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(57) ABSTRACT 

Three neW cerium (Ce) based phosphor materials based on 
nitride and oXy-nitride compounds emit yelloW or blue to 
green photons upon excitation by ultraviolet (UV) or blue 
light radiation. The tWo yelloW emitting compounds belong 
to the quartenary CaiAliSiiN system With distinct 
structures. These bright yelloW phosphors can be used for 
White light applications by combining either a blue light 
emitting diode (LED) and a yelloW phosphor, a blue LED 
and green-orange phosphors, or an ultraviolet (UV) LED 
With three phosphors, i.e., red, blue and green (RGB) 
phosphors. The bright blue-green phosphor, Which may be 
described by Sr2SiO4_6Nf,, can be used in the UV LED plus 
3 RGB phosphors setup. 
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NITRIDE AND OXY-NITRIDE CERIUM BASED 
PHOSPHOR MATERIALS FOR SOLID-STATE 

LIGHTING APPLICATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t under 35 U.S.C. 
Section 119(e) of the following co-pending and commonly 
assigned US. patent applications: 

[0002] US. Provisional Application Ser. No. 60/722,682, 
?led on Sep. 30, 2005, by Ronan P. Le Toquin and Anthony 
K. Cheetham, entitled “NITRIDE AND OXY-NITRIDE 
CERIUM BASED PHOSPHOR MATERIALS FOR 
SOLID-STATE LIGHTING APPLICATIONS,” attorneys’ 
docket number 30794.145-US-P1 (2005-618-1); and 

[0003] US. Provisional Patent Application Ser. No. 
60/722,900, ?led on Sep. 30, 2005, by Anthony K. 
Cheetham and Ronan P. Le Toquin, entitled “CERIUM 
BASED PHOSPHOR MATERIALS FOR SOLID-STATE 
LIGHTING APPLICATIONS,” attorneys’ docket number 
30794.138-US-P1 (2005-618-1). 

[0004] Which applications are incorporated by reference 
herein. 

[0005] This application is related to the following co 
pending and commonly-assigned applications: 

[0006] US. Utility application Ser. No. , ?led on 
same date hereWith, by Anthony K. Cheetham and Ronan P. 
Le Toquin, entitled “CERIUM BASED PHOSPHOR 
MATERIALS FOR SOLID-STATE LIGHTING APPLICA 
TIONS,” attorneys’ docket number 30794.138-US-U1 
(2005-618-2), Which application claims priority to US. 
Provisional Patent Application Ser. No. 60/722,900, ?led on 
Sep. 30, 2005, by Anthony K. Cheetham and Ronan P. Le 
Toquin, entitled “CERIUM BASED PHOSPHOR MATE 
RIALS FOR SOLID-STATE LIGHTING APPLICA 
TIONS,” attorneys’ docket number 30794.138-US-P1 
(2005-618-1). 
[0007] Which applications are incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

[0008] 
[0009] The present invention relates to cerium (Ce) based 
phosphor materials for solid-state lighting applications. 

[0010] 2. Description of the Related Art 

1. Field of the Invention 

[0011] (Note: This application references a number of 
different publications as indicated throughout the speci?ca 
tion by one or more reference numbers Within brackets, e.g., 
[x]. A list of these different publications ordered according 
to these reference numbers can be found beloW in the section 
entitled “References.” Each of these publications is incor 
porated by reference herein.) 

[0012] Light emitting diodes (LED) based on Wide band 
gap semiconductor materials such as GaN/InGaN produce 
ultraviolet (UV) and/or blue light (300 nm-460 nm) With 
high e?iciency and long lifetimes [1,14]. The emission from 
such LEDs can be converted into loWer energy radiation 
using the luminescence properties of phosphor materials. 

Apr. 5, 2007 

Therefore, high intensity blue light (10) can be used to make 
White LED devices by combining either a blue LED (11) and 
a yelloW phosphor (12), as shoWn in FIG. 1(a), so that blue 
and yelloW light (13) is emitted Which appears as White light 
(14). Alternatively, a blue LED (11) emitting blue light (10), 
combined With green and orange phosphors (15), as shoWn 
in FIG. 1(b), emit blue, green and orange light (16) Which 
appears as White light (14). Alternatively, a high intensity 
UV light (20) can be used to make White LED devices by 
combining a UV LED (21) With three phosphors, i.e., red, 
green and blue (RGB) phosphors (22), as shoWn in FIG. 2. 
The combination Will emit red, green and blue light (23) 
Which appears as White light (24). The LEDs (11),(21) may 
be formed on substrates (17), (25) respectively. 

[0013] The ?rst commercially available White LED Was 
based on an InGaN chip emitting blue photons at around 460 
nm combined With a Y3AlsOl2zCe3+ (YAG) phosphor layer 
that converts blue into yelloW photons [2,3]. Up to noW, no 
competing yelloW phosphor has been found to replace the 
YAG in the blue LED and yelloW phosphor setup. HoWever, 
neW phosphors are necessary in order to improve ef?ciency 
as Well as color rendering. The yelloW phosphor should have 
a strong blue excitation band around 460 nm and emit 
yelloW light around 560 nm. The second option to obtain 
White light requires very ef?cient blue, green and red phos 
phors that can be excited around 380 nm. The development 
of White solid state lighting based on UV LED requires so 
far neW very e?icient phosphor materials. 

[0014] In most cases, Ce doped materials are characterized 
by UV emission HoWever, high crystal ?eld symmetries 
(CeiYAG [2]) or a strongly covalent Ce environment 
(sul?des or oxy-nitrides [6]) can decrease the energy of the 
emission Wavelength. Yttrium aluminium garnet (YAG) 
doped With Ce3+is the most important example, exhibiting 
a strong yelloW emission (540 nm) upon blue excitation (460 
nm). The cubic crystal ?eld at the Ce site associated With a 
small tetragonal distortion is responsible for this unusual 
yelloW emission As demonstrated previously by Van 
Krevel et al. [6], it is also possible to observe green-yelloW 
Ce3+ emission in oxy-nitride compounds, replacing oxygen 
by more covalent anion such as nitrogen. Further increases 
of the covalent character has lead to neW Eu2+ doped Sialon 
[7,8] or silicon (oxy)nitride [9-12] based materials that have 
been reported to shoW very e?icient orange luminescence. 
Eu2+ doped M2Si5N8 (M=calcium, strontium, or barium) is 
one of the most interesting so far [10]. The longer emission 
Wavelength observed for oxy-nitride and nitride compounds 
is associated With a broader excitation band that covers part 
of the UV and visible spectral range. 

SUMMARY OF THE INVENTION 

[0015] The present invention discloses three neW Ce based 
phosphor materials based on nitride and oxy-nitride com 
pounds have been found that emit, respectively, yelloW and 
blue-green photons upon UV/blue excitation. The yelloW 
emitting compounds belong to the CaiAliSiiN system 
With distinct structures. These bright yelloW phosphors can 
be used for White light applications by combining either a 
blue LED and a yelloW phosphor, a blue LED and green 
orange phosphors, or an UV LED With three RGB phos 
phors. In this regard, the present invention encompasses a 
number of different embodiments, Which are set forth beloW. 

[0016] In one embodiment, the present invention is an 
apparatus for solid state lighting applications, comprising an 
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LED and a luminescent Ce compound comprising a Ce3+ 
doped compound from the quartenary CaiAliSiiN sys 
tem, Wherein the luminescent Ce compound emits yellow 
light When excited by radiation from the LED. The lumi 
nescent Ce compound may have an excitation spectrum 
comprising Wavelengths smaller than 430 nm. In this 
embodiment, the radiation may be UV or blue light radia 
tion, e.g., the LED may be a blue LED and the luminescent 
Ce compound may emit the yelloW light for use in White 
light applications With the blue LED. 

[0017] In another embodiment, the present invention is a 
composition of matter, comprising a luminescent Ce com 
pound that emits yelloW light When excited by radiation, 
Wherein the luminescent Ce compound is a Ce3+ doped 
compound from the quartenary CaiAliSiiN system. In 
this embodiment, the radiation may be UV or blue light 
radiation, e.g., the luminescent Ce compound may emit the 
yelloW light for use in White light applications With a blue 
light emitting diode. 

[0018] The luminescent Ce compound may be based on a 
nitride or oxy-nitride compound and be described by the 
formula: MXSiyAlZNW_6O6:Ce3+, Wherein xzzzyzzzl, W=3, 
M is calcium (Ca), strontium (Sr), magnesium (Mg), or 
lanthanide (Ln) elements, and 0§6<3 and Wherein alkaline 
earths may be substituted for M. Ce ions may be substituted 
for Ca With a concentration ranging from 0.01 to 20%. 
Yttrium (Y) or lanthanide (Ln) elements may be substituted 
for M With simultaneous replacement of silicon (Si) by 
aluminium (Al) or gallium (Ga) for charge compensation. 
Silicon (Si) may be partially substituted by germanium (Ge). 

[0019] The luminescent Ce compound may have an 
orthorhombic unit cell having parameters a=5.6477(13) A, 
b=9.5201(26) A and c=4.9967(13) A, Wherein the values in 
parentheses represent uncertainty in the measurements. The 
luminescent Ce compound may have a broad excitation band 
from 375 to 475 nm With a maximum at around 420 nm, and 
upon excitation at 420 nm, have an emission band centered 
at around 540 nm With a full Width at half maximum of about 
100 nm from 500 to 600 nm. 

[0020] The luminescent Ce compound may have an 
orthorhombic cell With parameters a=9.92 A, b=9.11 A and 
c=7.33 A. The composition of matter of claim 5, Wherein the 
luminescent Ce compound has an emission maximum in the 
range 520-620 nm. The luminescent Ce compound may have 
an excitation maximum in the range 420-500 nm. 

[0021] In another embodiment, the present invention is a 
method for creating a luminescent Ce compound, compris 
ing the steps of (a) mixing stoichiometric amounts of (1) 
Ca3N2 or Ca metal, (2) AlN, (3) Si3N4 or SiZNZNH, or 
Si(NH)2, and (4) Ce to create a mixture, Wherein the Ce is 
in the form of a metal, nitride, or oxide, (b) Weighing and 
grinding the mixture in conditions of [O2]<1 parts per 
million (ppm) and [H20 ]<1 ppm in order to prevent 
oxidation or hydrolysis, and (c) heating the mixture to a 
temperature between 14500 C. and 16000 C. under ?oWing 
hydrogen and nitrogen (HZ/N2) With a ratio of 5:95 at 0.2 to 
0.5 liters per minute. The method may further comprise 
mixing the stoichiometric amounts of (1) Ca3N2 or Ca metal, 
(2) AlN, (3) Si3N4, Si2N2NH or Si(NH)2, With a CazAl: Si 
ratio of 1:1:1, and adding less than 2% strontium. 

[0022] In another embodiment, the present invention is an 
apparatus for solid state lighting applications, comprising an 
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LED and a luminescent Ce compound that emits blue-green 
light When excited by radiation from the LED. In this 
embodiment, the radiation may be UV or blue light radia 
tion, e.g., the LED may be a UV LED and the luminescent 
Ce compound may emit the blue-green light for use in White 
light applications With the UV LED in combination With 
RGB phosphors. 

[0023] In another embodiment, the present invention is a 
composition of matter, comprising a luminescent Ce com 
pound that emits blue-green light When excited by radiation. 
In this embodiment, the radiation may be UV or blue light 
radiation, e.g., the luminescent Ce compound may be used 
for White light applications in combination With one or more 
UV LEDs With RGB phosphors. 

[0024] The luminescent Ce compound may be based on 
nitride or oxy-nitride compounds and be described by the 
formula M2SiO4_6N6 Wherein M is strontium (Sr) and 
0 i 6<4. Alkaline earths may be substituted for M and Si may 
be partially substituted by Ge. 

[0025] The blue to green luminescent Ce compound may 
have an orthorhombic structure With a space group Pnmb 

With re?ned cell parameters of about a=5.6671(3) A, 
b=7.0737(4) A and c=9.7359(5) A. The blue to green 
luminescent Ce compound may have an excitation peak With 
a Width of about 80 nm, Which leads to ef?cient excitation 
from 330 up to 400 nm, and may have an emission peak With 
a Width of about 80 nm. The luminescent Ce compound may 
have an emission peak that is varied from 450 to 500 nm 
depending on synthesis conditions, a percentage of cerium 
or substitution of Sr by larger cations such as Ba. 

[0026] The blue to green luminescent Ce compound may 
be prepared by (a) preparing a reactive mix of cerium doped 
SrO and SiO2 nanopoWders by dissolution of stoichiometric 
amounts of Sr(NO3)2 and Ce(NO3)3 in Water With 
Si(OC2H5)4, Wherein a coprecipitation of Sr and Ce oxalate 
at 600 C. is performed in a slightly basic environment in 
order to gel Si(OC2H5)4 and a resulting dried poWder is 
calcined at 7500 C. for 2 hours, and (b) mixing the SrO 
thoroughly With Si3N4 to create a poWder mixture and ?ring 
the poWder mixture tWice in a tube furnace at a temperature 
of 13500 C. under ?oWing N2 at 1 to 4 liters per minute. 

[0027] These embodiments are described in more detail 
beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Referring noW to the draWings in Which like ref 
erence numbers represent corresponding parts throughout: 

[0029] FIGS. 1(a) and 1(b) are schematic representations 
of a White LED setup based on a blue LED (~460 nm) With 
a yelloW phosphor, as shoWn in FIG.(a), or With a mix of 
green and orange phosphors, as shoWn in FIG.(b). 

[0030] FIG. 2 is a schematic representation of the White 
LED setup based on a UV LED (~380 nm) With red, green 
and blue (RGB) phosphor materials. 

[0031] FIG. 3 is a ?owchart illustrating the preparation of 
a yelloW phosphor comprising a luminescent Ce compound 
based on nitride compounds. 

[0032] FIG. 4 is a graph of the emission/excitation spectra 
of the compound CaAlSiN3 doped With Ce3+, Wherein the 



US 2007/0075629 A1 

emission Wavelength maximum is 540 nm and the excitation 
Wavelength has been ?xed at ~420 nm. 

[0033] FIG. 5 is a ?owchart illustrating the preparation of 
a second phase of a yellow phosphor comprising a lumi 
nescent compound. 

[0034] FIG. 6 is a graph of an X-ray diffraction pattern of 
the Ce3+ doped CaXSiyAlZN3_6O6 yelloW phosphor. 

[0035] FIG. 7 is a graph of the emission/excitation spectra 
of the neW Ce3+ doped CaXSiyAlZN3_6O6 yelloW phosphor, 
Wherein the excitation Wavelength is ~460 nm and the 
emission Wavelength has been ?xed at ~565 nm. 

[0036] FIG. 8 shoWs hoW the composition of matter com 
prising the blue-green phosphor has been synthesiZed via a 
tWo step method. 

[0037] FIG. 9 is a graph of an X-ray diffraction pattern of 
the Ce3+ doped Sr2SiO4_f,N6 blue-green phosphor. 

[0038] FIG. 10 is a graph of the emission spectrum of the 
compound Sr2SiO4 doped With Ce3+, Wherein the excitation 
Wavelength is 380 nm and the emission Wavelength has been 
?xed at 460 nm. 

[0039] FIG. 11 is a schematic representation of an appa 
ratus for solid state lighting applications, comprising an 
LED and a composition of matter comprising a luminescent 
Ce compound. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] In the folloWing description of the preferred 
embodiment, reference is made to the accompanying draW 
ings that form a part hereof, and in Which is shoWn by Way 
of illustration a speci?c embodiment in Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utiliZed and structural changes may be made 
Without departing from the scope of the present invention. 

[0041] Technical Disclosure 

[0042] The subject of the present invention is the discov 
ery of three neW phosphor materials for application in White 
solid-state lighting based upon blue (InGaN) or UV (GaN, 
ZnO) LEDs. Hence, the invention covers the synthesis of 
yelloW and blue to green emitting materials and their appli 
cation as a phosphor alone or in combination With other 
phosphors for White LED realiZation. TWo compositions of 
matter comprising Ce3+ doped compounds from the quater 
nary CaiAliSiiN system are reported to emit yelloW 
photons under UV or blue excitation, and cerium doped 
Sr2SiO4_f,N6 is reported to emit blue to green light. 

[0043] The composition of matter comprising the yelloW 
phosphor belongs to the quaternary system comprising cal 
cium-aluminium-silicon-nitrogen (CaiAliSiiN) and 
can be described by the formula MxSiyAlNW_6O6Ce3+ With 
xzyzzzl, W=3 and 0§6<3. If 6 is 0, the compound is an 
example of a nitride compound; if 6 is non Zero, the 
compound is an example of an oxy-nitride. M is calcium 
(Ca), but chemical substitution on the M site is possible With 
di?ferent alkaline earths. Ce ions are substituted on the Ca 
site With a concentration ranging from 0.01 to 20%. Yttrium 
(Y) or lanthanide (Ln) elements may also be substituted on 
the M site With simultaneous replacement of silicon (Si) by 
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aluminium (Al) or gallium (Ga) atoms for charge compen 
sation. Silicon (Si) atoms may also be partially substituted 
using germanium (Ge). 

[0044] FIG. 3 shoWs hoW the composition of matter com 
prising the ?rst yelloW phosphor (nitride based 
CaAlSiN3zCe3+ phase) may be prepared. 

[0045] Block 30 represents the step of mixing stoichio 
metric amounts of (l) Ca3N2 or Ca metal, (2) AlN, (3) Si3N4, 
Si2N2NH or Si(NH)2, With (4) the Ce source in the form of 
either a metal, nitride (if available), or oxide, to create a 
mixture. 

[0046] Block 31 represents the step of Weighing and 
grinding of the mixture, carried out in a glove box in 
conditions of [O2]<l ppm and [H2O]<l ppm in order to 
prevent degradation such as oxidation or hydrolysis. 

[0047] Block 32 represents the step of loading the mixture 
into, for example, a boron nitride (BN) crucible, for heating 
in a tube furnace temperature betWeen 1450 o C. and 16000 
C. under ?oWing hydrogen (H2) and nitrogen (N2) With a 
ratio of 5:95 (0.2 to 0.5 liters per minute). The body color of 
this material is bright yelloW. 

[0048] X-ray poWder di?fraction (see Table 1) shows that 
this ?rst phase comprising CaAlSiN3zCe3+ prepared using 
FIG. 3 is similar to the previously reported CaAlSiN3 [12]. 
Using Table l, and based on an orthorhombic unit cell, the 
re?ned values of the parameters are a=5.6477(13) A, 
b=9.520l(26) A, c=4.9967(13) A for the ?rst phase of a 
yelloW phosphor comprising CaAlSiN3. 

[0049] The compound CaAlSiN3 has already been shoWn 
to be a very e?icient orange/red phosphor if Ca2+ ions are 
substituted by Eu2+[l3]. Due to the presence of additional 
phases, the structure of CaAlSiN3 has not yet been deter 
mined and the symmetry is thought to be orthorhombic With 
cell parameters of about a=5.63 A, b=9.58 A and c=4.986 
A[l2]. 
[0050] The luminescent properties of the ?rst yelloW phos 
phor are particularly interesting for White light applications. 
FIG. 4 shoWs an example of hoW a composition of matter 
comprising a luminescent Ce doped compound from the 
CaiAliSiiN system emits yelloW light When excited by 
radiation, for example UV or blue radiation. According to 
FIG. 4, the Ce doped CaAlSiN3 has a broad excitation band 
from 375 nm to 475 nm With a maximum at around 420 nm. 
According to FIG. 4, upon excitation at 420 nm, the emis 
sion band is centered at around 540 nm With a full Width at 
half maximum of about 100 nm from 500 nm to 600 nm. 

[0051] Hence, FIG. 4 shoWs hoW the luminescent Ce 
compound can be a promising alternative to YAGzCe3+ for 
the application as the yelloW phosphor. First, the broad 
excitation band can be efficiently excited With a blue InGaN 
LED around 460 nm. Second, the Ce compound can be 
excited as Well by a near UV GaN, ZnO LED for a three 
phosphor RGB setup. Third, this material shoWs a broader 
excitation band of about 100 nm Whereas cerium YAG 
shoWs only a 60 nm Wide band ranging from 430 nm to 490 
nm. 

[0052] FIG. 5 shoWs hoW the second yelloW phosphor 
comprising a second phase of the CaiAliSiiN system 
(CaXSiyAlZN3_6O6:Ce3+) can be prepared. 
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[0053] Block 50 represents the step of mixing stoichio 
metric amounts of (1) Ca3N2 or Ca metal, (2) AlN, and (3) 
Si3N4, Si2N2NH or Si(NH)2, With a CazAlzSi ratio of 1:1:1, 
together With (4) a Ce source in the form of either a metal, 
nitride (if available) or oxide, to create a mixture. A small 
amount of Sr (less than 2%) is added. 

[0054] Block 51 represents the step of Weighing and 
grinding of the mixture, carried out in a glove box in 
conditions of [O2]<1 ppm and [H2O]<1 ppm in order to 
prevent degradation such as oxidation or hydrolysis. 

[0055] Block 52 represents the step of loading the mixture 
into, for example, a BN crucible for heating in a tube furnace 
temperature between 14500 C. and 16000 C. under ?oWing 
HZ/N2 With a ratio of 5:95 at 0.2 to 0.5 liters per minute. The 
body color of this material is bright yelloW. 

[0056] Even though the stoichiometry is close to that of 
the composition of matter comprising the ?rst yelloW phos 
phor (CaAlSiN3:Ce3+), the structure is rather different (see 
Tables 1 and 2 beloW). Strontium impurities and/or varia 
tions of heating conditions may explain the changes of 
structure. 

[0057] FIG. 6 and Table 2 shoW this neWly discovered 
CaxSiyAlZN3_;,Of,:Ce3+ phase, created using the method of 
FIG. 5, has a different X-ray poWder pattern. According to 
FIG. 6 and Table 2, the structure may be described With an 
orthorhombic cell With parameters a=9.92 A, b=9.11 A and 
c=7.33 A. 

[0058] FIG. 7 illustrates a further example of hoW a 
luminescent Ce doped compound from the CaiAliSiiN 
system, the neW CaxSiyAlZN3_6Of,:Ce3+ phase, emits yelloW 
light When excited by radiation such as blue or UV light. 

[0059] FIGS. 4 and 7 shoW hoW the structural changes 
betWeen CaAlSiN3:Ce3+ and the CaXSiyAlZN3_f,O;,:Ce3+ 
phase translate into a red shift of both emission and exci 
tation bands. The emission maximum is around 565 nm for 
the CaxSiyAlZN3_6Of,:Ce3+ phase, as illustrated in FIG. 7. 
Both compounds (CaAlSiN3:Ce3+ and the neW CaXSiy 
AlZN3_f,Of,:Ce3+ phase) phase) present a comparable emis 
sion peak shape and full Width at half maximum, as illus 
trated in FIGS. 4 and 7. For the CaXSiyAlZN3_f,O;,:Ce3+ 
phase, the excitation maximum is at around 460 nm, but the 
excitation band covers the range 350 nm to 500nm, as 
illustrated in FIG. 7. The CaxSiyAlZN3_;,Of,:Ce3+ phase is 
thus very suitable for the yelloW phosphor and blue LED 
setup. FIG. 7 also shoWs the Ce doped compound can also 
been used With a UV excitation source such as GaN or ZnO 
LED. 

[0060] The tail of the emission peak, shoWn in FIG. 7, that 
extends Well over 630 nm can also be very advantageous for 
color rendering purposes. 

[0061] The composition of the blue-green light emitting 
phosphor may be M2SiO4_6N6, Where M is mainly strontium 
(Sr), but chemical substitution on the M site is possible With 
different alkaline earths, magnesium (Mg), Ca, barium (Ba) 
or even Zinc (Zn), and With 0§6<4. Silicon atoms may also 
be partially substituted using Ge. If 6 is 0, the compound is 
an example of a nitride compound; if 6 is non Zero, the 
compound is an example of an oxy-nitride. 

[0062] FIG. 8 shoWs hoW the composition of matter com 
prising the blue and green phosphor has been synthesiZed 
via a tWo step method. 
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[0063] Block 80 represents the step of preparing a reactive 
mix of cerium doped SrO and SiO2 nanopoWders by disso 
lution of stoichiometric amounts of Sr(NO3)2 and Ce(NO3)3 
in Water With Si(OC2H5)4, Wherein a co-precipitation of Sr 
and Ce oxalate at 600 C. is performed in a slightly basic 
environment in order to gel Si(OC2H5)4, and a resulting 
dried poWder is calcined at 7500 C. for 2 hours. 

[0064] Block 81 represents the step of mixing the (Sr, 
Ce)iSi4O thoroughly With Si3N4 to create a mixture, and 
placing the mixture into, for example, an A1203 boat, 
Wherein a resulting poWder is ?red tWice in a tube furnace 
at 13500 C. under ?oWing nitrogen (N2) at 1 to 4 liters per 
minute. The body color of this material is light green. 

[0065] All samples have been characterized using X-ray 
diffraction and UV/visible emission excitation spectroscopy. 
FIG. 9 shoWs the phase Sr2SiO4_f,N6 has an orthorhombic 
structure With a space group Pnmb With re?ned cell param 

eters of about a=5.6671(3) A, b=7.0737(4) A, c=9.7359(5) 
A. 

[0066] FIG. 10 shoWs an example ofhoW a composition of 
matter comprising a luminescent Ce doped compound emits 
blue to green light When excited by radiation (such as blue 
or UV) from the LED. According to FIG. 10, the 
Sr2SiO4:Ce3+ phosphor may be used as a blue to green 
phosphor for solid-state lighting based upon RGB and UV 
LEDs. The very bright Sr2SiO4:Ce3+ compound can be 
excited in the UV (~380 nm) using GaN or ZnO based 
LEDs, as illustrated in FIG. 10. FIG. 10 also shoWs the 
excitation peak has a Width of about 80 nm Which leads to 
ef?cient excitation in an excitation spectrum covering 330 
nm up to 400 nm. The emission peak may be varied from 
450 nm to 500 nm depending on the synthesis conditions, 
the percentage of cerium or the substitution of Sr by larger 
cations such as Ba. The emission peak at ~460 nm has a 
Width of about 80 nm, as shoWn in FIG. 10. 

[0067] The optical properties of Sr2SiO4 as a host material 
have already been reported for Eu2+ emission 

[0068] FIG. 11 is a schematic representation, analogous to 
FIGS. 1 and 2, of an apparatus for solid state lighting 
applications (for example a White light application), com 
prising at least one LED (1100) and a composition of matter 
comprising a luminescent Ce doped compound (1101) typi 
cally positioned adjacent the LED, that emits yelloW or blue 
to green light (1103) When excited by radiation (1104) from 
the LED. Other colored light (1105) may be present if one 
or more other phosphors (1106) are incorporated, such as the 
phosphors of FIGS. 1 and 2. For example, the other phos 
phors (1106) may comprise green and orange phosphors, or 
red, green and blue phosphors. The radiation (1104) may 
comprise blue light or UV light. Some examples are outlined 
beloW: 

[0069] When the LED (1100) is a blue LED, the lumines 
cent Ce compound emits the yelloW light (1103) for use in 
White light applications With the blue LED (and optionally 
other phosphors (1106)), because the blue light (1104) in 
combination With the yelloW light (1103) and light (1105) 
from other phosphors (1106) if present, appears as White 
light (1107). 
[0070] When the LED (1100) is a blue LED, the lumines 
cent Ce compound emits yelloW light (1103) for use in White 
light applications With the blue LED and other phosphors 
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(1106), because the blue light (1104) in combination With the 
green/ orange light (1105) from other phosphors (1106) 
appears as White light (1107). 

[0071] When the LED (1100) is an UV LED, the lumi 
nescent Ce compound (1101) emits the yelloW light (1103) 
for use in White light applications With the UV LED and 
RGB phosphors (1106), because the red, green and blue light 
(1103) from the RGB (1106) and the yelloW light from the 
Ce compound appears as White light (1107). 

[0072] When the LED (1100) is an UV LED, the lumi 
nescent Ce compound (1101) emits the blue to green light 
(1103) for use in White light applications With the UV LED 
and RGB phosphors (1106), because the red, green and blue 
light (1105) from the RGB (1106) and the blue-green light 
(1103) from the luminescent Ce compound appears as White 
light (1107). 
[0073] The luminescent Ce compound (1101) may be 
based on nitride or oXy-nitride compounds. The LED may be 
formed on a substrate (1108). 
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[0089] Conclusion 

[0090] This concludes the description of the preferred 
embodiment of the present invention. The foregoing 
description of one or more embodiments of the invention has 
been presented for the purposes of illustration and descrip 
tion. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed. Many modi?cations 
and variations are possible in light of the above teaching 
Without fundamentally deviating from the essence of the 
present invention. It is intended that the scope of the 
invention be limited not by this detailed description, but 
rather by the claims appended hereto. 

TABLE 1 

d-spacing for the Ce3+ doped CaAlSiN3 compound 
obtained from X-ray powder diffraction. 

20 d-spacing Intensity 

17.736 4.996687 14 
18.25 4.857327 34 
18.626 4.760084 119 
25.555 3.482875 205 
25.83 3.446498 150 
31.66 2.823873 337 
32.333 2.766574 997 
35.917 2.498344 846 
36.52 2.458431 1000 
36.984 2.428664 285 
37.116 2.420344 618 
37.768 2.380042 162 
40.573 2.221693 0 
40.756 2.212162 17 
41.299 2.18431 221 
42.015 2.148735 0 
48.62 1.871151 126 
49.094 1.854193 239 
49.303 1.846819 52 
50.083 1.819872 26 
50.546 1.804258 28 
52.506 1.741438 13 
52.805 1.732282 30 
53.103 1.723249 34 
53.548 1.709985 16 
53.99 1.697013 24 
55.095 1.665563 14 
56.817 1.619109 378 
58.087 1.586695 112 
58.539 1.575513 40 
58.679 1.572103 0 
60.014 1.540264 33 
61.243 1.512279 0 
62.488 1.485106 1 
63.157 1.470985 16 
63.556 1.462703 2 
64.951 1.434614 269 
65.344 1.426928 186 
66.126 1.411936 43 
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[0091] 

TABLE 2 

d-spacing for the neW Ce3+ doped CaxSiyAlzNW?OE, 
phase obtained from X-ray poWder diifraction 

20 d- sp acing Intensity 

13,143 6,73086083 36 
13,4943 6,55641426 5 
18,2506 4,85705447 18 
22,047 4,02852137 23 

23,6037 3,76623879 31 
25,4389 3,49854329 31 
25,7445 3,45770252 50 
28,9833 3,07825831 24 
30,7726 2,90322548 24 
31,7727 2,81408597 549 
31,8884 2,80413918 221 
32,4779 2,7545751 12 
33,3463 2,68479878 155 
33,5926 2,66567486 224 
35,6149 2,51880928 597 
36,1652 2,48173449 73 
36,5413 2,45704973 1000 
36,7261 2,4451093 184 
36,9422 2,43130083 116 
38,038 2,36374133 98 

40,2696 2,23774793 42 
41,0968 2,19459627 113 
41,5258 2,17290997 17 
41,3686 2,18080308 26 
46,1567 1,96510355 26 
48,1231 1,88929703 42 
48,4116 1,87871008 266 
48,5471 1,87378263 43 
49,4325 1,84227326 64 
49,924 1,82528156 37 

52,1626 1,75209125 70 
56,5341 1,62654061 295 
56,7871 1,61989319 51 
59,468 1,55310549 66 

59,8727 1,543571 26 
60,0577 1,53925775 19 
62,3297 1,4884962 24 
64,4856 1,44383901 336 
64,7032 1,43950805 11 

What is claimed is: 
1. An apparatus for solid state lighting applications, 

comprising: 

a light emitting diode (LED); and 

a luminescent cerium (Ce) compound comprising a Ce3+ 
doped compound from the quartenary CaiAliSiiN 
system; 

Wherein the luminescent Ce compound emits yelloW light 
When excited by radiation from the LED. 

2. The apparatus of claim 1, Wherein the luminescent Ce 
compound has an excitation spectrum comprising Wave 
lengths smaller than 430 nm. 

3. The apparatus of claim 1, Wherein the radiation is 
ultraviolet (UV) or blue light radiation. 

4. The apparatus of claim 1, Wherein the LED is a blue 
LED and the luminescent Ce compound emits the yelloW 
light for use in White light applications With the blue LED. 

5. A composition of matter, comprising: 

a luminescent cerium (Ce) compound that emits yelloW 
light When excited by radiation, Wherein the lumines 
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cent Ce compound is a Ce3+ doped compound from the 
quartenary CaiAliSiiN system. 

6. The composition of matter of claim 5, Wherein the 
radiation is ultraviolet (UV) or blue light radiation. 

7. The composition of matter of claim 5, Wherein the 
luminescent Ce compound emits the yelloW light for use in 
White light applications With a blue light emitting diode 
(LED). 

8. The composition of matter of claim 5, Wherein the 
luminescent Ce compound is based on a nitride or oxy 
nitride compound. 

9. The composition of matter of claim 5, Wherein the 
luminescent Ce compound is described by the formula: 

Wherein xzyzzzl, W=3, M is calcium (Ca), strontium 
(Sr), magnesium (Mg), or lanthanide (Ln) elements, 
and 0§6<3. 

10. The composition of matter of claim 9, Wherein alka 
line earths are substituted for M. 

11. The composition of matter of claim 9, Wherein cerium 
(Ce) ions are substituted for Ca With a concentration ranging 
from 0.01 to 20%. 

12. The composition of matter of claim 9, Wherein yttrium 
(Y) or lanthanide (Ln) elements are substituted for M With 
simultaneous replacement of silicon (Si) by aluminium (Al) 
or gallium (Ga) for charge compensation. 

13. The composition of matter of claim 9, Wherein silicon 
(Si) is partially substituted by germanium (Ge). 

14. The composition of matter of claim 5, Wherein the 
luminescent Ce compound has an orthorhombic unit cell 
having parameters a=5.6477(13) A, b=9.5201(26) A and 
c=4.9967(13) A. 

15. The composition of matter of claim 5, Wherein the 
luminescent Ce compound has a broad excitation band from 
375 to 475 nm With a maximum at around 420 nm. 

16. The composition of matter of claim 15, Wherein the 
luminescent Ce compound, upon excitation at 420 nm, has 
an emission band centered at around 540 nm With a full 
Width at half maximum of about 100 nm from 500 to 600 
nm. 

17. The composition of matter of claim 5, Wherein the 
luminescent Ce compound has an orthorhombic cell With 
parameters a=9.92 A, b=9.11 A and c=7.33 A. 

18. The composition of matter of claim 5, Wherein the 
luminescent Ce compound has an emission maximum in the 
range 520-620 nm. 

19. The composition of matter of claim 18, Wherein the 
luminescent Ce compound has an excitation maximum in 
the range 420-500 nm. 

20. A method for creating a luminescent cerium (Ce) 
compound, comprising the steps of: 

(a) mixing stoichiometric amounts of (1) Ca3N2 or Ca 
metal, (2) AlN, (3) Si3N4, Si2N2NH, or Si(NH)2, and 
(4) Ce to create a mixture, Wherein the Ce is in the form 
of a metal, nitride, or oxide; 

(b) Weighing and grinding the mixture in conditions of 
[O2]<1 parts per million (ppm) and [H2O]<l ppm in 
order to prevent oxidation or hydrolysis; and 
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(c) heating the mixture to a temperature between 14500 C. 
and 16000 C. under ?owing hydrogen and nitrogen 
(Hz/N2) With a ratio of 5:95 at 0.2 to 0.5 liters per 
minute. 

21. The method of claim 20, further comprising mixing 
the stoichiometric amounts of (l) Ca3N2 or Ca metal, (2) 
AlN, (3) Si3N4, Si2N2NH or Si(NH)2, With a Ca:Al:Si ratio 
of 1:1:1, and adding less than 2% strontium. 

22. An apparatus for solid state lighting applications, 
comprising: 

a light emitting diode (LED); and 

a luminescent cerium (Ce) compound that emits blue 
green light When excited by radiation from the light 
emitting diode. 

23. The apparatus of claim 22, Wherein the radiation is 
ultraviolet (UV) or blue light radiation. 

24. The apparatus of claim 22, Wherein the LED is an 
ultraviolet (UV) LED and the luminescent Ce compound 
emits the blue-green light for use in White light applications 
With the UV LED in combination With red, green and blue 
(RGB) phosphors. 

25. A composition of matter, comprising: 

a luminescent cerium (Ce) compound that emits blue 
green light When excited by radiation. 

26. The composition of matter of claim 25, Wherein the 
radiation is ultraviolet (UV) or blue light radiation. 

27. The composition of matter of claim 25, Wherein the 
luminescent Ce compound is used for White light applica 
tions in combination With one or more ultraviolet (UV) light 
emitting diodes (LEDs) With red, green and blue (RGB) 
phosphors. 

28. The composition of matter of claim 25, Wherein the 
luminescent Ce compound is based on a nitride or oxy 
nitride compound. 
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29. The composition of matter of claim 25, Wherein the 
luminescent Ce compound is described by the formula: 

M2SiO46Na 
Wherein M is strontium (Sr) and 0§6<4. 
30. The composition of matter of claim 29, Wherein 

alkaline earths are substituted for M. 
31. The composition of matter of claim 29, Wherein 

silicon (Si) is partially substituted by germanium (Ge). 
32. The composition of matter of claim 25, Wherein the 

luminescent Ce compound has an orthorhombic structure 
With a space group Pnmb With re?ned cell parameters of 
about a=5.667l(3) A, b=7.0737(4) A and c=9.7359(5) AA. 

33. The composition of matter of claim 25, Wherein the 
luminescent Ce compound has an excitation peak With a 
Width of about 80 nm, Which leads to ef?cient excitation 
from 330 up to 400 nm. 

34. The composition of matter of claim 25, Wherein the 
luminescent Ce compound has an emission peak that is 
varied from 450 to 500 nm depending on synthesis condi 
tions, a percentage of Ce or substitution of Sr by larger 
cations such as Ba. 

35. The composition of matter of claim 25, Wherein the 
luminescent Ce compound has an emission peak With a 
Width of about 80 nm. 

36. The composition of matter of claim 25, Wherein the 
luminescent Ce compound is prepared by: 

preparing a reactive mix of Ce doped SrO and SiO2 
nanopoWders by dissolution of stoichiometric amounts 
of Sr(NO3)2 and Ce(NO3)3 in Water With Si(OC2H5)4, 
Wherein a coprecipitation of Sr and Ce oxalate at 60° C. 
is performed in a slightly basic environment in order to 
gel Si(OC2H5)4 and a resulting dried poWder is calcined 
at 750° C. for 2 hours; and 

mixing the (Sr,Ce)iSi4O thoroughly With Si3N4 to 
create a poWder mixture and ?ring the poWder mixture 
tWice in a tube furnace at a temperature of 13500 C. 
under ?oWing N2 at l to 4 liters per minute. 

* * * * * 


