
Description LIGHT EMITTING DEVICE EMPLOYING
NONSTOICHIOMETRIC TETRAGONAL ALKALINE EARTH SILICATE
PHOSPHORS Technical Field [1] The present invention
relates to a light emitting device, more particularly
to a light emitting device employing non-
stoichiometric tetragonal Alkaline Earth Silicate
phosphors, which can be used as temperature stable
luminescent material for u l traviolet or visible
light excitation. Background Art [2] A light emitting
device (LED) has been widely used for indicators,
display boards and display devices since the light
emitting device can implement colors. White light can
also be implemented, so that the light emitting device
has been used for general i l lumination. Since such a
light emitting device has high efficiency and long
life span and is ecological, the fields in which the
light emitting device is used have been con tinuously
extended. [3] In the field of LED, various methods for
implementing colors, for example white light, have
been suggested, and the technique to dispose phosphors
around a light emitting diode and combine light
emitted from the light emitting diode and light
emitted from the phosphors is generally used to
implement white light. [4] In the meantime,
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)) [5] Especially, silicate phosphors excited
by blue light from an LED and emitting converted light
are used in light emitting devices for implementing
white light or color for demand for several
applications. In the last years, the use of silicates
has been in creasing for LED applications. [6] 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. [7] 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 thebonding
within the crystal matrix is influencing the extension
of the lattice parameters and from this the emission
properties of the activator ions. [8] 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. [9] 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. [10] This
effect leads e.g. to a changing of the color of the
LED during operation. This is a 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. [11] Silicate
phosphors have been developed in the recent years as
luminescent materials for white LEDs. (WO 02/054503,
WO 02/054502, WO 2004/085570) [12] 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)) [13] 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) [14]
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[15]
An object of the present invention is to provide a
light emitting device where the decrease of brightness
thereof due to the increase of temperature can be
prevented or reduced. [16] Other object of the present
invention is to provide a light emitting device with
lower sensitivity against water, humidity and polar
solvents [17] Another object of the present invention
is to provide a light emitting device, which shows a
CRI of 80-95, especially 90-95 and has high color
temperature range from about 2,00OK to 8,000K or
10,000K. Technical Solution [18] According to
embodiments of the present invention, a light emitting
device employing non-stoichiometric tetragonal
Alkaline Earth Silicate phosphors is provided. The
light emitting device comprises a light emitting diode
emitting light of ultraviolet or visible light, and a
non-stoichiometric luminescent material disposed
around the light emitting diode. The luminescent
material adsorbs at least a portion of the light
emitted from the light emitting diode and emits light
having a different wavelength from the absorbed light.
The non-stoichiometric luminescent material has
tetragonal crystal structure, and contains more
silicon in its crystal lattice than that in the
crystal lattice of silicate phosphors having
stoichiometric crystal structure. [19] In addition,
the luminescent material contains divalent copper in
its matrix and may contain europium as an activator.
[20] 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. 



[21] 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. [22] The difference between exciting
radiation and emitting radiation is the Stokes shift.
In Orthosilicates, Disilicates as well as
Chlorosilicates, the Stode 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. [23] 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 shortenedthe host lattice and
stabilized the crystal structure. [24] 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. [25]
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 (e.g. Sr3SiO5with
a=6.93A c=9.73A. [26] 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. [27]
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. [28]
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
copper sta bilizing the surrounding around the
activator. Thirdly, the copper containing phosphors
show a shifting of the emission to longer wavelength.
[29] 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. [30] 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. [31] 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. [32]
Silicates with orthorhombic as well as Akermanite or
Merwinite structures showmore 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. [33] 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. [34] Some embodiments of the present
invention employ 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. 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. [35] [Formula 1] 



[36] (BauSrvCawCux)3 y(Zn,Mg,Mn) zSii+b0 5+2b:Eua [37]
[38] Wherein, u+v+w+x=l, y=z+a, z<2, 0<x£ l , 0<a<0.5,
and 0<b<0.5. And, a tetragonal non-stoichiometric
silicate can be provided where Copper is basically an
essential part of the matrix. [39] 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. [40] In the meantime, the light emitting
device may implement white light or desired light of
color in combination with light emitted from the light
emitting diode and light emitted from the luminescent
material. For example, white light or desired light of
color may be implemented by mixing light emitted from
the light emitting diode and light emitted from the
luminescent material. Furthermore, other phosphor may
be added to implement desired light of color. [41] For
example, the light emitting may implement white light
with CRI of Ra=80~95, especially 90-95 by the light
emitting diode emitting blue light and the luminescent
material. [42] The luminescent material, that is, the
phosphor may be disposed on at least one of side, top
and bottom faces of the light emitting diode. Further,
the phosphor may be mixed into an adhesive or a
molding member so that the phosphor can be
disposedaround the light emitting diode. [43] In the
meantime, the light emitting diode and the luminescent
material may be configured within one package. In
addition, other light emitting diode may configured
within the package. The other light emitting diode may
emit light of the same wavelength as or a different
wavelength from the above light emitting diode. For
example, the other light emitting diode may emit light
of longer wavelength than the emission peak wavelength
of the luminescent material. [44] The package may
include a substrate comprising a printed circuit board
or a lead frame, on which the light emitting diode is
mounted. In addition, the package may further comprise
a reflector reflecting light emitted from the light
emitting diode. In this case, the light emitting diode
is mounted in the reflector. 



[45] Moreover, the light emitting device may further
comprise a molding member encap sulating the light
emitting diode on the substrate. The luminescent
material may be dis tributed in the molding member,
but not limited thereto. [46] Further, the package may
comprise a heat-sink, and the light emitting diode may
be mounted on the heat- sink. [47] In embodiments of
the present invention, the light emitting diode may be
formed of (Al, Ga, In)N based composite semiconductor.
[48] The light emitting diode may has, for example, a
double heterosutructure, single quantum well structure
or multiquantum well structure, which has a single
active region between n-type and p-type semiconductor
layers. [49] Otherwise, the light emitting diode may
comprise a plurality of light emitting cells spaced
apart from one another on a single substrate. Each of
the light emitting cells comprises an active region,
and these light emitting cells may be connected to one
another in series and/or in parallel through wires so
that the light emitting cells can be directly driven
under AC power supply. Such an AC-light emitting diode
can be driven in connection to AC power supply without
outer AC-DC converter by forming a bridge rectifier
and a series array of light emitting cells connected
to the rectifier, or by forming series arrays of light
emitting cells on a single substrate, these arrays
being electrically connected to each other in
anti-parallel. Advantageous Effects [50] According to
the embodiments of the present invention, light
emitting devices having improved temperature and
humidity stability can be provided by employing the
nonstoichiometric tetragonal Alkaline Earth Silicate
phosphors. Furthermore, light emitting devices with
higher temperature stability and lower sensitivity
against water, humidity and polar solvents can be
provided as well as with high color temperature range
from about 2,00OK to 8,000K or 10,000K showing a CRI
of 80-95, especially90-95 can be provided by employing
tetragonal copper Alkaline Earth Silicate phosphors
which are activated by divalent europium (Eu) and emit
light having wavelength between about 500nm to 630nm.
Brief Description of the Drawings [51] Fig. 1 is a
cross-sectional view of a light emitting device 100
according to an em bodiment of the present invention.
[52] Fig. 2 is a cross-sectional view of a light
emitting device 200 according to other em 



bodiment of the present invention. [53] Fig. 3 is a
cross-sectional view of a light emitting device 300
according to another embodiment of the present
invention. [54] Fig. 4 is a cross-sectional view of a
light emitting device 400 according to yet another
embodiment of the present invention. [55] Fig. 5 is a
cross-sectional view of a light emitting device 500
according to yet further embodiment of the present
invention. [56] Fig. 6 shows emission spectra of new
non-stoichiometric Oxyorthosilicates compared with
stoichiometric phosphors; both with and without Copper
at 450 nm excitation wavelength. [57] Fig. 7 shows the
influence of Ba on the emission spectra of new
tetragonal Oxyortho silicates. [58] Fig. 8 shows X-ray
diffraction patterns of a non stoichiometric Copper
containing Oxy-Orthosilicate having tetragonal
structure. [59] Fig. 9 shows X-ray diffraction
patterns of a non-stoichiometric yellow emitting
Orthosilicate having Olivine structure. [60] Fig. 10
shows X-ray diffraction patterns of a blue emitting
Ortho-Disilicate having Merwinite structure. [61] Fig.
11 shows X-ray diffraction patterns of a
non-stoichiometric Oxyorthosilicate with 0.4 MoI Ba.
[62] Fig. 12 shows X-ray diffraction patterns of a
stoichiometric Strontium- Oxyorthosilicate. [63] Mode
for the Invention [64] Light emitting devices
according to embodiments of the present invention will
now be described with reference to the accompanying
drawings. [65] [66] (Light Emitting Device) [67] Fig.
1 is a cross-sectional view of a light emitting device
100 according to an em bodiment of the present
invention. Fig. 1 shows a chip-type package comprising
atleast one light emitting diode and a luminescent
material. [68] Referring to Fig. 1, electrodes 5 may
be formed on both sides of substrate 1. Light emitting
diode 6 emitting primary light may be mounted on one
of the electrodes 5. 



The light emitting diode 6 may be mounted on one
electrode 5 through electrically conductive paste 9,
such as Ag paste, and be connected to other electrode
5 via an elec trically conductive wire 2. [69] The
light emitting diode 6 may emit ultraviolet or blue
light and can be fabricated of gallium nitride based
composite semiconductor. Especially, the light
emitting diode 6 emits blue light. [70] A luminescent
material 3 may be placed on the top and side faces of
the light emitting diode 6. And, the light emitting
diode 6 may be sealed with a molding member 10 formed
of thermosetting resin. The luminescent material 3 may
be placed near the light emitting diode 3, but it is
not limited thereon. The luminescent material 3 can
also be uniformly distributed in the molding member
10. Such a method of dis tributing the luminescent
material 3 within the molding member 10 has been
disclosed in US Patent NO. 6,482,664. [71] The
luminescent material 3, while being disposed around
the light emitting diode 6, adsorbs at least a portion
of the light emitted from the light emitting diode and
emits light having a different wavelength from the
absorbed light. The luminescent material 3 is a non-
stoichiometric silicate phosphors having a tetragonal
crystal structure and containing mor silicon in its
crystal lattice than in the crystal lattice of
silicate phosphors having stoichiometric crystal
structures. The luminescent material 3 will be
described below in detail. [72] Light emitting diode 6
may be electrically connected to an external power
supply through electrodes 5, and thus emits primary
light. The luminescent material 3 absorbs at least a
portion of the primary light and emits secondary light
of a wavelength longer than that of the primary light.
As a result, the primary light emitted from the light
emitting diode 6 and the secondary light from the
luminescent material 3 are mixed together, and the
mixed light is emitted from the light emitting device.
A desired color of light, for example white light, may
be implemented by this mixed light. [73] The light
emitting device 100 can comprise two or more light
emitting diodes. These light emitting diodes may have
same emission peaks to each other, or may have
different emission peaks from each other. For example,
the light emitting device 100 may comprise same or
different light emitting diodes each emitting
ultraviolet or blue light. Furthermore, the light
emitting device 100 may comprise a light emitting
diode, 



for example a red light emitting diode, which emits
light with a wavelength longer than the emission peak
wavelength of the phosphors. Such a longer wavelength
light emitting diode may be employed for improving a
CRI of the light emitting device 100.Moreover, the
light emitting device 100 may further comprise other
phosphors in addition to the non-stoichiometric
luminescent material 3. The other phosphors may
comprise stoichiometric silicate phosphors, YAG based
phosphors or thiogallate phosphors, but it is not
limited thereto. Accordingly, light of color desired
by users can be implemented with proper selection for
the light emitting diode 6 and phosphors. [74]
Especially, the light emitting device having high
color temperature range from about 2,00OK to 8,000K or
10,000K and a CRI of 80-95, especially 90-95 can be
provided with proper selection for the light emitting
diode 6, the luminescent material 3 and other
phosphors. [75] Fig. 2 is a cross-sectional view of a
light emitting device 200 according to other em
bodiment of the present invention. Fig. 2 shows
exemplary top-view package having a reflector 21. [76]
Referring to Fig. 2, the light emitting device 200 has
a similar structure as that of the above light
emitting device 100, and has a reflector 2 1 on the
substrate 1. A light emitting diode 6 is mounted in
the reflector 21. The reflector 2 1 reflects light
emitted from the light emitting diode 6 to increase
brightness within a certain viewing angle. [77] In the
meantime, as described with reference to Fig. 1, a
luminescent material 3, while being disposed around
the light emitting diode 6, adsorbs at least a portion
of the light emitted from the light emitting diode and
emits light having a different wavelength from the
absorbed light. The luminescent material 3 are dotted
on the light emitting diode 6 in the reflector 2 1 or
uniformly distributed within a thermosetting resin
molding member 10. The luminescent material 3 will be
described below in detail. [78] The light emitting
device 200 may also comprise two or more light
emitting diodes having same emission peaks to each
other, or different emission peaks from each other,
and may further comprise other phosphors in addition
to the non-stoichiometric lu minescent material 3, as
described with reference to Fig. 1. [79] In some
embodiments of the present invention, the light
emitting device 100 or 200 shown in the FIG. 1 or FIG.
2 can include a substrate of a metallic material, for
example a metal PCB, which has good heat conductivity.
Such a substrate may easily 



dissipate the heat from the light emitting diode 6.
Furthermore, a lead frame including lead terminals may
be used as the substrate. Such a leadframe may be
surrounded and supported by the molding member 10
encapsulating the light emitting diode. [80] In Fig.
2, the reflector 2 1 may be formed of a different
material from the substrate 1, but not limited
thereto. The reflector 2 1 may be also formed of the
same material as the substrate 1. For example, a lead
frame having lead terminals can be insert-molded of a
plastic, such as a PPA, which forms the substrate 1
and the reflector 2 1 together. Then, the lead
terminals are bent to form electrodes 5.[81] Fig. 3 is
a cross-sectional view of a light emitting device 300
according to another embodiment of the present
invention. The light emitting device 300 has been
known as a light emitting diode ramp. [82] Referring
to Fig. 3, the light emitting device 300 may have a
pair of lead electrodes 31, 32, and a cup portion 33
having a shape of cup may be formed at the upper end
of one lead electrode 31. At least one light emitting
diode 6 may be mounted in the cup portion 33, and
electrically connected to the other lead electrode 32
through a conductive wire 2. When a plurality of light
emitting diodes is mounted in the cup portion 33, they
may emit light of same wavelength or different
wavelengths from each other. [83] Further, a
luminescent material 3 is disposed around the light
emitting diode 6. As described with reference to Fig.
1, the luminescent material 3, while being disposed
around the light emitting diode 6, adsorbs at least a
portion of the light emitted from the light emitting
diode and emits light having a different wavelength
from the absorbed light. The luminescent material 3
are dotted on the light emitting diode 6 in the cup
portion 33 or uniformly distributed within a
thermosetting resin molding member 34 formed in the
cup portion 33. The luminescent material 3 will be
described below in detail. [84] In the meantime, a
molding member 10 encapsulates the light emitting
diode 6, the luminescent material, and portions of the
pair of lead electrodes 31 and 32. The molding member
10 may be formed of epoxy or silicone. [85] The light
emitting device 300 has been described to have a pair
of lead electrodes 31 and 32. However, the light
emitting device 300 may have more lead electrodes than
the pair of lead electrodes 31 and 32. [86] Fig. 4 is
a cross-sectional view of a light emitting device 400
according to yet 



another embodiment of the present invention. Fig. 4
shows a light emitting diode package for high power.
[87] Referring to Fig. 4, the light emitting device
400 comprises a heat-sink 4 1 provided in a housing
43. The bottom surface of the heat sink 4 1 is exposed
to outside. Lead electrodes 44 are exposed within the
housing 43, and extended through the housing. At least
one light emitting diode 6 is mounted on the upper
surface of the heat-sink 4 1 through a electrically
conductive adhesive 9, and electrically connected to
one of the lead electrodes 44 through a electrically
conductive wire. Furthermore, another elec trically
conductive wire may connect the other lead electrode
44 to the heat- sink 41, such that the light emitting
diode 6 can be electrically connected to each of the
two lead electrodes 44. [88] Further, a luminescent
material 3 is disposed around the light emitting diode
6 on the heat-sink 41. As described with reference to
Fig. 1, the luminescent material 3, whilebeing
disposed around the light emitting diode 6, adsorbs at
least a portion of the light emitted from the light
emitting diode and emits light having a different
wavelength from the absorbed light. The luminescent
material 3 are dotted on the light emitting diode 6 on
the heat-sink 41, or uniformly distributed within a
molding member (not shown) covering the light emitting
diode. The luminescent material 3 will be described
below in detail. [89] Fig. 5 is a cross-sectional view
of a light emitting device 500 according to yet
further embodiment of the present invention. [90]
Referring to Fig. 5, the light emitting device 500
comprises a housing 53 and a plurality of heat-sinks 5
1 and 52 which are joined to the housing and insulated
from each other. Light emitting diodes 6 and 7 are
mounted on the heat-sinks 5 1 and 52 through
electrically conductive adhesives, and electrically
connected to lead electrodes 54 through electrically
conductive wires (not shown), respectively. The lead
electrodes 54 are extended from inside of the housing
53 to outside. Two lead electrodes 54 are shown in
Fig. 5, but more lead electrodes may be provided
thereto. [91] Further, a luminescent material 3 may be
disposed around at least one of the light emitting
diodes 6 and 7, as described with reference to Fig. 4.
The luminescent material 3 will be described below in
detail. [92] In the above embodiments of the present
invention, it is described that the light emitting
diode 6 is mounted on the substrate 1 or on the
heat-sink through the elec 



trically conductive adhesive 9, and electrically
connected to the electrode or lead electrode through
the electrically conductive wire. These embodiments
are limited when the light emitting diode 6 is a
"one-bond die", which has its electrodes on the top
side and bottom side thereof, respectively. In the
case where the light emitting diode 6 is a "two-bond
die," which has its two electrodes on the top side
thereof, the light emitting diode 6 may be
electrically connected to the electrodes or lead
electrodes through two electrically conductive wires,
respectively. In this case, the adhesive need not to
be electrically conductive. [93] In the embodiments of
the present invention, the light emitting diode 6 may
be formed of (Al, Ga, In)N based composite
semiconductor. [94] The light emitting diode 6 may
has, for example, a double heterosutructure, single
quantum well structure or multi-quantum well
structure, which has a single active region between
n-type and p-type semiconductor layers. [95]
Otherwise, the light emitting diode 6 may comprise a
plurality of light emitting cells spaced apart from
one another on a single substrate. Each of the light
emitting cells comprises an active region, and these
light emitting cells may be connected to one another
in series and/or in parallel through wires so that the
light emitting cells can be directly driven under AC
power supply. Such an AC-light emitting diode can be
drivenin connection to AC power supply without outer
AC-DC converter by forming a bridge rectifier and a
series array of light emitting cells connected to the
rectifier, or by forming series arrays of light
emitting cells on a single substrate, these arrays
being electrically connected to each other in
anti-parallel. The operating voltage of the AClight
emitting diode can be increases up to the voltage for
domestic use, for example, 110V or 220V, since the
light emitting cells are connected in series. Thus, a
light emitting device, which can be driven by domestic
power supply, can be provided. [96] Furthermore, the
luminescent material 3 may be disposed between the
light emitting diode 6 and the substrate 1 or the
heat-sink on which the light emitting diode is
mounted, and may be distributed within the adhesive 9.
Such a luminescent material 3 adsorbs at least a
portion of the light emitted downward from the light
emitting diode 6 and emits light having a different
wavelength from the absorbed light. [97] Though
several structures for the light emitting device have
been described above, the present invention is not
limited these structures, and the structure of the
light emitting device of the present invention can be
modified depending on the kind of the 



light emitting diode, electrical connection method
thereof, a desired viewing angle of light, the purpose
to use the light emitting device, etc. [98] [99]
(Luminescent material) [100] The luminescent material
3, which is used in embodiments of the present
invention, is now described. [101] The luminescent
material is a non-stoichiometric luminescent material,
which is a silicate phosphor having tetragonal crystal
structure and containing more silicon in the crystal
lattice than that in the crystal lattice of silicate
phosphors having stoichiometric crystal structure. In
addition, the luminescent material contains divalent
copper in its matrix and may contain europium as an
activator. [102] Such a luminescent material may be
represented as the following formula 1. [103] [104]
[Formula 1] [105] (BauSrvCawCux)3_y(Zn,Mg,Mn)zSi1+b0
5+2b:Eua [106] [107] Wherein, u+v+w+x=l, y=z+a, z<2,
0<x£ l , 0<a<0.5, and 0<b<0.5. [108] The luminescent
material is a silicate phosphor having tetragonal
crystal structure different from orthosilicate
phosphors having orohorhombic crystal structure. [109]
And, a tetragonal non-stoichiometric silicate can be
provided where Copper is basically an essential part
of the matrix. [110] The luminescent material may be
made by a multi-step high temperature solid state
reaction between the starting materials comprising a
surplus of SiO2 and metalcompounds, e. g. metal oxides
and metal carbonates, which decompose at high tem
peratures into oxides. [Ill] Several examples of the
luminescent materials manufactured to use in the light
emitting device of the present invention and
characteristics thereof are now described. [112] [113]
(example 1) [114] Manufacturing method of the
luminescent material represented following formula 2
is described. [115] [116] [Formula 2] 



[117] Cu005Sr29ISiI o5O5 IiEu004 [118] [119] 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. 7), and crystallizes in the
tetragonal structure (shown in Fig. 8) which is
clearly different from the Orthosilicates (shown in
Figs. 9 and 10). [120] In table 1, results of the
X-ray diffraction analysis are written down. There is
evidence from Fig. 8-11 and table 1 that the structure
has been changed caused by nonstoichiometry and
Copper. This difference can also be seen clearly by
comparing Fig. 8 for a non- stoichiometric and Fig. 12
for a stoichiometric Oxy-Orthosilicate, e s pecially
for the diffraction pattern in the region 20=32-42°.
[121] [122] Table 1[Table 1] [Table ] Powder X-ray
spacing of the 15 strongest reflections (Cu-K 11
radiation) of some Silicate phosphors compared with
data from Literature. [123] * Data from Literature for
Sr3SiO5 in (10 = lnm): R.W. Nurse, J. Appl. Chem., 2,
May, 1952, 244-246 [124] [125] (example 2) [126]
Manufacturing method of the luminescent material
represented following formula 3 is described. [127]
[128] [Formula 3][129] C u 0 5Sr 2 5 1B a0 4Sii 03O 5
06:Eu 0 04 [130] 



[131] As starting materials for 1 MoI phosphor, CuO
(3.98g), SrCO 3 (376.46g), BaCO 3 (78.94g), SiO 2
(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 1,300 0C 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 1,385 0C 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. 7). The structure is
analogously to example 1 as shown in table 1 and Fig.
8. [132] By substitution of only 0.2 MoI Barium for
Strontium results in an emission between 1 and 3 in
Fig. 7 and to a change in the structure. [133] [134]
(example 3) [135] Manufacturing method of the
luminescent material represented following formula 4
is described. [136] [137] [Formula 4] [138] Cu0O3
Sr292Ca0 OiSiI o30 5 o6:Eu0 o4 [139] [140] As starting
materials, CuO (5.57g), SrCO 3 (431.08g), CaCO 3
(1.Og), SiO 2 (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 1,300 0C 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. [141] 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. [142] [143] Table 2[Table 2] [Table ]
Relative brightness of non-stoichiometric Copper
Alkaline Earth Silicates at 250C, 1000C, 1250C and
15O0C compared with YAG and common Silicate phosphors
under 455 nm excitation [144] [145] 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. 10 for
typical orange emitting species. [146] 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.
[147] [148] Table 3[Table 3] [Table ] Sensitivity of
non stoichiometric Copper containing new phosphors
against humidity and temperature compared to common
Silicate phosphors All new phosphors show a much
better stability against water and humidity than
common Orthosilicates as can be taken from table
3.Claims [I] Light emitting device comprising; a light
emitting diode; and a non-stoichiometric luminescent
material, while being disposed around the light
emitting diode, adsorbing at lease a portion of light
emitted from the light emitting diode and emitting
light having different wavelength from the absorbed
light, wherein the non-stoichiometric 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] The light emitting device according to
claim 1, wherein the luminescent material contains
divalent Copper within the matrix and Europium as
activator. [3] The light emitting device according to
claim 1, wherein the luminescent material comprises a
silicate represented as the formula
(BauSrvCawCux)3y(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.
[4] The light emitting device according to any one of
claims 1 to 3, wherein the lu minescent material is
excited by radiation between 250 nm and 500 nm. [5]
The light emitting device according to any one of
claims 1 to 3, wherein the lu minescent material emits
light at the long-wave side of the exciting radiation.
[6] The light emitting device according to claim 5,
wherein the luminescent material emits light having
wavelength between 500 nm and 630 nm. [7] The light
emitting device according to any one of claims 1 to 3,
wherein white light or desired light of color is
implemented by mixing light emitted from the light
emitting diode and light emitted from the luminescent
material. [8] The light emitting device according to
any one of claims 1 to 3, implementing white light
with CRI of Ra=80~95 by the light emitting diode
emitting blue light and the luminescent material. [9]
The light emitting device according to any one of
claims 1 to 3, wherein the lu minescent material is
disposed on at least one of side, top and bottom faces
of the light emitting diode. [10] The light emitting
device according to claim 9, wherein the luminescent
material is mixed into an adhesive or a molding
member. [II] The light emitting device according to
any one of claims 1 to 3, wherein the light emitting
diode and the luminescent material are configured
within one package. [12] The light emitting device
according to claim 11, further compring;other light
emitting diode configured within the package, wherein
the other light emitting diode emits light of longer
wavelength than the emission peak wavelength of the
luminescent material. [13] The light emitting device
according to claim 11, wherein the package comprises a
substrate, and wherein the light emitting diode is
mounted on the substrate. 



[14] The light emitting device according to claim 13,
wherein the substrate comprises a printed circuit
board or a lead frame. [15] The light emitting device
according to claim 13, wherein the package further
comprises a reflector, and Wherein the light emitting
diode is mounted in the reflector. [16] The light
emitting device according to claim 13, further
comprising; a molding member encapsulating the light
emitting diode on the substrate. [17] The light
emitting device according to claim 16, wherein the
luminescent material is distributed in the molding
member. [18] The light emitting device according to
claim 11, wherein the package comprises a heat-sink,
and wherein the light emitting diode is mounted on the
heat-sink. [19] The light emitting device according to
any one of claims 1 to 3, wherein the light emitting
diode is an AC-light emitting diode having a plurality
of light emitting cells. 


