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SPECIFICATION' 

MKTHOD PORPABRICATING PLASMA DISPLAY PANEL AND 

PLASMA DISPLAY PANEL PABRICATED BY THE SAME 

The present invention relates to a method for 

fabricating minute formations, . more particularly, to a 

method for fabricating a plasma display panel which can 

fabricate a fluorescent material layer into a desired shape 

10 with stability as well as to a plasma. display panel 

fabricated by the method. 

In recent years, with the development of disp~ay 

devices having high precision and yet fine image quality, 

such as the high-vision system, display means have also 

15 been in demand• for larger size a.."ld higher definition. 

The CRT display system is capable of providing 

display tubes with high emission in~ensities, while they 

have been available in sizes of 30 to 40 inches. However, 

the CRT display system has a drawback that it is difficult 

20 to upsize beyond 40 inches due to its structural 

limitations. 

Meanwhile, the liquid crystal display system, 

although having some advantages including low power 

consumption and the ur.it's compact make, has disadvantages 

25 that it is incapable of prO"riding those with high emission 
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intensities, and that it is too complex in structure to 

upsize except the projection type. 

In contrast to those systems, the plasma display 

system has advantages such as the implementation of a 

5 display unit comparable. in emission intensity to the CRT 

system, relatively simple structure, the capability of its 

upsizing, and the unit's compact make. From these points 

of view, the plasma display system has been receiving 

growing attention as a substitute tor the CRT display 

10 system or liquid crystal display system. 

The panel of this plasma display system bas two 

substrates, and a large number of cells having such a 

structure that fluorescent material layers, electrodes, and 

discharge gas are contained in minute spaces surrounded by 

15 partition walls provided to the substrates. When the 

discharge gas between the electrodes in each cell is 

excited, ultraviolet rays are generated by the excited 

discharge gas returning to the ground state, causing the 

fluorescent materials in the fluorescent material layers to 

20 emit light. This is the formation of pixels. 

It has been conventional practice to employ the 

screen printing process for the tabrication of the 

fluorescent material layers in this plasma display panel. 

This process, unfortunately, has limications in printing 

25 precision such that patterns of higher than around lOO µm 
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detinitions could hardly be obtained. Besides, in the 

screen print:ing process, in order to form a thick film, the 

printing of.the same pattern is repeated many times such 

that the pattern may shift gradually,.making it impossible 

s to obtain a desired.pattern as another drawback. 

Recenaly, how~ver, grinding techniques making use 

of the sandblasting process or powder beam process have 

come to be exploited for fine processing, lending 

themselves to the fabrication of the plasma display panel 

10 in combination with the screen printing process. 

In order ·to fabricate the fluorescent material 

layers by this process, lower electrodes, an electrode 

protective layer, and partition wall& are first formed on 

the substrate on the rear surface side. Then, a 

15 fluorescent material paste composition composed of high 

polymer binder, fluorescent material, and solvent or water 

is filled in desired partition walls by the screen printing 

process and, as required, a resist pattern having anti­

blast property is provided on the partition walls, followed 

20 by blowing fine powder material. Thus, the grinding 

process is carried out by such a blasting process. 

A paste-state composition with viscosity lower 

than about 100,000 cP is used as the fluorescent material 

paste composition. Therefore, by conducting a drying 

25 process after the paste-state compcsicion is filled wichin 
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the partition walls, shrinkage occurs due to its volumetric 

contraction so that the paste composition results in a 

mortar-shape. Thus, such a paste composition is suitable 

for the blasting process involving the blowing of fine 

5 powder. 

However, when the grinding process is implemented 

by the blasting process, there is a possibility that the 

fluorescent material layers may be finished into various 

shapes depending on the differences in the filled state of 

10 the dried paste or the properties of the fluorescent 

material powder. In other words, since different col.ors of 

che fluorescent material layers involve differences in the 

hardness and the shape of fluorescent material powder, the 

filling amount of fluorescent material powder in the paste, 

15 and the like, the processed shape of the fluorescent 

material layer is unstable in shape such that fluorescent 

material layers of the same shape is difficult to obtain. 

This largely affects the stability of emis.sion intensity 

and color balance, causing the issue that constant quality 

20 products are difficult to obtain. In particular, lack of 

25 . 

. I 

uniformity of the electrode exposure area makes a cause for 

functional deteriorations such as intensity variations, 

creating a significant issue that affects the quality of 

the plasma display panel. 

Since the processing is perfonned by the blasting 
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process, it is necessary to select an organic high polymer 

binder that has good processibility. This leads to another 

issue of a narrow selective range of binder. 

As yet another issue, the fluorescent material 

S powder scattered in the processing by the blasting process 

may deposit on upper parts of the partition walls, thus 

forming bright spots of the plasn".a display panel, w.hieh may 

result in deteriorated quali~y. 

10 

snpnx or 'l"Jll IBVll'l':COB 

It is therefore an object of the present 

invention to provide a method for fabricating a plasma 

display panel, and a plasma display panel fabricated by the 

same, which is capable of overcoming the instability in 

shape precision of the prior art and improving the 

15 stability in the quality of the plasma display panel. 

20 

In accomplishing these and other aspects, 

according to a first aspect of the present invention, there 

is provided a method for fabricating a plasr.a display 

panel, comprising steps of~ 

inserting a setting type paste which is a 

material tor forming a fluorescent material layer in spaces 

of partition walls in a subst.rate, by using a screen having 

openir~s corresponding to openings of the partition walls 

constituting spaces serving as discharge cells for holding 

25 the fluorescent materia1 layer on the substrate having an 
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electrode pattern; 

curing the setting cype paste; 

removing uncured portions of the setting type 

paste; and 

5 f o:rming the fl uoresc:ent material layer by drying 

and then baking the setting type paste. 

According to a second aspect of the present 

invention, there is provided the method according to the 

first aspect, wherein the setting type paste is a 

10 photosetting type of fluorescenc-material-containing 

photosensitive resin paste which contains a solvent, 

monomer, polymerization initiator, and fluorescent: 

material, and the substrate and the partition walls are 

light-transmittable. 

15 According to a third aspect . or the present 

invention, there is provided the method according to the 

second aspect, wherein the electrode pattern has an 

electrode bus ·formed on the substrate, a light-impervious 

island electrode exposed from a light-transmittable 

20 insulating layer formed on the substrate. and a light­

impervious anode or cathode formed on an exposed portion of 

the island electrode where the island electrode is exposed 

from the insulating layer, and thereby constitutes a DC 

type plasma display panel. 

25 According to a fourtll aspect of the present 
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invention, there is provided the method according to the 

second aspect, wherein the electrode pattern has address 

electrodes which are formed on the substrate and are 

parallel with each other, and thereby conseitutes an AC 

5 type plasma display panel. 

According to a fifth aspect of the present 

invention, there is provided the method according to the 

second aspect, wherein the electrode pattern has address 

electrodes which are formed on the substrate and are 

10 parallel with each other, and the panel bas an insulating 

layer covering the substrate and the address electrodes, 

and thereby constitutes an AC type plasma display panel. 

According to a sixth aspect of the present 

invention, there is provided the method according to the 

15 third aspect, wherein in the curing step, light, electron 

beams, or radioactive rays for curing the paste is 

irradiated from a surface of the substrate opposite to a 

surface thereof where the partition walls are formed, 

whereby the paste is cured except a portion shadowed by the 

20 anode or cathode or the island electrode. 

According- to a seventh aspect of the present 

invention, there is provided the method according to the 

sixth aspect, wherein irradiation of light, electron beams, 

or radioactive rays for curing the fluorescer.t-material-

25 containing photosensitive :c·eain paste is conducted also 
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from the sur:f ace of the substrate where the partition walls 

are formed by using a mask for masking an upper part of the 

anode or cathode or the island electrode. 

According to an eighth aspect of the present 

5 invention, there is provided the method according to the 

third aspect, wherein the setting type paste is a 

pho~osetting type of fluorescent-material-containing 

photosensitive resin paste which contains a solvent, 

monomer, polymerization initiator, and fluorescent 

10 mat:erial, and the substrate and the partition walls are 

light-transmittable, and 

the solvent in the paste is filled in the spaces 

serving as the discharge cells is dried and then the paste 

is formed in a shape of a mortar, the paste is cured except 

15 a portion shadowed by the anode or cathode or the island 

electrode, and uncured portions of the paste are cleaned 

and removed, and whereby the fluorescent material layer 

having the mortar-shape is obtained with the anode or 

cathode exposed. 

20 According to a ninth aspect of the present 

invention, there is provided the method according to the 

fourth or fifth aspect, wherein the setting type paste is 

a photosetting type of fluorescent-material-containing 

photosensitive resin paste which contains a solvent, 

25 monomer, po1ymerization initiator, and fluorescent 
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material, the substrate and the partition walls are light-

transmittable, the address electrodes are light-impervious, 

and 

the sol vent in the paste is filled in the spaces 

s serving as the discharge cells is dried and then the paste 

is formed in a shape of a gutter, the paste is cured except 

portions shadowed by tbe address electrodes, and uncured 

portions of the paste are cleaned and removed, and whereby 

the fluorescent material layer having the gutter-shape is 

10 obtained with the address electrodes exposed. 

According to a tenth aspect of the present 

invention, there is provided the method according to the 

eighth or ninth aspect, wherein the partition wall has such 

a shape that its side surface is curved so as to outwardly 

15 widen from a portion on its substrate side to a portion on· 

its opening side with a thickness of the portion on the 

substrate side being larger than that of the portion on the 

opening side. 

According to an eleventh aspect ot the present 

20 invention, there is provided the method according to any 

one of the second through tenth aspects, wherein an amount 

of the fluorescent-material-containing photosensitive resin 

paste filled in the spaces serving as the discharge cells, 

or an amount of the solvent therein is controlled, and an 

25 amount of 1ight, electron beams, or radioactive rays is 
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controlled, so that a height of the fluorescent material 

layer is 1/3 or more that of the partition wall. 

Acco.rdlng to a twelfth ai!!pect of the present 

invention, there is provided the method according to any 

5 one of the first through eleventh aspects, wherein the 

light is ultraviolet ray. 

According to a thirteenth aspect of the present 

invention, there is provided the method according to the 

fourth or fifth aspect, wherein the setting type paste is 

10 a fluorescent-material-containing thermosetting resin 

paste. 

According to a fourteenth aspect of the present 

invention, there is provided the method according t·o of the 

thirteenth aspect, wherein an amount of the fluorescent-

15 material-containing thermosetting resin paste filled in the 

spaces serving as the discharge cells, or an amount of the 

solvent contained in the paste is controlled, and a.."l. amoune 

of light, electron beams, or radioactive rays is 

controlled., so that a height of the fluorescent: material 

20 layer is 1/3 or more that of the partition wall. 

According to a fifteenth aspect of the present 

invention, there is provided a plasma display panel 

fabricated by the method of the first aspect. 

According to a sixteenth aspect of the present 

25 invention, there is provided the plasma display pane.l 
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according to the fifteenth aspect:, wherein the setting type 

paste is a photosetting type of fluorescent-material­

eontaining photosensitive resin paste which contains a 

. sol vent, monomer, polymerization initiator, and fluorescent 

5 material, and the substrate and the partition walls are 

light-transmittab1e. 

According to a seventeenth aspect of the present 

invention, there is provided the p~asma display panel 

according to the sixteenth aspect, wherein the e1ectrode 

10 pattern has ·an electrode bus formed on the substrate, a 

light-impervious island electrode exposed from a light­

transmittable insulating layer :formed on the substrate, and. 

a light-impervious anode or cathode formed on an exposed 

portion of the island electrode where the island electrode 

15 is exposed from th.e insulating layer, and thereby 

constitutes a DC type plasma display panel. 

According to an eighteenth aspect of the present 

invention,. there is provided the plasma display panel 

according to the sixteenth aspect, wherein the electrode 

20 po.ttern has address elect.rodes which ara formed on cha 

substrate and are parallel with each other, and thereby 

constitutes an AC type plasma display panel. 

According to a nineteenth aspect of the present 

invention, there is provided the plasma display panel 

25 according to the sixteenth aspect, wherein the electrode 
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pattern has address electrodes which are formed on the 

substrate and are parallel with each other, and the panel 

has an insulating layer covering the substrate and the 

address electrodes, and thereby constitutes an AC type 

5 plasma display panel. 

BRIBP DBSCJIPTtQll Or '1'11 PBAW!lfGS 

These and other aspects and features of the 

present invention will become clear from the following 

description taken in conjunction with the pref erred 

10 embodiments thereat with reference to che accompanying 

drawings, in which: 

Fig. l is a partly enlarged perspective view of 

a plasma display panel obtained by a plasma display panel 

fabrication method according to a first embodiment of the 

lS present invention; 

Pigs. 2A, 2B, and 2C are sectional schematic 

views for explaining the procedure of fabricat~ng electrode 

circuits obtained in the first embodiment; 

Fig. 3 ia a partial plan viaw of resistors and 

20 electrode circuits obtained in the first embodiment; 

25 

P'igs. 4A, 4B, 4C, 40, 4B·, and 4F are sectional 

schematic views for explaining the procedure of fabricating 

the resistors and an electrode pattern obtained in the 

first embodiment; 

Figs. SA, SB, SC, and·SD are sectional schematic 
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the procedure of fabricating 

anodes obtained in the first 

Figs. 6A, 6B, and 6C are sectional schematic 

s views for explaining the procedure of fabricating partition 

walls obtained in the first embodiment; 

Figs. 7A, 7B, 7C, a.~d 7D are sectional schematic 

views for explaining the procedure of fabricating a 

fluorescent material layer obtained in the first 

10 embodiment; 

Fig. 8 is a perspective view of a screen used in 

a second embodiment of the present invention; 

Fig. 9 is a partial sectional view showing the 

sectional configuration of the fluorescent material layer 

15 fabricated in the second embodiment; 

Fig. 10 is a partial plan view showing the plan 

configuration of the fluorescent material layer fabricated 

in the second embodiment; 

Fig. 11 is a partial sectional view showing the 

20 sectional configuration of the fluorescent material layer 

fabricated in a comparative example; 

Fig. 12 is a partial plan view showing the planar · 

configuration of the fluorescent material layer fabricated 

in the comparative example; 

25 .Fig. ll is an enlarged sectional view of the 
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fluorescent material layer of a plasma di~play panel 

obtained by a third embodiment of che present invention; 

Fig. 14 is a partial plan view showing_ the planar 

configuration of the fluorescent material layer fabricated 

5 by a comparative example; 

10 

15 

Fig. 15 is a perspective view of an AC type 

plasma display panel obtained by a plasma display panel 

fabrication method according to another embodiment of the 

presenc invention; 

Fig. 16 is an outlining explanatory view of a DC 

type plasma display panel; 

. Pig. 17 is an outJ.ining explanatory view of an AC 

type plasma display panel according to an embodiment of the 

present invention; and 

Pig. 18 is an outlining explanatory view of an AC 

type plasma display panel ac·cording to another embodiment 

of the present invention. 

DB'l'AILID DISCJl.?R'l':IQJJ QI TJIB Dl'lll'P IMIQDpgpmi 

Before the description of the present invention 

20 proceeds, it is to be noted that like parts are designated 

by like reference numerals throughout the accompanying 

drawings. 

Fig. l is a partial perspective view showing a DC 

type color PDP (Plasma Display Panel) fabricated according 

25 to a first embodiment of the present invention. 
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Referring to Fig. 1, the color ~DP 1 comprises a 

back side panel 2, and a front side panel 3 opposed to the 

back side panel 2 with a desired interval. The back side 

panel 2 has a rear side substrate 10, and partition walls 

5 ll formed on the rear side substrate 10 in correepondence 

to pixels. The front side panel 3 is under the control by 

the partition walls 11 for its opposing interval. 

The rear side substrate 10 is made of light-

transmittable glass. on the rear side substrate 10, 

10 island-shaped electrodes 20 arrayed into a rr.atrix, 

electrode buses 22 tor connecting the island electrodes 20 

with one another, and resiseors 21 for cor..necting the 

electrode buses 22 and the island electrodes 20 with each 

other are formed in pluralities. These island electrodes 

15 20, resistors 21, electrode buses 22, and the like are 

respectively formed from an electrically conductive 

composition in which electrically conductive material such 

as ail ver or ruthenium oxide is mixed to glass. The 

electrode buses 22 are ladder-like members branched off to 

:20 right and left, and are so structured that a pair of right­

and-left ladder-like 1?1.embers extending. in one direction 

(ve:tical direction in Fig. 1) on the rear side substrate 

10 are arr~yed in a large number in the horizontal 

direction in Fig. l with intervals. Between one pair of 

25 electrode bUSeS 22 anQ another I an auxiliaty DUS 23 is 
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formed. The island electrodes 20 are each disposed between 

portions 22a corresponding to the crossbars of the ladder­

like members of the electrode buses 22. The resistors 21 

are each installed between the island electrode 20 and the 

s crossbar-like portion 22a of the electrode b·1.1ses 22. 

Voltages to be applied to the island electrodes 20 depend 

on the resistors 21. 

On the rear side substrate 10, an insulating 

layer 15 is formed so as to cover the island electrodes 20. 

10 the resistors 21, and the elecerode buses 22, including the 

regions where the auxiliary ouses 23 are ~ormed. The 

insulating layer 15 is made of a dielectric material such 

as glass, and has through holes l.' formed at portion,s 

opposite to the island electrodes 20. At the through holes 

15 16, anodes 13 respectively connected to the island 

electrodes 20 are fo:z::med. The auxiliary buses 23 also have 

through holes 16a fo:cmed at the same pitch as the through 

holes 16. At the through holes 16a, auxiliary anodes 24 

are formed for higher response speed of display. 

20 The partition walls 11 are formed on the 

insulating layer 15 and arrayed into a matrix so as to each 

su=round the anode 13. In each partition wall 11, either 

one of display cells 14R, 14G, or 148 having a fluorescent 

material layer l7a, 17G, or 118 of one of three colors, 

25 red, green, and blue is disposed. In this embodiment, two 
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green display cells 14a are positioned oblique, and blue 

and red display cells 14s and 14a are positioned oblique so 

as to cross them. Thus1 these four display cells 14a, l4a, 

14G, and 148 make up one pixel. 

The front side panel 3 has a front side substrate 

12 ma.de of light-transmittable glass. on a surface of the 

front side substrate 12 facing the rear side substrate 10, 

a cathode line 25 extending perpendicularly to the 

electrode bus 22 is buried in at a po~ition facing the 

10 anode 13. This cathode line 25 is formed in a way that 

paste-state electrically conductive ink containing 

aluminium etc. is filled in a groove formed in the front 

side substrate 12 by a screen printing process or the like. 

Further, priming spaces (not shown) for leading charges to 

15 the display cells 14R, l4a, 148 are also formed on the 

front side substrate 12. 

Next, the procedure of fabricating the back side 

panel 2 of the DC type color PDP adopting the first: 

embodiment of the present invention is explained with 

20 reference to Figs. 2 through 7. 

In the first embodiment of t:he present invention, 

the conductor circuit fer the electrode buses 22, the 

resistors 21, and the like is first formed on the rear side 

substrate 10. Then, the insulating layer 15, and the 

25 partition walls 11 are stacked thereon one by one. 
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Finally, the fluorescent material layers l7R, l7G, l7s are 

formed within the partition walls 11, by which the back 

side panel 2 is fabricated. 

In this fabrication procedure, first, an 

5 electrically conductive photosensitive resin film 30 that 

will result in the rear side substrate 10, the island 

electrodes 20, the electrode buses 22, and the auxiliary 

buses 23, an insulating photosensitive resin film 40 that 

will result in the insulating layer 15, an electrically 

10 conductive resin paste 38 that will result in the resistors 

21, and a partition wall-forming film 45 that will result 

in the partition walls ll are prepared. Besides, a 

fluorescent-material-containing photosensitive resin paste 

so (SOR, 50a, 508 ) that will result in the fluorescen~ 

15 material layers 17a, 17G, l7a is also prepared~ 

The electrically conductive photosensitive resin 

~ilm 30 that will result in the electrode buses 22 and the 

auxiliary buses 23 is preferably prepared by mixing a 

powder including conductive metal powder composed of glass 

20 powder and silver, and filler., with a resin composit.ion 

containing crosslinking or other type organic high polymer 

bir...der, photoreaction initiator, and photoreaction 

accelerator, and then by developing the mixture into a 

sheet state on a separate film, with the resulting 

25 thickness in the range a! 5 - 10 µm uniform. Tb.e filler 
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may not be contained in the film 30. The insulating 

photosensitive resin film 40 that will result in the 

insulating layer 15 is preferably prepared by mixing a 

powder containing lead-series, zinc-series, or other like 

5 glass powder and filler such as boron oxide or silicon 

dioxide, with a resin composition containing crosslinking 

or other type organic high polymer binder, photoreaction 

initiator, and photoreaction accelerator, and then by 

developing the mixture into a sheet state on a separate 

10 film, with the resulting thickness in the range of 5 - 100 

µm uni~orm. The electrically conductive resin paste 38 

that will result in the resistors 21 is preferably a paste 

prepared by mixing a powder including metal oxide powder 

containing glass powder and ruthenium oxide, or o:her like 

15 which imparts the electrical conductivity with a 

crosslinking or other type organic high polymer binder. 

The partition wall-forming film 45 that will result in the 

partition walls 11 is preferably prepared by mixing a 

powder containing lead-series, zinc-series, or other like 

20 glass powder and filler such as boron oxide or silicon 

dioxide, with a crosslinking or other type organic high 

polymer binder. The fluorescent-material-containing 

phctosensitive resin paste 50 that will result in the 

fluorescent material layers l7R, 17G, 178 is preferably a 

25 paste prepared by mixing an ultraviolet-ray emission type 
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fluorescent material powder with a resin composition 

containing crosslinking or other type organic high polymer 

binder, photoreaction initiator, and photoreaction 

accelerator, with the possibly uniform. 

Over the preparation of these materials1 the 

electrode buses 22, the auxiliary buses 23, and the island 

electrodes 20 are first formed on the rear side substrate 

10. As shown in Fig. 2A, the electrically conductive 

photosensitive resin film 30 is adhered first to the rear 

10 side substrate 10. For this adhesion, the separate film, 

positioned on top, is developed and adhered onto the rear 

side substrate 10 with a roll or che like. Subsequently, 

as shown in Pig. 2B, a mask 31 having light-transmitting 

portions 3la provided at places corresponding to the shapes 

15 and positions ot the electrode buses 22, the auxiliary 

buses 23, and the island electrodes 20 is positioned and 

set above the rear side s·libstrate l.O, in which state the 

electrically conductive photosensitive resin film 30 is 

exposed to light. Then, as shown in Fig. 2C, ehrough a 

20 developing process with a desired developer such as pure 

water, water solution of sodium carbonate, water solution 

of tetramethyl ammonium hydroxide, or water solution of 

sodium hydroxide, fer example, exposed portions 30a are 

cured so =hat the electrically conductive resin that will 

25 result in ehe electrode buses 22, the auxiliary buses 23, 
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and the island electrodes 20 is formed. After drying, this 

is baked with temperature held at 620 to 650°C for about 

o. 5 hour as one example, by which organic components or any 

excess components contained in uncured resin film or cured· 

5 electrically conductive resin are removed. As a result, 

the electrode buses 22 each in the form of ladder-like 

member, the auxiliary buses 23 each in linear form, and the 

island electrodes 20 arrayed into a matrix can be obtained 

at a uniform thickness of 4.8 to 5.2 µm. In this way, by 

10 using the electrically conductive photosensitive resin film 

30 with uniform thickness in the formation of the conductor 

circuit of the electrode buses 22 and the like, as compared 

with their formation performed by the screen printing 

process variation in electrical resistance value due to 

15 time deterioration which is caused by evaporation of ink 

solvent or the like, as well as variation in electrical 

resistance value due to deviation of component particles of 

the mixture within ink can be suppressed. Thus, a stable 

electrical circuit can be obtained. 

20 Subsequently, the resistors 21 are formed in such 

a way that the electrode buses :;:2 and the island electrodes 

20 are connected to each other via the resistors 21. Por 

the formation of the resistors 21, as shown in Fig. 4A, 

photo-resist 35 is applied uniformly to the rear side 

25 substrate 10. Then, as shown in Fig. 4B,· a.mask 36 having 
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light-shielding portions 36b provided at places 

corresponding to the shapes and positions of che resiseors 

21 is positioned and set above the rear side substraee 10, 

in which state the photo-resist 35 is exposed to light. 

5 Then, as shown in Fig. 4C, through a developing process 

with a desired developer such as pure water, water solution 

of !Sodium carbonate, water solution of tetramethyl amrnoni;.im 

hydroxide, or water solution of sodium hydroxide, for 

example, rectangular recessed portions 37 ~tlat: will result: 

io in the pattern of the resistors 21 are formed at unexposed 

portions 35a, so as to be partly exposed between the 

electrode buses 22 and the island electrodes 20. 

Now that the recessed portions 37 are formed, as 

shown in Fig. 4D, an electrically conductive resin paste 38 

is is filled into the recessed portions 37 and dried. This 

filling and drying processes of the electrically conductive 

resin paste 38 are carried out to a pluralicy of ti~s,. 

taking into account the possible contraction due to drying. 

Upon completion of the filling and drying processes, as 

2 0 shown in Pig. 4E, the surface is ground smooth by a 

wrapping device 400 and, besides, the filled conductive 

resin paste 38 is controlled to a specified value of 

ehickness .<surface height) (e.g., 10 to 15 µ.m). Then, 

through a baking with temperature kept at 600 to 620°C for 

25 about o.s hour as one example, organic components and the 
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like contained in the photo-resist 35 of unexposed portions 

or the conductive resin paste 38 are removed, by which the 

resistors 21 are obtair.ed as shown in Fig. 4F and Fig. 3. 

The resistors 21 obtained in this way are height-controlled 

5 so as to be uniform in thickness. Thus, variation in 

resistance value is reduced and variation in discharge 

voltage is less likely to occur. As a result, a successful 

color PDP with less variation in brightness for each pixel 

can be obtained. 

10 After the resistors 21 are formed, the insulat:ing 

layer 15 is fabricated so as to cover the resistors 21, the 

island electrodes 20, the electrode buses 22, and the 

auxiliary buses 23 while the.portions where the auxiliary 

anodes 24 of the auxiliary buses 23 are formed and the 

15 portions where the anodes 13 of the island electrodes 20 

are formed are exposed. Further, the anodes 13 and the 

auxiliary anodes 24 are formed by the screen printing 

process. In the formation of the insulating layer 15. as 

shown in Fig. SA, the light-transmittable insulating 

20 photosensitive resin film 40 with the separate film up is 

developed and adhered onto the rear side substrate 10 with 

a roll or the like. Next, as shown in Fig. SB, a mask 41 

having light-shielding portions 4la provided at places 

corresponding to such shapes and positions that the 

25 portioris where the anodes 13 of the island electrodes 20 
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are formed and the portions where the auxiliary anodes 24 

of the auxiliary buses 23 are formed are exposed is 

positioned and set above the rear side substrate 10, in 

which state che insulating photosensitive resin film 40 is 

5 exposed. Through a developing process with a desired 

developer such as pure water, water solution of sodium 

carbonate, water ·solution of tetramethyl ammonium 

hydroxide, or water solution cf sodium hydroxide, as shown 

in Fig. SC, the through holes 16 for formation of the 

10 anodes 13 and the through holes 16a for formation of the 

auxiliary anodes 24 are bored, for example, at unexposed 

portions 40a. Then, through a baking with temperature kept 

at 550 to 600°C for about 0.5 hour as one example* the 

insulating layer 15 can be obtained. After the insulating 

15 layer 15 has been obtained, the eiectrically conductive 

resin paste is filled into the through holes 16, 16a by the 

screen printing process, and dried and baked, ·by which the 

anodes 13 and the auxiliary anodes 24 are obtained as shown 

in Fig. SD. In this way, by using the insulating 

20 photosensitive resin film 40 with uniform thickness for the 

formation of the insulating layer 15, the insulating layer 

1.5 can be formed into more smooth, uniform thickness, 

compared to when ic. is f orm.ed by the screen printing. 

Therefore, variation in the distance between the anode 13 

25 and the cathode is reduced. so that the variation in 
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discharge gap is reduced. 

With the anodes 13 formed, the partition walls 11 

are then formed so as to surround the anodes 13. For the 

formation of the partition walls 11, as shewn in Pig. 6A, 

5 the light-transmittable partition wall-forming film 45 with 

the separate film up is developed and adhered onto the 

insulating layer 15 of the rear side substrate 10 with a 

roll or the like. Subsequently, in order that low 

molecular weight substances contained in the partition 

10 wall-forming film 45 are urged to evaporate and that 

subsequent processing uniformity is obtained, heating is 

carried out for a certain time, followed by cooling. Then, 

a photosensitive film 53 with a separate film up is 

developed and adhered onto the partition wall-forming film 

15 with a roll or the like. 

Next, as shown in Fig. 6B, a mask 46 having 

light-shielding portions 46a ·provided at places 

cor=esponding to the shapes a.~d positions of the partition 

walls· 11 is positioned and set above the rear side 

20 substrate 10, in which state the photosensitive film 53 is 

exposed. Through a developing process with a desired 

developer such as pure water, water solution of sodium 

carbonat:e, water solution of tetramethyl ammonium 

hydroxide, or water solution of sodium hydroxide, for 

25 example unexposed portions 53a are removed and mat:rix-
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shaped recessed portions 47 that will be the origin of the 

partition walls 11 are formed there. 

Subsequently, glass beads etc. are blown onto 

portions 45a of the partition wall-forming film 45 exposed 

5 through the recessed portions 47 via air by using a 

sandblasting machine. As a result, as shown in Fig'. 6C, 

each of the matrix-shaped recessed portions 48 surrounded 

by the partition wall 11 having such a eshape that the 

thickness of the lower end portion on its substrate side is 

·10 larger than that of the upper end portion on its opening 

side is formed on each of the anodes ·1J. 

After the partition walls 11 have been formed, 

the fluorescent material layers 17R, 17G, 178 are formed 

within th~ partition walls 11. For the formation of the 

15 fluorescent material layers 17a, 17G, 178 , as shown in Fig. 

7A, for example, red-fluorescent-material-containing 

photosensitive resin paste SOa is dropped from a screen 151 

into the partition walls 11 with a squeegee 150 or the 

like. Next, hot air drying is carried out at about l00°C 

20 for 10 minutes as one example, followed by cooling. In 

this way, .the fluorescent material resin paste SOR is 

formed within the partition walls ll as shown in Pig. 7B. 

Subsequently, as shown in Fig. 7C, the layer of the 

fluorescent material resin paste 50a is exposed t.o light :by 

25 irradiating ultraviolet rays from below the rear side· 
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substrate 10. Then, through a developing process with a 

desired developer such as pure water, w~ter solution of 

sodium carbonate, water solucion of tetrame~hyl ammonium 

hydroxide. or water solution of sodium hydroxide. the 

5 fluorescent-material-containing photosensitive resin paste 

SOR is left only at, for example, exposed portions soa as 

shown in Fig~ 7D and then the layer of the red fluorescent­

ma.terial-containing photosensitive resin paste SOR is 

obtained. These processes to the above are repeated 

10 similarlyby·using a green-fluorescent-material-containing 

photosensitive resin paste SOG and a blue-fluorescent­

material-containing photosensitive resin paste so8 , by 

which green and blue fluorescent material layers i16 and 

178 are obtained sequentially. Then, through a baking with 

is temperature kept at 450 to 520°C for about 0.5 hour as one­

example, organic components contained in the fluorescent­

material-containing phoeosensit~ve resin pastes SOR, SOG, 

508 are evaporated with the r~sult that the red fluorescent 

material layer 17a is obtained. When the height of the 

20 fluorescent material layer obtained in the above 

fluorescent material layer-forming process is not 

sufficient, the fluorescent material layer-forming process 

is repeated desired times to overlap the layer with the 

previously-formed layer to obtain the fluorescent material 

25 layer having a desired height. 
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The fluorescent material layers l?R, l7G, 178 

obtained in this way are formed in a u-curyed shape, or 

inverted temple bell shape, along the partition walls ll 

with the help of the effect of such a configuration of the 

s partition wall 11 that the thickness of the lower end 

portion is larger than that of tne upper end portion. 

Therefore, the light emitted from the fluorescent material 

layers 17a, 17G, 178 is irradiated forward with high 

efficiency. This allows the light emission efficiency to 

10 be improved so that a color PDP with high brightness and 

good contrast can be obtained. Further, since the reni.oved 

fluorescent materials contained in the fluorescent­

material-containing photosensitive resin pastes SOR, SOa, 

50s are removed prior to the curing process, it becomes 

15 possible to recycle the removed materials. Thus, expensive 

fluorescent material is less wasted in vain, as compared 

with the prior art. 

Once the back side panel 2 is fabricated over 

these steps, it is bonded together with the front side 

20 panel 3 fabricated by separate process, and inside air is 

replaced with inert gas such as helium and xenon, or helium 

25 

and neon. Thus, the display section is completed. 

Finally, electronic circuits and a chassis are assembled, 

by which the PDPl is completed. 

Now, a method for fabricating a piasma display 
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panel according to a second embodiment of the present 

invention is described with reference to Figs. 1 and Pigs. 

8 to l.O. 

Fig. 1 shows the substrate of a plasma display 

5 panel 1, where reference numeral 10 denotes a transparent 

substrate made of an about 2 mm thick glass substrate ~s 

one example; 20 denotes island electrodes formed on the 

transparent substrate 10 in a matrix in correspondence to 

pixels; 22 denotes electrode buses for constituting anode 

10 buses each extended along one direction of columns cf the 

matrix-shaped island electrodes 20 and each connected to 

the island electrodes 20; 21 denotes resistors stretched 

over the connecting portions between t.."l.e electrode buses 22 

and the island electrodes 20; 15 denotes an insulating 

15 layer formed on the transparent substrate 10 so that the 

island electrodes 20 are exposed; 11 denotes partition 

walls made of glass fine particles etc. whieh are formed so 

as t~ surround the island electrodes 20; 17 (l7R, l7a, 178 ) 

denote(s) t'luorescent material la.yers formed within the 

20 partition walls 11; and 25 denotes a cathode line for 

constituting the cathode electrode provided on the 

partition walls 11 along the other direction of columns of 

the matrix-shaped island electrodes 20. 

Next described is the molding process of the 

25 fluorescent material layers 17R, 17G, 178 . The transparent 
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substrate 10 on which the island electrodes 20, the 

electrode buses 22, the resistors 21, the insulating layer 

15, and the partition walls 11 are formed, as well as a 

screen (mask) 31 as shown in Fig. a are set to a screen 

5 printing machine. Then, after the alignment of the 

position ·on the transparent substrate 10 where· the 

partition walls 11 are formed, with the screen 31 is 

carried out, the fluorescent~material-containing 

photosensitive resin paste for forming the fluorescent 

10 material layers 17 is placed on the screen 31 in a 

necessary amount, and filled within the partition walls 11 

of the transparent substrate 10 by using a squeegee. 

Compositions as shown in Table 1 were used as five Examples 

of the fluorescent-material-containing photosensitive resin 

15 pastes for forming the fluorescent material layers 17: 
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Table 1: 

(Wt\-} 

Examples Fluorescent Resin-filled Crosslinking 

macerial amount agent-filled 

powder- amount 

filled 

amount· 

l 59.2 40.7 0.1 

2 59.2 40.6 0.2 

3 59.1 40.5 0.4 

4 58.4 40.1 1.5 

5 58.l 39.9 2.0 

After the fluorescent-material-containing 

photosensitive resin paste filling process was carried out 

for each color, the transparent substrate 10 was set to an 

ultraviolet-curing apparatus, and ultraviolet rays were 

15 irradiated from the rear side of the transparent substrate 

10 at a total quantity of light of 7.2 mW/cm2 for about 3.5 

seconds. 

Next, the transparent substrate 10 over the 

photo-irradiation was set to a developing machine with the 
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end faces of the partition walls ll downward. Then, 

development was carried out for about l minute by spraying 

about 23 °C pure water at a pressure of 1 kg/cm2 as one 

example. 

Upon c::ompletiori of t:he development, the water 

deposited on the transparent substrate 10 was removed with 

an air knife (i.e., curtain-like air blow), followed by 

drying at about 80°C for 30 minutes as one example. Thus, 

the fluorescent material layers 17 of a DC type plasma 

10 display panel each having a configuration as shown in Pigs. 

9 and 10 were obtained. 

After the drying process, an about i hour baking 

process was carried out in a s2occ air atmosphere oven as 

one example, followed :by cooling. Then, a front side 

15 substrate to be paired was combined wit:h the transparent 

substrate 10, by which the plasma display panel was 

completed. 

· Next 1 a Comparative Example is described. As in 

the Examples, with the use of the transparent ·substrate 10 

20 as shown in Fig. 1 and the screen 31 as shown in Fig. 8, 

conventional thermo·dryir.g cype fluorescent material ink 

was filled into the partition walls 11 of the transparent 

substrate 10 as shown in Fig. 1. Subsequently, a drying 

process was carried out at about 120°c for 10 minutes, 

25 followed by cooling. Thereafter, fluorescent material 
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layers formed in the partition walls 11 were processed by 

the blasting process. Then, foreign matters deposited on 

the surface of the substrate 10 were removed by air, by 

which tluorescent material layers 217 as shown in Figs. 11 

5 and 12 were obtained. After that, an about 1 hour baking 

process was carried out in a 520°C air atmosphere o~ren, 

followed by cooling. Then, a front side substrate to be 

paired was combined with the transparent substrate 10, by 

which a plasma display panel was completed. 

10 With regard to the products obtained in the above 

EXamples and Comparative Example, their brightness and 

electrode-exposure hole precision were evaluated. In more 

detail, on the basis of the brightness of the product 

obtained in the Comparative Example (Comparative Example 

15 taken as 100), the brightnesses of the products obtained in 

the Examples were compared relatively. Also, the 

electrode-exposure hole precision was represented by a 

circularity characteristic given by a ratio of Y to x, 

where X is the minor diameter and Y is the major diameter, 

20 by measuring the planar configurations of the electrode­

exposure holes of the fluorescent material layers 17. 117 

formed in the partition walls 11, with a co~~arison .to the 

Comparative Example. The evaluation results are shown in 

Table 2~ 



.. 

.. 

5 

10 

- 34 -

Table 2: 

Relative Precision of 
comparison of electrode-exposure 
brightness (%) hole diameter 

(Y/X) 

l 115 l.00 

2 107 l.03 

Examples 
3 100 1.05 

4 90 0.75 

s 87 0.7 

Comparative Example 100 1.3 

As apparent from Table 2, Examples l, 2, and 3 

showed superior characteristics over the Comparative 

Example. 

It is noted that ultraviolet rays have been used 

as the curing means in the embodiments described above and 

15 later, electron beams or other like means may also be used· 

to produce similar advantages. 

According to t.."'ie method for fabricating the 

plasma display panel, as apparent from the foregoing 

description, the fluorescent-material-containing 

20 photosensitive r.e-sin paste filled in the partition walls is 

cured in correspondence to the mask pattern by irradiating 

light from the rear side of the substrate. Therefore, by 

removing uncured portions thereafter, the fluorescent 

material layers of the plasma display panel of a specified 
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pattern can be formed with high pattern precision in the· 

partition walls. 

According to the method in the present invention, 

since the fluorescent-material-containing photosensitive 

5 resin paste filled in the partition walls is exposed to 

light from a surface opposite to the surface en which the 

electrodes are formed, the electrode-~xposure holes to be 

formed in the fluorescent material layers can be formed 

into uniform, stable configuration, while the fluorescent 

10 material layers can be formed up to a proximity to the 

electrode-exposure holes. Therefore, the light emission 

area of the fluorescent material layers is increased so 

that the brightness as well as the uniformity of ·brightness 

are improved. Besides, the de"1eloping process can be 

15 accomplished only by removing the uncured portions. Thus, 

bright spots, a fault of image quality in assembled 

complete products, can be prevented from occurring due to 

the deposition of the fluorescent material powder at end 

portions of the partition walls, as would occur with the 

20 conventional mechanical. processing technique by the 

sandblasting process. Further, there can also be 

.eliminated a possibility that no formation of exposure 

electrode holes due to differences in hardness of 

fluorescent material layers causes no-lighting spots to he 

25 generated, advantageously. 
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According to the method in the present invention, 

the fluorescent-material-containing photosensitive resin 

paste tilled in spaces within the partition walls is .cured 

by irradiating light from the rear side of the substrate. 

s Therefore, the electrode pattern formed on the substrate 

functions as a mask, so that fluorescent material layers of 

constant configuration can be formed in the partition walls 

at constant volume. Besides, the config-J.ration of the· 

electrode-exposure holes becomes uniform so that a 

10 functional deterioration due to unstable configuration of 

the electrode-exposure holes in the blasting process can be 

prevented. Further, since there is no need of carrying out 

the exposure process after alignment with the use of an 

exposure mask, as would be involved in general .exposure 

15 process, there occur no variations in the positions where 

the electrode-exposure holes are formed, which is due to 

precision variations in the exposure mask alignment . Thus, 

the electrode-exposure holes can be formed at positions 

corresponding to the eleccrodes. 

20 . Next, a plasma display panel and its fabricacion 

method according to a third embodiment of the present 

inventiOll are described with reference to Figs. 1 and l.3·. 

Referrin~ to Fig. 1, which is a perspective view 

showing the construction of an anode-side glass substrate 

25 (back side panel) 2 of the plasma display panel, reference 
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numeral 10 denotes an about 2 mm thick glass substrate as 

one example; 20 denotes an island electrode; 21 denotes 

resistors for constituting adjustment resistors; 22 denotes 

eleccrode buses for constituting primary electrodes to be 

5 connected to the island electrodes 20 via the resistors 21; 

23 denotes auxiliary buses for constituting auxiliary 

electrodes for normally applying a voltage close to the 

excitation voltage_ so that the electrode buses 22 can 

excite discharge gas without time delay; 1.5 denotes a 

10 light-transmittable insulating layer formed by screen­

printing and baking glass powder paste more than one time 

so that only the island electrodes 20 are exposed; 13 

denotes light-impervious exposed electrode, . anode 

electrodes, tormeg by inserting and baking electrically 

15 conductive paste into the portions where the island 

electrodes 20 are exposed; and 11 denotes light­

transmittable partition walls formed by screen-printing and 

baking glass powder paste mere than one time on the 

insulating layer 15, where the spaces with~n the partition 

20 walls ll will result in discharge cells. 
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Table 3: (Unit: Wtt) 

Composition Red paste Green paste Blue paste 

Fluorescent 48.3 43.4 41.4 

5 material 

powder 

Resin 39.l 42.9 44.l 

Polymerization 0.08 0 .17 0.26 

initiator 

10 Polymerization 0.16 0.34 0.26 

promotor 

Dispersion 0.70 0.43 0.79 

stabilizer 

Solvent 11.66 12.76 13.19 

15 Paste Approx. Approx. Approx. 

viscosity 18000 14000 20000 

[cps] 

Table 3 lists the blending of fluoreseent-

20 material-containing photosensitive resin pastes containing 

solvents used as examples in the third embodiment. 

In the applicat:ion process of the paste, the back 
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side panel 2 as shown in Fig. 1 is set to a printing 

machine, and the screen is positioned on the back side 

panel 2 so that: screen printing can be effected in the 

spaces of the partition walls ll. Then, the paste as shown 

5 in Table 3 is placed on the screen in a specified amount, 

and filled into the spaces of the partition walls 11 with 

the use of: a squeegee as indicated by l 7a in P'ig. 13, 

·followed by drying. This process is carried out for each 

color of red, green, and blue. 

10 In this process, the paste l7a as shown in Pig. 

13 is formed into a mortar-shape with the central por~~on 

recessed down, because the organic solvent or water content 

used in the paste 17a is dissipated. The degree at which 

the paste 17a is recessed differs depending on the blending 

15 of tbe paste. In either case where it is recessed to a 

little degree or to a large degree, the paste 17a is formed 

into a mortar-shape. However, the anode electrodes 13 are 

covered with the bottom of the mortar-shaped paste lia so 

as not to be exposed. 

20 In the ultraviolet-ray irradiation process, the 

back side panel 2 over the application of the paste 17a and 

drying is set to an ultraviolet curing apparatus, and 

ultraviolet rays are irradiated from the rear side of the 

back side panel 2 at a total qi,iant:ity of light of 7 .2 

25 mW/c:m2 for about 3 .5 seconds as one example. With this 
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irradiation, since the glass substrate lO is transparent 

and both the insulating layer 15 and the partition walls ll 

formed by printing and baking glass powder paste more than 

one time are semitransparent, the ultraviolet rays 

s irradiated from the rear side are transmitted except upper 

opaque portions where the island electrodes 20 and the 

anode electrodes 13 are present, and irregula~ly reflected 

and diffused by the semitransparent ina'.llating layer ::..s and 

partition walls 11. In this way, the paste 17a is cured 

10 except the shadow portions of the island electrodes 20 and 

the anode electrodes 13 where the ultraviolet rays are not 

transmitted. Generally, the diameter of the anode 

electrodes 13 is slightly larger than that of the is1aod 

electrodes 20. Accomingly, the past:e l7a is cured, 

15 outside the island electrodes 20 and the anode electrodes 

13, into a mortar-shape as shown in the minute fluorescent 

material layer l 7 of Fig. 13. Also, since the top surface 

of the partition walls 11 is blackened for better clarity 

of the screen, the ultraviolet rays will not reach the 

20 paste l7a deposited on the top surface of the partition 

walls 11, so that cured paste l7a will never be deposited 

on the top surface of the partition walls ll. 

In the cleaning process, the back side panel 2 

O"rer the ultraviolet-ray irradiation is set to a cleaning 

25 apparatus with the surface having the partition walls 11 
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posieioned down, and about 23°C pure water is sprayed at a 

pressure of 1 kg/cm2 as one example. Thus, as shown in 

Fig. 13, the uncured paste 17a is cleaned away except the 

mortar-shaped cured portion. 

In the drying process, water deposited on the 

cleaned back side panel 2 is removed by an air knife, 

followed by a 30 minute drying process at 80°C as one 

example. Thus, a mortar-shaped minute fluorescent material 

layers 17 as s~own in Pig. 13 are obtained. 

In the baking process, the back side panel 2 is 

baked for about 1 hour in an about s20°c air atmosphere 

oven as one example. 

In the assembling process, the back side panel 2 

and the front side panel 3 having the cathode side glass 

15 substrate are combined together, by which a plasma display 

panel is completed. 

In seven examples of the third eml::lcdiment, the 
•· 

·plasma display panels were fabricated with the ultraviolet-

ray irradiation time varied as 3.5 sec., 10 sec., 30 sec., 

20 liO sec., 90 sec., 120 sec., and 1.80 sec., as shown in Table 

25 

4 below. 

Now, a plasma display panel and its fabrication 

method according to a fourth embodiment of the present 

invention are described with reference tc Pigs. 1 and 13. 

The back side panel 2 of the plasma clisplay panel 
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shown in Fig. l has the same· construction as in the third 

embodiment, and so its des.cription is omitted. 

The difference of the fourth embodiment from the 

third embodiment is that, in the ultraviolet-ray 

5 irradiation process, ultraviolet rays are first irradiated 

from the rear surface of the panel 2 at a total quantity of 

light of 7.2 mw/crrf. for about.3.5 seconds as one example, 

and then with a maak for masking the portions of the anode 

electrodes 13 positioned on the surface of the back side 

10 panel 2, ultraviolet rays are irradiated at a total 

quantity of light of 7.2 mW/cm2 for about 3.5 seconds as 

one example. 

Next, as a comparative example, with the same 

back side panel 2 as used in the examples of the third and 

15 fourth embodiments, conventional thermo-drying type 

fluorescent material paste 7a is applied into the spaces of 

the partition walls 11, and dried at about 120°c for ·10 

minutes, followed by cooling. Then, a grinding process 

int:o t:he configuration of the fluorescent material layer 7a 

20 as shown in Fig. 14 is conducted by sandblasting. Foreign 
.. 

matters deposited on the glass substrate 10 are removed by 

air, and baked in an about s~o 0c air atmosphere oven for 

about 1 hour, followed by coo1ing. Then, the back side 

panel 2 and the front side panel 3 are combined together, 

25 by which a plasma display panel is completed. 
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The data of the examples of the third embodiment 

and the fourth embodiment, and the comparative example are 

shown in Table 4 below: 

5 Tabla 4: 

Item Ultraviol.et- Brightness Height of Height of 
ray minute partition 
irradiation fluorescent wall 
time material 

layer 
10 Examples of 3 .5 sec, from 0.7 so µm 200 p.m 

third rear side of 
embodiment substrate 

10 sec, from 0.98 70 µ.m 200 µm 
rear side of 

15 sub st.rate 
30 sec, from l.13 140 µm 200 µ.m 
rear side of 
substrate 
60 sec, from 1.13 145 µ.m 200 /,l.nt 

20 rear side of 
substrate 
90 sec, from 1.15 150 µ.m 20Q.µm 
rear. side of 
substrate 

25 120 sec, from l.17 160 ?Lm 200 p.m 
rear side of 
substrate 
180 sec, from l.18 170 p.m 200 µ.m 
rear side of 

30 substrate 
Bxamples of 3.5 sec, from 
fourth rear side of 
embodiment substrate 

3.5 sec, from l.2 190 ,um 200 p.m 
front side of 35 
substrate 

Comparative - l.O 190 µ.m 200 µ.m 
Example 
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As shown in Table 4, by relative comparisons of 

brightness of the discharge cells in the plasma display 

panel with the value of the comparative example taken as 

l. O, in t.be examples of the third embodiment in which 

5 ultraviolet rays are irradiated from only the rear sides of 

the back side panels, the ultraviolet-ray irradiation time 

and the height of the minute fluorescent material layer are 

proportional to each other, where if the height of the 

minute fluorescent material layer is 1/3 or more that of 

10 the partition wall, then the brigheness becomes equal to 

that of the comparative example, and if the heighc of the 

minute fluorescerit ~terial layer is 2/3 or more that of 

the partition wall, then the brightness is ten odd percent 

brighter than that of the comparative example. In the 

15 example of the fourth embodiment in which ultraviolet rays 

are irradiated from both rear side and front side of the 

back side panel, the height of _the fluorescent material 

layer becomes close to that of the partition wall in short 

time, where the brightness is 20t higher than that of the 

20 comparative ~xample. 

The reason of this can be inferred as follows. 

Thac is, each minute fluorescent material layer 7 of the 

comparative example is formed into a cylindrical shape 

adjoined to the inner side face of the partition wall ll as 

25 shown in Fig. 14, with the resu.lt of low light emission 
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efficiency. In contrast, the minute fluorescent material 

layer 17 in each example of the third and fourth 

embodiments is formed into a mortar-shape as shown in Fig. 

13, in which c::ase the mortar-shape is good at light 

5 emission efficiency. 

The reason that the minute fluorescent material 

layer i7 is mortar-shaped could be inferred as follows. 

Examples of paste 17a, each of which is blended 

as shown in Table 3, contains a solvent. Therefore, when 

10 it is filled into the spaces of the.partition walls 11 and 

then dried, the solvent contained therein is dissipated, so 

that the central portion is recessed. The degree of this 

recess differs depending on the blending o:f the paste, 

where it can be controlled to slight to large recesses 

15 depending on the blending of the paste. If the blending is 

controlled so that the recess over the processes of filling 

the paste into the spaces of the partition walls 11 and 

drying it becomes as shown by the paste 17a of Pig. 13, and 

if ultraviolet rays are irradiated from only the rear side 

20 of the back side panel 2, then the ultraviolet rays reach 

within the paste 17a except the portions shadowed by the 

opaque anode electrodes 13. In this case, the ultraviolet 

rays decay soon in the paste l 7a, and transmitted and 

diffused by the semitransparent insulating layer 15 and 

25 partition walls 11, which have been made by baking glass 
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powder paste. Therefore, the ultraviolet rays that reach 

within the paste l7a result in a superimposition of 

ultraviolet rays passing the insulating layer 15 upward and 

ultraviolet rays diffusing from the partition walls 11 

transverse. As a result, the vicinity of the anode 

electrodes 13, which is originally poor in the paste 17a 

and low in amount of ultraviolet rays, is_ cured in such a 

way that the bottom of the mortar-shape is formed with the 

anode electrodes 13 exposed. Meanwhile, the vicinity of 

10 the partition wall 11, which is rich in the paste l7a and 

high in amount of ultraviolet rays, fonns the top of the 

mortar-sh.ape. 

15 

Other than the above characteristic comparisons, 

-fabrication process can be compared as below. 

In the comparative example, the anode electrodes 

are exposed by using the sandblasting process. Therefore, 

the degree of exposure is affected by many factors such as 

differences in the grinding effect of sandblasting, 

differences in hardness of the fluorescent material layers, 

20 and differences in the configuration of the applied and 

dried fluorescent material layers, each with instability. 

In the present embodiment, ultraviolet rays are irradiated 

from the rear side of the back side panel, so that the 

fluorescent-material-containing photosensitive resin paste 

25 is cured except the portions shadowed by the island 
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electrodes and the anode electrodes. ·Then, uncured 

portions are cleaned and removed. In this way, the anode 

electrodes can be appropriately and securely exposed with 

simplicity. 

5 In the comparative example, the grir.ding process 

is accomplished by sandblasting. Therefore, the back side 

panel is overlaid and assembled as the ground fluorescent 

material particles remain deposited on the top surfaces of 

tb.e partition walls ii. Thus, there is a possibility that 

10 those fluorescent material particles form bright spots, 

causing a deterioration in the quality of the plasma 

display panel. The present invention is free from this 

issue. 

As the light that cures the fluorescent-material-

15 containing photosensitive resin paste, ultraviolet rays are 

of good efficiency and easy to handle. However, other 

types of light or radioactive rays may be app1ied without 

the limitation to ultraviolet rays. 

According to the plasma display panel and its 

20 fabrication method of the present invention, a fluorescent­

~.aterial-containing photosensitive resin paste containing 

a solvent is used, and ultraviolet or other light or 

radioactive rays are irradiated from the rear side of the 

back side panel, so that the paste is cured except the 

25 portions where the light or radioactive rays are shadowed 
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by the island electrodes and/or the anode electrodes. 

Then, uncured portions are cleaned and removed. As a 

result, the anode electrodes can be appropriately and 

securely exposed with simplicity. Besides, the shape 

s precision of the minute fluorescent material layers is 

excellent and stable, so that the characteristics such as 

brightness uniforinity and color balance are excellent, 

advantageously. 

In the present invention, with an additional 

10 process of irradiating, from the partition wall side of the 

back side panel, light or radioactive rays serving for 

curing the fluorescent-material-containing photosensitive 

resin paste containing a sol vent by using a mask that masks 

upper part of the anode electrodes and/or the island 

15 electrodes, minute fluorescent material J.ayers with larger 

height can be formed in short time irradiation of light or 

radioactive rays, and a bright plasma display panel can be 

obtained, advantageously. 

In the present invention. if the height of each 

20 of the minute fluorescent material layers is 1/3 or more 

that of each of the partition walls, then a bright plasma 

display panel can be obtained, advantageously. 

25 

In the present invention, if ultraviolet rays are 

used as the light, the workability is good advantageously. 

According to the plasma display panel fabrication 
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method of the present invention, for the formation of 

minute fluorescent material layers, a fluorescent-material­

containing photosensitive resin paste containing a solvent 

is first filled in the spaces where the discharge cells are 

s formed. Then, the contained solvent is. dissipated away, so 

that the central portion of the surf ace is recessed down, 

with the paste cured into a mortar-shape. In this state, 

the anode electrodes are covered with the paste. 

Next, light or radioactive rays that cure the 

10 paste are irradiated from the rear side of the back side 

panel. In this case, the glass substrate that constitutes 

the back side panel is transparent, while the insulating 

layer and the partition walls, which are prepared by 

applying and overlaying glass powder paste on a glass 

15 substrate and baking them, are semitransparent so as to 

transmit the light or radioactive rays and diffuse.part of 

them. As a result, the light or radioactive rays will not 

reach the portions shadowed by the opaque anode electrodes 

and/or the island electrodes, while the paste present at 

20 the other portions is cured. 

Subsequently, the paste of the uncured portions 

is cleaned and removed. Thus, mortar-shaped minute 

fluorescent material layers with the anode electrodes 

exposed are formed. The minute fluorescent material layers 

25 of mortar-shape are good at light emission efficiency due 



.... 

- 50 -

to discharge. 

In this way, without troublesome burdens of the 

control for various types of fabrication conditions under 

which the minute fluorescent material layers are 

s fabricated, there ca..~ be provided a plasma display panel 

having a stable configuration precision of the mortar-shape 

of the minute fluorescent material layers, an appropriate 

exposure of the anode electroaes1 and superior 

characteristics of brightness uniformity, and color 

10 balance. 

In the embodiments, the screen (mask) may also be 

a mesh screen, as well as a screen made from a metal plate 

having openings formed at the same pitch precision as those 

of the partition walls. 

15 The term, 11 solve:nt, 11 in the specification and 

claims refers to a liqi.iid to be removed from the . paste 

during t:he drying p:::-ocess, including water as well as 

organic solvents. The fluorescent-material-containing 

photosensicive resin paste refers to at least one which 

20 contains monomer, polymerization initiator, and fluorescent 

material. The paste further contains polymer, contains 

solvent, or contains photosensitizer or polymerization 

inhibitor, as needed. 

The means for curing the pasce may be light 

25 including ultraviolet rays or electron beams, radioactive 
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rays, or heat, or the like. 

The first to fourth embodiments have been 

described with the use of the DC type plasma display panel. 

However, the invention may also be applied to an AC type 

s plasma display panel as shown in Fig. 15. In this AC type 

plasma display panel, as shown in Fig. 15, the back side 

panel has a large number of strip-shaped, parallel address· 

electrodes 120 formed on a glass substrate 110. Partition 

walls 111 are fonned parallel between the address 

10 electrodes. The spaces between the adjacent partition 

walls i11 are in a string like a gutter, and the address 

electrodes 120 do not need to be exposed. A~cordingly, the 

AC type plasma display panel largely differs from the DC 

type plasma. display panel in which the exposed anode 

15 electrodes 13 are surrounded by the partition walls 11. In 

the AC plasma display panel, the fluorescent material layer 

117 has a gutter-like cross section of a generally C shape. 

Meanwhile, two parallel write electrodes 125 are disposed 

on a g1ass sul:>strate 103 of the front side panel. 

20 Accordingly, as shown in Fig. 17, in the AC type plasma 
.. 

display panel, discharge occurs first between one of the 

two write electrodes 125 and the address electrode i~o, and 

thereafter the discharge is continuously effected between 

the two write electrodes 125. Thus, the fluorescent 

25 material layer 11~ emits light as shown by an arrow 200. 
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In contrast to this, in the DC type plasma 

display panel, as shown in Fig. 16, discharge occurs 

between the cathode lines 25 of the front side panel 

substrate 12 and anodes 13 of the back side panel substrate 

5 10, by which the fluorescent material layer 17 emits light 

as shown by an arrow 201. Thus, the anodes 13 need to be 

exposed. 

In the DC type plasma display panel, photosetting 

is preferable from the viewpoint of the need for malcing 

10 electrodes exposed in the back side panel. Meanwhile, in 

the AC type plasma display panel as shown in Pig. 15, the 

electrodes do no need to be exposed in the back side panel, 

so that thermosetting may be applied as well as 

photosetting. In this case, the thermosetting can be 

15 accomplished by various means such as blowing hot air to a 

fluorescent-material-containing thermosetting resin paste, 

or putting the rear side panel having the paste into a 

high-temperature oven. The thermosetting is capable of 

reliably thermo-curing the paste up to its interior, so 

20 that the portions to be cured can be cured more reliably 

than the photosetting. 

Further, when the back side panel having the 

paste is put into an oven that can be accuratel}' controlled 

in temperature, it becomes possible to first conduct a 

25 curing process with the temperature controlled to one 
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necessary for the paste to be cured, and over the curing 

process, to subsequently conduct a baking process with the 

temperature elevated to a high necessary for baking. In 

this case, the curing process and the baking process of the 

5 paste can be conducted in succession, so that the 

fabrication efficiency can be enhanced. 

Although the AC type plasma display panel has no 

insulating layer, an insulating layer 115 may be provided 

on the address electrodes 120 and the glass substrate 110 

lO and ·the partition walls 111 may be provided on the 

insulating layer 115 as shown in Pig. 18. 

The sectional shape of each partition wall 11, 

111 is not limited to such a shape that its side surface is 

a flat surface with the thicknesses of the whole portions 

15 from it.s substrate side to its opening side being the same 

as each other, but may be of such a shape that its side 

surface is curved so as to outwardly widen from the portion 

on its substrate side to the portion on its opening side 

with the thickness of the substrate side-port.ion being 

2 O larger than that of the opening side-portion so as to 

easily form the "mortar-shape or gutter shape, as shown in 

Fig. 9 •. 

In the DC type and AC type plasma display panels, 

the arrangement of the anodes and cathodes can be replaced 

25 with each other. That is, the electrodes 13, 120 arranged 
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on the anode-side in the panels may be functioned as the 

electrodes 13, 120 on the cathode-side while the electrodes 

25, 125 arranged on the cathode-side in the panels may be 

functioned as the electrodes 25, 125 on the anode-side. 

Although the _present invention has been fully 

described in connection wieh the preferred embodiments 

thereof with reference to the accompanying drawings, it is 

to be noted that various changes and modifications are 

apparent to those skilled in the art. Such changes and 

10 modifications are to be understood as included within the 

scope ot the present invention as defined by the appended 

claims unless they depart therefrom. 
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QA'l' IS CW.IQP IS: 

1. A method for fabricating a ·plasma clisplay panel, 

comprising steps of: 

inserting a setting type paste (17a,50) which is 

s a material for fo:r:ming a fluorescent material .layer 

(17, 117} in spaces of partit:ion walls (11, llJ.} in a 

substrate (lO, 110), by using a screen (31, 151) having 

openings corresponding to openi~gs of the partition walls 

( 11, 111} constituting spaces serving as discharge cells for 

10 holding t:he fluorescent material layer (17, 117) ·on the 

substrate (10.110) having an electrode pattern 

(20,21,22,23,120); 

curing the setting type pas~e; 

removing uncured portions of the setting type 

l.5 paste; and 

forming the fluorescent material layer (17,117) 

by drying and then baking tne setting type paste. 

2. The method according to Claim l, wherein the 

setting type paste (17a, 50) is a photosetting type of 

20 fluorescent-material-containing photosensitive resin paste 

25 

which contains a solvent, monomer, polymerization 

initiator, and fluorescent material, and the substrate 

(10,110) and the partition walls (ll,lll} are light­

transmittable. 

3. The method according to Claim 2, where·in the 
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electrode pattern (20,21,22,23) has an electrode bus (22) 

formed on the substrate (10), a light-impervious island 

electrode (20) exposed from a light-transmittable 
• 

insulating layer (15} formed on the substrate, and a light-

s impervious anode or cathode (13) formed on an exposed 

portion of the island electrode where the island electrode 

is exposed from the insulating layer, and thereby 

constitutes a OC type plasma display panel (1). 

4. The method according to Claim 2 I wherein the 

10 electrode pattern (120) has address electrodes (120) which 

are formed on the substrate (110) and are parallel with 

each other, and thereby constitutes an AC type plasma 

display panel. 

5. The method according to Claim 2, wherein the 

15 electrode pattern (120) has address electrodes {120) which 

are formed on the substrate (110) and are parallel with 

each other, and the panel has an. insulating layer (115) 

20 

covering the substrate and the address electrodes, and 

thereby constitutes an AC type plasma display panel~ 

6. The method according to Claim 3, wherein in the 

curing step, light, electron beams, or radioactive rays for 

curing the paste is irradiated from a surface of the 

substrate opposite to a surface thereof where the partition 

walls are formed, whereby the paste is cured except a 

25 portion shadowed by the anode or cathode or the island 
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electrode. 

7. The method according to Claim 6, wherein 

irradiation of light, electron beams, or radioactive rays 

tor curing the fluorescent-material-containing 

s photosensitive resin paste is conducted also from the 

surface of the substrate (lO} where the partition walls are 

formed by using a mask for masking an upper part of the 

anode or cathode (13) or the island electrode (20) . 

8. The method according to Claim 3, wherein the 

10 setting type paste {l7a,SO) is a photosetting type of 

15 

fluorescent-material-containing photosensitive resin paste 

which contains a sol vent, monomer, polymerization 

initiator, and tluorescent material , and the substrate ( 10) 

and the partition walls (11) are light-transmittable, and 

the solvent in the paste (17a,50) is filled in the 

spaces serving as the discharge cells is dried and then the 

paste is formed in a shape of a mortar, the paste is cured 

excepc a portion shadowed by the anode or cathode (13) or 

the island electrode (20}, and uncured portions of the 

20 paste are cleaned and removed, and whereby the fluorescent 

material layer having the mortar-shape is obtained with the 

anode or cathode exposed. 

9 . The method according to Claim 4 or 5, wherein the 

setting type paste (17a,50) is a photosetting type of 

25 fluorescent-material-containing photosensitive resin paste 
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which contains a sol vent. monomer, polymerization 

initiator, and fluorescent material, the substrate {110) 

and the partition walls (111} are light-transmittable, the 

address electrodes are light-impervious, and 

the solvent in the paste (17a,SO) is filled in the 

spaces serving as the dis~harge calls is dried and then the 

paste is formed in a shape of a gutter, the paste is cured 

except portions shadowed by the address electrodes (120), 

and uncured portions of the paste are cleaned and removed, 

10 and whereby the fluorescent ·material layer having the 

gutter-shape is obtained with the address electrodes 

exposed. 

10. Tha method ac:c::ording to Claim 8 or 9, wherein the 

partition wall has .such a shape that its side surface is 

15 curved so as to outwardly widen from a portion on its 

substrate side to a portion on its opening side with a 

t.hickness of the portion on the substrate side being larger 

t~..an that of the portion on the opening side. 

11. The method according to any one of Claims 2-10, 

20 wherein an amount of the fluorescent-material-containing 
.. · 

photosensitive resin paste £illed in the spaces serving as 

the discharge cells, or an amount of the sol vent therein is 

controlled, and an amount of light, electron beams, or 

radioactive rays i~ controlled, so that a height of the 

25 fluorescent material layer is 1./3 or more that of the 
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partition wall. 

12. The method according to any one of Claims 1-ll, 

wherein the light is ultraviolet ray. 

1.3 . The method according to Claim 4 or 5 , wherein the 

5 set=ing type paste is a fluorescent-material-containing 

thermosetting resin paste. 

14. The method according to of Claim 13, wherein an 

alllCunt of the fluorescent-material-containing thermosetting 

resin paste filled in the spaces serving as the discharge 

10 cells, or an amount of the solvent contained in the paste 

is controlled, and an amount of light, electron beams, or 

radioactive rays is controlled, so that a height of the 

fluorescent material layer· is 1/3 or more that of the 

partition wall. 

15 15 . A plasma display panel fabricated by a method for 

fabricating the plasma display panel, comprising steps of: 

inserting a setting type paste (17a,SO) which is 

a material for forming a fluorescent material layer 

(17,117) in spaces ot partition walls (ll,ll1) in a 

20 substrate (10, 110), by using a screen (31, 151) having 

openings corresponding to openings of the partition wal·ls 

(11, lll) constituting spaces serving as discharge cells for 

holding the fluorescent material layer (17, 117} on the 

substrate (10,110) having an electrode pattern 

25 (20,21,22,23,120); 
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curing the secting type paste; 

removing uncured portions of the setting type 

paste; an.d 

forming the fluorescent material layer {17,117) 

5 by drying and then baking the setting type paste. 

16. The plasma display panel according to Claim 15, 

wherein the setting type paste (17a,50) is a photosetting 

type of fluorescent-material-containing photosensitive 

resin paste which contains a solvent, monomer, 

10 polymerization initiator I and fluorescent material r and the 

substrate· (10, 110) and the partition walls (11, 111) are 

light-transmittable. 

17. The plasma display panel according to Claim 16, 

wherein the electrode pattern (20,21,22,23} has an 

15 · electrode bus (22) formed on the substrate {10), a light­

impervious· island electrode (20) exposed from a light­

trailsmittable insulating layer (l:S) formed on the 

substrate1 and a light-impervious anode or cathode (13) 

formed on an exposed portion of the island electrode where 

20 the island electrode is exposed from the insulating layer, 

and the~eby constitutes a DC type plasma display panel (l). 

18. The plasma displa~' panel according t.o Claim 16, 

wherein the electrode pattern (120) has address electrodes 

(l.20) which are formed on the substrate ( 110) and are 

25 parallel with each other, and thereby constitutes an AC 
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type plasma display panel. 

19. The plasma display panel according to Claim .16, 

wherein the electrode pattern (120) has address electrodes 

(120) which. are formed on the substrate (lJ.O) and are 

5 parallel with each other, and the panel has an insulating 

layer (115) covering the substrate and the address 

electrodes, and thereby constitutes an AC type plasma. 

display panel. 


