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Description

BACKGROUND OF THE INVENTION AND RELATED
ART STATEMENT

[0001] The present invention relates to an alternate-
current driven plasma display device.

[0002] Flat-type (flat-panel type) display devices are
studied in various ways as substitute display devices for
currently mainstream cathode ray tubes (CRT). The flat-
type display devices include a liquid crystal display de-
vice (LCD), an electroluminescence display device
(ELD) and a plasma display device (PDP). Of these, the
plasma display device has advantages in that it is rela-
tively easy to produce a large screen and attain a wider
viewing angle, that it has excellent durability against en-
vironmental factors such as temperatures, magnetism,
vibrations, etc., and that it has a long lifetime. The plas-
ma display device is therefore expected to be applicable
not only to a home-use wall-hung television set but also
to a public large-sized information terminal.

[0003] In the plasma display device, a voltage is ap-
plied to discharge cells with a rare gas sealed therein,
and a fluorescent layer in each discharge cell is excited
with vacuum ultraviolet light generated by glow dis-
charge in the rare gas, to give light emission. That is,
each discharge cell is driven according to a principle
similar to that of a fluorescent lamp, and generally, the
discharge cells are put together on the order of hun-
dreds of thousands to constitute a display screen. The
plasma display device is largely classified into a direct-
current driven type (DC type) and an alternate-current
driven type (AC type) according to methods of applying
a voltage to the discharge cells, and each type has ad-
vantages and disadvantages. The AC type plasma dis-
play device is suitable for a higher fineness, since ribs
which work to separate the discharge cells within a dis-
play screen can be formed in the form of stripes. Further,
it has an advantage that electrodes are less worn out
and have a long lifetime since surfaces of the electrodes
are covered with a dielectric material.

[0004] Fig. 6 shows a typical example of a conven-
tional AC type plasma display device. This AC type plas-
ma display device comes under a so-called tri-electrode
type, and discharging takes place mainly between a pair
of sustain electrodes 113. In the AC type plasma display
device shown in Fig. 6, a front panel 10 and a rear panel
20 are bonded to each other in their circumferential por-
tions. Light emission from a fluorescent layer 24 on the
rear panel 20 is viewed through the front panel 10.
[0005] The front panel 10 comprises a transparent
first substrate 11, pairs of sustain electrodes 113 com-
posed of a transparent electrically conductive material
and formed on the first substrate 11 in the form of stripes,
bus electrodes 112 composed of a material having a
lower electric resistivity than the sustain electrodes and
provided for decreasing the impedance of the sustain
electrodes 113, a dielectric layer 14 formed on the bus
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electrodes 112, the sustain electrodes 113 and the first
substrate 11, and a protective layer 15 formed on the
dielectric layer 14.

[0006] The rear panel 20 comprises a second sub-
strate 21, address electrodes (also called data elec-
trodes) 22 formed on the second substrate 21 in the form
of stripes, a dielectric film 23 formed on the second sub-
strate 21 and the address electrodes 22, insulating ribs
25 formed in regions which are on the dielectric film 23
and between the adjacent address electrodes 22, and
fluorescent layers 24 formed so as to be on, and to ex-
tend from, the surface of the dielectric film 23 and so as
to be on side walls of the ribs 25. The ribs 25 extend in
parallel with the address electrodes 22. Each fluores-
cent layer 24 is constituted of a red fluorescent layer
24R, a green fluorescent layer 24G or a blue fluorescent
layer 24B, and the fluorescent layers 24R, 24G and 24B
of these colours are provided in a predetermined order.
Fig. 6 is an exploded perspective view, and in an actual
device, top portions of the ribs 25 of the rear panel 20
are in contact with the protective layer 15 of the front
panel 10. A region where a pair of the sustain electrodes
113 and the address electrode 22 positioned between
the adjacent ribs 25 overlap corresponds to one dis-
charge cell. Arare gas is sealed in each space surround-
ed by the adjacent ribs 25, one fluorescent layer 24 and
the protective layer 15.

[0007] The extending direction of the sustain elec-
trodes 113 and the extending direction of the address
electrodes 22 make an angle of 90°, and a region where
a pair of the sustain electrodes 113 and one set of the
fluorescent layers 24R, 24G and 24B for emitting light
of three primary colours overlap corresponds to one pix-
el. Glow discharge takes place between each of pairs
of the sustain electrodes 113, and a plasma display de-
vice of this type is accordingly called "surface discharge
type". In each discharge cell, the fluorescent layer ex-
cited by irradiation of vacuum ultraviolet light generated
according to glow discharge in the rare gas emits light
of a colour characteristic of kinds of fluorescent materi-
als. Vacuum ultraviolet light having a wavelength de-
pending upon the kind of the sealed rare gas is gener-
ated.

[0008] Fig. 7 shows a schematic layout of the sustain
electrodes 113, the bus electrodes 112 and the ribs 25
in the conventional plasma display device shown in Fig.
6. An area surrounded by dotted lines corresponds to
one pixel. For clarification of each region, slanting lines
are added. Each pixel has an almost square geometry.
Each pixel is divided into three sections (cells) with the
ribs 25, and each section emits light of one of three pri-
mary colours (R, G, B). When each pixel has an outer
dimension Lo, each section has dimensions slightly
smaller than (Ly/3) x (Lp). In each pair of the sustain
electrodes 113, therefore, a portion 113A of each sus-
tain electrode 113 which portion contributes to discharg-
ing has a length slightly smaller than (Ly/3).

[0009] Fig. 8 schematically shows a variant of layout
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of the sustain electrodes 113, the bus electrodes 112
and the ribs 25 in the conventional plasma display de-
vice. This variant is disclosed in JP-A-9-167565. This
variant has a structure in which one sustain electrode
113 extends from one of a pair of the bus electrodes 112
toward the other of the pair of the bus electrodes 112.
[0010] Meanwhile, in the plasma display device, it is
increasingly demanded to increase the density and fine-
ness of pixels. For complying with such demands, it is
inevitable to decrease the value of the outer dimension
L, per pixel. As a result, the length [approximately (Ly/
3)] of those portions which contribute to discharging in
a pair of the sustain electrodes 113 comes to be shorter,
and the discharge regions decrease, which causes a
problem that the brightness of the plasma display device
decreases.

OBJECT AND SUMMARY OF THE INVENTION

[0011] Itis therefore an object of the presentinvention
to provide a plasma display device which can comply
with an increase in density and fineness and which can
fully ensure the length of those portions which contribute
to discharging in a pair of the sustain electrodes even if
dimensions per pixel are decreased, i.e., a plasma dis-
play device which makes it possible to prevent a de-
crease in brightness caused by an increase in density
and fineness.

[0012] The alternate-current driven type plasma dis-
play device of the present invention for achieving the
above object has;

(a) afirst panel comprising a first substrate; an elec-
trode group constituted of a plurality of electrodes
formed on the first substrate; and a dielectric layer
formed on the electrode group and on the first sub-
strate, and

(b) a second panel comprising a second substrate;
fluorescent layers formed on or above the second
substrate; and ribs which extend forming a prede-
termined angle from the extending direction of the
electrodes and are formed between the adjacent
fluorescent layers,

wherein a pair of the opposed electrodes compris-
es;

(A) a first main wiring,

(B) a second main wiring extending in parallel with
the first main wiring,

(C) a first branch electrode which extends between
the adjacent ribs, extends from the first main wiring
toward the second main wiring and extends short
of the second main wiring, and

(D) a second branch electrode which extends be-
tween the adjacent ribs, extends from the second
main wiring toward the first main wiring and extends
short of the first main wiring such that the second
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branch electrode is opposed to the first branch elec-
trode, and

discharging being to take place between the first
branch electrode and the second branch electrode.
[0013] A plurality of the electrodes formed on the first
substrate will be referred to as "first electrodes" for con-
venience, and the electrode group constituted of a plu-
rality of the first electrodes will be referred to as "first
electrode group".
[0014] The alternate-current type display device (to
be referred to as "plasma display device" hereinafter) of
the present invention has a structure in which the first
panel and the second panel are arranged such that the
dielectric layer is opposed to the fluorescent layers, that
the extending direction of the main wirings and the ex-
tending direction of the ribs make a predetermined angle
(for example, 90°), that a rare gas is sealed in each
space surrounded by the dielectric layer, the fluorescent
layer and a pair of the ribs, and that the fluorescent layer
is irradiated with vacuum ultraviolet light generated by
AC glow discharge which takes place between an op-
posed pair of the branch electrodes in the rare gas, to
emit light. A region where one first electrode (combina-
tion of a pair of the first main wiring and the second main
wiring and a pair of the first branch electrode and the
second branch electrode) overlaps a pair of the ribs cor-
responds to one discharge cell.
[0015] In a region interposed between a pair of ribs,
the number of the first branch electrodes extending from
the first main wiring is assumed to be N, and the
number of the second branch electrodes extending from
the second main wiring is assumed to be N,. In this
case, there may be employed an embodiment in which
N, =N, = 1, there may be also employed an embodi-
ment in which Ny = 2n -1 and N, = 2n where n is an
integer of 1 or more, or there may be employed an em-
bodiment in which N; = N, = 2n where n is an integer of
1 or more.
[0016] In the plasma display device of the present in-
vention, the first branch electrode extends in a direction
counter to the direction in which the second branch elec-
trode extends. The distance between the first branch
electrode and the second branch electrode which are
opposed to each other is preferably a predetermined
distance, more preferably a constant distance. The first
branch electrode and the second branch electrode may
generally have a rectangular form when viewed as a
plan view (that is, the first branch electrode and the sec-
ond branch electrode may have a linear form), or they
may have a zigzag form (i.e., a combination of dogleg
forms, a combination of "S" letter forms or arc forms or
a combination of any curved lines). In the latter case,
preferably, opposed portions of the first branch elec-
trode and the second branch electrode have no angular
portion for preventing abnormal discharge between the
first branch electrode and the second branch electrode.
In the plasma display device of the present invention,
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the distance between the first branch electrode and the
second branch electrode may be determined to have an
arbitrary value, while the distance is 1 x 10-4 m or less,
preferably less than 5 x 10-5 m, more preferably 4 x 10-5
m or less, still more preferably 2.5 x 10_s m or less. The
lower limit of the distance between the first branch elec-
trode and the second branch electrode can be a dis-
tance at which no breakdown takes place between the
first branch electrode and the second branch electrode.
[0017] In the plasma display device of the present in-
vention, the pressure of the rare gas sealed in each
space surrounded by the dielectric layer, the fluorescent
layer and a pair of the ribs is from 1 x 102 Pa (0.001
atmospheric pressure) to 5 x 105 Pa (5 atmospheric
pressures), preferably 1 x 103 Pa (0.01 atmospheric
pressure) to 4 x 105 Pa (4 atmospheric pressures).
When the distance between the first branch electrode
and the second branch electrode is less than 5 x 105
m, the pressure of the rare gas in each space is adjusted
to 1.0 x 102 Pa (0.001 atmospheric pressure) to 3.0 x
10° Pa (3 atmospheric pressures), preferably to 1.0 x
103 Pa (0.01 atmospheric pressure) to 2.0 x 105 Pa (2
atmospheric pressures), more preferably to 1.0 x 104 Pa
(0.1 atmospheric pressure) to 1.0 x 105 Pa (1 atmos-
pheric pressures). In the above pressure range, the flu-
orescent layers emit light when irradiated with vacuum
ultraviolet light generated due to cathode glow in the
rare gas. Further, in the above pressure range, the sput-
tering ratio of various members constituting the plasma
display device decreases with an increase in the pres-
sure, and as a result, the plasma display device can
have a longer lifetime.

[0018] In the plasma display device of the present in-
vention, further, for preventing abnormal discharge from
the comer portion of top end portion of the first branch
electrode or the comer portion of top end portion of the
second branch electrode, the comers of the top end por-
tion of each first and second branch electrode are pref-
erably removed or rounded. In the plasma display de-
vice of the present invention, for preventing abnormal
discharge between the top end portion of the first branch
electrode and the second main wiring, or for preventing
abnormal discharge between the top end portion of the
second branch electrode and the first main wiring, pref-
erably, Ly < L, is satisfied where L, is a distance be-
tween the first branch electrode and the second branch
electrode and L, is a distance between the first main
wiring and the top end portion of the second branch elec-
trode or a distance between the second main wiring and
the top end portion of the first branch electrode.
[0019] A second electrode group constituted of a plu-
rality of second electrodes may be formed on the first
substrate, or may be formed on the second substrate.
In the former case, the second electrodes are formed
on the dielectric layer through an insulating film, and the
second electrodes make a predetermined angle (for ex-
ample, 90°) from the extending direction of each main
wiring. In the latter case, the second electrodes are
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formed on the second substrate, and the second elec-
trodes make a predetermined angle (for example, 90°)
from the extending direction of each main wiring, and
the fluorescent layers are formed on or above the sec-
ond electrodes.

[0020] Preferably, an electrically conductive material
for the first and second main wirings and an electrically
conductive material for the first and second branch elec-
trodes are different from each other. The first and sec-
ond main wirings have functions as bus electrodes in a
conventional plasma display device. The first and sec-
ond main wirings can be composed, typically, of a metal
material such as Ag, Al, Ni, Cu and Cr, or a Cr/Cu/Cr
stacked layer. Since, in the reflection type plasma dis-
play device, the first and second main wirings composed
of such a metal material or such a stacked layer is a
factor which decreases a transmission quantity of visible
light emitted from the fluorescent layers to pass through
the first substrate and which therefore decreases the
brightness of a display screen, the first and second main
wirings are preferably formed so as to be as narrow as
possible so long as an electric resistance value neces-
sary for the first electrodes can be obtained. The method
of forming the first and second main wirings can be prop-
erly selected from a deposition method, a sputtering
method, a screen printing method, a sandblasting meth-
od, a plating method and a lift-off method depending up-
on the electrically conductive material to be used.
[0021] The electrically conductive material for the first
and second branch electrodes differs depending upon
whether the plasma display device is a transmission
type or areflection type. In the transmission type plasma
display device, light emission from the fluorescent lay-
ers is observed through the second substrate, so that it
does not cause any problem whether the electrically
conductive material for the first and second branch elec-
trodes is transparent or non-transparent. However,
when the second electrodes are formed on the second
substrate, the second electrodes are desirably transpar-
ent. In the reflection type plasma display device, light
emission from the fluorescent layers is observed
through the first substrate. Therefore, when the second
electrodes are formed on the second substrate, it does
not cause any problem whether the electrically conduc-
tive material for the second electrodes is transparent or
non-transparent, while the first and second branch elec-
trodes are desirably transparent. The term "transparent
or non-transparent" is based on the transmissivity of the
electrically conductive material to light at a wavelength
of emitted light (visible light region) inherent to the fluo-
rescent materials. That is, when an electrically conduc-
tive material for the first and second branch electrodes
is transparent to light emitted from the fluorescent lay-
ers, it can be said that the electrically conductive mate-
rial is transparent. The non-transparent electrically con-
ductive material includes Ni, Al, Au, Ag, Al, Pd/Ag, Cr,
Ta, Cu, Ba, LaBg, Caj ,Lag gCrO,, etc., and these ma-
terials may be used alone or in combination. The trans-
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parent electrically conductive material includes ITO (in-
dium-tin oxide) and SnO,. The method of forming the
first and second branch electrodes can be properly se-
lected from a deposition method, a sputtering method,
a screen printing method, a sandblasting method, a plat-
ing method and a lift-off method depending upon the
electrically conductive material to be used. That is, an
appropriate mask or a screen may be used to form the
first and second branch electrodes having predeter-
mined patterns, or after an electrically conductive ma-
terial layer is formed on the entire surface, the electri-
cally conductive material layer may be patterned to form
the first and second branch electrodes.

[0022] In the plasma display device of the present in-
vention, since the dielectric layer is provided, the direct
contact of ions and electrons to the first and second
branch electrodes can be prevented. As a result, the
wearing of the first and second branch electrodes can
be prevented. The dielectric layer not only works to ac-
cumulate a wall charge, but also works as a resistor to
suppress an excess discharge current and as a memory
to sustain a discharge state. In the reflection type plas-
ma display device, the material for the dielectric layer is
required to be transparent, since light emission from the
fluorescent layers is observed through the first sub-
strate. For example, a low-melting glass is used as the
above material.

[0023] In the plasma display device of the present in-
vention, preferably, a protective layer is formed on the
dielectric layer. The material for the protective layer can
be selected from magnesium oxide (MgQO), magnesium
fluoride (MgF,) and calcium fluoride (CaF,). Of these,
magnesium oxide is a suitable material having proper-
ties that it has a high secondary electron emission ratio
and further that it shows a low sputtering ratio, a high
transmissivity to light at a wavelength of light emitted
from the fluorescent layers and a low discharge initiation
voltage. The protective layer may have a stacked struc-
ture composed of at least two materials selected from
the group consisting of the above materials.

[0024] Examples of the material for the first substrate
and the second substrate include a glass having a high
strain point, soda glass (Na,O CaO'SiO,), borosilicate
glass (Na,O'B,O5'SiO,), forsterite (2MgO'SiO,) and
lead glass (Na,O'PbO'SiO,). The material for the first
substrate and the material for the second substrate may
be the same as, or different from, each other.

[0025] The plasma display device of the present in-
vention is a so-called surface discharge type plasma
display device. If the second electrodes are formed on
the second substrate, and when the fluorescent layers
have an insufficient function as a dielectric film, a die-
lectric film may be formed between the second electrode
group and the fluorescent layers. The material for the
dielectric film can be selected from a low-melting glass
and SiO,.

[0026] The fluorescent layers are composed of fluo-
rescent materials selected from the group consisting of
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fluorescent materials which emit light of a red colour,
fluorescent materials which emit light of a green colour
and fluorescent materials which emit light of a blue col-
our, and the fluorescent layers are formed on or above
the second substrate. When the second electrodes are
formed on the second substrate, specifically, the fluo-
rescent layer composed of a fluorescence material
which emits light, for example, of a red colour (red fluo-
rescent layer) is formed on or above one second elec-
trode, the fluorescent layer composed of a fluorescence
material which emits light, for example, of a green colour
(green fluorescent layer) is formed on or above another
second electrode, and the fluorescent layer composed
of a fluorescence material which emits light, for exam-
ple, of a blue colour (blue fluorescent layer) is formed
on or above still another second electrode. These three
fluorescent layers for emitting light of three primary col-
ours form one set, and such sets are provided in a pre-
determined order. When the second electrodes are
formed on the first substrate, the red fluorescent layer,
the green fluorescent layer and the blue fluorescent lay-
er are formed on the second substrate, these three flu-
orescent layers form one set, and such sets are provid-
ed in a predetermined order. A region where one first
electrode (a combination of a pair of the first and second
main wirings and a pair of the first and second branch
electrodes) and one set of the fluorescent layers which
emit light of three primary colours overlap corresponds
to one pixel. The red fluorescent layers, the green fluo-
rescent layers and the blue fluorescent layers may be
formed in the form of stripes, or may be formed in the
form of a lattice. The fluorescent layers may be formed
only in regions where the sustain electrodes and the ad-
dress electrodes overlap. When the red fluorescent lay-
ers, the green fluorescent layers and the blue fluores-
cent layers are formed in the form of stripes, and when
the second electrodes are formed on the second sub-
strate, one red fluorescent layer is formed on or above
one second electrode, one green fluorescent layer is
formed on or above one second electrode, and one blue
fluorescent layer is formed on or above one second
electrode. When the red fluorescent layers, the green
fluorescent layers and the blue fluorescent layers are
formed in the form of a lattice, the red fluorescent layer,
the green fluorescent layer and the blue fluorescent lay-
er are formed on or above the second electrode in a pre-
determined order.

[0027] When the second electrodes are formed on the
second substrate, the fluorescent layer may be formed
directly on the second electrode, or the fluorescent layer
may be formed on the second electrode and on side
walls of the ribs. Otherwise, the fluorescent layer may
be formed on the dielectric film formed on the second
electrode, or the fluorescent layer may be formed on the
dielectric film formed on the second electrode and on
side walls of the ribs. Further, the fluorescent layer may
be formed only on side walls of the ribs. "The fluorescent
layers are formed on or above the second electrodes"
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conceptually includes all of the above various embodi-
ments. The material for the dielectric film can be select-
ed from a low-melting glass and silicon oxide, and the
dielectric film can be formed by a screen printing meth-
od, a sputtering method or a vacuum deposition method.
In some cases, a protective layer composed of magne-
sium oxide (MgO), magnesium fluoride (MgF,) or calci-
um fluoride (CaF,) may be formed on surfaces of the
fluorescent layer and the rib.

[0028] As fluorescent materials for the fluorescent
layers, fluorescent materials which have a high quantum
efficiency and causes less saturation to vacuum ultravi-
olet light can be selected from known fluorescent mate-
rials as required for use. Since the plasma display de-
vice is used as a colour display, itis preferred to combine
fluorescent materials which have colour purities close
to three primary colours defined in NTCS, which are well
balanced to give white balance when three primary col-
ours are mixed, which show a short afterglow time pe-
riod and which can secure that the afterglow time peri-
ods of three primary colours are nearly equal. Examples
of the fluorescent material which emits light in red when
irradiated with vacuum ultraviolet light include (Y,O3:
Eu), (YBO3Eu), (YVO4:EU), (Y0.96P0.60V0.4004:Elp 04);
[(Y,Gd)BOj:Eu], (GdBOgj:Eu), (ScBOs:Eu) and
(3.5MgO'0.5MgF, GeO,:Mn). Examples of the fluores-
cent material which emits light in green when irradiated
with vacuum ultraviolet light include (ZnSiO,:Mn),
(BaAl{5,049:Mn), (BaMg,Al150,7:Mn), (MgGa,0,4:Mn),
(YBO3:Tb), (LuBO3:Tb) and (Sr,SizOgCl,:Eu). Exam-
ples of the fluorescent material which emits light in blue
when irradiated with vacuum ultraviolet light include
(Y5SiOg:Ce), (CaWO,:Pb), CaWO,, YPqg5Vg 1504,
(BaMgAl;4043:Eu), (SryP,07:Eu) and (Sr,P,0;:Sn).
The method of forming the fluorescent layers includes
a thick film printing method, a method in which fluores-
cent particles are sprayed, a method in which an adhe-
sive substance is pre-applied to regions where the flu-
orescent layers are to be formed and fluorescent parti-
cles are allowed to adhere, a method in which a photo-
sensitive fluorescent paste is provided and a fluorescent
layer is patterned by exposure and development of a
photosensitive fluorescent paste layer, and a method in
which a fluorescent layer is formed on the entire surface
and unnecessary portions are removed by a sandblast-
ing method.

[0029] The ribs can have a constitution in which the
ribs extend in regions between one second electrode
and another second electrode which are next to each
other and extend in parallel with the second electrodes.
That is, there may be employed a constitution in which
one second electrode extends between a pair of the ribs.
In some cases, the ribs may have a constitution in which
first ribs extend in regions between one main wiring and
another main wiring which are next to each other and
extend in parallel with the main wirings and second ribs
extend in regions between one second electrode and
another second electrode which are next to each other
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and extend in parallel with the second electrodes (that
is, a constitution in the form of a lattice). Such lattice-
shaped ribs are used in a conventional DC driven plas-
ma display device, and they can be applied to the AC
driven type plasma display device of the present inven-
tion as well. The ribs may have a meander structure.
[0030] The material for the ribs can be selected from
known insulating materials such as a material prepared
by mixing a widely used low-melting glass with a metal
oxide such as alumina. The method of forming the ribs
includes a screen printing method, a sandblasting meth-
od, a dry film method and a photosensitive method. The
above screen printing method refers to a method in
which opening portions are formed in those portions of
a screen which correspond to portions where the ribs
are to be formed, a rib-forming material on the screen
is passed through the opening portions with a squeeze
to form rib-forming material layers on the second sub-
strate or the dielectric film (these will be generically re-
ferred to as "second substrate or the like" hereinafter),
and then the rib-forming material layers are calcined or
sintered. The above dry film method refers to a method
in which a photosensitive film is laminated on the second
substrate or the like, photosensitive film on regions
where the ribs are to be formed is removed by exposure
and development, opening portions formed by the re-
moval are filled with a rib-forming material and the rib-
forming material is calcined or sintered. The remaining
photosensitive film is combusted and removed by the
calcining or sintering and the rib-forming material filled
in the opening portions remains to form the ribs. The
above photosensitive method refers to a method in
which a photosensitive material layer for forming the ribs
is formed on the second substrate or the like, the pho-
tosensitive material layer is patterned by exposure and
development and then the patterned photosensitive ma-
terial layer is calcined or sintered. The above sandblast-
ing method refers to a method in which a rib-forming ma-
terial layer is formed on the second substrate or the like,
for example, by screen printing or with a roll coater, a
doctor blade or a nozzle-spraying coater and is dried,
then, those portions where the ribs are to be formed in
the rib-forming material layer are masked with a mask
layer and exposed portions of the rib-forming material
layer are removed by a sandblasting method. The ribs
may be formed in black to form a so-called black matrix.
In this case, a high contrast of the display screen can
be attained. The method of forming the black ribs in-
cludes a method in which a light-absorbing layer of a
photosensitive silver paste or a low-reflection chromium
layer is formed on the top portion of each rib and a meth-
od in which the ribs are formed from a colour resist ma-
terial coloured in black.

[0031] The rare gas to be sealed in the space is re-
quired to satisfy the following requirements.

(@The rare gas is chemically stable and permits set-
ting of a high gas pressure from the viewpoint of
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attaining a longer lifetime of the plasma display de-
vice.

@The rare gas has high radiation intensity of vac-
uum ultraviolet light from the viewpoint of attaining
a higher brightness of a display screen.

@ Radiated vacuum ultraviolet light has a long
wavelength from the viewpoint of increasing energy
conversion efficiency from vacuum ultraviolet light
to visible light.

@ The discharge initiation voltage is low from the
viewpoint of decreasing power consumption.

[0032] The rare gas includes He (wavelength of the
resonance line = 58.4 nm), Ne (wavelength of the res-
onance line =74.4 nm), Ar (wavelength of the resonance
line = 107 nm), Kr (wavelength of the resonance line =
124 nm) and Xe (wavelength of the resonance line =
147 nm). While these rare gases may be used alone or
as a mixture, mixed gases are particularly useful since
a decrease in the discharge initiation voltage based on
a Penning effect can be expected. Examples of the
mixed gases include Ne-Ar mixed gases, He-Xe mixed
gases and Ne-Xe mixed gases. Of these rare gases, Xe
having the longest wavelength of the resonance line is
suitable since it radiates intense ultraviolet light having
a wavelength of 172 nm.

[0033] A light emission state of glow discharge in a
discharge cell will be explained with reference to Figs.
4A, 4B, 5A and 5B hereinafter. Fig. 4A schematically
shows a light emission state when DC glow discharge
is carried out in a discharge tube with a rare gas sealed
therein. From a cathode to an anode, an Aston dark
space A, a cathode glow B, a cathode dark space
(Crookes dark space) C, negative glow D, a Faraday
dark space E, a positive column F and anode glow G
consecutively appear. In AC glow discharge, a cathode
and an anode are repeatedly alternated at a predeter-
mined frequency, so that it is assumed that the positive
column F is positioned in a central area between the
electrodes and that the Faraday dark space E, the neg-
ative glow D, the cathode dark space C, the cathode
glow B and the Aston dark space A consecutively ap-
pear symmetrically on both sides of the positive column
F. A state shown in Fig. 4B is observed when the dis-
tance between the electrodes is sufficiently large like a
fluorescent lamp.

[0034] As the distance between the electrodes is de-
creased, the length of the positive column F decreases.
When the distance between the electrodes is further de-
creased, presumably, the positive column F disappears,
the negative glow D is positioned in the central area be-
tween the electrodes, and the cathode dark space C,
the cathode glow B and the Aston dark space A appear
symmetrically on both sides in this order as shown in
Fig. 5A. The state shown in Fig. 5A is observed when
the distance between the electrodes is approximately 1
x 104 m. In the plasma display device of the present
invention, a pair of the first branch electrode and the sec-
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ond branch electrode for sustaining discharge are ar-
ranged in series, so that the negative glow is formed in
a space region near a surface portion of the dielectric
layer covering the first or second branch electrode cor-
responding to the cathode.

[0035] When the distance between the electrodes
comes to be less than 5 x 10-5 m, it is assumed that the
cathode glow B appears in the central area between the
electrodes and that the Aston dark space A appears on
both sides of the cathode glow B, as shown in Fig. 5B.
In some cases, the negative glow can partly exist. In the
plasma display device of the present invention, a pair of
the first branch electrode and the second branch elec-
trode for sustaining discharge are arranged in series,
the cathode glow is formed a space region near a sur-
face portion of the dielectric layer covering the first or
second branch electrode corresponding to the cathode.
When the distance between the first branch electrode
and the second branch electrode is arranged to be less
than 5 x 10-5 m as described above, and when the pres-
sure in the space is adjusted to 1.0 x 102 Pa (0.001 at-
mospheric pressure) to 3.0 x 105 Pa (3 atmospheric
pressures), the cathode glow can come to be used as
a discharge mode. A high AC glow discharge efficiency
can be therefore achieved, and as a result, a high light
emission efficiency and a high brightness can be at-
tained in the plasma display device.

[0036] In the plasma display device of the present in-
vention, the first branch electrode and the second
branch electrode extend from the main wirings side by
side in counter directions. Each pixel has a nearly
square outer form, and each pixel is divided into three
sections (cells) with the ribs. Light of one of three prima-
ry colours (R,G,B) is emitted from one section, and when
each pixel has an outer dimension L, those portions of
a pair of the branch electrodes which contribute to dis-
charging have a length close to L. That is, as compared
with any conventional plasma display device, the length
of those portions which contribute to discharging can be
almost tripled, so that the discharge region can be
broadened. Therefore, the present invention can over-
come the problem that the brightness of a plasma dis-
play device decreases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The present invention will be explained with
reference to drawings hereinafter.

[0038] Fig. 1 shows a schematic layout of a pair of
opposed first electrodes and ribs in a plasma display de-
vice of Example 1 of the present invention.

[0039] Fig. 2 is a schematic exploded perspective
view of the plasma display device of Example 1.
[0040] Fig. 3 shows a schematic layout of a pair of
opposed first electrodes and ribs in a plasma display de-
vice of Example 2 of the present invention.

[0041] Figs.4A and 4B schematically show light emis-
sion states of glow discharge in a discharge cell.
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[0042] Figs. 5A and 5B schematically show light emis-
sion states of glow discharge in a discharge cell.
[0043] Fig. 6 is a schematic exploded perspective
view of a conventional plasma display device.

[0044] Fig. 7 is a schematic layout of a pair of opposed
electrodes and ribs in a conventional plasma display de-
vice.

[0045] Fig. 8 is a variant of the schematic layout of a
pair of opposed electrodes and ribs in the conventional
plasma display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Example 1

[0046] Example 1 is concerned with the plasma dis-
play device of the present invention. Fig. 2 shows a
schematic exploded perspective view of the plasma dis-
play device of Example 1. The plasma display device
has a front panel 10 and a rear panel 20. The front panel
10 comprises a first substrate 11 composed, for exam-
ple, of glass; a first electrode group constituted of a plu-
rality of first electrodes formed on the first substrate 11;
a dielectric layer 14 formed on the first electrode group
and the first substrate 11; and a protective layer 15
formed on the dielectric layer 14. The dielectric layer 14
is composed of SiO, or a low-melting glass, and the pro-
tective layer 15 is composed of magnesium oxide
(MgO).

[0047] The rear panel 20 comprises a second sub-
strate 21 composed, for example, of glass; a second
electrode group constituted of a plurality of second elec-
trodes (also called address electrodes or data elec-
trodes) 22 formed on the second substrate 21 in the form
of stripes; fluorescent layers 24 formed above the sec-
ond electrodes 22; and ribs 25 formed between the ad-
jacent second electrodes 22. A dielectric film 23 is
formed on the second electrodes 22 and the second
substrate 21. The ribs 25 are composed of an insulating
material and are formed on regions which are on the
dielectric film 23 and between the adjacent second elec-
trodes 22, and the ribs 25 extend in parallel with the sec-
ond electrodes 22. The fluorescent layer 24 is provided
so as to be on, and to extend from, the dielectric film 23
and so as to be on side walls of the ribs 25. Each fluo-
rescent layer 24 is constituted of a red fluorescent layer
24R, a green fluorescent layer 24G or a blue fluorescent
layer 24B, and the fluorescent layers 24R, 24G and 24B
of these colours are provided in a predetermined order.
[0048] Fig. 2 is the exploded perspective view, and in
the actual plasma display device, top portions of the ribs
25 of the rear panel 20 are in contact with the protective
layer 15 of the front panel 10. Further, the front panel 10
and the rear panel 20 are arranged such that the pro-
tective layer 15 is opposed to the fluorescent layers 24,
and the front panel 10 and the rear panel 20 are bonded
to each other in their marginal portions with a seal layer
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(not shown). A region where a pair of main wirings 12A
and 12B and a pair of branch electrodes 13A and 13B
extending from the main wirings 12A and 12B overlap
the second electrode 22 positioned between the adja-
centtwo ribs 25 corresponds to a discharge cell. Further,
aregion where a pair of the first and second main wiring
12A and 12B, the first and second branch electrodes
13A and 13B overlap the fluorescent layers 24R, 24G
and 24B of three primary colours corresponds to one
pixel. In a space formed by the front panel 10 and the
rear panel 20, for example, Ne-Xe mixed gases (for ex-
ample, 50 % Ne - 50 % Xe mixed gases) are sealed and
have a pressure of 8 x 104 Pa (0.8 atmospheric pres-
sure). Thatis, arare gasis sealed in a space surrounded
by the adjacent ribs 25, the fluorescent layer 24 and the
protective layer 15.

[0049] Fig. 1 shows a schematic layout of a pair of
opposing first electrodes and the ribs 25. For clarifica-
tion of each region, slanting lines are added. A pair of
the opposing first electrodes comprise (A) the first main
wiring 12A, (B) the second main wiring 12B extending
in parallel with the first main wiring 12A, (C) the first
branch electrode 13A which extends between the adja-
cent ribs 25, extends from the first main wiring 12A to-
ward the second main wiring 12B and extends short of
the second main wiring 12B, and (D) the second branch
electrode 13B which extends between the adjacent ribs
25, extends from the second main wiring 12B toward the
first main wiring 12A and extends short of the first main
wiring 12A such that the second branch electrode 13B
is opposed to the first branch electrode 13A. The first
electrode group is a set of the first main wiring 12A, the
second main wiring 12B, the first branch electrode 13A
and the second branch electrode 13B. In Example 1, the
first branch electrodes 13A and the second branch elec-
trodes 13B have a nearly rectangular form each, and
the first branch electrodes 13A and the second branch
electrodes 13B extend in parallel with one another. Fur-
ther, the first main wiring 12A and the second main wir-
ing 12B extend in parallel with each other, and the ex-
tending direction of these main wirings 12A and 12B and
the extending direction of the ribs 25 make an angle, for
example, of 90°.

[0050] AsshowninFig. 1, when the distance between
the first branch electrode 13A and the second branch
electrode is taken as Li, and when the distance between
the first main wiring 12A and the top end portion of the
second branch electrode 13B, or the distance between
the second main wiring 12B and the top end portion of
the first branch electrode 13A, is takenas L,, Ly <L, is
satisfied. In Example 1, specifically, Ly =5 x 10> m (50
um) and L, = 8 x 105 m (80 um).

[0051] In Fig. 1, a region surrounded by dotted lines
corresponds to one pixel. Each pixel has an outer form
of a square, and each pixel is divided into three sections
(cells) with the ribs 25. One section emits light of one of
three primary colours (R,G,B). When one pixel has an
outer dimension of L;, each section has a dimension
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slightly smaller than (Ly/3) x (Lg). In a pair of the branch
electrodes 13A and 13B, therefore, those portions 13A'
and 13B' of the branch electrodes 13A and 13B which
contribute to discharging have a length close to (Ly).
[0052] Each of the branch electrodes 13A and 13B is
formed on the first substrate 11 and is composed of a
transparent electrically conductive material such as
ITO. As an electrically conductive material for the first
and second main wirings 12A and 12B, there is used a
material having a lower electric resistivity than ITO, such
as a chromium/copper/chromium stacked layer. The
first and second main wirings 12A and 12B have a line
width which is made as small as possible (for example,
50 um wide) so that the brightness of a display screen
(upper side surface of the first substrate 11 in Fig. 2) is
not impaired.

[0053] A second electrode group is a set of second
electrodes 22 formed on the second substrate 21 in the
form of stripes. Each second electrode is composed, for
example, of silver or aluminium. The second electrodes
contribute to initiate discharge together with the first and
second branch electrodes 13A and 13B, and also con-
tribute to reflecting light emitted from the fluorescent lay-
ers 24 toward a display screen to improve the brightness
of the display screen. Each fluorescent layer 24 is con-
stituted of a red fluorescent layer 24R, a green fluores-
cent layer 24G or a blue fluorescent layer 24B, and
these fluorescent layers 24R, 24G and 24B which emit
light of three primary colours constitute one combina-
tion, and the fluorescent layers are formed on the sec-
ond electrodes 22 in a predetermined order.

[0054] One example of AC glow discharge operation
of the above-constituted plasma display device will be
explained below. First, a pulse voltage higher than a dis-
charge initiation voltage V is applied to all of the first
main wirings 12A for a short period of time, whereby dis-
charging takes place, a wall charge is generated on the
surface of the dielectric layer 14 near one of the branch
electrodes due to dielectric polarisation, the wall charge
is accumulated, and an apparent discharge initiation
voltage decreases. Thereafter, while a voltage is applied
to the second electrodes (address electrodes) 22, a volt-
age is applied to one of the main wirings included in cells
which are allowed not to display, whereby discharging
is caused between the second electrode 22 and one of
the branch electrodes, to erase the accumulated wall
charge. This erasing discharge is consecutively carried
out in the second electrodes 22. Meanwhile, no voltage
is applied to one of the main wirings included in cells
which are allowed to display, whereby the accumulation
of the wall charge is retained. Then, a predetermined
pulse voltage is applied between all of pairs of the main
wirings 12A and 12B. As a result, in the cells where the
accumulation of the wall charge is retained, discharging
is initiated between a pair of the branch electrodes 13A
and 13B, and in such discharge cells, the fluorescent
layers excited by irradiation with vacuum ultraviolet light
generated by glow discharge in the rare gas emit char-
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acteristic light depending upon the fluorescent materi-
als. Phases of discharge sustain voltages applied to one
of the main wirings and the other of the main wirings
deviate from each other by half a cycle, and the polarity
of the electrodes is reversed depending upon the fre-
quency of alternate current.

[0055] Another example of the AC glow discharge op-
eration of the above-structured plasma display device
will be explained below. First, erasing discharge is car-
ried out for all the pixels to initialise all the pixels. Then,
discharge operation is carried out. The discharge oper-
ation is separated into the part of an address period dur-
ing which a wall charge is generated on the surface of
the dielectric layer 14 by initial discharge and the part
of a discharge sustain period during which the discharg-
ing is sustained. In the address period, a pulse voltage
lower than the discharge initiation voltage V, is applied
to one of selected main wirings and a selected second
electrode 22. A region where one of the main wirings
and the second electrode 22 to which the pulse voltage
is applied overlap is selected as a display pixel, and in
the overlap region, the wall charge is generated on the
surface of the dielectric layer 14 due to dielectric polar-
isation, whereby the wall charge is accumulated. In the
succeeding discharge sustain period, a discharge sus-
tain voltage V¢ lower than V, is applied to a pair of
the main wirings 12A and 12B. When the sum of a wall
voltage V,, induced by the wall charge and the discharge
sustain voltage Vg, comes to be greater than the dis-
charge initiation voltage Vg, (i.e., when V,, + Vg ¢ >
Vpq), discharging is initiated. Phases of the sustain volt-
ages Vg, applied to one of the main wirings and the
other of the main wirings deviate from each other by half
a cycle, and the polarity of the electrodes is reversed
depending upon the frequency of alternate current.
[0056] In the discharge cell where the AC glow dis-
charge is sustained, the fluorescent layer 24 is excited
by being irradiated with vacuum ultraviolet light radiated
due to the excitation of the rare gas generated in the
space, and the fluorescent layer 24 emits characteristic
light depending upon the fluorescent material.

[0057] In the plasma display device of the present in-
vention, the length of the electrodes which contribute to
discharging (i.e., lengths of opposed portions of a pair
of the branch electrodes 13A and 13B) is longer than
the length of the counterparts of any conventional plas-
ma display device, so that the area of the discharge re-
gion can be remarkably increased as compared with any
conventional tri-electrode type AC driven type plasma
display device shown in Figs. 6 to 8. As a result, the
brightness of the display screen can be increased.
[0058] The method of producing the plasma display
device of Example 1 will be outlined below. In the fol-
lowing explanation, the first substrate 11, all the struc-
tures formed thereon, the second substrate 21, or all the
structures formed thereon at any stage is sometimes re-
ferred to as "substratum".

[0059] The front panel 10 can be produced as follows.
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First, an ITO layer is formed on the entire surface of the
first substrate 11, for example, by a sputtering method,
and the ITO layer is patterned in the form of stripes by
photolithography and an etching method, whereby the
first and second branch electrodes 13A and 13B can be
formed. Then, a chromium/copper/chromium stacked
layer is formed on the entire surface of the substratum,
for example, by a sputtering method, and the chromium/
copper/chromium stacked layer is patterned by photoli-
thography and an etching method, whereby the first and
second main wirings 12A and 12B can be formed. One
end portion of each of the first branch electrodes 13A
and the first main wiring 12A overlap each other, and
one end portion of each of the second branch electrodes
13B and the second main wiring 12B overlap each other.
Then, the dielectric layer 14, which has a thickness of
approximately 10 um, is formed on the entire surface of
the substratum, and then the protective layer 15 com-
posed of MgO, which has a thickness of approximately
0.6 um, is formed on the dielectric layer 14. The dielec-
tric layer 14 can be formed, for example, by forming a
low-melting glass paste layer on the entire surface of
the substratum by a screen printing method and calcin-
ing or sintering the low-melting glass paste layer. Fur-
ther, the protective layer 15 can be formed, for example,
by forming a magnesium oxide layer on the entire sur-
face of the dielectric layer 14 by an electron beam dep-
osition method. According to the above steps, the front
panel 10 can be completed.

[0060] The rear panel 20 can be produced as follows.
First, a silver paste is printed in the form of stripes on
the second substrate 21, for example, by a screen print-
ing method, and the printed silver paste is calcined or
sintered, whereby the second electrodes 22 can be
formed. Then, a low-melting glass paste layer is formed
on the entire surface of the substratum by a screen print-
ing method, and the low-melting glass paste layer is cal-
cined or sintered, whereby the dielectric film 23 is
formed. Then, a low-melting glass paste layer is printed
on the dielectric film above each region between the ad-
jacent second electrodes 22, for example, by a screen
printing method, and the low-melting glass paste layer
is calcined or sintered, to form the ribs 25. The height of
the ribs can be, for example, 1 x 104 m (100 um) to 2 x
104 m (200 um). Then, fluorescent slurries of three pri-
mary colours are consecutively printed, followed by cal-
cining or sintering, to form the fluorescent layers 24R,
24G and 24B. According to the above step, the rear pan-
el 20 can be completed.

[0061] Then, the plasma display device is assembled.
First, a seal layer (not shown) is formed on a marginal
portion of the rear panel 20, for example, by a screen
printing method. Then, the front panel 10 and the rear
panel 20 are attached to each other, followed by calcin-
ing or sintering, to cure the seal layer. Then, the space
formed between the front panel 10 and the rear panel
20 is vacuumed, and then, Ne-Xe mixed gases (for ex-
ample, 50 % Ne - 50 % Xe mixed gases) are charged
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at a pressure of 8 x 104 Pa (0.8 atmospheric pressure)
and sealed in the space, to complete the plasma display
device. If the front panel 10 and the rear panel 20 are
attached and bonded to each other in a chamber
charged with Ne-Xe mixed gases having a pressure of
8 x 104 Pa (0.8 atmospheric pressure), the steps of vac-
uuming and charging and sealing Ne-Xe mixed gases
in the space can be omitted.

Example 2

[0062] Example 2 is a variant of Example 1. Example
2 differs from Example 1 in that the comers of top portion
of each of the first branch electrodes 13A and the com-
ers of top portion of each of the second branch elec-
trodes 13B are rounded as shown in Fig. 3 showing a
schematic layout of the first electrodes and the ribs 25.
The first branch electrodes 13A and the second branch
electrodes 13B have the form of a rectangle each when
macroscopically viewed as a plan view. The plasma dis-
play device of Example 2 can be structured and consti-
tuted similarly to the plasma display device of Example
1 except for the above point, so that detailed explana-
tions thereof are omitted.

[0063] The presentinvention has been explained with
reference to Examples hereinabove, while the plasma
display device of the present invention shall not be lim-
ited thereto. Particulars of the constitution of the plasma
display device, materials for constituting it and the meth-
od of production thereof can be altered, selected and
combined as required. A second electrode group con-
stituted of a plurality of second electrodes may be
formed on the first substrate. That is, there may be em-
ployed a constitution in which the second electrodes are
formed on the dielectric layer 14 through an insulating
film and the extending direction of the second electrodes
and the extending direction of each main wiring make a
predetermined angle (for example, 90°).

[0064] In the plasma display device of the present in-
vention, the first branch electrode and the second
branch electrode extend from main wirings so as to go
counter to each other, so that those portions of the elec-
trodes which contribute to discharging can have a suf-
ficient length each. Therefore, the discharge regions
thereof can be broadened, so that there can be over-
come the problem that the brightness of a plasma dis-
play device decreases in spite of a simple structure.

Claims

1. Analternate-current driven type plasma display de-
vice having;

(a) afirst panel (10) comprising a first substrate
(11); an electrode group constituted of a plural-
ity of electrodes formed on the first substrate
(11); and a dielectric layer (14) formed on the
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electrode group and on the first substrate (11),
and

(b) a second panel (20) comprising a second
substrate (21); fluorescent layers (24) formed
on or above the second substrate (21); and ribs
(25) which extend forming a predetermined an-
gle from the extending direction of the elec-
trodes and are formed between the adjacent
fluorescent layers (24),

wherein a pair of the opposed electrodes
comprises;

(A) a first main wiring (12A),

(B) a second main wiring (12B) extending in
parallel with the first main wiring (12A),

(C) afirst branch electrode (13A) which extends
between the adjacent ribs (25), extends from
the first main wiring (12A) toward the second
main wiring (12B) and extends short of the sec-
ond main wiring (12B), and

(D) a second branch electrode (13B) which ex-
tends between the adjacent ribs (25), extends
from the second main wiring (12B) toward the
first main wiring (12A) and extends short of the
first main wiring (12A) such that the second
branch electrode (13B) is opposed to the first
branch electrode (13A), and

discharging being to take place between the
first branch electrode (13A) and the second branch
electrode (13B).

The alternate-current driven type plasma display
device according to claim 1, in which the first branch
electrode (13A) and the second branch electrode
(13B) generally have a rectangular form when
viewed as a plan view.

The alternate-current driven type plasma display
device according to claim 1, in which the corners of
the top end portion of each first and second branch
electrode (13A, 13B) are removed or rounded.

The alternate-current driven type plasma display
device according to claim 1, in which L < L, is sat-
isfied where L, is a distance between the first
branch electrode (13A) and the second branch
electrode (13B) and L, is a distance between the
first main wiring (12A) and the top end portion of the
second branch electrode (13B) or a distance be-
tween the second main wiring (12B) and the top end
portion of the first branch electrode (13A).

The alternate-current driven type plasma display
device according to claim 1, in which the distance
between the first branch electrode (13A) and the
second branch electrode (13B) is less than 5 x 10-5
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m.

The alternate-current driven type plasma display
device according to claim 1, in which an electrically
conductive material for the first and second main
wirings (12A, 12B) and an electrically conductive
material for the first and second branch electrodes
(13A, 13B) are different from each other.

The alternate-current driven type plasma display
device according to claim 6, in which the electrically
conductive material for the first and second branch
electrodes (13A, 13B) is transparent to light emitted
from the fluorescent layers.

The alternate-current driven type plasma display
device according to claim 1, in which a second elec-
trode group constituted of a plurality of second elec-
trodes (22) is formed on the second substrate (21),
and the fluorescent layers (24) are formed on or
above the second electrodes (22).



EP 1 093 148 A1

Fig. 1

7 Saneea eSS\ 7
r/////x/%%/x//&%/%/@
A \/m

77NN

r////////// ATy //////N
A

// NN '

7///////// RN NN

A\\\\ 77T
D

ANNANNNNNNNNNNNVE:
N////////////%///w////%%//%///////%//////%///%%/ N
IS Z

<€
3

R

==

\\\\\&\

N

(8]
-~ Q\]

S—

XX/
AN

§




EP 1 093 148 A1

LIGHT
EMITTING

Fig 2

13



EP 1 093 148 A1

Fig 3

%/ SN NJ
AT T R R RN
| 77777 R
5k .
77 SNNNNANNNNNNNNNN
N T
| R TIIAIAIAAIL S,

. 5]
- NN\ y
AMHIINmT ///Z
sz \\\\\\\mé

T SRS B
?////////ﬂ/////%%/%////%///%/////&/%
)77 7777777777




EP 1 093 148 A1

F1g9. 4A

1
() (+)
CATHODE /’I)?[ LV / 2 A @ ~ ANODE
/7 VNN N
ABCDE F G DISCHARGE
TUBE
F1g 4B
~)
N\
EL ECTRODE /’IJ@@ lV //ZJ @l@l‘g\ ELECTRODE
TV VRN
ABCDE F S EDCBA
DISCHARGE

TUBE

15



EP 1 093 148 A1

F1g b5A

&,
8ISCHARGE
. ELL
ELECTRODE —/’lJ%@@lI:N ELECTRODE
S/ NN

DISCHARGE

’ — CELL

ELECTRODE "~ ELECTRODE

ok

16



EP 1 093 148 A1

(PRIOR ART)
LIGHT

Fig 6

EMITTING

17



EP 1 093 148 A1

Fi1g. 7

(PRIOR ART)

Aﬂﬂw
AT ///%M///////////
NN
AN / .
V/MW ////////// \\V///N
7 1.
AN m
7/\V A WV\\W%
- 2 e .
m// W
A IIIITTRTERRRRRRRNSH
@V\/V V?/K




EP 1 093 148 A1

Fig 8

(PRIOR ART)

\\f

%

3
T

i&\

7
%/

?’
/
é

?
.

Y 7
AT //%//%/w/%
<
N .
// N / \m\\w
Y
N
/// / /w\\/ "
%
//////// AN //\V///N
3 N\
nvﬂ _
// / /\\\m
NS — &
DO NN

N




EPO FORM 1503 03.82 (P04C01)

D)

EP 1 093 148 A1

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 00 40 2827

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (Int.CL.7)

X

P,X

P,X

EP 0 580 868 A (NORITAKE CO LTD)
2 February 1994 (1994-02-02)
* figure 4; example 2 *

US 5 066 890 A (DESCHAMPS JACQUES ET AL)
19 November 1991 (1991-11-19)

* column 5, Tine 30 -~ column 6, line 7;
figure 2 *

US 5 962 974 A (EBE MASAOMI ET AL)

5 October 1999 (1999-10-05)

* column 4, Tine 8 - line 17; figure 1 *
* column 6, 1ine 49 - column 7, line 9;
figure 6 *

EP 0 996 138 A (SONY CORP)

26 April 2000 (2000-04-26)

* column 28, Tine 34 -~ line 50; claim 24;
figures 19,20 *

EP 1 024 516 A (MATSUSHITA ELECTRONICS
CORP) 2 August 2000 (2000-08-02)

* page 8, line 35 - Tine 42; figure 14 *
-& JP 11 126561 A (MATSUSHITA ELECTRIC IND
CO LTD) 11 May 1999 (1999-05-11)

* abstract *

The present search report has been drawn up for all claims

1,2,5

1,2

1,3,5-8

1,3,5,8

1,3,5,8

H01J17/49

TECHNICAL FIELDS
SEARCHED (Int.CL.7)

HO1J

Place of search Date of completion of the search

THE HAGUE 17 January 2001

Examiner

F de Ruyter-Noordman

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O non-written disclosure

P : intermediate document document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, coresponding

20




EP 1 093 148 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 00 40 2827

This annex lists the patent family membersrelating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

EPO FORM P0459

17-01-2001
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0580868 A 02-02-1994 JP 2593761 B 26-03-1997
Jp 5217510 A 27-08-1993
DE 69311451 D 17-07-1997
DE 69311451 T 29-01-1998
KR 138075 B 27-04-1998
us 5493175 A 20-02-1996
CA 2106395 A 07-08-1993
WO 9316482 A 19-08-1993
US 5066890 A 19-11-1991 FR 2648953 A 28-12-1990
DE 69016280 D 09-03-1995
DE 69016280 T 24-05-1995
EP 0404645 A 27-12-1990
JP 3055746 A 11-03-1991
JP 3100387 B 16-10-2000
US 5962974 A 05-10-1999 JP 10162744 A 19-06-1998
EP 0996138 A 26-04-2000 CN 1260579 A 19-07-2000
EP 1024516 A 02-08-2000 CN 1276913 T 13-12-2000
Wo 9909579 A 25-02-1999
JP 11126561 A 11-05-1999

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

21




	bibliography
	description
	claims
	drawings
	search report

