
WO 2011/142880PCT/US2011/028140 OXYCARBONITRIDE PHOSPHORS AND LIGHT
EMITTING DEVICES USING THE SAME Inventors: Yuanqiang Li, Michael
Dennis Romanelli, and Yongchi Tian Claim of Priority  [0001] This
application claims priority to U.S. Provisional Application Nos.
61/334,967, filed May 14, 2010, and 61/381,862, filed September 10,
2010, the disclosures of which are hereby incorporated by reference
in their entireties. Statement Regarding References  [0002] All
patents, publications, and non-patent references referred to herein
shall be considered incorporated by reference into this application
in their entireties. Government Funding [0003] This invention was
made with U.S. Government support under Department of Energy grant
number DE-EE0003245. The U.S. Govemment may have certain rights in
this invention. Background of Invention [0004] In recent years, R&D
efforts have been intense on both LED chip and phosphors for
phosphor-converted LED (peLED), with the result that both efficient
high-power LEDs and efficient phosphors have been demonstrated.
However, a unique aspect of the phosphors operating in pcLED is that
the phosphors are in close vicinity of the LED chip, and the LEDs
operate at high temperatures. Typical junction temperatures of high
power LEDs are in the range of 100C-150C. At these temperatures, the
crystal of the phosphor is at a high vibrationally excited state,
causing the excitation energy to be directed to heat emission through
lattice relaxation rather than to the desired luminescence emission.
Moreover, these lattice relaxations produce heating with vibrational
excitation, and thereby further reduce the luminescence emission
efficiency. This is a vicious cycle that precludes successful
applications of existing phosphor materials. The pcLED lamp for
general illumination application requires high optical energy flux
(e.g., higher than 1 Watt/mm2) which causes additional heating by a
Stokes shift generated inside the phosphor crystals. Successful
development of pcLED lamps for general illumination, therefore,
requires phosphors that can operate highly efficiently at
temperatures of  WO 2011/142880PCT/US2011/028140 100C-150C. The risk
is that it is difficult both to achieve 90% quantum yield at room
temperature and to have high thermal stability at 100 C-150 C. The
thermal stability of a phosphor's luminescence is an intrinsic
property of the phosphor which is determined by the composition and
the structure of the crystalline material.  [0005] Oxynitride
phosphors have been considered for use in pcLEDs because of their
excellent luminescence performance at high temperature range
mentioned above. Prominent examples are the sialon-based phosphors
whose host crystals are constituted by chemical bonds of Si-N, Si-0,
Al-N and A1-0 as the backbone of the host crystal structure. Each of
the oxynitride phosphors discovered so far comprises predominantly a
single crystalline phase, and often a second phase is considered an
"impurity". However, phosphors are generally materials that permit
non-stoichiometric proportions and are usually heterogeneous. In this
invention, a group of oxycarbonitride phosphor compositions are
demonstrated to be comprised of more than one unique crystalline
phase, each of which fluoresces highly efficiently.  [0006] The
introduction of carbon or carbide into crystalline phosphor materials
has previously been considered detrimental in luminescence
performance. The often dark body color of various carbides may be a
source of absorption or quenching of emission light. Also, residual
unreacted carbide that remains after phosphor preparation utilizing



(3) M(II)7M(III) wherein 0<x< 12, 0<x+y< 12, and 0<y<x. M(H)
comprises at least one divalent cation, and may be selected from the
group including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and other
divalent transition metal ions. M(III) comprises at least one
trivalent cation, and may be selected from the group including B, Al,
Ga, In, Sc, Y, La and Gd, and other trivalent metal ions. A comprises
a luminescence activator doped in the crystal structure at the
concentration level of from about 0.001 mol% to about 20 mol%,
preferably from about 0.1 mol% to about 10 mol%, relative to M(II). A
can be at least one metal ion selected from the group including Ce,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, Sb,
preferably Eu2+, Ce3+, Tb3+, Yb2+ and mn2+. [0012] In certain
embodiments, the present invention is directed to a novel family of
oxycarbonitride based phosphors expressed by:  (4)
MOD7M(I11)12_,,ySix+y025-x.+3saNx*o_yCy:A and (4a) M(H)7M(III)12,-yS
ix+As.xsaNx thyCylaa:A wherein 0<x<12, OS y<x, 0<x+y< 12, 0435 3, and
5<x+y. M(II) comprises at least one divalent cation, and may be
selected from the group including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd,
Zn, Cd and other divalent transition metal ions. M(III) comprises at
least one trivalent cation, and may be selected from the group
including B, Al, Ga, In, Sc, Y, La and Gd, and other trivalent metal
ions. A comprises a luminescence activator doped in the crystal
structure at a concentration level from about 0.001 mol% to about 20
mol%, preferably from about 0.1 mol% to about 10 mol%, relative to
M(II) and M(I). A can be at least one ion selected from the group
including Ce, Pr,  WO 2011/142880PCT/US2011/028140 Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, Sb, preferably Eu2+, Ce3+, Tb3+,
Yb2+ and Mn2+. [00131 In certain embodiments, the present invention
is directed to a novel family of oxycarbonitride based phosphors
expressed by:  (5) M(I1)7_yM(DyM(111)12-T-y-TSix+yi-z025-wst2Nx and
(5a) MOI)7_man) y-,y- -,---,12-x-y-zSix+y+z025-x612Nx 8-ZCzten:A
wherein 0<x<12, 05 y<x, 0<z<x, 0<x+y+z< 12, z<x+8, and 0<653. M(II)
comprises at least one divalent cation, and may be selected from the
group including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and other
divalent transition metal ions. M(I) comprises at least one
monovalent cation, and may be selected from the group including Li,
Na, K, Rb, Cu, Ag and Au. M(III) comprises at least one trivalent
cation, and may be selected from the group including B, Al, Ga, In,
Sc, Y, La and Gd, and other trivalent metal ions. A comprises a
luminescence activator doped in the crystal structure at a
concentration level from about 0.001 mol% to about 20 mol%,
preferably from about 0.1 mol% to about 10 mol%, relative to MOD and
M(I). A can be at least one ion selected from the group including Ce,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, Sb,
preferably Eu2+, Ce3+, Tb3+, Yb2+ and Mn2+. 100141 In certain
embodiments, the present invention is directed to a novel family of
oxycarbonitride based phosphors expressed by:  (6)
MOI)7_yM(HyM(III)12_x_sSix+y-i-z025-xt3st2-vaNx-1:6_1Czliy:A and
(6a)MOI)7.yM(HyM(III)12,.y.zSix+y+z025-T+.8/2-e2NxT- 5-zCtE6/211v:A
wherein 0<x<12, 05 y<1, 0<z<x, z<x+5, 0<553, 05 v<1, and 0<x+y+z< 12.
MOD comprises at least one divalent cation, and may be selected from
the group including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and
other divalent transition metal ions. mg) comprises at least one
monovalent cation, and may be selected from the group including Li,
Na, K, Rb, Cu, Ag and Au.  WO 2011/142880PCT/US2011/028140 M(III)



[0019] In certain embodiments, the phosphor composition (1) further
comprises one or more additional phosphors. In some embodiments, the
phosphor composition further comprises at least one phosphor selected
from the group consisting of: Cal,Alx-xySi -x+xyN2-x-xyCxy:A; Cal
-xzNazWIII)x-xy-zSi i-x+xy+zN2-x-xyCxy:A; MOM -x-z1V1(0zMainx-xy-zSi
-x+xy-F,N2_x_xyCxy:A; Math zWnzMUIDx-xy-zSi -x+xy-1
zN2-x-xy-2w3Cxy0,-,/21-1,:A; and
M01)1-x-A4(1)N(III)x-xy-Sii-x+xy+zN2-x-xy2w/3-w3Cxy0wHy:A; wherein
0<x<1, 0<y<1, 0< z<1, 0< v<1, 0<w<1, x+z<1, x>xy+z, v/25w,
xxy-2w13-v/3<2, and 0<x-xy-z<1; MOH is at least one divalent cation;
M(I) is at least one monovalent cation; M(III) is at least one
trivalent cation; H is at least one monovalent anion; and A is a
luminescence activator. [0020] In certain embodiments, the present
invention is directed to a composition (2) comprising a phosphor
having the formula M(II)7A112.x_ySix.Fy025."Nx.yCy:A, wherein: 0<x<
12,  WO 2011/142880PCT/US2011/028140 0<y<x, and 0<x+y< 12; MOD
comprises at least one divalent cation; and Acomprisesa luminescence
activator doped in the crystal structure. In certain embodiments,
M(II) comprises at least one divalent cation selected from the group
consisting of B; Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, and Cd. In some
embodiments, M(II) comprises two or more different divalent cations.
In further embodiments, A comprises a luminescence activator that is
selected from the group consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb, Lu, Mn, Bi, and Sb. In some embodiments, A is doped
in the host crystal of the phosphor at a concentration level of 0.001
mol% to 20 mot% relative to MOD. The mot% of A can be adjusted in
increments of .0001 within this range. In some embodiments, A is
doped in the host crystal of the phosphor at a concentration level of
from about 0.01 mol% to about 10 mol%. In further embodiments, A is
doped in the host crystal of the phosphor at a concentration level of
from about 0.10 mot% to about 5 mol%. [0021] In some embodiments, the
phosphor of composition (2) comprises a crystalline phase that is a
triclinic crystal system belonging to space group PI (No. 1). In some
embodiments, the phosphor consists of only a single crystalline
phase. In certain embodiments, the phosphor does not comprise any
other crystalline phase. In other embodiments, the phosphor comprises
at least a first crystalline phase and a second crystalline phase. In
certain embodiments, the first crystalline phase is an orthorhombic
crystal system and the second crystalline phase is a triclinic
crystal system belonging to space group P1 (No. 1). In other
embodiments, the first crystalline phase is a triclinic crystal
system and the second crystalline phase is a triclinic crystal system
belonging to space group P1 (No. 1) which may be different than the
first crystalline phase. In some embodiments, it is possible for the
same crystalline phase to be classified as either orthorhombic or
triclinic with similar certainty. [0022] In certain embodiments, the
phosphor composition (2) comprises a crystalline phase that is a
triclinic crystal system belonging to space group P1 (No. 1), wherein
the unit cell parameter a of the host crystal is from about 6.9011 A
to about 7.3011 A; the unit cell parameter b of the host crystal is
from about 7.0039 A to about 7.4039 A; the unit cell parameter c of
the host crystal is from about 7.0728 A to about 7.4728 A; the unit
cell parameter a of the host crystal is from about 85 degrees to
about 92 degrees; the unit cell parameter p of the host crystal is
from about 81 degrees to about 88 degrees; and the unit cell



(g)WID7_yM(DyMOID12-x-y-zSix+y+z025-x-5/2-v/2Nx 6-zCz*st2H:A, wherein
0<x<12, 05 y<1, 0<z<x, z<x+5, 0<5<3, 05 v<1, and 0<x+y+z< 12;
wherein: MUD comprises at least one divalent cation; M(I) comprises
at least one monovalent cation; M(III) comprises at least one
trivalent cation; H comprises at least one monovalent anion; and A
comprises a luminescence activator doped in the crystal structure.
[0025] In certain embodiments of the composition (3, 4, 4a, 5, 5a, 6,
or 6a), M(II) comprises at least one divalent cation selected from
the group consisting of Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, and
Cd; M(III) comprises at least one trivalent cation selected from the
group consisting of B, Al, Ga, In, Sc, Y, La and Gd; M(I) comprises
at least one monovalent cation selected from the group consisting of
Li, Na, K, Rb, Cu, Ag and Au; and H comprises at least one monovalent
anion selected from the group consisting of F, Cl, Br and I. In some
embodiments, A comprises at least one luminescence activator selected
from the group consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb, Lu, Mn, Bi, and Sb. In further embodiments, A is doped in the
host crystal of the phosphor at the concentration level of 0.001 mol%
to 20 mol% relative to M(10 and M(I). The mol% of A can be adjusted
in increments of .0001 within this range. In some embodiments, A is
doped in the host crystal of the phosphor at a concentration level of
from about 0.01 mol% to about 10 mol%. In further embodiments, A is
doped in the host crystal of the phosphor at a concentration level of
from about 0.10 mol% to about 5 mol%.  WO
2011/142880PCT/US2011/028140  [0026] In some embodiments, the
phosphor composition (3, 4, 4a, 5, 5a, 6, or 6a) comprises a
crystalline phase that is a triclinic crystal system belonging to
space group P1 (No.!). In some embodiments, the phosphor consists of
only a single crystalline phase. In certain embodiments, the phosphor
does not comprise any other crystalline phase. In other embodiments,
the phosphor comprises at least a first crystalline phase and a
second crystalline phase. In certain embodiments, the first
crystalline phase is an orthorhombic crystal system and the second
crystalline phase is a triclinic crystal system belonging to space
group P1 (No. 1). In other embodiments, the first crystalline phase
is a triclinic crystal system and the second crystalline phase is a
triclinic crystal system belonging to space group P1 (No. 1) that may
be different from the first crystalline phase. In some embodiments,
it is possible for the same crystalline phase to be classified as
either orthorhombic or triclinic with similar certainty.  [00271 In
certain embodiments, the phosphor composition (3, 4, 4a, 5, 5a, 6, or
6a) further comprises one or more additional phosphors. In some
embodiments, the composition further comprises at least one phosphor
selected from the group consisting of: Ca1_.A1,ySii-x+xyN2-xxyCxy:A;
Cal,NaNOIDx.xy-iSii-x+xy+zN2-x-xyCxy:A;
MODI-x-M(DzM(IH)x-xy,Sii-x+xy+.1`12-x-xyCxy:A;
Mapi.x.,M(I),M(HI)x-xy-zSii-x+xy+zN2-x-xy-2w5Cxy0w-vr2H,:A; and
M(II),_x_zWILM(III)x-xy-zSilx+xy+zN2-x-xy-zwi3-w3Cxy0wIlv:A; wherein
0<x<1, 0<y<1, 0< z<1, 0< v<1, 0<w<1, x+z<1, x>xy+z, v/2<w,
x-xy-2w/3-v/3<2, and 0<x-xy-z<1; MOD is at least one divalent cation;
M(I) is at least one monovalent cation; M(111) is at least one
trivalent cation; H is at least one monovalent anion; and A is a
luminescence activator. [0028] In certain embodiments, the present
invention is directed to a composition comprising a phosphor that
comprises at least one carbon atom; at least one divalent cation



(e) MOI)7M(III)12Siny025-xsr2Nx alCy8/2:A, wherein 0<x<12, OS y<x,
0<x+y5 12, 0<8< 3, and 8<x+y;  (f)
YWOYMOI012-x-y-zSix+y42025-L+38/2Nx T 6-zCz:A, wherein 0<x<12, 05
y<x, 0<z<x, 0<x+y+z< 12, z<x+8, and 0<85 3;  (g)
MOI)7_yM(DyM(III)12-x-y-zSim.y+z025-xs/2N.-T s-iCiA8/2:A, wherein
0<x<12, OS y<x, 0<z<x, 0<x+y+z< 12, z<x+8, and 0<85 3;  (h)
M(I07_yM(DyMOID12-x-y-zSix+y+z025-x35/2-v/2Nx -T 8-zC1Hv:A, wherein
0<x<12, 0< y<1, 0<z<x, z<x+8, 0<853, 05 v<1, and 0<x+y+z< 12; and
(i) MalVyM(DyM(II1)12-krzSix+y+i025-xsn-w2Nx a-zCzBaHv:A, wherein
0<x<12, 0< y<1, 0<z<x, z<x+8, 0<8< 3,05 v<1, and 0<x+y+z< 12;
wherein: M(II) comprises at least one divalent cation; M(I) comprises
at least one monovalent cation; M(III) comprises at least one
trivalent cation; H comprises at least one monovalent anion; and  WO
2011/142880PCT/US2011/028140 A comprises a luminescence activator
doped in the crystal structure.  [0030] In certain embodiments of the
light emitting device, M(II) comprises at least one divalent cation
selected from the group consisting of Be, Mg, Ca, Sr, Ba, Cu, Co, Ni,
Pd, Zn, and Cd; MU) comprises at least one monovalent cation selected
from the group consisting of Li, Na, K, Rb, Cu, Ag and Au; M(III)
comprises at least one trivalent cation selected from the group
consisting of B, Al, Ga, In, Sc, Y, La and Gd; H comprises at least
one anion selected from the group consisting of F, Cl, Br and I; and
A comprises at least one luminescence activtor selected from the
group consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu, Mn, Bi, and Sb. In some embodiments, A is doped in the host
crystal of the phosphor at the concentration level of 0.001 mol% to
20 mol% relative to MOD. The mol% of A can be adjusted in increments
of .0001 within this range. In some embodiments, A is doped in the
host crystal of the phosphor at a concentration level of from about
0.01 mol% to about 10 mol%. In further embodiments, A is doped in the
host crystal of the phosphor at a concentration level of from about
0.10 mol% to about 5 mol%. 100311 In some embodiments, the first
luminescence spectrum is from about 300 nm to about 600 run. In
further embodiments, the first luminescence spectrum is from about
400 to about 550 run. In some embodiments, the light source is a
light emitting diode or a laser diode. In certain embodiments, the
device further comprises one or more additional phosphors. In some
embodiments, an additional phosphor emits red light when excited by a
light source. In certain embodiments, the light emitting device
further comprises at least a second phosphor having a formula
selected from the group consisting of
Cal,Alx.xySil.,,+xyN2.,,..yCxy:A; zSit-x+xy+z1'12-x_xyCxy:A;
Mapt-x-21\4(I).MOIDx-xy-zSii-x+xy+.N2.x.xyCxy:A;
1Sit-x+xy+zN2-x-xy-zwi3Cxy0,,..",2H,:A; and
M(11)1-x-zM(DzWilDx-xy-zSii.x+xy+zN2-x-xy-2w/3-vaCxy0wHAA; wherein
0<x<1, 0<y<1, 0< z<1, 0< v<1, 0<w<1, x+z<1, x>xy+z, v/25w,
x-xy-2w/3-v/3<2, and 0<x-xy-z<1; M(II) is at least one divalent
cation; M(I) is at least one monovalent cation; M(III) is at least
one trivalent cation; H is at least one monovalent anion; and A is a
luminescence activator. In further embodiments, the light emitting
device further comprises at least two additional phosphors. 100321 In
certain embodiments, the light emitting device further comprises at
least one additional phosphor that emits light having a peak in
wavelength range from about 480 to about -14-  WO
2011/142880PCT/US2011/028140 660 rim when excited by a light source.



[0037] As used herein, "dopant" refers to an atomic or ionic species
that is doped in a host crystal. [0038] As used herein, "particle"
refers to an individual crystal of phosphor. [0039] As used herein,
"grain" refers to an agglomeration, aggregation, polycrystalline or
polymorph of phosphor particles, where the particles are not easily
separated as compared to phosphor particles of a powder. [0040] As
used herein, the term "phosphor" refers to a phosphor in any
appropriate form, such as a phosphor particle, a phosphor grain, or
phosphor powder comprised of phosphor particles, grains, or a
combination thereof. [0041] As used herein, "light source" refers to
any source of light capable of exciting or irradiating the phosphors
of the present invention, including without limitation a Group III-V
semiconductor quantum well-based light emitting diode, a laser diode,
or a phosphor other than the phosphor of a light emitting device of
the present invention. The light source of the present invention can
either excite/irradiate the phosphor directly, or excite another
system to thereby provide the excitation energy for the phosphor
indirectly. [0042] Temperatures described herein for processes
involving a substantial gas phase are of the oven or other reaction
vessel in question, not of the reactants per se. [0043] "White
light," as used herein, is light of certain chromaticity coordinate
values (e.g., Commission Internationale de l'Eclairage (CIE)), which
are well-known in the art. Correlated color temperature of a light
source is the temperature of an ideal black-body radiator that
radiates light of comparable hue to that light source. Higher color
temperatures (5,000 K or more) are WO 2011/142880PCMIS2011/028140
called cool colors (or "cool white"); lower color temperatures
(2,700-3,000 K) are called warm colors (or "warm white"). [0044]
Throughout the specification, reference may be made to M(I), M(II),
and M(III), where M(I) is at least one monovalent cation, M(II) is at
least one divalent cation, and M(III) is at least one trivalent
cation. In addition to any values for these variables that may be
given with respect to a particular formulation, MOD may be selected
from the group consisting of Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn,
and Cd; M(1) may be selected from the group consisting of Li, Na, K,
Rb, Cu, Ag and Au; and M(III) is selected from the group consisting
of B, Al, Ga, In, Sc, Y, La and Gd. [0045] For the purposes of the
examples described herein, the quantum efficiency (QE) was measured
against the same internal standard sample. [0046] Unless defined
otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. All technical and scientific
terms used herein have the same meaning when used. It must be noted
that, as used herein and in the appended claims, the singular forms
"a", "and", and "the" include plural references unless the context
clearly dictates otherwise. [0047] In the description of phosphor
compositions, a conventional notation is used, wherein the chemical
formula for the host crystal is given first, followed by a colon and
the formula for the activator and co-activator(s). In certain
instances in this specification where the structure of a phosphor's
host crystal is discussed, the activator(s) may not be included when
referencing the phosphor's formulation. Brief Description of the
Figures [0048] FIGURES IA and 1B depict the XRD pattern of the
phosphor compositions of samples 1.1a and 1.1b, respectively. [0049]
FIGURE 2A depicts excitation (left curve) and emission (right curve)



[0062] FIGURE 15 depicts the thermal quenching profiles of the
phosphor compositions of samples 5.1, 3.5, and 5.6. [0063] FIGURE 16
depicts the excitation profile (left curve) and emission spectrum
(right curve) of the phosphor composition of sample 5.9. [0064]
FIGURE 17 depicts the reflection spectrum of the phosphor composition
of sample 5.9. [0065] FIGURE 18 depicts the excitation profile (left
curve) and emission spectrum (right curve) of the phosphor
composition of sample 5.7. [0066] FIGURE 19 depicts the reflection
spectrum of the phosphor composition of sample 5.7. [0067] FIGURE 20
depicts one embodiment of the light emitting device of the present
invention. [0068] FIGURE 21 depicts an embodiment of the light
emitting device of the present invention. [0069] FIGURE 22 depicts an
embodiment of the light emitting device of the present invention.
[0070] FIGURE 23 depicts an embodiment of the light emitting device
of the present invention. [0071] FIGURE 24 depicts the emission
spectra of a pcLED (at varying operating currents) packaged with the
phosphor composition of sample 3.2 and a blue-emitting LED chip.
[0072] FIGURE 25 depicts the luminance properties of the pcLED of
Example 5b. -19-  WO 2011/142880PCT/US2011/028140 [00731 FIGURE 26
depicts the emission spectrum of the pcLED of Example 5b. The left
curve depicts the spectrum of the bare LED. The right curve depicts
the spectrum of the LED combined with the phosphor composition
described in Example 5b. Detailed Description [0074] In certain
embodiments, the present invention is directed to a novel family of
oxycarbonitride phosphors expressed by: (I)MaDaSibO,NdCe:A wherein
6<a<8, 8<b<14, 13<c<17, 5<d<9, 0<e<2; preferably 6.5<a<7.5,
8.5<b<12.5, 14<c<16, 6<d<7.5, 0<e<1. Map comprises at least one
divalent cation, and may be selected from the group including Be, Mg,
Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and other divalent transition
metal ions. A comprises a luminescence activator doped in the crystal
structure at the concentration level from about 0.001 mol% to about
20 mol%, preferably from about 0.1 mol% to about 10 mol%, relative to
M(II). A can be at least one metal ion selected from the group
including Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi,
Sb, preferably Eu2+, Ce3+, Tb3+, Yb2+ and Mn2+. [0075] These
phosphors may contain a single crystalline phase, or, in the
alternative, two or more crystalline phases. In certain embodiments,
the phosphors of this family exhibit an orthorhombic crystalline
phase or a triclinic crystal system. In other embodiments, the
phosphors of this family exhibit a high proportion of an orthorhombic
crystalline phase. In other embodiments, these phosphors exhibit a
second triclinic crystalline phase belonging to space group P1 (No.
1). [0076] In certain embodiments, the present invention is directed
to a novel family of oxycarbonitride phosphors expressed by:
(2)M(II)7A112"Sixi-y025-xNx.yCy:A  WO 2011/142880PCT/1182011/028140
wherein 0<x5 12, 0<y<x, and 0<x+y< 12. MOD comprises at least one
divalent cation, and may be selected from the group including Be, Mg,
Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and other divalent transition
metal ions. A comprises a luminescence activator doped in the crystal
structure at the concentration level from about 0.001 mol% to about
20 mol%, preferably from about 0.1 mol% to about 10 mol%, relative to
M(II). A can be at least one metal ion selected from the group
including Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi,
Sb, preferably Eu2, Ce3+, Tb31-, yb2+ and mn2+. [0077]
Compositionally, the host crystalline substance of composition (2)



phase belonging to space group PI (No. 1). In other embodiments, the
phosphors of this family exhibit a high proportion of a triclinic
crystalline phase belonging to space group PI (No. 1). In  WO
2011/142880PCT/US2011/028140 other embodiments, these phosphors
exhibit a second crystalline phase that can be classified as either
an orthorhombic crystal system or a triclinic crystal system. [0080]
In certain embodiments, the present invention is directed to a novel
family of oxycarbonitride phosphors expressed by: (3)
M(II)7M(III)wherein Occ< 12, 0<x+y< 12, and 0<y<x. MUD comprises at
least one divalent cation, and may be selected from the group
including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and other
divalent transition metal ions. M(III) comprises at least one
trivalent cation, and may be selected from the group including B, Al,
Ga, In, Sc, Y, La and Gd, and other trivalent metal ions. A comprises
a luminescence activator doped in the crystal structure at the
concentration level from about 0.001 mol% to about 20 mol%,
preferably from about 0.1 mol% to about 10 mol%, relative to MOH. A
can be at least one metal ion selected from the group including Ce,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, Sb,
preferably Eu2+, Ce3+, Tb3+, y02+ and Mn2+. [0081] In certain
embodiments, the present invention is directed to a novel family of
oxycarbonitride based phosphors expressed by: (4)
M(11)7M(III)12_x-ySix+y025-x-+38/2Nx 8-yCy:A wherein 0<x<12, y<x,
0<x+y< 12, 0<8< 3, and 5<x+y. M(H) comprises at least one divalent
cation, and may be selected from the group including Be, Mg, Ca, Sr,
Ba, Cu, Co, Ni, Pd, Zn, Cd and other divalent transition metal ions.
M(III) comprises at least one trivalent cation, and may be selected
from the group including B, Al, Ga, In, Sc, Y, La and Gd, and other
trivalent metal ions. A comprises a luminescence activator doped in
the crystal structure at a concentration level from about 0.001 mol%
to about 20 mol%, preferably from about 0.1 mol% to about 10 mol%,
relative to M(II). A can be at least one ion selected from the group
including Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Li,
Sb, preferably Eu2+, Ce3+,3Tb +, yb2+ and mn2+.  WO
2011/142880PCT/US2011/028140  f00821 In the phosphor of composition
(4), 0 and N atoms can be exchanged with one another in a ratio of
1.5 (oxygen) to 1 (nitrogen), or 38/2 (oxygen) to 8 (nitrogen). The
replacement of 0 with N allows the Si atom to be coordinated with 0
and N atoms in varying ratios. It is pointed out, however, that the
total number of the coordinated atoms does not remain constant, as 0
is replaced by N in composition (4), i.e., 1.5 0 atoms replace 1 N
atom. In order for the number of coordinated atoms (0, N and C) to
remain constant, the composition can be expressed as follows:
(4a)M(II)7M(III)12_._ySirf.y025-xarzNx; a.yC:A 100831 In certain
embodiments, the present invention is directed to a novel family of
oxycarbonitride phosphors expressed by:
(5)M(I1)7_yM(DyM(III)12-X-y-ZSiX+y-12025-X*35/2Nx c5-zCz:A wherein
0<x<12, 0< y<x, 0<z<x, 0<x+y+z< 12, z<x+8, and 0<853. M(II) comprises
at least one divalent cation, and may be selected from the group
including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and other
divalent transition metal ions. M(I) comprises at least one
monovalent cation, and may be selected from the group including Li,
Na, K, Rb, Cu, Ag and Au. M(III) comprises at least one trivalent
cation, and may be selected from the group including B, Al, Ga, In,
Sc, Y, La and Gd, and other trivalent metal ions. A comprises a



[0088] In certain embodiments, the second illuminant comprises at
least one additional phosphor. The additional phosphor or phosphors
can, for example, emit light having a peak in wavelength range from
about 480 nm to about 660 urn, preferably from about 500 nm to about
650 nm, and more preferably from about 520 urn to about 640 nm.
[0089] In the phosphor compositions of the present invention,
luminescence activator A can be doped in the host crystal of the
phosphor either substitutionally or interstitially at a concentration
level from about 0.001 mol% to about 20mol% relative to the total
mol% of the respective divalent and monovalent cations. In some
embodiments, A is doped in the crystal structure of the phosphor at a
concentration level from about 0.01 molc/0 to about 7 mol% relative
to the total mol% of the divalent and monovalent cations. In other
embodiments, A is doped in the crystal structure of the phosphor at a
concentration level from about 0.05 mol% to about 5 mol% relative to
the total mol% of the divalent and monovalent cations. [0090] In
certain embodiments, A comprises at least one co-activator. The
co-activator may be selected from, but not limited to, the group
including Cc, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi,
Sb, preferably Eu2+, Ce3+, Tb3+, Yb2+ and Mn2+, and the group
including halogen anions, F, Cl, Br and I. The concentration level of
the co-activator can be from about 0.001% to about 50% relative to
the activator.  WO 2011/142880PCT1US2011/028140 100911 In certain
embodiments, the phosphor compositions of the present invention
comprise at least one crystalline phase which is a triclinic crystal
system belonging to space group P1 (No. 1), an orthorhombic crystal
system, or another triclinic crystal system. In certain embodiments,
the phosphor compositions of the present invention comprise at least
two different crystalline phases selected from the following: a
triclinic crystal system belonging to space group P1 (No. 1), an
orthorhombic crystal system, and another triclinic system. In certain
embodiments, it is possible that a crystalline phase can be
classified as either orthorhombic or triclinic with similar
certainty. 100921 In certain embodiments, the phosphor compositions
of the present invention maintain at least 70% of their relative
emission intensity at temperatures up to 250C. In other embodiments,
the phosphor compositions of the present invention maintain at least
85% of their relative emission intensity at temperatures up to 250C.
In other embodiments, the phosphor compositions of the present
invention maintain at least 90% of their relative emission intensity
at temperatures up to 250C. In certain embodiments, the phosphor
compositions of the present invention maintain at least 70% of their
relative emission intensity at temperatures up to 200C. In certain
embodiments, the phosphor compositions of the present invention
maintain at least 85% of their relative emission intensity at
temperatures up to 200C. In other embodiments, the phosphor
compositions of the present invention maintain at least 90% of their
relative emission intensity at temperatures up to 200C. In further
embodiments, the phosphor compositions of the present invention
maintain at least 90% of the relative emission intensity at
temperatures up to 150C. In other embodiments, the phosphor
compositions of the present invention maintain at least 95% of their
relative emission intensity at temperatures up to 150C. 100931 In
certain embodiments, the median diameter of the phosphor particles of
the present invention can be from about 2 to about 50 microns,



(a) Cal_xAlx_xySii-x+xylli_x_wCxy:A; (b)
Cai-x-zNazM(HI)x_xy-zSit.x+.5H-zN2_x_xyCxy:A; (c) M(II)
-x-z1V1(Da010x-xy-zSi -x+xy+zN2.x.xyCxy:A; (d)
WW11,0,y-rzN2-x-xy-2w/3Cxy0w-w2Hv:A; and (e) MOD
i-x-a(DzMaipx-xy-zSit-x+xy+242-x-xyzwti-vaCxy0,,,B,:A; wherein:
0<x<1, 0<y<1, 0< z<1, 05 v<1, 0<w<1, x+z<1, x>xy+z, v/25w,
x-xy-2w/3-v/3<2, and 0<x-xy-z<1; M(Ii) is at least one divalent
cation; M(I) is at least one monovalent cation; M(III) is at least
one trivalent cation; H is at least one monovalent anion; and A is a
luminescence activator.  WO 2011/142880PCT/US20111028140 [00106] In
the case that multiple phosphor compositions are used, it may be
advantageous that the multiple phosphor compositions are suspended in
each matrix, and, in that case, these matrices can be disposed back
and forth in the light propagation direction. Thereby, the matrix
concentration can be reduced compared with the case that the
different phosphor compositions are dispersed and mixed together.
1001071 The present invention is not to be limited in scope by the
specific embodiments in the following examples, which are intended
only as exemplary illustrations of the invention. Indeed, various
modifications of the invention in addition to those shown and
described herein will become apparent to those skilled in the art and
are intended to fall within the scope of the appended claims.
Examples Preparation and Processes [00108] For all examples described
herein, the solid powders selected from SrCO3, CaCO3, BaCO3,
4MgCO3?Mg(OH)24H20 or MgO, SrE2, CaF2, Li2CO3, AIN, Al203, Si3N4,
Si02, SiC, and Eu203 were mixed in the designed ratios specified in
the following examples. The mixture was then pulverized by ball
milling or grinding for prolonged duration, e.g., 6 hours, by dry or
wet milling. The pulverized mixture was dried and sieved, and then
loaded in a firing crucible. Subsequently, the mixture was fired at
1300 - 1600 C for 6 - 12 hours in inert or reducing atmosphere, e.g.,
forming gas (N21H2) or N2 in a high temperature furnace. After the
firing, the product powder was cooled down to room temperature and
ground and sieved. Example 1: The preparation of phosphors
compositions of family (1) [00109] In this example, exemplary
phosphor compositions of family (1), MallaSibOcNdC.:A, are
demonstrated, wherein M(II) is Sr; A is Eu2+; and 6.5<a<7.5,
8.5<b<12.5, 14<c<16, 6<d<7.5, and 0<e<1. The exemplary preparations
were conducted by firing the mixture of the starting materials in the
designed ratios listed in Table 1. The phosphor compositions obtained
by this process have the target compositions of oxycarbonitride
expressed by sample numbers 1.1 and 1.2 based on the starting amounts
set forth in Table 1. The phosphor compositions obtained are  WO
2011/1428801'CT/US2011/028140 crystalline powders with a
greenish-yellow body color. The luminescence properties of the
resultant phosphor compositions are also listed in Tables lA and 1B.
Note that samples 1.1a and 1.1b are created with the same starting
materials, but that sample 1.1b was subjected to long-time annealing
as further described below. Table 1A. The amount of starting
materials (in grams) and luminescence properties of the resultant
phosphor compositions of Example 1.  Sample ID Sr"SibOeNdC.:Eu2+ , "
. Luminescence Characteristics  3rt.,u3 



SIC Si02 Si3N4 Eu203 QE, % Atm, run FWHM, nm 1.1a 2.2762 0.0676
0.4556 0.5910 0.0544 45.6 537 103 1.2 2.2762 0.0450 0.4387 0.7091
0.0544 53.7 537 103  Table 1B. The amount of starting materials (in
grams) and luminescence properties of the resultant phosphor
compositions of Example 1 with long-time annealing.  Sample ID
SraSibOcNaCerEu2+ Luminescence Characteristics  



n_ine, 3D-A.13 . SIC S102 SI3N4 Eu203 QE, % Xem, DM FWHM, nm 1.1b
2.2762 0.0676 0.4556 0.5910 0.0544 94 540 77  100110] The phosphor
materials were characterized by X-ray powder diffraction (XRD). The
XRD pattern shows that this phosphor may be in one crystalline phase
or another depending on the heating conditions. The representative
XRD patterns for samples 1.1a and 1.1b are shown in Figure IA and
Figure 1B, respectively. The XRD pattern shown in Figure IA indicates
that the sample 1.1a contains mainly one crystalline phase which can
be indexed to either an orthorhombic (STRUCTURE I) or a triclinic
crystal system (STRUCTURE II). The observed X-ray powder diffraction
data for sample 1.1a is listed in Table 2A. The unit cell parameters
for the STRUCTURE I and STRUCTURE II are summarized in Tables 2B and
2C. With long-time heating and annealing for an additional time of
about 9-12 hours at about I 100C-1300C, this crystalline sample
transformed into another triclinic phase (STRUCTURE III) along with a
small amount of strontium silicate phase, as shown in Figure 1B. The
observed XRD data and unit cell parameters for the STRUCTURE III are
summarized in Tables 3A and 3B.   Table 2A. The observed X-ray
diffraction data of sample 1.1a.  20 d (A) Vlo (%) 12.972 6.8194 1.9
13.750 



6.4348 1.2 17.316 5.1171 0.9 18.990 4.6696 3.9 21.072 4.2127 9.9
24.208 3.6735 1.9 25.290 3.5187 15.3 26.210 3.3973 47.3 27.669 3.2213
35.4 28.430 3.1368 100.0 29.471 3.0284 2.2 30.990 2.8834 1.8 



32.130 2.7836 21.4 34.709 2.5824 8.3 35.872 2.5014 13.4 39.450 2.2823
7.9 40.150 2.2441 11.1 41.390 2.1797 2.0 42.031 2.1479 9.7 42.970
2.1032 1.6 45.010 2.0125 38.1 45.669 1.9849 15.7 46.973 1.9328 



2.7 48.150 1.8883 3.7 49.029 1.8565 2.7 49.590 1.8368 2.7 50.308
1.8122 3.4 51.230 1.7818 3.4 51.631 1.7689 3.5 52.310 1.7475 7.3
53.390 1.7147 7.9 54.210 1.6907 4.8 54.551 1.6809 7.2 56.910 



1.6167 4.9 57.030 1.6136 5.2 57.350 1.6053 8.1 58.250 1.5826 4.9
59.111 1.5616 1.0 59.711 1.5473 2.9 62.191 1.4915 5.1 62.330 1.4885
4.9 62.852 1.4774 1.4 63.791 1.4579 1.4 65.130 1.4311 1.8 



65.249 1.4288 1.7 67.689 1.3831 2.1 70.991 1.3266 2.8 71.149 1.3241
2.8 71.949 1.3113 3.6 73.551 1.2867 1.8 73.749 1.2837 2.7 75.708
1.2553 1.5 76.171 1.2488 2.1  WO 2011/142880PCT/US2011/028140 Table
2B. Crystal unit cell parameters of sample 1.1a indexed to an
orthorhombic crystal system (STRUCTURE 0. Crystal system:
Orthorhombic  Lattice Parameters: a = 11.271 A, b= 8.443 A, c = 7.867
A Unit cell volume = 748.63 A3 



Table 2C. Crystal unit cell parameters of sample 1.1a indexed to a
triclinic crystal system (STRUCTURE II). Crystal system: Triclinic
(P1) Lattice Parameters a = 11.249 A, b=8.431 A, c = 7.862 A a =
90.00 p = 89.89 y = 89.81 Unit cell volume = 765 A3 Table 3A. The
observed X-ray powder diffraction data of sample 1.1b indexed to a
triclinic crystal system (STRUCTURE III).    20 d (A) "10 (%) (hkl)
12.570 7.0364 4.3 ( 0 1 0) 15.611 5.6720 1.1 ( 1 1 0) 17.749 4.9931
2.8 ( 0 1 1) 20.130 4.4076 1.8 (-1 1 0) 23.027 3.8592 



1.5 ( 1-1 1) 25.309 3.5162 32.6 ( 0 2 0) 25.952 3.4305 12.2 ( 1 2 0)
26.750 3.3300 21.6 ( 1 0 2) 27.710 3.2168 23.4 ( 0-1 2) 28.471 3.1324
11.0 ( 1 2 1) 28.810 3.0964 9.2 ( 1 1 2) 29.750 3.0007 14.1 (-2 0 1)
30.249 2.9522 



13.6 (-1-1 2) 31.090 2.8743 46.2 ( 1-1 2) 31.410 2.8457 25.7 (-1 2 0)
31.650 2.8247 100.0 (-2 1 0) 32.889 2.7211 2.3 (-1 I 2) 34.350 2.6086
13.3 (-1 2 1) 34.790 2.5766 3.0 ( 2 1 2) 35.531 2.5246 16.6 ( 1 2 2)
36.531 2.4577 



0.9 (-1-22) 37.630 2.3884 29.7 (-2 0 2) 38.230 2.3523 3.8 ( 1 3 0)
39.011 2.3070 13.6 ( 2-1 2) 40.169 2.2431 1.0 (-1-3 0 40.930 2.2031
7.6 ( 0 3 1) 41.651 2.1667 2.8 (-3-1 1) 41.968 2.1510 3.6 ( 3 2 0)
44.008 2.0559 



2.7 (-1 3 0)  WO 2011/142880   PCT/US2011/028140 44.370 2.0400 8.3 (
2 1 3) 45.009 2.0125 6.6 (-3-2 1) 46.089 1.9678 3.2 ( 0 2 3) 47.030
1.9306 5.7 ( 3 2 2) 48.050 1.8920 2.3 ( 2 3 2) 48.410 1.8788 6.7 ( 2
2 3) 48.990 



1.8579 2.8 (-3 0 2) 49.610 1.8361 5.2 ( 3-1 2) 50.310 1.8122 8.7 ( 3
3 I) 50.912 1.7921 3.8 ( 1 4 0) 51.650 1.7683 10.2 (-3-3 1) 52.271
1.7487 5.7 ( 4 1 0) 53.410 1.7141 5.2 ( 2 4 0) 54.253 1.6894 2.1 ( 3
3 2) 55.151 



1.6640 13.0 ( 3 2 3) 57.171 1.6099 5.2 ( 1 4 2) 57.610 1.5987 5.9 (-1
4 0) 58.291 1.5816 9.6 ( 4 2 2) 59.413 1.5544 1.9 ( 0 4 2) 59.711
1.5474 5.5 ( 3 4 1) 60.291 1.5339 1.2 (-2-42) 62.228 1.4907 1.1 ( 3 1
4) 62.910 



1.4761 6.0 ( 4 1 3) 64.611 1.4413 2.5 ( I 4 3) 66.427 1.4063 2.6 ( 2
5 0) 69.031 1.3594 4.1 ( 0 5 1) 69.650 1.3489 1.9 ( 4 3 3) 71.911
1.3119 3.9 ( 5 3 1) 73.910 1.2813 3.7 ( 1 4 4)  Table 3B. Crystal
unit cell parameters of sample 1.1b indexed to a triclinic crystal
system (STRUCTURE III).    Crystal system: Triclinic  Lattice
Parameters: a = 7.03373 A, b= 7.14537 A, c= 7.28065 A = 89.50, p =
85.27, y = 76.72 



Unit cell volume = 354.9 A3 [00111] The luminescence excitation and
emission spectra of samples 1.1a and 1.1b are shown in Figures 2A and
2B, respectively. The luminescence is efficiently excited in a
wavelength range of 410 nm to 490 nm, and the luminescence emission
emits in the range of 510 rim to 600 rim, peaking at about 540 nm.
The thermal quenching characteristic of samples 1.1a and 1.1b are
shown in Figure 3. It shows that the luminescence maintenance of the
phosphor composition of sample 1.1a at 150C is about 85% of that at
room temperature. At low temperatures, sample 1.1b exhibited a
slightly better luminescence maintenance compared to sample 1.1a.
However at  WO 2011/142880PCT/US2011/028140 temperatures above about
100C, sample 1.1a exhibited superior luminescence maintenance
compared to sample 1.1b. Example 2: The preparation of phosphor
compositions of family (2) Example 2a: Sr7,1112-x-ySim02.5-xNx-yCy:
Eu2+, (x-Fy=12) [00112] To prepare the exemplary phosphor
compositions of family (2), Sr7A.112.x.ySix+y025_.Nx. yCy:Eu2+
(x+y=12), or Sr7Si12025.xN..yCy:Eu2+, the starting materials were
mixed in designed ratios listed in Table 4. The samples were prepared
by following the preparation processes described above. The phosphor
compositions obtained by the process have the target compositions of
oxycarbonitride expressed by Sr7Si12025-xNA.yCy:Eu2+ based on the
starting amounts set forth in Table 4 (see also Figure 6). The
phosphor compositions obtained are crystalline powders with a green
or yellow-green body color. The luminescence properties of the
resultant phosphor compositions are also listed in Table 4.  WO
2011/142880PCT/US2011/028140 Table 4. The amount of starting
materials (in grams) and luminescence properties of the resultant
phosphor compositions in Example 2a (Sr7A112.",Sirly025..Nx.yCy:Eu2+;
x+y=12).  Sample ID Sr7Si12025..Nx.yCy:Eu2t Luminescence
Characteristics  n_,,,, 311A-13 n., 31L Si02 Si31%14 E11203 QE, %
Xem, nm FWHM, nm 2.1 2.2751 0.0450 0.4387 0.8666 0.0553 



55.2 541 101 2.2 2.2751 0.0901 0.4724 0.7878 0.0553 58.3 541 99 2.3
2.3060 0.0904 0.4740 0.7905 0.0278 69.4 532 78 2.4 2.2751 0.0901
0.4724 0.7878 0.0553 75.2 534 104 2.5 2.2137 



0.0895 0.4693 0.7826 0.1099 80.9 538 79 2.6 2.2137 0 0.4022 0.9391
0.1099 85 539 79 2.7 2.2137 0.0224 0.4190 0.9000 0.1099 87.3 541 79
2.8 2.2137 0.0447 0.4357 0.8608 0.1099 80 



539 79 2.9 2.2137 0.0895 0.4692 0.7826 0.1099 80.9 538 79 2.10 2.2137
0.1342 0.5028 0.7043 0.1099 89.4 541 77 2.11 22137 0.1342 0.5028
0.7043 0.1099 79.2 537 107 2.12 2.2137 0.1789 



0.5363 0.6261 0.1099 72.9 539 104 2.13 2.2137 0.2237 0.5698 0.5478
0.1099 76.8 538 80 2.14 2.2137 0.0895 0.4693 0.7826 0.1099 81 541 80
2.15 2.2751 0.0676 0.4555 0.5909 0.0553 63.1 536 



106 2.16 2.2137 0.0671 0.4525 0.5869 0.1099 683 541 80 2.17 2.2137
0.0895 0.4693 0.4695 0.1099 55 538 112 2.18 2.2137 0.1342 0.5028
0.7043 0.1099 85.6 541 77 2.19 2.2137 0.1789 0.5363 



0.6261 0.1099 69.7 540 76 2.20 2.2137 0.2237 0.5698 0.5478 0.1099
69.7 539 78 2.21 2.2137 0.2684 0.6033 0.4695 0.1099 76.2 538 77
[001131 Figure 4A shows the luminescence excitation and emission
spectra of sample 2.10. The XRD pattern for sample 2.10 that is shown
in Figure 4B demonstrates that this phosphor composition contains
mainly one crystalline phase. The diffraction patterns of exemplary
sample 2.10 can be indexed to a triclinic crystal system belonging to
space group PI (No.1). The resultant unit cell parameters of sample
2.10 are summarized in Table 5. This structure is similar to
STRUCTURE III discussed above.  WO 2011/142880PCT/1JS2011/028140
Table 5. Crystal structure parameters of sample 2.10 Crystal system:
Triclinic Space group: 1)1 (No. 1) Density: 3.736 g/cm3; Z: 4 Unit
cell volume = 359.71 A3              Lattice Parameters  a =
7.1011(37) A b= 7.2039(8) A c = 7.2728(2) A  = 88.931(4)p =
84.915(5)y = 76.093(2)  



[00114] The luminescence of sample 2.10 is efficiently excited in a
wavelength range of about 410 nm to about 490 nm, and the
luminescence emission emits in the range of about 510 nm to about 600
nm, peaking at about 540 nm. Compared with sample 1.1a, it is
observed that the excitation profile of sample 2.10 is different from
that of sample 1.1a, and that the emission curve of sample 2.10 is
also different from that of sample 1.1. These facts indicate that the
different crystalline structures lead to different luminescence
properties between the sample 2.10 and the sample 1.1a. The thermal
quenching profile of 2.10 is shown in Figure 5. It shows that the
luminescence maintenance at 150C of each sample is about 90% of that
at room temperature. [00115] The exemplary samples of composition
(2), 2.5, 2.7, 2.8, 2.9 and 2.13, contain mainly two phases, the
STRUCTURE I (or STRUCTURE II) as demonstrated in Example I and the
STRUCTURE III demonstrated by the sample 2.10. These phosphor
compositions have mainly two crystalline phases and contain varied
content of carbon. It is noticed that the amount of the STRUCTURE I
(or STRUCTRUE II) relative to that of the STRUCTURE III is varied as
the content of carbon changes in the series of 2.7, 2.8, 2.9 and
2.10, as shown by the XRD patterns in Figure 6. Meanwhile, the peak
of diffraction (-2 1 0) is shifted toward higher 20 angle as the
content of carbon increases (Figures 7A and 7B), indicating the
shrinkage of the lattice of the triclinic (P1) phase. [00116] The
luminescence emission spectra of exemplary samples of composition (2)
are shown in Figure 8. The phosphor compositions emit green or
yellow-green light under blue or nUV light excitation. The thermal
quenching characteristics of two samples, shown in Figure 9, are
nearly the same at temperatures of 25-150C, and become different at
temperatures higher than  WO 2011/142880PCT/US2011/028140 150C.
Compared to a phosphor having no carbon in its structure (e.g. 2.6),
the phosphor composition having carbon in its structure (2.5) has a
higher thermal stability. Example 2b:
(Sr,Mg)7,1111,,iSix+y025-xN,,Cy:Eu2, (x+y-12) [00117] The phosphors
of composition (Sr,Mg)7A.112Siny025.,,IV..yCy:Eu2, (x+y=12) (or
(Sr,Mg),Si12025.N".yC1:Eu2+), were prepared by the processes
described above. The starting materials were mixed in designed ratios
listed in Table 6. Compared with the composition of Example 2a, Mg
has been incorporated into the composition. Table 6. The amount of
starting materials (in grams) and luminescence properties of the
resultant phosphor compositions in Example 2b
((Sr,Mg)7A112,Six+y025N..yCy:Eu2+; x+y=12).  Sale mp ID
(Sr,Mg),SL2025...N,...),CiEu2+ Luminescence Characteristics  SrCO3
SIC Si02 813144 Eu203 MgO QE, % X,"" nm FWIEM, nm 3.1 2.1964 0.0453
0.3597 0.9349 0.1113 0.0122 87 



541 77 3.2 2.1964 0.0906 0.3936 0.8557 0.1113 0.0122 963 541 76 3.3
2.1964 0.1359 0.4276 0.7764 0.1113 0.0122 85 541 77 3.4 2.1964 0.1812
0.4615 0.6972 0.1113 0.0122 83.6 543 76 



3.5 2.1931 0.0904 0.4134 0.8386 0.1111 0.0122 89.9 541 76 3.6 2.1931
0.1809 0.4811 0.6804 0.1111 0.0122 87.6 542 76 3.7 2.1832 0.1351
0.5060 0.7088 0.1106 0.0122 80 542 76 3.8 2.1756 



0.1353 0.5068 0.7099 0.1108 0.0152 78.7 541 77 3.9 2.1679 0.1355
0.5076 0.7111 0.1110 0.0183 71.1 543 77 3.10 2.1601 0.1357 0.5084
0.7122 0.1112 0.0214 73.7 538 75 3.11 2.1524 0.1359 0.5092 



0.7133 0.1114 0.0245 69.3 545 77 3.12 2.1832 0.0900 0.4722 0.7876
0.1106 0.0122 74 541 76 3.13 2.1756 0.0902 0.4730 0.7888 0.1108
0.0152 85.7 543 76 3.14 2.1679 0.0903 0.4737 0.7901 0.1110 



0.0183 82.5 541 76 3.15 2.1601 0.0905 0.4745 0.7913 0.1112 0.0214
80.3 541 76 3.16 2.1524 0.0906 0.4753 0.7926 0.1114 0.0245 75.3 545
77  1001181 For the series of samples 3.1, 3.2, 3.3 and 3.4, the XRD
patterns (see Figure 10) show that the each of the phosphor
compositions contains mainly two phases, the orthorhombic and the
triclinic phase, as observed in Example 1 and Example 2a,
respectively. The diffractions from the triclinic phase are shifted
toward higher 20 angles as the content of carbon increases in the
composition, as typically shown by the peak (-2 1 0) in Figure 11.
This observation indicates  WO 2011/142880PCT/US2011/028140 shrinkage
of the crystal lattice as the content of carbon increases in the
composition, and an accompanying increase in oxygen content in the
lattice. [00119] Figure 12 shows the thermal quenching profile of the
luminesce emission of sample 3.2. The lumen maintenance is about 95%
at 150C, indicating a very high lumen maintenance of this phosphor
composition. Example 2c: (Sr,llig7il1n-x9Six-iy02s-xNx-yCy:Eu2+,
(x+y=12) [00120] The phosphors of composition
(Sr,Mg)2A112.ySix+y025-xNx-yCy:Eu2+, (x+y=12), or
(Sr,Mg)2Si,2025../s1..yCy:Eu2+, were prepared by the processes
described above. The raw materials were mixed in designed ratios
listed in Table 7. Compared to the compositions of Examples 2a and
2b, the content of carbon is systematically altered in this Example
2c, while maintaining the content of oxygen from Si02 as constant in
the composition. 



Table 7. The amount of starting materials (in grams) and luminescence
properties of the phosphors of Example 2c
((Sr,Mg)2A112.x_ySix+y025_xNx_yCy:Eu2; x+y=12). Sample ID
(SrMg)7Si12023.xN,e.3,Cy:Eu2+ Luminescence Characteristics  SrCO3 SiC
Si02 Si31\14 E11203 MgO QE. A Xem, nm FWHM, ran 4.1 2.1832 0.0000
0.4048 0.9451 0.1106 0.0122 85.5 541 77 4.2 2.1886 0.0451 0.4061
0.8945 0.1109 0.0122 85.5 



539 77 4.3 2.1941 0.0905 0.4075 0.8437 0.1112 0.0122 76.1 538 77 4.4
2.1997 0.1361 0.4078 0.7935 0.1115 0.0123 70.9 541 76 4.5 2.2052
0.1819 0.4092 0.7422 0.1118 0.0123 68.2 541 76 



[00121] The XRD pattems for these exemplary compositions are shown in
Figure 13. Similar to those of Example 2b, the XRD data show that
each of the phosphors contains mainly two phases, the STRUCTURE I
(orthorhombic) or STRUCTURE II (triclinic), and the STRUCTURE III
(triclinic). It is found that the amount of STRUCTURE III relative to
that of the STRUCTURE I (or STRUCTURE II) is varied as the content of
carbon changes in the series of 4.1, 4.2, 4.3, 4.4 and 4.5,
indicating an effect of carbon content on the crystal structures.
When the content of oxygen is fixed, the diffractions of the
STRUCTURE III (-2 1 0) are shifted toward higher 20  WO
2011/142880PCT/US2011/028140 angle (Figures 14A and 14B) as the
content of carbon increases, corresponding to the lattice shrinkage
due to the Si-C incorporation. Example 3: The preparation of phosphor
compositions of family (4) [001221 The phosphors of composition
MOD7M(I1012-x-ySix+y025-xA36/2Nx -T- reyCy:A (M(II)=Sr, Ba, Ca;
x+y=12) (or M(II)2Sii2023-3&21\ix s.yCy:Eu2+) were prepared by the
processes described above. The raw materials were mixed in designed
ratios listed in Table 8. Compared with the compositions of Examples
2, the ratio between nitrogen and oxygen in the preparations of this
Example 3 is systematically altered by varying the amount of Si02 and
Si3144 in the starting materials as well as the change of the type of
M(II). Table 8. The amount of starting materials (in grams) and
luminescence properties of the phosphor compositions of Example 3
(M(I1)2M(III)L2-x-ySix+y025-x38/2Nx -T 8-yCy:EU2+; M(1)=Sr, Ba, Ca;
x+y=12). Sample ID MOD7Si12025-xt38/2Nx T 5-yCy:EU2 , ,,,..,
Luminescence Characteristics  Mt-Ai; r, .," SlL ,.,, J1V2 Si3N4 EU203
QE, % Xem, run FWHM, run 5.1 2.2137 0.0895 0.4693 0.7826 0.1099 85.6
541 



77 5.2 2.2137 0.1342 0.5028 0.7043 0.1099 69.7 540 76 5.3 2.2137
0.1789 0.5363 0.6261 0.1099 69.7 539 78 5.4 2.2137 0.2237 0.5698
0.5478 0.1099 76.2 538 77 5.5 2.2137 0.2684 0.6033 



0.4695 0.1099 51.1 541 77 5.6 2.2269 0.0900 0.3911 0.8502 0.1106 82.2
542 77  Sample ID MaD7S112025-x36/2Nx T a- Cy:Eu2 Luminescence
Characteristics  "" nc. aLv3 , .," we , or02 Si3N4 Eu203 MgO QE, %
Xem, nm FWHM, nm 5.7 23702 0.0717 



0.3759 0.6268 I 0.0881 0 81.5 495 39 5.8 2.2343 0.0751 0.3937 0.6565
0.0922 0.0507 40.6 494 47  Sample ID M(11)7Si12025-x36/2Ne T
EeyCy:E112 ,,,  Luminescence Characteristics  CaCO33 mt_. Si02 Si3N4
Eu203 MgO QE, % Xem, nm 



FWHM, run 5.9 1.9686 0.1174 0.6155 1.0265 0.1442 0 33.1 563 93 5.10
1.7903 0.1186 0.6219 1.0372 0.1457 0.0801 36.9 561 91  WO
2011/142880PCT/11S2011/028140 1001231 The temperature dependencies of
the emission intensity for samples 5.1, 5.6, and 3.5 are illustrated
in Figure 15. The luminous maintenance at high temperatures, e.g.,
I50C, increases as the ratio of N/0 increases. This demonstrates that
the N/O ratio in the composition has a clear effect on the thermal
stability of the luminescence emission in the high temperature range.
The excitation and emission spectra for sample 5.9 is shown in Figure
16, and its reflection spectrum is shown in Figure 17. The excitation
and emission spectra for sample 5.7 is shown in Figure 18, and its
reflection spectrum is shown in Figure 19. As shown in Figure 18,
sample 5.7 has a narrow bandwidth compared to other exemplary samples
of the invention, about 39 nm, where most other samples have a
bandwidth of between about 70 and 80 nm. It is also noted that sample
5.7 peaks at less than 500 nm. Example 4: The preparation of phosphor
compositions of family (6) [00124] The phosphors of
compositionMOI)7.yM(HyM(m) ....-.,12Six+y+z025-xis/2-vaNx6- zCzliv:A,
where M(II)Sr, M(I)=Li, M(III)=A1, H=F, and A=Eu2+, (or
Sr7.yLiyA112...y.zSix+y+z025- x38/2-w2Nx 8.1CzFv:Eu2) were prepared
by the processes described above. The raw materials were mixed in
designed ratios listed in Table 9. In this composition, monovalent
metal Li and monovalent anion F are incorporated into the
composition. Table 9. The amount of starting materials (in grams) and
luminescence properties of the phosphors of Example 4.  Sample ID Tp
2+ 



Sr2.yLiyA1112-x-y-zSix+y+z025-x+.38/2-v/2Nx-T- 8-zCzEv2VAIL
Luminescence Characteristics  SrCO3 AIN Si02 Si3N4 L12CO3 Eu203 SrF2
SiC QE, % Xer", nm FWHM,nm 6.1 2.2736 0.0074 0.4139 0.8757 0.0017
0.0548 0.0035 0.0506 36 538 76 6.2 2.2792 0.0074 0.4149 0.8261 0.0017



0.0549 0.0035 0.0952 37.3 541 77  Example 5: Preparation of pcLEDs
Example 5a: Green-emitting phosphor composition combined with
blue-emitting LED  WO 2011/142880PCTMS2011/028140 [00125] A
green-emitting oxycarbonitride phosphor composition of the present
invention, sample 3.2, was applied onto a blue-emitting LED chip in
the design shown in Figure 21. The phosphor composition was mixed
with a silicone resin (silicone, Shin-Etsu LPS-2511). The
phosphor-filled encapsulant composition was then injected onto an
AlGaN-based, blue-emitting LED chip followed by a curing treatment
according to the manufacturer's curing schedule. The emission spectra
of the pcLED at different operating currents are shown in Figure 24.
Example 5b: Green-emitting phosphor composition combined with a
red-emitting phosphor and a blue-emitting LED [00126] A
green-emitting oxycarbonitride phosphor composition of the present
invention, sample 3.2, was combined with a second red-emitting
phosphor composition (expressed by Ca0.62Eu0.0034N40235Sr00
3Alo.237Bo.ers5Sio.562Ni.94C0.0375) to produce white light. The
phosphor composition blend was mixed with a silicone resin and was
applied to a blue-emitting LED chip by following the procedure
described in Example 5a. The luminance properties of the resultant
pcLED are displayed in Figure 25. The emission spectrum of the pcLED
is given in Figure 26. This particular embodiment of phosphor
composition blend of the instant invention gives a warm white light
and its chromaticity coordinates lie very close to the black body
locus with a correlated color temperature (CCT) of -2800 K and color
rendering index (CRI) of 94.  We claim:        1. A composition
comprising a phosphor having the formula wherein: 0<x0<y<x, and
0<x+y12; MOD comprises at least one divalent cation; and A comprises
a luminescence activator doped in the crystal structure.        2.
The composition of claim 1, wherein M(II) comprises at least one
divalent cation selected from the group consisting of Be, Mg, Ca, Sr,
Ba, Cu, Co, Ni, Pd, Zn, and Cd.        3. The composition of claim 1,
wherein MOD comprises two or more different divalent cations.
4. The composition of claim 1, wherein A comprises a luminescence
activator that is selected from the group consisting of Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, and Sb.        5. The
composition of claim 1, wherein A is doped in the host crystal of the
phosphor at the concentration level of 0.001 mol% to 20 mol% relative
to M(II).        6. The composition of claim 1, wherein the phosphor
comprises a crystalline phase that is a triclinic crystal system
belonging to space group PI (No. 1).        7. The composition of
claim 6, wherein the phosphor does not comprise any other crystalline
phases.        8. The composition of claim 1, wherein the phosphor
comprises at least a first crystalline phase and a second crystalline
phase.          9. The composition of claim 8, wherein the first
crystalline phase is an orthorhombic crystal system and the second
crystalline phase is a triclinic crystal system belonging to space
group P1 (No. 1).        10. The composition of claim 8, wherein the
first crystalline phase is a triclinic crystal system and the second
crystalline phase is a triclinic crystal system belonging to space
'coup P1 (No. 1).        11. The composition of claim 1, wherein the
phosphor comprises a crystalline 



phase that is a triclinic crystal system belonging to space group P1
(No. 1), wherein the unit cell parameter a of the host crystal is
from about 6.9011 A to about 7.3011 A; the unit cell parameter b of
the host crystal is from about 7.0039 A to about 7.4039 A; the unit
cell parameter c of the host crystal is from about 7.0728 A to about
7.4728 A; the unit cell parameter a of the host crystal is from about
85 degrees to about 92 degrees;       the unit cell parameter f3 of
the host crystal is from about 81 degrees to about 88 degrees; and
the unit cell parameter 7 of the host crystal is from about 72
degrees to about 79 degrees.        12. The composition of claim 1,
further comprising one or more additional phosphors.        13. The
composition of claim 1, further comprising at least one phosphor
selected from the group consisting of: (a)  (b)
Cal_,,..zNazM(III)x.xy.zSil-x+xy+zN2_x_xyCxy:A; (c)  (d)
M(II)1,_,M(I)zMOII)"_.y..zSii_x+xy+zN2-x-xy-2w/3Cxy0w-w2H,:A; and (e)
M(II)i_x_zMOW(III)",y_zSii,+.y+zN2-x-xy-2w/3-v/3Cxy0wHy:A; wherein:
0<x<1, 0<y<1, 00 S<1, 0<w<1, x+z<1, x>xy+z, v12 47v, x-xy-2w/3-v/3<2,
and 0<x-xy-z<1;  MOB is at least one divalent cation; M(I) is at
least one monovalent cation; M(III) is at least one trivalent cation;
H is at least one monovalent anion; and A is a luminescence
activator. 14.A composition comprising a phosphor having a formula
selected from the group consisting of:        (a)
M(II)7M(III)12_x_ySix+y025_,<N,,yCy:A, wherein 0<x 12, 0<x+y 12, and
0<y<x;  (b) MOI)7M(III)12-x-ySix+y025-x35/2Nx-T 5-yCy:A, wherein
0<x<12, 0 __y<x, 0<x+y 12, 0<63, and 6<x+y; and,        (c)
M(II)7M(III)12-x-ySix+y025-x8/2Nx T- &C5/2:A, wherein 0<x<12, 0y<x,
0<x+y0<6and 8<x+y; wherein: M(II) comprises at least one divalent
cation; M(III) comprises at least one trivalent cation; A comprises a
luminescence activator doped in the crystal structure. 15.The
composition of claim 14, wherein:       MOB comprises at least one
divalent cation selected from the group consisting of Be, Mg, Ca, Sr,
Ba, Cu, Co, Ni, Pd, Zn, and Cd; and,       M(III) comprises at least
one trivalent cation selected from the group consisting of B, Al, Ga,
In, Sc, Y, La and Gd. 



16.The composition of claim 14, wherein A comprises at least one
luminescence activator selected from the group consisting of Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, and Sb. 17.The
composition of claim 14, wherein A is doped in the host crystal of
the phosphor at the concentration level of 0.001 mol% to 20 mol%
relative to M(IT).          18. The composition of claim 14, wherein
the phosphor comprises a crystalline phase that is a triclinic
crystal system belonging to space group P1 (No.1).        19. The
composition of claim 18, wherein the phosphor does not comprise any
other crystalline phase.        20. The composition of claim 14,
wherein the phosphor comprises at least a first crystalline phase and
a second crystalline phase.        21. The composition of claim 20,
wherein the first crystalline phase is an orthorhombic crystal system
and the second crystalline phase is a triclinic crystal system
belonging to space group P1 (No. 1).        22. The composition of
claim 20, wherein the first crystalline phase is a triclinic crystal
system and the second crystalline phase is a triclinic crystal system
belonging to space group PI (No. 1).        23. The composition of
claim 14, further comprising one or more additional phosphors.
24. The composition of claim 14, further comprising at least one
phosphor selected from the group consisting of: (a) Ca 1_,,A1,-,ySi
-x+xyN2-x-xyCxy:A; (b)  (c)  (d)
M(II)1_,.zM(I),IVI(III),_,y_,Sii-,+xy+zN2-x-xy-2w/3Cxy0w-w2H,:A; and
(e) M00 1-x-N(DzMaii)x-xy-zSi 1-x+xy+zN2-x-xy-2w/3-v/3Cxy0wHy:A;
wherein:       0<x<1, 0<y<1, 0 .z<1, 0 _.v<1, 0<w<1, x+z<1, x>xy+z,
v/2 ,Tv, x-xy-2w/3-v/3<2,and 0<x-xy-z<1; M(II) is at least one
divalent cation; M(I) is at least one monovalent cation; M(III) is at
least one trivalent cation;  H is at least one monovalent anion; and
A is a luminescence activator.        25. A light emitting device
comprising: a light source emitting a first luminescence spectrum;
a phosphor composition, which, when irradiated with light from the
light source, emits light having a second luminescence spectrum;
wherein the phosphor composition comprises at least one phosphor
having a formula selected from the group consisting of
MOD7A112,.ySix-Ey025..N..yCy:A; MOD7MOII)12,_ySix+y025.),Nx.yCy:A;
and, MOD7MOID12_,,,,Six+y025-x35/2Nx 8-yCy:A; wherein 0<x .12; 0<y<x;
0<x-i-y12; 0<8.3; and, 8<x+y; MOD comprises at least one divalent
cation; MOW comprises at least one trivalent cation; and A comprises
a luminescence activator doped in the crystal structure. 



26. The light emitting device of claim 25, wherein       MOD
comprises at least one divalent cation selected from the group
consisting of Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, and Cd; and
A comprises at least one luminescence activtor selected from the
group consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu, Mn, Bi, and Sb.        27. The light emitting device of claim 25,
wherein the first luminescence spectrum is from about 300 nm to about
600 nm.        28. The light emitting device of claim 25, wherein the
first luminescence spectrum is from about 400 to about 550 nm.
29. The light emitting device of claim 25, wherein the light source
is a light emitting diode or a laser diode.        30. The light
emitting device of claim 25, further comprising one or more
additional phosphors.  31.The light emitting device of claim 30,
wherein the additional phosphor emits red light when excited by a
light source. 32.The light emitting device of claim 25, further
comprising a second phosphor having a formula selected from the group
consisting of (a) Cal_.A1,,,ySii_x+xyN2_,,..xyCxy:A; (b)
Cal"NazM(III)x.xy_zSii,+"y+zN2_,,,,yCxy:A; (c)
M(II)1,_zM(DzM(III)".xy_zSi: -x+xy+zN2-x_xyCxy:A; (d)
M(II)1,_,M(DzM(III)",,y_zSii_x+xy+zN2-x-xy-zw/3Cxy0w-vizHv:A; and (e)
MODI.x_zM(1)zMUII)._xy_zSii_x-Fxy+zN2-x-xy-zw/3-v/3Cxy0wHy:A;
wherein: 0<x<1, 0<y<1, 0 z<1, 0 v<1, 0<w<1, x+z<1, x>xy+z,
v/2x-xy-2w13-v/3<2, and 0<x-xy-z<1; M(II) is at least one divalent
cation; MO) is at least one monovalent cation; M(III) is at least one
trivalent cation; H is at least one monovalent anion; and A is a
luminescence activator. 33.The light emitting device of claim 25,
further comprising at least two additional phosphors. 34.The light
emitting device of claim 25, further comprising at least one
additional phosphor that emits light having a peak in wavelength
range from about 480 to about 660 nm 35.The light emitting device of
claim 25, further comprising at least one additional phosphor that
emits light having a peak in wavelength range from about 520 to about
640 nm. 36.The light emitting device of claim 25, wherein the device
emits white light. 



37.The light emitting device of claim 36, wherein the device emits
cool white light.        38. The light emitting device of claim 36,
wherein the device emits warm white light.        39. The light
emitting device of claim 25, wherein the device emits green light
having a wavelength value from about 480 nm to about 600 nm.
40. The light emitting device of claim 25, wherein the device emits
light having a wavelength value from about 500 nm to about 590 nm.
41. The light emitting device of claim 25, wherein the device emits
light having a wavelength value from about 380 nm to about 750 nm.
42. The light emitting device of claim 25, wherein the device emits
light having a wavelength value from about 400 nm to about 700 mn. 


