
HALOGENATED OXYCARBIDONITRIDE PHOSPHOR AND DEVICES USING SAME  100011
This invention was made with United States Government support under
Department of Energy grant number DE-EE0003245. The United States
Government may have certain rights in this invention. [0002] The
present invention relates to a red phosphor and its use in lighting
applications, particularly in light emitting diode lighting devices.
[0003] Phosphor-converted LEDs (pcLEDs) utilize a blue LED chip as a
light source and one or more phosphors to produce white light.
Devices based on pcLED technology are poised to become fundamental
devices for general use in solid state lighting applications.
Nevertheless, significant advances are required in order to achieve
the performance specifications set by the solid state lighting
market. [0004] The pcLED devices create their white light emissions
from a single LED by exciting the included phosphor(s) using the
emission spectrum produced by the blue LED chip. The emission
spectrum produced by the blue LED chip excites the included
phosphor(s) which then produce an emission spectrum that combines
with that of the blue LED chip to yield white light. It is important
to recognize that color tuning of the blue LED chip and the included
phosphor(s) is critical for the effectiveness and optimization of the
pcLED devices. Accordingly, there is a continuing need for phosphor
development to provide pcLED device manufactures with enhanced color
tuning capabilities. [0005] Also, the phosphors used in conventional
pcLED device designs are located in close proximity to the blue LED
light source. As a result, during light generation these phosphors
are subjected to elevated temperatures. The junction temperatures
exhibited by high power LED chips are typically in the range of 100
to 150 C. At such elevated temperatures, the crystal of the phosphors
are at a high vibrationally excited state. When placed in such a high
vibrationally excited state, the excitation energy can result in the
generation of additional heat through non-luminescent relaxation
rather than resulting in the desired luminescence emission from the
phosphor. This heat generation exacerbates the situation resulting in
a vicious cycle that contributes to the inability of current pcLED
devices to achieve the industry established performance
specifications for the solid state lighting market. Accordingly,
successful development of pcLED devices for general illumination
requires the identification of phosphors that can operate highly
efficiently at temperatures of 100 to 150  [0006] Nitride based
phosphors have been proposed for use in pcLED devices because of
their excellent luminescence performance at the high temperatures
developed in pcLED devices. Examples of such nitride based phosphors
include metal silicon nitride based phosphors. The host crystals of
these phosphor materials consist mainly of chemical bonds of Si-N,
Al-N, as well as hybrid bonds thereof, as the backbone of the
structure. While these bonds are stable, the chemical bond between
silicon and carbon (Si-C) has a higher bond energy, and therefore
higher thermal and chemical stability. Furthermore, carbon forms very
stable chemical bond with many metal atoms. [0007] The introduction
of carbon or carbide into crystalline phosphor materials, however,
has previously been considered detrimental in luminescence
performance. The often dark body color of various metal carbides can
be a source of absorption or quenching of emission light. Also,
residual unreacted carbon or carbide that remains in a particular
phosphor preparation utilizing carbon or carbide as a precursor can



M(1),MODJMOIDgSiiN"Cx0".14,,:zA(1) wherein MO) is at least one
monovalent cation; M(II) is at least one divalent cation; wherein
M(III) is at least one trivalent cation; wherein H is a monovalent
halogen anion; wherein A is at least one luminescence activator;
wherein 0 < e < 0.5; wherein 0.5 <f< 1; wherein 0.5 <g <1; wherein 1
<j < 1.5; wherein 0< u <3; wherein 0< x <2; wherein 0< w <0.75;
wherein 0 < v < 1; wherein 0 < (x+w) <3; wherein x0w; and, wherein 0
<z < 0.5. [0013] The present invention provides a red phosphor,
comprising: an inorganic compound represented by formula (2)
Lie(CaaSrb)fAlgSiiNuCx0".H,,:zA(2) wherein A is at least one
luminescence activator; wherein 0 <e < 0.5; wherein 0 <a < 1; wherein
0 < b < 1; wherein (a+b)<1; wherein 0.5 <f < 1; wherein 0.5 < g < 1;
wherein 1 <j < 1.5; wherein 0< u <3; wherein 0< x< 2; wherein 0< w
<0.75; wherein 0< (x+w) <3; wherein .74w; wherein 0 <v < 1; and,
wherein 0< z < 0.5. [0014] The present invention provides a red
phosphor, comprising: an inorganic compound represented by formula
(2)  Lie(CaaSrb)fA1gSiiN"C,0".H,,:zEu2+(2) wherein 0 <e < 0.5;
wherein 0 < a < 1; wherein 0 <b < 1; wherein (a+b)<1; wherein (1-e) <
f< 1; wherein (1-e) < g < 1; wherein 1 < j < (1+e); wherein u= {3
-(4x/3)-z} ; wherein 0 < x < 2; wherein 0.9* {(3z/2)-(v12)} <w <
1.1*{(3z/2)-(v12)}; wherein 0 < (x+w) <3; wherein xw; wherein 0 <v <
1; and, wherein 0< z <0.5. [0015] The present invention provides a
red phosphor, comprising: an inorganic compound represented by
formula (2) Lic(CaaSrb)fAlgSiiNER,0".H,,:zEu2+(2) wherein 0 <e <0.5;
wherein 0 <a < 1; wherein 0< b < 1; wherein (a+b)<1; wherein (1-e) <
f< 1; wherein (1-e) < g < 1; wherein 1 < j < (1+e); wherein u= {3
-(4x/3)-z-(v/3)} ; wherein 0< x <2; wherein {0.9*(3z12)} <w <
{1.1*(3z/2)}; wherein 0 < (x+w) < 3; wherein A,Lw; wherein 0< v < 1;
and, wherein 0< z <0.5. [0016] The present invention provides a red
phosphor, comprising: an inorganic compound represented by formula
(2) Lie(CaaSrb)jAlgSijNuC,0",a,:zEu2+(2) wherein 0< e <0.5; wherein 0
<a < 1; wherein 0< b < 1; wherein (a+b)<1; wherein (1-e) < f< 1;
wherein (1-e) <g < 1; wherein 1 < j < (1+e); wherein u={3-(4x/3)-z};
wherein 0.9*{2-(v14)} < x < 1.1*{2-(v/4)}; wherein {0.9*(3z/2)} < w <
{1.1*(3z12)}; wherein 0< (x+w) <3; wherein x*w; wherein 0 < v < 1;
and, wherein 0 <z < 0.5. [0017] The present invention provides a red
phosphor, comprising: an inorganic compound represented by formula
(2) Lie(CaaSrb)fAlgSiiN"C,0),.1-1,,:zEu2+(2) wherein 0 <e < 0.5;
wherein 0 < a < 1; wherein 0 < b < 1; wherein (a+b)<1; wherein
{1-(2e)} < f < 1; wherein g=1; wherein j=1; wherein u= {3 -(4x/3)-z};
wherein 0< x 52; wherein {0.9*(3z/2)-(v/2)} <w < {1.1*(3z/2)-(v12)};
wherein 0 < (x+w) < 3; wherein .4w; wherein 0< v < 1; and, wherein 0<
z <0.5. [0018] The present invention provides a lighting apparatus
for emitting white light comprising: a light source, wherein the
light source produces light having a source luminescence spectrum;
and, a first source luminescence spectrum modifier, wherein the first
source luminescence spectrum modifier is a red phosphor according to
the present invention; wherein the red phosphor is radiationally
coupled to the light source.  



BRIEF DESCRIPTION OF THE DRAWINGS  [0019] Figure 1 is a graph
depicting the excitation and resulting emission spectra or a
comparative material. [0020] Figure 2 is a graph depicting the
excitation and resulting emission spectra of a red phosphor of the
present invention. [0021] Figure 3 is a graph depicting the
excitation and resulting emission spectra of a red phosphor of the
present invention. [0022] Figure 4 is a graph depicting the x-ray
diffraction pattern of a red phosphor of the present invention.
[0023] Figure 5 is a graph depicting the reflectance spectra of
several red phosphors of the present invention. [0024] Figure 6 is a
graph depicting reflectance spectra for two red phosphors of the
present invention. [0025] Figure 7 is a graph depicting then-nal
quenching behavior exhibited by several red phosphors of the present
invention. [0026] Figure 8 is a graph depicting thermal quenching
behavior exhibited by two red phosphors of the present invention.
DETAILED DESCRIPTION [0027] Preferably, the red phosphor of the
present invention, comprises: an inorganic compound represented by
fon-nula (1) (1) wherein WI) is at least one monovalent cation
(preferably, wherein M(I) is at least one monovalent cation selected
from Li, Na, K, Rb, Cu, Ag and Au; more preferably, wherein WI) is at
least one monovalent cation selected from Li, Na and K; most
preferably, wherein WI) is Li); wherein M(II) is at least one
divalent cation (preferably, wherein MOD is at least one divalent
cation selected from the group consisting of Be, Mg, Ca, Sr, Ba, Cu,
Co, Ni, Pd, Zn and Cd; more preferably, wherein M(II) is at least one
divalent cation selected from the group consisting of Mg, Ca and Sr;
most preferably, wherein M(II) is at least one divalent cation
selected from the group consisting of Ca and Sr); wherein M(III) is
at least one trivalent cation (preferably, wherein MGM is at least
one trivalent cation selected from the group consisting of B, Al, Ga,
In, Sc and Y; more preferably, wherein MUM is at least one trivalent
cation selected from the group consisting of Al, Ga and B; most
preferably, wherein MOW is Al); wherein A is at least one
luminescence activator (preferably, wherein A is at  least one
luminescence activator selected from the group of metal ions
consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn,
Bi and Sb; more preferably, wherein A is at least one luminescence
activator selected from the group of metal ions consisting of Eu21,
Ce3+, Tb3+, Yb2+ and Mn2+; most preferably wherein A comprises Eu2);
wherein 0 < e < 0.5 (preferably, wherein 0 < e < 0.1; more preferably
0 < e < 0.075; most preferably 0 < e < 0.05); wherein 0.5 <f < 1
(preferably, wherein 0.5 <f < 0.98; more preferably 0.75 <f < 0.95;
most preferably 0.75 <f < 0.9); wherein 0.5 <g < 1 (preferably,
wherein 0.5 <g < 0.98; more preferably 0.75 <g < 0.95; most
preferably 0.8 Cg < 0.91); wherein 1 <j < 1.5 (preferably, wherein 1
<j c 1.2; more preferably j=1); wherein 0 Cu < 3 (preferably, wherein
1 <u < 3; more preferably, wherein 1 <u < 2.8; most preferably,
wherein 1.5 < u < 2.5); wherein 0 <x < 2 (preferably, wherein 0.05 <x
< 1.75; more preferably, wherein 0.1 < x < 1.5; most preferably,
wherein 0.2 < x < 0.7); wherein 0 < w < 0.75 (preferably, wherein 0 <
w < 0.3; more preferably, wherein 0.001 < w < 0.075; most preferably,
wherein 0.001 <w < 0.05); wherein 0 < (x+w) < 3; wherein .4w; wherein
0 < v < 1 (preferably, wherein 0 <v < 0.5; more preferably 0 < v <
0.1; most preferably 0 <v < 0.05) and, wherein 0 < z < 0.5
(preferably, wherein 0 <z < 0.2; more preferably, wherein 0.001 <z <



600 rim (preferably, 200 to 550 nm; more preferably, 350 to 490 nm;
most preferably, wherein Pksource is 453 nrn). 100301 Preferably, the
inorganic compound represented by formula (1) is represented by
formula (2) Lie(CaaSrb)fAlgSijN"Ca0".H,,:zA(2) wherein A is at least
one luminescence activator (preferably, wherein A is at least one
luminescence activator selected from the group of metal ions
consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn,
Bi and Sb; more preferably, wherein A is at least one luminescence
activator selected from the group of metal ions consisting of Eu2+,
Ce3+, Tb3+, Yb2+ and Mn2+; most preferably, wherein A is Eu2+);
wherein 0 < e < 0.5 (preferably, wherein 0 < e < 0.1; more preferably
0 < e < 0.075; most preferably 0 < e < 0.05); wherein 0 <a < 1
(preferably, wherein 0.01 <a <0.5; more preferably, wherein 0.1 <a <
0.3); wherein 0 < b < 1 (preferably, wherein 0.5 <b < 0.99; more
preferably, wherein 0.7 <b < 0.9); wherein (a+b)<1; 0.5 <f< 1
(preferably, wherein 0.5 <f< 0.98; more preferably 0.75 <f< 0.95;
most preferably 0.75 <f < 0.9); wherein 0.5 <g < 1 (preferably,
wherein 0.5 <g < 0.98; more preferably 0.75 < g < 0.95; most
preferably 0.8 < g < 0.91); wherein 1 < j < 1.5 (preferably, wherein
1 <j c 1.2; more preferably j=1); wherein 0< u <3 (preferably,
wherein 1 Cu < 3; more preferably, wherein 1 <u <2.8; most
preferably, wherein 1.5 Cu < 2.5); wherein 0 <x < 2 (preferably,
wherein 0.05 <x < 1.75; more preferably, wherein 0.1 < x < 1.5; most
preferably, wherein 0.2 < x < 0.7); wherein 0 <w < 0.75 (preferably,
wherein 0 < w <0.3; more preferably, wherein 0.001 <w < 0.075; most
preferably, wherein 0.001 <w < 0.05); wherein 0 < (x+w) < 3; wherein
.74w; wherein 0 < v5 1 (preferably, wherein 0 < v < 0.5; more
preferably 0 < v < 0.1; most preferably 0 < v < 0.05); and, wherein 0
<z < 0.5 (preferably, wherein 0 <z < 0.2; more preferably, wherein
0.001 <z < 0.05; most preferably, wherein 0.001 <z <0.01). 100311
Preferably, in the inorganic compound represented by formula (2), A
is doped in the host crystal lattice in an amount equal to 0.0001 to
50% (more preferably, 0.001 to 20%; still more preferably 0.1 to 5%;
most preferably 0.1 to 1%), relative to the Ca, Sr and Li content on
a mol basis. Without wishing to be bound by theory, it is believed
that the inorganic compounds represented by formula (1) are
crystallized in an orthorhombic Cmc21 crystal system. Also, the
luminescence activator, A, can be located in at least one of
substitutional (e.g., replacing Ca, Sr and Li cations) and
interstitial sites in the host crystal lattice.  [0032] Preferably,
the inorganic compound represented by formula (1) is represented by
formula (2) Lie(CaaSrb)jAlgSifl\l"C,0",H,,:zA(2) wherein 0< e <0.5
(preferably, wherein 0< e <0.1; more preferably 0< e <0.075; most
preferably 0 < e < 0.05); wherein 0 <a < 1 (preferably, wherein 0.01
<a < 0.5; more preferably, wherein 0.1 <a 50.3); wherein 0< b < I
(preferably, wherein 0.55 b 50.99; more preferably, wherein 0.7 < b <
0.9); wherein (a+b)<1; wherein (1-e) <f< 1; wherein (1- e) <g < 1;
wherein 1 < j < (1+e); wherein u={3-(4x/3)-z}; wherein 0< x <2
(preferably, wherein 0.05 < x < 1.75; more preferably, wherein 0.1 <x
< 1.5; most preferably, wherein 0.2 <x < 0.7); wherein
0.9*{(3z/2)-(v12)}<w<1.1*{(3212)-(v/2)} (preferably, wherein
0.95*{(3z/2)-(v/2)}<w<1.05*{(3z/2)-(v/2)}; more preferably, wherein
0.99*{(3z12)-(v12)1<w<1.01*{(3z/2)-(v/2)}; most preferably, wherein
w= {(3z/2)-(v/2)}); wherein 0 <w < 0.75 (preferably, wherein 0 < w <
0.3; more preferably, wherein 0.001 <w < 0.075; most preferably,



wherein 0 <e < 0.5 (preferably, wherein 0 <e < 0.1; more preferably 0
<e <0.075; most preferably 0 < e < 0.05); wherein 0< a < 1
(preferably, wherein 0.01 <a < 0.5; more preferably, wherein 0.1 <a <
0.3); wherein 0 <b < 1 (preferably, wherein 0.5 <b <0.99; more
preferably, wherein 0.7< b < 0.9); wherein (a+b)<1; wherein {1-(2e)}
< f < 1; wherein g=1; wherein j=1; wherein u= {3 -(4x / 3)-2.} ;
wherein 0 < x < 2 (preferably, wherein 0.05 < x < 1.75; more
preferably, wherein 0.1 < x < 1.5; most preferably, wherein 0.2 < x <
0.7); wherein 0.9*{(3z/2)-(v/2)1<w<1.1*{(3z/2)-(v/2)1 (preferably,
wherein 0.95*{(3z/2)-(v12)1<w<1.05*{(3z/2)-(v/2)1; more preferably,
wherein 0.99*{(3z/2)-(v/2)1<w<1.01*{(3z/2)-(v/2)1; most preferably,
wherein w= {(3z/2)-(v12)}); wherein 0 < (x+w) < 3; wherein x0w;
wherein 0 < v5 1 (preferably, wherein 0 < v <0.5; more preferably 0
<v < 0.1; most preferably 0 < v5 0.05); and, wherein 0 <z < 0.5
(preferably, wherein 0 <z < 0.2; more preferably, wherein 0.001 <z
<0.05; most preferably, wherein 0.001 <z <0.01).  [0036] The red
phosphor of the present invention can contain impurities. Preferably,
the red phosphor of the present invention, comprises: > 80 wt% (more
preferably, 80 to 100 wt%; still more preferably 90 to 100 wt%; yet
still more preferably 95 to 100 wt%; most preferably 99 to 100 wt%)
of the inorganic compound represented by formula (1). More
preferably, the red phosphor of the present invention, comprises: >
80 wt% (more preferably, 80 to 100 wt%; still more preferably 90 to
100 wt%; yet still more preferably 95 to 100 wt%; most preferably 99
to 100 wt%) of the inorganic compound represented by formula (1);
wherein the inorganic compound represented by formula (1) is
represented by formula (2). [0037] Preferably, the red phosphor of
the present invention, comprises: an inorganic compound represented
by formula (1) (preferably, represented by formula (2)), wherein the
compound exhibits the ratio of atoms specified by formula (1)
(preferably, by formula (2)), which ratio can be in stoichiometric
proportions or in non-stoichiometric proportions. The inorganic
compound represented by formula (1) (preferably, represented by
formula (2)) can be present as at least two different crystalline
phases. Preferably, the inorganic compound represented by formula (1)
(preferably, represented by formula (2)) is present as one
substantially pure crystalline phase (more preferably, >98 % of a
particular crystalline phase; most preferably, > 99% of a particular
crystalline phase). [0038] Preferably, the red phosphor of the
present invention maintains > 70% (more preferably, > 85%; most
preferably, > 90%) of its relative emission intensity at temperatures
of 25 to 150 C. More preferably, the red phosphor of the present
invention maintains > 70% (more preferably, > 85%; most preferably, >
90%) of its relative emission intensity at temperatures of 25 to 200
C. Most preferably, the red phosphor of the present invention
maintains > 70% (more preferably, > 85%; most preferably, > 90%) of
its relative emission intensity at temperatures of 25 to 250 C.
[0039] Preferably, the red phosphor of the present invention exhibits
a median diameter of 2 to 50 microns (more preferably, 4 to 30
microns; most preferably, 5 to 20 microns). [0040] The red phosphor
of the present invention, optionally, further comprises a surface
treatment applied to a surface of the inorganic compound. Preferably,
the surface treatment provides at least one of enhanced stability and
enhanced processability. The surface treatment can provide enhanced
stability to the inorganic compound represented by formula (1)



Raw Material Source MU) (e.g., Li, Na, K) MG) nitride, MG) metal,
M(I) suicide, MU) alloy, MO) carbide, MG) azide, MU) oxide, MO)
carbonate M(II) (e.g., Ca, Sr, Ba, Mg) M(II) nitride, MOD metal,
M(II) silicide, MOD alloy, M(II) carbide, M(II) azide, M(II) oxide,
MU!) carbonate M(III) (e.g., Al) M(III) nitride, M(III) oxynitride,
M(III) oxide, M(III) carbide, M(III) carbonitride, MUM metal, M(III)
halide Silicon (Si) silicon nitride, silicon oxynitride, Si, silicon
carbide, silicide, silicon amide, silicon carbodiimide, silicon oxide
Nitrogen (N) nitride, nitrogen gas, ammonia gas, amide, azide,
nitrogen containing organic precursor Carbon (C) carbide, carbon
carbidonitride, silicon carbide, organic compound, Si(NCN)2, C2N2H4,
C2N2(NH), C3N3(NH2)3, CNx A A nitride (e.g., EuN, CeN), A oxide
(e.g., Eu203, Ce02), A metal (e.g., Eu, Ce), a halogenated compound
(e.g., EuF3 and CeF3)  [0047] The selected combination of source
materials is preferably mixed by a dry process, a wet process or a
combination dry/wet process. [0048] In a preferred dry mixing
process, the selected combination of source materials is preferably
milled and blended. For example, the selected combination of source
materials can be milled and blended by hand using a mortar and
pestle. The selected combination of 



source materials can first be mixed (using, for example, ribbon
blender, a V type blender or a high speed mixer) and then dry milled
separately or together (using for example, a hammer mill, a roll
mill, a ball mill or a jet mill). 100491 In a preferred wet mixing
process, the selected combination of source materials is preferably
added to a liquid (e.g., acetone or ethanol) and then pulverized and
mixed using a wet mill. The wet milled source material is then
extracted from the liquid by, for example, drying or spray drying.
100501 In a preferred dry/wet process, the selected combination of
source materials is preferably milled and blended by hand using a
mortar and pestle. The selected combination of source materials can
first be dry milled separately or together (using, for example, a
hammer mill, a roll mill, a ball mill or a jet mill). The milled
source materials are then mixed with a liquid (e.g., acetone or
ethanol) to facilitate mixing. The mixed source material is then
extracted from the liquid to facilitate further processing by, for
example, drying or spray drying. 100511 The mixture of source
materials is then fired. Typically, the mixture of source materials
are placed in a heat resistant container preferably made of a
material less reactive than the mixture of source materials under the
processing conditions. The temperature to which the mixture of source
materials is exposed during firing is preferably 1600 to 2000 C. The
mixture of source materials is preferably maintained at a pressure at
or above atmospheric pressure during the firing process. [0052] The
mixture of source materials is preferably maintained under a high
purity gas atmosphere throughout the firing process. The atmosphere
present during the firing process is not particularly limited;
however, a reducing atmosphere is preferred. Preferably, the
atmosphere present during the firing process is selected from the
group consisting of nitrogen, argon, carbon monoxide, hydrogen and
mixtures thereof Most preferably, the atmosphere present during the
firing process is a high purity mixture of nitrogen and hydrogen.
[0053] The firing time can vary depending on the firing temperature
and the firing pressure. Preferably, the firing time is 10 minutes to
24 hours (more preferably 4 to 16 hours; most preferably 8 to 12
hours). 10054] Optionally, the fired material can be milled, sieved
and refired. This process of milling, sieving and refiring can
optional be repeated multiple times.  [0055] Post firing, the fired
material is preferably ground, sieved, washed and dried, as
necessary. Preferably, the fired material is washed with acid
followed by washing with deionized water. Preferably, the fired
material is ground, sieved to remove undesired fines and aggregates,
and then dispersed in an aqueous acid solution (preferably a dilute
acid having an acid concentration of 0.5 to 4 mol/L). The aqueous
acid solution used is preferably selected from the group consisting
of hydrochloric acid, hydrofluoric acid, sulfuric acid and nitric
acid. Most preferably, the aqueous acid solution used is hydrochloric
acid. The material is then preferably further washed with deionized
water. The washing with acid preferably removes raw material
components that are not incorporated into the crystal structure of
the inorganic compound represented by formula (1), unwanted by
products and flux components (e.g., halides and alkali earths) from
the phosphor composition. The washed material is then preferably
dried. The dried material is then preferably sieved to remove any
fines and oversize material. [0056] The dried material can,



P ,ource, between 200 and 600 nm; wherein the red phosphor exhibits
an emission spectrum having a peak wavelength, PX...) - v.lospaor)
between 600 and 660 nm upon exposure to the light produced by the
light source. [0061] The lighting apparatus of the present invention,
optionally, further comprises: a second source luminescence spectrum
modifier, wherein the second source luminescence spectrum modifier
comprises at least one additional phosphor, wherein the at least one
additional phosphor is radiationally coupled to at least one of the
light source and the first source luminescence spectrum modifier.
Preferably, the second source luminescence spectrum modifier is at
least one additional phosphor selected from the group consisting of
red emitting phosphors, blue emitting phosphors, yellow emitting
phosphors, green emitting phosphors and combinations thereof
Preferably, the second source luminescence spectrum modifier is at
least one additional phosphor interposed between the light source and
the first luminescence spectrum modifier. [0062] Preferably, the
lighting apparatus of the present invention comprises at least two
phosphors, wherein at least one of the phosphors is a red phosphor of
the present invention. The at least two phosphors can be intermixed
in one matrix. Alternatively, the at least two phosphors can be
dispersed separately such that the phosphors can be superimposed in
layers instead of dispersing the phosphors together in a single
matrix. The layering of the phosphors can be used to obtain a final
light emission color by way of a plurality of color conversion
processes. [0063] Some embodiments of the present invention will now
be described in detail in the following Examples. Comparative Example
Cl and Examples 1-9 Preparation of inorganic compounds of formula (1)
[0064] The inorganic compound represented by formula (1) in each of
Comparative Example Cl and Examples 1-9 was prepared by a solid state
reaction with the starting materials in the amounts identified in
TABLE 2. The Metal nitrides used in the Examples  were prepared from
the respective metal in advance using standard nitridation
techniques. In each of the Examples, the starting materials noted in
TABLE 2 were provided in powder form, were weighed out, physically
mixed together and ground with a mortar and pestle in a glove box
under a dried nitrogen atmosphere to form a uniform powder mixture.
The powder mixture was then loaded in a firing crucible and placed in
a high temperature furnace under a high purity nitrogen/hydrogen
atmosphere. The powder mixture was then heated at a temperature of
1550 to 2000 C for 8 to 12 hours. The resulting material was removed
from the firing crucible, ground using a mortar and pestle and sieved
using 100 to 400 mesh sieve. The powder was then washed by acid and
deionized water at room temperature to provide the product inorganic
compound. TABLE 2 Ex # Ca3N2 (g) Sr2N (e) AIN (g) 



Si3N4 (g) SIC (g) Eu203 (g) L12CO3 igl CaF2 igl Cl 8.396 10.338 7.109
8.964 -- 0.222 0.337 0.178 1 



8.479 10.378 7.179 7.328 1.479 0.224 0.341 0.180 2 8.563 10.418 7.250
5.660 2.986 0.226 0.344 0.182 3 8.649 10.712 



7.323 3.957 4.525 0.228 0.347 0.184 4 8.343 10.753 7.160 7.309 1.475
0.223 0.340 0.359 5 1.170 10.338 5.675 5.774 



1.165 0.256 0.268 0.284 6 1.175 10.378 5.679 5.115 1.754 0.257 0.269
0.285 7 1.179 10.418 5.701 4.450 2.348 0.258 



0.270 0.286 8 1.222 10.712 5.847 5.336 1.144 0.201 -- 0.278 9 1.227
10.753 5.869 4.687 1.722 0.202 -- 0.279 



Inorganic compound properties  [0065] The emission spectrum exhibited
by each of the product inorganic compounds upon excitation with a
light source (i.e., a light emitting diode (LED) lamp peaking at 453
mm and its emission was analyzed using an Ocean Optics USB4000
spectrometer available from Ocean Optics). The peak wavelength,
aphosphor, and the full width half maximum of the emission peak,
FWHM, determined from the emission spectra for each inorganic
compound are reported in TABLE 3. [0066] The color coordinates CIE"
and CIEy in the XYZ color system specified in CIE 13.3- 1995 were
calculated for each of the inorganic compounds from the emission
spectrum in the 380-780 nm wavelength range when excited by the
emission from the LED light source according to the method described
in CIE 13.3-1995. The color coordinates determined for the inorganic
compounds are reported in TABLE 3. [0067] The internal quantum
efficiency for each of the product inorganic compounds from the
Examples was determined by taking a sample of the inorganic compound
packed into a  cell, mounting the cell in an integrating sphere and
then exposing the inorganic compound to light emitted from a light
source. Specifically, the light from the light source was guided
through an optical tube, filtered through a narrow band pass filter
to provide monochromatic light with a wavelength of 453 nm that was
then directed at the inorganic compound. The spectrum of light
emitted from the inorganic compound in the integrating sphere upon
excitation with the light from the light source and the light
reflected by the inorganic compound were measured with an Ocean
Optics USB 4000 spectrometer available from Ocean Optics. The
luminous efficiency was measured by packaging in an LED based on a
maximum possible efficacy of 683 1m/W. The emission percent was
measured by the integrated emission spectral area/excitation spectral
area. Each of these values is reported in TABLE 3. The emission
spectra for the inorganic compounds prepared according to Comparative
Example Cl, Example 3 and Example 8 are depicted in Figures 1-3,
respectively. TABLE 3 Ex # CIE x CIE V FWHM (nm) Pk - -phosphor (nm)
lin/W 



j7L1 QE (%) Emission E_Yol Cl 0.666 0.333 90 654 85.5 96.2 107.5 1
0.662 0.337 92 652 95.8 101.7 



109.3 2 0.665 0.335 92 652 87.2 93.4 98.1 3 0.664 0.336 93 651 82.0
87.0 91.8 4 0.663 0.337 



91 653 87.3 99.2 108.0 5 0.648 0.352 96 637 112.5 83.7 91.5 6 0.648
0.352 96 637 104.8 77.5 



84.3 7 0.648 0.351 99 639 85.1 66.0 71.9 8 0.645 0.355 94 634 126.1
87.7 92.9 9 0.643 0.354 



96 635 107.3 77.0 82.0  [0068] Inorganic compounds prepared according
to Example 1 was analyzed by x-ray diffraction (2-theta scan) using a
PANalytical X'pert X-ray powder diffractometer using Nifiltered CuKa
radiation at 45 kV/40 mA. The sample was scanned (2-theta scan) from
10 to 80 with a step size of 0.02 and a counting time 1 second per
step. The scan output for Example 1 is provided in Figure 4. [0069]
The reflectance spectra exhibited by each of the product inorganic
compounds upon excitation with an Xenon lamp peaking at 467 nm and
its emission spectra was observed using a SPEX Fluorlog 2
spectrometer available from Jobin Yvon. The observed reflectance
spectra for Comparative Example Cl and Examples 1-3 are depicted in
Figure 5. The observed reflectance spectra for Examples 5 and 8 are
depicted in Figure 6.  100701 The thermal quenching properties of
inorganic compounds prepared according to Comparative Example Cl and
Examples 1-3, 5 and 8 were evaluated using an Ocean Optics USB2000
and a custom made heater. The results of the thermal quenching
analysis observed for Comparative Example Cl and Examples 1-3 are
depicted in Figure 7. The results of the thermal quenching analysis
observed for Examples 7 and 8 are depicted in Figure 8.  We claim:
1. A red phosphor, comprising: an inorganic compound represented by
formula (1) (1) wherein MU) is at least one monovalent cation; MOH is
at least one divalent cation; wherein M(III) is at least one
trivalent cation; wherein H is a monovalent halogen anion; wherein A
is at least one luminescence activator; wherein 0 < e < 0.5; wherein
0.5 <f< 1; wherein 0.5 <g <1; wherein 1 <j < 1.5; wherein 0< u <3;
wherein 0< x <2; wherein 0< w <0.75; wherein 0< v < 1; wherein 0 <
(x+w) <3; wherein x-hiv; and, wherein 0< z < 0.5        2. The red
phosphor of claim 1, wherein the inorganic compound is represented by
formula (2) Lie(CaaSrb)fAlgSifl\l"Cs0"11,,:zA(2) wherein A is at
least one luminescence activator; wherein 0 <e < 0.5; wherein 0 < a <
1; wherein 0 < b < 1; wherein (a+b)<1; wherein 0.5 <f< 1; wherein 0.5
< g < 1; wherein I <j < 1.5; wherein 0< u <3; wherein 0< x< 2;
wherein 0< w <0.75; wherein 0< (x+w) <3; wherein x*w; wherein 0 <v <
1; and, wherein 0 <z < 0.5.        3. The red phosphor of claim 2,
wherein A is Etr. 



4. The red phosphor of claim 3, wherein (1-e) <f < 1; wherein (1-e)
<g < 1; wherein I <j < (1+e); wherein u= {3-(4x/ 3)-17}; and, wherein
0.9*{(3z/2)-(v/2)} < w < 1.1*{(3z12)-(v12)}.        5. The red
phosphor of claim 3, wherein {1-(2e)} < f < 1; wherein g=1; wherein
j=1; wherein u={3-(4x/3)-z}; and, wherein (0.9*(3z/2)-(v/2)} < w <
{1.1*(3z/2)-(v/2)}.        6. The red phosphor of claim 1, wherein
the red phosphor exhibits an emission spectra having a peak
wavelength, PA/phosphor, between 600 nm and 660 nm upon excitation
from a light source exhibiting an emission spectra having a peak
wavelength, Pksource, between 200 rim and 600 rim.        7. The red
phosphor of claim 1, further comprising a surface treatment; wherein
the surface treatment is applied to a surface of the inorganic
compound.        8. A phosphor composition, comprising: a red
phosphor according to claim 1; and, a liquid carrier; wherein the red
phosphor is dispersed in the liquid carrier.        9. A lighting
apparatus for emitting white light comprising:       a light source,
wherein the light source produces light having a source luminescence
spectrum; and,         a first source luminescence spectrum modifier,
wherein the first source luminescence spectrum modifier is a red
phosphor according to claim 1; wherein the red phosphor is
radiationally coupled to the light source. 10.The lighting apparatus
of claim 9, wherein the source luminescence spectrum has a peak
wavelength, P2-
- -.ource, between 200 and 600 nm; and, wherein, upon excitation of
the red phosphor by exposure to the light produced by the light
source, the red phosphor exhibits an emission spectrum having a peak
wavelength, P2- -  -phosphor, 


