
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 p ar 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
[2] Stoichiometric 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 in creasing for LED application.
[4] The LEDs and especially the High Power LEDs
produce a lot of heat during operation. Additionally,
LEDs have to withstand high ambient temperature above
8O0C. Phosphors themselves have a system depending on
temperature-behavior. The brightness of most phosphors
is decreasing with increasing temperatures. [5] 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. [7] The
brightness of Orthosilicates, Disilicates as well as
Chlorosilicates activated by divalent Europium
decreases strongly with higher temperatures up to
15O0C 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 isa serious disadvantage of
the use of common Silicates known until now for LED ap
plications. 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 (H.G.
Kang, J.K. Park, J.M-Kom, S.C. Choi; Solid State
Phenomena, VoI 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 Sr3SiO5 Phosphors," J . Mater Sci. 4 1
(2006) 3139-3141 and Barry, T.L.; "Equilibria and Eu2+
luminescence of subsolidus phases bounded by
Ba3MgSi2O8, Sr3MgSi2O8 and Ca3MgSi2O8," J .
Electrochem. Soc, 115, 733, 1968), and fluorescence
for excitation by UV and blue radiation is disclosed
in several Silicate systems as Orthosilicates and
Disilicates. (G.Blasse, W.L.Wanmaker, J.W. ter Vrugt
and a. Bril; "Fluorescence of Europium 2+-activated
silicates," Philips Res. Repts 23, 189-200, 1968) [12]
All these phosphors have the disadvantage that they
have strong temperature 



quenching and a strong shift of the emission band with
the temperature. The emission intensity can be dropped
down to 50% at 15O0C. Disclosure of Invention
Technical Problem [13] An object of the present
invention is to provide more stable phosphors with a
more rigid surrounding of the activator ions in a
Silicate matrix and to provide Silicate phosphors with
high temperature stability and lower sensitivity
against humidity. [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. [15] Another 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 2,00OK to
8,00OK or 10,000K showing a CRI of 80-95, especially
90-95, when mixed together with other phosphors.
Technical Solution[16] The energetic ground level of
divalent Europium 4 can 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 de
creasing 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. [19] In
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 de veloping 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)3SiO5 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
wellknown 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 1000C. Here, copper
is very important for the phosphor preparation. By
incor poration 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.Secondly, copper
containing phosphors show improved emission
intensities compared to luminescent materials having
not that component in the host lattice and is
stabilizing the surrounding around the activator.
Thirdly, the copper containing phosphors show a
shifting of the emission to longer wavelength. 



[25] Copper as a basic element doesn t react as
activator but the use of this ion leads to an
influence on the crystal field splitting as well as
the covalence. Surprisingly, the incor poration of
copper accelerates the solid state reaction during
temperature processing and leads to homogeneous high
brightness phosphor which is stable at high tem
peratures. [26] Copper(II) has a smaller ionic radius
(about 60 pm) and electro-negativity (1.8) is higher
than the electro-negativity of Barium, Strontium and
Calcium (1). Furthermore, Copper(II) has a positive
electrochemical reduction potential of +0.342 in con
tradiction to the negative potential of Alkaline Earth
metals (-2.8 to -2.9). It is shown that copper is
stabilizing the emission of Europium within the
silicate host lattice. [27] Furthermore, the water
stability can be improved. It is known that Alkaline
Earth Silicate phosphors are unstable in water, air
humidity, water steam or polar solvents. [28]
Silicates with orthorhombic as well as Akermanite or
Merwinite structures show more or less high
sensitivity to water, air humidity, water steam or
polar solvents caused by high basicity. Due to higher
covalence and a lower basicity as well as a positive
reduction potential, the incorporation of copper as a
basic matrix component in a host lattice improves the
behavior of luminescent silicates against water, air
humidity, water steam or polar solvents. [29] The
disadvantage of the strong temperature dependence can
be overcome by changing the composition of the
phosphor and additionally by introducing copper into
such a tetragonal silicate matrix and by preparing
special non stoichiometric copper Alkaline Earth
Silicates with a high temperature calcinations
procedure. [30] The present invention provides high
temperature stable tetragonal Copper Alkaline Earth
Silicate phosphors activated by at least divalent
Europium which emits light within the range of 500nm
to 630nm and a manufacturing method thereof. These
phosphors show a better stability against water and
humidity and can be used with advantage for high
brightness LED applications. The phosphors are
represented as the following formula 1. 



[31] [32] [Formula 1] [33] (BauSrvCawCux)3 y(Zn,Mg,Mn)
zSii+b0 5+2b:Eua [34] [35] A tetragonal non
stoichiometric silicate is provided where Copper is
basically an essential part of the matrix with
u+v+w+x=l, y=z+a, z<2, 0<x£l , 0<a<0.5 and0<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 SiO2 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 8000C and 155O0C. 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 matrix
and with high temperature stability and lower
sensitivity against humidity can be provided. Fur
thermore, 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 2,00OK 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 Oxyortho silicates. [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 MoI Ba.
[44] Fig. 7 shows X-ray diffraction patterns of a
stoichiometric Strontium- Oxyorthosilicate [45] Mode
for the Invention [46] (example 1) [47] Manufacturing
method of the luminescent material represented
following formula 2 is described.[48] [49] [Formula 2]
[50] Cu005Sr29ISiI o5O5 IiEu004 [51] [52] As starting
materials for 1 MoI phosphor, CuO (3.98g), SrCO3
(429.6Og), SiO2 (63.09g), Eu2O3 (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 ap propriate surplus of Silica together
with small amounts of flux (NH4Cl 16g). In a first
step, the mixture is fired in an alumina crucible at
1,35O0C 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 1,35O0C in weakly reducing at
mosphere 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[Table 1] [Table ] Powder X-ray spacing of the
15 strongest reflections (Cu-K 1 radiation) of some
Silicate phosphors compared with data from Literature.
[57] * Data from Literature for Sr3SiO5 in (10 = lnm):
R.W. Nurse, J. Appl. Chem., 2, May, 1952, 244-246 [58]
[59] (example 2) [60] Manufacturing method of 1 MoI of
the luminescent material represented following formula
3 is described. [61] [62] [Formula 3][63] Cu 0 5Sr 2
iBa 0 4Sii 03O5 06:Eu 0 04 [64] [65] As starting
materials for 1 MoI phosphor, CuO (3.98g), SrCO3
(376.46g), BaCO3 (78.94g), SiO2 (61.89g), Eu2O3
(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 (NH4Cl - 26.7g).
In a first step, the mixture is fired in an alumina
crucible at 1,3000C 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 1,3850C 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
MoI Barium for Strontium results in an emission
between 1 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] [71] [Formula
4] [72] CUQ O3S r 2 92Ca<) oiSii O3O OO-EUQ 04 [73]
[74] As starting materials, CuO (5.57g), SrCO3
(431.08g), CaCO3 (1.Og), SiO2 (61.89g), Eu2O3 (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 1,3000C
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
1,37O0C 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 250C, 1000C, 1250C
and 15O0C compared with YAG and common Silicate
phosphors under 455 nm excitation is summarized. [76]
[77] Table 2[Table 2] [Table ] Relative brightness of
non-stoichiometric Copper Alkaline Earth Silicates at
250C, 



1000C, 1250C and 15O0C compared with YAGand common
Silicate phosphors under 455 nm excitation [78] Non-
stoichiometric 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 850C temperature and saturated humidity.
[80] [81] Table 3[Table 3] [Table ] Sensitivity of non
stoichiometric Copper containing new phosphors against
humidity and temperature compared to common Silicate
phosphors [82] All new phosphors show a much better
stability against water and humidity than common
Orthosilicates as can be taken from table 3.Claims [1]
Non stoichiometric luminescent material for light
emitting device, the non stoi chiometric luminescent
material being a Silicate phosphor having tetragonal
crystal structure and having more silicon in the
crystal lattice than that in the crystal lattice of
Silicate phosphors having stoichiometric crystal
structure. [2] Non stoichiometric luminescent material
according to claim 1, wherein the lu minescent
material contains divalent Copper within the matrix
and Europium as activator. [3] Non stoichiometric
luminescent material according to claim 1 or 2,
wherein the luminescent material is excited by
radiation between 250 nm and 500 nm. [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) zSii +b0 5+2b:Eua,
wherein, u+v+w+x=l, y=z+a, z<2, 0<x £l , 0<a<0.5 and
0<b<0.5. [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. [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. [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. [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 IOOOOK and CRI
ofRa=80~95. [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 SiO2 and metal
compounds which decompose at high temperatures into
oxides. [10] Non stoichiometric luminescent material
according to claim 9, wherein the tem perature is
between 8000C 155O0C. 


