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The present invention relates to a plasm addressed liquid crystal
di.spl ay device having a characterizing feature in its frit seal

2. Description of the Related Art ‘ In recent years, a

pl asma addressed liquid 10 crystal display device (PALC) conprising a
liquid crystal cell and plasma cell superposed via a dielectric

sheet has L NQS QS | OLLE e Srdr ML DY SHIOW HE: )
configuration of TI e add I di spl ay device

, S ]
of the related art. 15 The plasna addressed liquid crysta
di spl ay device of Fig. 1 has a flat panel configuration in

which the |iquid cryghakekBulplop"dukhenbERsBNCE! | 3

1. Field of the Invention

S The present invention relates to a plasma
addressed liquid crystal display device having a
characterizing feature in its frit seal.

2. bescription of the Related Art
In recent years, a plasma addressed liquid

10 . crystal display device (PALC) comprising a liquid orystal
cell and plasma cell superposed via a dielectric sheet
has been proposed. Figure i is a view showing the
configuration of this plasma addressed liquid crystal
display device of the related art. |

15 The plasma addressed liquid crystal display
device of Fig. 1 has a flat panel configuration in
which ‘the liquid crystai cell 2 and the plasma cell 3
are superposed via a dielectric sheet 4.

In the liquid orystal cell 2, a color filter

20 substrate 21 is joined to the dielectric sheet 4 in a
state with a predetermined gap formed via a liquid
orystal sealing matefial 22. On the inside surface 6f
the color filter substrate 21, data electrodeé in the

form of stripes comprising a transparent electrically

25 conductive material extending in a row direction are



S

.are; superposed via a dielectric sheet 4. In the liquid
crystal cell 2, a color filter 20 substrate 21 is joined to the

dielectric sheet 4 in a state with a predetermi ned gap forned via a
liquid crystal sealing material 22. On the inside surface of
the color filter substrate 21, data elecirodes in the form of

stripes conprising a transparent electrically 25 conductive materi al
extending in a row direction are 2

formed in parallel in the colum direction (vertical direction in the
figure) thougformedi thyparallel in the columi dligeptign i(yefrtillced in the gap
bet ween t'he col or filter substrate 21 and the dielectric sheet 4 to
form 5 a fAigeftiienyinathe afigups) thewgh rat Hlustinpted. As not
shown in Fig. 1, spacers are arranged in the liquid crystal l|ayer 23
so as to nakel@ggigipyﬁgtghsigffgbbed in the gap between the color
filter substrate 21 and the dielectric sheet 4 to form
5 a liquid orystal layer 23. Note that, although it is
not shown in Fig. 1, spacers are arranged in the ligquid
crystal layer 23 so as to make the dimensi§ns of gap
uniform.
In the plasma cell 3, the plasma substrate
10 glass 31 faces the dielectric sheet 4 with a
| predetermined gap theéerebetween. On the plasma substrate
glass 31 on the dielectric sheet 4 side, display
e;ecqrodes 32 in the form of stripes extending in the
column direction and formed in parallel with a
15 predetermined gap in the row direction are formed. On
the display electrodes 32, barrier ribs 33 made of an
insulating ceramic oxr the like and having a narrower
width than that of the display electrode 32 are formed so
as to be.superimposed on the display electrode 32 at an
20 equal pitch. Via these display electrodes 32 and barrier
ribs 33, the plasma substrate glass 31 faces the
dielectric sheet 4 with a predetermined gap. These
display electr;des 32.and barrier ribs 33 constitute

-barrier ribs 5. The sealed spaces defined by the

25 barrier ribs 5 constitute plasma chambers 34. The



uni form In the plasma cell 3, the plasma substrate 10
glfass 31 faces the dielectric .sheet 4 with a predet erm ned gap

t her ebetween. On the plasma substrate glass 31 on the dielectric
sheet 4 side, display el ectrodes 32 in the formof stripes extending
in the colum direction and forneyd in parallel with a 15
predeterm ned gap in the row direction are forned. ©On t he displ ay

el ectrodes 32, barrier ribs 33 nmade of an i nsulating ceram c or the
| i ke and having a narrower width than that of the display electrode
32 are fornedkysma chamhers 34Hexhgnst iimpdded codumheddireptigneardt r ode 32
at an 20 equal pitch. Via these display el ectrodes 32 and barrier

ri bs 33, the Prasteraedrith a predeternineds gapein the rowj diveectiensheet 4
with a predeterm ned gap. These di splay el ectrodes 32 and barrier
ribs 33 constitute n the |plasma ghapbers Bie sbalenizphiesgaefismed by the

25 barrier ribs 5 constitute plasma chanbers 34. The
sealed. As this gas, for example, helium, neon, argon,

5 or a mixed gas of them is used. In this way, the display
electrodes 32 and the barrier ribs 33 perform the
function of barrier ribs dividing the plasma chambers
and, at the same time, perform the function of gap
spacers of the plasﬁa_chambers too. Note that, the

10 display electrodes 32 are respectively connected to a
driver so that they alternately become anode electrodes
32A and cathode electrodes 32K. On.the periphery of
the plasma substrate glass 31, a ring-shaped.frit seal

35 formed using a low melting point glass or the like

15 is arranged. The plasma .substrate glass 31 and the
dielectric sheet 4 are tightly bonded by this frit seal
35.
In the plasma addressed liquid crystal'display
device, the data display electrodes and the plasma
20 .

chambers 34 are orthogonal, the data electrodes become
the column driving units, the plasma chambers 34 become
the row driving units, and pixels are defined at the

points of intersection.

In such a plasma addressed liquid crystal display

25 device, when a predetermined voltage is applied
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asma chanbers 34 extend in the colum direction and

formed with a predetermined gap in the row direction.

pl asma chanbers 34, an ionizable gas is
exanpl e, hel

way, the dis
function of

same tinme, p
chambers t oo.

ium neon, argon, 5 er a mxed gas of themis used.

are
In the

sealed. As this gas, for

In this

pl ay el ectrodes 32 apd the barrier ribs 33 performthe
barrier ribs dividing the plasma chanbers and, at the

erformthe function of gap spacers of the plasna
Note that, the 10

connect ed t Opatween andahuaé éDedtibddé EIA adri@ra ad e pl e el tatodide
32A and cat hode el ectrodes 32K. On ‘'t he peri phery of
the plasma sgbgirehe ghaséf3theapartigoshtihetl plasmsechamber 34 A5 for ned
melting point glass or the like 15 i s arranged. The pl asma
substrate gl gesiedtivadyt Honized andi 2] prasma dheetiadgartstightly bonded by

el ect r odes

using a | ow

this frit seal 35.

di spl ay el ectrodes 32 are respectively

In the plasnma addressed liquid

crystal displgeynerated. dhe dasidbetHatreofli £pl myintatheddes and the pl asma

5

approximately the anode potential. When the data

voltage is applied to the data electrode in this state,

" the data voltage is written in the liquid crystal

10

15

20

25

layers 23 of the pixels arranged in the column direction.

corresponding to this plasma chamber 34 via the
dielectric sheet 4. When the plasma discharge is ended,
the plasma chamber 34 becomes a floating potential, and
the voltage written in the liquid crysfal layer 25 bf
the corresponding bixel is held until the next writihg
period (for example after one frame). At this time, the
plasma chamber 34 acts és a sampling switch, and the
liquid crystal layer 23 of each pixel acts as a
sampling capacitor.

By the operétion of the liquid crystal by the
data véltage written from the data electrode 15 with
respect to the liquid crystal 1ayer.23 of each pixel,
the display is carried out in units of pixels.
Accordingly, by sequentially scanning the plasma
chambers 34 writing the data voltage in the liquid
crystal layers 23 of a plurality of pixels arranged in

the column direction in the row direction by generating



20, chanbers 34 are ort hogonal , the data el ectrodes becone t he

colum driving units, the plasma chanbers 34 becone the row driving
units, and pixels are defined at the poi nts of intersection. .
In:such a plasma addressed liquid crystal display 25 devi ce, when a
predeterm ned voltage is applied 5

4 bet ween an anode el ectrode 32A and a di splay el ectrode 32K,
the gas of the part of that plasnma chanber 34 is sel ectively ionized

and a plasma discharge is generated. The inside thereof is maintained
at 5 apprt®e Pdesmp FHéGBHBEG pbhendigplayyeh 2 Herepfigpensionalo| tage is

applied to the data electrode in this state, the data voltage is :
witten in tH&®adeqfap beyspgried outyayers 23 of the pixels arranged in the

colum direction corresponding to this plasma chanber 34 via_the
Flgure 2A is a cross-sectlonal view of principal

parts near the frit seal 35 of the plasma liquid crystal

S display device shown in Fig. 1.

As shown in Fig. ZA; a dummy barrier rib 40 is

provided on the right of the frit.seal 35 in the figure.
The optimum value of the width W of the frit seal 35 is
about 2 mm. |

10 Namely, this is because when the width W of the
frit seal 35 is too great, when the bonding surface of
the fiit seal 35 is softened at the time of bonding; as
shown in Fig. 2B, fhe dielectric sheet 4 1is deformed to
a wavy shape, the sealing function of the liquid

15 crystal seéling material 22 is no longer adequately
exhibited, and the gap of the liquid crystal layer 23
located at the periphery of the liquid crystal_sealing
material 22 varies so many faulty portions are produced.

Iﬂ the plasma addressed liquid crystal display

20 device mentioned before,.however, the width W of the frit
seal 35 is determined to about 2 mm, therefore the
bonding area between the f:it seal 35, the dielectric
sheetr4, and the plasma substrate glass 31 is small and
the bonding strength is weak, thus it suffers from a

25 digsadvantage in that the dielectric sheet 4 and the
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held until
this time,

di el ectric sheet 4. Wien the plasnma discharge is ended,
- plasma chanber 34 becones a floating potential, and

witten in the liquid crystal |ayer 23 of
the next witing
the 15

respect to the liquid crystal

Accordingly, by sequentially scanning the plasm chanbers 34

witing the d3%a Nonhelye im the ninpfapturing pnoogssal vlexpdng 28 of a
plurality of pixels arranged in 25

direction by peeduaednin the color filter substrate 21 and the

10

15 -

20

25

_5
plasma substrate glass 31. The color filter substrate
21 and the plasma substrate glass 31 are bonded as
shdﬁn in Fig. 3A and the warping is corrected as shown
in Fig. 3B. At this time, force 1is added to the color
filter substrate 21 and the plasma substrate glass 31
in the direction peeling them from each other. At this
time, the bonding strength between the dielectric sheet
4 and the plasma substrate glass 31 via the plasma
substrate glass 31 is weéker than the bonding strength
between the dielectric sheet 4 and the color filter
substrate 21, so the dielectric sheet 4 and the color

filter substrate 21 sometimes peel apart.

SUMMARY OF THE INVENTION

An object of the preseﬁt invention is to
provide a plasma addressed liguid orystal ‘display
device with which the bonding strength between the
dielectric sheet and the plasma substrate glass can be
enhanced without generation of'unevenness of the gap of
the liquid orystal layér.

A plasma addressed liquid orystal display

device of the present invéntion is a plasma addressed

t he

t he vol tage
t he correspondi ng pixel is
period (for exanple after one frane). At

pl asma chanber 34 @acts as a sanpling switch, and the
liquid crystal |ayer 23 of each pixel acts as a

By the operation of the liquid crystal by the
fromthe data el ectrode 15 wi.ith 20

23 of each pipkasma substrate ghasgs B1 iwlldaipeedd fagm itheufiris seapi xel s.

sanpling capacitor.
data voltage witten

| ayer

the colum direction in the row



t he plasma di scharge, the display of a two-dinensional | mage can be
“carried out. Figure 2A is a cross-sectional view of principal
parts near the frit seal 35 of the plasma liquid crystal 5 di spl ay
device shown in Fig. 1. As shown in-Fig. 2A, a dummy barrier

rib 40 is provi ded on the right of the frit seal 35 in the figure.
The opti nmum val ue of the wdth Wof the frit seal 35 is about 2 nmm

10 Nanely, this is because when the width Wof the frit
seal 35 is too great, when the bonding surface of the frit seal 35
i s softened higuhd ervetal Hrrfaw dewlce WhereéﬁoﬂnP#ﬂSPPg 2B, the

dielectric sheet 4 is defornmed to a wavy shape, the seallng function
of the |iquiaddnessedciiguid arestaly dkanlav deyicey compsA§aRdadequat el v
exhi bited, and the gap of the liquid crystal |ayer 23 | ocated at the
peri phery of f{R8t| FahFbrateshaying fransparent ejgciziogesyaryFapged so many

faulty portions are_ produced. In the plasma addressed liquid
crystal dispiya gplumngen;an 1RIRT FREEIRT ordR IRRemedlate sheeth W of the

frit seal 35 is determned to about 2 nmm therefore the
S adhered at a gap to the first substrate and a liquid

crystal layer held in the gap, a plasma cell comprising
a second substrate having discharge electrodes arranged
in a row, a plurality of barrier ribs on an inner
surface and an ionizable gas sealed between the second
10 substrate and the intermediate sheet by providing a
_bonding means outside of the barrier ribs, and a
¢ ring-shaped strengthening (reinforoing) means which is
provided between the.second substrate and the
* intermediate sheet being formed on outside of the
15 bonding means.
Preferably, the dummy barrier ribs are provided
between the bonding means and the strengthening means.
Preferably, tne height of the dummy barrier rib
is not more than the height of the barrier rib.
20 Preferably., the strengthening means exhibits a
' continuous ring shape.
Preferably, the strengthening means exhibits a
discontinuous ring shape. |

Preferably, the strengthening means has a width

25 greater than that of the bonding material.



bondi ng area between the frit seal 35, the dielectric sheet 4, and

t he plasma substrate glass 31 is snall and the bonding strength is
weak, thus it suffers froma 25 di sadvantage in that the dielectric
sheet 4 and the _ 6 pl asma
substrate glass 31 will peel fromthe fgit seal 35. Nanely, in the
manuf acturing process, warping is produced in the color filter
substrate 21 and the pl asma substrate glass 31. The color filter
substrate 5 21 and the plasma substrate glass 31 are bonded as

shown in Fig. 3A andBRiEFVBESCRLPTEON OOF OfE Chrery 12REs\N in Fig. 3B
At this time, force is added to the color filter substrate 21 and

the plasma substrat eTgbaabo®d and otheér éhifedtd efid Ofedtaftds @t ha@ from
each other. At this 10 time, the bonding strength between the

dielectric speesent inveAtabfl WiRlpbasaBs&ribéd ahérd! fissasai ildie pl asma
substrate glass 31 is weaker than the bonding strength

reference to the accompanying drawings, in which:

Fig. 1 is a schematic cross-sectional view of the
configuration of a conventional plasma addressed liquid

crystal display device;

Figs. 2A and 2B are schematlic cross-sectional
views of the configuration for explaining the
10 disadvantage of the plasma addressed liquid orystal

display device shown in Fig. 1:

Figs. 3A and 3B are schematic cross-sectional
views of the configuration for explaining the

disadvantage of the plasma addressed liquid crystal

15 display device shown in Fig. 1; -

Fig. 4 is a schematic cross-sectional view of the
configuration of a plasma addressed liquid orystal
display device according to an embodiment of the
present 1nveﬁtion:

20 Figs. 5A and 5B are plan views for explainihg the

pattern of the frit seal of the plasma addressed liquid
crystal display device shown in Fig. 4;
Figs. 6A to 6E are views for explaining the

manufacturing method of the plasma addressed liquid

25 crystal display device shown in Fig. 4.



befmeen the dielectric sheet 4 and the color filter
.the dielectric sheet 4 and the color 15 filter

peel apart.

obj ect of the present invention is to

liquid crystal
bet ween t he

enhanced wit hout generation of ‘unevenness of the gap- of

crystal |ayer.

substrate 21, so

substrate 21 soneti mes
SUMWARY OF THE | NVENTI ON An

provi de a pl asna addressed

di splay 20 device with which the bonding strength

dielectric sheet and the plasm substrate gl ass can be
the liquid

A plasma.addressed |iquid crystal display
25 devi ce of the pPESERIPTRONN FoﬁnﬁsPEEEﬁﬁﬁﬁﬂiﬁﬂﬁhﬂiﬂﬁﬁfﬁ
7 liquid crystal display device wherein a plasm addr essed
liquid crystal displ apedewi.cen esppapathgnawill be made of the plasma

addressed liguid crystal display device according to an

embodiment of the present invention.

Figure 4 is a schematic cross-sectional view of

the configuration of the plasma addressed liguid

crystal display device according to the preéent

embodiment.

As shown in Fig. 4, the plasma addressed liquid

10 crystal display device according to the present

embodiment has a flat panel configuration in which a

liquid crystal cell 2 and a plasma cell 3 are

superposed via a dielectric sheet 4.

" In the liquid cryétal cell 2, a color filter

15 substrate 21 is joined to the dielectric sheet 4 in a

state with a predetermined gap formed via the liquid

orystal sealing material 22. On the inside surface of

thé color filter substrate 21, data electrodes in the

form of stripes comprising a transparent electrically

20 conductive material extending in a row direction are

formed in parallel in the column direction (vertical

direction in the figure) though not illustrated. A

liguid corystal is f£illed in the gap between the color

filter substrate 21 and the dielectric sheet 4 to form

25 the liquid orystal layer 23. Note that, although it is



first substrate having transparent el ectrodes arranged in a colum on
an inner surface, an internediate sheet 5 adhered at a gap to the first
substrate and a liquid crystal layer held in the gap, a plasma cel
conmpri sing a second substrate having discharge el ectrodes arranged
inarow a plurality of barrier ribs on j@n inner ‘ surface and an
i oni zabl e gas seal ed between the second 10 substrate and the
~internedi ate sheet by providing a bondi ng nmeans out si-de of the
barrier ribs, and a ri ng- shaped strengthening (reinforcing) neans which

i's pr ovaaledsiveymetm Fig. sec@maceustaret araagdgelde in the ligquednedi ate
sheet being fornmed on outside of the 15 bondi ng neans.

Preferably, therystay hayereZSrsdxnﬁutD[makﬂ(hhk dimensibeiswe€ngape bondi ng
means and the strengtheni ng neans. Preferably, the height of

t he dummy bar ruaeiforb. IS not nore than the height of the barrier
rib. 20 Preferably, the strengthening neans exhibits a
continuous ring shape.In the plasma cellPr¥f eihablplasiac ssthisemgteeni ng neans
exhibits a di sconti nuous ring shape. . Preferably,
t he strerigt henghgsaeahsfhaesathe dibelectric sheet 4 with a
predetermined gap therebetween. On the plasma substrate
glass 31 on the dielectric sheet 4 side, display
electrodes 32 in the form of stripes extending in the
column direction and formed in parallel with a
10 predetermined gap in the row direction are formed. On
the dilsplay electrodes 32, barrier ribs 33 made of an
insulating ceramic or the like and having a narrower
width than that of the display electrodes 32 are formed
so as to be superiméosed on the display electrodes 32
15 at an equal pitch. The plasma substrate glass 31 faces
the dielectric sheet 4 with a predetermined gap via tﬁese
display electrodes 32 and barrier ribs 33. These.display
electrodes 32 and barrier ribs 33 constitute barrier ribs
5. Sealed'spaqes defined by the barrier ribs 5 constitute
20 plasma'chambers 34. The plasma chambers 34 extend in the
column direction and are formed with predetermined gaps
"in the row direétion. In fhe plasﬁa chambers 34, an
ionizable gas 1is sealed. As this gas, for example,

helium, neon, argon, or a mixed gas of them is used. In

25 this way, the display electrodes 32 and the barrier



25 greater than that of the bonding material.
"BRI'EF DESCRI PTI ON OF THE DRAW NGS The above and ot her

obj ects and features of the present invention will be described nore
in detail with reference to the acconpanying drawings, in which: 5

Fig. 1 is a schematic cross-sectional view of the configuration of a
conventional plasm addressed |iquid crystal display device;

Figs. 2A and 2B are schematic cross-sectional -views of the

configuration for explaining the 1() di sadvant age of the plasna

addressed |i otARP i3y rarrform the funsitdpnjefi theshakFieE Fibs 1;
Figs. 3A and 3B are schenatic cross-sectional vi ews of the

confi gur at i orf¥Gkding | theipipsnm chambersdjandqdy aft e semehEimeasma.
addressed liquid crystal

perform the function of gap spacers of the plasma

chambers too. Note that, the display electrodes 32 are

connected to the driver so that they alternately become
anode electrodes 32A and cathode electrodes 32K.

Figure 5A is a plan view explaining the pattexrn
of the frit seals 35 and 10 of tﬁe plasma addressed

liguid crystal display device shown in Fig. 4.

10 As shown in Fig. 4 and Fig. 5A, on the
periphery of the plasma substrate.glass 31, a ring-like
frit seal 35 uéing a lbw melting point glass or the
like is arranged so as to surround the barrier ribs 5.
The plasma substrate glass 31 and the dielectric sheet

15 4 are tightly bonded by this frit seal 35. The width of
the frit seal 35 is for example about 2 mm. Note that
the width of the frit seal 35 is determined by
considering the bréaking strength of the dielectric
sheet 4 at the'time of bonding, and the optimum value

20 differs in accordance with for example the material and
thickness of the dielectric sheet 4.

Further, the distance W from the end of the
effective screen area defined by the barrier ribs 5 td
the frit seal 35 is for example 1.8 mm or less.

25 On outside of the frit seal 35, for example, six



15 display device shown in Fig. 1; Fig. 4 is a schematic
cross-sectional view of the configuration of a plasnma addressed
liquid crystal di spl ay device according to an enbodi ment of the
pr.esent invention; 20 Figs. 5A and 5B are plan views for
expl ai ni ng the pattern of the f5it seal of the plasnma addressed
liquid crystal display device shown in Fig. 4;

Figs. 6A to 6E are views for explaining the manuf act uri ng nmet hod of
the plasma addressed liquid 25 crystal display device shown in Fig. 4.

9 dummy HBESOHP iGN G Bie ProvidBADWENROR MEMNAfge of o
Bel ow, an explanation will be nade of the plasma addressed |iquid
crystal di sprtzoutdedi @ enmacddoraginaadto iAlustratednbodi nent of the present

i nventi on. . g

Further, on the outside of the dummy barrier ribs
11, a.continuous ring-shaped frit seal 10 serving as a
reinforcing means is arranged so as to surround the dummy
barrier ribs 11. The width of the frit seal 10 is greater
than the width of the frit seal 35 and for example is
about 5.0 mm. By making the width of the frit seal 10
greater than the width of the frit seal 35 in this way,
10 the reinforcing function of the frit seal 10 can be

enhanced.

Here, after the plasma substrate glass 31 and the
dielectric sheet 4 are bonded, the height of the top of
the frit seals 10 and 35 must be not more than the top

15 of the barrier ribs 33. This is so as to make the cell
gap of the liquid orystal layer 23 when forming the
liquid-crystal layer 23 uniform.-

‘According to the plasma addressed liquid crystal
display device of the présent embodiment, by providing

20 the frit seal 16 in addition to the frit seal 35, the
bonding strength of the dielectric sheet 4 and the
piasma substrate glass 31 is enhanced, and as a result,
the bonding force between the liquid crystal cell 2 and
the plasma cell 3 is enhanced. For this reason, even if

25 the width of the frit seal 35 1s determined to about 2



5 Figure 4 is a schematic cross-sectional view of t he

-econfiguration of the plasna addressed liquid crystal display device
according to the present enbodi ment . As shown in Fig.
4, the plasma addressed liquid 10 crystal display device according to
tthe present enbodi mrent has a fld8 panel configuration in which a
liquid crystal cell 2 and a plasma cell 3 are " superposed via a
dielectric sheet 4. In the liquid crystal cell 2, a color
filter S e.2l is jaoined to the dielectric sh in a
state mnth amﬂregﬂ ﬁ%ﬁtﬁﬁﬁ ?Qﬁ?ﬁxf\ﬁﬁfth?I3¥ﬁﬁq? xzm%*"(Eraftf’ystal ‘seal i ng

mat eri al e surfac the color filter substrate 21,
dat a electrog §sfngfh§iig ?%ﬁf%?ﬁaﬁﬁr*?xﬁ??xﬂﬁﬂqqﬁqﬁg A08; anspar ent
electrically__20 conductive material extending in a row direction are
formed in paPiPP&FSrn the colum direction (vertical direction in

Lhe f1oue) thoush nghhblust LBASEod an. b 8 HSRANR G BpLLd L
?Qeet 45t() f% term%ned t%hgbouguhdmﬁtygﬂgldie ectrf% Jﬁ%éi %h%&ll lthoth 't
| deform much at all at the time of bonding. For this
reason, the sealing function of the liquid crystal
sealing material 22 can be adequately exhibited and, at
the same time, the ocourreﬁce of unévenness of the gap
10 of the liquid orystal layer 23 can be prevented.

In the plasma addressed liquid orystal display
device, the data display electrode and the plasma chamber
-34 are.orthogonal. the data electrodes becomes column
driving units, the plasma chambers 34 become the row

15 driving units, and pixels are defined at points of
intersection of the same.

In such a plasma addressed liquid orystal display
device, when a predetermined voltage is applied-between
an anode electrode 32A and a cathode display electrode

20 32&, the gas of the parf'of that plasma chamber 34 is
selectively ionized and a plasma discharge is generated.
The inside thereof is maintained at approximate;y the
anode potential. When the data voltage is applied to
the data electrode in this state, the data voltage is

25 written in the liquid orystal layers 23 of the pixels



10 not shown in Fig. 4, spacers are arranged in the liquid
crystal layer 23 so as to nake the dinensions of gap uni form

In the plasma cell 3, the plasma substrate 5 gl ass 31 faces the
dielectric sheet 4 with a predet erm ned gap t herebetween. On the

plasma substrate glass 31 on thegielectric sheet 4 side, display
el ectrodes 32 in the formof stripes extending in the col um

direction and fornmed in parallel with a 10 predeterm ned gap in the row
direction are formed. On the display electrodes 32, barrier ribs 33
nmade of an arrangédsid atheGaamanidimctivn (docrespdnddngngoathisr over
width than that of the display electrodes 32 are forned so as to be
super i Nnposedpiashéechianipéry3 £weid rdtesiizAectric shieedn 4eqWhenpitheh. The
pl asma substrate gl ass 31 faces the dielectric sheet 4 with a
pr edet er m negigspavéssthaesge is ended, the plasma chamber 34
becomes a floating.potential, and the voltage written
5 in the liquid crystal layer 23 of the corresponding
| pixel 1is held untii the next writing period (for
example after one frame). At this time, the plasma
chamber 34 acts as a sampling switch, and the liquid
crystal layer 23 of each pixel acts as a sampling
10 capacitor.
By the operation of the liquid crystal.by the
data voltage written from the data electrode 15 with
respect to the liquid crystai layer 23 of each pixel;
the display is carried out in units of pixels.
15 - Accordingly, by sequenfially scanning the plasma
chamber 34 writing the data voltagé in the liquid
crystal layers 23 of a plurality of pixels arranged in
the column direction in the row direction by generating
the plasma dischafge, the display of a two—dimensionai
20 image can be carried out.
Below, an explanation will be made of the
manufacturing method of the plasma addressed liguid
crystalldisplay device sﬁown in Pig. 4 and Fig. 5A by

using Figs. 6A to 6E.

25 First, as shown in Fig. 6A, the pattern of the



di splay electrodes 32 and barrier ribs 33. These display el ectrodes
"32 and barrier ribs 33 constitute barrier ribs 5. Seal ed spaces
defined by the barrier ribs 5 constitute 20 pl asma chanbers 34. The
pl asma chanbers 34 extend in the columm direction and are formed
w th predeterm ned gaps in thelsow direction. In the plasm
chanbers 34, an I oni zabl e gas is sealed. As this gas, for exanple,
hel.ium neon, argon, or a m xed gas of themis used..- In 25 this way,

t he displ ay electrodes 32 and the barrier ri bs 33 perform
t he functi oiGPlaNe edgctredes h§ printegd; opdthg PhasPR BMstIRditbers and, at
the sane tineg, performthe function of gap spacers of the plasm
chanbers t o8lags 8% Hé‘t ‘theh fogms pfaptaipes Byefonoespmple a saxafifected to

the driver so that they alternately becone anode el ectrodes. 32A and

cat hode el e®FiGRfdngFEthod and is thencfdgied ta form EhendiSRIA%Xpl ai ni ng
the pattern

electrodes 32. Simultaneously with this, dummy display
5 electrodes 12 are formed on the outside of the display
electrodes 32,

Next, on the display electrodes 3é formed in
stripes, barrier ribs 33 are superposed at the same pitch
as shown in Fig. 6B by the screen printing. In this case,

10 in order for the barrier ribs 33 to be made a height of
about 200 m, the screen printing is repeated to give a
double coating and thereby bring out this height. After
printing the barrier ribs of the predetermined height,
sintering is carried out and the tops of the barrier ribs

15 are polished to méke the heights of the barrier ribs
match a predetermined height. Simultaneously with this,
the dummy barrier ribs 13 are forme& on the dummy
display electrodes 12,

Then, as shown in Fig. 6C, the £rit seals 10

20 | and 35 are formed on the peiiphery of the plasma
substrate glass 31 by a dispenser or the like, the
dielectric sheet 4 made of glass 1s bonded to the
plasma substrate glass via these frit seals 10 and 35

in a state where placed on the barrier ribs, the formed

25 plasma chamber 34 is evacuated, and then a gas is



of the frit seals 35 and 10 of the plasma addressed
-di spl ay device shown in Fig. 4. 10. As shown in Fig. 4 and Fig.
'5A, on the peri phery of the plasma substrate glass 31, a ring-Ilike
frig seal 35 using a low nelting point glass or the i ke is arranged
so as to surround the barrier ribs 5. 16 The plasma substrate glass 31
and the dielectric sheet 15 4 are tightly bonded by this frit seal 35.

liquid crystal

The wi dt h of the frit seal 35 is for exanple about 2 mm Note that
the wi dth of frlé seal 35 is determ ned by consi dering the
breaking str the dielectric sheet 4 at the tinme of bonding,
and t he optinun1va|u 0 differs CC nc th for exa Ie the
material and ?’h‘?’g’fme%sn?ﬁ iﬁﬂé“iﬁ”@%@éf 3‘ 5’%@&“& process

Furt her, the dISt fromthe en fective screen area
defined by  HEREEF? ‘\’/¥ oA 55‘3%"“ th Fag 1 HP 1 r‘il’[a"fé-”é 245 Lok PakiBdanpl e

gig fmm or leséhe géickness of the f&g&igebggséJEEléyéffﬁ%lfd%% L%r exanpl e,

S scattered, then, as shown in Fig. 6E, the color filter 21
is bonded to the dielectric sheet 4 via the liquid
crystal sealing material 22 to form the liquid érystal
chamber, then the liquid crystal is injected, thereby
obtaining a plasma addressed liquid'crystal display
10 device shown in Fig. 4 and Fig. 5A.
The plasma addressed liquid crystal display
device of the present invention is not limited to the
above embodiment. For exaﬁple, in the above embodiment,
a continuous ring-shaped £rit seal 10 as shown in Fig.
15 5A was exemplified as the reinforcing means, but in the
present invention, it is also possible to use for
example a frit seal 15 obtained by intermittently
arranging patterns having a block shépe in the form of
a ring as shown in Fig. 5B. By making.fhe patterns
20 intermittent in this way, the frit seal 15 can be
formed with a low manufacturing precision. Note that,
in the f£rit seal 1? having discontinuous patterns, it
is also possible to arrange semi-spherical patterns

intermittently in the form of a ring. Further, it is

25 also possible to constitute tlie frit seal 15 by



12 dummy barrier ribs 11 are provided within a range of
4.0 mm though not illustrated. Furt her,
the dumy barrier ribs 11, "a continuous ring-shaped frit seal 10
seryving as a b5 reinforcing neans is arranged so as to surround the
dummy barrier ribs 11. The width,pf the frit seal 10 is greater
than the width of the frit seal 35 and *or exanple is about 5.0 mm
By making the width of the frit seal 10 greater than the width of
the frit seal 35 in this way, 10 the reinforcing function of the frit
seal 10 can hfrranging dift¥ieRdtent patterns withictRicRhésses Mhidasnma _
substrate glass 31 and the dielectric sheet 4 are bonded, the height
of the top ofchange aldify fthe lodgituldnandddrestsdbnbennbhe Bdran tdn t he top
15 of the barrier ribs 33. This is so as to nake the cell gap of
the |liquid crystiigl ajere 2heren ther Frig k@l 15 is bofsttitetedtisy | ayer 23
uni form According to the plasna addressed |iquid crystal
arranging intermittent patterns in the form of a square

about
on t he outside of

ring, if the intermittent patterns are ihdividually

arranged at least eight portions, i.e. four corners of

the square and the middle points of them, the reinforcing

function can be adequately exhibited.

Further, it is also possible to form the dummy
10 barrier ribs outside of the frit seal 10 shown in Fid.
| 5A. By forming them in this way, it becomes posSible to
prevent the outside end of the dielectric sheet 4 from

drooping and further smoothly seal the dielectric sheet
4 with the f£rit.

15 As explained above, according to the plasma

addressed 1i§uid crystal display device of the present
invention, the bonding strength between the intermediate
sheet and the substrate of the plasma cell is enhanced,
and as a regult; tﬁe_bonding force between the liquid
20 crystal cell and the plasma cell is enhanced; For this
reason, in the manufacturing process, the intermediate
sheet and the substrate of the plasma cell will not
peel apart. Further, according to the plasma
addressed liquid cr:irstal display device of the present

25 invention, the intermediate sheet will not deform much



di spl ay device of the present enbodi ment, by providing 20 the frit seal
10 in addition to the frit seal 35, the - bondi ng strength of the
dielectric sheet 4 and the pl asma substrate glass 31 is enhanced,
and as a result, t he bonding force between the liquid crystal cell
2 “and the plasma cell 3 is enhamced. For this reason, even if 25
the width of the frit seal 35 is determned to about 2

13 nm the dielectric sheet 4 and the plasna substrate gl ass
31 will not peel apart in the manufacturing process.

Further, sinet eRd wtdtheotimpeofrbending. 3%01751"11135 rearqtes ifed to about 2
mm the dielectric sheet 4 will not deformmuch at all at the tinme of
bondi ng. For sepildng functianonf the Iianid cryseal cfeatingaatepiial cryst al
sealing material 22 can be adequately exhibited and, at : t he sane
time, the ocemy decadequatelynprbibitedhangspat the same time, the

occurrence of the unevenness of the gap of the liquid
S crystal layer can be prevented.
Note that the present invention is not limited to
the above embodiments and can be modified in various ways

within the scope of the present invention.



10 of the liquid crystal |layer 23 can be prevented. In

t he pl asma addressed |liquid crystal display devi ce, the data display
el ectrode and the plasma chanber 34 are orthogonal, the data
electrodes becones col umm driving units, the plasma chanbers 34
becone the row 15 driving units, ang, pixels are defined at points of

I ntersection of the sane. In such a plasnma addressed liquid
crystal display devi ce, when a predeternined. voltage is applied

bet ween an anode el ectrode 32A and a cat hode display electrode 20
32K, the gasvblatt is pdaiimell tisat pl asma chanber 34 is’ sel ectively

i oni zed and a plasnma di scharge is generat ed. The inside thereof is

mai nt ai ned at appr oxilnafep}astine addressednbilgqupdteErystdl difsplayhe data
voltage is applied to the data electrode in this state, the data
voltage is deyice waompaisdmgt:he |iquid crystal |ayers 23 of the pixels

14 | a.first substrate having transparent électrodes
arranged in a column on an inner surface; |

an intermediate sheet adhered at a gap to the
first substrate and a liquid crystal layer held in the
gap:

a plasmé cell comprising a second substrate

10 having discharge electrodes arranged in a row;

a plurality of barrier ribs on an inner surface
and an ionizabie gas §ealed between the second
substrate and the intermediate sheet by providing a
bonding means outside of the barrier ribs; and

15 a ring-shaped strengthening means which is
provided between the second substrate and the .
intermediate sheet being formed on outside of the

b;nding means.
2. A plasﬁa addressed liquid orystal display
20 device as set forth in claim 1, further comprises dummy
ribs being provided between said bonding means and said
strengthening means.‘
3. A plasma'addressed liquid crystal display
device as set forth in claim 2, wherein the height of

25 the dummy barrier rib is not more than the height of



arranged in the colum direction corresponding to this pl asma chanber

34 via the dielectric sheet 4. \Wen the pl asma di scharge i s ended,

t he pl asnma chanber 34 beconmes a floating potential, and the voltage
wiitten 5 inthe liquid crystal layer 23 of the corresponding

pi xel is held until the next witing patiod (for exanpl e after one
frame). At this tinme, the plasm chanber 34 acts as a sanpling
switch, and the liquid crystal |ayer 23 of each pixel acts as a
sanpling 10 capaci tor. By the operation of the liquid
crystal by tfRid barriemi®iRo|tage witten fromthe data el ectrode 15 with
respect to the liquid crystal |ayer 23 of each pi xel the display is

carried out in unitstofAplagma addressed ddapifyIcFysipls S468MaYal |y

gcanning the 34 witi-ng the data voltage in the

Blasna chanber
li qui d devicesag) sehyEoxtBainrolaip f o yHeFeIm 84 s arranged in

the columm direction in the row direction Qg eneratin the pl asna
di scharge, tRETEPEpPaYiBE Beans .- exhihits ay complnuoy G ERape-carri ed
out . Bel ow, an explanation will_ be nmade of the

5 5. A plasma addressed liquid crystal display

device as set forth in claim 1, wherein said
strengthening means exhibits a discontinuous ring
shape.
6. A plasma addressed liquid crystal display
10 device as set forth in claim 1, wherein said
strengthening means has a width greater than that of

said bonding material.



nanufacturﬁng'nethod of the plasma addressed |iquid crystal display
. device shown in Fig. 4 and Fig. 5A by using Figs. 6Ato 6E. - 25
First, as shown in Fig. 6A the pattern of the ' di spl ay
el ectrodes is printed on the plasnma substrate glass 31 in the form of
stfipes by for exanple a screen printing nmethod and is then dried to
formthe display el ectrodes 32. Simul taneously with this, dummy
display 5 . electrodes 12 are fornmed on the outside of the display

el ectrodes 32. Next, on the display electrodes 32 forned in
stripes, barrier redxsME xDDR 0583 patRYBEALS A LAY hDEVIC as shown
in Fig. 6B by the screen printing. In thiss case, 10 in order for the
barrier ribs 33 to be nade a hei ght of about 200 m the screen
printing is repeated to give a

ABSTRACT OF THE DISCLOSURE

To brovide a plasma addressed liguid crystal
display device which can enhance the bonding strength
betﬁeen the dielectric sheet and the plasma substrate
glass, a frit seal is proyided at the outside of the

10 barrier ribs, and dummy barrier ribs and a £rit seal are
sequentiallf provided on the outside of the frit seal.
The frit seal has a greater width than that of the frit
seal and has a role as a reinforcing member._The
dielectric sheet and a plasma substrate glass are

15 provided so as to saddwich the barrier ribs. A liquid

crystal layer is provided on a surface side of the

dielectric sheet.

Figure 1

| THIS SHEET HAS BEEN
REPLACED




doubl e coating and thereby bring out this height. After printing the
“bafrier ribs of the predetern ned height, sintering is carried out
angd the tops of the barrier ribs 15 are polished to nake the hei ghts of
the barrier ribs mat ch a predeterm ned height. Sinultaneously with
this, the dummy barrier ribs 13 are fornmed on the dumy

di spl ay el ectrodes 12. Then, as shown in Fig. 6C, the frit
seals 10 20 and 35 are forned on the periphery of the plasm

substrate glass 31 by a dispenser or HO% i ke, the di el ectric sheet
4 made of glass is bonded to the pl asma substrate gl ass via these
frit seals 10 and 35" in a state where placed on the barrier ribs,

t he forned 25 pl asma chanmber 34 is evacuated, and then a gas is

16 i nj ect ed. '

FIG. 1
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Next, a not illustrated orientation processing is carried out. As
"shown in Fig. 6D, spacers 24 for making the thickness of the liquid
crystal layer uniformare 5 scattered, then, as shown in Fig. 6E, the
coljor filter 21 is bonded to the dielectric sheet 4 via the liquid
crystal sealing material 22 to formthe liquid crystal chanber, then
the liquid crystal is injected, thereby obt ai ning a plasnma addressed
liquid crystal display 10  device shown in Fig. 4 and Fig. 5A

The plasma addressed |iquid crystal displeay devi ce of the present
invention is not limted to the above enbodi nent. For exanple, in

t he above enbodi nent, a continuous ring-shaped frit seal 10 as shown
in Fig. 15 5A was exenplified as the reinforcing neans, but in the
present invention, it is also possible to use for exanple a frit

seal 15 obtained by intermttently arrangi ng patterns having a bl ock
shape in the form of. aring as shown in Fig. 5B. By naking the
patterns 20 intermttent in this way, the frit seal 15 can be

formed with a | ow manufacturing precision. Note that, inthe frit
seal "15 havi ng di scontinuous patterns, it is also possible to
arrange sem -spherical patterns

FIG. 2A
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intermttently in the formof a ring. Further, it is 25 al so possible

" to constitute the frit seal 15 by

17 arranging intermttent patterns with thicknesses which

change al ong the longitudinal direction in the form of a ring. Here,
where the frit seal 15 is constituted by arranging intermttent
patterns in the formof a square 5 ring, if the intermttent patterns
are individually arranged at | east eight portions, i.e. four corners
of the square and the mddle podfes of them the reinforcing
function can be adequately exhibited. Further, it is also
possible to formthe dumry 10 barrier ribs outside of the frit seal 10
shown in Fig. 5A. By formng themin this way, it becones possible
to prevent the outside end of the dielectric sheet 4 from

drooping and further snmoothly seal the dielectric sheet

FIG. 3A
. 2l |
3l

FIG. 3B :




4 with the frit. 15 As expl ai ned above, according to the plasm

addressed liquid crystal display device of the present i nventi on,
t he bondi ng strength between the internediate sheet and the
supstrate of the plasma cell is enhanced, and as a result, the
bondi ng force between the liquid 20 crystal cell and the plasma cell is
enhanced. For this reason, in the manufacturing process, the
i nternedi ate sheet and the substrate of the-plasma cell will not
peel apart. Further, according to 4h&e plasma ~addressed liquid
crystal display device of the present 25 invention, the internedi ate
sheet will not deform nuch _ ) 18
at all at the time of bonding. For this reason, the seal ing function
of the liquid crystal sealing materi al can be adequately exhibited
and, at the sanme tine, the occurrence of the unevenness of the gap of
the liquid :
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5 crystal layer can be prevented. Not e that the present

I nvention is not limted to t he above enbodi nrents and can be nodified
i n vari ous ways wi thin the scope of the present invention.

1% What is claimed is: 1. A plasnma addressed |iquid
criystal display devi ce, conprising: a first substrate
havi ng transparent electrodes 5. arranged in a colum on an inner
surface; - ' an internedi ate sheet adhered at a gap to the

first substrate and a liquid crystal |layer held in the gap;

a plasma cell conprising a second subgérate 10 havi ng di schar ge

el ectrodes arranged in a row;: a plurality of barrier ribs on

an i nner surface

FIG. A

FIG. 5B .,
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and an ioni zabl e gas seal ed between the second substrate and the

intérnmedi ate sheet by providing a bondi ng neans outside of the
barrier ribs; and 15 a ring-shaped strengtheni ng means which is
prowi ded bet ween the second substrate and the i nt ermedi ate sheet
bei ng forned on outside of the bondi ng neans. 2. A

pl asma addressed liquid crystal display 20 device-as set forth in claim
1, further conprises dumy ri bs bei ng provi ded between sai d bondi ng
nmeans and said strengt heni ng neagge 3. A plasma
addressed liquid crystal display. - device as set forth in claim 2,
wherein the height of 25 the dumy barrier rib is not nore than the

hei ght of said barrier

rib. FtG GWsma addressed |iquid crystal di spl ay
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N

device as set fort hin claim1, wherein said st rengt heni ng neans
exhifj a conty i . | Aplication No. 9610831-2 A pl asma addr essed

i ystal gﬁ@gﬁ R%ISWVI ce as set forth in claim1l, wherein saiq
st enlng nmeans exhi bits a di 4conti nuous r|ng ~ shape.
[

-6 r‘N. agd i L]uIU crystat—drsptay 10— devite as—set ~forttr
MFM rAu ﬁ@%‘igr strenqgt heni ng nmeans has a width qreater t han
q_hat of . sai d bond| ng material .

PLASMA ADDRESSBD LIQUID CRYSTAL DISPLAY DEVICE o |

To provide a plasma addressed liquid crystal display device which can enhance the bonding
 strength between the dielectric sheet (4) and the plasma substrate glass (31), a frit seal (35) is
. provided at the outside of the barrier ribs (33), and dummy barrier ribs (11) and a frit seal (10)

are sequentially provided on the outside of the frit seal (35). The frit seal (10) has a greater

width than that of the frit seal (35) and has a role as a reinforcing member. The dielectric
- sheet (4) and a plasma substrate glass (31) are provided so as to sandwich the barrier ribs (33).
A liquid crystal layer (23) is provided on a surface side of the dielectric sheet (4).

‘Fig. 4
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