1 ﬁEASHEfAQBREséED DI'SPLAY DEVI CE BACKGROUND OF THE | NVENTI ON 1.RE?Q?JQ%§5
Fhe | nventi on: The present:- invention relates to a plasma address display
devi ce having a flat-panel structure with display cells and.plasma cells
being oyerlaid. 2. Description O Related Art: Pl asna-addressed display
devi ces uti¥izing plasma cells for addressing display cells such as, for
exanpl e, that put forward in Japanese Patlent Lai d- Qpen Publication No.

Hei . 4- 265931 (i'ssue date: 9/22/1992) have been proposed. As shown in.
FIG 5, the plasma-addressed display devices have a flat panel structure

conprising display cells_501 and plasma_cells. 502 inter ed by a thin
gl ass sheet 503 nade of PLAFMA-AR %§§ﬁ8etp13ﬁﬁaﬁ]aE#&I%%fls 502 are

constructed froma | ower substrate 504 bonded to the
' BACKGROUND OF THE I N

1. Field Of The Invention:

The present invention relates to a plasma address
display device having a flét—panel structure with display
.cells and plasma cells being overlaid.

2. Description Of Related Art:

Plasma-addressed display devices ﬁtilizing plasma
cells for addressing display cells such as, for example,
that put forward in Japanese Patent Laid-Open Publication
No. Hei.4-265931 (issue.'date:- 9/22/1992) have been
proposed. As shown in FIG. 5, the plasma-addressed display
devices have a flat panel structure cbmpriSing display
cells 501 and plasma cells 502 interposed by a thin glass
sheet 503 made of a dielectric sheet. The plasma cells 502
are constructed from a lower substrate 504 bonded to the
thin glass sheet 503, with ionizable gas being injected
ihto ﬁhe space between both items. High productivity and
operability together with minimum size of discharge
electrodes are possible because discharge electrodes 505
may be printed and baked on the flat substrate 509 using
screen'printing technigques etc; Barrier ribs 506 are then
formed on the discharge electrodes 505 and discharge
channels are constructed by dividing up the space injected

with the ionizable gas. These barrier ribs 506 may also be



thi'n gl'ass sheet 503, with ionizable gas being injected into the space

bet ween both itens. Hi gh productivity and operability together with m ninum
size of discharge el ectrodes are possible because discharge el ectrodes 505
may be printed and baked on the flat substrate 509 using screen printing

t echni ques 8tc. Barrier ribs 506 are then forned on the discharge

el ectrodes 505 and di scharge channels are2constructed by dividing up the
space injected with the-ionizable gas. These barrier ribs 506 may al so be

2 printed and baked using screen printing techniques and their ends cone
into contact viith the |ower surface of the thin glass sheet 503. The

stTi pe- shapeat ¥nEeftasgd eﬁ’%ﬁ?ﬁio&é§n90§cf{ﬁ\%ft’| Bﬁlﬁllttl@tgna’%%??néguﬁﬁo@é%d and

cat hodes
their ends come into qontact with the lower surface of the

thin glass sheet 503. The stripe-shaped discharge
electrodes 505 function alternately as anodes and cathodes
with a plasma discha?ge being generated between. the two.
The thin glass sheet 503 and the lower substrate 504 are
bonded together using a glass frit 507 etc.

| On the other hand, the displéy cells 501 are
constructed using a transparent upper substrate 508. This
upper substrate 508 is pasted to the thin glass sheet 503
via a prescribed gap using a sealant 509 etc. This gap is
then filled with an electro-optical material such as liquid
crystal 510, with display electrodes 511 being formed at
the inner surface of the upper substrate 508. These display
eiectrodes 511 are orthogonal with respect to the stripe-
shaped discharge electrodes 505. A matfix of pixels is
defined by the intersecting portions of the display
electrodes 511 and the discharge channels.

The plasma-éddressed display devices having this
structure are scanned so as to change over in a row scan
operation of discharge channels which perform plasma
_discharges. An image signal is then applied to the display
electrodes 511 arranged in column direction on the side of
the display cells 501 in synchronization with this scanning

and the display is driven. When a plasma discharge occurs



with a’ plasma di scharge being generated between. the two. The thin glass
sheet 503 and the | ower substrate 504 are bonded together using a gl ass
frit 507 etc. On the other hand, the display cells 501 are constructed
using a. transparent upper substrate 508. This upper substrate 508 is pasted
to the*thin*glass sheet 503 via a prescribed gap using a seal ant 509 etc.
This gap is then filled with an electro-dtical material such as liquid
crystal 510, with display electrodes 511 being fornmed at the inner surface
of the upper substrate 508. These drsplay el ectrodes 511 are orthogonal
with respect t di scharge el ectrodes 505 A.matri,x of

the s shape
pixels is dé"f’r'ﬁ'é’d" ‘%Jmﬁfg) rl'rr‘@l'pcﬂ"tcf%é’q}?en(tﬁ@ |1§p adined: idges

511 and the dlschar e .C Is The_pl asna- addr egsed _di,sp deV|ces haV|ng
Chis otruce b SPE-ORIE ) wel Pge, iR iR B R0 R e EHRR S hn o

di scharge CQ@Q%%ém&ﬁ'?EéméLBEmftﬁg”Bf pixels. i.e. the discharge

‘channels function as sampling switches. When the plasma

sampling switches are conducting and image signals are
applied for each pixel, the lighting or extinguishing of
pixels for which a sample/hold operation is carried out is
controlled. The image signal is then maintained within the
pixels as is after the plasma.sampling switch goes into a
non-conducting state.

Next, the problems the present invention sets out to
resolve are desecribed with reference to FIG. 6. When the
plasma cell 502 is made, a process is adopted where a
conductive paste taking, for example, Ni,B as it's main
component is used as the material for the discharge

"electrodes 505 and an insulating pasté such as a glass
paste is used as the material for the barrier ribs 506.
These are then printed on the lower substrate 504 comprised
of glass etc. and baked. The barrier ribs 506 are then
printed directly after drying is carried out at a
comparatively low temperature after the discharge
electrodes 505 are printed. After this, ‘the discharge
electrodes and the barrier ribs are baked at the same time
at a high temperature. However, if the discharge electrodes

are baked at a high temperature, bending occurs in the



di scharges. An image signal is then applied to the display el ectrodes 511
arranged in colum direction on the side of the display cells 501 in
synchroni zation with this scanning and the display is driven. Wien a pl asna
di schar ge occurs 3 within a discharge channel, anode:potential is
attainéd in"an approxi mately uniforninannﬁ and pixel selection is
performed for each line of pixels. i. e di scharge channels function as
sanpling switches. Wen the plasna sanpling switches are conducting and
-image signals are applied for each pixel, the lighting or extinguishing of
pi xel s for %@ich a s Ie/holg8 peration is carried out is contr d. The

i mage S|gnalq¥§§h§H FerRts nafdwidif ntP hEoptracting j kegppap ¢ E gsma

sanpl i ng smntdlékes |n Otﬁe conductive paste and mismatching of the
thermal expansion coefficients. If this bending is severe,
the seals for the display.cells 501 peel at the time of
assembly with the panel. More specifically, if the
conductive paste which makes up the discharge electrodes is
baked at a high temperature, the lower substrate transforms
in the same way as bimetal because of contraction in the
discharge electrodeslsos caused by to sintering. Further,
ﬁhen cooling is carried out after high temperature baking,
warping due to the thermal contraction coefficient of the
diécharge electrodes 505 being larger than the contraction
coefficient of the lower substrate 504 comprised of glass
etc. becomes a factor. For example, comparing expansion
coefficients, at a temperature of 293K (20°C) the thermal
coefficient of the glass comprising the substrate is 2.8 x
106 to 10 x 106, whereas that of nickel, which is the main
‘component of the discharge electrode, is 13.4 x.106. In the
case of assembly of the plasma-addressed assembly device,‘
the thin glass sheet 503.is bonded to the bent lower
. subétrate 504 using a glass frit, with the warped shape of
the lower substrate 504 being maintained even after
bonding. When the liquid crystal cells 501 are pasted to
the upper substrate 508 using sealant 509 etc. for

assembly, the warping of the lower substrate 504 is



non-conducting state. Next, the problens the present invention sets out to
resolve are described with reference to FIG 6. Wen the plasma cell 502 is

made, a process is adopted where a conductive paste taking,

Ni2B as it's main conponent is used as the material for the discharge
el ectr6des 505 and an insul ati ng paste sugh as a glass paste is used as the

mat eri al

for the barrier ribs 506. These are then printed on the | ower

for exanpl e,

substrate 504 conprised of glass etc. and baked. The barrier ribs 506 are
then printed directly after drying is carried out at a conparatively | ow

tenperature after the discharge el egtrodes 505 are printed, After this,
di schar ge el &TRIFLHFTHE MSANG; PLegFETBakEfe af If he® bafPHSHRF at a
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portions of the sealant 509 because the lower substrate 504
returns to a warped state when the pressure is removed. In
the worst case, the thin glass sheet 503 will fracture due
to the difference in the stress between the upper substrate
508 and the lower substrate 504.

Each of the discharge electrodes 505 are spaced

-equally on the lower substrate 504, with barrier ribs 506

being printed on the discharge electrodes 505, as shown in
FIG.l 7. A discharge region H2 is partitioned by this
plurality of barrier ribs 506 so as to be divided up into
independent plasma chambers P;, P2, . . . . with ionizable
gas being introduced at each of these plasﬁa chambers Pji,
P, . . . Any one or a mixture of the gases helium, neon
and argon may be used as this ionizable gas.

. A barrier rib 506 is formed at each band-shaped
electrode of the plurality of discharge electrodes for each
scanning unit so that each plasma chamber P;, Pz, . .
corresponds to each scanning line. The barrier ribs 506 are
formed by printing a plurality of laminated circuits using
screen printing techniques employing a glass paste mixed

with a ceramic such as alumina. The barrier ribs 506 serve

to control the gap for the discharge region 512 i.e. the

distance between the lower substrate 504 and the thin glass

t he



4 | ower substrate 504 due to contracting because of the sintering of the
conductive paste and m smatchi ng of the thernmal expansion e : .
this bending i sTsevere, the seals for the display cells 5DIrjpeeH=atr HACBEEN
time of assenbly More specifically, if the conduegiacspaste

whi.ch rakes” up tﬂ?ﬂiﬁ tﬁ'}iﬁeﬁmgtrodes i&® baked at a hi ghterperatrore—tHe
| ower substrate t i Ee same way as binetal because of
contraction inith ctrodes 505 caused by to sintering.
Further, when cooling is carried out after high tenperature baking, warping
bei ng. | ar ger 4N T COREr S8R G cotf T cTEAE PR oPna SO TibelFht o504
conpri sed of, Y3 RS- bPeAFE A ALCLAL fitbs¥38P! R1mQ AL NdcL¥BANS! ON

printing is carried out while forming the barrier ribs 506

or the amount of glass paste etc. used during each prinf,

and is usuaily about 200mm.

The plurality of discharge electrodes 505 may be

‘formed by printing an electrode paste inciuding silver

powder a plurality of times directly onto the laower

substrate 504. Alternatively, an etching process may be

used. More specifically, the discharge electrodes 505 may

be successively printed as discharge electrodes 505;, 505,

ana 5653, as shown, for example in FIG. 8. At this time,

the discharge electrode of the lowest'layer 505; is formed

so as to be wider than the layer discharge electrodes 505;

and 5053. This is because sagging in the electrode paste

for the discharge electrodes 505; printed directly onto the

lower substrate 504 is greater than sagging iﬁ the

materials for the electrode paste for the discharge

electrodes 505; and 5053 printed on the electrode paste.

A plurality of display electrodes 111 which make up

the upper substrate 108 are formed using optically

transparent, conductive material such as, fqr exanple,

Indium Tin Oxide (ITO).The display elect;odes 111 are

arranged in parallel with respect to each other so as to

be, for example, vertical with respect to a screen.



coeff|C|ents ~at a tenperature of 293K [err] the thermal

Flckel which is tne mai N conponent ~of the di schar ge ela
err] In the case §% e pl asma- addressed a

thin gfass sheet :5 2 as h&ghe ben? | ower substrate 504 using a
glass frit, with.th Lof the [ ower substrate 504 being

mai nt ai ned even aft nthe liquid crystal cells 501 are pasted
to the upper substrate 508 US|ng seal ant 509 etc. for assenbly, the marping

of the |ower substrate 504 is 5t I ted
(see 1G5 . Fomty e PIssRRGEBEE  oERB, SLtt O A (o ths (RtPPERSaEotne

“adher ed \
the side walls of the anodes are arranged so as to face

each other through plasma chambers P, with this being
referred to as a wall electrode structure or a side
electrode structure. In this side electrode structure, the
plasma discharge path goes straight from the wall of one
discharge electrode 505 to the wall of another discharge
electrode 505, as shown by -the arrow R. Howe&er, if the
discharge electrodes 505 are comparatively thin,
‘unfavorable discharge occurs due to electric field
convergence going to the end of the discharge electrodes
becausé the surface area of the discharée electrodes 505
which contribute to the side discharge is small; and an
irregular discharge takes place. This problem may be
resolved by making the height of the discharge electrodes
105 100mm or more.

However, generally, the thermal expansion coefficient
Qf the material for the discharge electrodes 505 and the
thermal expansion coefficient of the lower substrate 504 do
not coincide. Therefore, when the discharge electrode 105
is thick, the lowér_substrate'504'warps due to the thermal
expansion coefficient of the discharge electrodes 505 and
the thermal expansion coefficient of the lower substrate
504 not coinciding. This may cause thé lower substrate 504

to crack and the seal for the liguid crystal cell 501 to



po}tiohs of the seal ant 509 because the | ower substrate 504 returns to a

el ectrbdes 505 are
ribs 506 being pri
A di scharge region |s pa

war ped state when_the pressure is renoved. In the worst casg—the thin
gl ass sheet 503 will fracture due to the difference in the EUW@§§HE?? %%EEN )
the upper substraﬂhwsmﬂﬂﬁﬁﬁahh@l&QMBr substrate 504. Each gf the FHpgQR

on the | ower substrate 5C

gi charge dé ect rodes 505, as shown in FIG 7.

ned by this plurality of barrier ribs 506
so as to be divided up into independent plasma chanbers [err] . . Wth
ioni zabl e gas ei ng introduced at each of these plasma chanbers P1, [err]

Any one B m xture of the gases helium neon and argon may be used as

this ionizabl e 9o, A hesel! Rad LS JdEdsabapach bapd shageda

scannlng un|t

el ectrode of the |ty 0 ar ge ec or eac

so that eacQﬂﬁéﬁﬁgﬁ§h@?pe?okeékhmpley about 1 to 2 mm is used, this

problem may be resolved by preventing a magnitude of stress
from occurring in the glass substrate to an extent that
warping does not occur by making the thickness of the
discharge electrodas 105 less than 100mm. |

.~ However, as described above, if the thickness of the
discharge electrodes is made to be less than 100mm, the
surface area of the discharge electrodes 505 which
contribute to side discharge becomes small and the
aforementioned abnormal discharge occurs.

This is to say that, a& shown in FIG. 8, electrié
field convergence occurs at the portions of the lowermost
layer 5051 of the laminated, printed discharge electrodes
505 which are wider than the upper discharge electrode 5052
and unfavorable localizad discharge occuré.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
prbvide a plasma-addressed display device in which warping
of the glass substrate of the plasma cell side may be
_suppressed.

It is a further object of the present invention to
provide a plasma-addressed display device in which

substrate discharge within the plasma cell is controlled.



corresponds to each scanning line. The barrier ribs 506 are forned by
printing a plurality of lamnated circuits using screen printing techniques
enpl oying a ‘gl ass paste mxed with a ceram c such as alum na. The barrier
ribs 506 serve to control the gap for the discharge region 512 i.e. the

di stanée between the | ower substrate 504 gnd the thin gl ass 6 sheet 503.
The gap for this discharge region 512 may” be controlled by adjusting the
nunber of times the screen printing is carried out while form ng the
barrier ribs 506 or the anpbunt of glass paste etc. used during each print,
and is usually about [err] . The plurality of dis¢charge,electrodes 505 ma
be forned by mﬂrﬂqnﬁhﬁ1%ﬁ%€?Fodﬁfpﬁ%?eé%ﬁﬁqﬁﬁnbngﬁggépn' there 1s g

provided a plasma—addressed display device comprising a
first substrate having a number of first electrodes
arranged alternately in parallel on a main surface, a
second substrate having a number of second electrodes
orthogonal with resﬁect to the first electrodes and
arranged alternately in parallel, -with the second
electrodes facing the first electrodes, a dielectric sheet
interposed between the first and second substrates, an
eléctro-optical material disposed in a space between the
dielectric sheet and the first substrate and an underlying
layer formed between the second substrate and the second
electrodes.

The éecond electrodes may be comprised by the sintered
body of a conductive paste and the device may further
include bafrier ribs composed of sintered glass paste
formed on the second electrodes.

Further, the underlying layer may be coﬁposed of
sinte:ed glass paste having a higher softening point than a
softening point of the glass paste forming the barrier
ribs.

Moreover, the underlying layer may be formed from
sintered paste having a viséosity higher than the viscosity

of the conductive paste forming the second electrodes.

The relationship between the viscosity pl of the



powder a plurality of times directly onto the | ower subst
Alternatively, an etching process-may be used. Mre speci f|i CalISISHERTHEAS BEEN
di scharge el ectrodes 505 nay be successively printed as dijschar BBPLACED

el ectrodes [err] mchédBd BeaRephedn, for exanple in FIG & ,
t he di scharge el ec west layer [err] is formed so as to be
wi der than the | ayz{mnﬂlmaﬂml | ectrodeslJerr] and 5053. This is because
sagging in the el ectrode paste tor the discharge electrodes [err] printed
directly onto the | ower substrate 504 is greater than sagging in the
materials for the electro p for _fh I scharge el [ S 5 nd
5053 print ed N 1%%%1\5 e%?gtg%eg%%é{le.glﬁépﬁ}ga?%@n@f egfegg%gég% gggr (%55%5 111
whi ch nake upiddesipperpsubstr atie 1@%n@ﬁﬁ:tfiQféTE§al§tlé19ceﬁg_&ﬁ%|i|rbg the
transparent, conductive material such as, for exanple, IndiumTin Oxide

(1TO The digdea8hRC 19485 mbi 1Rl §igkhapged in parallel with respect to
each other so as to.

P2 = 1.1p1 - 2.0pl

-Stil; further, a barrier rib may be formed at each of
the second electrodes, the barrier ribs may be formed
périodically on.the number of second electrodes, and the
second electrodes may be 40 to 100 mm thick.

In another aspect of the present invention, a plasma-
addressed display device manufacturing method for a plasma-
addressed display device having a flat panel structure with
a display cell and a plasma celi'being overléid, comprises
the steps of:

printing a first glass paste, conductive paste and
second glass paste successively onto a substrate;

sintering the conductive paste, the first glass paste
and the second glass paste so as to form discharge
electrodes, underlying layers and barrier ribs,
respectively; |

bonding the ends of the barrier ribs to a dielectric
sheet so as to form plasma cells; and

injectihg an electro-optical substance into a space so
as to form display cells after a further substrate formed
with display electrodes is bonded to the dielectric sheet

via a prescribed space.



be, for exanple, vertical with respect to a screen: 7 At the plasm
cell, the side walls of the cathodes and the side walls of the anodes are -
arranged so as to face each other through plasma chanbers P, with this
being referred to as a wall electrode structure or a side el ectrode
structlUre. 1n this side electrode structure, the plasma discharge path goes
straight fromthe wall of one discharge électrode 505 to the wall of

anot her di scharge el ectrode 505, as shown by the arrow R However, if the
di scharge el ectrodes 505 are conparatively thin, unfavorable discharge

occurs due to _electri field,conver.genc ing.to the end of the
di schar ge el ect r &§&&- b§®§h§8f5ﬁ81§€r98& CaP a%gF &H§S&|§ ﬁé?g@aéngﬁFodes

505 higher than that of the second glass paste.
Further, the viscosity of the first glass paste may be

higher than that of the conductive paste.

The relatlonshlp between the v1sc031ty pl of the
conductive paste and the viscosity p2 of the first glass
paste may be given by:

| p2 = 1.1pl1 - 2.0p1

Moreover, a barrier rib may be formed at each of the
second electrodes, and the barrier ribs may be formed
periodically on the discharge electrodes arranged in
columns.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view showing the
structure of a plasma-addressed display device of the
present invention;

FIG. 2 is a perspective view showing the striped
pattern of the lower substrate comprising the plasma cell;

FIG. 3 is a schematic cross-sectional view showing a
blasma—addressed display device of a fdrther embodiment of
the present invention;

FIG. 4 is a detailed cross-sectional view showing the
structure of the discharge electrodes;

FIG. 5 is a schematlc cross-sectional view show1ng an

example of a plasma- addressed display device;



which contribute to the side discharge is small, and an irregul ar discharge
takes place. This problem nay be resol ved by maki ng the hei ght of .the

di scharge el ectrodes 105 [err] or nore. However, generally, the thernal
expansi on coefficient of the material for the dlscharge el ectrodes 505 and
the thérmal’ expansion coefficient of the |ower substrate 504 do not -

coi nci de. Therefore, when the discharge dRectrode 105 is thick, the |ower
substrate 504 warps due to the thermal expansion coefficient of the .
di schar ge electrodes 505 and the thermal expansion coefficient of the Iomer

substrate 504 not |d| narg “ﬁ‘;ﬂ“ S nA c,ausgcLi th owerb substr e 504}:
crack and the sedf or tﬁ% ?WQE R 9T GFg-oingg pro

be resolved;
| FIG. 7 is a schematic cross-sectional view showing an
example of a plasma-addressed display device; and
FIG. 8 is a cross-sectional view showing the detailed

structure of the discharge electrodes.

DETAILED DESCRI Ti N OF THE PREFERRE EMBODIMEN S
First Embodiment |

The following is a detailed description with reference
to the drawings of the preferred embodiments of the present
invention. FIG. 1 is a schematic cross-sectional view
showing the structure of thé plasma-addressed display
device of the present invention. As shown in the drawing,
this plasma-addressed display device comprises a laminated
flat panel structure with a thin glass sheet 103 being
sandwiched between a display cell 101 and a plasma cell
102. The display cell 101 is constructed using an upper
substrate 104 comprised of, for example, giass. A plurality
of display electrodes 105 comprised of a transparent
conductive film are formed parallel to the main part of the
inner surface of the upper substrate 104 in the column.
direction. The upper éubstrate 104 is then adhered to the
thin glass sheet 103 via a prescribed spacing using a
sealant 106. An electro-optical material comprising liquid

crystal 107 etc. is then vacuum sealed within the gap.



peel. In this case, when a glass substrate of a usual thickness of, for
exanple, about 1 to 2 [err] is used, this problemnmy be resolved by
preventing a magni tude of stress fromoccurring in the glass substrate to
an extent that warping does not occur by making the thickness of the

di scharge efectrodes 105 | ess than [err] However, as described above, if
the thickness of the discharge el ectrodeslds nmade to be less than [err]
the surface area of the discharge el ectrodes 505 which contribute to side
di scharge beconmes snall and the aforenmenti oned abnormal di scharge occurs.

This is to say th@ltli ﬁgé sSbAWR 195, [C;thégg%grg%r%%lilfdfi %3}/ %Ir{%tq:eegfcurs

at the portions o | oner nost Tayer 5 e l'amn

di schar ge el ggthgdes 5P8wwhi cBuBEerdieder 10BaN-bAGYRASIy db3alkar gec@l ectrode

5052 and unfavorable | ocalized di scharge occurs. _
Discharge electrodes 109 are formed on the main part of the
inner surface of the lower substrate 108 so as to extend in
the row direction orthogonally with respect to the display
electrode 5. These discharge electrodes 109 alternate
between being anodes and a cathodes and generate a plasma
discharge. Barrier ribs 110 are formed along and overlap
with parts of the discharge electrodes 109. The ends of fhe
barrier ribs 110 come into contact with the thin glass
sheet 103 and act as a spacer. The lower substrate 108 is
joined with the thin glass sheet 103 using glass frits 111,
with ‘an air-sealed space in between. This space 1is
partitioned by the barrier ribs 110 so as to construct
individual discharge channels 112..An ionizable gas is
introduced into the airtight space. This Qas may be, for
example, any one of a mixture of helium, neon or argon.

The barrier ribs 110 may be provided only on the
‘anodes or alternatively, the same electrodes may function
as both anodes and cathodes depending on the driving method
with the discharge electrodes all being formed at an equal
distance apért.

A characteristic of this embodiment is that underlyihg
films 113 are interposed as a buffer layers for the

discharge electrodes 109 and absorb the stress between the



SUMVARY OF THE INVENTION It is therefore an object of the present

I nvention to provide a plasna-addressed di splay device in which warping of
the gl ass substrate of the plasma cell side may be suppressed. It is a
further object of the present invention to provide a plasnma-addressed

di spl ay device in which substrate discharge within the plasma cell is
controll ed. 9 In one aspect of the pred¥ent invention, there is provided
a pl asma- addressed di splay device conprising a first substrate having a
nunber of first electrodes arranged alternately in parallel on a main

surface, a sgrond, pyBsLyake NAUNY ¢d WP, "1 5962 duBLEELERY98s. 1n
this way, it is possible to suppress warping in the lower
substrate. These foundation films 113 comprise printed and
sintered first glass paste sintered compaéts. On the other
hand, the barrier rib 110 formed on the discharge electrode
109 compriées a second glass paste .sintered body, printed
and sintered in the same way. The softening point of the
.first glaés paste is set-up to be higher than the softening
- point of the second glass paste.

The manufacturing method for this plasmaQaddressed
display'device.will now be described with reference to FIG.
1. First, the pfinting process 1is carried out, and the
first glass paste, the conductive paste and the second
glass paste are printed one after the other on the lower
substrate 108. The first glass pasfe and the second glass
paste are comprised of a mixture of grains of glass, a
resin binder, a solvent and other additives. The first

- glass paste has a relatively high softening point of about
520 to 560°C. On the other hand,® the second glass paste has
a relatively low softening point of about 430 to 530°C.
Next, the heating process is carried out, with thenlower
substrate 108 being heated to a temperature of, for
example, 540 to 580%C and the conductive paste being
sintered and taken as the discharge electrodes 109. At the

same time, the second glass paste is sintered to become the



orthogonal with respect to the first electrodes and arranged alternately in
parallel, with the second electrodes facing the first el ectrodes, a

di el ectric sheet interposed between the first and second substrates, an

el ectro-optical material disposed in a space between the dielectric sheet
and thé first substrate and an underlying | ayer formed between the second
substrate and the second el ectrodes. The &2cond el ectrodes may be conprised
by the sintered body of a conductive paste and the device may further

i nclude barrier ribs conposed of sintered glass paste fornmed on the second

ol oot rodes, (LIS e I L o e samgsed. of shntared ol ass

paste form aq Lhe DALELELST K0S ndiePVELe LiiSeHIPERLY A1 Y. BY b8

| preferable for the first glass paste to have a softening
point in the range of 520 to 560°C so that the heating
process may be carried out in the general range.of 540 to
580%. If the temperature is 'below‘ 520%c, pressure
absorption effects allowing the sintering of the foundation
film 113 to progress sufficiently will not be exhibited.
Alternatively, if the teﬁperature is abové 5609C, the
extent of the sintering will be too small and the
adhesiveness of the foundation film 113 and the lower
substrate 108 will be insufficient. More specifically, the
aforementioned printing processes and heating processes
involve a plurality of heating process stages. i.e. after -
printing, drying is carried out at 150°C and a solvent
including the paste is evaporated. Next, heating is carried
ouﬁ to about 400% in air and the solvent including the
paste is baked off. In the final stage, heating is carried
out to a temperature of, for example, 580°C and the paste
including glass particles and metal éarticles is sintered.

Next, a first bonding process is carried out, with the

tip of the barrier rib 110 coming into contact with the
thin glass sheet 103 and then being bonded so as to provide
the plasma cell 102..Finally, in a second bonding process,

after the upper substrate 104 on which the aisplay



sinhteréd paste having a viscosity higher than the viscosity of the
conductive paste form ng the second el ectrodes. The rel ati onshi p between
the viscosity pl of the 10 conductive paste conprising the second

el ectrodes and the viscosity p2 of the conductive paste conprising the
underlVying layer may be given by: p2 = 1.lpl - 2.0pl Still further, a
barrier rib may be forned at each of the second el ectrodes, the barrier
ribs may be formed periodically on the numder of second el ectrodes, and the
second el ectrodes may be 40 to 100 Amthick. In another aspect of the

resent invention, a plasma- addressed display device,manuf in
For a p|asn§gectrode§3105 are already forﬂ%d.%n rows is ﬁ%nSEE“EB gththOd

thin glass sheet 103 with a prescribed space in-between,
liquid crystal 107 is injected into the space, the display
cell 101 is provided and the plasma—addréssed display
device is complete.

FIG. 2 is a perspective view showing the shape of the
surface pattern of the lower substrate 108 shown in FIG. 1.
Underlying films 113 are formed in stripes on the surface
of the lower substrate 108 comprised of glass etc. The
underlying film 113, however, is by no means limited to a
striped shape, and may also be formed over the entire
surfaée of the lower substrate 108. However, when the

~underlying film is formed all over, the surface of the
underlying film 113 is uneven and there is the fear that
"the polarization surface may become disheveled and the
display contrast may be lowered when light incident to the
display device is linearly polarized. Therefore, with
display cells employing liguid crystai as the electro-
optical subs;ance, it is preferable fot the underlying f£ilm
113 to be matched with the discharge electrodes 109 or for
the barrier xrib 110 to be of a striped.shape so that
general lineér polarization may be used for the incident
light. i.e. it is preferable if the underlying film 113 is
removed from regions which incident light passes through,

beforehand. The discharge electrodes 109 overlaid on the



addr essed di spl ay device having a flat panel structure with a display cel
and a plasnma cell being overlaid, conprises the steps of: prfinting a first
gl ass paste, conductive paste and second gl ass paste successively onto a
substrate; sintering the conductive paste, the first glass paste and the
second gl ass paste so as to formdischarge el ectrodes, underlying |ayers
and barrier ribs, respectively; bonding tilze ends of the barrier ribs to a
dielectric sheet so as to formplasma cells; and injecting an
el ectro-optical substance into. a space so as to formdisplay cells after a
further substrate fornmed with display electrodes is bonded to the
di el ectric vhderlyingafpiuwstidbavesparwed in stripes. These discharge
' electrodes 113 are arrayed at a prescribed pitch, with each
individual stripe having a width of preécribed dimensions.
These discharge electrodes 109 are made by screen-printing
and then baking a conductive paste consisting of, for
example, Ni;B taken as the main component, a binder, and a
solvent which are mixed together. The barrier ribs 110 are
formed on the discharge electrodes 109. These barrier ribs
110 are also striped with the same pitch. The stripes of
the barrier rib 110 are slightly narrower than the stripes
of the discharge electrodes 109 and are matched with
respect to these discharge electrodes 109. The barrier rib
110 is made by screen printing an insulation paste made of,
for example, glass paste etc., and then performing high
temperature baking.
' In this embodiment, an underlying film 113 comprising
of glass paste is provided as the underlayef for the
discharge electrodes and bending in the lower substrate may
be reducéd by making the softening point of this underlying
film 113 higher than the softening point for the glass
paste of the barrier rib. Bending in the lower substrate
occurs due to stress applied in such a manner as to cause
the discharge electrodes to contract in the direction of

the stripes. It is the function of the underlying films 113

to absorb this stress and this will be described in detail



Here, the softehing point of the first glass paste is higher than that of
the second gl ass paste. Further, the viscosity of the first glass paste may

be hi gher than that of the conductive paste.

The rel ationship between the

viscosity pl of the conductive paste and the viscosity p2 of the first
gl ass paste may be given by: p2 = 1.1pl - 2. Opl Mreover, a barrier r
be formed at each-of the second electrodess and the barrier ribs my
formed periodically on the discharge el ectrodes arranged in col ums.

DESCRI PTI ON OF THE DRAWNGS FIG 1 is a schematic cross-sectional

I b may
be
BRI EF

Vi ew

showi ng 1 he .t ye! Y981, 8P BSIBs ST °3387 130 BX.08Vheecl Lheapegoen

i nventi on;

foundation is made of a sintered glass layer via the
following process. First, the solvent is evaporated at a
low temperature of aﬁout 150°C. Then, the resin binder
(non-volatile) is baked-off by heating the substrate to 350
to 400°% in the presence of oxygen. The glass particles are
then fused together by heating the substrate to a
temperature of about 540 to 600°C. This process ;s known és
sintering. A glass layer having superior continuity is
formed a glass paste having a low softening point which is
easy to sinter. On the other hand, a porous glass layer is
formed from a glass paste having a high softening poinf so
as to.include minute spaces which make sintering difficult.
If the difficult-to-sinter glass paste is used as an
underlayer for the discharge electrodes,.minute cracks
occur within the underlying £film when the discharge
electrodes contract in the stripe direction because the
underlayer is porous. i.e. the contractive stress of the
discharge electrodes is relieved by the generation of
cracks in the underlyihg film 113, with it being difficult
to transmit this to the lower substrate 8, and the
occurrence of Bending is therefore suppressed. The baking
temperature is generally decided using the_sintering
temperature for the glass paste which forms the barrier

ribs. If, however, the softening point of  the glass paste



FI'G 2 is a perspective view showi.ng the striped pattern of the | ower

substrate conprising the plasma cell; FIG 3 is a schematic cross-sectional
vi ew showi ng a pl asna-addressed di splay device of a further

t he present

the structare of the discharge electrodes; FIG 5 is a schematic

Cross-secti
devi ce;

resolved;, FIG 7 is a schematic cross-secti onal

onal view showi ng an exanple & a pl asna- addressed di spl ay
12 FIG 6 is a schematic view for describing problens to be

a pl asma- addr essed di spl ay device; and

for the underlayer is lower than the softening point of the

glass paste for the barrier ribs, the sintering of the

underlayer progresses hastily and the function as the

buffer layer is not seen to be effective against the
contractive stress. It may therefore be set up the
softening point of the glass paste for the underlying £ilm
to be higher than the softening point of the glass paste
for the barrier rib and the buffer film can ﬁherefore be
seen to function as such by using this kind of material.

As described above, a plasma-addressed display device
of a flat panel structure with a display cell and a plasma
cell being overlaid has an underlying film comprising a
glass paste etc. of a comparatively high fusing point
provided under the dischargé electrodes forming the plasma
cell, with stress occurring between the discharge
electrodes and the lower substrate then being absorbed. In
this way, bending in tpe lower substrate can be reduced

and, when the display cells are laminated with respéct to

‘the plasma cells, and there is no fear of the seal peeling.

Second Embodiment

in the same way és for the first embodiment, as shown
iﬁ FIG. 3, a device'accordiné to this second embodiment
compfises a liquid crystal cell 101 and a piasma cell 102
interspersed by a thin glass sheet 103. First, a plurality

of underlying layers 114 are formed at equal intervals on a

enbodi nent of
invention; FIG 4 is a detail ed cross-sectional view show ng

vi ew showi ng an exanpl e of



FIG 8 is a cross-sectional view showing the detailed structure of the

di scharge el ectrodes. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
First Enbodi nent The following is a detail ed description with reference to
the drawi ngs of the preferred enbodi nents of the present invention. FIG 1
is a schematic cross-sectional vi ew showi g the structure of the

pl asma- addr essed di spl ay device of the present invention. As shown in the
drawi ng, this plasna-addressed di splay device conprises a |anm nated fl at
panel structure with a thin glass sheet 103 bei ng sandw ched between a

o301 OoLegtole 2 PLERIR S5k 108eyTe, SBLEYiES! 10l SpRznat et o
of display el.ectrodes a _ r'%ed of. a transparent COGQ ct.i.ve figggare
For mod pat alTEE 0 R 103 H5H PESPor ReEPRAGHS Cur o SoBte e gy
substrate 1Qﬁ4j]é4§%fé¥L¥qbs 110 are then printed on these discharge
electrodes 109, with frits 111 being daubed around the
barrier ribs 110. The upper end of the barrier ribs 110 are
then opposed by a thin glass sheet 103, so that a plurality
of discharge'regions 112 are formed. A liquid crystal layer
107 is then provided between the thin glass sheet 103 and
the plurality of display electrodes 105 formed on the thin
glass sheet 103 so as ﬁo be orthogonal with respect to the
plurality of discharge electrodes 109. In this embodiment
also, the barrier ribs are provided on all of the discharge
electrodes but it is also possible to provide the barrier
ribs periodically only on the anodes, etc.
The specific structure of the'discharge cells 109
within the plasma cells 102 is shown in FIG. 4. Here, a
single layer underlying layer 114 is printed on a glass
substrate 118. The paste material of this underlying layer
114 has a viscosity which is larger than the viscosity of
the electrode paste material for the discharge electrodes
9, i.e. the sagging is less. Nexp, a plurality of layers of
discharge electrodes 109 are printed on this underlying
layer 114. In FIG. 4, the case is shown where three layers
of discharge electrodes 109;, 109, and 1093 are printed. At

this time, the width of the underlying layers 114 formed



direction. The upper_substrate-104-+s then adhered to the thin

103 'via a prescribed spacing using a sealant 106. An el ectro-Q

gl ass sheet
tical

mat eri al conpri si ngrhkslsq&tﬂas ealhce107 etc. is then vacu

t he gap. .13 On th

a lower substrate glass 1etc.. Dischar
|

are formed on the ma e I nner surface of the | ower
so as to extend in the rom1d|rect|on orthogonally with respect
di splay el ectrode 5. These di scharge el ectrodes 109 alternate

I di
For med al ongObRETeg: 199 W nS bart s CuPoERACH, daRarGe dMec ISy

ends of the"

this underlying layer 114 are approximately equal

THESSA
he pl asma cell 102 is {fonst

I

.'.D_

@*ﬁ%ﬁ'ﬁ? ”
substrate 108
to the

betmeen bei ng

s, . 110 are
‘?L 9th9fhe

plurality of discharge electrodes 109 formed as layers on

because

sagging of the electrode'paste material of the discharge

electrodes 109 formed on the underlying laver
suppressed due to the underlying layer 114 using

‘material having a high viscosity.

114 is

a paste

In this way, the electric field convergence which

occurred across a broader portion of the discharge

electrodes of the upper layers of the first layer discharge

electrode does not occur and unfavorable 1localized

discharges are no longer generated. This also means that a

stable side discharge is possible even if the discharge

electrode 10 is less than 100mm thick.

However, a discharge electrode thickness of 40 to 100

mm is breferred because the discharge flickers

if the

surface area of the discharge electrode 109 contributing to

the side discharge is too small.

. Further, if the viscosity of the paste materia

1 of the

underlying layer 114 is taken to be p2 and the viscosity of

the electrode paste material for the discharge electrode

109 is taken to be pl, the viscosity p2 is set up

to be a

value falling within the scope shown by the following

equation (1).
p2 = 1.1pl to 2.0p1 (1)



barrier ribs 110 cone into contact with the thin glass sheet 103 and act as
a spacer. The lower—substTate 108 is joined with the thin

using glass frits 111, wnth]anha%r-sealed space in between'ﬂﬂﬂﬁHEEBmaseEEB
partitioned by tThs 10 so as to construct indivi duBEFUAGEDar ge

channels 112. An i s introduced into the airtrTghtspace. Thrs
gas may be, for e of a m x®Rre of helium neon or argon. The
barrier ribs 110 may be provided only on the anodes or alternatively, the
sanme el ectrodes may function as both anodes and cathodes dependi ng on the
driving nethod with the dlscharge el ectrodes all hein forgEd at an equal

di stance apart. AIBhEPScERFESPF tRA aive QfhsBe¥AECPSitKaPt uhReIPIFPHY

fiim 113 are (ntsrgosed ag.a butfer lavers Lor)ihe,disgharas ol eolyodes
the scope shown in equation (1), when the underlying layer
114 is formed,'the width of the underlying layer 114
becomes greater than the width of the discharge electrode
109 formed at the upper layer and the sagging of the
electrode paste material is no longer suppressed.

A material capable of suppressing sagging in the
discharge electrodes 109 may be used as the paste material
for the underlying layer 119.

Next, an example of the process for forming the
underlying layer 119, the discharge electrodes 109 and the
barrier ribs 110 on the glass substrate 118 is described in
detail. A sareen of mesh number 325, linear diameter 23mm,
bias angle 32 degrees and of-a porosity rate of 50% having
a stripe pattern of width 70mm and a pitch of 410mm is used
for the printing in these forming processes.

First, the underlying layer il4 is printed on the
glass substrate 118 to a thickness of 20mm using a ELD-511
glass paste (manufactured by OKUNO SEIYAKU) as the paste
material for this underlying laver 114, with drying then
being carried out at 150°C.

Next, the discharge electrodes 109 are laminatedly
printed §$ a thickness of 50mm on the printed underlying

layer 119 using 9535M nickel paste (manufactured by Dupont)



14" di scharge el ectrodes 109 and the | ower substrate 108. In this way,

possi bl e to suppress—warptrng—in—the | ower substrate. These

113 conprise printed and S|ntered flrst gl ass paste sintere
t he ot her

hand, tH&is d fornmed on the discharge
conpri'ses a second ntered body, printed and s

sane way. The softe the firsA glass paste is set-up to be

hi gher than the softening p0|nt of t he second gl ass paste. The

G BREET HASBEEN
el ectarrlACHEID
_ o

it is

manuf act uri ng nethod for this plasma-addressed display device will now be
descrii bed mnth A ere o FIG 1 . First, the pr| t|n oces rried
out, and the 8% | rs gI a ec 52?8 ?ﬁgtc?onﬁlﬁgt |r\?‘ea & ag:c}P aa %%%%EB%I ass

paste are prdyd&d-JHue %%bquEQQnBtQErCQPrEQG eﬁ%wﬁt 150°C at this time

for each layer printed.

Further, barrier ribs are laminatedly printed to a
thickness of 200mm on the discharge electrodes 109 using
ELD-511 glass paste (manufactured by OKUNO SEIYAKU). Drying
is cerried out at 1509C at this time for each.layer
printed.

After this, the glass substrate 111 with the

underlying layer 114, the discharge electrodes 109 and the

barrier ribs 115 is baked under atmospheric conditions to a

temperature of 490°C. Further, the air is replaced with
nitrogen, the temperature is increased, and baking is
carried out in a nitrogen atmosphere at a temperature of
580°C. |

The baked glass subetrate 118 is immersed in ethylene
glycol for 5 minutes in order to activate the discharge
electrodes 109 and then soaked for three minutes in
hydrogen peroxide (manufactured by KANTO KAGAKU) of 30 to
35% concentration. After the immersed glass substrate has
been washed and dried, the thin glass sheet 103 and the
liquid crystal cell 101 are attached and the plasma address
liquid crystal display device is made.

Peeling in the seal of the liquid crystal cell 101 and

cracks in the thin glass sheet 103 due to bending in the



substrate 108. The first gl ass és and the second gl ass pa :
conprised of a nxture of grains of glass, a resin binder, af SolyeREsf S BEEN

other additives. The first ol ass.cefste has a relatively highl sof t gridig e
poi nt of about 52 i 8B Hix ache=other hand, the second ¢ =
arelatively low s [ m* of about,A30 to [err] Next, the heating

process is carried | ower sd%strate 108 being heated to a
tenperature of, for exanple, 540 to [err] and the conductive paste being
sintered and taken as the discharge el ectrodes 109. At the sane tine, the

d gl te i i nt to b th 15.b ' ' 110
il t aneoud TR (FERFET AT o1 R SR et e S T P B R SR
underlylng1ﬁiégfé§.dgbib% is made in this way. Also, stability and

uniformity in the discharging of the plasma address liquid
crystal display device is good and the discharge. starting
voltage is 210V. | |

Further, in the above forming processes, if the plasma
address liquid crystal display device is made with the
thickness of the discharge electrodes 109 being taken to be
70mm or 90mm while all the other conditions remaiﬁ the
same, peeling of the seals for the liquid crystal cells 101
and cracks in the thin glass sheet 103 due to bending of
the glass substrate will not 6¢cur in the same way as for
the case where the thickness of the discharge electrode 109
is taken to be 50mm. Moreover, the stability and uniformity
of ﬁhe discharge for this plasma-addressed liquid crystal
display device is good. From the above results, a thickness
of the discharge electrode 109 of 40 to 100mm is preferred.

In the aforementionéd forming processes, if the plasma
address liquid crystal display device is made with the
thickness of the discharge electrode 109-béing taken to Se
35mm with all other conditions remaining the same, it is
not possible to perform a stable diécharge. Further, if the
thickness of the discharge electrode 109 is taken to be
150mm, the seals of the ligquid crystal cells 101 peel and

cracks occur in the thin glass sheet 103. Moreover, if the



preferable for the first glass paste to have a softening point in the range |

of 520 to [err]—so-that the heating process may be carr |f€d out—T A the——)
general range of 540 to [err]. If the tenperature it Eﬂﬁﬁ%@f@ﬁf53BEEN
pressure absorptTlﬁerh&iH&%&n QA)AA ng the sintering of tpe.fo WAL i | m
113 to progress s hot be exhibited. Alternatively, 1T the
tenperature is ab Hmmﬂy extent of23 he sintering wll be too snall
and -t he adhe5|veness 0 ndation film 113 and the | ower substrate 108

will be insuffici ent. More specifically, the aforenentioned printing
Ctages. 1. o PLHEBR FUTETRS, AGHIT FEvERAh Séi‘%'a#x?f?%ff%éél P8GR ent

| udi t ted. - ' f t
400 Cin'a Pﬁa&%é%ﬁeb%l A e S e R %‘)?. nal
stage, heatijpgelfnfalfi byt éo?xd%t&%ﬂE%ﬁIe“é&né’fwdﬁ”tt@(%’H&'c@mefs%r bl and

t he paste
the discharge electrodes 109 being 100mm, unfavorable

localized discharge occurs due to electric field.
convergence going to the end of the electrodes when the
voltage across the cathodes and the anodes is increasgd and
.a stable discharge cannot bé achieved..

As becomes clear from the above description, the
plasma address liquid crystal display device of these
embodiments has a underlying layer interposing a thin glass
sheet and discharge electrodes. Abhormal discharge due to
electric field convergence is then suppressed at the
discharge electrodes by making the viscosity of the paste
material forming the underlying layer larger than the
viscosity of the paste material forming the discharge
electrodes. Also, backlight illumination can be made
brighter because the surface area of openings in the glass
substfate for backlight illumination may be made larger.

Further, the glass 'will not bend and cracks in the
thin glass sheet and peeling.of the seals for the liquid
crystal cells is prevented by making the thickness of the

discharge electrodes from 40 to 1oomm.



including glass particles and netal particles is sintered. Next, a first

bondi ng procéss is carriedout;—wth the tip of the barrier

rib 110 com ng

into contact wit
provi de the pw&’

i ch the display 16 el ectfLades FEHAG

v

t he upper s'ubstF
al ready forned

t &pin | ass sheet 103 and then bein T T So—a5—to=—
eeﬂ he laged a1 |y, in a second bondin ﬁ'ﬂc"e“é—é“‘&f&@ﬁ:‘tl\!

ded to the thin glass she 103 wth a
prescribed space in-between, liquid crystal 107 is |hj§%?€8_rﬁfﬁhfﬁ§“§pace
the display cell 101 is provided and the pl asma-addr esngm,ﬁm ﬁ i's
complete. FIG 2 1is a Eersgectlve vi ew show ng the shap l’ ﬂum

pattern of t i 108 shown in FIG

1. A plasma-addressed display device comprising:

a first substrate having a plurality

of first

electrodes arrxanged alternately in parallel on a main

surface;

a second substrate having a plurality

of second

electrodes orthogonal with respect to the first electrodes

and arranged alternately in parallel, with the second

electrodes facing the first electrodes;

a dielectric sheet interposed between the first and

second substrates;

an electro-optical material disposed in a space

between the dielectric sheet and the first substrate; and

an underlying layer formed between the second

substrate and the second electrodes.

2. A plasma-addreésed display device according to

claim 1, wherein the second electrodes are comprised by the

" sintered body of a conductive paste.

3. A plasma-addressed display device according to

claim 2, further comprising . barrier ribs composed of

sintered glass paste formed on the second electrodes.

4, A plasma-addressed display device according to

claim 3, wherein the underlying layer is composed of

sintered glass paste having a higher softening point than

that of the glass paste forming the barrier ribs.



—_—
Underlying filnms 113 are formed in strrﬁes on the surface of t he Iower

substrate 108 corrprlsed of gl—ass e mﬂ"]mwm g filr :
o be fio Héd:mmgr

by no rreansmslsm,ettﬁggg Jyl ped s
entire surf l substrate 108L However, whenlit he uﬁHeLA

filmi's for H ' he surface of the underlyr ng fITmt ---—--..-:
and there is the pol arizati dh surface may becone di shevel ed
and the displ ay contrast may be | owered when |ight incident to the display
device is linearly poIarized Theref ore, mrth display cells enpl oyi ng
liquid crystal asc.the tro tan .S preferahle for the -
underlying film 113 to%béﬁrﬁ%"’he %ﬁ?%s? tﬁsggﬁgr ngé‘ﬁ?ctarc ?P P for
the barrier to he.of; |g§gi o gener r

pol ari zat i on&"ergy;J“b(e)'L usg)gl rflhghrgnc ijf? fﬁér .% |§$p#b$§raab?f

E Ereoﬂgger lyi antétgalﬂaésts hatr%@d af Rﬁ@cfd’aﬁ't‘iﬁ%x‘dﬂé‘f‘ ded detde 'aﬂhthspasses

conductive paste forming the second electrodes.
6. A plasma-addressed display device according to

claim 4, wherein a relationship between the viscosity pl of

the conductive paste_comprising the secoﬁd electrodes and
the viscosity p2 of the conductive paste comprising the
underlying layer is given by:

p2 = 1.1pl - 2.0pl

7. A plasma-addressed display device according to
claim 3, wherein a barrier rib is formed at each of the
second electrodes.

8. A plasma-addressed display device according to
claim 3, wherein the barrier ribs are formed periodically
on the plurality of second electrodes.

9. A plasma-addressed display device according to
claim 5, wherein the second electrodes are 40 to 100 mm
thick.

10. A plasma-addressed display device manufacturing
method for a plasma-addressed display device having a flat
panel structure with a display cell and a plasma cell being
overlaid, comprising the steps of:

printing a first glass paste, conductive paste and

second glass paste successively onto a substrate;



bef orehand. The di scharge el ectrodes 109 overlaid on
film113 are fornmed in stripej(l"“ﬁm\l el ect
at a presfk sRediPbldikepithd N € MR o
prescri be hese di'scHar§e &l ettriodes 10 D
screeﬁ-pri1 l&mrﬂ baking a conductive paste consi sting of,

exanple, N he mai n conponent28 a bi nder, and a sol vent which

are m xed together. The barrier ribs 110 are fornmed on the discharge
el ectrodes 109. These barrier ribs 110 are also striped mnth t he sane

tch. Th t the b i b 110 ht | t h
g![ rfpes 01? tsh(raI 3?%&%%?5&3% %Ir(géxé U Bbv%réase’? Ir}%}ché/elar respgga{k% ©
these di schagg(a e{:ﬁgt ré)éjgén&o gla£'§ lfa%.rgﬂeer r| bas to form discharge

electrodes, underlying layers and barrier ribs,

B Siticia

ey

respectively}

bonding the top ends of the barrier ribs to a
diélectric sheet so as to form plasma cells; and

injecting an electro-optical material into a space so
as to form display cells af;er a further substrate formed
with display electrodes is bonded to the dielectric sheet
via a prescribed space.

11. A plasma-addressed display device manufacturing
method according to claim 10, wherein the softening point
of the first glass péste is higher than that of the second
glass paste.

12. A plasma-addressed display device manufacturing
method according to claim 10, wherein the first glass péste
has a viscosity higher than that of the conductive paste.

13. A plasma-addressed disblay device manufacturing

method according to claim 12, wherein a relationship

between the viscosity pl of the conductive paste and the
viscosity p2 of the fixst glasé paste is given by:
p2 = 1.1p1 - 2.0pl
14. A plasma-addressed display device manufacturing
method according Eo claim 10, Qherein a barrier rib is

formed at each of the second electrodes.



110 is made by screen printing an ins e of,

gl ass paste etc, and then performng mmmummmmnbakl ng.
enbodi nent, an underlylng film113 conﬁr|§|n dl ass past
t he underl ayer for the discharge el ectrodes an bendlng inthe lo
substrate may be reduced by meking the softeni poi nt of this underlying
film 113 higher than the softeninng point for the glass paste of the barrier
rib. Bending in the | ower substrate occurs due to stress applied in such a
manner as to cause the discharge el ectrodes to _contract in the direction of
the stripes. It is thé‘-sf uncth eHasmarpduraepry AAEPLAY ngeTise (RARBERF B RS

stress and this w il descrj.bed in detail
metho accordlng to cliaim 10, w%ereln the barrier ribs are

formed periodically on the discharge electrodes arfanged in

‘columns.

is Sheet Has Been Replaced

i




in the follomﬁng Basically,'the gléss past e of fhe'printed foundation is
made of a sinter edhi SH@Sth Replacad t he fol | ow ng. process.
@N *ﬁ@rﬁ’-ﬂi&‘reHAs:BEEN

solvent is evaporat nper at ure of about 1500C.

bi nder (nons volat|I f by heating the substrafie_to BEBLAGEperr]
in the presence of oxygen e glass partig, %es are then fuse
heating the substrate to a tenperature of about [err] .to [err] This process
is known as sintering. A FRABR2-ARRRESSHR\DIBHLAYUPEVICEr continuity is formed a
gl ass paste having a | ow softening point which is easy to sinter. On the

ot her hand, a porous gl ass 'aye5BEiBéQiﬂQﬂ;ﬁhQﬂ%%ﬂﬂ%ﬂﬂﬂ%@aste havi ng a hi gh
softening point so as to include mnute spaces I ch make sintering,
difficult. If thepdidfddm tad@rSsHEQT a8bPIBYPARNA cleS dbpsh-ife N URFRE LAY ET
for the discharge electrodes, mnute cracks occur within the underlying

flh | m when thgu@hs&:&ﬂwgehabeﬁgr cdesumbatr aft firsbeedkkithodly esttangd@cause
t he

altefnately in parallel on a main surface, a second
substrate having a number of second electrodes orthogonal
with respect to the first electrodes and arranged
alternately in parallel, with the second electrodes facing
the first electrodes, a dielectric sheet interposed between
the first and second substrates, an electro-optical
substance for maintaining a space between the dielectric
sheet and the first substrate and a underlying layer formed
betweénrthe second substrate and the second electrodes, so
that warping of the glass substrate of the plasma cell side
may be suppressed aqd substrate discharge within the plasma

cell may be controlled.



underl ayer is porous. i.e. the contractive stress of the discharge
electrodes is relieved by the generation of cracks in the underlying film
113, with it being difficult to transnt this to the |ower substrate 8, and
t he occurrenpce of bending is therefore suppressed. The baking tenperature
is generally decided using the sintering fefperature for the glass paste
which forns the barrier ribs. If, however, the softening point of the glass
past e 19 for the underlayer is |lower than the softening point of the

gl ass paste for the barrier ribs, the sintering of the underl ayer
progresses hastily and the function as the buffer layer is not seen to be
effective against the contractive stress. It may therefore be set up the
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softening point of the glass paste for the underlying filmto be higher
than the softening point of the glass paste for the barrier rib and the
buffer filmcan therefore be seen to function as such by using this kind of
material. As described above, a plasma-addressed display device of a flat
panel *structure with a display cell and a plasma cell being overlaid has an
underlying filmconprising a gl ass paste29f5 ‘of a conparatively high
fusing point provided under the discharge el ectrodes form ng the plasna
cell, with stress occurring between the discharge el ectrodes and the | ower.
substrate then being absorbed. In this way, bending in the l'ower substrate
can be reduced and, when the display cells are lamnated wth respect to
the plasma cells, and there is no fear of the seal peeling. Second

Enbodi ment In the sane way as for the first enbodi nent, as shown in FIG 3,
a device according to this second erbodi nent

FIG.2
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conprises a liquid crystal cell 101 and a plasnma cell 102 interspersed by a
thin glass sheet 103. First, a plurality of underlying |ayers 114 are
formed at equal intervals on a 20 gl ass substrate 108, with a plurality
of discharge el ectrodes 109 then being formed on these underlying | ayers
114. Barri‘er ribs 110 are then printed on these discharge el ectrodes 109,
with frits 111 bei ng daubed around the BB er ribs 110. The upper end of
the barrier ribs 110 are then opposed by a thin glass sheet 103, so that a
plurality of discharge regions 112 are forned. A liquid crystal |ayer 107
I's then provided between the thin glass sheet 103 and the plurality of

di splay el ectrodes 105 forned on the thin glass sheet 103 so as to be

orthogonal with respect to the
FIG.3
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plurality of discharge electrodes 109. In this enbodi nent also, the barrier
ribs are provided on all of the discharge electrodes but it is also
possible to provide the barrier ribs periodically only on the anodes, etc.
The speC|f|c structure of the discharge cells 109 within the plasm ceIIs
102 is 3howd in FIG 4. Here, a single Ia¥€/ nderlying layer 114 is
printed on a glass substrate 118. The pas terial of this underlying

| ayer 114 has a viscosity which is larger than the viscosity of the

el ectrode paste material for the discharge electrodes 9, i.e. the sagging
is less. Next, a plurality of layers of discharge el ectrodes 109 are
printed on this underlying layer 114. In FIG 4, the case is shown where
three | ayers of discharge electrodes [err and [err] are printed. At this
time, the width of the underlying Iayersf&%ﬂé?gré?
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PO

21 directly on the gl ass .substrate 118 and the width of the plurality of
di scharge el ectrodes 109 forned as |ayers on this underlying | ayer 114 are
approxi mately equal béecause sagging of the el ectrode paste material of the
dlscharge el ectrodes 109 formed on the underlying layer 114 is suppressed
due t ¢ tHe‘underlying |ayer 114 using a %g; e material having a high
viscosity. In this way, the electric fiel nver gence whi ch occurred
across. a broader portion of the discharge electrodes of the upper

| ayers of the first |ayer discharge el ectrode does not occur and
unfavorabl e | ocalized di scharges are no | onger generated. This al so neans
that a stable side discharge i.s possible even if the discharge el ectrode 10

is less than [err]thick. However, a dis eMpctrode thickness of 40 to
100 Wl@o 7
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[err] is preferred because the discharge flickers if thelmpf %ﬂﬁ&ﬂ
t he dirscharge el ectrode 109 contributing to the side dis e

smal s Further, if the viscosity of the paste material of fhe underlying
layer 114 is taken to be [err] and the v®scosity of the pl bctirod®VpREee
material for the discharge electrode 109 is taken to be pl} the viscositly
p2 is set up to be a value falling within the scope sho py the foll ow ng

equation (1). p2 = 1.1pl to 2. Ol (1) 22 In the _
f th [ ' th Lak .f of d | [
o 1%, SRR 8531 eufe Sl B LRk o IR AMISHAY 80 EdvctaT ber o

controlled by adjusting the number of times the screen
printing is carried out while forming the barrier ribs 506
or ;he amount of glass paste etc. used during each prinﬁ,
and is usually about 2004m, |
‘The plurality of discharge electrodes 505 may be _

formed by printing an electrode paste inciuding silver
powder a plurality of times directly'oﬁto the lower
substrate 504. Alternatively, an etching process may be
used. More specifically, the discharge electrodes 505 may
be successively printed as discharge electrodes 505;, 505;
and 5053, as shown, for example in FIG. 8. At this timé,
the'discharge electrode of the lowest layer 5053 is forméd
so as to be wider than the layer discharge electfodes 505,
and.5053. This is because sagéing in the electrodé paste
for the discharge electrodes 505; printed directly onte the
lower subétrate 504 1is greater than sagging in the
naterials for the electrode paste for the discharge
electrodes 505; and 5053 printed on the_electrode paste.

| A plurality of display electrodes 111 which make up
the upper substrate 108 are formed using opticelly
transparent, conductive material such as, for exémple,
Indium Tin Oxide (ITC).The display electrodes 111 are
arranged in parallel with respéct to each other so as to

be, for example, vertical with respect to a screen.



114 is formed, the wdth of the underlying |ayer 114 becongﬂdﬁggﬁggT

the width of the di scharge el ectrode 109 fornmed at the uppe
saggi ng of the electrode paste material is no l.onger supp
capabl e of suppressing sagging in the discharge el ectrodeq
as the paste material for the underlying |ayer 119. Next,

€3

4

109 may be use

| ayer and th
>Sen6 N@\hwgr |

a

Xanpr € of the

process for formng the underlying |layer 119, the discharde el ectrodes 100

and the barrier ribs 110 on the glass substrate 118 is described |n det ai

and of 5 por o (3 rArE RACHRIE e S e EAr 8Fnch GRBRSaE HEna
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t he underlying layer rrn on th ass s ra e

and a

C I rst,
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t hi ckness of5{Rr rdtlﬂé& nahéo'é'g% S&ﬂagﬁ\aS%m@ré W@nufvﬁﬁéwr geily &%@

SEI YAKU) as the past

referred to as a wall electrode structure or a .side
electrode structure. In this side electrode structure, the
plasma discharge path goes s;raight from the wall of one
discharge electrode 505 to the wall of apother discharge
electrode 505, as shown by the arrow R. However, if the
discharge electrodes 505 are comparatively thin,
. unfavorable discharge occurs due to electric field
convergence going to the end of the discharge electrodes
because the surface area of the discharge electrodes 505
which conﬁribuﬁe to the side discharge is smal;, and an
irregular discharge takes place. This problem may be
resolved by making the height of the discharge electrodes
105 1004Mor more.

However, geherally, the thermal eipansion coefficient
of the ﬁaterial for the discharge electrodes 505_and the
thermal expansion coefficient of the lower substrate 504 do
not coincide. Tﬁerefore, when the discharge electrode 105
is thick, the lower substrate 504 warps due to the'thermal
expansion coefficient of the'discharge electrodes 505 and
‘the thermal expansion coefficient of the.lower substrate
504 not coinciding. This may cause the lower substrate 504

to crack and the seal for the liquid crystal cell 501 tb



material for this underlying |ayer 114, Wi th drying then being carried ouf. .
Next, the discharge el ectrodes 109 are |anm nat ed{REPT AGEMEND SHEET

at [err].

t hi ckness of [err] omthe printed underlying |ayer 119 usirg
paste (manufactured by Dupont) 1 6 NOV 1995 23 as the elfed
material for the discharge electrodes 189. Drying is carridd

at this ti

pri'nted to a thickness of [err] the discharge el ectrodes 1

gl ass past
at this ti

me for each |ayer printed. Further, barrier ribsdar

TS

9 using ELD-511

e éﬂanufactured by OKUNO SEI YAKU). Drying is carrieg—ott—at
REStor each | ayer

In this case, when a glass substrate of a usual
thickness of, for example, about 1 to 2 pm is used, this
problem may be resolved by preventing a magnitude of stress

from occurring in the glass substrate to an extent that

warpihg does not ocdcur by making the thickness of the

‘discharge electrodes 105 less than 1004M

However, as described above, if the thickness of the

discharge electrodes is made to be less than 100 p4mM the

surface area of the discharge electrodes 505 which

éontribute to side discharge bécomes small and the
afqrémentioned abnormal discharge occurs.

This is to say that, as shown in FIG. 8, electrié
field convergence occurs at the portions of the lowermost

layer 5057 of the laminated, printed discharge electrodes

505 which are wider than the upper discharge electrode 5053 -

- and unfavorable localized discharge occurs.

: Y OF TNVENTTON

It is therefore an object of. the present invention to.

provide a plasma-addressed display device in which,Warpiﬁg
of the glass substrate of the plasma cell side may be
suppressed.

| It is a further object of the present invention to

provide a plasma-addressed dispiay device 1in which

substrate discharge within the plasma cell is controlled.

L 1
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printed. After .this, the glass substrate 111 with the und;

114, the discharge el ectrodes 109 and the barrier ribs 11%Rﬁ

at nospheric conditions to a tenperature of 490 C. Furtherw

replaced with nitrogen, the tenperature is increased, ang

he air i
pakl ANGV 1995

carried out in a nitrogen atnosphere at ¥ tenperature of [ledr]. The baked
gl ass substrate 118 is imersed in ethylene glycol for 5 ginutes in order
to activate the discharge el ectrodes 109 and then soaked fiorthree ninutes

in hyd i.d f db O_KAGA .of 30 35%
Concant ot FSAURLINe ARE G o teRtsTla ERReFPaRe RaSoslaneh. a0d they
dri'ed, the yuengl 85 pBeRls 18heNdohltdd S it dbosph oy Acte

attached and the plas ,
Peel i ng ir‘dﬂﬁéfﬁﬁﬂngoﬁa&g% hhgubg §§¥§habygell_101 and

p2 = 1.1p1 - 2.0pl

address liquid crystal "display device i's made.

Still further, a barrier rib may be formed at each of

the second electrodes, the barrier ribs may be formed
periodically on the number of second électrodes, and the
‘second electrodes may be 40 to 100 MM thick.

In another aspect of the préSent invention, a plasma-
addressed display device manufacturing method for a plasma-
addressed display device having a flat panel structuré‘with
a display cell and a plasma éell being. overlaid, comprises
the sﬁeps of: - |

printing a first glasstaste,'conductive paste and
second glass baste sucgeséiveiy onto a substrate;

-sinte;ing‘thq'conductive paste, the first glass paste
and the secbnd glass péste so as to form discharge

electrodes, underlying layers ‘and barr%er ribs,
respectively;

bonding the ends of the barrier ribs to a dielectric
sheet'so;as-to‘form plasma cells; and

injeéting an electro-optical substance into a space so
as to form display cells after a further éubstrate formed
with display electrodes is bonded to the dielectric sheet

via a prescribed space.



cracks in the thin glass sheet 103 due fo bending in the REEEAEE@E@H'SHEET

substrate 118 do nbt occur when the'plasna-addressed di sp

in this way. Also, stability and uniformity in the discharigi
pl asma address |iquid crystal display deICE i s good and tlhg di
e above form ng prijoc

starting voltage is 210V. Further, int
pl asma address liquid crystal display device is nmade with jt

ayf device 1's nmade

ngw‘mevqws
i sch arge

he- thlckness of

t he di scharge el ectrodes 109 bei ng taken-to be [err] or [er

Crystal cePRECTOIVARE G IHIE RESTHEACE: 228 BRBE g

rT while all the

e'tob

LRCoE! gﬂﬁ, hg of

the glass BHB%%&%E%-WH'de@hé¥a§Jelébééﬁhéﬁ”Eb§W¥b£ﬁe&05s 'layers on

this u;derlying layer 114 are approximately equal because

" sagging of the electrode paste material of the discharge

electrodes 109 formed on the underlying layer 114 is
suppressed due to the underlying layer 114 using a'paste
material having a high viscosity.

In this way, the electric field convergence which
occurred across a broader _portion of the_ discharge
electrodes of the upper layers of the first layer discharge
electrode does not occur and unfavorable iocalized
discharges are no longer generated. This aleo means that a
stable side discharge is possible even if the diécharge
electrode 10 is less than 100#n1thick.-

However, a dlscharge electrode thickness of 40 to 100

Cpm g preferred because the dlscharge flickers if the

surface area of the discharge electrode 109 contributing to

the side discharge is too small.

Further, if the viscosity of the paste material of the

underlying layer 114 is taken to be p2 and the viscosity:of

the electrode paste material for the discharge electrode

109 is taken to be pl, the viscosity p2 is set up to be a
value falling within the scope shown by the following
equation (1i.

p2 = 1.1pl to 2.0p1 (1)
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the case where the thickness of the discharge electrodelﬂég“ E E S b

.. SHeTT0
[err] Mor eover, the stability and unifornmity of the dis harge for s
plasna-addressed liquid crystal display device is good. {Ffo INQ
results, a thickness of the discharge el ectrode 109 of 40 to [err] is
preferred. I1n the aforenentioned fornin&zprocesses, I f tthe pl asna address

liquid crystal display device is nade with the thicknesd
el ectrode 109 being taken to be [err] with all other conditions remaining

the same, it isgobngossiblget LA GF RPMARANY 4. U bligke I f the

t hi ckness of the di scharge electr 9 1s taken t seal s of
the 1iqui dpgeustiah qﬁiﬁ Stﬂé”uﬂ&éi:l?ﬂﬂg“lﬁ%% Q4QUMbd hd Nemb 18- 0kAGH Sheet

103. Moreover, if the
the  scope shown in equation (1), when the underlying layer
114 is formed, the width of the underlying layer 114
becomes greater than the width of the discharge electrode
109 formed at the upper layéf and the.sagging of the
" electrode paste material is no longer suppressed.

A material capable of suppressing sagging in the
discharge electrodes 109 may be used as the paste material
for the underlying layer 119.

Next, an example of the proéess for forming tﬁe
underlying layer 119, the discharge electrodes 109 and the
barrier ribs 110 oﬁ the glass substrate 118 is described in
detail. A screen of mesh'nuhber 325, linear diameter 23#m,
bias angle 32 degrees and of a porosity rate of 50% having
a stripe pattern of width 704mMand a piﬁch of 410MIM is used
for the printing in these férming processes. |

First, the underlying layer 114 is printed on the
glass substrété 118 td a thickness of 20HMusing a ELD-511
glass paste (manufactured by ORUNO SEIYAKU)-as.the paste
material for this underlying layer 114, with drylng then
belng carried out at 150°C.

Next, the discharge electrodes 109 are laminatedly
printed to a thickness of 50#Mon the printed underlying

'1ayer 119 using 9535M nickel paste (manufactured by Dupont)



pl asma address |iquid crystal display device is nmade withg -th-.;ﬂ L
underlying |ayer of glass paste while keeping all other c i

with the thickness of the discharge el ectrodes 109 being fe r]
| ocal i zed di scharge occurs due to electric field convergefic
end of the el ectrodes when the vol tage & oss the cathode
I s increased and a stabl e discharge cannot be achi eved.
fromthe above descrlptlon the plasma address |iquid cr
devi ce of £se.e as de yeg jnt gl ass
sheet and r}’c(r?f'glrgegi Q %glé% 5‘\a)(_'lae sc%fl fot ﬁatr@fe“

nor ma ar ge Hue trec S el d
conver gence

fsh%a%ﬁ%ti%age%eszsaoﬁiayer imkig the

Vi scosity o#’the paste naterla formng the un yi ng arger than

the viscosifigy fadhheRst prARtem.al forning the discharge el ectrodes. Al so,
backlight illum nation can be nade

Further, barrier ribs are 1am1natedly printed to a

unfavoram

M §%he
nd t he anodes
becones cl ear

(D

thickness of 200MMon the discharge electrbdes 109 using
ELD-511 glass paste (manufactured by OKUNO SEIYAKU). Drying
is carried out at 150°C at this time for each layer
printed.

After this, the glass substrate 111 with -the
underlylng layer 114, the discharge electrodes 109 and the
barrier ribs 115 is baked under atmospherlc conditions to a

" temperature of 490°C. Further, the air is replaced with
ﬁitfogen, the temperature is increésed, and baking is
carried out in a nitrogen atmosphere at a temperature of
580°C. |

The baked glass substrate 1lé is immersed in ethylene
glycol for 5 minutes in order to activate the discharge
electrodes 109 and then soaﬁed for three minutes in
hydrogeh peroxide {manufactured by KANTO KAGAKU) of 30 to
35% concentfation. After the immersed glass substrate has
been washed and dried, the thin glaes sheet 103 and the
liquid crystal cell 101 are attaehed and the plasma address
liquid crystal display device is made.

Peeling in the seal of the 1i§uid_crystal cell 101 and

cracks in the thin glass sheet 103 due to bending in the




&ﬁéﬁlé?e&@%¥ﬁgjf%eﬁaang%fﬁHH§EMé§? kst rRAIVOSS; and
uniformity in the discharging bf the plasma address liquid
crystal display device is good and the discharge starting
voltage is 210V.

Eurther; in the above forming processes, if the plasma
address liquid crystal -display device is made with the
thickness of the discharge electégdes-109 beiﬁg taken to be
70 pmor 90pm while all the other conditions remain the

same, peeling of the seals for the liquid crystal cells 101

and cracks in the thin glass sheet 103 due to bending of

the glass substrate ﬁill not occur in the same way as'for
the cgse.where the thickness of the discharge electrode 109
is taken to be 50um Moreover, the étability and uniformity
of the discharge for this plasma;addressed liquid crystal
display device_is good. From the.above results, a thickness
of the discharge electroae 109 of 40 to 100pumis preferred.

In the afo:ementioned forming processes, if the plasma
address liquid crystal display device is made with the
thickness of the discharge electrode 109 being taken to be
35#ﬂIWith all other cénditions_remaining the same, it ié
not possible to perform a stable discharge. Further, if the
thickness of the discharge electrode 109 is taken to be
150um the seals of the liquid érystal cells 101 peel and

cracks occur in the thin glass sheet 103. Moreover, if the

bri ghter because the surface area of openings in the gIassRE@bACE&E%ﬂ}SHEET
backlight illumnation may be nmade |arger. Further, the gHa s WMot md
and cracks in the thin glass sheet and peeling of the sealls ﬁ t gvhgggu
crystal cells is prevented by neking thgqthickness of the disc g? .
el ectrodes from40 to [err] 26 WHAT IS CLAIMED | S: 1. A

pl asma- addr essed di spl ay device conprising: a first substriate having a
plurality of first electrodes arranged alternately in parattetr—omamam
surface;. agfggﬁnguﬁé'@f?é{:ét 18240 Mo BLULE! hin Ofné o5 PaEngL £akto888a

or t hogonal respect tot irst electrodes and arranged alternately in
‘parallel,




a dielectric sheet interposed between the first and second
el ectro-optical material disposed in a space between the d
and the first substrate; and an underlying |ayer formed be
substrate and the second el ectrodes, said underlying |ayer
mat eri al capabl e of absorbing thermal st25ess between said
and said second el ectrode. 2. A pl asma- addressed di sp
according to claim 1, wherein said second el ectrodes are
conducti ve past asnma-addr es ce acgording to

. 3. A di | devi
Ve Ak Saared T SaNRl CryRRaY e iyl A el cay ke Ot o
f d th d el t rodes. .4. . A nl - add i | . i
otordi ng PR LR o "Saadriy o, BB AOULESE (odbel BHidRY BE
| t i -a-hi ! i nt : t t
?o??nsngafhge%gribpgﬁirli'Egg‘ég. éeﬁ&ie%ﬁglgggglfl% olressr}«('e:IE c[itﬁ'sl’fol:TI a%ﬂ?ﬁé}?ﬁgrgi ng

to claim 1IpgsgeRalblye UBEBELYLARS 2V/66 IveiGfyPeseduml §hehobediast e

having a viscosity .
localized discharge occurs due to electric field

R ACEATENT, SHEET

g
o
L fod
Cy CUTT T U o

devi ce

convergence going to the end of the electrodes ﬁhep the
Qoitage across'the:cathodes and the anodes is increased and
a stable-discharge cannot be achieved.

As becomes clear from the above description,‘the
plasma address liquid crystal display device of these
embodiments has a underlying layer interposing a thin glass
sheet and discharge electrodes. Abnormal discharge due to
electric field convergence is then suppressed at the
discharge electrodes by making the viscosity of the paste
méterial'forming the underlying'layer'larger than the
viscosity of the paste material forming the discharge
electrodes. Also, backlight illuminatioh can be made
brighter because the surface area of openings in thé-glass
substrate for backlight illumination may be made 1afger;

| Further, the glass will not bend and cracks in the
thin glass sheet aﬁd peeling'of'the seals for the liguid
crystal cells is prevented by m;king the thickness of thé

discharge electrodes from 40 to 1004m



hi gher .t'han t hat [Fthe—eanductive paste form ng the secon F-OHE

A pl asma- addr essgd THISBHBST HRRigEepaficor ding to claim 4, wh IP&%A&FME}JT SHEET

rel at'i onshi'p bet wWeen t REPUAGEDSI Uy Pl of the conductive pas Conpri ST Ng
the second el ectro |ty 2 of the conducti
conprising the underlying |layer is giveﬁ by p2 = 1.1pl

pl asnma- addr essed di spl SPLASAHADPRESSED I DiiISPOAY @EVICE m 3, wher
rib is provided at each of the seocnd el ectrodes. 8. A

di spl ay device according to ;gggg%g% oﬁh;’ EE E@éﬁ'er r

periodically on the pluralit cotd JLLIUUEb

pl asma: addresS%gog@ag!ﬁwa{e%seg%%m@ oL S hE B 135 00N

el ectrodes are

.;L

substrate having a number of first electrodes arranged
alternately in parallel on a main surface, a second
substrate having a number of second electrodes orthogonal
" with respect to the first electrodes and arranged
alternately in parallel, with the second electrodes facing
the first electrodes, a dielectric sheet interposed between
the first and second substrates, an electro-optical
substance for maintaining a space between the dielectric
sheet and the first substrate and a underlying layer formed
between the second substrate and the second electrodes, so
that warping of the glass substrate of the plasma ceil side

may be suppressed and substrate discharge within the plasma

oG



28 s_,i“‘nt-gari ng the conductive paste, paste and the second

gl ass*paste so as to formdisch under | yi-Ag—ha)8Ls.. ‘
barrier ribs, respectively; bonﬂmm of th r&ﬁ%ﬂiﬂﬂ@j\m}dp%m[‘
lcen Ss T

dielectric sheet so as to form pras?ra I nj ectii a
el ectro-optical material into a space so astoformdl Ty 7te
further substrate formed wth display el ectrodes I's bond 90 t"f‘g‘
~dielectric sheet via a prescribed space. A pl as

,_

devi ce manufacturing nethod accordi ng t26cl a| m 10, wherjein the softem ng
point of the first glass paste is highef®than that of t

past e
WHAT IS CLAIMED IS:

secord—gtass

1. A plasma-addressed display device comprising:

a first substrate having a plurality of first electrodes arranged
alternately in parallel on a main surface;

a second substrate having a plurality of second electrodes orthogonal
with respect to the first electrodes and arré.nged alternately in parallel, with
the second electrodes facing the first electrodes;

a dielectric sheet interposed between the first and second substrates;

an electro-optical material disposed in a space between the dielectric
sheet and the first substrate; and

an underlying layer formed between the second substrate and the
second electrodes, said underlying layer being of a material capable of
absorbing thermal stress between said second substrate and séid second
electrode.

2. A plasma-addressed display device accordmg to claim 1,
wherein sald second electrodes are of smtcred conductive paste

3. A plasma-addressed display device according to claim 2, further
comprising barrier ribs composed of sintered glass paste formed on the secon(i
electrodes.

4. A plasma-addressed display device according to claim 3,
wherein the underlying layer is composed of sintered glass paste having a
higher softening point than that of the glass paste forming the barrier ribs.

5. A plasma-addressed display device according to claim 1,
wherein the underlying layer is composed of sintered paste having a viscosity
higher than that of the conductive paste forming the second electrodes.

6. A plasma-addressed display device according to claim 4,
wherein a relationship between the viscosity pl of the conductive paste
comprising the second electrodes and the viscosity p2 of the conductive paste

comprising the underlying layer is given by :
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12. -~ A.pl asma- addressed di spl ay "devi ce manuf act uri ng met hod-according to

cl ai m‘lO wherein—the—+i+st—ghass ‘paste has a viscosity hi JREFL, AﬁEMEQ‘ﬂhﬂHEFT

t he conductl !l‘mm” H'EM pl asma- addressed di spl ay devijcg=tarmt-act-ti 1y
met hod “accor wher g3 ati onshi p betwegn g}? ty
: ud S0 S D s
u : <ﬁ>t glhﬁgyl%g Z [

pl of the coneucti vie [x d the T of —thg firg 5
given by: p2 = 1.1pl - 2. Opl 14. ] §§§éld di spltay..device
manuf act uri ng nmet hod according to CFarm36 iePein allbarrier rib is formed

at each of the secon ellefﬂjlr ogg]s 29 15. Ap a- addrressed—dtsptay
devi ce manuf act uri n met'h 6’|-’ld| ng to claim 10, wherein the barrier ribs
are 7. A plasma-addressed display device according to claim 3,

~ wherein a barrier rib is provided at each of the seocnd electrodes.

8. A plasma-addressed display device .according to claim 3,
wherein the barrier ribs are provided periodically on the plurality of second
electrodes. |

9. A plasma-addressed display device according to claim 5,
wherein the second electrodes are 40 to 100 mm thick.
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formed periodically on the discharge el ectrodes arranged REPLMEMENT SHEET
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p2 = 1.1p1 - 2.0p1
7. A plasma-addressed display device according to claim 3,

wherein a barrier rib is provided at each of the seocnd electrodes.
8. A plasma-addressed display device according to claim 3,
.wherein the barrier ribs are provided periodically on the plurality .of second
electrodes.
9. A plasma-addressed display device according to claim S5,
wherein the second electrodes are 40 to 100 mm thick.
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PLASMA-ADDRESSED DISPLAY DEVICE '

ABSTRACT OF THE DISCLOSURE

A plasma-addressed display device.comprises a first
substrate having a number of first electrodes arranged
alternately in parallel on a main surface, a second
substrate having a number of second elecﬁrodes orthogonal
with respect to the first electrodes and arranged
alternately in parallel, with the second electrodes facing
the first electrodes, a_dielectric sheet interposed between
the first and second subsﬁrates, an electro-optical
substance for maintaining a space between the dielectric
sheet and the first substrate and a underlying layer formed
between the second substrate and the second electrodes, so
that warping of the glass substrate of the plasma cell side
may be suppressed and substrate discharge within the plasma

cell may be controlled.

Figure 1




