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PHOSPHOR AND PHOSPHOR FILM FOR
ELECTRON BEAM EXCITATION AND
COLOR DISPLAY APPARATUS 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.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a phosphor emitting light
by an electron beam excitation, and particularly to a phosphor
and a phosphor film for an electron beam excitation which can
be suitably used in a display apparatus, in which an electron
beam is used, such as a color cathode ray tube and a field
emission display (referred to as “FED” hereafter), and a color
display apparatus using the same.

BACKGROUND ART

A phosphor for an electron beam excitation emitting light
under an excitation of an electron beam has been convention-
ally used for a color cathode ray tube, and also used for FED
serving as a flat panel display which has been developed
recently. As the phosphor for the electron beam excitation
used in the color display apparatus such as the color cathode
ray tube and the FED, ZnS:Ag, Cl are known as a blue
phosphor, and ZnS:Cu, Al are known as a green phosphor.
Also,Y,0,S:Eu**, andY,0,:Eu**, YVO,:Eu** are known as
a red phosphor. Among these phosphors, the Y,0,S:Eu’* is
most generally used in the known color cathode ray tube, for
the reason that it has an excellent emission color and exhibits
high emission luminance.

In association with a request to the color cathode ray tube
of recent years, for a further improved resolution and a high
contrast of a display image, an approach is taken to increase
an excitation density of the electron beam with which the
phosphor is irradiated. However, when the Y,0,S:Eu** is
used as the red phosphor, even if the excitation density of the
electron beam is increased, a phenomenon of a luminance
saturation is generated, in which a saturation occurs when the
luminance is increased over a fixed value. This is because a
temperature quenching phenomenon occurs in the red phos-
phor by a temperature increase of the phosphor film. Under
the saturation phenomenon of the luminance, an emission
efficiency of the red phosphor in the color cathode ray tube is
deteriorated, thereby also deteriorating an image quality of a
display screen during operating of the color cathode ray tube,
further involving a problem that chromaticness of white
color, which is displayed with a mixed color of RGB, is
largely changed by the deterioration of the luminance in red
light.

In order to prevent the saturation phenomenon of the lumi-
nance, there has been several proposals. For example, accord-
ing to a non-patent document 1, by slightly adding Th** or
Pr’* to the Y,0,S:Eu**, the luminance saturation hardly
occurs. Also, according to the patent document 1, by adding
either of or both of the Tb*>* and Pr**, and further by slightly
adding Ca to the Y,0,S:Bu®*, the luminance is increased.
Also, according to the patent document 2, by adding either of
or both of the Tb>* and Pr**, and further by slightly adding
either of or both of Sm and Nd, to the Y,0,S:Eu**, the
luminance is increased.
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(Non-patent document 1) “Phosphor handbook™ (from page
172 to page 176, Phosphor Research Society, published by
Ohmsha, co,. in 1987)

(Patent document 1) Japanese Patent Laid Open No. 2003-
13059

(Patent document 2) Japanese Patent Laid Open No. 2000-
73053
However, in the cathode ray tube used in a high definition

television system and a high resolution computer display and
so forth, which are color display apparatus of recent years, in
order to attain a further improved resolution and high contrast
of'the display, a request is made to finely pulverize the phos-
phor. Along with this, there is an increasing trend of the
excitation density of the electron beam, with which the phos-
phor is irradiated. Therefore, it becomes difficult to obtain a
sufficient luminance, because the luminance saturation
occurs even when the aforementioned improved Y,0,S:Eu*
based phosphor is used, involving the problem that a bright-
ness of the screen and a color balance are lost because of an
insufficient luminance in the red light, thereby making it
difficult to obtain a high quality screen.

SUMMARY OF THE INVENTION

In order to solve the above-described problem, the present
invention is provided, and an object ofthe present invention is
to provide a phosphor for an electron beam excitation having
an electron beam excitation characteristic of small deteriora-
tion in an emission efficiency even when an excitation density
of an electron beam is increased, and capable of maintaining
ahigh luminance, and particularly to provide the phosphor for
the electron beam excitation having the electron beam exci-
tation characteristic, and emitting red light having a sufficient
luminance, and further to provide a color display apparatus
using the phosphor for the electron beam excitation.

In order to solve the aforementioned problem, as a result of
a strenuous study on a matrix composition of various phos-
phors by the inventors of the present invention, it is found that
the phosphor expressed by the composition formula
MmAaBbOoNn:Z (wherein element M is at least one or more
kind of element having bivalent valency, element A is at least
one or more kind of element having tervalent valency, ele-
ment B is at least one or more kind of element having tetrava-
lent valency, O is oxygen, N is nitrogen, element Z is the
element acting as an activator in the phosphor, satisfying
m>0, a>0, b>0, 0=0, n=2/3m+a+4/3b-2/30.), maintains a
light emission with high efficiency and high luminance, even
when an excitation density of the electron beam is increased,
which leads to attaining the present invention.

Specifically, the present invention takes several aspects as
follows.

In a first aspect, a phosphor for an electron beam excitation
is provided, which is expressed by a composition formula
MmAaBbOoNn:Z (wherein element M is at least one or more
kind of element having bivalent valency, element A is at least
one or more kind of element having tervalent valency, ele-
ment B is at least one or more kind of element having tetrava-
lent valency, O is oxygen, N is nitrogen, element Z is the
element acting as an activator in the phosphor, satisfying
m>0, a>0, b>0, 020, n=2/3m+a+4/3b-2/30.)

In a second aspect, the phosphor for the electron beam
excitation according to the first aspect is provided, wherein
values of the m, a, b are expressed by m=a=b=1.

In a third aspect, the phosphor for the electron beam exci-
tation according to either of the first aspect or the second
aspect is provided, wherein the element M is at least one or
more kind of element selected from the group consisting of
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Mg, Ca, Sr, Ba, and Zn, the element A is at least one or more
kind of element selected from the group consisting of B
(boron) Al and Ga, the element B is Si and/or Ge, and the
element Z is at least one or more kind of element selected
from rare earth elements or transitional metal elements.

In a fourth aspect, the phosphor for the electron beam
excitation according to any one of the first to third aspects is
provided, wherein the element A is Al, and the element B is Si.

In a fifth aspect, the phosphor for the electron beam exci-
tation according to any one of the first to fourth aspects is
provided, wherein the element M is Ca, and the element Z is
Eu.

In a sixth aspect, the phosphor for the electron beam exci-
tation according to any one of the first to fifth aspects is
provided, which is expressed by CaAlSiN;:Eu.

In a seventh aspect, the phosphor for the electron beam
excitation according to any one of the first to sixth aspects is
provided, wherein the phosphor for the electron beam exci-
tation is in a powdery state.

In an eighth aspect, the phosphor according to the seventh
aspect is provided, wherein a mean particle size of the phos-
phor for the electron beam excitation is not more than 10 um
and not less than 1 pm.

In a ninth aspect, a color display apparatus is provided,
using the phosphor for the electron beam excitation according
to any one of the first to eighth aspects.

In a tenth aspect, a phosphor film for an electron beam
excitation is provided, with a film thickness of 65 um or less,
manufactured by using the phosphor for the electron beam
excitation according to any one of the first to eighth aspects.

In an eleventh aspect, an phosphor film for an electron
beam excitation is provided, with a phosphor coating amount
per unit area is 7.0 mg/cm? or less, manufactured by using the
phosphor for the electron beam excitation according to any
one of the first to eighth aspects.

In a twelfth aspect, a color display apparatus is provided,
using the phosphor film for the electron beam excitation
according to either of the tenth aspect or the eleventh aspect.

The phosphor for the electron beam excitation according to
the firstto fifth aspects hardly allows the luminance saturation
to occur even when the excitation density of the electron beam
is increased, and maintains the light emission with high effi-
ciency and high luminance.

The phosphor for the electron beam excitation according to
the sixth aspect hardly allows the luminance saturation to
occur even when the excitation density of the electron beam is
increased, and maintains the light emission with high effi-
ciency and high luminance, and also emits red light having a
sufficient luminance.

The phosphor for the electron beam excitation according to
the seventh or eighth aspect is in a powdery state, and there-
fore coating or filling is facilitated.

The phosphor film for the electron beam excitation accord-
ing to the tenth aspect or the eleventh aspect is capable of
exhibiting an extremely strong emission and luminance, even
when the excitation density of the electron beam is increased.

The color display apparatus according to the ninth aspect
or the twelfth aspect does not allow insufficient luminance to
occur in the red light, and a high quality screen can be
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing a relation between an excitation
current value of an electron beam, with which a phosphor
according to an example 1 is irradiated, and an emission
intensity of the phosphor.
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FIG. 2 is a view showing an emission spectrum of the
phosphor according to the example 1.

FIG. 3 is a view showing the emission spectrum of the
phosphor according to a comparative example 1.

FIG. 4 is a view showing the relation between an excitation
current value of the electron beam, with which the phosphor
according to the example 2 is irradiated, and the emission
intensity of the phosphor.

FIG. 5 is a view showing the emission spectrum of the
phosphor according to the example 2.

BEST MODE FOR CARRYING OUT THE
INVENTION

The phosphor for the electron beam excitation according to
the present invention (referred to as simply a phosphor, in
some cases) is the phosphor expressed by a composition
formula MmAaBbOoNn:Z, wherein the element M is at least
one or more kind of element having bivalent valency, element
A is at least one or more kind of element having tervalent
valency, element B is at least one or more kind of element
having tetravalent valency, O is oxygen, N is nitrogen, ele-
ment Z is at least one or more kind of element acting as an
activator in the phosphor, selected from rare earth elements or
transitional metal elements. The phosphor according to the
present invention having the aforementioned composition
hardly allows the luminance saturation to occur, even when
the excitation density of the electron beam is increased under
the electron beam excitation. This contributes to obtaining the
light emission with high efficiency and high luminance.

In addition, when the phosphor takes a chemically stable
structure, there hardly occurs an impurity phase not contrib-
uting to the light emission, thus suppressing the deterioration
in the emission characteristic and therefore a preferable struc-
ture is obtained. Here, in order to take a chemically stable
structure, preferably the phosphor is expressed by the afore-
mentioned composition formula MmAaBbOoNn:Z, satisfy-
ing m>0, a>0, b>0, 020, n=2/3m+a+4/3b-2/30.

Further, preferably the values of m, a, b are expressed by
m=a=b=1, wherein the element M is at least one or more kind
of element selected from the group consisting of Mg, Ca, Sr,
Ba, and Zn, and the element A is at least one or more kind of
element selected from the group consisting of B (boron), Al,
and Ga, the element B is Si and/or Ge, and the element Z is at
least one or more kind of element selected from the rare earth
elements or the transitional metal elements.

Further, in the aforementioned composition formula
MmAaBbOoNn:Z, wherein m=a=b=1, the element A is Al,
and the element B is Si, the phosphor is expressed by a general
formula MAISiOoNn:Z (wherein 0=0, n=3-2/30), which
exhibits a light emission with high efficiency and high lumi-
nance under the excitation of the electron beam. In this phos-
phor, an emission wavelength can be shifted by changing the
kind of the element M and the content of O. Therefore when
the change of the emission wavelength is requested as the
phosphor for the display apparatus such as a display, by
changing the kind of the element M and an amount of O, an
optimal emission color can be obtained.

Further, in the aforementioned composition formula MAl-
SiOoNn:Z, wherein 0=0, the element M is Ca, and the ele-
ment Z is Eu, the phosphor is expressed by CaAlSiN,:Eu*.
The phosphor thus expressed by the general formula
CaAlSiN,:Fu** exhibits a red emission with particularly high
efficiency and high luminance under the excitation of the
electron beam, serving as an excellent red phosphor.

In addition, the Y,O,S:Eu** based phosphor used in the
present many color cathode ray tubes has a red pigment such
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as Fe,0; attached on the surface of the phosphor, to improve
the contrast of an image displayed on a display. However, the
phosphor expressed by the aforementioned CaAlSiN,:Eu**
efficiently absorbs a visible light with a wavelength of 550 nm
orless, and therefore the phosphor itselfis colored in red. This
contributes to exhibiting an effect of reducing a use amount of
the pigment required for improving the contrast.

The present invention provides the phosphor in a powdery
state, in consideration of facilitating a coating or a filling.
However, it is preferable to make a mean particle size of a
powder of the phosphor 10 um or less. This is because the
light emission in the powder of the phosphor appears to
mainly occur on a particle surface, and therefore with the
mean particle size of 10 um or less, a surface area per unit
weight of the powder can be secured, and the deterioration in
luminance can be avoided. Also, with the mean particle size
of 10 um or less, the powder of the phosphor can be made in
a paste state, thereby improving a coating density of the
powder of the phosphor when it is applied on light emitting
elements or the like. From this viewpoint, the deterioration in
the luminance can be avoided. Further, from the viewpoint of
improving the high resolution of the display, it is preferable to
make the mean particle size of the powder of the phosphor 10
um or less. Meanwhile, according to the study of the inventors
of the present invention, although a detailed reason is not
clarified, from the viewpoint of the emission efficiency of the
powder of the phosphor, it is found that preferably the mean
particle size of the powder of the phosphor is larger than 1 pm.
As described above, the mean particle size of the powder of
the phosphor of the present invention is preferably not less
than 1 pm and not more than 10 pm.

Also, in regards to the phosphor film according to the
present invention manufactured by using the aforementioned
phosphor, the film thickness is preferably 65 pm or less, and
a phosphor coating amount per unit area is preferably 7.0
mg/cm? or less. By thus reducing the film thickness of the
phosphor film, a significantly strong light emission and lumi-
nance can be exhibited, even when the excitation density of
the electron beam is increased under irradiation of the elec-
tron beam with high excitation current value. Although a
lower limit value of the film thickness of the phosphor film
exhibiting the significantly strong light emission and lumi-
nance is not clear, it is found from an experiment that 30 pm
of film thickness and 3.50 mg/cm?® of phosphor coating
amount per unit area are preferable.

When the color display apparatus such as the color cathode
ray tube and the FED is manufactured by using the phosphor
according to the present invention, the color display apparatus
is obtained, in which the deterioration in the emission effi-
ciency is suppressed even when the excitation density of the
electron beam is increased, a high screen display luminance
can be maintained, and a high image quality screen with
excellent brightness of the screen and color balance is real-
ized. When the phosphor according to the present invention is
applied to the color display apparatus, the same method as
that of the phosphor according to the conventional art can be
used in applying to the color display apparatus.
(Manufacturing Method of the Phosphor)

In regards to a manufacturing method of the phosphor
according to the present invention, by way of example, the
manufacturing method of a case not containing oxygen
(namely 0=0) in the composition formula MmAaBbOoNn:Z
is shown, as being the case of CaAlSiN;:Eu (in the case of
Eu/(Ca+Eu) molar ratio=0.015) wherein the element M is Ca,
the element A is Al, and the element B is Si, satistying
m=a=b=1 and 0=0.
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First, as a nitride of Ca, Al, and Si, Ca;N,(2N), AIN(3N),
and Si;N, (3N) are prepared as raw materials. Eu,O;(3N) is
also prepared as an Eu raw material.

The raw materials thus prepared are measured and mixed,
so that the molar ratio of each element satisfies m=a=b=1. In
order to replace a part of a Ca site with Eu, actually the raw
materials are measured and mixed so as to satisfy (Ca+Eu):
Al:Si=1:1:1. The mixing of the raw materials may be oper-
ated by using a usual mixing method using a mortar or the
like, it is convenient to operate the mixing in a glove box in an
inert atmosphere of nitrogen or the like.

As described above, it is convenient to operate the mixing
in the glove box in the inert atmosphere. This is because when
the mixing is operated in an atmosphere, the ratio of oxygen
concentration contained in a matrix structure element is col-
lapsed by an oxidization and a decomposition of the raw
materials, and an emission characteristic is thereby deterio-
rated, and further the composition of the phosphor thus manu-
factured is deviated from a target composition. In addition,
the nitride of each raw material element is easy to be influ-
enced by humidity, and therefore preferably the inert gas,
from which the humidity is adequately removed, is used.
When a nitride raw material is used as each raw material
element, a dry system is preferably selected as a mixing
system, to avoid the decomposition of the raw material. Spe-
cifically, it is preferable to adopt a usual dry type mixing
method using a ball mill and a mortar.

The raw material thus completed in mixing is filled in a
boron nitride crucible as a firing container, and fired in the
inert atmosphere of nitrogen or the like. Here, the raw mate-
rials are retained and fired at 1000° C. or more, preferably
1400° C. or more. The higher the firing temperature is, the
more rapidly the firing is advanced, and the maintaining time
is therefore shortened. Meanwhile, even when the firing tem-
perature is low, the target emission characteristics can be
obtained by maintaining the temperature for a long time.
Therefore, the longer the firing time is, the more rapidly the
particle growth is advanced, and the particle size becomes
therefore large. Therefore, the firing time may be set in accor-
dance with the target particle size. For example, when the raw
materials are fired at 1500° C., preferably the temperature is
raised up to 1500° C. at a temperature raising speed of 15°
C./min, and thereafter the raw materials are retained at 1500°
C. for 3 hours and fired.

After the firing is completed, the fired object is cooled from
1500° C. to 200° C. for 1 hour, further cooled up to a room
temperature, and is crushed up to a predetermined mean
particle size (preferably 1 um to 10 pm) by using the mortar
and the ball mill, to manufacture the phosphor expressed by
the composition formula CaSiAIN;:Eu(Eu/(Ca+Eu) molar
ratio=0.015).

Note that by the oxygen from Eu,O,, itappears that a slight
amount of oxygen exists in the composition of a generated
product, which can be disregarded in a usual case.

When a set value of the Eu/(Ca+FEu) molar ratio is changed,
a blending amount of each raw material at mixing is adjusted
to a predetermined composition formula, and in the same
manufacturing method as described above, the phosphor hav-
ing the predetermined composition formula can be manufac-
tured.

Next, by way of example, the manufacturing method of
CaAlSiOo, sN, :Eu  (wherein  Ew/(Ca+Eu)  molar
ratio=0.015), wherein the element M is Ca, the element A is
Al, and the element B is Si, satisfying m=a=b=1, 0=0.5, is
shown as the manufacturing method of the phosphor includ-
ing the oxygen (e.g. 0=20) in the composition formula
MmAaBbOoNn:Z.
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First, as the nitride of Ca, Al, and Si, the raw materials are
prepared such as Ca;N,(2N), AIN(3N), and Si;N,(3N), and
CaO(2N) as an O raw material. Here, as the O raw material,
Al O, and SiO, and so forth may be used. As the Eu raw
material, Eu,O,(3N) is prepared.

The raw materials thus prepared are measured and mixed to
satisfy m=a=b=1, and 0=0.5. In order to replace a part of the
Ca site with Eu, actually the raw materials are measured and
mixed to satisfy (Ca+Eu):Al:Si=1:1:1. In addition, an amount
of O satisfying 0=0.5 is adjusted by controlling an adding
ratio of Ca;N, and CaO, when the CaO is used as the raw
material to supply O, for example. Specifically, in order to
obtain a target composition CaAlSiOog 5N, ¢-:Eu (Ew/(Ca+
Eu) molar ratio=0.015), each raw material may be measured
and mixed to satisty Ca;N,:Eu,05:Ca0: AIN:Si;N,=(0.985-
0.50)/3:0.015/2:0.50:1:%5. The amount of O may be adjusted
by the adding ratio of Al,0, and AIN when the Al,O; is used
as the raw material to supply O, by the adding ratio of SiO,
and Si;N, when the SiO, is used as the raw material to supply
O. In the mixing operation, a usual mixing method using the
mortar may be adopted. However, it is convenient to operate
the mixing in the glove box in the inert atmosphere of nitro-
gen or the like.

As described above, it is convenient to operate the mixing
in the glove box in the inert atmosphere. This is because the
nitride in each raw material element is easy to be influenced
by humidity, and therefore preferably the inert gas from,
which the humidity is adequately removed, is used. When a
nitride raw material is used as each raw material element, a
dry system is preferably selected as a mixing system, to avoid
the decomposition of the raw material. Specifically, it is pref-
erable to adopt a usual dry type mixing method using the ball
mill and the mortar.

The raw material thus mixed is put in a crucible, retained in
the inert atmosphere such as nitrogen at 1000° C. or more,
preferably at 1400° C. or more, further preferably 1500° C. or
more for 3 hours, and fired. The higher a sintering tempera-
ture is, the more rapidly a sintering is advanced, and the
maintaining time is therefore shortened. Meanwhile, even
when the sintering temperature is low, the target emission
characteristics can be obtained by maintaining the tempera-
ture for a long time. However, the longer the firing time is, the
more rapidly the particle growth is advanced, and the particle
size becomes therefore large. Therefore, the firing time may
be set in accordance with the target particle size.

Preferably, the material, which can be used in the inert
atmosphere, is used for the crucible, such as BN (boron
nitride), alumina, carbon, silicon nitride, aluminum nitride,
sialon, SiC, and preferably the crucible with high purity is
used. Especially, the BN crucible is capable of averting the
intrusion of impurities from the crucible and is therefore
preferably used. After the firing is completed, the fired object
is taken out from the crucible, and is crushed up to a prede-
termined mean particle size by using crushing means such as
the mortar and the ball mill, to manufacture the phosphor
expressed by the composition formula CaAlSiO, 5N, o,:Eu.
Here, in order to replace the Ca site with Eu, Eu, O, is added.
Therefore, a part of the nitrogen supposed to be taken in the
phosphor from the Ca;N, is replaced with the oxygen from
Eu,0,;, and the generated product is expressed by the com-
position formula CaAlSiOy 5,5N, s:Eu. Accordingly, it
appears that a minute deviation is generated in the composi-
tion of the oxygen and the nitrogen, which can be ignored in
a usual case.
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8
EXAMPLE

The present invention will be specifically explained based
on examples.

Example 1

Commercially available Ca;N,(2N), AIN(3N), Si;N,(3N),
Eu,0;(3N) were prepared, and each raw material was mea-
sured to have the molar ratio of each element satisfying
Ca:Al:Si:Eu=0.985:1:1:0.015, and mixed in the glove box in
the nitrogen atmosphere by using the mortar. The raw mate-
rial thus mixed was filled in a boron nitride crucible, and the
temperature was raised at a raising speed of 15° C./min up to
1500° C. in the nitrogen atmosphere. The temperature was
then maintained and the raw materials were fired for 3 hours
at 1500° C., thereafter cooled from 1500° C. to 200° C. for 1
hour, and further cooled up to a room temperature, to obtain
the phosphor expressed by the composition formula
Ca, 555AlSIN;:Eu, ;5. The phosphor thus obtained was
crushed by using the mortar, and the mean particle size of the
powder thus manufactured was 4.65 pm.

The powder of the phosphor thus manufactured was dis-
persed in a solution, and uniformly applied on a copper sub-
strate by using a coagulating-sedimentation process in which
a water glass was used, and a substrate sample for evaluating
the emission characteristics of the phosphor according to the
example 1 was manufactured. The substrate sample thus
manufactured was irradiated with the electron beam of an
electron beam accelerating voltage value 25 kV and an elec-
tron beam irradiating area 8x4 mm, and an emission intensity
of the substrate sample when an excitation current value of
the electron beam is changed from 0.1 pA to 30 pA was
measured. The measurement result is shown in table 1 and
FIG. 1, wherein the emission intensity is shown by a relative
intensity, which is a standardized value, with the emission
intensity defined as 1.00, under a current of 30 pA which is
run through the substrate sample of the phosphor according to
a comparative example 1 as will be described later. In addi-
tion, FIG. 1 is a graph in which the excitation current value is
taken on the horizontal axis, the emission intensity (relative
intensity) is taken on the vertical axis, and values of table 1 are
connected by solid line.

Further, the phosphor sample was irradiated with the elec-
tron beam, with the excitation current value set at 10 pA, and
the emission spectrum was measured. The measurement
result is shown in FIG. 2. In FIG. 2, the emission intensity of
the phosphor according to the example 1 is taken on the
vertical axis, and a wavelength of light is taken on the hori-
zontal axis. However, the emission intensity is shown by the
relative intensity, which is the standardized value, with the
relative intensity of the emission intensity defined as 1.00
when the substrate sample of the phosphor according to the
comparative example 1 as will be described later is irradiated
with the electron beam, with the excitation current value set at
10 pA. As shown in FIG. 2, the phosphor sample showed an
emission spectrum with a peak at 653.5 nm, having a large
half value width. Also, a luminance under irradiation of the
electron beam, with the excitation current value set at 10 pA,
was measured. The measurement result is shown in table 2.

Comparative Example 1

As the phosphor according to a comparative example, by
using Y,0,S:Eu*, which is a red phosphor for a commer-
cially available color cathode ray tube, the substrate sample
according to the comparative example 1 was manufactured in
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the same way as the example 1. Then, the emission intensity
of the substrate sample was measured when the excitation
current value of the electron beam was changed 0.1 pA to 30
LA, and the luminance and the emission spectrum were mea-
sured under the irradiation of the electron beam, with the
excitation current value set at 10 pA. Then, the measurement
result of the emission intensity was shown in table 1, which
was connected by broken line in FIG. 1. The measurement
result of the emission spectrum is shown in FIG. 3. In FIG. 3,
in the same way as FIG. 2, the emission intensity of the
phosphor is taken on the vertical axis as the relative intensity,
and the wavelength of the light is taken on the horizontal axis.

TABLE 1

EXCITATION
CURRENT EMISSION INTENSITY (RELATIVE INTENSITY)
VALUE (pA) EXAMPLE 1 COMPARATIVE EXAMPLE 1
0.1 0.14 0.25
0.3 0.34 0.48
0.5 0.49 0.59
0.7 0.60 0.67
1 0.72 0.74
3 1.11 0.91
5 1.28 0.96
7 1.37 0.98
10 1.44 1.00
30 1.48 1.00
TABLE 2
RELATIVE LUMINANCE
(RELATIVE INTENSITY)
EXAMPLE 1 1.57
COMPARATIVE EXAMPLE 1 1.00

(Comparison Between the Example 1 and the Comparative
Example 1)

As clarified from the table 1 and FI1G. 1, the result was that
the phosphor according to the example 1 had a higher emis-
sion intensity compared to the commercially available
Y,0,S:Eu’*, which was the comparative example 1, when
the excitation current of 3 LA or more was run. In addition,
when the phosphor of the comparative example 1 was irradi-
ated with the electron beam, with the excitation current set at
7 pA or more, almost a luminance saturation state occurs.
Meanwhile, the luminance saturation state does not occur in
the phosphor according to the example 1, even when the
phosphor was irradiated with the electron beam, with the
excitation current set at 10 pA or more. As a result, when both
of'the phosphors were irradiated with the electron beam, with
the excitation current set at 30 pA, the emission intensity of
the example 1 was 1.48 times that of the comparative example
1. Namely, it was found that the phosphor according to the
present invention hardly allowed the luminance saturation to
occur, and a strong emission could be obtained by increasing
the excitation current of the electron beam to irradiate.

Also, as clarified from the table 2, when the phosphor
sample according to the example 1 was irradiated with the
electron beam, under the excitation current which is set at 10
LA, the luminance obtained therefrom was 1.57 times that of
the commercially available Y,0,S:Eu** according to the
comparative example 1.

Further, the commercially available Y,0,S:Eu®* accord-
ing to the comparative example 1 exhibited the emission
spectrum with a sharp peak at 626.2 nm. Meanwhile, the
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phosphor sample according to the example 1 exhibited the
emission spectrum with a peak at 653.5 nm, having a large
half value width. In addition, an energy of light emission in
the phosphor sample according to the example 1 shown by an
area surrounded by a curve of the emission spectrum was 3
times larger than that of the phosphor sample according to the
comparative example 1.

As described above, it appears that the phosphor according
to the example 1 is suitable as the red phosphor of the color
display apparatus in which the phosphor for the electron
beam excitation is used, because the deterioration in the emis-
sion efficiency is small even when the excitation density of the
electron beam is increased under the increase in the excitation
current of the electron beam, and a high luminance can be
maintained.

Example 2

Next, the commercially available Ca;N,(2N), AIN(3N),
Si;N,(3N), Eu,05(3N) were prepared. Each raw material
was measured so that the molar ratio of each element was
Ca:Al:Si:Eu=0.98:1:1:0.02, and mixed in the glove box in the
nitrogen atmosphere by using the mortar. The raw material
thus mixed was filled in the boron nitride crucible, the tem-
perature was raised at the raising speed of 15° C./min up to
1500° C. in the nitrogen atmosphere, then the temperature
was maintained and the raw materials were fired for 24 hours
at 1500° C., and thereafter cooled from 1500° C. to 200° C.
for 1 hour, and then cooled up to the room temperature, to
obtain the phosphor expressed by the composition formula
Ca, 55AlSiIN;:Eu, o,. The phosphor thus obtained was
crushed by using the mortar. The mean particle size of the
powder thus manufactured was 6.74 pm.

The powder of the phosphor thus manufactured was dis-
persed in the solution, and uniformly applied on the copper
substrate by using the coagulating-sedimentation process in
which the water glass was used, to obtain the substrate sample
for evaluating the emission characteristics of the phosphor
according to the example 2. At this time, by changing the
amount of the phosphor to be applied on the substrate, three
different kinds of substrate samples (substrate samples 1to 3)
of'the phosphor film thickness were manufactured. The phos-
phor film thickness in the substrate sample thus manufactured
and a phosphor coating amount per unit area are shown in
table 3. The phosphor film thickness of each substrate sample
thus manufactured was obtained by measuring a thickness of
the substrate on which the phosphor was applied and the
thickness of the substrate after the phosphor film was peeled
off by a micro meter, and from a difference between the
thickness. The phosphor film thickness of each substrate
sample thus measured was 96.5 pm in the substrate sample 1,
61.3 um in the substrate sample 2, and 34.3 pm in the substrate
sample 3, respectively. Moreover, the phosphor coating
amount per each unit area of each substrate sample thus
manufactured was obtained by measuring a weight of the
substrate on which the phosphor was applied, and the weight
of the substrate after the phosphor film was peeled off, then
calculating the phosphor coating amount from the difference
between the weights, and thereafter dividing the phosphor
coating amount thus calculated by a surface area of the sub-
strate sample. The phosphor coating amount per unit area of
each substrate sample thus measured was 11.3 mg/cm? in the
substrate sample 1, 6.56 mg/cm? in the substrate sample 2,
and 3.62 mg/cm? in the substrate sample 3, respectively.

Each substrate sample thus manufactured was irradiated
with the electron beam, with the electron beam accelerating
voltage value set at 25 kV and the electron beam irradiating
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area set at 8x4 mm, and the emission intensity of the substrate
sample was measured when the excitation current value of the
electron beam was changed from 0.1 pA to 100 pA. The
measurement result is shown in table 4 and FIG. 4. However,
the emission intensity is shown by the relative intensity,
which is the standardized value, with the emission intensity
defined as 1.00, under the current of 100 pA which is run
through the substrate sample 1. Also, FIG. 4 is a graph in
which the excitation current value is taken on the horizontal
axis, the emission intensity (relative energy intensity) of the
phosphor is taken on the vertical axis, and data of the substrate
sample 1, data of the substrate sample 2, and data of the
substrate sample 3 are plotted by @, [, and |, respectively,
and connected by solid line, one dot chain line, and broken
line, respectively.

In addition, the phosphor sample was irradiated with the
electron beam, with the excitation current value set at 100 pA,
and the emission spectrum was measured. The measurement
result is shown in FIG. 5. In FIG. 5, the emission intensity of
the phosphor according to the example 2 is taken on the
vertical axis, a wavelength of light is taken on the horizontal
axis, and the emission spectrum of the substrate sample 1 is
shown by solid line, and the emission spectrum of the sub-
strate sample 2 is shown by one dot chain line, and the emis-
sion spectrum of the substrate sample 3 is shown by broken
line. Wherein, the emission intensity is shown by the relative
intensity, which is the standardized value, with the relative
intensity of the emission intensity defined as 1.00 when the
substrate sample 1 is irradiated with the electron beam, with
the excitation current value setat 100 pA. As shown in FIG. 5,
each substrate sample exhibited the emission spectrum with a
peak at about 650 nm, having a large half value width. Also,
the luminance was measured, when the phosphor sample was
irradiated with the electron beam, with the excitation current
value set at 100 pA. The measurement result is shown in table
5. Wherein, the luminance is shown by the relative intensity,
which is the standardized value, with the relative intensity of
luminance defined as 1.00 when the substrate sample 1 is
irradiated with the electron beam, with the excitation current
value set at 100 pA.

TABLE 3

PHOSPHOR COATING
PHOSPHOR FILM  AMOUNT PER UNIT AREA

THICKNESS (um) (mg/cm?)
SUBSTRATE 96.5 113
SAMPLE 1
SUBSTRATE 61.3 6.56
SAMPLE 2
SUBSTRATE 343 3.62
SAMPLE 3
TABLE 4
EXCITATION __EMISSION INTENSITY (RELATIVE INTENSITY)
CURRENT SUBSTRATE SUBSTRATE SUBSTRATE
VALUE (nA) SAMPLE 1 SAMPLE 2 SAMPLE 3
0.1 0.00 0.00 0.00
0.3 0.01 0.01 0.01
0.5 0.01 0.02 0.02
0.7 0.02 0.02 0.02
1 0.02 0.03 0.03
3 0.06 0.10 0.09
5 0.09 0.15 0.15
7 0.12 0.21 0.20
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TABLE 4-continued

EXCITATION EMISSION INTENSITY (RELATIVE INTENSITY)
CURRENT SUBSTRATE SUBSTRATE SUBSTRATE
VALUE (nA) SAMPLE 1 SAMPLE 2 SAMPLE 3
10 0.16 0.29 0.28
30 0.39 0.74 0.74
50 0.53 1.04 1.15
70 0.71 1.19 1.48
100 1.00 1.32 1.92
TABLE 5
RELATIVE LUMINANCE
(RELATIVE INTENSITY)
SUBSTRATE SAMPLE 1 1.00
SUBSTRATE SAMPLE 2 1.60
SUBSTRATE SAMPLE 3 243

(Influence of the Phosphor Film Thickness)

As clarified from the table 4 and FIG. 4, in regards to the
substrate sample according to the example 2, the sample with
thinner phosphor film thickness exhibits a higher emission
intensity under the irradiation of the electron beam. Particu-
larly, the difference in the emission intensity was remarkably
exhibited under the irradiation of the electron beam of 30 pA
or more. The emission intensity of each substrate sample was
compared under the irradiation of the electron beam, with the
excitation current value set at 100 pA. Then, as a result, it was
found that the emission intensity of the substrate sample 2
with the film thickness of 61.3 pm and having the phosphor
coating amount of 6.56 mg/cm?® per unit area showed 1.32
times that of the substrate sample 1 with the film thickness of
96.5 pm and having the phosphor coating amount of 11.3
mg/cm? per unit area, thereby forming the largest phosphor
film thickness. Meanwhile, the emission intensity of the sub-
strate sample 3 with the film thickness of 34.3 um and having
the phosphor coating amount of 3.62 mg/cm? per unit area,
thereby forming the smallest phosphor film thickness,
showed 1.92 times that of the aforementioned substrate
sample 1. Namely, it was found that the phosphor according
to the present invention exhibited an extremely strong light
emission when the phosphor was irradiated with the electron
beam of a particularly high excitation current, by making the
phosphor film thickness to be applied on the substrate small.

Further, as shown in FIG. 5, the emission spectrum of each
substrate sample under the irradiation of the electron beam,
with the excitation current value set at 100 pA, showed the
emission spectrum with a peak at about 650 nm and having a
large half value width. In addition, the peak intensity of the
emission spectrum of each substrate sample was compared.
Then, as a result, it was found that the emission intensity of
the substrate sample 2 with the film thickness of 61.3 um and
having the phosphor film thickness of 6.56 mg/cm? per unit
area showed 2.12 times that of the substrate sample 1 with the
film thickness of 96.5 um and having the phosphor coating
amount of 11.3 mg/cm? per unit area, thereby forming the
largest phosphor film thickness. Meanwhile, the emission
intensity of the substrate sample 3 with the film thickness of
34.3 um and having the phosphor coating amount of 3.62
mg/cm?2 per unit area, thereby forming the smallest phosphor
film thickness showed 3.42 times that of the aforementioned
substrate sample 1.

Also, as shown in table 5, under the irradiation of the
electron beam, with the excitation current value setat 100 pA,
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the luminance of the substrate sample 2 showed 1.60 times
that of the substrate sample 1, and the luminance of the
substrate sample 3 showed 2.43 times that of the substrate
sample 1.

From the result shown above, it was found that by making
the phosphor film thickness to be applied on the substrate
small, an extremely strong emission and luminance could be
exhibited under the irradiation of the electron beam with
particularly high excitation current.

As described above, it appears that the phosphor according
to the example 2 is suitable as the red phosphor of the color
display apparatus in which the phosphor for the electron
beam excitation is used, because it is possible to exhibit the
extremely strong emission and luminance when the excita-
tion density of the electron beam is increased under the irra-
diation of the electron beam of high excitation current value,
and particularly is preferable for being used as the phosphor
film with film thickness of 65 um or less and with the coating
amount per unit area set at 7.0 mg/cm? or less.

What is claimed is:

1. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a composition formula MmAaBbOoNn:Z
(wherein element M is at least one or more kind of element
having bivalent valency, element A is at least one or more kind
of element having tervalent valency, element B is at least one
or more kind of element having tetravalent valency, O is
oxygen, N is nitrogen, element Z is the element acting as an
activator in the phosphor, satisfying 020, n=2/3m+a+4/3b-
2/30, m=a=b=1), wherein a film thickness is 65 um or less.

2. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a composition formula MmAaBbOoNn:Z
(wherein the element M is at least one or more kind of element
selected from the group consisting of Mg, Ca, Sr, Ba, and Zn,
the element A is at least one or more kind of element selected
from the group consisting of B (boron), Al and Ga, the ele-
ment B is Si and/or Ge, and the element Z is at least one or
more kind of element selected from rare earth elements or
transitional metal elements, satisfying 0=0, n=2/3m+a+4/
3b-2/30, m=a=b=1), wherein a film thickness is 65 pm or
less.

3. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a general formula CaAlISiN,:Eu, whereina
film thickness is 65 pm or less.

4. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a composition formula MmAaBbOoNn:Z
(wherein element M is at least one or more kind of element
having bivalent valency, element A is at least one or more kind
of element having tervalent valency, element B is at least one
or more kind of element having tetravalent valency, O is
oxygen, N is nitrogen, element Z is the element acting as an
activator in the phosphor, satisfying 020, n=2/3m+a+4/3b-
2/30, m=a=b=1), wherein a phosphor coating amount is 7.0
mg/cm? or less per unit area.

5. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a composition formula MmAaBbOoNn:Z
(wherein the element M is at least one or more kind of element
selected from the group consisting of Mg, Ca, Sr, Ba, and Zn,
the element A is at least one or more kind of element selected
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from the group consisting of B (boron), Al and Ga, the ele-
ment B is Si and/or Ge, and the element Z is at least one or
more kind of element selected from rare earth elements or
transitional metal elements, satisfying 0=0, n=2/3m+a+4/
3b-2/30, m=a=b=1), wherein a phosphor coating amount is
7.0 mg/cm? or less per unit area.

6. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a general formula CaAlSiN;:Eu, wherein a
phosphor coating amount is 7.0 mg/cm? or less per unit area.

7. A color display apparatus, using the phosphor film
according to claim 1.

8. A color display apparatus, using the phosphor film
according to claim 4.

9. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a composition formula MmAaBbOoNn:Z
(wherein element M is at least one or more kind of element
having bivalent valency, element A is at least one or move kind
of element having tervalent valency, element B is at least one
or move kind of element having tetravalent valency, O is
oxygen, N is nitrogen, element Z is the element acting as an
activator in the phosphor, satisfying 0>0, n=2/3m+a+4/3b-
2/30, m=a=b=1), wherein a film thickness is 65 um or less.

10. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a composition formula MmAaBbOoNn:Z
(wherein the element M is at least one or more kind of element
selected from the group consisting of Mg, Ca, Sr, Ba, and Zn,
the element A is at least one or more kind of element selected
from the group consisting of B (boron), Al and Ga, the element
B is Si and/or Ge, and the element Z is at least one or more
kind of element selected from rare earth elements or transi-
tional metal elements, satisfying 0>0, n=2/3m+a+4/3b-2/30,
m=a=b=1), wherein a film thickness is 65 um or less.

11. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a composition formula MmAaBbOoNn:Z
(wherein element M is at least one or more kind of element
having bivalent valency, element A is at least one or move kind
of element having tervalent valency, element B is at least one
or move kind of element having tetravalent valency, O is
oxygen, N is nitrogen, element Z is the element acting as an
activator in the phosphor, satisfying 0>0, n=2/3m+a+4/3b-
2/30, m=a=b=1), wherein a phosphor coating amount is 7.0
mg/cm? or less per unit area.

12. A phosphor film for an electron beam excitation, manu-
factured by using the phosphor for an electron beam excita-
tion, expressed by a composition formula MmAaBbOoNn:Z
(wherein the element M is at least one or more kind of element
selected from the group consisting of Mg, Ca, Sr, Ba, and Zn,
the element A is at least one or more kind of element selected
from the group consisting of B (boron), Al and Ga, the element
B is Si and/or Ge, and the element Z is at least one or more
kind of element selected from rare earth elements or transi-
tional metal elements, satisfying 0>0, n=2/3m+a+4/3b-2/30,
m=a=b=1), wherein a phosphor coating amount is 7.0
mg/cm? or less per unit area.

13. 4 color display apparatus, using the phosphor film
according to claim 9.

14. A color display apparatus, using the phosphor film
according to claim 11.

#* #* #* #* #*



