
EP 0 364 888 B1 Description The present invention relates to a green light
emitting phosphor, particularly a green light emitting phosphor of high
excitation, which can be applied to for example, a projector tube or a
high-brightness 5  phosphor display tube. Among the known Tb (terbium)
activated green light emitting phosphors, the phosphor [err] [err] provides
excellent brightness and saturation characteristic through the addition of
Ga (gallium) as a green light emitting phosphor which is excited by
electron beams of high energy. This is disclosed, for example, in Japanese
Laid-Open Patent Gazette No. 60-101175. 10     A disadvantage of this known
green light emitting phosphor is that it will deteriorate through the
irradiation of electron beams. In other words, the body color of the green
light emitting phosphor is changed by a so-called "burning". The burning
occurs when the green light emitting phosphor is heated by the irradiation
of electron beams. For example. when a phosphor screen of a projector tube
or of a high- brightness phosphor display tube is formed using this type of
known phosphor, and electron beams 15  continuously impinge on the phosphor
screen, in order to display a still image or a still picture portion of an
image, the "electron beam burning" occurs locally, and deteriorates the
image quality. Figure 1 shows the measured results of relative brightness
versus aging time of phosphor screens. In the example used with this
figure, the phosphor screens for an 8-inch projector tube were formed of
green light emitting phosphors, [err] of 7 mol percent, and the amount of
Ga was changed, 20  respectively. These phosphors were continuously
irradiated with electron beams under conditions where the phosphor screen
voltage (anode voltage, i.e. excitation voltage) was 32 kV and the anode
current was 5 [err]. An initial brightness was taken as a reference (100%).
In Figure 1, an open square, an open circle, and an open triangle chart the
measured results of the relative brightness of the green light emitting
phosphors where x = 0, 3, and 5 in [err], 25  respectively. When comparing
curves 1, 2, and 3, which follow from the measured results, it is shown
that as the amount of Ga increases, the amount of electron beam burning,
i.e. the amount of deterioration of brightness of the green light emitting
phosphor by the irradiation of electron beams, is increased. Although the
brightness and saturation characteristics of the green light emitting
phosphor are improved by the substitution of Ga, it is unavoidable that the
irradiation of electron beams will cause the brightness of the 30  green
light emitting phosphor to deteriorate. One of the reasons for the
deterioration of the brightness of the green light emitting phosphor is the
valence state of Tb. Tb enters this type of phosphor at a so-called Y site,
in the form of a trivalent. Unfortunately, Tb is in a stable condition when
it is in the form of a tetravalent. If the phosphor is irradiated by
electron beams, Tb's valence state can easily shift to that of a
tetravalent element which causes the 35  body color of the green light
emitting phosphor to become brownish. In addition, Tb enters the Y site in
an unstable state which causes a deterioration of the brightness
characteristic of the green light emitting phosphor. It is an object of the
present invention to provide an improved green light emitting phosphor
which can eliminate the defects encountered with known green light emitting
phosphors. A further object is to provide 40  a green light emitting
phosphor which can resolve the problem of electron beam burning in the
known [err]   green tight emitting phosphor. Another object of the present
invention is to provide a green light emitting phosphor which improves on
preventing the lowering of the brightness of the phosphor by the excitation
of high energy. Another object is to provide a green light emitting
phosphor which is 



suitable for being applied to a projector tube, a phosphor display tube of
high brightness or the like. 45     To this end, the present invention
provides a green light emitting phosphor comprising a green light emitting
phosphor having a formula [err] and a tetravalent element by a molar ratio
relative to a sum of Y and Tb ranging from [err] . In an embodiment, the
molar ratio ranges from approximately [err] in an embodiment, the
tetravalent element is chosen from the group consisting of [err] 50 [err]
and [err]. In an embodiment, the phosphor is particularly suitable for
being applied to a projector tube or a high- brightness phosphor display
tube. In an embodiment, the method for producing the phosphor includes
adding a green light emitting phosphor [err] to a tetravalent element by a
molar ratio relative to the sum of Y and Tb ranging 55  from [err] to
[err]. Figure 1 is a graph showing the measured results of aging time
versus relative brightness of the phosphor screen when the electron beam
impinges on the phosphor screen; 2    EP 0 364 888 B1 Figure 2 is a graph
displaying a relationship between the amount of Si added to a phosphor and
the relative brightness of the phosphor; Figure 3 is a spectrum diagram of
a small angle x-ray diffraction analysis; and Figure 4 is a graph showing
measured results of the inclination of a current versus brightness curve. 5
The present invention relates to a green light emitting phosphor and,
particularly, a green light emitting phosphor of high excitation which is
suitable for being applied, for example, to a projector tube, a high-
brightness phosphor display tube or the like. Examples: 10 By way of
example, and not limitation, examples of the present invention will now be
given. Example 1: 15     A green light emitting phosphor of high excitation
type, [err] phosphor was made. The molar ratio of Al/Ga was 1.5. The ratio
of Tb/(Y + Th) was 0.07, and the Si/(Y + Tb) ratio was 2.8 x 10-3. As raw
materials, the following powders were prepared: 20
[err]    31.05g [err]    15.29g [err]   18.74g [err]    3.93g [err]
0.05g 25 (purity of each of these powders is a so-called four nine, i.e.
99.99%). These powders were added together, along with the highest class
reagent, BaF2 which forms residual flux. The materials were then mixed with
a solvent of 120cc of ethanol with a ball mill. According to this ball
mixing-process, an alumina ball, which was 5mm in diameter and had a purity
of more than 99.8%, was prepared. The raw materials in the alumina 



30 balls, whose amount was about 2 to 3 times that of the raw materials,
for example 150g in weight, were then put into a 0.5 liter receptacle which
was made of a polyethylene-system material. The raw materials and alumina
balls were mixed for five hours. The receptacle was rotated at a rotation
rate of 60 rpm. The alumina balls and the mixed raw materials were then
separated by a filtering-process or the like. The ethanol was removed from
the product by a drying-process. The dried raw material was then put into a
35 crucible, which had a lid of alumina of a high purity (higher than
99.8%). The lid and the crucible body were shielded by a heat-resistant
bonding agent, for example, Aron Ceramic D (trade name, manufactured by
Toagosei Chemical Industry Co., Ltd.). The crucible was placed in a furnace
and heated up to [err] by raising the temperature by [err] per hour. The
crucible was kept at that temperature, i.e. [err], for two hours, and then
cooled in the furnace. The burned phosphor was rinsed with 10cc of nitric
acid with the 40 normal 1.5 per 1 g of burned phosphor for 60 minutes in
order to remove residual flux (BaF2) in the burned phosphor. The phosphor
was then rinsed with water to provide a pH of 7. Finally, it was filtered
and dried. Thus, the green light emitting phosphor [err] with 7 mol percent
of Tb, was produced. The phosphor was then used in the manufacture of a
phosphor screen of an 8-inch projector tube. The screen was manufactured by
a printing-process. This phosphor screen was then aged under conditions 45
where the anode voltage was 32 kV and the anode current was [err]. Figure 1
shows the measured results of the aging time versus the relative brightness
of the phosphor screen. In the figure, a solid square, a solid circle, and
a solid triangle, respectively, plot respective brightness of the phosphors
in which x was selected to be 0, 3, and 5, in the phosphor composition,
[err] of 7 mol percent of Tb, respectively. Comparing characteristic curves
11, 12, and 13 with the prior art curves 1, 2, and 3, the graph 50
illustrates that when Si was added to the phosphor in Example 1, the
deterioration of brightness, i.e. electron beam burning, could be
considerably reduced. Example 2: 55     A green light emitting phosphor was
made similar to the phosphor of Example 1. The phosphor without Si was used
as the basis for this example. The phosphor's initial relative brightness
was then measured while the amount of Si added was changed. The measured
results are represented in Figure 2. In Figure 2, a solid square, a solid
circle, and a solid triangle, respectively, represent relative brightness
of the green 3    EP 0 364 888 B1 light emitting phosphors in which x was
selected to be 0, 3, and 5 in composition, [err]   and 1% Th, respectively.
Figure 2 reveals that the addition of Si can prevent the initial brightness
of the green light emitting phosphors from being lowered. Example 3: A
[err] of 7 mol percent was produced according to the method of Example 1
where 5 x 10-1 mol of Si was added. Figure 3 is a spectrum diagram of a
small x-ray diffraction of the phosphor of this example and a phosphor
without Si. Characteristic curve 31 represents the phosphor of Example 3,
and 10 curve 32 represents the phosphor without Si. Comparing curves 31 and
32, the diagram illustrates that the change of spectrum is not observed and
also, that Si is absorbed into the phosphor. Therefore, when Si is added
thereto, Si is not deposited as SiO2, and the generation of single-phase
YAG is not affected. More specifically, Figure 4 shows the measured results
of the inclination of a current versus brightness 



curve, i.e. the relationship between a so-called gamma [err] value and the
added amount of Ga. In Figure 4, a 15 solid circle represents the measured
results of gamma values in which Si of 5 x [err] mol was added. An open
circle represents the measured results of gamma values in which Si was not
added to the phosphor. The graph in Figure 4, shows that the current
brightness saturation characteristic does not change substantially,
regardless of the addition of Si. While [err] is added to [err] in the
above examples, other tetravalent elements, [err] 20  [err]  and [err] can
be added to the phosphor and achieve similar results as when [err] was
added. Table 1 shows the observed results of electron beam burning when
certain amounts of the above tetravalent elements were added to [err] A
so-called demountable apparatus, in which a phosphor screen panel of a
cathode ray tube can be demounted, was employed in this experiment.
Electron beams were impinged on the phosphor screen panel for 60 minutes
under the excitation conditions of an anode 25  voltage of 16 kV and an
anode current of [err] . The decrease of brightness, i.e. electron beam
"burning", was measured in the table. In the table, an open circle
represents a phosphor where the decrease in brightness is less than 10% of
the initial brightness of the phosphor before it was irradiated with
electron beams. An open triangle represents a phosphor where the decrease
in brightness is 10 to 20% of the initial brightness of the phosphor before
it was irradiated with electron beams. A cross mark represents 30 a
phosphor where the decrease in brightness is more than 20% of the initial
brightness of the phosphor before it was irradiated with electron beams. 35
40 50 60 55 4    EP 0 364 888 B1 TABLE 1 Elements to    Adding amount
Electron beam 5           be added          (molar ratio)       "burning"
None 10              [err]            1 x [err] 1 x [err] 15
1 x [err] 5 x [err] 20 1.0 25              [err]             1 x [err]
[err] 1  x [err] 1.0 40              [err] x [err] 



1 x [err]                0 45 [err] x  [err] 1 x [err] 50 55    EP 0 364
888 B1 Elements to    Adding  amount  Electron beam be  added
(molar  ratio)              "burning" 1.0                      X Zr4+
1 x  [err] x 10 1 x [err]                     0 15
1x [err] 5x  [err] 20                                           1.0 [err]
1 x  [err] 25 lx 10-5 30                                        1 x [err]
0 5 X  [err] 5 x [err] 35                                           1.0
X [err]                 1 x  [err]                    [err] 40
[err] 1 x [err] 1 x  [err] l x  [err] 50
.     1.0 From the results in Table 1, it is shown that when a tetravalent
element is added to [err] 55 in a molar ratio of the sum of Y and Tb
ranging from 1 x [err] to 5 x [err], the electron beam burning can be
effectively improved. Therefore, since the electron beam burning can be
effectively improved, the green light emitting phosphor of the present
invention can be suitably used for various kinds of display tubes and image
EP 0 364 888 B1 reproducing apparatus of the electron beam excitation type.
According to the present invention, when the 



phosphor screen of the projector tube or the phosphor display tube of high
brightness is formed of the green light emitting phosphor of the present
invention, the image quality can be prevented from deteriorat- ing. This is
so even if a still picture is displayed on the phosphor screen or the
phosphor screen is 5  continuously impinged with electron beams in order to
display a still portion of an image, or the phosphor screen is driven for a
long period of time. Furthermore, the green light emitting phosphor of the
present invention makes it possible to display a high-definition image
which is very beneficial in practice. Claims 10 1. A green light emitting
phosphor comprising a) a green light emitting phosphor having the formula
[err] and b) a tetravalent element selected from the group consisting of
[err]     and [err] wherein the molar ratio of the tetravalent element to
the sum of Y and Tb ranges from 1 x [err] to 5 x 15     [err]. 2. The
phosphor of claim 1, wherein the molar ratio ranges from 1 x [err] to 1 x
[err]. 3. A method for producing the green light emitting phosphor
according to claims 1 and 2 comprising 20     adding a green light emitting
phosphor having the formula [err] to a tetravalent element selected from
the group consisting of [err]   and [err] in a molar ratio of the
tetravalent element to the sum of Y and Tb in the range of from 1 x [err]
to 5 x [err]. 4. The use of the green light emitting phosphor according to
claims 1 and 2 for projector tubes and high- 25     brightness phosphor
display tubes. Patentansprlche 1. Grilnlichtemittierender Leuchtstoff,
umfassend 30       a) einen grlnlichtemittierenden Leuchtstoff der Formel
Y3(AI,Ga)5012:Tb; und b) ein vierwertiges Element, welches aus der aus Si",
Ge+, Ti", Zr4+, Hf"+ und Sn4+ bestehenden Gruppe gewhilt ist, wobel das
Molverh~ltnis des vierwertigen Elements zu der Summe aus Y und Tb im
Bereich von 1 x 10-5 bis 5 x 10-1 liegt. 35 2. Leuchtstoff nach Anspruch 1,
wobei das Molverhaltnis im Bereich von 1 x 10-5 bis 1 x 10-3 liegt. 3.
Verfahren zur Herstellung des granlichtemittierenden Leuchtstoffs nach den
Ansprlchen 1 und 2, umfassend das Zugeben eines gr~nllchtemitflerenden
Leuchtstoffs der Formel Y3(AI,Ga)s O2:Tb zu 40     elnem vierwertigen
Element, welches aus der aus Si4+, Ge", Ti", Zr4+, Hf" und Sn4+ bestehenden
Gruppe gewdhlt wird, In elnem Molverhaltnis des vierwertigen Elements zu
der Summe aus Y und Tb im Bereich von 1 x 10-5 bis 5 x 10-1. 4. Verwendung
des grUnlichtemiftlerenden Leuchtstoffs nach den Ansprachen 1 und 2 fOr
Projektorrdhren 45     und Leuchtstoff-Anzeigerohren hoher Helligkeit bzw.
Leuchtstarke. Revendlcatlons 1. Luminophore 6mettant une lumibre verte
comprenant: so       a) un luminophore dmettant une lumibre verte ayant la
formule Y3(Al,Ga)5012:Tb; et b) un Mldment titravalent selectionni dans le
groupe se composant de Si+, Ge4+, Ti4+, Zr"+, Hf+ et Sn4+, Dans laquelle le
rapport mollculaire de l'4l6ment t6travalent sur la somme de Y et de Tb est
compris dans la plage de 1x10-5 a 5x10-1. 



56 2. Luminophore selon la revendication 1 dans laquelle le rapport
mol~culaire est compris dans la plage de 1x105 a 1x10-3. 7    EP 0 364 888
B1 reproducing apparatus of the electron beam excitation type. According to
the present invention, when the phosphor screen of the projector tube or
the phosphor display tube of high brightness is formed of the green light
emitting phosphor of the present invention, the image quality can be
prevented from deteriorat- ing. This is so even if a still picture is
displayed on the phosphor screen or the phosphor screen is 5  continuously
impinged with electron beams in order to display a still portion of an
image, or the phosphor screen is driven for a long period of time.
Furthermore, the green light emitting phosphor of the present invention
makes it possible to display a high-definition image which is very
beneficial in practice. Claims 10 1. A green light emitting phosphor
comprising a) a green light emitting phosphor having the formula [err] and
b) a tetravalent element selected from the group consisting of [err]  and
[err] wherein the molar ratio of the tetravalent element to the sum of Y
and Tb ranges from 1 x [err] to 5 x 15     [err]. 2. The phosphor of claim
1, wherein the molar ratio ranges from 1 x [err] to 1 x [err] 3. A method
for producing the green light emitting phosphor according to claims 1 and 2
comprising 20     adding a green light emitting phosphor having the formula
[err] to a tetravalent element selected from the group consisting of [err]
and [err] in a molar ratio of the tetravalent element to the sum of Y and
Tb in the range of from 1 x [err] to 5 x [err]. 4. The use of the green
light emitting phosphor according to claims 1 and 2 for projector tubes and
high- 25     brightness phosphor display tubes. PatentansprUche 1.
GrOnlichtemittierender Leuchtstoff, umfassend 30       a) einen
grinlichtemittierenden Leuchtstoff der Formel Y3(AI,Ga)5012:Tb; und b) ein
vierwertiges Element, welches aus der aus Si4+, Ge4+, Ti4+, Zr4+, Hf'+ und
Sn+4 bestehenden Gruppe gewghlt ist, wobei das Molverhaltnis des
vierwertigen Elements zu der Summe aus Y und Tb im Bereich von 1 x 10-5 bis
5 x 10-1 liegt. 35 2. Leuchtstoff nach Anspruch 1, wobei das Molverh~ltnis
im Bereich von 1 x 10-5 bis 1 x 10-3 liegt. 3. Vertahren zur Herstellung
des grOnlichtemittierenden Leuchtstoffs nach den AnsprUchen 1 und 2,
umfassend das Zugeben eines grinlichtemittierenden Leuchtstoffs der Formel
Y3(AI,Ga)s502:Tb zu 40     einem vierwertigen Element, welches aus der aus
Si4+, Ge4+, Ti4+, Zr'+, Hf4+ und Sn4+ bestehenden Gruppe gewahlt wird, in
einem Molverhaltnis des vierwertigen Elements zu der Summe aus Y und Tb im
Bereich von 1 x 10-5 bis 5 x 10-1. 



4. Verwendung des grlnlichtemittierenden Leuchtstoffs nach den Ansprlchen 1
und 2 fUr Projektorr6hren 45     und Leuchtstoff-Anzeigerohren hoher
Helligkeit bzw. Leuchtstlirke. Revendications 1. Luminophore emettant une
lumibre verte comprenant: 50       a) un luminophore emettant une lumiere
verte ayant la formule Y3(AI,Ga)sOl2:Tb; et b) un 6l6ment t6travalent
selectionne dans le groupe se composant de Si'+, Ge4+, Ti4+, Zr4+, HfW4 et
Sn4+, Dans laquelle le rapport moleculaire de l'l6lment tetravalent sur la
somme de Y et de Tb est compris dans la plage de 1x10-5 a 5x10-1. 55 2.
Luminophore selon la revendication 1 dans laquelle le rapport moleculaire
est compris dans la plage de 1x10-5 a lx10-3. 7    EP O 364 888 B1
| |||| ||| |||.|| || I| * C   L   M   S 3  Procddd pour produire le
luminophore emettant une lumikre verte selon les revendications 1 et 2
comprenant I'addition d'un luminophore dmettant une lumibre verte ayant la
formule Y3 (Al, Ga)s 012:Tb a un dlment tdtravalent sdlectionnd a partir du
groupe se composant de Si4, Ge", Ti4+, Zr"+, Hf+ et Sn"+ avec un rapport
moldculaire de l'61ment t~travalent sur la somme de Y et de Tb compris dans
la I     gamme de 1x10-5 A 5x10-1. 4. L'utilisation du luminophore dmettant
une lumibre verte selon les revendications 1 et 2 pour des tubes de
projection des tubes de visualisation a base de luminophore de luminositd
dievde. o~~~~~~~~~~~~~~~~~~~~~~~~ 10 75 20 25 30 35 G~40 45 50 55 8    


