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Description

TECHNICAL FIELD

[0001] The present invention relates to a plasma display apparatus(device) used for image display on a television
or other equipment. It also relates to a phosphor for use in the plasma display device, and a method of fabricating the
phosphor(fluorescent material).

BACKGROUND ART

[0002] Among color display devices used for image display on a computer or television , a display device using a
plasma display panel (hereinafter referred to as a "PDP") has recently been drawing attention, as a large, thin, and
light color display device.
[0003] A plasma display device using a PDP performs additive color mixing of so-called three primary colors (red,
green, and blue) to provide full-color display. For this full-color display, a plasma display device has phosphor layers
for emitting the respective three primary colors, i.e. red (R), green (G), and blue (B). Phosphor particles constituting
these phosphor layers are exited by ultraviolet light generated in discharge cells of the PDP to generate visible light
of respective colors.
[0004] Known as compounds used for the phosphors of above respective colors are (YGd)BO3:Eu3+ and Y2O3:Eu3+

for red emission, Zn2SiO4:Mn2+ for green emission, and BaMaAl10O17:Eu2+ for blue emission. Each of these phosphors
is fabricated by mixing specific materials and firing the mixture at high temperatures of at least 1,000 °C for solid-phase
reaction (see "Phosphor Handbook" p.219 and 225, Ohmsha, for example). The phosphor particles obtained by this
firing are used after they are milled and classified (average diameter of red and green particles: 2 to 5 µm, average
diameter of blue particles: 3 to 10 µm).
[0005] The phosphor particles are milled and classified for the following reason. In general, when phosphor layers
are formed on a PDP, a technique of screen-printing a paste of phosphor particles of each color is used. In application
of the paste, the smaller and more uniform diameters of phosphor particles (i.e. a uniform particle size distribution) can
easily provide the smoother coated surface.
[0006] In other words, when phosphor particles have smaller and more uniform diameters and shapes approximating
to a sphere, the coated surface is smoother. The smoother coated surface increases the packing density of the phosphor
particles in a phosphor layer and the emission surface area of the particles, thus alleviating unstableness at address
drive. As a result, it is theoretically considered that the luminance of the plasma display device can be increased.
[0007] However, the smaller diameters of phosphor particles increase the surface area of the phosphor and defects
on the surface of the phosphor. For this reason, a large quantity of water, carbonic acid gas, or organic substances
including hydrocarbon are likely to adhere to the surface of the phosphor. Especially for a blue phosphor made of
Ba1-xMaAl10O17:Eux or Ba1-x-ySryMgAl10O17:Eux, these crystal structures have layer structures (see "Display and Im-
aging", 1999, vol. 7, pp 225-234, for example). In the layers, there is oxygen (O) vacancy in the vicinity of a layers
containing Ba atoms (Ba-O layers) (see OYO BUTSURI (Applied Physics), vol. 70, No.3, 2001, pp310, for example).
[0008] For this reason, water existing in air is selectively adsorbed onto the surface of the Ba-O layer of the phosphor.
Therefore, because a large quantity of water is released into a panel in a panel manufacturing process, the water reacts
with the phosphor and MgO during discharge. This poses problems of luminance degradation and chromaticity shift
(color shift or image burn caused by the chromaticity shift), or decrease in drive voltage margin and increase in discharge
voltage. A conventionally devised method to address these problems is coating the entire surface of the phosphor with
a crystal of Al2O3, in order to recover the defects in the vicinity of the Ba-O layer (see Japanese Patent Unexamined
Publication No. 2001-55567, for example).
[0009] However, this method poses another problem: coating the entire surface causes absorption of ultraviolet light
and thus decreases the emission luminance of the phosphor, and the ultraviolet light decreases the luminance.

DISCLOSURE OF THE INVENTION

[0010] In order to address these problems, the present invention aims to inhibit water adsorption onto the surface
of a blue phosphor, decrease luminance degradation and chromaticity shift of a phosphor, or improve discharge char-
acteristics thereof. Especially in the present invention, elimination of oxygen vacancy in the vicinity of a layers containing
Ba atoms (Ba-O layers) in a blue phosphor inhibits water adsorption onto the surface of the blue phosphor, decreases
luminance degradation and chromaticity shift of a phosphor, or improves discharge characteristics thereof.
[0011] In order to accomplish these purposes, a plasma display device of the present invention has a plasma display
panel in which a plurality of discharge cells of one or a plurality of colors are disposed in arrays, phosphor layers having
a color corresponding to the respective discharge cells are disposed, and the phosphor layers are excited by ultraviolet
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light to emit light. The phosphor layers have a blue phosphor. The blue phosphor is made of a compound represented
by Ba1-xMgAl10O17:Eux or Ba1-x-ySryMgAl10O17:Eux in which at least one kind of the elements Ti, Zr, Hf, Si, Ge, Sn
and Ce substitutes for part of the element Al or Mg.
[0012] A phosphor of the present invention is a blue phosphor having a crystal structure of Ba1-xMgAl10O17:Eux or
Ba1-x-ySryMgAl10O17:Eux that is exited by ultraviolet light to emit visible light. In the blue phosphor, a quadrivalent
element substitutes for the element Al or Mg that constitutes the phosphor.
[0013] A method of manufacturing a phosphor of the present invention includes: a mixed solution fabrication step in
which a metal salt or organometalic salt containing elements constituting a blue phosphor (Ba, Mg, Al, Eu, and M
(where M is one kind of the elements Ti, Zr, Si, Ge, Sn and Ce )) is mixed with an aqueous medium to fabricate a mixed
solution; and a step of drying the mixed solution, and thereafter firing the mixture in a reducing atmosphere to fabricate
Ba1-x(Mg1-aMa)(Al1-bMb)Al10O17:Eux and Ba1-x-ySry(Mg1-aMa)(Al1-b Mb)Al10O17 (where M is at least one kind of the
elements Ti, Zr, Hf, Si, Ge, Sn and Ce ).

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a plan view of a plasma display panel (PDP) in accordance with one embodiment of the present invention
with a front glass substrate thereof removed.
Fig. 2 is a perspective view showing a partial section of a structure of an image display area of the PDP.
Fig. 3 is a block diagram of a plasma display device in accordance with one embodiment of the present invention.
Fig. 4 is a sectional view of an image display area of a PDP in accordance with one embodiment of the present
invention.
Fig. 5 is a schematic diagram showing a structure of an ink dispenser used when phosphor layers of the PDP is
formed.
Fig. 6 is a schematic diagram showing an atomic structure of a blue phosphor in accordance with one embodiment
of the present invention.

DETAILED DESCRITION OF PREFERRED EMBODIMENT

[0015] First, a description is provided of an advantage of eliminating oxygen vacancy in the vicinity of a Ba-O layer
in a blue phosphor.
[0016] A phosphor for use in a PDP or other equipment is fabricated by a solid-phase reaction method, an aqueous
solution reaction method, or other methods. When a phosphor has smaller particle diameters, defects are likely to
occur. Especially for the solid-phase reaction method, it is known that milling a phosphor after firing leads many defects.
It is also known that ultraviolet light having a wavelength of 147 nm generated by discharge in driving a panel causes
defects in a phosphor (see Electronic Information and Communication Institute, Technical Research Report, EID99-94,
January 27, 2000, for example).
[0017] Especially for BaMaAl10O17:Eux, a blue phosphor, it is known that the phosphor itself has oxygen vacancy
especially in a Ba-O layer thereof (see OYO BUTSURI (Applied Physics) vol. 70, No. 3, 2001, pp310, for example).
[0018] Fig. 6 is a diagram schematically showing a structure of a Ba-O layer in the blue phosphor BaMaAl10O17:Eu.
[0019] For a conventional blue phosphor, existence of these defects itself has been considered as a cause of lumi-
nance degradation. In other words, it has been considered the degradation is caused by defects. Such defects are
caused by impact of ions generated in driving a panel on the phosphor and by ultraviolet light having a wavelength of
147 nm.
[0020] The inventors have found that the luminance degradation is not only essentially caused by existence of the
defects but is caused by selective adsorption of water or carbonic acid gas to oxygen (O) vacancy in the vicinity of a
Ba-O layer. By irradiating the adsorption with ultraviolet light or ions, the phosphor reacts with water, thus causing
luminance degradation and color shift. In other words, the inventors have come to know that adsorption of water or
carbonic acid gas to oxygen vacancy in the vicinity of a Ba-O layer in a blue phosphor causes a various kinds of
degradation.
[0021] Based on this knowledge, the inventors have decreased oxygen vacancy in the vicinity of a Ba-O layer in a
blue phosphor to prevent degradation thereof in a panel manufacturing process and in driving a panel, without de-
creasing the luminance of the blue phosphor.
[0022] In order to decrease the oxygen vacancy in the vicinity of a Ba-O layer, the inventors have substitute a quad-
rivalent element for part of the element aluminum (Al) or magnesium (Mg) in a blue phosphor having a crystal structure
of BaMgAl10O17:Eu or BaSrMgAl10O17:Eu.
[0023] Next, a description is provided of an advantage of substituting quadrivalent ions for part of the element Al or
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Mg in BaMgAl10O17.
[0024] The elements Al and Mg in BaMgAl10O17:Eu, a blue phosphor, exist as trivalent and divalent ions, respectively.
Positive electrical charges are increased in the crystal by substituting quadrivalent positive ions, such as titanium (Ti),
zirconium (Zr), hafnium (Hf), silicon (Si), germanium (Ge), tin (Sn), and cerium (Ce), for any position in the trivalent or
divalent ions. In order to neutralize these positive electrical charges (compensate for electrical charges), negatively
charged oxygen compensates for oxygen vacancy in the vicinity of the element Ba. As a result, it is considered that
the oxygen vacancy in the vicinity of the Ba-O layer can be decreased.
[0025] Methods of manufacturing a phosphor of the present invention are described hereinafter.
[0026] As methods of manufacturing a phosphor itself, a conventional solid-phase firing method, a liquid-phase meth-
od, and a liquid spray method are considered. In the solid-phase firing method, oxide or carbonate materials are fired
using a fluxing agent. In the liquid-phase method, a precursor of a phosphor is fabricated using a coprecipitation method
of hydrolyzing an organometallic salt or a nitrate in an aqueous solution or forming precipitation by addition of an alkali,
and then the precursor is heat-treated. In the liquid spray method, an aqueous solution containing phosphor materials
is sprayed into a high-temperature furnace. It has been found that substituting quadrivalent ions (Ti, Zr, Hf, Si, Ge, Sn,
or Ce) for part of the element Al or Mg in BaMgAl10O17:Eu is effective, in a phosphor fabricated by any method.
[0027] Next, as an example of a method of fabricating a phosphor, a description is provided of a method of manu-
facturing a blue phosphor using a solid-phase reaction method. Carbonates and oxides, such as BaCO3, MgCO3,
Al2O3, Eu2O3, and MO2 (where M is Ti, Zr, Hf, Si, Ge, Sn, or Ce), as materials, are mixed with a small amount of fluxing
agent (AlF3 or BaCl2) as a sintering agent. The mixture is fired at a temperature of 1,400 °C for two hours. Then, the
fired mixture is milled and classified. Next, the milled and classified product is fired at a temperature of 1,500 °C for
two hours in a reducing atmosphere (H2 (5%) - N2matrix), and milled and classified again to provide a phosphor.
[0028] When a phosphor is fabricated from an aqueous solution (liquid-phase method), organometallic salts con-
taining elements constituting the phosphor, such as alkoxide and acetylacetone, or nitrates are dissolved in water, and
then a co-precipitate (hydrate) is obtained by hydrolysis. The hydrate is hydro-thermally synthesized (crystallized in
an autoclave), fired in air, or sprayed into a high-temperature furnace to provide fine particles. The fine particles are
fired at a temperature of 1,500 °C for two hours in a reducing atmosphere (H2 (5%) - N2 matrix) to provide a phosphor.
[0029] Next, the blue phosphor obtained in this method is milled and classified to provide a phosphor.
[0030] Preferably, the substitution value of quadrivalent ions (Ti, Zr, Hf, Si, Sn, Ge, or Ce) substituting for Al or Mg
ions ranges from 0.01 to 3% of Al or Mg. For a substitution value up to 0.01 %, the effect of preventing luminance
degradation is small. For a substitution value of at least 3 %, the luminance of the phosphor decreases. It has been
recognized that the quadrivalent ions have substituted for Al or Mg ions instead of Ba or Eu ions because the blue
emission spectrum has a wavelength of 450 nm at any substitution value.
[0031] In this manner, substituting quadrivalent ions for Al or Mg ions in a crystal of BaMgAl10O17:Eu using the
conventional method of fabricating blue phosphor particles can provide a phosphor resistant to water (i.e. durable
against water and carbonic acid gas generated in a phosphor firing process, panel sealing process, panel aging proc-
ess, or in driving a panel) without degradation of the luminance of the blue phosphor.
[0032] A plasma display device of the present invention has a PDP in which a plurality of discharge cells of one or
a plurality of colors are disposed in arrays, phosphor layers having a color corresponding to the respective discharge
cells are disposed, and the phosphor layers are excited by ultraviolet light to emit light. Each of the blue phosphor layer
is characterized by being made of blue phosphor particles in which quadrivalent ions (Ti, Zr, Hf, Si, Sn, Ge, or Ce)
substitute for Al or Mg ions in a crystal of BaMgAl10O17:Eu or BaSrMgAl10O17:Eux that has a uniform particle size
distribution.
[0033] The diameters of blue phosphor particles in which quadrivalent ions (Ti, Zr, Hf, Si, Sn, Ge, or Ce) substitute
for part of Al or Mg ions in BaMgAl10O17:Eu or BaSrMgAl10O17:Eu are as small as 0.05 to 3 µm. The particle size
distribution of the blue particles is excellent. Further, when each of phosphor particles forming a phosphor layer has a
spherical shape, the packing density of the layer increases. This increases the emission area of phosphor particles
substantially contributing to light emission. The increased emission area can increase the luminance of a plasma display
device and provide a plasma display device that has inhibited luminance degradation and color shift and excellent
luminance characteristics.
[0034] Now, it is more preferable that the average particle diameter of phosphor particles ranges from 0.1 to 2.0 µm.
As to the particle size distribution, it is more preferable that the maximum particle size is at most four times of the mean
value and the minimum value is at least a quarter of the mean value. In a phosphor particle, the area ultraviolet light
reaches is as shallow as several hundred nm from the surface of the particle and only the surface thereof emits light.
When the diameter of such a phosphor particle is 2.0 µm or smaller, the surface area of the particle contributing to
light emission increases and the emission efficiency of the phosphor layer is kept high. For a diameter of at least 3.0
µm, the thickness of the phosphor must be at least 20 µm and a sufficient discharge space cannot be ensured. For a
diameter up to 0.1 µm, defects are likely to occur and the luminance does not increase.
[0035] When the thickness of a phosphor layer is set to 8 to 25 times of the average diameter of phosphor particles,
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a sufficient discharge space can be ensured while the emission efficiency of the phosphor layer is kept high. Therefore,
the luminance of a plasma display device can be increased. Especially when the average particle diameter of a phos-
phor is up to 3 µm, this effect is greater (see The Institute of Image Information and Television Engineers, IDY2000-317,
pp32).
[0036] A specific example of phosphor particles used for blue phosphor layers in a plasma display device is made
of a compound represented by Ba1-xMgAl10O17:Eux or Ba1-x-ySryMgAl10O17:Eux. When values X and Y in these com-
pounds are such that 0.03%X%0.20 and 0.1%Y%0.5, the blue phosphor layers have a high luminance. Thus, satisfying
these conditions is preferable.
[0037] A specific example of phosphor particles used for red phosphor layers in a plasma display device is made of
a compound represented by Y2-xO3:Eux or (Y,Gd)1-xBO3:Eux. When value X in the compounds of the red phosphor is
such that 0.05%X%0.20, the red phosphor layers have an excellent luminance and resistance to luminance degradation.
Thus, satisfying this condition is preferable.
[0038] A specific example of phosphor particles used for green phosphor layers in a plasma display device is made
of a compound represented by Ba1-xAl12O19:Mnx or Zn2-xSiO4:Mnx. When value X in the compounds of the green
phosphor is such that 0.01%X%0.10, the green phosphor layers have an excellent luminance and resistance to lumi-
nance degradation. Thus, satisfying this condition is preferable.
[0039] A method of manufacturing a plasma display panel of the present invention is characterized by having a
disposing step, firing step and sealing step. In the disposing step, pastes are disposed on a substrate of a first panel.
Each kind of the pastes is made of phosphor particles in which quadrivalent ions substitute for Al or Mg ions in the
blue phosphor Ba1-xMgAl10O17:Eux or Ba1-x-ySryMgAl10O17:Eux, red phosphor particles, or green phosphor particles,
and a binder. In the firing step, the binder included in each kind of the pastes disposed on the first panel is burnt out.
In the sealing step, the first panel having the phosphor particles disposed on the substrate by the firing step, and a
second panel are placed one on the other, and sealed. These steps can provide a plasma display device having an
excellent luminance and resistance to luminance degradation.
[0040] The phosphor of the present invention can also be applied to fluorescent lighting. In this case, the fluorescent
lighting is characterized by having a phosphor layer that is excited by ultraviolet light to emit visible light, and the
phosphor layer is made of phosphor particles each having water repellent finish on the surface thereof. This structure
can provide fluorescent lighting that has phosphor particles having excellent light emission characteristics, luminance,
and resistance to luminance degradation.
[0041] A plasma display device in accordance with one embodiment of the present invention is described hereinafter
with reference to the accompanying drawings.
[0042] Fig. 1 is a schematic plan view of a PDP with a front glass substrate thereof removed. Fig. 2 is a partially
sectional view in perspective of an image display area of the PDP. In Fig. 1, the number of display electrodes, display
scan electrodes, and address electrodes is reduced to facilitate explanation. With reference to these Figs. 1 and 2, the
structure of a PDP is described.
[0043] As shown in Fig. 1, PDP 100 includes front glass substrate 101 (not shown), rear glass substrate 102, N
display electrodes 103, N display scan electrodes 104 (Nth electrode indicated by N), M address electrodes 107 (Mth
electrode indicated by M), and hermetic seal layer 121 shown by oblique lines. The PDP has an electrode matrix having
a three-electrode structure made of respective electrodes 103, 104, and 107. Respective cells are formed at the re-
spective intersections of display scan electrodes 104 and address electrodes 107.
[0044] As shown in Fig. 2, this PDP 100 is structured so that a front panel and a rear panel are assembled together
and discharge space 122 formed between the front panel and the rear panel is filled with a discharge gas. In the front
panel, display electrodes 103, display scan electrodes 104, dielectric glass layer 105, and MgO protective layer 106
are disposed on a principal surface of front glass substrate 101. In the rear panel, address electrodes 107, dielectric
glass layer 108, barrier ribs 109, and phosphor layers 110R, 110G and 110B are disposed on a principal surface of
rear glass substrate 102. In phosphor layers 110B, a quadrivalent element substitutes for the element Al or Mg in a
blue phosphor.
[0045] When an image is displayed on a plasma display device, first, display driver circuit 153, display scan driver
circuit 154, and address driver circuit 155 are connected to PDP 100, as shown Fig. 3. Next, according to control of
controller 152, a signal voltage is applied across display scan electrode 104 and address electrode 107 of a cell to be
lit for address discharge therebetween. Then, a pulse voltage is applied across display electrode 103 and display scan
electrode 104 for sustain discharge. This sustain discharge generates ultraviolet light in the cell. The phosphor layer
excited by this ultraviolet light emits light, thus lighting the cell. Combination of lit and unlit cells of the respective colors
provides image display.
[0046] Next, a method of manufacturing this PDP 100 is described with reference to Figs. 4 and 5.
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(1) Production of front panel

[0047] First, N display electrodes 103 and N display scan electrodes 104 are arranged on front glass substrate 101
alternately, in parallel with each other, like stripes. (In Fig. 2, only two of respective electrodes are shown for simplicity.)
Thereafter, the electrodes are covered with dielectric glass layer 105, and MgO protective layer 106 is further formed
over the surface of dielectric glass layer 105.
[0048] Display electrodes 103 and display scan electrodes 104 are made of silver. These electrodes are formed by
applying a silver paste for electrodes by screen-printing and firing the paste.
[0049] Dielectric glass layer 105 is formed by applying a paste containing lead glass material by screen-printing, and
firing the paste at a specified temperature for a specified period of time (e.g. at 56 °C for 20 min.) so that the layer has
a specified thickness (approx. 20 µm). Examples of the paste containing lead glass material to be used include a
mixture of PbO (70 wt%), B2O3 (15 wt%), SiO2 (10 wt%), Al2O3 (5 wt%) and an organic binder (α-terpineol containing
10 % of ethyl cellulose dissolved therein).
[0050] The organic binder contains a resin dissolved in an organic solvent. Acrylic resin can be used as a resin other
than the ethyl cellulose, and n-butylcarbitol as an organic solvent. Further, a dispersion agent (e.g. glyceryl trileate)
can be mixed into such an organic binder.
[0051] MgO protective layer 106 is made of magnesium oxide (MgO). The layer is formed by sputtering method or
chemical vapor deposition (CVD) method, for example, to have a specified thickness (approx. 0.5 µm).

(2) Production of rear panel

[0052] First, M address electrodes 107 are formed in lines by screen-printing a silver paste for electrodes on rear
glass substrate 102 and firing the paste. Next, dielectric glass layer 108 is formed by applying a paste containing lead
glass material to the address electrodes by a screen-printing method. Barrier ribs 109 are formed by repeatedly applying
the same paste containing lead glass material to the dielectric glass layer by the screen-printing method at a specified
pitch and firing the paste. These barrier ribs 109 partition discharge space 122 into respective cells (unit emission area)
in the direction of the lines.
[0053] Fig. 4 is a partially sectional view of PDP 100. As shown in the drawing, interval dimension W between barrier
ribs 109 is specified to a value ranging from approx. 130 to 240 µm, according to a HDTV screen having a diagonal
size ranging from 32 to 50 in.
[0054] Paste-like phosphor ink made of red (R), green (G), or blue (B) phosphor particles and an organic binder is
applied to grooves between barrier ribs 109, and fired at temperatures ranging from 400 to 590 °C to burn out the
organic binder. Thus, phosphor layers 110R, 110G, and 110B in which phosphor particles of corresponding colors are
bound are formed. In the blue phosphor particles, quadrivalent element ions substitute for Al or Mg element ions in
Ba1-xMgAl10O17:Eux or Ba1-x-ySryMgAl10O17:Eux.
[0055] It is preferable that thickness L of each of these phosphor layers 110R, 110G, and 110B on address electrode
107 in the direction of lamination is approx. 8 to 25 times of the average diameter of the phosphor particles of each
color. In other words, in order to ensure a certain luminance (emission efficiency) when a phosphor layer is irradiated
with a specified amount of ultraviolet light, the phosphor layer needs to absorb ultraviolet light generated in the discharge
space instead of allowing it to pass through. For this purpose, it is desirable that the phosphor layer has a thickness
in which at least eight layers, preferably, approx. 20 layers are laminated. For a thickness larger than that, the emission
efficiency of the phosphor layer is almost saturated. Further, for a thickness exceeding lamination of approx. 20 layers,
sufficiently large discharge space 122 cannot be ensured.
[0056] Phosphor particles having sufficiently small diameters and spherical shapes, like those obtained by hydro-
thermal synthesis or other methods, have a packing factor of the phosphor layer and a total surface area of the phosphor
particles larger than those of phosphor particles having non-spherical shapes, even when the number of laminated
layers are the same. As a result, for phosphor particles having spherical shapes, the surface areas thereof contributing
to actual light emission of the phosphor layer are increased and the emission efficiency is further increased. Descriptions
are given later of a method of synthesizing these phosphor layers 110R, 110G, and 110B, and a method of fabricating
blue phosphor particles for use in the blue phosphor layer employing substitution of quadrivalent ions.

(3) Production of PDP by assembly panels

[0057] The front panel and the rear panel produced in this manner are placed one on the other so that respective
electrodes on the front panel are orthogonal to the address electrodes on the rear panel. A sealing glass is inserted
between the panels in the periphery thereof and fired at a temperature of approx. 450 °C for 10 to 20 min., for example,
to from hermetical seal layer 121 (see Fig. 1) for sealing. Next, discharge space 122 is once evacuated to a high
vacuum (e.g. 1.1 3 10-4 Pa) and filled with a discharge gas (e.g. He-Xe or Ne-Xe inert gas) at a specified pressure,
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to provide PDP 100.

(4) A method of forming phosphor layers

[0058] Fig. 5 is a schematic diagram showing a structure of ink dispenser 200 for use in forming phosphor layers
110R, 110G, and 110B. As shown in Fig. 5, ink dispenser 200 includes server 210, pressure pump 220, and header
230. Phosphor ink is pressurized by pressure pump 220 and supplied from server 210 for storing the phosphor ink to
header 230.
[0059] The ink dispenser is structured so that header 230 has ink chamber 230a and nozzle 240, and the phosphor
ink pressurized and supplied to ink chamber 230a is continuously ejected from nozzle 240. It is desirable that bore
diameter D of this nozzle 240 is set to at least 30 µm in order to prevent clogging of the nozzle. It is also desirable that
bore diameter D is equal to or smaller than interval W between barrier ribs 109 (approx. 130 to 200 µm) in order to
prevent displacement of a phosphor layer from the barrier ribs in application. Thus, bore diameter D is generally set
to 30 to 130 µm.
[0060] Header 230 is structured to be driven lineally by a header scanning mechanism (not shown). Continuously
ejecting phosphor ink 250 from nozzle 240 and scanning header 230 at the same time allows the phosphor ink to be
uniformly applied to the grooves between barrier ribs 109 on rear glass substrate 102. Viscosity of the phosphor ink
used in this embodiment is kept within the range of 1,500 to 3,000 centipoises (CP) at a temperature of 25 °C.
[0061] This server 210 also has a mixer (not shown). Mixing prevents precipitation of particles in phosphor ink.
Header 230 is integrally formed with ink chamber 230a and nozzle 240 by performing machining and electric discharge
machining on a metallic material.
[0062] The methods of forming phosphor layers are not limited to the above method. Other various kinds of usable
methods include photolithography, screen-printing, and a method of disposing a film including phosphor particles mixed
therein.
[0063] The phosphor ink is prepared by mixing phosphor particles of each color, a binder and a solvent so that the
mixture has a viscosity ranging from 1,500 to 3,000 centipoises (CP). A surface-active agent, silica, a dispersant agent
(0.1 to 5 wt%) can also be added, as required.
[0064] Used as a red phosphor included in this phosphor ink is a compound represented by (Y,Gd)1-xBO3:Eux or
Y2-xO3:Eux. In these compounds, the element Eu substitutes for part of the element Y constituting the matrix of the
compounds. It is preferable that the substitution value X of the element Eu with respect to the element Y is 0.05
%X%0.20. For a substitution value larger than this value, the phosphor has a high luminance but considerable luminance
degradation. For this reason, it is considered that the red phosphor cannot be used practically. For a substitution value
smaller than this value, the composition ratio of Eu mainly emitting light is small and thus the luminance decreases.
Therefore, the red phosphor cannot be used as a phosphor.
[0065] Used as a green phosphor is a compound represented by Ba1-xAl12O19:Mnx or Zn2-xSiO4:Mnx. Ba1-xAl12O19:
Mnx is a compound in which the element Mn substitutes for part of the element Ba constituting the matrix of the com-
pound. Zn2-xSiO4:Mnx is a compound in which the element Mn substitutes for part of the element Zn constituting the
matrix of the compound. It is preferable that the substitution value X of the element Mn with respect to the elements
Ba and Zn is 0.01 %X %0.10 for the reason described in the case of the red phosphor.
[0066] Used as a blue phosphor is a compound represented by Ba1-xMgAl10O17:Eux or Ba1-x-ySryMgAl10O17:Eux.
Ba1-xMgAl10O17:Eux and Ba1-x-ySryMgAl10O17:Eux are compounds in which the element Eu or Sr substitutes for part
of the element Ba constituting the matrix of the compounds. It is preferable that the substitution value X of the element
Eu and substitution value Y of the element Sr with respect to the element Ba are 0.03%X%0.20 and 0.1%Y%0.5,
respectively, for the reason described in the above case.
[0067] It is also preferable that the substitution values of quadrivalent ions (Ti, Zr, Hf, Si, Ge, Sn, or Ce) substituting
for the element Al or Mg is 0.001%a%0.03 and 0.001%b%0.03, in Ba(Mg1-aMa)(Al1-bMb)10O17:Eux. In other words, it
is preferable that the substitution values ranges from 0.1 to 3%.
[0068] Ethyl cellulose or acrylic resin can be used as a binder included in phosphor ink (in an amount of 0.1 to 10
wt% of the ink) and α-terpineol or n-butylcarbitol can be used as a solvent. Polymers, such as PMA and PVA, can also
be used as a binder, and organic solvent, such as diethyleneglycol and methyl ether, can also be used as a solvent.
[0069] The phosphor particles used in this embodiment are manufactured by a solid-phase firing method, aqueous
solution reaction method, spray firing method, or hydrothermal synthesis method.

(1) Blue phosphor

Ba1-xMgAl10O17:Eux

[0070] First, in a mixed solution fabrication process, materials, i.e. barium nitrate (Ba(NO3)2), magnesium nitrate (Mg
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(NO3)2), aluminum nitrate (Al(NO3)3), and europium nitrate (Eu(NO3)2) are mixed in a molar ratio of Ba(NO3)2:Mg
(NO3)2:Al(NO3)3:Eu(NO3)2 = 1-X:1:10:X (0.03 % X % 0.25). This mixture is dissolved in an aqueous medium to provide
a mixed solution. As this aqueous medium, ion-exchange water or pure water is preferable because they contain no
impurities. However, non-aqueous solvent (e.g. methanol and ethanol) can be contained in the aqueous medium.
[0071] Used as materials for substituting quadrivalent ions (Ti, Zr, Hf, Si, Sn, Ge, or Ce) for Mg or Al are nitrates,
chlorides, or organic compounds of the quadrivalent ions. As for the substitution values of the materials, the materials
are mixed to provide 0.001%a and b%0.03 in (Mg1-aMa)(Al1-bMb) where M is a quadrivalent ion.
[0072] Next, the hydrate mixed solution is held in a container made of a corrosion- and heat- resistant material, such
as gold and platinum. Then the mixed solution is hydro-thermally synthesized for 12 to 20 hours, at specified temper-
atures (100 to 300 °C) under specified pressures (0.2 to 10 MPa), in a high pressure vessel, using equipment capable
of heating and pressurizing at the same time, such as an autoclave.
[0073] Next, these particles are fired in a reducing atmosphere containing 5% of hydrogen and 95% of nitrogen, for
example, at a specified temperature for a specified period of time (e.g. at 1,350 °C for two hours). Thereafter, the fired
particles are classified to provide a desired blue phosphor, Ba1-xMgAl10O17:Eux, in which quadrivalent ions substitute
for part of the elements Mg or Al.
[0074] The phosphor particles obtained by hydrothermal synthesis have spherical shapes and an average particle
diameter ranging from approx. 0.05 to 2.0 µm, which is smaller than that of particles fabricated by the conventional
solid-phase reaction method. Now, the term "spherical" as used herein is defined so that the aspect ratios (minor axis
diameter/major axis diameter) of most of the phosphor particles range from 0.9 to 1.0, for example. Not all the phosphor
particles need to fall within this range.
[0075] The hydrate mixture can be sprayed from a nozzle into a high-temperature furnace to synthesize a phosphor
instead of being held in a gold or platinum container. This method is known as a spray method and the blue phosphor
can also be manufactured by the spray method.

Ba1-x-ySryAl10O17:Eux

[0076] This phosphor is made of materials different from those of the above Ba1-xMgAl10O17:Eux, and fabricated by
a solid reaction method. The materials used are described hereinafter.
[0077] The materials, i.e. barium hydroxide (Ba(OH)2), strontium hydroxide (Sr(OH)2), magnesium hydroxide (Mg
(OH)2), aluminum hydroxide (Al(OH)3), and europium hydroxide (Eu(OH)2) are weighted in a required molar ratio. Next,
oxides or hydroxides containing quadrivalent ions (Ti, Zr, Hf, Si, Ge, Sn, or Ce) for substituting for Mg or Al are weighted
in a required ratio. These materials are mixed together with AlF3, a fluxing agent. The mixture is fired at specified
temperatures (1,300 to 1400°C) for specified periods of time (12 to 20 hours.) Thus, Ba1-x-ySryMgAl10O17:Eux in which
quadrivalent ions substitute for Mg or Al can be obtained. The average diameter of the phosphor particles obtained by
this method ranges from approx. 0.1 to 3.0 µm.
[0078] Next, the phosphor is fired in a reducing atmosphere (containing 5% of hydrogen and 95% of nitrogen, for
example) at specified temperatures (1,000 to 1,600°C) for two hours, and thereafter classified by an air classifier to
provide phosphor particles. Mainly used as the materials of the phosphor are oxides, nitrates, and hydroxides. However,
the phosphor can also be fabricated using organometallic compounds containing the elements Ba, Sr, Mg, Al, Eu, Ti,
Zr, Hf, Si, Sn, Ge, and Ce, such as metal alkoxide and acethylacetone.

(2) Green phosphor

Zn2-xSiO4:Mnx

[0079] First, in a mixed solution fabrication process, materials, i.e. zinc nitrate (Zn(NO3)), silicon nitrate (Si(NO3)2),
and manganese nitrate (Mn(NO3)2) are mixed in a molar ratio of Zn(NO3):Si(NO3)2:Mn(NO3)2 = 2-X:1:X
(0.01%X%0.10). Next, this mixed solution is sprayed from a nozzle into a furnace heated to a temperature of 1,500°C
while ultrasonic waves are applied thereto. Thus, the green phosphor is fabricated.

Ba1-xAl12O19:Mnx

[0080] First, in a mixed solution fabrication process, materials, i.e. barium nitrate (Ba(NO3)2), aluminum nitrate (Al
(NO3)2), and manganese nitrate (Mn(NO3)2), are mixed in a molar ratio of Ba(NO3)2:Al(NO3)2:Mn(NO3)2 = 1-X:12:X
(0.01%X%0.10). This mixture is dissolved in ion-exchange water to provide a mixed solution.
[0081] Next, in a hydration process, an aqueous base (e.g. ammonia aqueous solution) is dropped into this mixed
solution to form a hydrate. Thereafter, in a hydrothermal synthesis process, this hydrate and ion-exchange water is
held in a capsule made of a corrosion- and heat-resistant material, such as platinum and gold. This solution is hydro-
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thermally synthesized at specified temperatures under specified pressures for specified periods of time (e.g. 100 to
300°C, 0.2 to 10 MPa, 2 to 20 hours) in a high pressure vessel, using an autoclave, for example.
[0082] Thereafter, the compound is dried to provide a desired Ba1-xAl12O19:Mnx. The phosphor obtained by this
hydrothermal synthesis process has particle diameters ranging from approx. 0.1 to 2.0 µm and spherical shapes. Next,
these particles are annealed in air at temperatures ranging from 800 to 1,100°C, and classified to provide the green
phosphor.

(3) Red phosphor

(Y,Gd)1-xBO3:Eux

[0083] First, in a mixed solution fabrication process, materials, i.e. yttrium nitrate (Y2(NO3)2) , hydro nitrate gadolinium
(Gd2(NO3)3) , boric acid (H3BO3) , and europium nitrate (Eu2(NO3)3) are mixed in a molar ratio as an oxide of 1-X:2:
X (0.05%X%0.20) and a ratio ofY:Gd = 65:35. Next, this mixed solution is heat-treated in air at temperatures ranging
1,200 to 1,350°C for two hours and classified to provide the red phosphor.

Y2-xO3:Eux

[0084] First, in a mixed solution fabrication process, materials, i.e. yttrium nitrate (Y2(NO3)2) and europium nitrate
(Eu(NO3)2) are mixed in a molar ratio of Y2(NO3)2: Eu(NO3)2 = 2-X:X (0.05%X%0.30). This mixture is dissolved in ion-
exchange water to provide a mixed solution.
[0085] Next, in a hydration process, an aqueous base (e.g. ammonia aqueous solution) is added to this mixed solution
to provide a hydrate.
[0086] Thereafter, in a hydrothermal synthesis process, this hydrate and ion-exchange water is held in a container
made of a corrosion- and heat-resistant material, such as platinum and gold. This mixture is hydro-thermally synthe-
sized at temperatures ranging from 100 to 300°C, under pressures ranging from 0.2 to 10 MPa, for 3 to 12 hours, in
a high pressure vessel, using an autoclave, for example. Then, the obtained compound is dried to provide a desired
Y2-xO3:Eux.
[0087] Next, this phosphor is annealed in air at temperatures ranging from 1,300 to 1,400°C for two hours, and
classified to provide the red phosphor. The phosphor obtained by this hydrothermal synthesis process has particle
diameters ranging from approx. 0.1 to 2.0 µm and spherical shapes. These particle diameters and shapes are suitable
for forming a phosphor layer having excellent light emission characteristics.
[0088] Conventionally used phosphors are used for phosphor layers 110R and 110G of the above PDP100. Used
for phosphor layer 110B are phosphor particles in which quadrivalent ions substitute for part of Mg or Al ions constituting
the phosphor. Especially, the conventional blue phosphor has more degradation than the blue phosphor of the present
invention in each process, and thus the color temperature of white tends to decrease when the three colors emit light
at the same time.
[0089] For this reason, in a plasma display device, the color temperature of white display has been improved by
decreasing the luminance of phosphor cells of colors other than blue (i.e. red and green), using circuits. However, the
use of a blue phosphor of the present invention increases the luminance of blue cells and decreases luminance deg-
radation in the panel manufacturing process: This eliminates the need of intentionally decreasing the luminance of the
cells of other colors and thus the need of intentionally decreasing the luminance of the cells of all the colors. Therefore,
because the luminance of the cells of all the colors can fully be utilized, the luminance of the plasma display device
can be increased while the color temperature of white display is kept high.
[0090] The blue phosphor of the present invention can be applied to fluorescent lighting that is excited by ultraviolet
light to emit light in a similar manner. In this case, a phosphor layer including conventional blue phosphor particles that
is applied to the inner wall of a fluorescent tube is replaced with a phosphor layer in which quadrivalent ions substitute
for Mg or Al ions.
[0091] Application of the present invention to fluorescent lighting in this manner can provide fluorescent lighting
having a luminance and resistance to luminance degradation more excellent than those of conventional fluorescent
lighting.
[0092] In order to evaluate the performance of a plasma display device of the present invention, samples based on
the preferred embodiment were produced and performance evaluation tests were performed on the samples. The
experimental results are described below.
[0093] Each of the plasma display devices was produced to have a diagonal size of 42 in. (HDTV screen having a
rib pitch of 150 µm). Each of the plasma display devices was produced so that the dielectric glass layer was 20 µm
thick, the MgO protective layer was 0.5 µm thick, and the distance between the display electrode and the display scan
electrode was 0.08 mm. The discharge gas charged into the discharge space essentially consists of neon and contains
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5% of xenon gas mixed therein.
[0094] In the blue phosphor particles of Sample Nos. 1 though 10 used for the plasma display devices, quadrivalent
ions substitute for Mg or Al ions constituting respective phosphors. The synthesis conditions are shown in Table 1.
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[0095] With reference to Table 1, for each of Sample Nos. 1 through 4, (Y,Gd)1-xBO3:Eux red phosphor, Zn2-xSiO4:
Mnx green phosphor, and Ba1-xMgAl10O17:Eux blue phosphor are used in combination. The method of synthesizing
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the phosphors, the substitution ratios of Eu and Mn mainly emitting light, (i.e. the substitution ratios of Eu to the elements
Y and Ba and the substitution ratio of Mn to the element Zn), and the kind and amount of quadrivalent ions (element)
substituting for Mg or Al are changed as shown in Table 1.
[0096] For each of Sample Nos. 5 through 10, Y2-xO3:Eux red phosphor, Ba1-xAl12O19:Mnx green phosphor, and
Ba1-x-ySryAl10O17:Eux blue phosphor are used in combination. Similar to the above case, the conditions for the method
of synthesizing the phosphors, the substitution ratios of the elements mainly emitting light, the kind and amount of
quadrivalent ions (element) substituting for Mg or Al ions constituting the blue phosphor are changed as shown in Table
1.
[0097] Phosphor ink used for forming a phosphor layer is prepared by using each kind of phosphor particles shown
Table 1, and mixing the phosphor, a resin, solvent and dispersion agent. According to the measurement results, viscosity
of each kind of the phosphor ink (at 25°C) is kept within the range of 1,500 to 30,000 CP. According to observations
of each phosphor layer formed, the phosphor ink is uniformly applied to the side faces of the barrier ribs.
[0098] As for the phosphor particles used for a phosphor layer of each color, those having an average diameter
ranging from 0.1 to 3.0 µm and a maximum diameter up to 8 µm are used in each sample.
[0099] Sample No. 11 shows a comparative example using conventional phosphor particles in which no special
treatment is performed on the phosphor particles of each color.

Experiment 1

[0100] Model experiments were performed on Sample Nos. 1 through 10 and Sample No. 11 (a comparative example)
to determine luminances and luminance degradation factors. In the model experiments, these phosphors were fired
(520°C, 20 min.) in the rear panel manufacturing process to determine how the luminance of each color changed. The
luminance of the particles before firing and the luminance of the applied paste after firing were measured. The luminance
degradation factor of each color before and after firing was measured.

Experiment 2

[0101] Measured was the luminance degradation factor of each phosphor before and after the panel assembly step
(sealing at 45°C for 20 min.) in the panel manufacturing process.

Experiment 3

[0102] When each panel was lit in each color, a luminance and luminance degradation factor were measured as
follows. Discharge sustain pulses at a voltage of 200V and at a frequency of 100 kHz were applied to each plasma
display device continuously for 100 hours, luminances of each panel was measured before and after the application
of the pulses, and a luminance degradation factor (([luminance after application - luminance before application]/lumi-
nance before application)*100) was determined.
[0103] Addressing failure at address discharge was determined by existence of flickers in an image. If flickers were
found even only in one position, it was recognized as having flickers. As for the luminance distribution of each panel,
a luminance was measured with a luminance meter when white color was displayed and the distribution on the entire
surface was shown.
[0104] Shown in Table 2 are results of the luminances and the luminance degradation factors of each color in these
experiments 1 through 3.
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[0105] As shown in Table 2, for Sample No. 11 in which substitution of quadrivalent ions is not performed in the blue
phosphor, the luminance degradation factors in each process are large. Especially for the blue phosphor, a luminance
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degradation factor of 5.5% is seen in the phosphor firing process, 21. 5% in the sealing process, and 35% in an ac-
celeration life test (200V, 100kHz). In contrast, for Sample Nos. 1 through 10, all the degradation factors of the blue
phosphors are 3% or smaller. Additionally, no addressing failure is found.
[0106] This is because quadrivalent ions (element) (Ti, Zi, Hf, Si, Ge, Sn, or Ce) have substituted for Mg or Al ions
(element) constituting a blue phosphor and this substitution has drastically reduced oxygen vacancy in the blue phos-
phor (especially oxygen vacancy in the vicinity of a Ba-O layer). This prevents defective layers (oxygen vacancy in the
vicinity of the Ba-O layer) on the surface of the phosphor from adsorbing water included in the ambient atmosphere in
firing the phosphor or water in MgO or barrier ribs, sealing frit, and the phosphor in sealing panels.

Experiment 4

[0107] Model experiments were performed on phosphors in which quadrivalent (element) ions had not substituted
for Mg or Al (element) ions in blue phosphors thereof. The phosphors were left in an atmosphere at a temperature of
60°C and a relative humidity of 90% for 10 min., and dried at a temperature of 100°C. Then, temperature-programmed
desorption gas chromatograph-mass spectrometry (TDS analysis) was performed on these phosphors. The analyses
show that the peaks of physically adsorbed water (approx. 100°C) and chemically adsorbed water (300 to 500°C) are
ten times as high as those in the samples subjected to substitution (Sample Nos. 1 through 10).

Experiment 5

[0108] Shown in the Experiment 1 are examples in which blue phosphors of the present invention are used in plasma
display devices. A sample of fluorescent lighting using a phosphor of the present invention in which quadrivalent ions
substitute for Mg or Al in a blue phosphor thereof was produced for fluorescent lighting excited by ultraviolet light to
emit light in a similar manner.
[0109] Phosphors of each color produced under the condition of Sample No. 7 of Table 1 were mixed and the mixture
was applied to the inner wall of a glass tube, as a phosphor layer of known fluorescent lighting, to provide Sample No.
12. As a comparative example thereof, phosphors of each color produced by a conventional solid-phase reaction
method without substitution (see Table 1) were also mixed and applied, to provide Sample No. 13. Table 3 shows the
results.

INDUSTRIAL APPLICABILITY

[0110] As described above, in accordance with the present invention, substituting a quadrivalent element for the
element Mg or Al in the crystal of a blue phosphor constituting a phosphor layer can prevent degradation of the phosphor
layer in each manufacturing process. This method can improve luminance, life and reliability of a panel and lamp.

Claims

1. A plasma display device having a plasma display panel in which a plurality of discharge cells having one of one
and a plurality of colors are disposed, phosphor layers having a color corresponding to said respective discharge
cells are disposed, and said phosphor layers are excited by ultraviolet light to emit light, wherein said phosphor
layers have a blue phosphor, and said blue phosphor is made of one of compounds represented by Ba1-xMgAl10O17:
Eux and Ba1-x-ySryMgAl10O17:Eux containing at least one of Ti, Zr, Hf, Si, Ge, Sn, and Ce substituting for part of
one of elements Al and Mg.

2. A blue phosphor excited by ultraviolet light to emit visible light, and made of one of crystal structures

Table 3

Sample No. Phosphor Luminance
(cd/m2)

Luminance degradation after
5,000 hours (100V, 60 Hz)

12 Phosphor of
Sample No. 7

6,750 -1.00%

13* Phosphor of
Sample No. 11

6,600 -14.6%

*Sample No. 13 shows a comparative example
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Ba1-xMgAl10O17:Eux and Ba1-x-ySryMgAl10O17:Eux, wherein a quadrivalent element substitutes for one of elements
Al and Mg constituting said phosphor.

3. The phosphor of claim 2, wherein said quadrivalent element is at least one of Ti, Zr, Hf, Si, Ge, Sn, and Ce.

4. The phosphor of claim 2, wherein a substitution value of said quadrivalent element with respect to one of elements
Al and Mg ranges from 0.1 to 3.0%.

5. A method of manufacturing a phosphor comprising:

a mixed solution fabrication step of mixing one of a metal salt and an organometallic salt containing elements
constituting a blue phosphor [Ba, Mg, Al, Eu, and M (where M is one of Ti, Zr, Si, Ge, Sn and Ce)] and an
aqueous media to fabricate a mixed solution; and
a step of drying the mixed solution and thereafter firing a dried mixture in a reducing atmosphere to produce
one of phosphors Ba1-x(Mg1-aMa) (Al1-bMb)Al10O17:Eux and Ba1-x-ySry(Mg1-aMa) ( Al1-bMb)Al10O17:Eux (where
M is one of Ti, Zr, Hf, Si, Ge, Sn and Ce).

6. A method of manufacturing a phosphor comprising:

a mixed solution fabrication step of mixing a material and an aqueous medium to fabricate a mixed solution;
a step of producing a precursor of one of blue phosphors Ba1-xMgAl10O17:Eux and Ba1-x-ySryAl10O17:Eux, said
precursor is a hydrate made by mixing the mixed solution and an aqueous base wherein a quadrivalent element
substitutes for one of elements Mg and Al;
a hydrothermal synthesis step of performing a hydrothermal synthesis reaction on a solution containing the
precursor and alkali water at temperatures ranging from 100 to 350°C under pressures ranging from 0.2 to 25
MPa;
a step of annealing a hydro-thermally synthesized product at temperatures ranging from 1,350 to 1,600°C in
an atmosphere containing nitrogen and hydrogen; and
a step of classifying an annealed product.
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