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[57] ABSTRACT

A plasma display panel device has a pair of electrodes
arranged to face with each other with a sealed dis-
charging gap therebetween in which a dischargeable
gas is filled. When a voltage is impressed between the
electrodes an electrical discharge of the gas will be
caused and provide luminescence to display a charac-
ter, such as a letter or a figure in accordance with the
selected electrodes. Only one insulating layer, which
covers one of the pair of the electrodes, is needed to
effectively operate the display.

A wall charge having an opposite polarity to that of
the electrode voltage is provided on the insulating
layer whereby a decrease of the electrode voltage can
be prevented and the memory function, capable of
turning ‘‘on” (to write) -and “off’" (to erase) by
impressing a write pulse or an erase pulse, is formed.
The single insulating layer enables a decrease of the
operation voltage, a high resolution and an accurate
writing and erasing to be realized.

3 Claims, 5 Drawing Figures
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1
PLASMA DISPLAY PANEL DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to a plasma display
panel device, and more particularly to a plasma display
panel device having electrodes which form a matrix or
mosaic type pattern for displaying characters, such as
letters or figures.

2. Description of the Prior Art

In the past, various types of plasma display devices
having matrix type electrodes have been developed. A
separate insulating plate was adhesively provided on
each of two groups of electrodes which were faced with
each other.

The insulating plates provided, by electrostatic
charge, a wall voltage which was of an opposite polarity
to the applied electrode voltage, whereby the decrease
of the electrode voltage would be prevented, and the
memory function, capable of writing and erasing, was
formed by impressing a write pulse or an erase pulse
and thereby provided the desired operation.

While somewhat satisfactory, since the insulating
plates were respectively provided on each group of
electrodes, two sheets of the insulating plates between
the two groups of electrodes were required and accord-
ingly, the electric field intensity in the discharging gap
was relatively low compared to the voltage impressed
on the electrodes. As a result thereof a relatively high
operation voltage was needed.

Moreover, the concentration of the electric field dis-
tribution on the electrodes was adversely affected by
the insulating plates and broadened the discharge
thereby preventing the attainment of a high resolution.

An _additional problem with the prior art display
panel device was that since the discharging gap was sur-
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rounded by the insulating plates, it was hard to provide

the required free electrons which were necessary for
the initiation of a discharge, thereby causing inaccurate
writings to occur.

Still further in the past, it was also hard to locate the
timing of the impressed pulses, during the discharge,
for eliminating the wall charge at the time of turn off.

One attempt in the past to improve the above prob-
lems was to improve the electric field condition in the
discharging gap by using thinner insulating plates. Ac-
cordingly, insulating plates having 50 — 14um of thick-
ness were preferably used. A problem here was that
such plates have the disadvantage of being too brittle
and were hard to make. -

SUMMARY OF THE INVENTION

It is an object of this invention to provide a new and
improved unique plasma display panel device. ‘

It is another object of this invention to provide a new
and improved unique plasma display panel device ca-
pable of operating at a relatively low voltage and which
provides a high resolution for increasing reliability in
writing and erasing. ' '

It is still another object of this invention to provide
anew and improved unique plasma display panel which
is easily prepared by fixing an insulating layer to only
one group of electrodes. .

yet one further object of this invention is to provide
a new and improved unique plasma display panel de-
vice wherein one group of electrodes are formed in a
mosaic type pattern to simplify the display driving cir-
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cuit and to enable characters and graphs to be dis-
played with high resolution. C

Briefly, the foregoing and other objects are in one as-
pect attained in accordance with this invention by the
provision of a plasma display panel device having a first
group of electrodes which are provided on one surface
of a first transparent insulating base plate and a second
group of electrodes positioned to face the first group of
electrodes and being provided on asurface of a second
insulating base plate. Only one insulating layer is pro-
vided between the first group of electrodes and the sec-
ond group of electrodes. A spacer is provided and
forms an airtight sealed gap between the first group of
electrodes and the second group of electrodes through
the single insulating layer. A dischargeable gas is
charged in the gap formed between the first group of
electrodes and the second group of electrodes such that
an electrical discharge of the gas is caused to display a
character.

DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of this inven-
tion will become more readily appreciated by reference
to the following detailed description, when considered
in connection with the accompanying drawings, -
wherein:

FIG. 1 is a partial cross-sectional schematic view of
one embodiment of a conventional prior art plasma dis-
play panel device; ' '

FIG. 2 is a partial cross-sectional schematic view of
one preferred embodiment of a plasma display panel
device using matrix type electrodes in accordance with
this invention; -

FIG. 3 is a partial cross-sectional schematic view of
another preferred embodiment of the plasma display
panel device using matrix type electrodes in accor-
dance with this invention; : )

FIG. 4 is a front sectional view of still another pre
ferred embodiment of the plasma display panel device

'using mosaic type electrodes in accordance with this

invention; and »

FIG. 5 is a schematic view of a segment electrode
used for the embodiment of FIG. 4 for displaying a mo-
saic type numeral figure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, wherein like refer-
ence numerais designate identical .or corresponding
parts throughout the several views and more particu-
larly to FIG. 1 thereof wherein a conventional plasma
display panel device is shown as including two sheets of

" a thin. insulating glass plate (2) and (2a). The glass
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plates (2) and (2a) are separatedd by a spacer (1) to
thereby form a discharging cell. Two transparent rein-
forcing glass plates (4) and (4a) are further provided
and each of the same has a respective group of a plural-
ity of strip type electrodes (3) and (3a) adhered on an
outer surface of the insulating glass plates. A discharge-
able gas, such as neon, is sealed in a discharging gap (5)
which is located between the two separated sheets of
the insulating glass plates (2) and (2a). An A.C. volt-
age is impressed between the two groups of the elec-
trodes (3) and (3a) for electrically discharging the gas
at the points of inter-section (6) of the electrodes (3)
and (3a) to thereby sustain a luminescence, once
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turned “on” by a write pulse until turned *“‘off” by an
erase pulse

The main function of the thin insulating glass plates
(2) and (2a) between the groups of electrodes (3) and
(3a) and the discharging gap (5) is to separately trap
ions and electrodes which are generated by the dis-
charge and which are moved to different directions by
the electrode voltage. In accordance with the charges

so formed, a wall voltage havmg an opposite polarity to

that of the electrode voltage is provided. The wall volt-
age will increase, depending upon the discharge, to
thereby decrease the electrode voltage and to finally
stop the discharge, such as to prevent any decrease or
deterioration of the electrode which could be caused
by a severe discharge.

The insulating glass plates (2) and (2a) enable the
memory function which is one of the most advanta-
geous characteristics of the display panel to be pro-
vided. The memory function results from the fact that
portions of the applied A.C. voltage are lower than that
necessary for causing ignition of a discharge and the
same are usually impressed on the electrodes. When a
lighting is required and the voltage of a narrow width
pulse is impressed for causing a discharge, the wall volt-
age is formed to thereby reverse the polarity of the
A.C. voltage, whereby the polarity of the wall voltage
will coincide with that of the A.C. voltage. The wall
voltage is thus combined with the A.C. voltage.

Accordingly, even though the A.C. voltage is low, a
voltage which is higher than that required for ignition
of a discharge will be impressed on the discharge gap
so that the discharge is intermittently repeated for each

" reversing of the polarity of the applied A.C. voltage.

In order to stop a discharge, a negative pulse, like the
lighting pulse, is impressed at the time of discharge to
thereby eliminate the wall charge. While the insulating
glass plates (2) and (2a) provide advantageous charac-
teristics for the display panel, since they are each re-
spectively combined with a group of electrodes, the
electric field intensity in the discharging gap is rela-
tively low compared to the voltage impressed on the
-electrodes. This results in the requirement of a high
voltage operation. The concentration of the electric
field distribution on the electrodes is also adversely af-
fected by the insulating glass plates and tends to
broaden the discharge, preventing a high resolution
from being realized. Moreover, since the discharge gap
is surrounded by the insulating plates, it is hard to gen-

erate the free electrons required for the initiation of the

discharge, whereby the accuracy -of lighting is inferior.

Referring now to the present invention, it will be seen
that the above-mentioned disadvantages can be re-
moved by providing an insulating material such as an
insulating glass plate on the surface of only one group

of electrodes. The other. insulating material is - elimi-
nated.

FIG. 2 is a schematic view of one preferred embodi-
ment of a plasma display panel device .in accordance
with this invention. The plasma display panel device is
shown as including a pair of the reinforcing glass plates
(4) and (4a) which are positioned to face with each
other and which respectively have a plurality of crossed
conductive strip type electrodes (3) and (3a). Only one
sheet of an insulative layer (2), such as an insulating
glass plate, is provided between the palr of reinforcing
glass plates (4) and (4a). A spacer (1) is provided be-
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4

tween the insulating layer (2) and one of the pair of the
glass plate electrodes (3) or (3a).

It should be understood that at least one of the rein-
forcing glass plates (4) and (4a) should be made trans-
parent, so that the luminescence caused by a gaseous
discharge can be seen exterior to the device. '

It should further be understood that the strip type
electrodes (3) fixed to the reinforcing glass plate (4)
are arranged in parallel in a horizontal direction while
the strip type electrodes (3a) fixed to the reinforcing
glass plate (4a) are arranged in parallel in a vertical di-
rection. The two groups of electrodes (3) and (3a)
thereby form matrix type electrodes which three di-
mensionally cross each other.

The insulating layer, such as the sheet of the insulat-
ing glass plate (2), is directly fixed on the strip type
electrodes (3a) of the reinforcing glass plate (4a) and
thereby covers the electrodes (3a). The insulating glass
plate (2) is made of a material which is capable of
forming a wall charge and is preferably glass having a
high content of lead and a low melting temperature
point. The invention is not so limited, however, and it
is possible to use a heat resistant organic material, such
as polyimide or polyamide, for the insulating glass plate
(2). The spacer (1) is made of either an insulating or
a conductive material and is fixed to the surface of the
insulating layer (2) which is opposite to that surface
which is fixed to the electrodes (3a). The reinforcing
glass plate (4a) which has one group of the electrodes
attached thereto is arranged so as to connect the spacer
(1) to the reinforcing glass plate (4) which has the
other group of electrodes attached thereto. A discharg-
ing gap (5) is formed between both groups of the elec-
trodes (3) and. (3a) for charging a dischargeable gas,
such as neon, in the discharging gap. The groups of
electrodes (3) and (3a) and the insulating layer (2)
forms an air-tight seal.

In operation, when an A.C. voltage lmpressed to
cause an electric discharge on the strip type electrodes
selected from the groups of the .electrodes (3) and
(3a), the electrons or ions so generated will be trapped
on the insulating layer (2) in accordance with the po-
larity of the electrode voltage and thereby form a wall |
voltage It should be understood that the electrode volt-
age is cancelled by the wall voltage in order to prevent
a severe discharge. When the polarity of the A.C. volt-
age impressed on the electrodes is reversed, then the
same will coincide with that of the wall voltage so that

- the A.C. voltage will be added to the wall voltage and

thereby impart the memory function.

. With the present invention, since one group of the
electrodes, shows as group (3), is exposed in the dis- -
charging gap (5), the electric field intensity in the dis-
charging gap (5) will be relatively high compared with

- that of the prior art wherein two insulated layers were

used. Accordingly, the operation voltage can be de-
creased. Since with the present invention, the-concen-
tration of the eléctric field on the electrodes is high a
panel having hrgh resolution and writing and erasing is
formed.

Also with the present invention because of the mobil-
ity of the ions in the discharging gap, it should be ap-
parent that when the polarity of the exposed group of
electrodes is positive and the polarity of the insulating
group of electrodes is negative and an erase pulse is im-
pressed, it will be easy to eliminate the wall charge and
thereby accurately erase the luminescence.
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FIG. 3 is another embodiment of the plasma display
panel device of this invention, wherein spacers (1) and
(1a) are respectively fixed to both surfaces of the single
sheet of the insulating layer (2) and each group of the
electrodes (3) or (3a) is attached to each spacer to
thereby form two discharging gaps (5) and (54) on
both sides of the insulating layer (2).

In this embodiment, it should be understood that the
electrons and the ions are trapped on the insulating
layer (2) to form the wall voltage in 2 manner like that
of the embodiment shown in FIG. 2. Accordingly, it is
again possible to avoid a severe discharge and to pro-
vide the desired memory function. Since in the present
embodiment both groups of the electrodes are exposed
in each of the discharging gaps, it is possible to provide
the advantage of a decrease in the operation voltage to
result in a high resolution display device having high
writing and erasing accuracy.

The above described embodiments use two groups of
a plurality of strip type electrodes (3) and (3a) which
" are arranged in a matrix form. However, the means for

impressing a voltage to the matrix shaped electrodes is
complicated, when the embodiment is used for simply
displaying numerical figures, and the like. Under such
conditions the mosaic shaped electrode is preferred, as
hereinafter described.

"FIG. 4 is a front sectional view of a display panel in
accordance with this invention for displaying charac-
ters. In FIG. 4, the reference numeral (4a) designates
a transparent glass base plate and the reference nu-
meral (7) designates segment electrodes which show a
numerical character in a mosaic form. The segment
electrodes (7) are fixed on the surface of the glass base
plate (4a). Each electrode has a terminal for enabling
a voltage to be impressed thereon. The reference nu-

“meral (2) designates a transparent insulating layer,
such as glass, which covers the segment electrodes (7).
The reference numeral (1) designates a spacer, and the
reference numeral (8) designates a position setting
electrode having a plate or net shape and having a ter-
minal for impressing a voltage thereon. The position
setting electrode (8) is fixed on the insulating base
plate (4), such as made of glass or ceramic. The glass
base plate (4a), having the electrodes (7), and the base
plate (4), having the electrode (8), are faced with each
other and are air-tight sealed through the spacer (1) to
preserve the gap (5), wherein neon or the like is
charged to form a gas therein. )

A display element (9) for displaying characters is
thus formed by the combination of the electrodes (7),
the electrode (8) and the gas gap (5). It should be un-
derstood that a desirous number of such display ele-
ments are arranged to form a numeral display panel for
enabling many characters to be displayed.

In the embodiment shown in FIG. 4, the segment
electrodes (7) are covered by the insulating layer (2),
however, it is possible to modify the same such that the
position setting electrode (8) is covered by the insulat-
ing layer and thereby expose the segment electrodes
(7) in the gas gap (5).-

It is also possible to modify the embodiment of FIG.
4 such that a single continuous metal plate of sufficient
strength can be used as the position setting electrode
(8) thereby eliminating the base plate (4), if the gap
between the groups of electrodes can be air-tight
sealed.
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It is also possible with the embodiment of FIG. 4 to
provide other modifications such as having the base
plate (4) formed into one piece with the spacer (1). In
the plasma discharge system of the present embodi-
ment, it is possible as is well known to provide a mem-
ory function by impressing a write pulse having a volt-
age such as of 10 KH, between the electrodes (7) and
the electrode (8) to maintain the plasma discharge
along the segment electrodes (7) and thereby to display
a character. On the other hand, it is well known that it
is possible to eliminate the display by impressing an
erase pulse. '

When the shape of the numerical character shown in
FIG. 5 is used as a mosaic type letter, it should be un-
derstood that the number of segment electrodes (7) is
7, while the number of position setting electrodes (8)
is 1. Accordingly, it is possible to display the numeral
of I — (6) and a dot and non-mark by selectively im-
pressing a voltage to the eight electrodes, whereby the
display driving circuit is greatly simplified as compared
to one using matrix type electrodes. -

As stated above, it should now be apparent that in ac-
cordance with this invention, the manufacture of a dis-
play device is simplified since only one insulating glass
plate is used for arranging two groups of electrodes.
Moreover, the important functions of providing a de-
crease in the operation voltage, having a high resolu-
tion and having accurate writing and erasing, is greatly
improved compared to that of the heretofore conven-
tional display panel devices.

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described
herein.

Accordingly, what is claimed as new and desired to
be secured by Letters Patent of the United States is:

1. A ptasma display panel comprising: . - :

a first base plate having an inner surface and an outer

surface, . . : :

a first electrode disposed adjacent to the inner sur-

face of the first base plate, ' ‘

-a second base plate having an inner surface and an

outer surface, ‘ ]
aspacer disposed between the first base plate and the
second base plate,

a second electrode disposed adjacent to the inner

surface of the second base plate,

the second electrode being further disposed opposite

the first electrode and a gap formed therebetween
by said spacer,

a continuous insulating layer having aninner surface

and an outer surface disposed within the gap,
the gap being otherwise occupied in its entirety by a
dischargeable gas, IR

the first electrode being disposed between the inner
surface of the first base plate and the outer surface
of the insulating layer, '

whereby an electrical discharge of the gas in the gap

occasioned by application of a voltage of a given
polarity to the first and second electrodes estab-
lishes a wall voltage of opposite polarity on the
inner surface of the insulating layer.

2. A plasma display panel in accordance with claim
1 wherein one of the electrodes comprises a plurality
of electrode segments. '
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3. A plasma display panel comprising:

a first base plate having an inner surface and an outer
surface, '

a first electrode disposed adjacent to the inner sur-
face of the first base plate,

a second base plate having an inner surface and an
outer surface,

first and second spacers disposed between the first
base plate and the second base plate,

a second electrode disposed adjacent to the inner
surface of the second base plate,

the second electrode being further disposed opposite
the first electrode and a gap formed therebetween
by said spacers, '
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8

a continuous insulating layer having first and second
surfaces disposed within the gap,

the gap being otherwise occupied in its entirety by a
dischargeable gas,

the insulating layer being so disposed so as to permit
a first portion of the dischargeable gas to be dis-
posed between the first electrode, the first spacer
and the first surface of the insulating layer and’
being so disposed so as to permit a second portion

of the dischargeable gas to be disposed between the
second electrode, the second spacer and the sec-

ond surface of the insulating layer.
* ok k% X



