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A phosphor, which has less reduction in emission efficiency 
and is capable of keeping high luminance even when density 
of an electron beam for exciting the phosphor increases, is 
provided. As raw materials, CaN. (2N), AlN (3N), SiN 
(3N), and EuO (3N) are prepared, and each of the raw 
materials is weighed so that a mole ratio of each element is, 
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for three hours, and thereafter ground to produce a phosphor 
having a composition formula of Caoloss SiAlNa:Euloos. 
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PHOSPHORFOR ELECTRON BEAM 
EXCITATION AND COLOR DISPLAY DEVICE 

USING THE SAME 

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; a claim printed with strikethrough indi 
cates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a phosphor which emits 

light by electron beam excitation, and particularly to a phos 
phor which can be favorably used for a color display device 
using an electron beam, Such as a color cathode-ray tube and 
a field emission display (hereinafter, described as “FED). 

2. Description of the Related Art 
A phosphor for electronbeam excitation, which emits light 

by being excited by the electronbeam, is conventionally used 
for a color cathode-ray tube, and is further used for an FED 
which is a thin planar display which has been developed in 
recent years. As phosphors for electron beam excitation used 
for a color display device Such as a color cathode-ray tube and 
an FED, ZnS: AgCl is known as a blue phosphor, and ZnS: 
Cu, Al is known as a green phosphor. Y.O.S:Eu", Y.O. 
Eu", YVO:Eu" and the like are known as red phosphors, 
and among them, Y.O.S:Eu" is widely used in the existing 
color cathode-ray tubes for the reason of excellent light emis 
sion color and high brightness. 

Corresponding to the demand for enhancement in defini 
tion and contrast of a display image for the recent color 
cathode-ray tubes, the measures for increasing the density of 
the electron beam which is irradiated to the phosphors is 
taken, but in the case of using Y.O.S:Eu" as a red phosphor, 
the phenomenon, which is called brightness Saturation, in 
which brightness is saturated when the rise in the brightness 
reaches a fixed degree or higher, occurs, even if the density of 
the electron beam is increased. This is considered to be 
because a temperature quenching phenomenon occurs in the 
red phosphor due to a rise in temperature of the phosphor film. 
The brightness Saturation phenomenon causes that problems 
that the emission efficiency of the red phosphor in the color 
cathode-ray tube is reduced, image degradation of the display 
screen occurs during operation of the color cathode ray, and 
chromaticness of white color displayed in mixed color of 
RGB is changed significantly due to reduction in brightness 
in red light. 

Several proposals are made to prevent the saturation phe 
nomenon of the brightness, and there is the description that 
the occurrence of the brightness saturation is decreased by 
doping a very small amount of Tb" or Pr" to YOS:Eu", 
for example, in Non-patent Document 1. Patent Document 1 
makes proposal to enhance brightness by doping a very small 
amount of one or both of Tb" and Pr", and Cato Y.O.S: 
Eu", and Patent Document 2 makes a proposal to enhance 
brightness by doping a very Small amount of one or both of 
Tb" and Pr", and one or both of Smand Nd to YOS:Eu". 

Non-patent Document 1 page 172 to page 176 of “Phos 
phor Handbook' (compiled by Phosphor Research Society, 
published by Ohmusha, Ltd., 1987) 

Patent Document 1 Japanese Patent Application Laid 
open No. 2003-13059 

Patent Document 2 Japanese Patent Application Laid 
open No. 2000-73053 

However, in the cathode-ray tubes which are used in a 
high-definition television, a high definition computer display 
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2 
and the like which are the color display devices of recent 
years, making the phosphors finer particles is demanded to 
achieve enhancement in definition and contrast of the dis 
plays. With this, density of the electron beam irradiated to the 
phosphors tends to increase, and therefore the brightness 
saturation occurs even in the case of using the aforementioned 
improvedY.O.S:Eu" phosphor to make it difficult to obtain 
Sufficient brightness, thus causing the problem of reducing 
brightness and color balance of the screen due to insufficient 
brightness in red light to make it difficult to obtain high 
definition screen. 

SUMMARY OF THE INVENTION 

The present invention is made to solve the aforementioned 
problems, and an object of the present invention is to provide 
a phosphor for electronbeam excitation having electronbeam 
excitation properties that less reduction in emission efficiency 
occurs and high brightness can be kept even if density of the 
electronbeam increases, particularly, provide a phosphor for 
electron beam excitation emitting red light having Sufficient 
brightness, and further to provide a color display device using 
the phosphor for electron beam excitation. 
As a result of carrying forward the study on the host mate 

rial compositions of various phosphors for the aforemen 
tioned problems, the inventors has found out that the phos 
phor expressed by a composition formula of 
MmAaBbOoNn:Z (where an element M is one or more biva 
lent 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, m-0, a0, b0, 
o-0, and n=2/3m+a+4/3b-2/3o) keeps light emission with 
high efficiency and high brightness even if the density of the 
electron beam increases, and completed the present inven 
tion. 

Namely, a first constitution to solve the aforesaid problems 
is 

a phosphor for electron beam excitation characterized by 
being expressed by a composition formula of MmAa 
BbOoNn:Z (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, m0, ad-0, b0, ocO. 
and n=2/3m+a+4/3b-2/3o). 
A second constitution is 
the phosphor for electronbeam excitation according to the 

first constitution, characterized in that the value of each of the 
m, a and b is ma=b=1. 
A third constitution is 
the phosphor for electronbeam excitation according to the 

first constitution or the second constitution, characterized in 
that 

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. 
A fourth constitution is 
the phosphor for electronbeam excitation according to any 

one of the first constitution to the third constitution, charac 
terized in that 

the element A is Al (aluminum), and the element B is Si 
(silicon). 
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A fifth constitution is 
the phosphor for electronbeam excitation according to any 

one of the first constitution to the fourth constitution, charac 
terized in that 

the element M is Ca (calcium) and the element Z is Eu 5 
(europium). 
A sixth constitution is 
the phosphor for electronbeam excitation according to any 

one of the first constitution to the fifth constitution, charac 
terized in that the phosphor for electron beam excitation is 10 
expressed by a general formula of CaAlSiNEu. 
A seventh constitution is 
the phosphor according to any one of the first constitution 

to the sixth constitution, characterized in that 
the phosphor for electron beam excitation is in a powder 15 

form. 
An eighth constitution is 
the phosphor for electronbeam excitation according to the 

seventh constitution, characterized in that 
an average particle size of the phosphor for electron beam 20 

excitation is from 1 um to 10 um inclusive. 
A ninth constitution is 
a color display device, characterized in that the phosphor 

for electron beam excitation according to any one of the first 
constitution to the eighth constitution is used. 25 

In the phosphor for electron beam excitation according to 
the first to the fifth constitutions, brightness saturation hardly 
occurs even if the density of the electronbeam increases, and 
the phosphor keeps light emission with high efficiency and 
high brightness. 30 

In the phosphor for electron beam excitation according to 
the sixth constitution, brightness saturation hardly occurs 
even if the current density of the electronbeam increases, and 
the phosphor keeps light emission with high efficiency and 
high brightness, and emits red light having sufficient bright- 35 
CSS. 

The phosphor for electronbeam excitation according to the 
seventh or the eighth constitution is in a powder form, and 
therefore is easily coated or charged. 

In the color display device according to the ninth constitu- 40 
tion, insufficient brightness in red light does not occur even if 
the density of the electron beam is increased, and the high 
definition screen can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 45 

FIG. 1 is a graph showing the relationship between the 
electronbeam current irradiated to a phosphor, and lumines 
cence intensity of the phosphor; 

FIG. 2 is a graph showing an emission spectrum of a 50 
phosphor according to an example 1; and 

FIG. 3 is a graph showing an emission spectrum of a 
phosphor according to a comparative example. 

DETAILED DESCRIPTION OF THE PREFERRED 55 
EMBODIMENT(S) 

A phosphor for electron beam excitation according to the 
present invention (hereinafter, simply described as a phos 
phor in Some cases) is a phosphor expressed by the compo- 60 
sition formula of MmAaBbOoNn:Z. Here, element M is at 
least one or more bivalent elements. Element A is one or more 
trivalent elements. Element B is one or more tetravalent ele 
ments. O represents oxygen and N represents nitrogen. Ele 
ment Z is an element which acts as an activator, and is at least 65 
one or more elements selected from rare-earth elements or 
transition-metal elements. In the phosphor according to the 

4 
present invention which has the composition, brightness satu 
ration hardly occurs even if the density of the electron beam 
increases, and light emission with high brightness and high 
efficiency can be obtained. 
When the phosphor takes a chemically stable structure, an 

impurity phase which does not contribute to light emission is 
difficult to generate in the structure, and therefore reduction in 
the light emission properties can be Suppressed, which is a 
preferable constitution. Therefore, in order to allow the phos 
phor to take a chemically stable structure, it is preferable that 
the phosphor has the structure which is expressed by mid-0. 
ad-0, b-0, o-0, and n=2/3m+a+4/3b-2/3o, when the phosphor 
is expressed by the aforementioned composition formula of 
MmAaBbOONn:Z. 

Further, it is preferable that the value of the aforesaid m, a 
and b is ma=b=1, and it is preferable that the aforesaid 
element M is one or more elements selected from Mg, Ca, Sr. 
Ba and Zn, the aforesaid element A is one or more elements 
selected from B (boron), Al and Ga, the aforesaid element B 
is Si and/or Ge, and the aforesaid element Z is one or more 
elements selected from rare-earth elements or transition 
metal elements. 

Further, when ma=b=1, the aforesaid element A is Al, and 
element B is Si in the aforementioned composition formula of 
MmAaBbOoNn: Z, the phosphor becomes the phosphor 
expressed by the general formula of MAlSiOoNn:Z (where 
o-0, n=3-2/3o), and becomes the phosphor which exhibits 
light emission with high efficiency and high brightness when 
being excited by an electronbeam. The phosphoris capable of 
shifting emission wavelength by changing the kind of the 
element M, and the Ocontent, and therefore when a change in 
the emission wavelength is required as the phosphor for a 
display device Such as a display, optimal emission color can 
be obtained by changing the kind of the element M and the 
amount of O. 

Further, when o=0, the aforesaid element Mis Ca, and the 
element Z is Eu in the aforementioned composition formula 
of MAlSiOoNn: Z, the phosphor becomes the phosphor 
expressed by CaAlSiN:Eu". The phosphor expressed by the 
general formula of CaAlSiN:Eu" especially shows red light 
emission with high efficiency and high brightness and 
becomes an excellent red phosphor, when excited by an elec 
tron beam. 
Y.O.S:Eu" phosphors used for a number of color cath 

ode-ray tubes at present have red pigment such as Fe2O. 
attached onto the phosphor Surfaces in order to enhance con 
trast of images shown on displays, but since the aforemen 
tioned phosphor expressed by CaAlSiN:Eu" well absorbs 
visible light of a wavelength of 550 nm or less, the phosphor 
itself is colored in red, and therefore it provides the effect of 
being capable of reducing the use amount of pigment neces 
sary for enhancement of contrast, in addition. 
The phosphor according to the present invention is in a 

powderform in consideration of easiness of coating or charg 
ing, and it is preferable that the average particle size of the 
powder of the phosphor is preferably 10 um or less. The 
reason of this is as follows: since light emission is considered 
to occur mainly on the particle surface in the powder of the 
phosphor, the Surface area for powder unit weight can be 
ensured and reduction in brightness can be avoided if the 
average particle size is 10 um or less. If the average particle 
size is 10 um or less, when the powder of the phosphor is 
formed into a paste and coated on an light emitting element or 
the like, the coating density of the powder of the phosphor can 
be enhanced, and from this point of view, reduction in bright 
ness can be avoided. Further, from the viewpoint of enhance 
ment in definition of the display, it is also preferable that the 
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average particle size of the powder of the phosphor is 10 um 
or less. Meanwhile, according to the study of the inventors, it 
has been found out that the average particle size of the powder 
of the phosphor is preferably 0.1 um or more from the view 
point of the emission efficiency of the phosphor powder, 
though the detailed reason is unknown. From the above, it is 
preferable that the average particle size of the powder of the 
phosphoraccording to the present invention is from 0.1 um to 
10 um inclusive. 
When a color display device such as a color cathode-ray 

tube and an FED is produced by using the phosphor according 
to the present invention, less reduction in the emission effi 
ciency occurs even if the density of the electron beam is 
increased, and it becomes possible to keep high screen dis 
play brightness, thus making it possible to obtain a color 
display device which realizes the excellent high-definition 
screen in brightness of the screen and color balance. When the 
phosphor according to the present invention is applied to the 
color display device, the phosphor can be applied to the color 
display device by using the similar technique to the phosphor 
according to the prior art. 

(Production Method of Phosphor) 
The production method of the phosphor according to the 

present invention will be explained by taking the example of 
CaAlSiNEu (where Eu/(Ca+Eu) mole ratio=0.015) in the 
composition formula of MmAaBbOoNn:Z where the ele 
ment M is Ca, the element A is Al, the element B is Si, 
ma=b=1, and o=0 as an example of production method in the 
case without including oxygen in the composition formula of 
MmAaBbOONn:Z. 

First, as the raw material, CaN(2N), AlN(3N), and SiN 
(3N) are prepared respectively as nitrides of Ca, Aland Si. As 
a raw material of Eu, EuO(3N) is prepared. 

These raw materials are weighed so that the mole ratio of 
each element satisfies m-a-b=1, and mixed. A part of Casite 
is replaced with Eu, and therefore the raw materials are actu 
ally weighed so that (Ca+Eu):Al:Si-1:1:1 is satisfied, and 
mixed. The mixing may be performed according to an ordi 
nary mixing method using a mortar or the like, but it is 
convenient to perform the operation in a glovebox underinert 
atmosphere Such as nitrogen. 
The reason why the mixing operation inside the glovebox 

under the inert atmosphere is convenient is that there is the 
possibility that the operation in air breaks the rate of oxygen 
concentration included in the elements constituting the host 
material due to oxidation and decomposition of the above 
described raw material, and light emission properties are 
degraded, and in addition, it is considered that the composi 
tion of the produced phosphor is deviated from the target 
composition. Further, the nitride of each of the raw materials 
is susceptible to moisture, and therefore it is advisable to use 
the inert gas from which moisture is sufficiently removed. 
When a nitride raw material is used as each raw material, the 
mixing method is preferably dry mixing to avoid decompo 
sition of the raw material, and more specifically, an ordinary 
dry mixing method using a ball mill, a mortar or the like may 
be adopted. 

The raw materials completed to be mixed are charged into 
a crucible made of boron nitride as a firing container, and are 
fired under the inert atmosphere such as nitrogen. Here, the 
firing temperature is 1000° C. or more, and is preferably 
1400° C. or more. The holding time can be shortened since the 
firing advances more quickly as the firing temperature is 
higher. Even if the firing temperature is low, the target light 
emission properties can be obtained by holding the raw mate 
rial for a long time. This is because the longer the firing time, 
the more the particle growth advances, and the particle size 
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6 
becomes larger. Thus, it is suitable to set optional firing time 
in accordance with the target particle size. For example, when 
firing is made at, for example, 1500° C., it is preferable to 
raise the temperature at the temperature raising speed of 15° 
C./minup to 1500°C., and thereafter fire the raw materials by 
holding them at 1500 for three hours. 

After the firing is completed, the fired materials are cooled 
from 1500° C. to 200° C. in an hour, and after the fired 
materials are further cooled to room temperature, the fired 
materials are ground to be in a predetermined average particle 
size (preferably 1 um to 10um) by using grinding means Such 
as a mortar, and a ball mill, and thereby the phosphor of the 
composition formula of CaSiAlN:Eu(Eu/(Ca+Eu) mole 
ratio=0.015) can be produced. 

It is considered that minute quantities of oxygen exist in the 
composition of the product due to oxygen from Eu2O, but 
they can be ignored in the ordinary case. 
When the set value of Eu/(Ca+Eu) mole ratio is desired to 

change, the compounding amount of each raw material at the 
time of preparation is set at a predetermined composition 
formula, and thereby the phosphor of the predetermined com 
position can be produced by the similar method to the afore 
mentioned production method. 

Next, a production method of CaAlSiON.7:Eu (where 
Eu/(Ca+Eu) mole ratio=0.015) where the element M is Ca, 
the element A is Al, the element B is Si, ma=b=1, and o=0.5 
will be explained, as an example of a production method in 
the case of including oxygen in the composition formula of 
MmAaBbOoNn:Z (namely, oz0), 

First, as the raw material, CaN(2N), AlN(3N), SiN.(3N) 
are prepared respectively as nitrides of Ca, Al and Si, and as 
the raw material of O, CaO(2N) is prepared. In this case, as 
the raw material of O, Al-O, SiO, or the like may be used. As 
a raw material of Eu, EuO(3N) is prepared. 

These raw materials are weighed so that ma=b=1 and 
o=0.5 are satisfied, and mixed. A part of Casite is replaced 
with Eu, and therefore the raw materials are actually weighed 
so that (Ca+Eu):Al:Si-1:1:1 is satisfied, and mixed. The 
amount of O which provides o=0.5 is adjusted by controlling 
the doping ratio of CaN, and CaO when, for example, CaO 
is used as a raw material for Supplying O. Namely, in order to 
obtain the target composition of CaAlSiON, Eu (Eu/ 
(Ca+Eu) mole ratio=0.015), it is suitable to weigh the respec 
tive raw materials so that CaN: EuO: CaO. AlN:SiN 
(0.985-0.50)/3:0.015/2:0.50:1:1/3 is satisfied, and mix them. 
When Al-O is used as the raw material for supplying O, it is 
suitable to adjust the amount of Oby the doping ratio of Al-O 
and AlN, and when SiO is used as the raw material for 
supplying O, it is suitable to adjust the amount of O by the 
doping ratio of SiO, and SiN. The mixing may be per 
formed according to an ordinary mixing method using a mor 
tar or the like, but it is convenient to perform the operation in 
a glove box under inert atmosphere such as nitrogen. 
The weighing and mixing operation which is performed 

inside the glovebox under the inert atmosphere is convenient. 
The nitride of each of the raw materials is susceptible to 
moisture, and therefore it is advisable to use the inert gas from 
which moisture is sufficiently removed. When a nitride raw 
material is used as each raw material element, the mixing 
method is preferably dry mixing to avoid decomposition of 
the raw materials, and an ordinary dry mixing method using a 
ball mill, a mortar or the like may be adopted. 
The raw materials completed to be mixed are put into a 

crucible, and are held and fired at 1000° C. or more, prefer 
ably at 1400° C. or more, and more preferably at 1500° C. 
under the inert atmosphere such as nitrogen for three hours. 
The holding time can be shortened as the firing temperature is 
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higher, because the firing advances more quickly. On the 
other hand, even when the firing temperature is low, the target 
light emission properties can be obtained by keeping the 
firing temperature for a long time. However, the longer the 
firing time, the more the particle growth advances, and the 
particle size becomes larger. Therefore, it is suitable to set the 
firing time in accordance with the target particle size. 
The material of the crucible in use is preferably the material 

usable in the inert atmosphere such as BN (boron nitride), 
alumina, carbon, silicon nitride, aluminum nitride, sialon and 
SiC, and the crucible with high purity is preferable. Among 
them, use of the crucible made of BN (boron nitride) with 
high purity is preferable because inclusion of the impurities 
from the crucible can be avoided. After the firing is com 
pleted, the fired object is taken out of the crucible, ground by 
using the grinding means such as a mortar and a ball mill so 
that a predetermined average particle size is obtained, and the 
phosphor expressed by the composition formula of 
CaAlSiON, Eu can be produced. However, since EuN 
is doped to replace the Ca site with Eu, a part of nitrogen 
which should have been taken into the phosphor from CaN 
is replaced with oxygen from Eu2O, and the composition of 
the product becomes CaAlSiOosNe:Eu. Therefore, it is 
considered that very Small deviations occur to the composi 
tions of oxygen and nitrogen, but they can be ignored in the 
ordinary case. 

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 the moleratio of each of the elements satisfies 
Ca:Al: Si:Eu=0.985:1:1:0.015, the raw materials were mixed 
by using the mortar in the glove box under the nitrogen 
atmosphere. After the mixed raw materials were charged into 
the crucible made of boron nitride, the temperature of the raw 
materials was raised to 1500° C. at the temperature rising 
speed of 15°C/min. under the nitrogen atmosphere, and after 
the raw materials were held at 1500° C. for three hours and 
fired, the fired materials were cooled from 1500° C. to 200°C. 
in an hour and further cooled to the room temperature, 
thereby obtaining the phosphor of the composition formula of 
CassSiAlN:Euloos was obtained. The average particle 
size of the powder made by grinding the obtained phosphor 
using the mortar was 4.65um. 

The powder of the produced phosphor was dissolved into 
the Solution, and is uniformly coated on a copper Substrate by 
using the coagulating sedimentation using water glass to 
make the Substrate specimen for evaluating light emission 
properties of the phosphor according to the example 1. Exci 
tation of the produced substrate specimen was performed by 
25 keV electron beam Scanned on 8x4 mm raster area, and 
luminescence intensity of substrate specimen when the beam 
current was changed from 0.1 LA to 30LA was measured. The 
measurement result is shown in Table 1 and FIG. 1. The 
luminescence intensity is expressed with relative intensity, 
which is the standardized value where the luminescence 
intensity when the beam current of 30 LA is passed to the 
Substrate specimen of the phosphor according to comparative 
example 1 which will be described later is set as 1.00. In FIG. 
1 is a graph in which the beam current value is plotted in the 
horizontal axis and the luminescence intensity (relative inten 
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8 
sity) of the phosphor is plotted in the vertical axis, and the 
values in Table 1 are plotted by the solid line. 
The emission spectrum was measured by irradiating the 

electron beam with the beam current value being set at 10 LA 
to the phosphor specimen. The measurement result is shown 
in FIG. 2. In FIG. 2, the luminescence intensity of the phos 
phor according to the example 1 is plotted in the vertical axis, 
and the wavelength of light is plotted in the horizontal axis. 
The luminescence intensity is expressed with the relative 
intensity, and is the value standardized by setting the relative 
intensity of the luminescence intensity, which is obtained 
when the electronbeam with the beam current value being set 
at 10 LA is irradiated to the substrate specimen of the phos 
phor according to the comparative example 1 which will be 
described later, at 1.00. As shown in FIG. 2, the phosphor 
specimen shows the emission spectrum with wide halfband 
width having the peak at 653.5 nm. The luminance when the 
electron beam with the beam current value being set at 10 LA 
is irradiated to the phosphor specimen was measured. The 
measurement result is shown in Table 2. 

Comparative Example 1 

By using Y.O.S:Eu", which is a commercially available 
red phosphor for a color cathode-ray tube, as the phosphor 
according to the comparative example, the Substrate speci 
men according to the comparative example 1 was produced as 
in the example 1, and the luminescence intensity of the Sub 
strate specimen when the beam current value of the electron 
beam was changed from 0.1 LA to 30 JLA, and the luminance 
and emission spectrum when the electronbeam with the beam 
current value being set at 10 JLA was irradiated were mea 
Sured. The measurement result of the luminescence intensity 
is shown in Table 1, and is plotted into FIG. 1 by using the 
broken line. The measurement result of the emission spec 
trum is shown in FIG. 3. In FIG.3, the luminescence intensity 
of the phosphor is plotted in the vertical axis as the relative 
intensity, and the wavelength of light is plotted in the hori 
Zontal axis, as in FIG. 2. 

TABLE 1 

LUMINESCENCE INTENSITY 
RELATIVE INTENSITY 

ELECTRON BEAM COMPARATIVE 
CURRENT (LA) EXAMPLE1 EXAMPLE1 

O.1 O.14 O.25 
O.3 O.34 O48 

0.7 O60 O.67 
1 0.72 O.74 
3 1.11 O.91 
5 1.28 O.96 
7 1.37 O.98 
10 1.44 1.00 
30 148 1.00 

TABLE 2 

LUMINANCE 
(RELATIVE INTENSITY) 

EXAMPLE1 1.57 
COMPARATIVE 1.OO 
EXAMPLE1 
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Comparison between Example 1 and Comparative 
Example 1 

As is obvious from Table 1 and FIG. 1, the phosphor 
according to the example 1 turned out to be higher in the 
luminescence intensity as compared with commercially 
available Y.O.S:Eu", which is the comparative example 1, 
when the electronbeam with the beam current value being set 
at 30LA or more was irradiated. When the electronbeam with 
the beam current value being set at 7 LA or more was irradi 
ated to the phosphor of the comparative example 1, the phos 
phor was approximately in the brightness saturation state, 
while the phosphor according to the example 1 was not in the 
brightness saturation state even when the electron beam with 
the beam current value being set at 10 JLA or more was 
irradiated. As a result, when the electronbeam with the beam 
current value being set at 30LA or more was irradiated to both 
phosphors, the luminescence intensity of the example 1 was 
1.48 times as high as that of the comparative example 1. 
Namely, it has been found out that the brightness saturation 
hardly occurs in the phosphor according to the present inven 
tion, and intense light emission can be obtained by increasing 
the electron beam current irradiated. 
As is obvious from Table 2, the luminance, which was 

obtained when the electronbeam with the beam current value 
being set at 10 JLA or more was irradiated to the phosphor 
specimen according to the example 1, turned out to show the 
luminance of 1.57 times as high as the luminance of the 
commercially available Y.O.S:Eu" according to the com 
parative example 1. 

Further, as for the emission spectrum, while the commer 
cially available Y.O.S:Eu" according to the comparative 
example 1 showed the emission spectrum having the sharp 
peak at 626.2 nm, the phosphor specimen according to the 
example 1 showed the emission spectrum with the wide half 
bandwidth having the peak at 653.5 nm. It has been found out 
that the energy of light emission expressed by the area Sur 
rounded by the curve of the emission spectrum of the phos 
phor specimen according to the example 1 is about three times 
as large as that of the phosphor specimen according to the 
comparative example 1. 

From the above, the phosphor according to the example 1 
has less reduction in the emission efficiency even when the 
density of the electron beam increases, and is capable of 
keeping high brightness, and therefore it is considered to be 
Suitable as a red phosphor for a color display device using the 
phosphor for electron bean excitation. 
What is claimed is: 
1. A phosphor for electronbeam excitation expressed by a 

composition formula of MmAaBbOoNn:Z (where an ele 
ment 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, and where values of ma=b=1, ocO, and n=2/ 
3m+a+4/3b-2/3o). 
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2. The phosphor for electronbeam excitation according 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 (germa 
nium), and the element Z is one or more elements selected 
from rare earth or transition metals. 

3. The phosphor for electronbeam excitation according to 
claim 1, wherein the element A is Al (aluminum), and the 
element B is Si (silicon). 

4. The phosphor for electronbeam excitation according to 
claim 1, wherein the element M is Ca (calcium) and the 
element Z is Eu (europium). 

5. The phosphor for electronbeam excitation according to 
claim 1, wherein said phosphor for electron beam excitation 
is expressed by a general formula of CaAlSiN:Eu. 

6. The phosphor according to claim 1, wherein said phos 
phor for electron beam excitation is in a powder form. 

7. The phosphor for electronbeam excitation according to 
claim 6, wherein an average particle size of said phosphor for 
electron beam excitation is from 1 um to 10 um inclusive. 

8. A color display device, wherein the phosphor for elec 
tron beam excitation according to claim 1 is used. 

9. A method of exciting a phosphor to emit light by electron 
beam irradiation, comprising: 

providing a phosphor expressed by a composition formula 
of MmAaBbOoNn:Z, 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 tetrava 
lent elements, O is oxygen, N is nitrogen, and an element 
Z is an activator, and where values of m-0, ad-0, b>0. 
o-0, where values of ma=b=1, and n=2/3m+a+4/3b 
2/3oD; and 

irradiating the phosphor with an electron beam. 
10. The method of claim 9, 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. 

II. The method of claim 9, wherein the element A is Al 
(aluminum), and the element B is Si (silicon). 

12. The method of claim 9, wherein the element M is Ca 
(calcium) and the element Z is Eu (europium). 

13. The method of claim 9, wherein said phosphor for 
electron beam excitation is expressed by a general formula of 
CaAlSiN. Eu. 

14. The method of claim 9, wherein said phosphor is in a 
powder form. 

15. The method of claim 14, wherein an average particle 
size of said phosphor for electron beam excitation is from 1 
pum to 10 ?um inclusive. 

k k k k k 


