
1 WO 2009/023469PCT/KR2008/004733 Description NON STOICHIOMETRIC
TETRAGONAL COPPER ALKALINE EARTH SILICATE PHOSPHORS AND METHOD OF
PREPARING THE SAME Technical Field [1]The present invention relates
to Alkaline Earth Silicate phosphors, and more par- ticularly to non
stoichiometric tetragonal Copper Alkaline Earth Silicate phosphors
activated by divalent europium for using them as temperature stable
luminescent materials for ultraviolet or daylight excitation.
Background Art 121Stoichiometric silicates such as Orthosilicates,
Disilicates and Chlorosilicates are well known as converter materials
for short or long wave excitation like ultraviolet as well as
daylight radiation. (G. Roth; et al. "Advanced Silicate Phosphors for
improved white LED" (Phosphor Global summit Seoul/Korea, March 5-7,
2007)) [3]Especially, blue light excitation from an LED leads to a
white light or color for demand for several applications. In the last
years, the use of silicates has been increasing for LED application.
[L]The LEDs and especially the High Power LEDs produce a lot of heat
during operation. Additionally, LEDs have to withstand high ambient
temperature above 80C. Phosphors themselves have a system depending
on temperature-behavior. The brightness of most phosphors is
decreasing with increasing temperatures.  This so-called temperature
quenching depends on the interactions between activator and host
lattice and is influenced by the composition of the matrix,
structure, lattice effects, concentration as well as the kind of
activator. In particular, the strength of the bonding within the
crystal matrix is influencing the extension of the lattice parameters
and from this the emission properties of the activator ions.
[6]Furthermore, by increasing the temperature the oscillation of the
ions within the lattice becomes higher. Because of this, the
probability of an interaction with the activator ions becomes higher
resulting in an increasing loss of exciting energy in form of heat.
This so-called Photon-Photon Coupling strongly depends on the
structure and the surrounding of the activator ions. The more rigid
is the crystal lattice, the lower is the interaction between ions and
activator. [71The brightness of Orthosilicates, Disilicates as well
as Chlorosilicates activated by divalent Europium decreases strongly
with higher temperatures up to 150C because the lattice is not so
rigid and the strength of the bonding is not so high. [8]This effect
leads e.g. to a changing of the color of the LED during operation.
This is  2 WO 2009/025469PCT/KR2008/004733 a serious disadvantage of
the use of common Silicates known until now for LED applications.
Furthermore, the sensitivity against water is comparably high caused
by the weak lattice and a highly heteropolar bonding between the
Silicate ion and the Alkaline Earth ions. [9] Silicate phosphors have
been developed in the recent years as luminescent materials for white
LEDs. (WO 02/054503, WO 02/054502, WO 2004/085570) [10]
Orthosilicates as luminescent material with an excitability from
short ultraviolet radiation up to visible light can be used as
phosphors for fluorescent lamps. (Barry, T.L., "Fluorescence of
Eu2+-activated phases in binary Alkaline Earth Orthosilicate
systems," J. Electrochem. Soc., 115, 1181 (1968)) [11] Co-doped
Tristrontium-silicates are disclosed as yellow-orange luminescent
material (HG. Kang, J.K. Park, J.M-Kom, S.C. Choi; Solid State
Phenomena, Vol 124-126 (2007) 511-514), Divalent europium as
activatior for silicates (S.D. Jee, J.K. Park, S.H. Lee;
"Photoluminescent properties of Eu2+ activated Sr3Si05 Phosphors," J.



[14]Other object of the present invention is to provide high
temperature stable tetragonal Copper Alkaline Earth Silicate
phosphors activated by at least divalent Europium which emits light
between about 500nm to 630nm and a manufacturing method thereof.
1151Another object of the present invention is to provide luminescent
tetragonal Copper Alkaline Earth Silicate for LED applications, which
have high color temperature range from about 2,000K to 8,000K or
10,000K showing a CR1 of 80-95, especially 90-95, when mixed together
with other phosphors. Technical Solution  3 WO
2009/025469PCT/KR2008/004733 [16] The energetic ground level of
divalent Europium 4fican be excited by ultraviolet as well as blue
radiation. Divalent Europium emits light in dependence on the crystal
field splitting from around 365 nm in the ultraviolet region at small
crystal field splitting, e.g. in Tetra borate phosphors, up to 650 nm
with red emission at high crystal field splitting, e.g. in Nitrides.
[17] The emission itself depends on both the covalence, the so-called
nephelauxetic effect, and the strength of the crystal field. The
strength of the crystal field depends on the distance of activator
ions and oxygen within the host lattice. Both effects lead to
decreasing and splitting of the excited 4f65d level of divalent
Europium and result in a shifting of the emission to longer
wavelength and smaller energy of the emission. [18] The difference
between exciting radiation and emitting radiation is the Stokes
shift. In Orthosilicates, Disilicates as well as Chlorosilicates, the
Stokes shift is between 160 nm and 360 nm, and depends on the
exciting radiation as well as the excitability of divalent Europium
within the host lattice. [191In Orthosilicates, e.g. the activator
ion Europium 2+ is surrounded by oxygen ions in different distance
caused by the orthorhombic structure. Best temperature stability has
been observed with Barium rich systems, in which the Europium ions
have shortened the host lattice and stabilized the crystal structure.
[20] The introduction of more Strontium or Calcium or other cations
besides Barium into the Orthosilicate lattice can disturb the
symmetry near of the activator ions and leads to energetic traps and
stronger interactions between Europium and the lattice traps. These
traps play an important role within the temperature quenching
process, and the energy transfer process within the crystal is
disturbed. Furthermore, the sensitivity against humidity is
increasing with increasing number of lattice defects like traps. [21]
An important point is the reduction of interactions between the rare
earth metal Europium and the stabilization of its surrounding. That
has been realized by developing Tetragonal Copper Alkaline Earth
Silicates (CSE) activated by divalent Europium. Divalent Copper ions
within tetragonal silicate structure lead to lattice parameters (e.g.
(Cu, Sr)3Si05 with a=6.91A; c=9.715A ) smaller than for tetragonal
lattice without copper (Sr3SiO5 with a=6.93A ; c=9.73A). [22] The
lattice parameters are strongly different from lattice parameters of
the well-known Orthosilicates with a=5.682A, b=7.09A and c=9.773A.
Here, the surrounding of divalent Europium is influenced by the
orthorhombic structure. [23] Tetragonal Copper Alkaline Earth
Silicates show more stable temperature behavior above 100C. Here,
copper is very important for the phosphor preparation. By
incorporation of copper into a common Alkaline Earth Silicate, three
effects could be obtained. [24] Firstly, copper is accelerating the
solid state reaction during the heating process.  4 WO



5 WO 2009/025469PCT/KR2008/004733 0<b<0.5. [36] The phosphors may be
made by a multi-step high temperature solid state reaction between
the starting materials comprising a surplus of Si02 and metal
compounds, e. g. metal oxides and metal carbonates, which decompose
at high temperatures into oxides. The high temperature solid state
reaction may be performed between 800C and 1550C. Advantageous
Effects [37] According to embodiments of the present invention, more
stable silicate phosphors with-a 'More rigid surrounding of the
activator ions in a Silicate rnanix and with high temperature
stability and lower sensitivity against humidity can be provided.
Furthermore, high temperature stable tetragonal Copper Alkaline Earth
Silicate phosphors activated by at least divalent Europium which
emits light between about 500nm to 630nm and a manufacturing method
thereof can be provided. In addition, luminescent tetragonal Copper
Alkaline Earth Silicate for LED applications, which have high color
temperature range from about 2,000K to 8,000K or 10,000K showing a
CRI of 80-95, especially 90-95, when mixed together with other
phosphors, can be provided. Brief Description of the Drawings [38]
Fig. 1 shows emission spectra of new non-stoichiometric
Oxyorthosilicates compared with stoichiometric phosphors; both with
and without Copper at 450 nm excitation wavelength. [39] Fig. 2 shows
the influence of Ba on the emission spectra of new tetragonal
Oxyorthosilicates. [40] Fig. 3 shows X-ray diffraction patterns of a
non stoichiometric Copper containing Oxy-Orthosilicate having
tetragonal structure. [41] Fig. 4 shows X-ray diffraction patterns of
a non-stoichiometric yellow emitting Orthosilicate having Olivine
structure. [42] Fig. 5 shows X-ray diffraction patterns of a blue
emitting Ortho-Disilicate having Merwinite structure. [43] Fig. 6
shows X-ray diffraction patterns of a non-stoichiometric
Oxyorthosilicate with 0.4 Mol Ba. [44] Fig. 7 shows X-ray diffraction
patterns of a stoichiometric StrontiumOxyorthosilicate [45]  Mode for
the Invention [46] (example 1) [47] Manufacturing method of the
luminescent material represented following formula 2 is described.  6
WO 2009/025469PCT/KR2008/004733 [48]  [49] [Formula 2] [50]
Cu0,05Sr2.9,Si1.0505 ]1110.04 [51]  [52] As starting materials for I
Mol phosphor, CuO (3.98g), SrCO3 (429.60g), Si02 (63.09g), Eu203
(14.08g) and/or any combinations thereof are used. The starting
materials in form of very pure oxides as well as carbonates are mixed
with the appropriate surplus of Silica together with small amounts of
flux (Nli4C1 16g). In a first step, the mixture is fired in an
alumina crucible at 1,350C in an inert gas atmosphere (N2 or noble
gas) for 2-4 hours. After pre-firing, the material is milled. In a
second step, the mixture is fired in an alumina crucible at 1,350C in
weakly reducing atmosphere for additional 4 hours. Then, the material
is milled, washed, dried and sieved. The luminescent material has an
emission maximum at about 580 nm (shown in Fig. 2), and crystallizes
in the tetragonal structure (shown in Fig. 3) which is clearly
different from the Orthosilicates (shown in Figs. 4 and 5). [53] in
table 1, results of the X-ray diffraction analysis are written down.
There is evidence from Fig. 3-6 and table 1 that the structure has
been changed caused by nonstoichiometry and Copper. [54] This
difference can also be seen clearly by comparing Fig. 3 for a non-
stoichiometric and Fig.7 for a stoichiometric Oxy-Orthosilicate,
especially for the diffraction pattern in the region 20=32-42. [55]
[56] Table 1  7 WO 2009/025469PCT/ICR2008/004733 [Table 1] [Table] 



] Powder X-ray spacing of the 15 strongest reflections (Cu-Ka,
radiation) of some Silicate phosphors compared with data from
Literature. No stoichiom etricSr3Si 05(*)[A] Non-stoichio metric
Ortho-silicat eSr138B a-036E L10,06Si1,0404,08 inm] Non-stoichio
metric Ortho-Disilic ateBa2.44Sr0.5 MgE110.06Si2.07 08,14[nm]
Non-stoichi ometricOxy- Orthosilicat e5r2.94010.02 EU0.04S ii.0305
06[nm] Non-stoichio metricOxy-Or thosilicateSr2.7 4010.02B ao2Euo
.04Si1,0305 ao[n m] Non-stoichio metricOxy-0 rthosilicateSr 2
54010,02B4A Ell0.o4S 40305 os[nm] 1 3.595 0.4418 0.4023 0.5388 0.3642
0.3639 2 3.512 0.4063 0.2892 0.3633 0.2992 



0.2988 3 2.967 0.3300 0.2793 0.2990 0.2927 0.2925 4 2.903 0.3042
0.2293 0.2923 0.2701 0.2707 5 2.675 0.2904 0.2007 0.2693 0.2461
0.2458 6 2.444 0.2847 0.1821 0.2460 0.2354 0.2356 7 2.337 0.2837
0.1771 0.2352 0.2201 0.2199 8 



2.187 0.2416 0.1687 0.2201 0.1899 0.1898 9 1.891 0.2328 0.1630 0.1816
0.1818 0.1820 10 1.808 0.2176 0.1612 0.1771 0.1774 0.1778 11 1.660
0.2055 0.1395 0.1703 0.1705 0.1707 12 1.589 0.2030 0.1338 0.1667
0.1667 0.1666 13 1.522 0.1889 



0.1282 0.1595 0.1598 0.1602 14 1.489 0.1842 0.1256 0.1568 0.1569
0.1569 15 1.343 0.1802 0.1206 0.1526 0.1527 0.1528  [57]* Data from
Literature for Sr3SiO5 in (10 = mm): R.W. Nurse, J. Appl. Chem., 2,
May, 1952, 244-246 [581 [59] (example 2) [60] Manufacturing method of
1 Mol of the luminescent material represented following formula 3 is
described. [61]  [62] [Formula 3]  B WO 2009/025469PCT/KR2008/004733
[63] Cu0.05Sm.51Ba0.4Si10305.06:En0.04 [64]  [65] As starting
materials for 1 Mol phosphor, CuO (3.98g), SrCO3 (376.46g), BaCO3
(78.94g), Sig. (61.89g), Eu203 (14.08g) and/or any combinations
thereof are used. The starting materials in form of very pure oxides
as well as carbonates are mixed with a surplus of Silica together
with small amounts of flux (NI-14C1 - 26.7g). In a first step, the
mixture is fired in an alumina crucible at 1,300C in an inert gas
atmosphere for 2-6 hours. After pre-firing, the material is milled
again. In a second step, the mixture is fired in an alumina crucible
at 1,385C in weakly reducing atmosphere for additional 6 hours. Then,
the material is milled, washed, dried and sieved. The luminescent
material has an emission maximum at 582 nm (shown in Fig. 2). The
structure is analogously to example 1 as shown in table 1 and Fig. 3.
[66] By substitution of only 0.2 Mol Barium for Strontium results in
an emission between and 3 in Fig. 2 and to a change in the structure.
[67]  [68] (example 3) [69] Manufacturing method of the luminescent
material represented following formula 4 is described. 



[70]  [711[Formula 4] [72] Cuc,o,Sr Cn si n 7FA1 2 92 - -0.01- -1.03
- 5 06.-0.04 [73]  [74] As starting materials, CuO (5.57g), SrCO3
(431.08g), CaCO3 (1.0g), Si02 (61.89g), Eu203 (14.08g) and/or any
combinations thereof are used. The starting materials in form of very
pure oxides as well as carbonates are mixed with a surplus of Silica
together with small amounts of flux (NH4 24g). In a first step, the
mixture is fired in an alumina crucible at 1,300C in an inert gas
atmosphere for 2-6 hours. After pre-firing, the material is milled
again. In a second step, the mixture is fired in an alumina crucible
at 1,370C in weakly reducing atmosphere for additional 6 hours. Then,
the material is milled, washed, dried and sieved. The luminescent
material has an emission maximum at 586 nm. [75] In the following
table 2, Relative brightness of various non stoichiometric Copper
Alkaline Earth Silicates at 25C, 100C, 125C and 150C compared with
YAG and common Silicate phosphors under 455 nm excitation is
summarized. [761 177]Table 2  9 WO 2009/025469PC T/KR2008/004733
[Table 2] [Table] ] Relative brightness of non-stoichiometric Copper
Alkaline Earth Silicates at 25C, 100C, 125C and 150C compared with
YAG and common Silicate phosphors under 455 nm excitation Composition
Exicitation wavelength(n m) Emission Maximum (nm) 25C 100C 125C 150C
YAG 455 562 100 92 86 79 (Ba,Sr)2SiO4:Eu(565nm) 455 565 100 92 78 63 



(Sr,Ca)2SiO4:Eu(612nm) 455 612 100 87 73 57 Sr2.96Si05:Eu0.04 455 582
100 96 94 90 Cu0.055r2.915i1.0505.1:Eu0.04 455 580 100 98 97 94
Ca0.05Sr25,134.4Sil.0305,06:Eu0.04 455 600 100 96 95 92
Cu0.07Sr2.88Ca0.0,Si1.0305.06:Eu0.04 455 586 100 95 94 91
Cu0.1134.1Sr2.56Mg01Mu01Si1.060 5.12:E10,04 



455 575 100 96 94 92 Cur,,,BanSr2.46MgoiCa0.,Si1,0805. 16:Eno.04 455
572 100 95 94 91 Cuo.2.BaDASr2.56Zno.,S40205.04:Eu 0.04 455 574 100
97 95 93  [781Non-sto chiometric Oxy-Orthosilicates also show higher
emission efficiency compared with the stoichiometric ones. In both
cases the incorporation of Cu2+ as host component leads to an
improvement of brightness and emission efficiency as can be taken
from Fig. 1 for typical orange emitting species. [79] In the
following table 3, sensitivity of non stoichiometric Copper
containing new phosphors against humidity and temperature compared to
common Silicate phosphors is summarized. Here, the brightness is
measured under 450 nm excitation wavelength with time exposed to the
condition of 85C temperature and saturated humidity. [80]  [81] Table
3  10 WO 2009/025469PCT/KR2008/004733 [Table 3] [Table] Sensitivity
of non stoichiometric Copper containing new phosphors against
humidity and temperature compared to common Silicate phosphors Sample
Brightness [%]  



0 hrs 24 hrs 100 hrs 200 hrs 500 hrs 1000 hrs Commercial yellow
Orthosilicate (565nm) 100 98.3 98.7 93.3 84.7 79.3 Example 1 100 99.6
99.2 97.8 94.8 91.5 Example 2 100 98.9 99.1 96.4 93.9 90.7 Example 3
100 99.0 98.7 98.2 95.4 93.8  [82]All new phosphors show a much
better stability against water and humidity than common
Orthosilicates as can be taken from table 3. 



11 [Claims] [Claim 11        Non stoichiometric luminescent material
for light emitting device, the non stoichiometric luminescent
material being an Oxyorthosilicate phosphor having tetragonal crystal
structure and having more silicon in the crystal lattice than that in
the crystal lattice of Oxyorthosilicate phosphors having
stoichiometric tetragonal crystal structure. [Claim 2]        Non
stoichiometric luminescent material according to claim 1, wherein the
luminescent material contains divalent Copper within the matrix and
Europium as activator. [Claim 3[        Non stoichiometric
luminescent material according to claim 1 or 2, wherein the
luminescent material is excited by radiation between 250 nm and 500
iun. [Claim 4]     Non stoichiometric luminescent material according
to claim 1 or 2, wherein the luminescent material comprises a
silicate represented as the formula (BauSrvCawCux)3.y(Zn,Mg,Mn),Si
+b05+21): Etta, wherein, u+v+w+x=1, y=z+a, z 0<x 0<a SD.5 and
0<b<0.5. [Claim 5]        Non stoichiometric luminescent material
according to claim 1 or 2, wherein the luminescent material emits
light at the long-wave side of the exciting radiation. [Claim 6]
Non stoichiometric luminescent material according to claim 1 or 2,
wherein the luminescent material emits light having wavelength
between 500 nm and 630 nm  12 [Claim 7]       Non stoichiometric
luminescent material according to claim 1 or 2, wherein the
luminescent material is used in combination with a light emitting
device emitting excitation radiation to produce white light or color
on demand. [Claim 8]       Non stoichiometric luminescent material
according to claim 1 or 2, wherein the luminescent material is used
in combination with a primary blue emitting device to produce white
light with color temperature between 2000K and 10000K and CRI of
Ra=80-95. [Claim 9]       Non stoichiometric luminescent material
according to claim 1 or 2, wherein the luminescent material is made
by a multi-step high temperature solid state reaction between
starting materials comprising a surplus of Si02 and metal compounds
which decompose at high temperatures into oxides. [Claim 10]
Non stoichiometric luminescent material according to claim 9, wherein
the temperature of each step of the multi-step high temperature solid
state reaction is between 800C and 1550C. 


