 4 and FIGS. 3A-3C, it can be seen that
the blue shift of both excitation and emission spectra was not
obvious, and the CIE values were also about the same. This
result is different from Embodiment 2 above. Comparing
Embodiments 1 and 2, it can be known that the divalent
cations have greater influence than trivalent cations on the
fluorosulfide’s lattice size and thus the emission energy.
Therefore, the result of this Embodiment 4 implies that the
emission energy is not simply determined by the crystal field,
but also by some other factors, such as the covalent-ionic
percentage of the Ce—S coordination bonds.
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TABLE 4
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Photoluminesence propetties of (Y g0Ceq 01Bg 1):Ca,St,F,S5,

where B was Sc, La, Sm, Eu, Gd, or Tb, z is 0 and 0.1 for Sc¢, Sm,

Eu, Gd, and Tb series, and z is 0, 0.1, and 1 for La series.

Main Excitation ~ Main Emission

Range (peak) Range (peak)
Examples (nm) (nm) CIE(x, )
11 (Yog0Ces015¢, 1)2CaF S, 250-537 520-800 {0.50,0.48)
(333, 466) (388)
17 (Yo.20Ce0.015¢0 1)5C.05T0 1 F4Ss 250-545 503-800 {0.52, 0.46)
(300, 334, (385)
465)
12 (Yo50Ce0,.0, L8 1),CaF,S, 250-538 520-800 (0.51,0.48)
(335, 467) (588)
18 (Yo80Ce0.01Lag 1)2Cag 0510 FaSs 250-546 505-800 {0.52,0.45)
(298, 331, (385)
467)
23 (Yo50Cey 01 Lag 1)281F,S, 250-538 520-800 {0.52,0.48)
(365, 473) (394)
13 (Yos0Ce0.0:5mg 1)5CaF4S, 250-540 510-800 {0.52,0.48)
(349, 467) (589)
19 (YogeCep.0SMmg ),C0 o510 FaS,  250-546 501-800 {0.53,0.45)
(300, 335, (587)
468)
14 (Y56Ce0 0.l 1)2,CaF,S, 250-539 514-800 {0.52,0.45)
(357, 468) (589, 624)
20 (Yo.50Ceg 01Eug 1)2Cag o810 1F48,5 250-546 509-800 {0.51,0.44)
(299, 332, (586, 623)
466)
15 (Y,50Ce0,0,Gdg )oCaF 8o 250-545 511-800 (0.53,047)
(358, 468) (394)
21 (Yo50C€0.0,Gdo 1 1:C.0T0 1F4Ss 250-527 506-800 {0.50, 0.49)
(275, 327, (387)
467)
16 (Y56Ce0.0,Tho 1)2CaF,S, 250-539 520-800 {0.52,0.46)
(356,468) (548,589)
22 (Yo.50Ce0.01Tho 1)2Cag 0810 1F48,5 250-527 507-800 {0.51,0.48)
(283, 331, (547, 588)
463)

Embodiment 5

Temperature Dependent Photoluminescence Inten-
sity for (Y 05Ceg o,),Cal,S,; and (Y, 55Ceq o)
LSIF,S,

[0044] In this embodiment 5, the temperature dependent
behavior of the photoluminescence (PL) intensity of both
(Y5 00Cep.01)-CaF,S, and (Yq 66Ceq 01)-S1F,S, were exam-
ined. FIG. 4 shows the temperature dependent photolumines-
cence intensity of commercial CaS:Ce®, (Y, o00Ce0.0;)
,Cal S, and (Y, 56Cep o1 ),5tF .S, in the range 0 25-225°C,
[0045] InFIG. 4,the PL intensities in all samples are found
10 be diminished as compared to that of the same sample
observed at room temperature, which may be explained on
the basis of the increasing thermal energy is utilized to excite
electrons to the lowest state of the conduction band and then
ionized. Surprisingly, the thermal stability of fluorosulfides
were comparable to or even more stable than that of binary
sulfides, CaS:Ce**. The introduction of F atoms into the
sulfide host lattice can lower the extent of thermal quenching
as a result of the softer phonon modes.

[0046] InFIG.4, thevalues of AE for (Y, 56Ce o, )-CaF,S,
and (Yg50Ce, 51),5tF,S, are estimated to be 0.3741 and
0.3829 eV, respectively. The AE represents the thermal
energy that excites the electrons to the 5d states of Ce** ions.
It can be seen that the (Y, ¢5Ceqq;),CaF,S, shows higher
activation energy characteristic than that of (Y, 5Ceq ;)

-StF,S,, since weaker crystal field strength was experienced
by Ce** ions in (Y, 9oCeq o, ),SIT,S.,.

Embodiment 6

pc-WLEDs Application of (Y, 5Ce; 51)-Ca;.
StL,S,

[0047] To demonstrate the potential of (Y, osCe; 01).Ca;.
2St.F,S, for pc-WLEDs application, two phosphors with z
values of 0.55 and 0.65 were utilized to fabricate pc-WLEDs
with an InGaN LED chip emitting blue light of 460 nm. The
typical visible photoluminescence spectrum of this WLED
was shown in FIG. 5(a), and the variation in CIE chromaticity
coordinates as a function of fraction of phosphor used was
shown in FIG. 5(b) as an inset. In FIG. 5, the phosphor of
(Yo.05Ce0.01)2Ca, 6551, 55F,S, was noted as YCSFS-0.55,
and the other phosphor of (Y, 65Ceq 91 )-Cag 55510 65F4S, was
noted as YCSFS-0.65. The whole visible spectral region in
FIG. 5 can be obtained when excited by the blue chip and the
color rendering index (CRI) Ra of this dichromatic
pe-WLEDs was determined to be around 74 to 85.

[0048] The Commission International de I'Eclairage (CIE)
chromaticity coordinates, the correlating color temperature
(CCT) of the pc-WLEDs and the corresponding luminous
efficiency are shown in Table 5. In Table 5, compare with the
pe-WLEDs using conventional YAG:Ce** phosphor having
Ra values in the range from 70 to 75 and color temperature



US 2012/0161075 Al

6,900K. Therefore, the generated dichromatic white light in
this work possess two better properties, higher Ra and lower
color temperature.

TABLE 5

Optical and chromaticity parameters for pc-WLEDs with
YCSFS-0.55 and YCSFS-0.63 as the conversion phosphor layer.

Thickness CCT CRI  Luminous
Sample (nm) CIE(x,y) k) (Ra) (Im/W)
YCSFS-0.55 1 (031,021) 6962 835 19.8
2 (0.33,033) 5320 849 16.7
3 (0.37,037) 4201 8L6 14.2
YCSFS-0.65 1 (0.30,0.26) 8772 839 29.18
2 (032,031) 5812 85 27
3 (0.41,041) 3,511 74 1743

[0049]  According to the disclosure above, the novel yellow
phosphor based on Ce doped fluorosulfide can serve as a
potential candidate for white-light LED, especially for gen-
eration of warm white-light. Moreover, only 1 mol % substi-
tution of Ce™* can create wide excitation and emission ranges.
Thus, this Ce**-doped flucrosulfide system can use UV-to-
blue light as the excitation source to meet the request for the
pe-WLED applications.

[0050] 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.

[0051] All the features disclosed in this specification (in-
cluding any accompanying claims, abstract, and drawings)
may be replaced by alterative 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 of a fluorosulfide having a chemical
formulaof (A, ,Ce,B,),Ca, Sr,F,S, and a tetragonal crys-
tal phase, wherein A and B are different rare earth metals
other than Ce, the values of x, y, z are 0<x=1, 0=y=1, and
0=z=1, respectively.

2. The fluorosulfide of claim 1, wherein the rare earth metal
is Sc, Y, or a lanthanoid.

3. The fluorosulfide of claim 2, wherein the Inathanois is
La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu.
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4. The fluorosulfide of claim 1, wherein the chemical for-
mula is (A, _Ce,),Ca, Sr,F,S, wheny is zero.

5. The fluorosulfide of claim 4, wherein the chemical for-
mula is (A, Ce ),CaF,S, when 7 is zero.

6. The fluorosulfide of claim 4, wherein the chemical for-
mulais (A, Ce ),StF,S, when z is 1.

7. The fluorosulfide of claim 1, wherein the chemical for-
mulais (A, . Ce,B ),CaF,S, when z is zero.

8. The fluorosulfide of claim 1, wherein the chemical for-
mulais (A, ., Ce,B,),SrF,S; when z is 1.

9. A white light emitting diode, comprising:

a blue light phosphor; and

a yellow light phosphor having a chemical formula of
(A, ,,CeB),Ca; SrF,S, and a tetragonal crystal

phase, wherein A and B are different rare earth metals
other than Ce, the values of X, y, zare 0<x=1, 0=y=1,
and 0=z=1, respectively.

10. The white light emitting diode of claim 9, wherein the
rare earth metal is Sc, Y, or a lanthanoid.

11. The white light emitting diode of claim 10, wherein the
Inathanois is La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
orLu.

12. The white light emitting diode of claim 9, wherein the
chemical formula is (A, ,Ce,),Ca, Sr,F,S, when y is zero.

13. The white light emitting diode of claim 12, wherein the
chemical formula is (A, ,Ce,),CaF,S, when 7 is zero.

14. The white light emitting diode of claim 12, wherein the
chemical formula is (A, Ce ),StF,S, when z is 1.

15. A preparation method of the fluorosulfide of claim 1,
comprising:

weighting stoichiometric amounts of at least one sulfide

and at least one fluoride of Ce, at least one rare earth
metal other than Ce, Ca and/or Sr according to the
desired chemical formula in claim 1;

uniformly mixing the at least one sulfide and the at least

one fluoride by grinding to form a mixture; and

calcining the mixture under a vacuum environment at a

temperature of 900-1100° C. util a pure crystal phase is
obtained.

16. The preparation method of claim 15, wherein the rare
earth metal is Sc, Y, or a lanthanoid.

17. The preparation method of claim 16, wherein the
Inathanois is La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
or Lu.



