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57 ABSTRACT 
The present invention relates to a plasma display 
panel comprising two substrates defining a gap in 
which an ionizable gas is disposed. On at least one of 
the substrates there are a plurality of electrodes dis 
posed on the side thereof closer to said gap. Covering 
said electrodes are dielectric means which contact 
said gap. The dielectric means comprises a first por 
tion having a high secondary electron emissivity and a 
second portion having a secondary electron emissivity 
lower than said first portion. The plasma display panel 
according to the present invention can be used to im 
prove the definition of a displayed pattern in the 
plasma display panel, or as a self shift plasma display 
panel, and or as a pattern generator in an information 
processing system. 

8 Claims, 12 Drawing Figures 
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3,818,258 
DISPLAY DEVICE UTILIZNG GAS DSCHARGE 

DETAILED EXPLANATION OF THE INVENTION 

The present invention relates to an improvement of 
the display device utilizing gas discharge, especially to 
a novel display device which utilizes gas discharge di 
electric walls contacting a gap filled with gas capable 
of ionization and is partially composed of two kinds of 
dielectric materials having respectively different secon 
dary electron emissivity. 
Generally, in a display device utilizing gaseous dis 

charge, electrodes covered with dielectric layers are 
positioned to face each other. Between them, is a gap 
filled with gas capable of ionization. An alternating sus 
taining voltage is applied between the electrodes facing 
each other, and the discharge spots are produced when 
a writing voltage larger than the firing voltage is added 
to the sustaining voltage. When the discharge spots are 
produced, charges corresponding to the polarity of the 
applied voltage are formed. When the potential differ 
ence between the wall voltage due to the wall charges 
and the following sustaining voltage becomes larger 
than the firing voltage, the discharge spot is again pro 
duced, and the polarity of the wall voltage is reversed. 
Accordingly, once the discharge is produced, a sustain 
ing voltage lower than the firing voltage can continu 
ously produce the discharge spot. That is, the written 
information is memorized in the form of a wall voltage 
and the display can be carried out. Such a gaseous dis 
charge panel has become known in the art as the 
"plasma panel,' and when it is utilized for display pur 
poses, it is commonly called the "plasma display pa 
nel.' 
On the other hand, a display device capable of self 

shifting discharge spots is proposed as a modification of 
the display device utilizing gas discharge. Such a device 
is one of the plasma display panels and can shift the in 
formation of a discharge spot generated in the gap 
filled with gas capable of ionization by using the "pri 
mary current effect." The "primary current effect' is 
a phenomenon wherein the firing voltage for an adja 
cent point to the discharge point is decreased due to 
the emission of electrons, ions and metastable atoms 
produced by discharge. By the primary current effect, 
the discharge spot can be shifted in a predetermined 
direction by applying in order a polyphase voltage to 
the electrodes. 
For carrying out the above-mentioned shift action in 

each column respectively, it is required that each col 
umn be mechanically or electrically separated in the 
direction of the shift. To achieve this purpose, it has 
been proposed that mechanical insulation barriers be 
provided between each column. However, mechanical 
barriers not only make the structure itself complicated, 
but also make the assembly work very complex. Fur 
ther, the space between the columns becomes inevita 
bly large and consequently, the displayed figure be 
comes unsightly. It has also been proposed that other 
electrodes be provided in the center of the columns or 
between each column, and a suitable voltage be sup 
plied to these other electrodes to separate electrically 
the mutual effect between the columns. However, reli 
able functioning cannot be anticipated with this 
method. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

. 60 

65 

2 
The object of the present invention is to improve the 

above-mentioned drawbacks of the plasma display 
panel of the prior art. 
Another object of the present invention is to provide 

a plasma display panel capable of self shifting the dis 
charge spot by providing electrical barriers on the sur 
face of the dielectric layer. 
A further object of the present invention is to provide 

a plasma display panel which can produce figures de 
fined by small, fine spots by providing electrical barri 
ers on the surface of the dielectric layer. 

Still another object of the present invention is to pro 
vide a plasma display panel which can be used as a pat 
tern generator, utilizing the difference between firing 
voltages, by providing electrical barriers on the surfac 
of the dielectric layer. 

In the present invention, the surface of the dielectric 
layer covering the electrodes, which face each other 
with a gap therebetween filled with gas capable of ion 
ization, is partially composed of two dielectric portions. 
The surface of one of the dielectric portions has a large 
secondary electron emissivity and that of the other di 
electric portion has a small secondary electron emissiv 
ity. In the device capable of self shifting the discharge 
spot, the above difference in secondary electron emis 
sivities is utilized to separate each column and in the 
usual matrix type display device, to restrict the position 
of the discharge spot. 
The present invention is especially effective in the 

display device utilizing gas discharge and having a func 
tion of self shifting discharge spots. However, as men 
tioned above it is also effective in the usual matrix type 
display device utilizing gas discharge. 

Further features and advantage of the present inven 
tion will be apparent from the ensuing description with 
reference to the accompanying drawings to which, of 
course, the scope of the invention is in no way limited. 

FIG. 1 is a general view of the typical plasma display 
panel; 

FIG. 2 is a sectional view of the plasma display panel 
shown in FIG. 1; 
FIG. 3 is a plan view of the conventional plasma dis 

play panel capable of self shifting the discharge spot; 
FIG. 4 is a plan view of one embodiment of the 

plasma display panel capable of self shifting the dis 
charge spot according to the present invention; 
FIGS.5A and 5B are two examples of sectional views 

along A-A of the plasma display shown in FIG. 4; 
FIGS. 6A and 6B are sectional and plan views of an 

other embodiment of the plasma display panel accord 
ing to the present invention; 
FIG. 7 is a further embodiment of the plasma display 

panel according to the present invention; 
FIG. 8 is still another embodiment of the plasma dis 

play panel according to the present invention; 
FIGS. 9A and 9B are plan views of still another em 

bodiment of the plasma display panel according to the 
present invention. 

Referring to FIG. 1, a display device utilizing a gase 
ous discharge 1 has a pair of substrates 2 and 2a 
supporting electrodes. The supporting substrate 2 pro 
vides a group of electrodes 3 arranged in columns, 
which are parallel to a vertical axis and are covered by 
a dielectric layer 4. The supporting substrate 2a 
provides a group of electrodes 3a arranged in rows, 
which are parallel to a horizontal axis and are covered 
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by a dielectric layer 4a. The supporting substrates of 
electrodes 2 and 2a are positioned in spaced parallel 
relation so that the groups of electrodes 3 and 3a are 
disposed at right angles to each other. As shown in FIG. 
2 these parallel rows and columns are separated from 
each other by a gap 5. This gap 5 is filled with a rare 
gas having a suitable pressure and being capable of ion 
ization. When the device is utilized for display pur 
poses, it is necessary that at least one of the substrates 
2, 2a and one of the dielectric layers 4,4a are transpar 
ent. 

In the above-mentioned display device utilizing gas 
discharge 1 shown in FIGS. 1 and 2, when an electric 
voltage higher than the firing voltage V is selectively 
applied between the groups of electrodes in columns 3 
and rows 3a, each cross point of the electrodes in col 
umns and rows discharges into the gap 5 filled with ion 
izable gas. At the time of this discharge, a wall charge 
is formed on the surfaces of the dielectric layers 4 and 
4a corresponding to the above-mentioned cross point. 
With the effect of this wall charge, the discharge, once 
generated, is sustained with the pulsive sustaining volt 
age V, smaller then the firing voltage V. That is, the 
input information which is the voltage exceeding the 
firing voltage V is memorized by the above-mentioned 
wall charge. 
Referring to FIG. 3, this device provides a plurality 

of shift electrodes 12, 13, 14, 15, etc. arranged parallel 
and connected at intervals of two electrodes to a com 
mon buss of a three phase alternating current electric 
source. Also, a plurality of write electrodes 11 is ar 
ranged in every column longitudinally along the first 
shift electrode 12. These electrodes 11, 12, 3, 14, 15, 
etc., are covered with a dielectric layer and face a gap 
filled with gas capable of ionization. 
When the firing voltage is supplied between the write 

electrode 11 and the first shift electrode 12, a discharge 
spot 17 is produced between these two electrodes. In 
this case, when the three phase sustaining voltage is 
commutated to shift electrodes 12, 13, 14, etc., in or 
der, the above-mentioned discharge spot is shifted in 
order, in a direction at right angles to the shift elec 
trodes. However, to carry out the above-mentioned 
shift action, it is required that each column be mechan 
ically or electrically separated in the direction of the 
shift. To achieve this purpose, it has been proposed that 
mechanical insulation barriers 16 be provided between 
each column for the purpose of preventing the devia 
tion of the discharge spot as shown in the deviation 19. 
However, the mechanical barriers 16 not only make the 
structure complex, but also complicate assembly work. 
Further, the spaces between columns become inevita 
bly large and the displayed figure becomes unsightly. It 
has also been proposed that other electrodes be pro 
vided in the center of each column or between each 
column and these electrodes be supplied by the voltage 
to separate electrically the mutual effect between the 
columns. However, reliable functioning cannot be an 
ticipated with this method. 
The preferable embodiment according to the present 

invention will now be explained with respect to FIGS. 
4-9. FIGS. 4, 5A and 5B are one example of the pres 
ent invention applied to the device capable of self shift 
ing discharge spots. The electrodes 12, 13, 14, 15, etc., 
shown in FIG. 4 are formed parallel to the common 
plane of the base plate 24 which is shown in the sec 
tional view of FIG. 5A. As in FIG. 5A, the wall surface, 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
which is composed of two portions 20 and 21, covers 
the above-mentioned electrodes and faces another base 
plate 22 and gap 23 between them is filled with gas ca 
pable of ionization. The dielectric wall surface 21, 
which contacts the gap 23 at positions corresponding 
to each column, can be constructed with material hav 
ing high secondary electron emissivity yi, for example, 
low melting temperature glass which includes more 
than 70 per cent PbO. The dielectric wall surface 20, 
which contacts the gap 23 between each column, can 
be constructed with material having a lower secondary 
electron emissivity yl than that of material 21, for ex 
ample, Al2O3, SiO, . Referring to FIG. 5A, the dielec 
tric wall surfaces 20, which separate each column, are 
disposed on the dielectric wall surface 21, which has 
high secondary electron emissivity ytt. Referring to 
FIG. 5B, the dielectric wall surfaces 20, having low sec 
ondary electron emissivity yi, are buried between each 
column in the dielectric wall surface 21, having high 
secondary electron emissivity yi, in such a manner that 
the surfaces of 20 and 21 facing the gap 23 have the 
same surface plane. 
As a result of this, a difference of the firing voltages 

in a ratio of about 1 : 2 is produced between the dielec 
tric wall surface 21, composed of low melting tempera 
ture glass including PbO, and the dielectric wall surface 
20, composed of high melting temperature glass includ 
ing AlO3, due to the difference in secondary electron 
emissivity. This difference of firing voltages between 
the dielectric wall surfaces 20 and 21 can be increased 
to a ratio of about 1 : 5 by chemically treating with ce 
sium Cs or a compound of cesium Cs the dielectric ma 
terial having a high secondary electron emissivity y. 
Furthermore, this difference in the secondary electron 
emissivity can also be provided by selectively treating 
the dielectric surface by means of etching with acid or 
alkaline solvent. Then, when the voltage applied to the 
shift electrodes 12, 13, 14, etc., is previously selected 
below the firing voltage of the dielectric wall surface 
20, having a low secondary electron emissivity y, the 
discharge spots of each column can be prevented from 
moving to an adjacent column. 
FIGS. 6A and 6B represent another embodiment of 

the present invention applied to the device capable of 
self shifting the discharge spot. Referring to the sec 
tional view shown in FIG. 6A, a plurality of electrodes 
25 disposed in parallel on the base plate 22 are covered 
with a first dielectric layer 26. As is clear from the plan 
view of FIG. 6B, second dielectric layers 27 are pro 
vided at right angles to the electrodes 25 on the surface 
of the first dielectric layer 26. On the other hand, a plu 
rality of electrodes 25a, disposed parallel to the base 
plate 24 are covered with a first dielectric layer 26a. 
The second dielectric layers 27a disposed parallel to 
and between the electrodes 25a are provided on the 
surface of the first dielectric layer 26a. As already 
shown, the group of electrodes 25 and that of elec 
trodes 25a are disposed at right angles to each other 
and the second dielectric layers 27 and 27a are dis 
posed parallel to and facing each other with the gap 23 
filled with ionizable gas therebetween. The first dielec 
tric layers 26, 26a and the second dielectric layers 27, 
27a are respectively composed of dielectric materials 
having different secondary electron emissivity y. For 
example, the first dielectric layers 26, 26a can be com 
posed of low melting temperature glass which includes 
more than 70 percent PbO, and the second dielectric 
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layers 27, 27a can be composed of Al2O3 or SiO. The 
plasma display panel shown in FIGS. 6A and 6B pro 
vides electric barriers 26, 26a, 27 and 27a disposed 
parallel to the electrodes 25a. Consequently, when the 
polyphase voltage is supplied to the electrodes 25, the 
discharge spot 19 can be shifted along the passages be 
tween said electric barriers. 
FIG. 7 is a sectional view of a further embodiment of 

the present invention applied to a matrix type display 
device utilizing gas discharge. Referring to FIG. 7, X 
electrodes 15 and Y electrodes 15a, disposed respec 
tively on a pair of base plates 22 and 22a, are covered 
with dielectric layers 21 and 21a having high secondary 
electron emissivity yht. These base plates 22 and 22a 
are disposed in spaced parallel relation facing each 
other with a gap 23 filled with gas capable of ionization 
therebetween. Further, in the display device shown in 
FIG. 7, dielectric layers 20, having low secondary elec 
tron emissivity y, are provided upon the dielectric 
layer 21, having high secondary electron emissivity yi 
in positions which correspond to the intervals between 
the Y electrodes 15a. Similarly, dielectric layers 20a, 
having low secondary electron emissivity y are pro 
vided upon the dielectric layers 21a, having high secon 
dary electron emissivity yht, in positions which corre 
spond to the intervals between the X electrodes 15. Ac 
cordingly, the cross points of X electrodes 15 and Y 
electrodes 15a correspond to meshes of the dielectric 
layers 20 and 20a which are disposed in lattice form 
each other. According to the construction shown in 
FIG. 7, the cross points of X electrodes 15 and Y elec 
trodes 15a are exposed to portions of the dielectric lay 
ers 21 and 21a which have high secondary electron 
emissivity y. The firing voltages at these cross points 
are low, and, consequently, the dimensions of the dis 
charge spots generated at these cross points are re 
stricted. That is, the discharge spot is prevented from 
enlarging unnecessarily and incorrectly moving to the 
adjacent position to be discharged, as is seen frequently 
in the conventional display device. 

FIG. 8 is a sectional view of still another embodiment 
of the present invention applied to a display device uti 
lizing gas discharge. In FIG. 8, contrary to that shown 
in FIG. 7, X electrodes 15 and Y electrodes 15a, 
disposed respectively on a pair of base plates 22 and 
22a, are covered with dielectric layers 24 and 24a 
respectively, which have low secondary electron emis 
sivity. Dielectric layers 25 and 25a, having high secon 
dary electron emissivity, are disposed on the surface of 
the dielectric layers 24 and 24a, and face each other 
with the gap 23 filled with ionizable gas therebetween, 
to cover the cross points of the electrodes X and Y. In 
the construction shown in FIG. 8 the cross points of X 
electrodes 15 and Y electrodes 15a are also exposed to 
a portion of the dielectric of the layers 25 and 25a, 
which have high secondary electron emissivity y. The 
firing voltages at these cross points are low and conse 
quently, the dimensions of the discharge spots gener 
ated at these cross points are restricted. That is, similar 
to the case of FIG. 7, the discharge spot is prevented 
from enlarging unnecessarily and incorrectly moving to 
an adjacent position, as is seen frequently in the con 
ventional display device. 
FIGS. 9A and 9B are an embodiment of the present 

invention applied to a pattern generator. In the em 
bodiment shown in FIG. 9A, X electrodes 15 and Y 
electrodes 15a are disposed at right angles to each 
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6 
other in the plasma display panel. The portions of the 
dielectric layers having high secondary electron emis 
sivity are selectively provided on the selected cross 
points of the X and Yelectrodes, that is, cells 28 having 
low firing voltage are selectively provided. It is under 
stood that the above-mentioned cells 28 form a pattern 
in accordance with the desired figure, such as the char 
acter Ashown in FIG.9A. In the plasma display panel 
constructed according to FIG. 7, when the voltage hav 
ing a suitable value is supplied to the cross points of 
whole electrodes, the selected cells 28 having low firing 
voltage, that is, only the cells forming the desired pat 
tern, can fire selectively. Consequently, the electric sig 
nal corresponding to the pattern can be obtained by 
reading electrically the state of each cell. As shown in 
FIG.9B, the same effect can be obtained by the nega 
tive pattern 29 having low secondary electron emissiv 
ity disposed on the surface of a dielectric layer having 
high secondary electron emissivity and making the high 
firing voltage correspond to the portion of the negative 
pattern. 
What is claimed is: 
1. A display device utilizing gas discharge which is 

composed of: 
a. a pair of substrates which are facing each other so 

as to define a discharge gap which is filled with a 
gas capable of ionization, 

b. a plurality of electrodes which are disposed on at 
least one of said substrates on the side thereof 
closer to said gap, and 

c. dielectric means covering said electrodes and con 
tacting said discharge gap, said dielectric means 
comprising a first portion which has a high secon 
dary electron emissivity in accordance with a pre 
determined configuration and a second portion 
which has a secondary electron emissivity lower 
than that of said first portion. 

2. A display device according to claim 1 wherein said 
plurality of electrodes are disposed in parallel, wherein 
said second dielectric portion comprises a layer cover 
ing said electrodes, and wherein said first dielectric 
portion comprises a plurality of strips disposed in 
contact with said dielectric layer and facing said gap. 

3. The display device according to claim 2 with the 
addition of means for applying a polyphase voltage to 
said electrodes thereby shifting discharge spots gener 
ated between adjacent electrodes along said strips. 

4. The display device according to claim 1 wherein 
said plurality of electrodes includes a first and second 
set of electrodes arranged at right angles to each other 
and are respectively covered by said dielectric means, 
said sets being positioned in spaced parallel relation 
facing one another with said discharge gap therebe 
tween, the first portions of said dielectric means com 
prising a plurality of parallel dielectric strips having a 
higher secondary electron emissivity than that of said 
dielectric means, said strips corresponding to said first 
set of electrodes and means for applying a polyphase 
voltage to said second set of electrodes, said voltage ap 
plying means being connected to said second set of 
electrodes and being disposed at right angles to said 
strips, said applying means producing discharge spots 
at cross points between said first and second set of elec 
trodes which are shifted along said strips by said ap 
plied voltage. 
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5. The display device according to claim 1 wherein 
said plurality of electrodes includes first and second 
sets of electrodes arranged at right angles to one an 
other, wherein said dielectric means comprises first and 
second dielectric layers respectively covering said first 
and second sets of electrodes, said dielectric layers 
being positioned and spaced in parallel relation with 
their surfaces facing each other across said discharge 
gap, wherein the respective second portions of said lay 
ers comprise a plurality of dielectric strips arranged at 
right angles to one another. 
6. A display device according to claim 1 wherein said 

plurality of electrodes includes first and second sets of 
electrodes arranged at right angles to one another and 
wherein said dielectric means includes first and second 
dielectric layers respectively covering said first and sec 
ond sets, said dielectric layers being positioned and 
spaced in parallel relation on each side of said dis 
charge gap, wherein the first portions of said two di 
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7. The gas discharge device according to claim 1 

wherein said plurality of electrodes comprises first and 
second sets of electrodes, wherein said dielectric means 
comprises first and second dielectric layers covering 
said first and second electrodes, said dielectric layers 
being spaced from one another with said discharge gap 
between, the first portion of at least one of said layers 
being covered with a predetermined configuration of a 
dielectric material having a higher secondary electron 
emissivity than that of said dielectric layer. 

8. The gas discharge device according to claim 1 
wherein said plurality of electrodes comprises two sets 
of electrodes, wherein said dielectric means comprises 
two dielectric layers respectively covering said sets of 
electrodes, said dielectric layers being spaced from one 
another with said discharge gap between them, and 
wherein the second portion of at least one of the said 
layers is covered with a pattern of dielectric material 
having lower secondary electron emissivity than that of 

electric layers comprise first and second pluralities of 20 said one of said layers. 
dielectric strips. 
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