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The present invention relates to plasma-addressed display panels having
| am nat ed structure where a display cell and a plasma cell are overlaid,
and nore particularly to the structure ofL di scharge el ectrodes fornmed in

the plasma cell and a manufact 4rg pa { pa camerolescription of the Rel ated
Art Pl asma- addressed display panels where a plasma cell is used as a

di splay cell addressing are well known and are disclosed, for exanple, in
Japanese Lai d-open Patent Applicationppg.gHei. 4-265931 and co-pending U S.

Appl i cation No. 08/ 377, R Ib)%llg R Aﬁﬁts asnma- addr essed
di spl ay panel has a | a g%ﬂ? W lay cell 1 and a
pl asma cell 2 interpos @ é asma cell 2

i ncludes an insulating substrate 8 bonded W a..9ap. I herebetween onto the
| oner side of the diel ect BACKGRY QEAHEANYERT] 2DNAi th an i oni zabl e gas
being sealed within the cell. Stripe-shaped (row shaped) di schar ge

el ectrodes 9 are formed.at the inner surface of the insulating substrate 8
of gl ass Field of thieavenitiophar ge el ectrodes 9 are printed on the flat

i nsul ating substrate using screen-printing techniques, etc. and then are
sintered, so &be proseqtinvgntion relates to plasma-addressed display panels having a laminated structure

where a display cell and a plasma cell are overlaid, and more particularly to the structure of discharge

- electrodes formed in the plasma cell and a manufacturing the same.

ription fth 1

Plasma-addressed display panels where a plasma cell isused as a display cell addressing are
well known and are disclosed, for example, in Japanese Laid-open Patent Application No. Hei.
4-265931 and co-pending U.S. Application No.08/377,499. As shown in Figure 5, this
plasma-addressed display panel has a laminated structure including a disllalay cell 1 and a plasma cell
2 interposed by a dielectric sheet 3. The plasma cell 2 im;ludes an insulating substrate 8 bonded with
a gap therebetween onto the lower side of the dielectric sheet 3 to'form a cell, with an ioniz_able gas
being sealed within the cell. Stripe-shaped (row-shaped) discharge electrddes 9 are formed at the
inner surface of the insulating substrate 8 of glass, etc. The discharge electrodes 9 are printed on the
flat insulating substrate using screen-printing techniques, etc. and then are sintered, so as to give
superior productivit); and ease of manufacture. Spacing walls 10 are formed so as to divide the cell
to form discharge channels 12 each including a pair of discharge g!ectrodes 9, with ionizable gas then
being sealed within the discharge channels 12. The spacing walls 10 can be formed using screen
printing techniques, etc., with the tip end part coming into contact with the lower surface side of the
dielectric sheet 3. The pair of discharge electrodes 9 encompassed by adjacent spacing walls 10

function as an anode A and a cathode K, between which a plasma discharge is generated. The



superior productivity and ease of manufacture. Spacing walls 10 are forned
so as to divide the cell to formdischarge channels 12 each including a
pair of discharge electrodes 9, with ionizable gas then being sealed wthin
t he di scharge channels 12. The spacing walls 10 can be fornmed using screen
printing techniques, etc., with the tipZ%nd part comng into contact with
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surface of the transparent substrate 4. These signal electrodes 5 are
or t hogonatoluthn directigmatcthe inpern syefagenfitbhiprsparent substrplyet- dihewersigpaleelecyodes 5 are
Matri x-shaped pi xel s are then defined at the intersecting portions of the
si gnal el @titogonkdsvith respectith shecioveshapafedisshange electrades S\Matiixsihepedpixels are then
pl asma- addr essed di spl ay panel as constructed above, display driving is
carried defined at the intersecting portions of the signal electrodes 5 and.the discharge channels 12.

With such a plasma-addressed display panel as constructed above, display driving is carried
out by scanning the row-shaped discharge channels 12 sequentially and applying an image signal to
the signal electrodes 5 of the display cell 1 is synchronization with the scanning timing. When a
plasma discharge occurs within the discharge channel 12, the inside of the discharge channel reaches
the anode potential in an approximately uniform manner and pixel selection is carried out for each one
line. i.e. the discharge channel functions as a sampling switch. When the image signal is applied to
each pixel with the plasma sampling switch in a conducting state, sampling is carried out and the
transmittance of the liquid crystal 7 is controlled pixel-by-pixel. The image signal is held without
modification within the pixels even after the plasma sampling switch is rendered non-conductive.

In the plasma-addressed display panel shown in Figure 5, the discﬁarge electrodes 9 formed
at the plasma cell 2 are generally formed by subjecting the insulating substrate 8 to screen-printing.
That is, the discharge electrodes are produced by traﬁsferring electrically conductive material in the
form of a paste, for example, onto the flat surface of the insulating substrate 8 using a screen mask
having a stripe-shaped pattern and then subjecting the material thus transferred to heating treatment.
However, these kinds of printed and sintered discharge electrodes have the following problems to be
solved.

Firstly, if the line width of the discharge electrodes 9 becomes 100 pm or less, patterning

becomes difficult with the screen printing. The printed and sintered discharge electrodes 9 therefore
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out by scanning the row shaped di scharge channels 12 sequentially and
applying an inmage signal to the signal electrodes 5 of the display cell 1

i s synchroni zation with the scanning timng. Wen a plasma di scharge occurs
wi thin the discharge channel 12, the inside of the discharge channel
reaches the anode potential in an approXd mately uniform manner and pi xe
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the screen printing. The printed and sintered di scharge el ectrodes 9
thereforgpe adherence between the discharge electrodes 9 and the insulating substrate 8 is relatively weak
when the electrically conductive material printed and sintered, the electrode material is likely to be
abraded from the surface. This results in degrading the reliability of the display. Fifthly, there is no
neglectable difference in the thermal expansion coefficients of the insulating substrate 8 of glass, etc.
and the discharge electrodes 9 of electrically conductive paste, which causes the insulating substrate
8 to bend Sixthly, the discharge electrodes 9 are exposed from the surface of the insulating substrate
8 and therefore they are subjected to sputtering due to the plasma particles. This causes the particles
composing the conductive material to be scattered as sputtered particles. If this sputtered material

becomes affixed to the surface of the insulating medium 8 of glass, etc., the transmissivity of the glass

deteriorates resulting in shortening the service life of the panel.

SUMMARY QF THE INVENTION |
In order to resolve the problems of the aforementioned conventional technology, the
following means are provided. Basically, the plasma-addressed display panel of the present invention
has a laminated structure with a'display cell provided with stripe-shaped signal electrodes arranged
in a column direction, a plasma cell provided with stripe-shaped discharge electrodes arranged in
rows, a dielectric sheet sandwiched in between the cells, The intersecting parts of the signal elcct‘rodes

and the discharge electrodes define pixels. The plasma cell is constituted by an insulating substrate



3 should have a Iine width of at |east 100 pm The fine .detailing and
mniaturization of the pixels is therefore inhibited and it is also hard to
i nprove the active screen surface rate. Secondly, the accuracy of the

di mensi ons of the discharge electrodes 9 4s degraded due to |eftovers of
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dielectric sheet onto the insulating substrate with a gap therebetween to form a celt and sealing
ionizable gas within the cell. 'Finally, the display cell is assembled by bonding the transparent substrate
provided previously with the stripe-shaped signal electrodes to the other surface of the dielectric sheet
with a gap therebetween to form a cell, and introducing an electro-optical substance into the cells.
‘A;s a result of these processes, a plasma-addressed display panel having a display cell and a plasma
cell stacked to each other so a;s to be interposed by a dielectric sheet is completed.

According to the present invention, the discharge electrodes are embedded into grooves in
rows at the surface of the insulating material. These grooves can be finely pa‘tterned using, for
example, photolithography and high-precision discharge electrodes can therefore be made. Further,
the thickness of the discharge electrodes can be increased to reduce the electrical resistance by setting
up the groove depth in an appropriate manner. The adhesion between the discharge electrodes and
the insulating substrate is made strong because the discharge electrodes are embedded in the grooves
so as to give a strong discharge electrode structure. Moreover, as well as having adherence between
the side wall of the groer and the electrically conducting material, warping of the insulating substrate
due to differences in the thermal expansionl coefficients can be reduced by having no adhesion

between the lower part of the groove and the electrically conductive material. In addition, a structure



deteriorates resulting in shortening the service life of the panel. SUMVARY
OF THE INVENTION I n order to resolve the problens of the aforenentioned
conventional technol ogy, the follow ng neans are provided. Basically, the
pl asma- addr essed di spl ay panel of the gresent invention‘has a | am nated
structure with a display cell provided with stripe-shaped signal el ectrodes
arranged in a colum direction, a plasm cell provided with stripe-shaped
di schar gethatlisunlikebtte secaive thayrdssized inflacnse obtheisRUNEERS PlplsRPRiclheaRiberpdarted
between the cells. The intersecting parts of the signal el ectrodes and the
di schar gebyehaitg teewriaes ofithe plesteirally cpréugbve seterisbsunken; below s thetsytfaes ofythan

I nsul ating substrate 4 bonded to the dielectric sheet with a gap

t her ebet waaating sitstratea cel | and gas sealed into the cell, which is ionized
by applying a voltage to the discharge el ectrodes. A significant feature is
that the discharge electrodes are forned by electrically conductive

mat eri al enbedded into grooves in a row direction at the surface of the

i nsul ating substrate. Thgreke®ES UHE D meGsal may al so be sunk
into the surface of the insulating substrate. According to another aspect
of the present gaxentikQNerod-dbfnalviad dhewmg dndlinhleadr MRl sdBUIRAL bf tHRY
met hod includes The followng steps. First, stripe-shaped grooves are
formed i Nola8W% addressed display panel of the present invention;
Figure 2 is a cross-sectional view showing essential parts of the second eémbodiment of the
plasma-addressed display panel of the present invention;
Figure 3 is a cross-sectional view showing essential parts of the third embodiment of the
plasma-addressed display panel of the present invention;
Figure 4 is a flow diagram showing the method of manufacturing the plasma-addressed display
panel of the present invention;
Figure 5 is a cross-sectional view showing an example of a conventional plasma-addressed
display panel;
Figure 6 is a cross sectional view of an alternate embodiment of the invention; and

Figure 7 is a cross-sectional view of yet a further embodiment of the invention.

DETAILED ﬁES;:R!gﬂQN OF THE PREFERRED EMBODIMENTS
A preferred embodiment of the present invention will be described with reference to the
accompanying drawings in detail. Figure 1 is a schematic cross-sectional view shqwing a first
embodiment of a plasma-addressed display panel of the present invention. As shown in Figure 1, this
plasma-addressed display panel has a laminated structure where a dielectric sheet 3 of glass, etc. is
interposed between a display cell 1 and a ﬁlasma. cell 2. The display cell 1 includes an upper side
transparent substrate of glass or the Iikt;, with a plurality of parallel signal electrodes 5 of transparent

electrically conducting film being formed in columns at the inner surface of the transparent substrate



at the surface of an insulating substrate. Next, discharge electrodes are

formed by carrying out a heating process after filling the grooves with an
el ectrically conductive material, and the electrically conductive materi al
is then sintered. After this, a plasma.cell is assenbled by bonding a

surface of the dielectric sheet onto the insulating substrate with a.gap
t herebetween to forma cell and sealing ionizable gas within the cell.
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addition, a structure : :
dielectric sheet 3 using a glass frit 11 to form a cell that is sealed air-tight. Individual discharge
channels 12 are formed as a result by dividing up this cell using barrier ribs 10. Each discharge
channel 12 includes the pair of an anode A and a cathode K. The air-tight cell is filled up with an
ionizable gas selected from, for example, helium, neon, argon, o:; a compound thereof.

The present invention is characterized in that the.discharge electrodes 9 are elo;ctricalliy
conducting material embedded in grooves 13 formed into the surface of the insulating substrate 8 in
rows. In the embodiment shown in Figure 1, the electrically conducting material completely fills the
grooves 13 so that the surfaces of the discharge electrodes 9 are flush with the surface of the
insulating substrate 8. This invention, however, is not restricted in this respect, and the surface of the
discharge electrodes 9 may be sunken below the surface of the insulating substrate 8. It also becomes
more difficult for the plasma particle sputtering to have any undesired influence when this sunken
electrode structure is adopted.

The manufacturing method for this plasma-addressed display panel will now be described with
reference to Figure 1. First, rows of grooves 13 are formed at the surface of an insulating substrate

8. This process is carried out by either sandblasting or etching using a photoresist as a mask. Next,

discharge electrodes 9 are manufactured by carrying out a heating process and a sintering process on



o that is unlikely to receive the undesired influence of the sputtering of
pl asma particles can be adopted by having the surface of the electrically
conductive material sunken bel ow the surface of the insulating substrate.
BRI EF DESCRI PTI ON OF THE DRAWNGS Figurge 1 is a cross-sectional view
showi ng the whole of the first enbodi nent of the plasnma-addressed display
panel of the present invention; Figure 2 is a cross-sectional view show ng
essent i al theael¢csriafly corelustbeonatedarabel filing thef grotrees i3 asitia theddiecowslydcaidsplivay
panel of the present invention; Figure 3 is a cross-sectional view show ng
essent i al mp@iidl STIOf probsss iy belcapriddounit Eing, fafexhiple pcasnpristihgnehsigeks dmplyay
panel of the present invention; Figure 4 is a flow diagram show ng the
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i nvention; Figure 5 is a cross-sectional 'view showi ng an exanple of a
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lower surface of the dielectric sheet 3 onto the insulating substrate 8 with a gap therebetween to form
a cell and sealing an ionizable gas into the cell. Finally, the display cell 1 is assembled by bonding the
transparent substrate 4 provided with column-arranged, stripe-shaped signal electrodes 5 in advance
onto the upper surface of the dielectric sheet 3 to form a cell and sealing an electro-optical substance
such as a liquid crystal into the cell.

Figure 2 is a cross-sectional view sll‘;awing the essential parts of a second embodiment of the
plasma-addressed display panel of the present invention. Here, only the plasma cell 2 is shown and
the display cell to be overlaid thereon is omitted. The second embodiment has basically the same
structure as the first embodiment, with corresponding portions bearing the corresponding referencq :
numerals for ease of uhderstgnding. The point of difference is that the discharge electrodes 9 formed
at the grooves 13 are sunken. i.e. the surface of the discharge electrodes 9 is deeper than the surface
of the insulation substrate 8. In this case, the discharge paths of the discharges occurring between the
cathodes K and the anodes A within the discharge channel 12 are arced or parabolic. This presents
no problem with regards to the operating characteristics even if the surfaces of the discharge
electrodes 9 are sunk within the grooves 13.

Figure 3 is a cross-sectional view showing the essential parts of a third embodiment of the
plasma-addressed display panel of the present invention. Only the insulating substrate 8 is illustrated
for ease of understanding. The basic structure is the same as for the other embodiments shown in
Figure 1 and Figure 2 and corresponding portions are given the corresponding referen;:e numerals.
The point of difference is that only the lower part of the groove 13 is restrictedly filled with the

electrically conducting material forming the discharge electrodes. This has the benefits of lessening

the undesired influence of the sputtering and lengthening the service life of the panel. More



Figure 7 is a cross-sectional view of yet a further enbodiment of the

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A preferred
enbodi ment of the present invention will be described with reference to the
acconpanying drawings in detail. Figuge 1 is a schematic cross-sectional
view showing a first enbodi nent of a pl asma-addressed di splay panel of the
present invention. As shown in Figure 1, this plasma-addressed displ ay
panel hasspexifically, thetaedumsttof theteleceicallyamediatidg sheatirspattesérbthat fiesafut off tasgrooed C.
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Finally, a detailed description of thc; method of manufacturing the er;{bedded discharge”
electrodes that are characteristic of the present invention is given with reference to Figure 4. First,
a glass substrate 21 is prepared in step (A). A photosensitive film (photoresist) 22 haviné a thickness
of about 100 um is coated or pasted onto the glass substrate 21. Next, the step advances to step (B)
where the photosensitive film 22 is exposed to ultra-violet light (UV) using a mask 23 drawn with
the desired stripe pattern. After this, the photosensitive film 22 is developed using a weak alkali
solution and the unnecessairy portions are removed. Then, the step advances to step (C) where
grooves are formed in the glass substrate 21 by sandblasting, etc. In particular, a high-pressure jet of
particles such-as SiC of a particle diameter of a few um to several tens of pm is directed to the
surface of the glass substrate 21 through a patterned film 22, Unnecessary parts of the film 22 are
then removed using aéetone, etc. after the sandblasting. Proceeding to step (D), the paste 25 of
electrically conductive material is filled into the grooves 26 using a blade 24. Screen printing
techniques may also be employed in place of the method using the blade. Finally, in step (E), the
discharge electrodes 27 are produced by carrying out a heating procéss at a temperature of about
580‘;0 and sintering the paste. The discharge electrode structure as shown in Figure 1 is obtained
from the above processes. The depressed or concaved type of discharge electrode structure shown
in Figure 2 and Figure 3 can be obtained in place of the completely .ﬁlled-up type of discharge

" electrode structure shown in Figure 1 by selecting the paste filling-up method (blade method, screen

printing method, etc.) and adjusting the paste viscosity.



pair of these discharge electrodes 9 acts as an anode A and a cat hode K
that generate a plasnma discharge. Barrier ribs 10 are then forned so as to
bl ock out each pair of discharge electrodes 9. The top surfacesof the
barrier ribs 10 conme into contact with ®he | ower side surface of the
dielectric sheet 3 so that the ribs act as spacers. The insulating
substrate 8 is bonded to the | ower surface of the dielectric_sheet 3 usin
a glass frit 1fheembeddad dischasgs eleqiepdes madeusingthe PROCEISEHTOWR yfigirg ddiave the
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strength with respect to the discharge electrodes only at the §ide walls of the grooves. Specifically,
a friction reducing micro particle layer is formed as a foundation at the bottom of the groove before -
filling up with the pa;te.

As described above, abcording to the present invention, the discharge electrodes w.ithin the
plasma cell are constituted by an electrically conductive paste, which are embedded into grooves dug
in rows in the surfat‘;e of the insulating substrate. Alternatively, this electrically conducting material
is sunﬁ down within the grooves. This kind of discharge electrode structure is obtained by filling up
grooves with electrically conductive material such as a paste and then carrying out a heating process
after s;tripe-shaped grooves have been formed at the surface of the insulating substrate using
sandblasting. A finely detailed discharge electrode stripe pattern can therefore be accurately made.
Further, because the film thickness of the discharge electrodes can easily be made large, the electrical
resistance becomes small resulting in making the discharge characteristics stable accordingly.
Discharge electrodes that are strongly adhefed to the insulating substrate can be made and panel
reliability can be made high. Moreover, it becomes harder for sputtering to exert any negative
influence on the panel and the service life of the panel is, thus, prolonged. Warping of the insulating

substrate due to differences in thermal expansion coefficients is also reduced.



di scharge el ectrodes 9 are manufactured by carrying out a heating process
and a sintering process on 7 the electrically conductive material after
filling the grooves 13 with the electrically conductive material. This
process may be carried out using, for &fanple, screen printing techniques
enpl oyi ng conductive paste or using blade techniques. In other words, a

bl ade noved over the grooved surface pushes the conductive paste into the
grooves. Furt FeFigutefeisphamhediment|of thejisveaterirprhieh thy elseirreiien § vihich inabderthe
surface of the dielectric sheet 3 onto the insulating substrate 8 with a
gap t her ebatenvdand the cithodes K acsh grommes Beas inrtbe pravipwsnamtmidineent) aEhej batrigr ribelQel | .
Finally, the display cell 1 is assenbled by bonding the transparent

subst r at arefonahi©atodesds wid dxtend kaithe ditecaiedadr 3, Homepa- Jhapattiodss Fndd not hewtthodes
5 in advance onto the upper surface of the dielectric sheet 3 to forma

cel | and pafdrirbg fetthe bf €dp. OF1RAIYs A8 aré HiIEIvABERR U6 BxpdSe thelan6dds A 64 ¥fid, ahd I Nt O
the cell. Figure 2 is a cross-sectional view showi ng the essential parts of

a second Ry GRRth QdesbPie BbH IR0 Atk [RSAEEEs A B kAosePRthe Bfchhi3e cRInfRaNt
invention. Here, only the plasma cell 2 is shown and the display cell to be

overlaid thergofhg e&%ﬁﬁr}@@h sld¥n i BRARY, RRDOA ISR Y 1038 GAlduythk Afokam®
structure as the first empodinent, th corresponding portions bearing the
cor 1 espongatint EIELRIRCorHITRL AL Se LRl: 356 AL REERSIARCH: O8riglie, BRI 161

difference is t i'scharg

are narrow enough, or conversely, the electrodes are wide enough to extend froni beneath the ribs
10 and be exposed to the discharge chambers.

Although other modifications and changes may be suggested by those skilled in the art, it is ‘
the intention of the inventors to embody within the patent warranted hereon all changes and

modifications as reasonably and properly come within the scope of their contribution to the art.



at the grooves 13 are sunken. i.e. the surface of the discharge el ectrodes
9 is deeper than the surface of the insulation substrate 8. In this case,

t he di scharge paths of the discharges occurring be s K and
t he anodes A within the discharge channel 12 are aﬂmrm"mm:mmnm Thi s
presents no problemw th regards to the dperati ng char@ctier mstscs«even if
the surfaces of the discharge electrodes 9 are sunk within the grooves 13.

Fi gure 3WEBCLAIMISs-sectional view showing the essential parts.of a third
enbodi nent of the plasma-addressed di spl ay panel, of the present invention.
Only the insulating PmmsMdi@%e@el?cér%%t’t‘}%ltq\‘(%&ﬁéde‘f‘% CRAREME  under st andi ng.
The basic structure is the sane as for the other enbodi nents shown in

Fi gur e- 1 adinst sébstratee 2 and correspondi ng portions are given the

correspondi ng reference nunerals. The point of difference is that only the
| ower pardieadd ddfiaimg@rphoslity afparallel grovves forah yn 4 surfacelofvaidfirstisubsirrtect ri cal | y
conducting material formng the discharge el ectrodes. This has the benefits
of | esseniRRcialytddastivesateni letbedied af saidwrallpLigrbeves fior famung eplghligof figt t he
service life of the panel Mre 8 specifically, the anpunt of the

electrically GRRABAL:isEYingas Modded andtdinbaésed that flies out of the groove 13
Is small even with sputtering by ions, etc. included in the plasm

particl es, sa669 E&Usi}géaﬁav“ﬁ?& gmnﬁﬁﬁatk QiondelbdRdbdSmlingPrrieadiuteR tb kad Fredes
A and the cathodes K and he deterioration of the:
electrodes, which is disposed with said second electrodes facing perpendicular to said first
electrodes to define a pixel by an intersection of said first electrode and said second electrode;
a dielectric sheet provided between said first substrate and said second substrate;
a plasma cell having a plurality of plasma channels formed between said first substrate and said

dielectric sheet, in which is sealed an ionizable gas; and

an electro-optical material interposed between said second substrate and said plasma cell.

2. A plasma addressed electro-optical display device as claimed in claim 1, wherein a

surface of said electrically conductive material is lower than that of said first substrate.

3. A plasma addressed electro-optical display device as claimed in claim 1, further -
comprising:

L a plurality of barrier 1ibs formed between said first electrode and said dielectric sheet.

4. A plasma addressed electro-optical display device as claimed in claim 3, wherein said

barrier ribs are formed on said anodes.

5. A method of manufacturing the plasma addressed electro-optical display device, which

comprises the steps of:



transmissivity of the insulating substrate 8 are suppressed thereby’
resulting in prolonging the service life of the panel. Plasma di s¢harges
are al so possible even if the discharge el ectrodes are for fcted to
the bottom part of the groove 13 because %he di sch r‘%‘ mﬁimgﬁii“dl um
such as the ions and the electrons are pﬁ abolic. FHilK Hi=i i+ed
description of the nethod of manufacturing the enbedded di scharge
el ect r odegor ta;ﬂtﬁr%lit?'%ﬂ%x%@fréﬁﬁd§§drﬁc0$f£ﬁ}€tdﬂbﬁﬁz@d?t' invention is given with
reference to Figure 4. First, a glass substrate 21 is prepared in step (A).
A phot oseggi{ | | 1 I i .
Lorrm o g lroole TP Bl Rl ol iy AU 1o ot SRR o TP ectai
advances A . . . oLl film22 is exposed to
E)g?vﬁu?%%élﬁ%a{l%wl&ﬁngnﬁasBh%lﬁ%ﬁ%%{i%t?\,/\a%s.

ultra-viol sing a nmas with the desired stripe

pattern. After thi.s,. the photosensitiwve film22 is devel oped using a weak
al kal'i soll ?%W%%@h?tﬁ%s egtnoé‘csel ggrrsfi)}”f)%srti ons are renoved. Then, the step .
advances to ste C re grooves.are forned in the gl ass.substrate by
aandbl ast (97oNEA 1 Secbd B e AR S PRty RO PR AP P oo oo e Sy o
SiCof a partigle diameter, of a few[err]mto seyeral tensg of [err]mis
directed to thé pgawﬂ%{lc%lﬂbwdm@ng|=5§§£§aﬁv§mgae@e ‘W‘ﬂr%&@ﬁ?‘&t patttadetied film
22. Unnecessary parts of ‘the film22 are then renoved usi n% acetone, etc.
after the consyapingsed st supstiglee tadd diglestec shegpandspid seqpad sebsirate by segling with a gap
electrically conductive material is filled into the grooves 26 using a

bl ade :24. Scr edatwsen each nthet,@shni ques may al so be enpl oyed in place of the
met hod using the blade. Finally, in step (E), the discharge el ectrodes 27
ar e pr odudéihgnyelatmoroptical natetialcbetveszh isaid digteottie sheeh tndosatdesepandatibstrateof about

580[err]C and sintering the paste. The discharge el ectrode structure as
shown in Figure 1 is obtained .

6. A method of manufactuxiné the plasma addressed electro-optical display device as
claimed in claim 5, wherein said filling process comprises:
filling said electrically conductive material such that said surface of said electrically conducting

material is lower than that of said first substrate.

7. A method of manufacturing the plasma addressed electro-optical display device as
claimed in claim 5, further comprises the step of:

providing a plurality of barrier ribs on said first electrodes.



fromthe above processes. The depressed or concaved type of discharge

el ectrode structure shown in Figure 2 and Figure 3 can be obtained in place
of the conpletely filled-up type of discharge el ectrode structure shown in
Figure 1 by selecting the paste fillin@g3up nethod (bl ade nmethod, screen
printing nBLASHA-ADDRESSELN BDASIPIAYNPANEL (M) A \WMBETHGD't Y. 9 The enbedded
di scharge @Femummammsgsvm: processes shown in Figure 4 have the
fol |l owi ng advant ages. First} [ HAOB8YREoOr the photosensitive
filmdeterm nes the accuracy of the patternlng for the stripes. Afinely
detail ed stri pg Pairbed the davabilifyef dfsclizegdotectivies faaned iatagilasmaaeltand haliew g
direct screen printing is applied. Secondly, a groove of a depth of greater

than 100 Jl&aﬁlrl?i‘a&&fhd RsAU Gisps dadics ApbidsitHatidg b @GHIRd S @RictufSwith § @iSplhy gelll NE
di scharge el ectrodes may tﬁgégfore be nade thlcker so that the ele%fﬁﬁza

resi st ance gw(}ﬁf g%h%ﬂmfaear}aq%\a;g@ipe.mb&dél nal BEBRIREE Ea hiEsniHBRAE 2 PEIVRIRE with

because t harge el ectr are enbedded into the insulating

substrat e, .F F&H fripé &{ ﬂ&&aegg 1@&@&1& 3UsRd dfectid Jh%ét%ﬁ‘&wbﬂ%d ﬁr?@eﬁv%@xr mal

expanS|on co crent ating substrate and the electr

éﬁﬂ?!?bévﬁrﬁ@ @hjﬁﬁ%@@ﬂé@%ﬂﬁﬁ%ﬁo‘g@{n&p e ek eﬁ%‘%‘ﬁg SRS bl ©
ol cot r ode eits: SPIEHS efansi T PBF f 23Fabesen fn%ﬂ%taesfsd%siﬁeé St o

dielectric sheet 3 with a gap therebetween to form a cell and a gas that i ionizes when a voltage is

applied to the discharge electrodes 9 sealed in the cell. The discharge electrodes 9 are constituted by
electrically conductive material embedded into grooves 13 dug in rows into the insuiating substrate

8.

FIGURE 1



a fiction reducing mcro particle layer is fornmed as a foundation at the
bottom of the groove before filling up with the paste. As described above,
according to the present invention, the discharge electrodes within the

pl asma cell are constituted by an electrically conductive paste, which are
enbedded into grooves dug in rows in the. surface of the insulating
substrate. Alternatively, this electriciygy conducting material is sunk
down within the grooves. This kind of discharge el ectrode structure is
obtained by filling up grooves with electrically conductive material such
as a paste and then carrying out a heating process after stripe-shaped
grooves have Eﬁé formed at the surface of the insulating substrate using
" sandbl asti ng. (ﬁLﬁkly detail ed di scharge el ectrode stripe pattern can
therefore be accurately made. Further, because the filmthickness of the

- discharge el ectrodes can easily be nade |arge,.the electrical resistance
becones small resulting in making the discharge characteristics stable
accordingly. Discharge el ectrodes that,are strengly adhered to the

i nsul ati ng substrate can bg panetn relYability can be nade high
Mor eover, it becomes hardef f S terfing to errt any negative influence
on the panel and the servipe li i bgs—tus— pr ol onged. War pi ng
of the insulating substratg et %K N\t h Rhf expansi on
coefficients is also reducpd. 1 l \\
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In Figure 6 is an enbodi nent of the invention in which the electrodes 9
‘whi ch include the anodes A and the cathodes K are in grooves 13, as in the
previ ous enbodi ment. The barrier ribs 10 are on the anodes A and extend to
the dielectric |ayer 3, however. The cathodes K do not have the barrier
ribs formed on top. The ribs 10 are narrow enough to expose the anodes A on
one, and preferably on both sides of theysi bs 10, so that the anodes A are
exposed to the discharge chanbers. A further enbodinent is shown in Figure
7, wherein the barrier ribs 10 are on both the anodes A and the cathodes K
of the discharggusgﬁﬁfrodes 9. As in the enbodi nent of Figure 6, the ribs
10 are narrow €n ~ or conversely, the electrodes are w de enough to
extend from beneath the ribs 10 and be exposed to the di scharge chanbers.
Al t hough ot her nodifications and changes nmay be suggested by those skilled
inthe art, it is the intention of the inventors to enbody wthin the

pat ent warranted hereon al Bisbhages mrmd{ii cations as reasopably and

properly conme within the scope of their cont4ibution to the ar 8. V\E
CLAIM 1. A pl asma addressed el ctro-opp4ca| di spl ay device/ conprising:
a first substrate; aRsS detTining & prurayrty ofr_paratret groqveszforned in
a surface of said fifrsgsuhstrate: /, :
2 N
\
N
/// A anode

K cathode

FIG. 3

Sputtered particles GiScharge (ioms, electrons) path’

that are scattered about

7272

K cathode A anode




an electrically conductive material enbedded in said parallel grooves for
formng a plurality of first electrodes serving as anodes and cat hodes; a
second substrate having a plurality of second el ectrodes extending
perpendicularly to said first electrodes, which is disposed with said
second el ectrodes facing perpendicular to said first electrodes to defrne a
pi xel by an intersection of said first g}gctrode and said second el ectrode;
a dielectric sheet provided between said first substrate and said second
substrate; a plasma cell having a plurality of plasma channels forned
between said first substrate and said dielectric sheet, in which is sealed
an ionizable gas; and an electro-optical material interposed between said
second substrafqéan4said pl asma cell. 2. A pl asna addressed

el ectro-optica Spllay- device as claimed in claim1, wherein a surface of
said electrically conductive material is |ower than that of said first

substrate. 3. A plasma addressed el ectro-optical display. device as
claimed in claim1, further conprising: a plurality of barrier ribs forned
between said first electrode and said dielectric sheet. 4. A plasm

addressed el ectro-optical display device as clainmed in claim3, wherein
said barrier ribs,are fornmed on said anodes. 5. 9292 A nethod of
manuf act uri ng thaﬁplasna addr essed electro-optigal di spl ay devi ce, which

conprises the steps of .t q___21'.

. jl UV exposure

B SR AP R &

27477777, SR 77//777. R 71/ /44, R Y/ /7. R S /1 /7SS

' _ 421

ﬂ' Alkali Development

23

: SiC blasting
C .

A

' _ . —_y

ﬂ' film removal after sandblasting
24

Dl‘z—f'u'——':"_gkl\z;
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[ 27 R 7/ R /. R 7/ N W ¥

sintering 2%



formng a plurality of grooves in a surface of a first substrate; filling
'said grooves with an electrically conductive material for formng a
plurality of first electrodes; providing a plurality of barrier ribs on
said first electrodes; arranging a dielectric sheet on said barrier ribs,;

di sposing a second substrate having a plurality of second el ectrodes on
said dielectric sheet, which is providegswith said second el ectrodes facing
perpendi cular to said first electrodes; constructing said first substrate,
said dielectric sheet and said second substrate by sealing with a gap

bet ween each ofher; and filling a electro-optical material between said
dielectric sh B said second substrate. 6. A net hod of

manuf acturi ng the plasna addressed el ectro-optical display device as
claimed in claim5, wherein said filling process conprises: filling said

electrically conductive material such that said surface of said
electrically conducting material is lower than that of said first

substrate. 7. A met hod of manufactyring the plasm addressed

el ectro-optical display deyree—as—s aipedain cf/aim5, further conprises the
step of: providing a plura i??\gi;farr1er1ribs on said first el ectrodes.
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