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(57) ABSTRACT 
A phosphor including a main production phase of a phosphor 
expressed by a composition formula of MmAaBbOoNn:ZZ 
(where an element M is one or more bivalent elements, an 
element A is one or more trivalent elements, an element B is 
one or more tetravalent elements, O is oxygen, N is nitrogen, 
an element Z is an activator, n=2/3m+a+4/3b-2/3o, m/(a+b). 
1/2, (o-n)/(a+b)>4/3, wherein ma=b=1 and o and n is not 0). 
A phosphor including 24 wt % to 30 wt % of Ca (calcium), 17 
wt % to 21 wt % of Al (aluminum), 18 wt % to 22 wt % of Si 
(silicon), 1 wt % to 15 wt % of oxygen, 15 wt % to 33 wt % of 
nitrogen and 0.01 wt % to 10 wt % of Eu (europium), wherein 
an emission maximum in an emission spectrum is in a range 
of 600 nm to 660 nmi; and wherein color chromaticity X of 
light emission is in a range of 0.5 to 0.7, and color chroma 
ticity y of the light emission is in a range of 0.3 to 0.5. 

11 Claims, 3 Drawing Sheets 
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PHOSPHOR AND PRODUCTION METHOD 
OF THE SAME, METHOD OF SHIFTING 

EMISSION WAVELENGTH OF PHOSPHOR, 
AND LIGHT SOURCE AND LED 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a phosphor used for a 

display device such as a CRT, a PDP, an FED and an EL, and 
a lighting apparatus and the like Such as an LED, a vacuum 
fluorescent display and a fluorescent lamp, and a production 
method of the same, and a light Source and an LED, and 
particularly relates to a phosphor excited by ultraviolet and 
blue light and the like, and emitting visible light or white light 
and the production method of the same, a method of shifting 
an emission wavelength of the phosphor, and a light source, 
an LED and the like using the phosphor. 

2. Description of the Related Art 
An electric discharge fluorescent lamp, an incandescent 

lamp and the like which are used as lighting devices at present 
have various problems such as inclusion of a harmful Sub 
stance Such as mercury and the short life span. However, the 
LEDs emitting blue light and ultraviolet light have been 
developed one after another in recent years, and the research 
and development have been increasingly conducted on the 
feasibility of combining ultraviolet to blue light generated 
from the LEDs with phosphors having excitation bands in the 
wavelength region of ultraviolet to blue color to thereby make 
a white light, and using the white light as the illumination of 
the next generation. This white light LED illumination gen 
erates less heat and is constructed by a semiconductor ele 
ment and phosphors, and therefore it has the advantages of 
long life span without being burnt out as the conventional 
incandescent lamp and of disuse of a harmful Substance Such 
as mercury, and is an ideal lighting device. 

Here, in order to obtain white light by combining the afore 
mentioned LED with phosphor, two methods are generally 
considered. One is for obtaining white light emission by 
combining the LED emitting blue light with the phosphor, 
which is excited by receiving the blue light emission and 
emits yellow light, and combining the blue light emission 
with the yellow light emission. 

The other one is a method for obtaining white light emis 
sion by RGB and other light by combining an LED emitting 
near-ultraviolet and ultraviolet light, and a phosphor emitting 
red (R) light, a phosphor emitting green (G) light, a phosphor 
emitting blue (B) light after the phosphor are excited by 
receiving the near ultraviolet and ultraviolet light emission, 
and the others. This method for obtaining white light emis 
sion by the RGB and other light makes it possible to obtain 
optional light emission color other than white light in accor 
dance with the combination and mixture ratio of the RGB and 
other phosphors, and therefore has a wide application range 
as the lighting device. As the phosphors used for this purpose, 
for example, YOS:EU, LaOS:Eu, 
3.5MgO.0.5MgF.GeO, Mn, (La, Mn, Sm).O.S.GaO:Eu 
are cited as red phosphors, for example, ZnS:Cu,Al, SrAl2O: 
Eu, BAM:Eu,Mn are cited as green phosphors, for example, 
YAG:Ce is cited as a yellow phosphor, and for example, 
BAM:Eu, Sr. (PO)Cl:Eu, ZnS: Ag, (Sr, Ca, Ba, Mg) 
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2 
(PO). Cl:Eu are cited as blue phosphors. By combining these 
RGB and other phosphors with a light emitting portion such 
as an LED which emits near ultraviolet and ultraviolet light, 
it is possible to obtain a light source and a lighting device 
including an LED which emits white or a desired color. 
As for white LED illumination by the combination of the 

blue LED and the yellow phosphor (YAG:Ce), light emission 
of long wavelength side in the visible light region is insuffi 
cient. Therefore, light emission of white slightly tinged with 
blue is provided, and light emission of while slightly tinged 
with red as an electric bulb cannot be obtained. 
As for white LED illumination by the combination of the 

near ultraviolet and ultraviolet LED and RGB and other phos 
phors, the red. phosphor out of the phosphors of three colors 
is low in the excitation efficiency in the long wavelength side 
as compared with the other phosphors, and low in the emis 
sion efficiency. Therefore, the mixture ratio of only the red 
phosphor has to be increased, which causes the shortage of 
the phosphors for enhancing the luminance, and thus white 
color with high luminance cannot be obtained. Further, the 
emission spectrum of the phosphor is sharp, and therefore 
there exists the problem of unfavorable color rendering prop 
erties. 

Therefore, there are recently reported an oxynitride glass 
phosphor having good excitation in the long wavelength side, 
and capable of providing the light emission peak with wide 
half band width (for example, see Patent Document 1), the 
phosphor using sialon as the host material (for example, see 
Patent Documents 2 and 3), and the phosphor containing 
nitrogen of silicon nitride series or the like (for example, see 
Patent Documents 4 and 5). The phosphor containing nitro 
gen has a large ratio of covalent bond as compared with oxide 
series phosphors. Therefore, the phosphor has the character 
istic of having a good excitation band in the light of wave 
length of 400 nm or more, and receives attention as the phos 
phor for white LED. 
The inventors of the present invention have also reported 

the phosphor containing nitrogen, which has a favorable exci 
tation band for the light of the ultravioletto visible (250 to 550 
nm) wavelength region emitted from the light emitting ele 
ment emitting light in blue and ultraviolet. (See Patent Docu 
ment 6.) 

Patent Document 1 Japanese Patent Application Laid 
open No. 2001-214162 

Patent Document 2 Japanese Patent Application Laid 
open No. 2003-336059 

Patent Document 3 Japanese Patent Application Laid 
open No. 2003-124527 

Patent Document 4 Translated National Publication of 
Patent Application No. 2003-5 15655 

Patent Document 5 Japanese Patent Application Laid 
open No. 2003-277746 

Patent Document 6 Japanese Patent Application No. 
2004-055536 

In order to enhance light emission properties of visible 
light or white light, in the light source including the LED 
emitting visible light and white light by combination of the 
light emitting element emitting blue and ultraviolet light with 
the phosphor having the excitation band for the wavelength 
region of ultraviolet to blue emitted from the light emitting 
element, enhancement of the emission efficiency of the light 
emitting element and phosphor is naturally required, and at 
the same time, light emission color (color chromaticity, emis 
sion wavelength, luminance) of the phosphor is also impor 
tant. In addition, it is considered that the demand for the 
phosphor of light emission color and excitation band are each 
optimized in accordance with the use purpose of the LED, 
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light source and the like will increase in the future. Here, the 
inventors have conceived the problems as will be explained 
hereinafter. 

First, the problem about the luminance concerting the light 
emission color of the phosphor will be explained. 

Even when the intensity of the light emission generated by 
the phosphor is physically the same, blue light of the short 
wavelength and red light of the long wavelength are felt dark 
in the visual sense of a human being as compared with yellow 
light and green light. This is because the wavelength which is 
felt the brightest in the human visual sensitivity is in yellow 
ish green light in the vicinity of 555 nm. Accordingly, in the 
emission wavelength emitted by the phosphor, the light of the 
same color tone can be felt brighter by a manby increasing the 
ratio of this wavelength. As a result, when the phosphor with 
high ratio of the yellowish green light in the emission light 
wavelength is used, the luminance is enhanced, and therefore 
it is the problem to develop such a phosphor. 

Next, the problem about the color rendering properties 
concerning light emission color of a phosphor will be 
explained. 

Considering the light emission color of a phosphor also 
from the viewpoint as illumination, the light emission color is 
demanded to be a broad emission spectrum without a gap 
from blue to red when combined with the light emitting 
portion of ultraviolet to blue. For example, a YAG:Ce yellow 
phosphor, which is a general phosphor, has the emission 
wavelength in the vicinity of about 560 nm, and can be said to 
be the phosphor having the emission spectrum of the best 
emission efficiency for the visual sensitivity. However, when 
white light is to be obtained by combining the YAG:Ceyellow 
phosphor with the blue LED, sufficient luminance is obtained 
in the viewpoint of the aforementioned luminance (visual 
sensitivity), but the light emission color in the long wave 
length side, corresponding to red becomes insufficient. 
Therefore, the obtained emission light becomes white emis 
sion light slightly tinged with blue, and white emission light 
slightly tinged with red as the emission light of the incandes 
cent lamp cannot be obtained. Therefore, when white light 
generated by combining the YAG:Ce yellow phosphor with 
the blue LED is emitted to a red object, the phenomenon in 
which red looks dark occurs, and which becomes a problem in 
the color rendering properties. As a method for Solving the 
problem of the color rendering properties, it is required to 
realize the light emission of the spectrum from blue to red 
without a gap by further adding red light to yellow light 
emitted by the YAG:Ce yellow phosphor, and in order to 
obtain the red light, it is the problem to develop a phosphor of 
red color having the color rendering properties and luminance 
properties. 

Further, the problem concerning the excitation range of the 
excitation light of the phosphor will be explained. 

Seeing the aforesaid YAG:Ce yellow phosphor from the 
viewpoint of enhancement of the emission efficiency of the 
light emitting element for exciting a phosphor and the phos 
phor, the YAG:Ce yellow phosphor is in the excitation range 
with favorable efficiency when it is made to emit light with 
blue light emitted by the blue LED. However, when it is made 
to emit light with near ultraviolet and ultraviolet light emitted 
by the near ultraviolet and ultraviolet LED, the YAG:Ce yel 
low phosphor is out of the excitation range with favorable 
efficiency, and therefore Sufficient light emission is not 
obtained. The cause of this is that the excitation range with 
favorable efficiency for the YAG:Ce yellow phosphor is nar 
OW. 

When the YAG:Ce yellow phosphor is made to emit light 
with blue light emitted by the aforementioned blue LED, the 
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4 
problem that the excitation range with favorable efficiency for 
the YAG:Ce yellow phosphor is narrow leads to the situation 
in which the wavelength balance of the blue and yellow is lost 
as a result that the emission light wavelength of the blue LED 
is out of the optimal excitation range of the YAG:Ce yellow 
phosphor due to the variation of the emission light wave 
length caused by the variation in the light emitting element at 
the time of production of the blue LED. If such a situation is 
brought about, there arises the problem that the color tone of 
the white light, which is obtained by synthesizing blue light 
and yellow light, changes. Here, the variation in the emission 
wavelength following the production of the LED cannot be 
avoided, and therefore, in order to avoid the change in the 
color tone, it is the problem to develop the phosphor having 
the properties that the range of the excitation band is wide and 
flat. 
The present invention is made in view of the aforemen 

tioned problems, and has its object to provide a phosphor, of 
which emission wavelength can be optionally set the region 
with high visual sensitivity of a human being, thereby making 
it possible to enhance the luminance in the region, emitting 
light of red color having color rendering properties and lumi 
nance properties, and has the excitation band for the light in 
the wide wavelength region of the ultraviolet to visible light 
(250 nm to 600 nm) emitted from the light emitting portion, 
when the phosphor is used in combination with the ultraviolet 
to visible light emitting portion, and a production method of 
the same, a method for shifting the emission wavelength of 
the phosphor, and a light source and a LED using the phos 
phor. 

SUMMARY OF THE INVENTION 

As a result of pursuing the study on the compositions of 
various phosphors for the aforementioned problems, the 
inventors has been able to obtain the phosphor of which 
emission wavelength can be optionally set in a region with 
high visual sensitivity, excellent in luminance properties and 
high in emission efficiency. 

Namely, a first constitution to solve the aforesaid problems 
1S 

a phosphor characterized by including a main production 
phase of a phosphor expressed by a composition formula of 
MmAaBbOoNn:ZZ (where an element M is one or more 
bivalent elements, an element A is one or more trivalent 
elements, an element B is one or more tetravalent elements. O 
is oxygen, N is nitrogen, an element Z is an activator, n=2/ 
3m+a+4/3b-2/3o, m/(a+b) 1/2, (o--n)/(a+b)>4/3, and each 
of m, a, b, o and n is not 0). 
A second constitution is the phosphor according to the first 

constitution, characterized in that ma=b=1. 
A third constitution is the phosphoraccording to the first or 

second constitution, characterized in that 0<osm and 
0.0001sz/(m+z)<0.5. 
A fourth constitution is the phosphor according to any one 

of the first to third constitutions, characterized in that the 
element M is one or more elements selected from Mg (mag 
nesium), Ca (calcium), Sr. (strontium), Ba (barium) and Zn 
(zinc), the element A is one or more elements selected from B 
(boron), Al (aluminum) and Ga (gallium), the element B is Si 
(silicon) and/or Ge (germanium), and the element Z is one or 
more elements selected from rare earth or transition metals. 
A fifth constitution is the phosphor according to any one of 

the first to fourth constitutions, characterized in that the ele 
ment A is Al (aluminum), and the element B is Si (silicon). 
A sixth constitution is the phosphoraccording to any one of 

the first to fifth constitutions, characterized in that the element 
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Z is at least one or more elements selected from Eu (eu 
ropium), Mn (manganese), Sm (Samarium) and Ce (cerium). 
A seventh constitution is the phosphor according to any 

one of the first to sixth constitutions, characterized in that the 
element Z is Eu (europium). 
An eighth constitution is a phosphor comprising the main 

production phase of the phosphor expressed by the composi 
tion formula of MmAaBbOoNn:ZZ according to any one of 
the first to seventh constitutions and oxygen, 

the aforesaid phosphor including the aforesaid oxygen by 3 
wt % or less with respect to a mass of the main production 
phase of the phosphor. 
A ninth constitution is a phosphor comprising 24 wt % to 

30 wt % of Ca (calcium), 17 wt % to 21 wt % of Al (alumi 
num), 18 wt % to 22 wt % of Si (silicon), 1 wt % to 15 wt % 
of oxygen, 15 wt % to 33 wt % of nitrogen and 0.01 wt % to 
10 wt % of Eu (europium), 

characterized in that an emission maximum in an emission 
spectrum is in a range of 600 nm to 660 nmi; and 

in that color chromaticity “X” of light emission is in a range 
of 0.5 to 0.7, and color chromaticity “y” of light emission is in 
a range of 0.3 to 0.5. 
A tenth constitution is the phosphoraccording to any one of 

the first to ninth constitutions, characterized in that the afore 
said phosphor is in a powder form. 
An eleventh constitution is the phosphor according to the 

tenth constitution, characterized in that an average particle 
size of the phosphor in the powder form is from 0.1 um to 20 
um inclusive. 
A twelfth constitution is a manufacturing method of the 

phosphor according to any one of the first to eleventh consti 
tutions, characterized by including: 

as a raw material of at least one element selected from the 
element M, element A and element B, preparing a compound 
having the element and oxygen, and a compound having the 
element and nitrogen; and 

controlling an oxygen concentration included in the main 
production phase of the aforesaid phosphor by compounding 
of the compound having the element and oxygen and the 
compound having the element and nitrogen. 
A thirteenth constitution is a method of shifting an emis 

sion wavelength of the phosphor according to any one of the 
first to eleventh constitutions, characterized by including: 

as a raw material of at least one element selected from the 
element M, element A and element B, preparing a compound 
having the element and oxygen, and a compound having the 
element and nitrogen; and 

controlling an oxygen concentration included in the main 
production phase of the aforesaid phosphor by compounding 
of the compound having the element and oxygen and the 
compound having the element and nitrogen, and thereby 
shifting the emission wavelength. 
A fourteenth constitution is a method of shifting the emis 

sion wavelength of the phosphor according to any one of the 
first to eleventh constitutions, characterized by including: 

controlling a compounding amount of the element Z, and 
thereby shifting the emission wavelength. 
A fifteenth constitution is a method of shifting an emission 

wavelength of the phosphor according to any one of the first 
to eleventh constitutions, characterized by including: 

as a raw material of at least one element selected from the 
element M, element A and element B, preparing a compound 
having the element and oxygen, and a compound having the 
element and nitrogen; 

controlling an oxygen concentration included in the main 
production phase of the phosphor by compounding of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
compound having the element and oxygen and the compound 
having the element and nitrogen; and 

controlling a compounding amount of the element Z, and 
thereby sifting the emission wavelength. 
A sixteenth constitution is a light source characterized by 

including the phosphor according to any one of the first to 
eleventh constitutions, and a light emitting portion emitting 
light of a predetermined wavelength, and in that a part of the 
light of the predetermined wavelength is set to be an excita 
tion source, and the aforesaid phosphor is made to emit light 
of a different wavelength from the predetermined wave 
length. 
A seventeenth constitution is the light Source according to 

the sixteenth constitution, characterized in that the predeter 
mined wavelength is a wavelength of any one of 250 nm to 
600 nm. 
An eighteenth constitution is an LED characterized by 

including the phosphor according to any one of the first to 
eleventh constitutions, and a light emitting portion emitting 
light of a predetermined wavelength, and in that a part of the 
light of the predetermined wavelength is set to be an excita 
tion source, and the aforesaid phosphor is made to emit light 
of a different wavelength from the predetermined wave 
length. 
A nineteenth constitution is the LED according to the 

eighth constitution, characterized in that the predetermined 
wavelength is a wavelength of any one of 250 nm to 600 nm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing the relationship between the 
emission maximum of the emission wavelength and lumi 
nance of a main production phase of the phosphor according 
to the present invention; 

FIG. 2 is a graph showing an excitation spectrum of the 
main production phase of the phosphor according to the 
present invention; 

FIG.3 is a graph showing an emission spectrum of the main 
production phase of the phosphor according to the present 
invention; 

FIG. 4 is a graph showing an emission spectrum of an LED 
according to an example of the present invention; and 

FIG.5 is a graph showing the emission spectrum of an LED 
according to a different example of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

A phosphor according to the present invention is a phos 
phor including a main production phase (hereinafter. 
described as a production phase) of a phosphor expressed by 
the composition formula of MmAaBbOoNn: Z. Here, ele 
ment M is at least one or more bivalent elements in the main 
production phase of the aforesaid phosphor. Element A is at 
least one or more trivalent elements in the aforesaid produc 
tion phase. Element B is at least one or more tetravalent 
elements in the aforesaid production phase. Orepresents oxy 
gen and N represents nitrogen. Element Z is an element which 
acts as an activator in the aforesaid production phase, and is at 
least one or more elements selected from rare-earth elements 
or transition-metal elements. If a production phase has this 
constitution, the production phase can obtain the phosphor, 
which has an excitation band for the light in the range of 
ultraviolet to visible light (wavelength region of 250 nm to 
600 nm) with high luminance and wide halfbandwidth of the 
emission spectrum, and emits fluorescence of red color hav 
ing color rendering properties and luminance properties. 
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When the aforementioned production phase has a chemi 
cally stable constitution, an impurity phase which does not 
contribute to light emission is difficult to generate in the 
constitution, and therefore reduction in the light emission 
properties can be suppressed, which is a preferable constitu 
tion. Therefore, in order to allow the production phase to take 
a chemically stable constitution, it is preferable that the pro 
duction phase has the constitution which is expressed by the 
aforementioned composition formula of MmAaBbOoNn:Z. 
and n=2/3m+a+4/3b-2/3o, m/(a+b) 1/2, and (o--n)/(a+b)>4/ 
3. It should be noted that any of m, a, b, o and n is not 0. 

Further, in the production phase having the constitution of 
the aforementioned composition formula of MmAaBbOoNn: 
Z, the element M is the element with positive bivalency, the 
element A is the element with positive trivalency, and the 
element B is the element with positive tetravalency, and oxy 
gen is the element with negative bivalency, and nitrogen is the 
element with negative trivalency. Therefore, m-a-b=1 is sat 
isfied, and thereby the constitution of the production phase 
becomes a more stable compound, which is preferable. In this 
case, the preferable range of the content of nitrogen in the 
compound is determined by the content of oxygen in the 
constitution, and in the case of m-a=b=1, it is expressed by 
n=3-2/3o (where 0<os1). However, in any case, a small 
composition deviation from the composition formula 
expressing the constitution of the production phase is permit 
ted. 

Meanwhile, by controlling a mole ratio 'o' of oxygen in 
the production phase having the constitution of the aforemen 
tioned composition formula of MmAaBbOoNn: Z, the emis 
sion maximum of the emission wavelength of the phosphor 
can be optionally shifted, and set in the range of 600 nm to 660 
nm. It is noted that the mole ratio o of oxygen is preferably 
controlled in the range of 0<osm. This is because when the 
content of oxygen is in this range, and reduction in the lumi 
nance of the production phase can be avoided without gener 
ating an impurity composition. 

Further, by the control of the doping amount of the activa 
tor element Z, the emission maximum of the emission spec 
trum of the production phase can be also shifted, and set, 
which is useful on adjustment of the luminance. 
As for the control of the doping amount of the activator 

element Z, it is preferable that the mole ratio Z/(m+z) of the 
element M and the activator element Z is preferably in the 
range from 0.0001 to 0.5 inclusive. When the mole ratio 
Z/(m+z) of the element Mand the activator element Z is in this 
range, reduction in the emission efficiency due to concentra 
tion quenching caused by the excessive content of the activa 
tor can be avoided, while reduction in the emission efficiency 
due to shortage of the light emission contributing element 
caused by too small content of the activator can be avoided. In 
addition, when the value of Z/(m+Z) is in the range from 
0.0005 to 0.1 inclusive, good light emission can be obtained, 
which is preferable. However, the optimal value of the range 
of the value of Z/(m+z) varies slightly in accordance with the 
kind of the activator element Z and the kind of element M. 
The phosphor according to the present invention some 

times contain the aforementioned production phase and oxy 
gen. The oxygen is considered to be the oxygen adhering to 
the Surface of the raw material from the beginning, the oxygen 
mixed in as a result of oxidation of the surface of the raw 
material at the time of preparation of firing and at the time of 
firing, and the oxygen adsorbed onto the Surface of the phos 
phor specimen after firing. Judging from the analysis result of 
the phosphor according to the examples which will be 
described later, it is considered that oxygen of 3 wt % or less 
is contained with respect to the mass of the production phase. 
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8 
Since the phosphor according to the present invention further 
contains oxygen apart from the production phase, more oxi 
dation than this hardly occurs, and therefore it can be consid 
ered to be a phosphor excellent in durability and having long 
life span. 
On producing the phosphor specimen according to the 

present invention, as raw materials of the element M (+biva 
lency), the element A (+trivalency) and the element B (+tet 
ravalency), any compounds of a nitride of each of them, and 
an oxide of each of them may be used. For example, a nitride 
(MN) of the element M and the oxide (MO) of the element 
M, and the nitrides of the element A and the element B (AN, 
BN) may be used and mixed. By controlling the compound 
ing radio of both the nitrides and the oxides, the oxygen 
amount and the nitrogen amount in the specimen can be 
controlled without changing the value of m. The nitrides and 
the oxide do not mean to be limited to the compound chemi 
cally combined with only oxygen, and the compound chemi 
cally combined with only nitrogen, but the oxide means the 
compound having oxygen and the element which Substan 
tially becomes an oxide, for example, such as carbonate, 
oxalate or the like, as a result of decomposition during firing, 
and in the case of the nitride, the nitride means the compound 
having the element and nitrogen. However, in the following 
explanation, the explanation is made by using the example of 
the oxide of the element as the compound having the element 
and oxygen, and the example of the nitride of the element as 
the compound having the element and nitrogen, for conve 
nience. 

For example, when weighing is performed under the con 
ditions of m-a-b-1 and the mole ratio of oxygen of o=0.5, 
each raw material is weighed at the mole ratio of MN:MO: 
AN:BN 0.5:1.5:3:1. Further, in this case, when the element 
Z of the activator is, for example, a bivalent element, a part of 
the element M is replaced by the element Z, and therefore it is 
preferable to set (m+Z)-a-b=1 in consideration of this 
replacement. Thereby, the constitution of the production 
phase can take a chemically stable constitution, and the phos 
phor with high efficiency and high luminance can be 
obtained. 

It is preferable that the aforesaid element M is at least one 
or more element or elements selected from Be, Mg, Ca, Si, 
Ba, Zn, Cd and Hg, and it is more preferable that the element 
M is at least one or more element or elements selected from 
Mg, Ca, Sr. Ba and Zn. 

It is preferable that the aforesaid element A is at least one or 
more element or elements selected from the elements taking 
trivalency such as B (boron), Al. Ga, In, T1.Y.Sc. P. As, Sb and 
Bi, it is more preferable that the element A is at least one or 
more element or elements selected from B, Al and Ga, and it 
is the most preferable that it is Al. AlN which is the nitride of 
Al is used as a general heat conducting material and structural 
material, and Al is preferable because it is easily available at 
low cost and has Small environmental load in addition. 

It is preferable that the aforesaid element B is at least one or 
more element or elements selected from the elements taking 
tetravalency such as C. Si, Ge, Sn, Ti, Hf, Mo, W. Cr, Pb and 
Zr, it is more preferable that the element B is Siand/or Ge, and 
it is the most preferable that it is Si. SiNa which is the nitride 
of Si is used as a general beat conducting material and a 
structural material, and Si is preferable because it is easily 
available at low cost and has Small environmental load in 
addition. 

It is preferable that the aforesaid element Z is at least one or 
more element or elements selected from rare-earth elements 
or transition-metal elements, and in order to allow, for 
example, the white light source and the white LED using this 
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phosphor to exhibit color rendering properties, it is preferable 
that the light emission of the production phase is a spectrum 
with wide half band width. From this point of view, the 
element Z is preferably at least one or more element or ele 
ments selected from Eu, Mn, Smand Ce. Since with use of Eu 
among others, the production phase shows strong light emis 
sion from orange-colored to red, high emission efficiency and 
high color rendering properties are obtained, and Eu is more 
preferable as the activator for the production phase applied to 
the white illumination and white LED. 

In accordance with the kind of the element Z replacing a 
part of the element M of the constitution of the production 
phase, the phosphor having the light emission of different 
wavelengths can be obtained. 
As a result that the aforesaid element M, element A, ele 

ment Band element Z take the above-described constitutions, 
the luminescence intensity and luminance of the production 
phase are enhanced. Further, when Ca is selected as the pref 
erable element M, Al is selected as the preferable element A, 
Si is selected as the preferable element B, and Eu is selected 
as the preferable element Z, and when 24 to 30 wt % of Ca.17 
to 21 wt % of Al, 18 to 22 wt % of Si, 1 to 15 wt % of oxygen, 
15 to 33 wt % of nitrogen, and 0.01 to 10 wt % of Eu are 
included as the respective element concentration of the phos 
phor according. to the present invention, the phosphor is 
preferable because it has the excitation band from ultraviolet 
to visible light (wavelength. region of 250 nm to 600 nm), 
with the emission maximum in the emission spectrum in the 
range of 600 nm to 660 nm, the color chromaticity “X” of light 
emission in the range of 0.5 to 0.7, and the color chromaticity 
“y” of the light emission in the range of 0.3 to 0.5. 
When the phosphor according to the present invention is 

used in the form of powder, it is preferable that the average 
particle size of the phosphor powder is 20 um or less. This is 
because light emission is considered to occur mainly on the 
particle Surfaces in the phosphor powder, and if the average 
particle size is 20 um or less, the Surface area perpowder unit 
weight can be ensured and reduction in luminance can be 
avoided. Further, when the powder is formed into a paste, and 
is coated on the light emitting element or the like, the density 
of the powder can be also enhanced, and reduction in lumi 
nance can be also avoided from this point of view. According 
to the study of the inventors, it is found out that the average 
particle size is preferably larger than 0.1 um from the view 
point of the emission efficiency of the phosphor powder, 
though the detailed reason is not known. From the above, it is 
preferable that the average particle size of the phosphor pow 
der according to the present invention is from 0.1 um to 20um 
inclusive. 
As explained thus far, the phosphor according to the 

present invention has a favorable excitation band in the wide 
range of ultraviolet to visible light (wavelength region of 250 
to 600 nm), the emission maximum of the emission wave 
length of the phosphor is capable of being shifted optionally 
and set in the range of 600 nm to 660 nm, and light emission 
of the phosphoris the light emission of red color having color 
rendering properties and luminance properties, which is the 
spectrum with wide half band width. Therefore, by combin 
ing the phosphor with the light emitting portion emitting 
ultraviolet to blue light, a light source and an LED of mono 
chromatic or white light with high luminance and good color 
rendering properties, and a lighting unit including them can 
be further obtained. 

Next, an example of production method of the phosphor 
according to the present invention will be explained with the 
production of Caoloss AlSiOos2N2.6s2:Eulooso cited as an 
example. 
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10 
First, the oxide raw material and nitride raw material of the 

element M, the nitride raw material of the element A, and the 
nitride raw material of the element B are prepared. The oxide 
raw material of the element A and/or the element B may be 
used if desired. 

Each of the oxide raw material and nitride raw material 
may be a commercially available raw material, but the raw 
material with higher purity is preferable, and therefore the 
raw material of 2N or more is preferably prepared, and the 
raw material of 3N or more is more preferably prepared. 
Though it is generally preferable that the particle size of each 
raw material particle is very fine from the viewpoint of pro 
motion of the reaction, but the particle size and the shape of 
the phosphor to be obtained change in accordance with the 
particle sizes and shapes of the raw materials. Therefore, the 
nitride raw materials and the oxide raw material are prepared, 
which have approximate particle sizes corresponding to the 
particle size required of the phosphor to be finally obtained. 
The raw material of the element Z may be a commercially 

available oxide raw material, but the raw material with higher 
purity is preferable, and therefore the raw material of 2N or 
more is preferably prepared, and the raw material of 3N or 
more is more preferably prepared. The oxygen contained in 
the oxide raw material of the element Z is also supplied into 
the composition of the production phase, and therefore it is 
preferable to take this oxygen Supply amount into consider 
ation when considering the mix proportions of the aforemen 
tioned element M raw material, element A raw material and 
element B raw material. 

In production of Cao.9ss AlSiOos2N26s2:Eulooso, for 
example, as two kinds of nitride and oxide of the element M, 
the nitrides of the element A and element B, it is suitable to 
prepare CaN(2N), CaO(2N), AlN(3N) and SiN.(3N), 
respectively. As the element Z. EuO(3N) is prepared. 

These raw materials are weighed with the mixture ratio of 
the respective raw materials being set at (0.985-0.50)/3 mol 
of CaN, 0.50 mol of CaO, 1 mol of AIN, 1/3 mol of SiN 
and 0.015/2 mol of EuO so that the mole ratio of each 
element is m:a:b:Z=0.985:1:1:0.015. 
As for the weighing and blending, the operation inside the 

glove box under an inert gas atmosphere is convenient. The 
nitride of each of the raw material elements is susceptible to 
moisture, and therefore it is suitable to use the inert gas from 
which moisture is sufficiently removed. When the nitride raw 
material is used as each raw material element, dry blending is 
preferable for the blending method to avoid decomposition of 
the raw material, and an ordinary thy blending method using 
a ball mill, a mortar or the like may be adopted. 
The raw materials after completion of blending are put into 

a crucible, and are held in the inert atmosphere such as nitro 
gen for three hours at 1000°C. or more, preferably at 1400° or 
more, and more preferably at 1500° C. or more to be fired. The 
holding time can be shortened since the firing advances more 
quickly as the firing temperature is higher. Meanwhile, in the 
case of the low firing temperature, the intended light emission 
properties can be obtained by keeping the temperature for a 
longtime. However, since the particle growth advances as the 
firing time is longer and the particle size becomes larger, the 
firing time is set in accordance with the intended particle size. 
As the crucible, use of the crucible made of BN (boron 
nitride) is preferable since inclusion of impurities from the 
crucible can be avoided. After firing is completed, the fired 
matter is taken out of the crucible, and grinded by using 
grinding means such as a mortar and a ball mill so that a 
predetermined average particle size is obtained, and thereby 
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the phosphor including the production phase expressed by the 
composition formula of Caoosse.AlSiOoss N26s2:Eulooso 
can be produced. 
When the other elements are used as the element M, ele 

ment A, element Band element Z, and when the set value of 
Z/(m+Z) is changed, the phosphor including the production 
phase having a predetermined composition formula can be 
produced by the same production method as the one 
described above by adapting the compounding amount of 
each of the material at the time of preparation to a predeter 
mined composition ratio. 

Here, an application method of the phosphor according to 
the present invention to an LED and a light source will be 
explained. 
By combining the phosphoraccording to the present inven 

tion in the powder form with a light emitting portion (particu 
larly, the light emitting portion emitting any light in the wave 
length region of 250 nm to 600 nm) according to a known 
method, various kinds of display devices and lighting units 
can be produced. For example, in combination with a dis 
charge lamp which emits ultraviolet light, a fluorescent lamp, 
a lighting unit and a display device can be produced, and in 
combination with an LED light emitting element which emits 
ultraviolet to blue light, an illumination unit and a display 
device can be also produced. 

Further, by the aforementioned control of the mole ratio o 
of the oxygen of the production phase in the range of 0<osm, 
and the control of the doping amount of the activator element 
Z, the emission wavelength of the phosphor is shifted, and 
coordinated with the wavelength of the light emitted by the 
light emitting portion, whereby white light having an optional 
color chromaticity point with better balanced luminance and 
color rendering properties can be obtained. 

EXAMPLES 

Hereinafter, based on the examples, the present invention 
will be explained more specifically. 

Example 1 

Commercially available CaN(2N), AlN(3N), SiN 
(3N), EuO(3N) were prepared, and after each raw material 
was weighed so that 0.985/3 mol of CaNa, 1 mol of AlN, 1/3 
mol of SiNa, and 0.015/2 mol of EuO are obtained, the raw 
materials were blended by using the mortar inside the globe 
box under the nitrogen atmosphere. After the blended raw 
materials were put into the crucible and were held under the 
nitrogen atmosphere at 1500° C. for three hours and fired, the 
raw materials were cooled from 1500° C. to 200° C. in one 
hour, and the phosphor including the production phase 
expressed by the composition of CaAlSiN:Eu was obtained. 
The particle size of the obtained phosphor specimen was 3 to 
4 um. (Hereinafter, in the examples 2 to 13, the particle sizes 
of the obtained phosphor specimens were 3 to 4 um.) 
The excitation light source of the wavelength of 460 nm 

was emitted to the obtained phosphor and the light emission 
properties were measured. In the items of the measured light 
emission properties, the emission maximum expresses the 
wavelength at the peak which shows the wavelength with the 
highest luminescence intensity in the emission spectrum in 
(nm). The luminescence intensity expresses the luminescence 
intensity in the emission maximum by the relative intensity, 
and the intensity of the example 1 is standardized as 100%. 
The luminance is the value ofY obtained based on the calcu 
lation method in the XYZ colorimetric system defined in the 
JISZ8701. The color chromaticity expresses the color chro 
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12 
maticities X and y obtained by the calculation method defined 
in the JISZ8701. The oxygen and nitrogen concentration 
(O/N) contained in the phosphor powder specimen were mea 
Sured by using the oxygen and nitrogen simultaneous ana 
lyzer (TC-436) made by LECO Co., Ltd., and the concentra 
tions of the other elements are the measured values by using 
the ICP. 
The raw material composition formula of the phosphor 

specimen, the concentration analysis result of each element, 
the measurement result of the light emission properties are 
shown in Table 1. 
From the measurement; result of the oxygen and nitrogen 

concentration, the analysis values of the oxygen concentra 
tion and the nitrogen concentration in the phosphor specimen 
were 2.4 wt % and 28.5 wt %. Meanwhile, since the nitrogen 
concentration in the production phase in the phosphor speci 
men is 2.98 moland the oxygen concentration is 0.21 mol, the 
calculated oxygen concentration is 0.3 wt % and the calcu 
lated nitrogen concentration is 30 wt %. 
Comparing both of them, concerning the oxygen concen 

tration, a considerably large amount of oxygen is contained in 
the specimen with respect to the oxygen concentration of 0.3 
wt % in the production phase. The excessive oxygen of about 
2 wt % is considered to be he oxygen originally adhering to 
the Surface of the raw materials, the oxygen included as a 
result of oxidation of the surface of the raw materials at the 
time of preparation of the firing and at the time of the firing, 
and the oxygen adsorbed onto the Surface of the phosphor 
specimen after the firing, and is considered to be the oxygen 
existing separately from the constitution of the production 
phase. 

Meanwhile, concerning the nitrogen concentration, the 
approximately same amount of nitrogen (30 wt %) with 
respect to the nitrogen concentration of 28.5% in the produc 
tion phase is contained in the specimen. From this result, it is 
considered that the nitrogen existing separately from the con 
stitution of the production phase hardly exists. 

Further, the excitation spectrum showing the excitation 
band of the obtained phosphor specimen, and the emission 
spectrum showing the light emission properties were mea 
sured. and the result of them are show in FIG. 2 and FIG. 3. 

FIG. 2 is a graph in which the relative intensity is plotted in 
the vertical axis, the excitation wavelength (nm) is plotted in 
the horizontal axis, and the excitation spectrum of the phos 
phor specimen is plotted by the solid line. 
As is obvious from the measurement result in FIG. 2, it has 

been found out that the excitation spectrum of the phosphor 
specimen according to the example 1 exists in the wide range 
of 250 nm to 600 nm, and the light in the wide range from the 
ultraviolet to visible light can be utilized sufficiently and 
effectively. 

FIG.3 is a graph in which the relative intensity is plotted in 
the vertical axis, the emission wavelength (nm) is plotted in 
the horizontal axis, and the emission spectrum of the phos 
phor specimen is plotted by the solid line. 
As is obvious from the measurement result in FIG.3, it has 

been found out that the emission spectrum of the phosphor 
specimen according to the example 1 has the peak value at 
654 nm, and has the half band width over the area with high 
visual sensitivity. 

Example 2 

Except that the mixture ratio of the respective raw materi 
als was set at 0.9825/3 mol of CaN, mol of AlN, 1/3 mol of 
SiNa and 0.0175/2 mol of EUO, the phosphor specimen 
according to the example 2 was produced similarly to the 
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example 1, and the light emission properties were measured. Further, the excitation spectrum and the emission spectrum 
The raw material composition formula, the concentration of the obtained phosphor specimen were measured, and the 
analysis result of eachelement, and the measurement result of results were shown by being plotted by the dashed lines in 
the light emission properties of the phosphor specimen are FIG. 2 and FIG. 3. 
shown in Table 1. 5 As is obvious from the measurement result in FIG. 2, it has 

been found out that the excitation spectrum of the phosphor 
specimen according to the example 5 exists in the wide range 

Example 3 of 250 nm to 600 nm, and the light in the wide range from the 
ultraviolet to visible light can be utilized sufficiently and 
effectively. 

Except that the mixture ratio of the respective raw materi- 10 Asis obvious from the measurement result in FIG. 3, it has 
als was set at 0.9875/3 mol of CaN, 1 mol of AIN, 1/3 mol been found out that the emission spectrum of the phosphor 
of SiaN4 and 0.0125/2 mol of Eu2O3 the phosphor Specimen specimen according to the example 5 has the peak value, 
according to the example 3 was produced similarly to the which is lower than the example 1, at 647.5 nm, but it has the 
example 1, and the light emission properties were measured. half band width over the range with higher visual sensitivity 
The raw material composition formula, the concentration 15 than the example 1. 
analysis result of each element, and the measurement result of 
the light emission properties of the phosphor specimen are Example 6 
shown in Table 1. 

Except that the mixture ratio of the respective raw materi 
20 als was set at 0.9950/3 mol of CaN, 1 mol of AlN, 1/3 mol 

Example 4 of SiNa and 0.0050/2 mol of EUO, the phosphor specimen 
according to the example 6 was produced similarly to the 

Except that the mixture ratio of the respective raw materi- example 1, and the light emission properties were measured. 
als was set at 0.99/3 mol of CaN, 1 mol of AlN, 1/3 mol of The raw material composition formula, the concentration 
SiN and 0.01/2 mol of EUO, the phosphor specimen 2s analysis result of each element, and the measurement result of 
according to the example 4 was produced similarly to the the light emission properties of the phosphor specimen are 
example 1, and the light emission properties were measured. shown in Table 1. 
The raw material composition formula, the concentration 
analysis result of each element, and the measurement result of Example 7 
the light emission properties of the phosphor specimen are 30 
shown in Table 1. Except that the mixture ratio of the respective raw materi 

als was set at 0.9975/3 mol of CaN, 1 mol of AlN, 1/3 mol 
of SiNa and 0.0025/2 mol of Eu2O, the phosphor specimen 

Example 5 according to the example 7 was produced similarly to the 
is example 1, and the light emission properties were measured. 

Except that the mixture ratio of the respective raw materi- The raw material composition formula, the concentration 
als was set at 0.9925/3 mol of CaN, 1 mol of AlN, 1/3 mol analysis result of each element, and the measurement result of 
of SiNa and 0.0075/2 mol of Eu2O, the phosphor specimen the light emission properties of the phosphor specimen are 
according to the example 5 was produced similarly to the shown in Table 1. 

TABLE 1 

LIGHT 
EMIS 

EACHELEMENT CONCENTRATION PEAK SION COLOR 
RAW MATERIAL MEASUREMENT RESULT WAVE- INTEN- CHROMA LUMI 

PREPARATION Ca Al Si O N E LENGTH SITY TICITY NANCE 

COMPOSITION FORMULA (wt %) (wt %) (wt %) (wt %) (wt %) (wt %) (nm) (%) X y (%) 

EXAM- Cao.983 AlSiOo.26N2.983: 28.1 19.2 19.5 2.4 28.5 2.1 656.4 100.4 0.679 0.321 92.9 
PLE 2 Eulo,0175 
EXAM- Cao. 985 AlSiOoo23N2.985: 27.5 19.8. 20.0 2.3 28.6 1.7 654.O 1OO.O O.675 0.324 100.0 
PLE1 Eulo.olso 
EXAM- Cao.988AlSiOoo 18N2.968: 27.0 18.8 18.8 2.2 31.2 1.4 651.6 96.O 0.671 O.328 103.5 
PLE3 Eulo.0125 
EXAM- Cao.gooAlSiOoo 15N2.993: 27.5 19.6 19.8 2.6 28.2 1.1 650.7 88.8 O.666 0.333 104.3 
PLE 4 Eulo.oloo 
EXAM- Caogg3AlSiOoo 11N2.993: 27.5 18.7 18.8 2.0 32.2 O.9 647.5 82.4 O.661 O.338 104.6 
PLES Eulo.0075 
EXAM- Caogos AlSiOooosN2.ggs: 27.6 194 19.4 2.0 31.0 O.6 644.2 69.6 0.652 O.347 101.3 
PLE 6 Eulo,00so 
EXAM- Caogos AlSiOoooN2.998: 27.2 20.8. 20.5 2.1 28.9 O.3 639.O S.O.S. O.633 0.364 91.5 
PLE 7 Eulo.0025 

example 1, and the light emission properties were measured. Study on Examples 1 to 7 
The raw material composition formula, the concentration 
analysis result of each element, and the measurement result of 65. The examples 1 to 7 were each conducted to measure the 
the light emission properties of the phosphor specimen are change in the optical properties in the phosphor when an 
shown in Table 1. increase and decrease of the oxygen concentration in the 
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constitution of the production phase and an increase and 
decrease of the Eu; doping amount were performed together 
(namely, with the increase and decrease in the doping amount 
of EuO that is the raw material of the Eu element, the 
oxygen concentration in the constitution of the production 
phase also increases and decreases due to the oxygen Supplied 
by the EuO). 

It has been found out that the emission maximum of the 
emission wavelength changes from the red in the vicinity of 
660 nm shown by the example 1 to the orange-color tinged 
with red in the vicinity of 640 nm shown by the example 7. 
with the decrease in the oxygen concentration and the Eu 
doping concentration. 

Here, the relationship between the emission maximum of 
the emission wavelength and the luminance in the phosphor 
according to each of the examples 1 to 7 will be explained 
with reference to FIG. 1. 

FIG. 1 is a graph in which the luminance is plotted in the 
vertical axis while the emission wavelength is plotted in the 
horizontal axis, the relationships between the emission maxi 
mums of the emission wavelengths and the luminance of the 
phosphors according to the examples 1 to 7 are plotted, and 
the plotted points are connected by the solid line. 

The following has been found out from the compositions of 
the phosphors according to the examples 1 to 7, and the 
plotted points connected by the solid line in FIG. 1. 

Namely, the luminescence intensity decreases due to the 
decrease in the oxygen concentration in the production phase 
and the decrease in the doping concentration of Eu, but the 
luminance is enhanced. It has been found out that the lumi 
nance becomes the highest in the vicinity of 2.0 wt % of 
oxygen concentration and 0.0075 mol of the Eu doping con 
centration shown in the example 5 (This luminance was stan 
dardized as the relative intensity of 100%), and when the 
concentration is further decreased, the luminescence inten 
sity and the luminance both decrease this time, but the reduc 
tion in the luminance is so gentle that even with the 2.1 wt % 
of oxygen concentration and 0.0025 mol of Eu doping con 
centration shown in the example 7, the luminance of 90% or 
more is provided 

From the above, it has been found out that in the phosphors 
according to the examples 1 to 7, the emission wavelength can 
be optionally set in the range of the vicinity of 660 nm to the 
vicinity of 640 nm while the luminance was kept in the fixed 
range at a high level, by controlling the oxygen concentration 
and the Eu doping concentration at the time of preparation of 
the raw material. 

Further, the oxygen which exists separately from the con 
stitution of the production phase was 1.9 to 2.1 wt %. 

Example 8 

The commercially available CaN(2N), CaO(3N), AlN 
(3N), SiN.(3N) and EuO(3N) were prepared. Except that 
the mixture ratio of the respective raw materials was set at 
(0.985-0.25)/3 mol of CaN, 0.25 mol of CaO, 1 mol of AlN, 
1/3 mol of SiN and 0.015/2 mol of EuO, the phosphor 
specimen according to the example 8 was produced similarly 
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16 
to the example 1, and the light emission properties were 
measured. The raw material composition formula, oxygen 
and nitrogen concentration, and the measurement result of the 
light emission properties of the phosphor specimen are shown 
in Table 2. 

Example 9 

Except that the mixture ratio of the respective raw materi 
als was set at (0.985-0.50)/3 mol of CaN, 0.50 mol of CaO, 
1 mol of AlN, 1/3 mol of SiNa and 0.015/2 mol of EuO, the 
phosphor specimen according to the example 9 was produced 
similarly to the example 8, and the light emission properties 
were measured similarly to the example 1. The raw material 
composition formula, oxygen and nitrogen concentration, 
and the measurement result of the light emission properties of 
the phosphor specimen are shown in Table 2. 

Further, the excitation spectrum and the emission spectrum 
of the obtained phosphor specimen were measured, and the 
results are shown in FIG. 2 and FIG.3 by being plotted by the 
two-dot chain line. 

As is obvious from the measurement result in FIG. 2, it has 
been found out that the excitation spectrum of the phosphor 
specimen according to the example 9 existed in the wide 
range of 250 nm to 600 nm, and the light in the wide range 
from the ultraviolet to visible light can be utilized sufficiently 
and effectively. 
As is obvious from the measurement result in FIG.3, it has 

been found out that the emission spectrum of the phosphor 
specimen according to the example 9 has the peak value, 
which is lower than the examples 1 and 5, at 637.5 nm, but it 
has the half band width over the region with higher visual 
sensitivity than the examples 1 and 5. 

Example 10 

Except that the mixture ratio of the respective raw materi 
als was set at (0.985-0.75)/3 mol of CaN, 0.75 mol of CaO, 
1 mol of AlN, 1/3 mol of SiNa and 0.015/2 mol of EuO, the 
phosphor specimen according to the example 10 was pro 
duced similarly to the example 8, and the light emission 
properties were measured similarly to the example 1. The raw 
material composition formula, oxygen and nitrogen concen 
tration, and the measurement result of the light emission 
properties of the phosphor specimen are shown in Table 2. 

Example 11 

Except that the mixture ratio of the respective raw materi 
als was set at 0.985 mol of CaO, 1 mol of AlN, 1/3 mol of 
SiNa and 0.015/2 mol of EuO, the phosphor specimen 
according to the example 11 was produced similarly to the 
example 8, and the light emission properties were measured 
similarly to the example 1. The raw material composition 
formula, oxygen and nitrogen concentration, and the mea 
Surement result of the light emission properties of the phos 
phor specimen are shown in Table 2. 
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TABLE 2 

OXYGENAND 
NITROGEN 

RAWMATERIAL CONCENTRATION 

PREPARATION O N 

COMPOSITION FORMULA (wt %) (wt %) 

EXAMPLE 1 Cao.985AlSiOoo23N2.985:Euloo1so 2.4 28.5 
EXAMPLE 8 Cao.985AlSiOo.273N2.81:Eulooso 5.2 25.1 
EXAMPLE 9 Cao.985AlSiOos23N2.652:Euloo1so 7.3 21.1 
EXAMPLE 10 Caoloss AlSiOo. 773N2.85:Eulooso 9.0 21.O 
EXAMPLE 11 Cao.985AlSiOoosN2.328:Euloo1so 11.3 20.7 

PEAK LIGHT COLOR 
WAVE- EMISSION CHROMA LUMI 

LENGTH INTENSITY TICITY NANCE 

(nm) (%) X y (%) 

654.O 1OO.O 0.675 0.324 100.0 
646.1 69.7 O.649 O.3SO 102.6 
637.5 40.7 O.S99 0.398 105.1 
624.5 30.8 O.S71 0.426 102.0 
611.O 22.4 O.S4O O.4S1 98.4 

Study on Examples 8 to 11 15 fixed range at a high level, by controlling the oxygen concen 
tration in the composition at the time of preparation of the raw 

The examples 8 to 11 were each conducted to measure the material. 
change in the optical properties of the phosphor when the Further, 1.9 to 2.1 wt % of oxygen existed separately from 
oxygen concentration in the constitution of the production 20 the constitution of the production phase. 
phase was increased and decreased. It should be noted that the 
Eu doping concentration was set at 0.015 mol. Example 12 

It has been found out that the emission maximum of the 
emission wavelength changes from the red in the vicinity of The commercially available CaN(2N), CaO(3N). AlN 
654 nm shown in the example 8 to the orange color in the 25 (3N), SiN.(3N) and EuO(3N) were prepared. Except that 
vicinity of 610 nm shown in the example 11, with the increase the mixture ratio of the respective raw materials was set at 
in the oxygen concentration in the composition. (0.993-0.25)/3 mol of CaN, 0.25 mol of CaO, 1... mol of 

Here, the relationship between the emission maximum of AlN, 1/3 mol of SiNa and 0.075/2 mol of EuO, the phos 
the emission wavelength and the luminance in the phosphor phor specimen according to the example 12 was produced 
according to each of the examples 8 to 11 will be explained 30 similarly to the example 1, and the light emission properties 
with reference to FIG. 1. were measured similarly to the example 1. The raw material 

FIG. 1 is the graph explained in the examples 1 to 7, and is composition formula, oxygen and nitrogen concentration, 
the graph in which the relationships between the emission and the measurement result of the light emission properties of 
maximums of the emission wavelengths and the luminance of the phosphor specimen are shown in Table 3. 
the phosphors according to the examples 8 to 11 are plotted, is 
and the plotted points are connected by the dashed line. Example 13 
The following has been found out from the compositions of 

the production phases according to the examples 8 to 11, and Except that the mixture ratio of the respective raw materi 
the plotted points connected by the dashed line in FIG. 1. als was set at (0.993-0.50)/3 mol of CaN, 0.50 mol of CaO, 

Namely, the luminescence intensity decreases due to the 1 mol ofAIN, 1/3 mol of SiN., and 0.075/2 mol of EU.O., the 
increase in the oxygen concentration in the composition of phosphor specimen according to the example 13 was pro 
the production phase, but the luminance is enhanced. It has duced similarly to the example 12, and the light emission 
been found out that the luminance becomes the highest in the properties were measured similarly to the example 1. The raw 
vicinity of 0.5 mol of oxygen doping concentration shown in material composition formula, oxygen and nitrogen concen 
the example 9, and when the concentration is further tration, and the measurement result of the light emission 
decreased, the luminescence intensity and the luminance both properties of the phosphor specimen are shown in Table 3. 

TABLE 3 

OXYGENAND 
NITROGEN PEAK LIGHT 

RAWMATERIAL CONCENTRATION WAVE- EMISSION COLOR LUMI 

PREPARATION O N LENGTH INTENSITY CHROMATICITY NANCE 

COMPOSITION FORMULA (wt %) (wt %) (nm) (%) X y (%) 

EXAMPLE 5 Caogg3AlSiOoolN2.993:Eulooo7s 2.0 32.2 647.5 82.4 O661 O.338 104.6 
EXAMPLE 12 Caogg3AlSiOo.26N2.826:Euloloo7s 4.8 3O.O 640.5 56.0 O.632 0.366 99.9 
EXAMPLE 13 Caogg3AlSiOos11N2.659:Eulooo7s 7.3 26.2 631.2 3O.O O.S83 0.412 88.4 

60 decrease this time, but the reduction in the luminance is so 
gentle that even with the oxygen doping concentration shown 
in the example 11, the luminance of 98% or more is provided. 

From the above, it has been found out that in the phosphors 

Study on Examples 5, 12 and 13 

The examples 5, 12 to 13 were each conducted to measure 
the change in the optical properties of the phosphor when the 

according to the examples 8 to 11, the emission wavelength 65 oxygen concentration in the constitution of the production 
can be optionally set in the wide range of the vicinity of 660 
nm to the vicinity of 610 nm while the luminance is kept in the 

phase was increased and decreased. It should he noted that the 
Eu doping concentration was set at 0.0075 mol. 
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It has been found out that the emission maximum of the 
emission wavelength changes from the red in the vicinity of 
647 nm shown in the example 5 to the orange-color tinged 
with red in the vicinity of 631 nm shown in the example 14, 
with the increase in the oxygen concentration in the compo 
sition. 

Here, the relationship between the emission maximum of 
the emission wavelength and the luminance in the phosphor 
according to each of the examples 5, 12 and 13 will be 
explained with reference to FIG. 1. 

FIG. 1 is the graph explained in the examples 1 to 7, and is 
the graph in which the relationships between the emission 
maximums of the emission wavelengths and the luminance in 
the phosphors according to the examples 12 and 13 are plot 
ted, and the plotted points are connected by the two-dot chain 
line. 
The following has found out from the compositions of the 

production phases according to the examples, 5, 12 and 13. 
and the plotted points connected by the two-dot chain line in 
FIG 1. 

Namely, the luminescence intensity decreases due to the 
increase in the oxygen concentration in the composition, and 
the luminance gradually decreases. 

From the above, it has been found out that each of the 
phosphors according to the examples 5, 12 and 13 is the 
phosphor of which control width is narrow as compared with 
the phosphors according to the examples 8 to 11 since its 
luminescence intensity and luminance decrease by the 
increase in the oxygen concentration in the composition, but 
the emission wavelength can be set at the red in the vicinity of 
647 nm to the orange-color tinged with red in the vicinity of 
631 nm by the increase and decrease in the oxygen concen 
tration in the composition, while the luminance is kept in the 
fixed range at a high level. 

Further, 1.6 to 1.8 wt % of oxygen existed separately from 
the constitution of the production phase. 

Study on the examples 1 to 13 

As the result of the concentration analysis of each element 
about the examples 1 to 7, the result of the concentration 
analyses of oxygen and nitrogen about the examples 8 to 13, 
the measurement result of the emission maximums in the 
emission spectrums about the examples 1 to 13, and the 
measurement result of the color chromaticities X and y of the 
light emission, it has been found out that when the phosphors 
according to the examples include 24 to 30 wt % of Ca, 17 to 
21 wt % of Al, 18 to 22 wt % of Si, 1 to 15 wt % of oxygen, 
15 to 33 wt % of nitrogen, and 0.01 to 10 wt % of Eu, the 
emission maximums in the emission spectrum are in the 
range of 600 nm to 660 nm, and the color chromaticity X of the 
light emission is in the preferable range of 0.5 to 0.7 and the 
color chromaticity y of the light emission is in the preferable 
range of 0.3 to 0.5. 

Example 14 

The while LED was produced by joining the mixture at the 
predetermined ratio of the phosphor specimen obtained in the 
example 1, BAM:Eu that is the commercially available blue 
phosphor, and ZnS:Cu, Al that are the commercially available 
green phosphors to be able to obtain daylight corresponding 
to the color temperature of 6500 K onto the LED (emission 
wavelength of 385.2 nm) of ultraviolet light having the nitride 
semiconductor as the light emitting portion, and the ultravio 
let light was emitted. The predetermined ratio was obtained 
by preparing the mixture specimen of each phosphor in accor 
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20 
dance with the compounding ratio obtained by carrying out 
simulation of combination of the emission spectrum wave 
form of each phosphor, then making the mixture specimen 
emit light and adjusting the mixture ratio. The result of mea 
suring the emission spectrum of the obtained white LED is 
shown in FIG. 4. Each of the phosphors emitted light by the 
light from the light emitting portion of the ultraviolet light, 
and the white LED emitting the white light corresponding to 
the color temperature of 6580 K was obtained. The average 
color rendering coefficient (Ra) of the obtained LED was 81, 
which was excellent. Further, by properly changing the com 
pounding amount of the phosphors, the light emission colors 
of various color tones with excellent color rendering proper 
ties were able to be obtained. 

Example 15 

By using four kinds of phosphors, which were phosphor 
specimens obtained in the example 1 and the example 8. 
BAM:Eu that is the commercially available blue phosphor, 
and ZnS:Cu, Al that are the commercially available green 
phosphors, the white LED was produced by combining the 
mixture of the respective phosphors at the predetermined 
ratio with the same method as the example 14 to obtain the 
daylight corresponding to the color temperature of 6500 K, 
with the light emitting portion of ultraviolet light with the 
known method. The result of measuring the emission spec 
trum of the obtained LED is shown in FIG. 5. Each of the 
phosphors emitted light by the ultraviolet light from the light 
emitting portion of the ultraviolet light, and the white LED 
emitting the white light corresponding to the color tempera 
ture of 6615 K was obtained. The average color rendering 
coefficient (Ra) of the obtained white LED was 93, which was 
very excellent. Comparing FIG. 5 and FIG. 4, it has been 
found out that the white LED according to the example 15 is 
supplied with the light in the vicinity of 600 nm in the emis 
sion spectrum of the white LED according to the example 14, 
and the light emission color more excellent in the color ren 
dering properties with high luminance is obtained. 

In the phosphor according to the first to eleventh constitu 
tions, the emission maximum of the light emission can be 
optionally set in the region with high human visual sensitivity 
by controlling the oxygen content and/or a doping amount of 
the activator in the constitution of the main production phase, 
and the phosphor emits light of red color having color ren 
dering properties and luminance properties, and has the exci 
tation band from ultraviolet to visible light (wavelength 
region of 250 nm to 600 nm). 

According to the twelfth constitution, as the raw material 
of at least one element selected from the aforementioned 
element M, element A and element B, the compound having 
this element and oxygen, and the compound having this ele 
ment and nitrogen are prepared, and 
by controlling the compounding ratio of both of the com 

pound having this element and oxygen and the compound 
having this element and nitrogen, an oxygen amount and a 
nitrogen amount in the main production phase of the phos 
phor can be controlled without changing the value of m. 

According to the method of shifting the emission wave 
length of the phosphor according to the thirteenth to fifteenth 
constitutions, 

as the raw material of at least one element selected from the 
aforementioned element M, element A and element B, the 
compound having this element and oxygen and the com 
pound having this element and nitrogen are prepared, and by 
controlling the oxygen concentration included in the main 
production phase of the aforementioned phosphor by com 
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pounding of the compound having this element and oxygen 
and the compound having this element and nitrogen, and/or 
by controlling the compounding amount of the element Z, the 
emission wavelength can be optionally set while the lumi 
nance of the phosphor is kept. 
The light source according to the sixteenth to seventeenth 

constitutions is the light Source which performs light emis 
sion with high luminance and favorable color lending prop 
erties, and has high emission efficiency. 
The LED according to the eighteenth to nineteenth consti 

tutions is the LED which performs light emission with high 
luminance and favorable color rendering properties, and has 
high emission efficiency. 

What is claimed is: 
1. A phosphor comprising a main production phase of a 

phosphor expressed by a composition formula of MmAaB 
bOoNn:ZZ (where an element M is one or more bivalent 
elements, an element A is one or more trivalent elements, an 
element B is one or more tetravalent elements, O is oxygen, N 
is nitrogen, an element Z is an activator, in 2/3m+a+4/3b-2/ 
3o, wherein m-a-b=1 and o and n is not 0). 

2. The phosphor according to claim 1, wherein 0<osm, 
and 0.0001sz/(m+z)s0.5. 

3. The phosphoraccording to claim 1, wherein the element 
M is one or more elements selected from Mg (magnesium), 
Ca (calcium), Sr. (strontium), Ba (barium) and Zn (Zinc), the 
element A is one or more elements selected from B (boron), 
Al (aluminum) and Ga (gallium), the element B is Si (silicon) 
and/or Ge (germanium), and the element Z is one or more 
elements selected from rare earth or transition metals. 

4. The phosphoraccording to claim 1, wherein the element 
A is Al (aluminum), and the element B is Si (silicon). 

5. The phosphoraccording to claim 1, wherein the element 
Z is at least one or more elements selected from Eu (eu 
ropium), Mn (manganese), Sm (samarium) and Ce (cerium). 

6. The phosphoraccording to claim 1, wherein the element 
Z is Eu (europium). 

7. The phosphor according to claim 1 claim 16, wherein 
said phosphor is in a powder form. 

8. The phosphor according to claim 7, wherein an average 
particle size of the phosphor in the powder form is from 0.1 
um to 20 Lum inclusive. 

9. A phosphor comprising the main production phase of 
the phosphor expressed by the composition formula of 
MmAaBbOoNn:ZZ (where an element M is one or more 
bivalent elements, an element A is one or more trivalent 
elements, an element B is one or more tetravalent elements, O 
is oxygen, N is nitrogen, an element Z is an activator, n=2/ 
3m+a+4/3b-2/3o, m/(a+b) 1/2.(o+n)/(a+b)>4/3, and none 
of m, a, b, o, n is equal to 0), 

said phosphor including said oxygen by 3 wt % or less with 
respect to a mass of the main production phase of the 
phosphor 

10. The phosphor according to claim 9, satisfying m-a- 
b-1. 

11. The phosphoraccording to claim 9, satisfying 0<osm, 
and 0.0001sz/(m+z)s0.5. 

12. The phosphor according to claim 9, wherein the ele 
ment M is one or more elements selected form Mg (magne 
sium), Ca (calcium), Sr. (strontium), Ba (barium), and Zn 
(Zinc), the element A is one or more elements selected from B 
(boron), Al (aluminum) and Ga (gallium), the element B is Si 
(silicon) and/or Ge (germanium), and the element Z is one or 
more elements selected from rare earth and transition metals. 

13. The phosphor according to claim 9, wherein the ele 
ment A is Al (aluminum), and the element B is Si (silicon). 
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14. The phosphor according to claim 9, wherein the ele 

ment Z is at least one or more elements selected from Eu 
(europium), Mn (manganese), Sm (Samarium), and Ce (ce 
rium). 

15. The phosphor according to claim 9, wherein the ele 
ment Z is Eu (europium). 

16. A phosphor comprising 24 wt % to 30 wt % of Ca 
(calcium), 17 wt.% to 21 wt % of Al (aluminum), 18 wt % to 
22 wt % of Si (silicon), 1 wt % to 15 wt % of oxygen, 15 wt 
% to 33 wt % of nitrogen and 0.01 wt % to 10 wt % of Eu 
(europium), wherein an emission maximum in an emission 
spectrum is in a range of 600 nm to 660 nmi; and wherein color 
chromaticity X of light emission is in a range of 0.5 to 0.7, and 
color chromaticity y of the light emission is in a range of 0.3 
to 0.5, and wherein part of said I wt % to 15 wt % of oxygen 
is separate from a production phase of said phosphor. 

17. A manufacturing method of the phosphor according to 
claim 1 claim 16, comprising: as a raw material of at least 
one element selected from the element M, element A and 
element B. group consisting of Ca, Al, and Si, preparing a 
compound having the element and oxygen, and a compound 
having the element and nitrogen; mixing the compound thus 
prepared and baking a mixture thereof, and controlling an 
oxygen concentration included in the main production phase 
of said phosphor by compounding of the compound having 
the element and oxygen and the compound having the ele 
ment and nitrogen. 

18. A method of shifting an emission wavelength of the 
phosphor according to claim 1 claim 16, comprising: in a 
manufacturing step of mixing raw materials and baking a 
mixture thereof, as a raw material of at least one element 
selected from the element M, element A and element B. 
group consisting of Ca, Al, and Si, preparing a compound 
having the element and oxygen, and a compound having the 
element and nitrogen; and controlling an oxygen concentra 
tion included in the main production phase of said phosphor 
by compounding of the compound having the element and 
oxygen and the compound having the element and nitrogen, 
and thereby shifting the emission wavelength. 

19. A method of shifting an emission wavelength of the 
phosphor according to claim 1 claim 16, comprising: in a 
manufacturing step of mixing raw materials and baking a 
mixture thereof, controlling a compounding amount of the 
element Z. Eu and thereby shifting the emission wavelength. 

20. A method of shifting an emission wavelength of the 
phosphor according to claim 1 claim 16, comprising: in a 
manufacturing step of mixing raw materials and baking a 
mixture thereof, as a raw material of at least one element 
selected from the element M, element A and element B. 
group consisting of Ca, Al, and Si, preparing a compound 
having the element and oxygen, and a compound having the 
element and nitrogen; controlling an oxygen concentration 
included in the main production phase of the phosphor by 
compounding of the compound having the element and oxy 
gen and the compound having the element and nitrogen, and 
thereby shifting the emission wavelength; and controlling a 
compounding amount of the element Z. Eu and thereby 
sifting shifting the emission wavelength. 
21. A light source comprising the phosphor according to 

claim 1 claim 16, and a light emitting portion emitting light 
of a predetermined wavelength, wherein a part of the light of 
the predetermined wavelength is set to be an excitation 
Source, and said phosphor is made to emit light of a different 
wavelength from the predetermined wavelength. 

22. The light Source according to claim 21, the predeter 
mined wavelength is a wavelength of any one of 250 nm to 
600 nm. 
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23. An LED comprising the phosphor according to claim 
1 claim 16, and a light emitting portion emitting light of a 
predetermined wavelength, wherein a part of the light of the 
predetermined wavelength is set to be an excitation source, 
and said phosphor is made to emit light of a different wave- 5 
length from the predetermined wavelength. 

24. The LED according to claim 23, wherein the predeter 
mined wavelength is a wavelength of any one of 250 nm to 
600 nm. 

25. A manufacturing method of the phosphoraccording to 
claim 7, comprising: 

as a raw material of at least one element selected from the 
element M, element A and element B, preparing a com 
pound having the element and oxygen, and a compound 
having the element and nitrogen; 

mixing the compound thus prepared and baking a mixture 
thereof, and 

controlling an oxygen concentration included in the main 
production phase of said phosphor by compounding of 
the compound having the element and oxygen and the 
compound having the element and nitrogen. 

26. A method of shifting an emission wavelength of the 
phosphor according to claim 7, comprising: 

in a manufacturing step of mixing raw materials and baking 
a mixture thereof, as a raw material of at least one ele 
ment selected from the element M, element A and ele 
ment B, preparing a compound having the element and 
oxygen, and a compound having the element and nitro 
gen; and 

controlling an oxygen concentration included in the main 
production phase of said phosphor by compounding of 
the compound having the element and oxygen and the 
compound having the element and nitrogen, and thereby 
shifting the emission wavelength. 

27. A method of shifting an emission wavelength of the 
phosphor according to claim 7, comprising: 
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in a manufacturing step of mixing raw materials and baking 

a mixture thereof controlling a compounding amount of 
the element Z, and thereby shifting the emission wave 
length. 

28. A method of shifting an emission wavelength of the 
phosphor according to claim 7, comprising: 

in a manufacturing step of mixing raw materials and baking 
a mixture thereof as a raw material of at least one ele 
ment selected from the element M, element A and ele 
ment B, preparing a compound having the element and 
oxygen, and a compound having the element and nitro 
gen; and 

controlling an oxygen concentration included in the main 
production phase of said phosphor by compounding of 
the compound having the element and oxygen and the 
compound having the element and nitrogen, and thereby 
shifting the emission wavelength, and 

controlling a compounding amount of the element Z, and 
thereby shifting the emission wavelength. 

29. A light source, comprising the phosphor according to 
claim 7, and a light emitting portion emitting light of a pre 
determined wavelength, wherein a part of the light of the 
predetermined wavelength is set to be an excitation source, 
and said phosphor is made to emit light of a different wave 
length from the predetermined wavelength. 

30. The light source according to claim 29, wherein the 
predetermined wavelength is a wavelength of any one of 250 
nm to 600 nm. 

31. An LED comprising the phosphor according to claim 
7, and a light emitting portion emitting light of a predeter 
mined wavelength, wherein a part of the light of the prede 
termined wavelength is set to be an excitation Source, and said 
phosphoris made to emit light of a different wavelength from 
the predetermined wavelength. 

32. The LED according to claim 31, wherein the prede 
termined wavelength is a wavelength of any one of 250 mm to 
600 nm. 


