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ABSTRACT

The present invention comprises: first electrodes (2)

formed by a plurality of Stripe-shaped electrodes Tormed in

On the Iirst dielectric layer (3), the insulation layer being
made of a material that is lower in dielectric constan+t than £he
£irst dielectric layer (3); second electrodes (5) formed by a

plurality of stripe-shaped elactrodes formed on the insulation

plurality of through-=holes (7) provided in guch positions, in
every space bstwaen the plurality of stripe-shaped electrodes

Torming the second electrodes (S), as to respectively caorrespond
to the plurality of stripe-shapad electrodes forming the first

electrodes (2) and bored in the insulation layer (4) so as to
reach the surface of the first dielectric layer (3); and a
second dielectric layer (érmformed on the insulation layer (4)‘
90 as to cover the plurality of stripe-shaped electrodes forming
the second electrodes (5). As a result, there is obtained a
single-substrate type discharge display dewvice that is simple in
both of structurs and process as compared with a conventional
.two-substrate‘typa dischafge display device, that can be loﬁered

in price owing to remarkable reduction of the number of
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processes, and that is sasy in addrass discharge using an X-Y
MAtrix as compared with an electrods structure of a conventicnal

single-substrate type discharge display device, and that is

cCapabla of lowering the dlscharge voltage.
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Single-Substrate Type Discharge Display Device, Method

of Driving
The Discharge Display Device, And Color Single-Substrate Type

Discharge Display Device

TECHNICAIL, FIELD

The present invention relates to a Single-

Substrate Type

Discharge Display Devica, Its Driving Method, and Color Single-

Substrate Type Discharge Display.

BACRGROUND ART

A conventional dlscharge display device (Plane type

discharge display device) called PDP (Plasma Display Panel) is

typically a three-electrode plane discharqge display device of

two-substrate type including one address electrode Oon a back-

gide glass substrate as well as

In this

discharge is made between mutually

opposed address electrodas ©f the raspective front-sgide and

back-side glass substrates, while sustaining electrodes are

dlvided into two groups and connected in common. By switching

~ovar the voltage, the .address discharge is divided to make .

interlace display.

Furthermore, as a conventional single-substrate typé

discharge display device, there is one having the structure
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shown in FIG. 13. In this Structura, all of the electrodeg

which form the aforementioned three-slectrode plane discharge
device, dielectric layers, and insulation layers are simply
formed on the back-~side substrate. In other words, lower
address electrodes, upper address electrodes, and sustaining

electrodes are simply séparated by insulation layers.

The discharge display device of FIG. 13 includes first
electrodes 2 formed by a plurality of stripe-shaped electrodes
formed in parallel to each other on a glass substrate 1, a first

dielectric layer 3 formed on the glass substrate 1 so as to'
cover the first electrodes 2, an insulation layer 4 madec of a
material £hat is lower in dielectric constant than the first
dielectric layer 3 and formed on the first dielectric layer 3, a

Second electrodes 5 (including an address clectrodes 51 and

sustaining electrodes 52) formed by a plurality of Stripe-shaped

electrodes formed on the insulation Jayer 4 in parallel to eééh
other sSo as to cross the plurality of stripe-shaped electrodes
forming the first electrodes 2, and a second dieléctric layer 6
Tormed on the insulation layer 4 so as to cover the plurality of
stripe-shaped electrodes forming the second electrodes 5.

As an invention applied for patent by the same a?plicant
as the present applicant, there is a two-electrode plane
discharge @ype discharge display device formed so that address
and sustaininé discharge may be made on the same plane by making

two electrodes cross sach other and pulling ocut a lower
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alectrode to the upper sSurface via a through hole (conductor) as

shown in FIG. 12.

The structure of the discharge display device of yIC 12

will now be described. On the back—SLde glass substrate 1, ¥

wldth are deposited and formed at constant intervals in ﬁarallEI
to each other. Subsequently, an insulation layer 4, which
covers the X electrodes 2 and insulates the X electrodel 2 from
Y electrodes formed later, is depogsited and formed over the
back-side:glass substrate 1 aﬁd on the X electrodes 2.
Through-holes are bored in the insulation layer 4 near

the ¥ electrodes 5. A columnar conductor 14 obtained by firing

conductive paste 1s formed in each through-hole. Then
’

top of the conductor 14. The island shaped electrodes 15 are

formed concurrently with the Y electrodes 5. Thus,'the 1sland—.

shaped electrodes 15 are @laectrically connected to the X
electrodes 2 through the conductors 14, respsétively. On the
-Ansulation layer 4, the V 8lactrodes 5 and theisland—shaped

electrodes 15 are disposed in parallel with each other. By the
.wmyy surfages ©f the Y electrodes 5 and tha island-shaped

electrodes 15 are covered by a dielectric layer 6

The structure 9f the front~-side glass substrate 11 will
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be described next. On the front-side glass substrate 11, a
plurality of grooves 8 are formed so as to correspond to the X
elecgrodes (the first elec£rodes) ¢ on the back-sjide glass
substrate l. On intarnal faces of the plurality of grooves 8 of
the front-side glass substrate 11 fluorescent material layers 9
emitting red, green and blue light beamz are deposited and
formed sequentially and cyclically.

The fluorescent mateiial layars 9 emitting primary color
red, green and blue light beams, are deposited and formed
directly on internal faces of the grooves 8 of the front-side
glass substrate 11. Alternatively, color filters 10 of primary
colors, red, green and blue, are deéosited and formed on
internal faces of the grooves 8, and then the raspective
corresponding Ifluorescent material layers 9 of primary colﬁre,

red, green and blue, ars deposited and formed on the color

filters 10 of red, green and blue.

The front-side glass substrate 1l is made to overlap the
ba¢k~side glass substrate 1 as 1f the former caps ﬁhe lattar.
The glass substrares 1 and 11 are vacuum-sealed together using
glass frit or the like. Thereafter, mixed gas suitable for
’ discharge of neon, argon, xenon or the like is sealed into a
space between the glass substrates 1 and 11 as discharge gas at
.approximgtgly 0.5 atm. A plane type display device is thus

completed.

In the three-electrode plane discharge type discharge
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display device of two-substrate type shown in FIG. 12,

Furtharmore,
because the electrodes formed on the glass Substrate of the
front ‘

Lace side must have high light transmissivity, fabricatijon

is difficult.

On the other hand, three-electrode Plane discharge type

discharge display device of single-substrate TYpe as shown in

FIG. 13 involves a problem in address diséharge. This will be

described below referring to FIG. 14 which shows a section of

the dischgrge display device of FTG. 13. The lower address.

eléctrode 2 and

Furthermore, the gap between the upper addresszs electrode

51 and suStalnlng electrode 52 that ares adjacent to each other

is typically as nNnarrow as 50 to 100 Hm. Therefore, the alectric

field generated by a voltage

531 and the

CA 02376112 2001-11-27
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for address discharge cannot be formed in the discharge spaca.
Moreover, 1f the aforementioned gap between electrodes
1s made wide, then the discharge voltage between the eleétrodes
51 and 52 becomes high and consequently continuance of
sustaining discharge will be difficult.
In view of such points, the present invention attempts
to propose a single-substrate type discharge display device that

is simple in structure, easy in fabrication, and low in price as

compared with the conventional two-substrate type discharge

display device, that facilities address discharge using an X-vy
matrix as:comparedwith the conventional singie-substrate typé
discharge display device, and that is capable of lowering the
discharge voltage.

Furthermore, the present invention attempts to propose
such a driving method of singla-substrate type discharge display
device that trigger discharge is made securaely and low voltage
addregs driving is possible. -

In addition, the present invention attempts to propose
such a driving method of single-substrate type discharge display
device that the structure of a scanning-side'driving,circuit can
be simplified, thereby allowing its prica to be lowered.

Moreover, the present invention attempts to propose such

a driwving gethod ©of single-substrate type discharge display

davice that triggaer discharge can be caused between the address

electrode and the first electrodes and so that even if the space
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betwsen the address electrode and the sustaining electrode is

wide, the discharge voltage need not be made high, thus enabling
the operation to be stabi;ized.

Furthermore, the present invehtion attempts to propose
such a driving method of single-substrate typa discharge display
device that trigger discharge can be caused between the address
elecﬁfode and the first eslectrodes, so that even 1f the space
between the address electrode and the sustaining electrade is
wide the discharge voltage need not be made high, thus enabling
the operation to be stabilizsd.

Furthermore, the present in#ention attempts to propose
such a hiéh luminance color single-substrate type dlscharge
display device that is simple in structure, easy in fabrication,
and low in price as compared with the conventional Ewo—substfate

type discharge display device, that facilities address discharge

using the X-Y matrix and can lower discharge wvoltage can be

lowered as compared with the conventional single-substrate type

discharge display device, that has the structure of tha front-.

side glass substrate of the front face side can be extremely
simplified, and that can maximize the ultraviolet irradiation
efficiency, i.e., light emission efficiency of the fluorescent

material layer while keeping the driving Ccharacteristics the

bast.
DISCLOSURE OF INVENTION

A single~substrate type discharge display device
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according to the present invention comprises: first electrodes
formed by a plurality of stripe~shaped electrodes formed in
parallel £o each other on a glass substrate; a first dielectric
layer formed on the glass substrate so as to covar the first
elactrode; an insulation layer formed on the first dielectric
layer, the insulation laver being made df 4 material that is
lower in dielectric constant than the first dieleétric layer;
second electrodes formed by a plurality of stripa-shaped
electrodes formed on the insulation layer in parallel to each
other so as to cross the plurality of stripe-shaped eléctrodes
forming the first electrodes; a plurality of through-holes
provided in such positions in every space between the plurality
of stripe-shaped electrodes forming the second electrodes as to
respectively correspond to the plurality of stripe~shaped
electrodes forming the first electrodes and bored in +hea
insulation layer so as to reach the surface of the first
dielectric layar; and a saecond dielectric layer formed on the
insulation layer'so as to cover the plurality of stripe-shaped
electrodes forming the second electrodes.

In a single-substrate type discharge display device

according to the present invention, stripe-shaped electrodes

forming the second electrode are comprised pairs of sets of
stripe-shaped electrodes, disposed in parallel to each other and

electrically connected on the ocutrtside.

A driving method of a single-substrate type discharge
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diapléy device according to the present invention comprised the
steps‘ofz using one alectrode of a palr of stripe-shaped
electrodes on both sided of having the through;holes out of the
plurality of stripe-shaped elQCtrodes'forming the second
electrodes as an address electrode that forms an X-Y mﬁtrix in
cooperation with'the first elactrodes, ahd using the othef
electrode A4S a sustalining electrode connected ih comnon to
pizxels; at time of address discharge, épplying scanning address
pulses to the address electrodes sequentLally; and

simultanecusly therewith, applying a ﬁoltage on such a level as
not to start discharge between the sustaining elecfrode and +he

address electrode to which +he scanning address pulae is

applied, to the sustaining electrode, applying an address pulsea

dependling on an image signal to the first electrodes in

synchronism with the scanning address pulse to excite discharge,

using the discharge as trigger discharge to excira address

discharge between the address electrode and the sustéining

- a—

electrode, and thereby forming wall charges individually.for
each pixel; and at time of following sustaining discharge,
applying a sustaining pulse between the address electrode and

the sustaining electrode by utilizing the wall charges formed

during the address interval, and thereby continuously exciting

sustaining discharge.

A driving method of a single-substrate type discharge

digplay device according to the present invention comprised the
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steps of: using one electrode of a pair of stripe=shaped
electrodes on both sides of through-holes out of the plurality
of stripe-shaped electrodes forming the second electrodes as an
address eleétrode that forms an X-Y matrix in cooperation with
the first electrodes, using the other electrode as a sﬁStaining
alactrode conneCted in common to pixels, connectiﬁg the
sustailning electrodes in common alternately to first and second
connection lines, and thereby dividing the sustaining electrodes
into two groups; and at time of address discharge, switching

over a voltage applied to the first and second connection lines,

making interlace display using scanning line interlaca driving.

A Adriving method of a single-substrate type discharge

display device according to the present invention comprises the

steps Of: using one pair of electrodes in two pairs of stripa-

shaped electrodes on both sides of the through-holas out of

plural pairs of stripe-shaped electrodes forming the second

elactrode as an address elegtrodes that forms an X-Y matrix in
cooperation with the first electrodes, using the other pair of
electrodes as a sustaining electrode connected in common to

pixels, connecting the sustaining electrodes in common

alternately to first and second connection lines, and thereby
dividing the sustaining electrodes intc two groupe: and

switching over a voltage of the first and second connection

10
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lines in accordance with timing of a scanning address pulse
applied to the address electrode at time of addressing, causing

address discharge and sustaining discharge by handling the

address electrode and the sustalning electrode as two

independent electrodes, and making non-interlace display by

sequential scanning driving.

In a driving method of a single-substrate type discharqge

display device according to the presant invention, in a éixél
gelected by address discharge, sustaining discharge is performed
between the address elecﬁrode serving as a Y electrode and the
sustaining electroda serving as a Z electrode, which are
parallel ﬁo each other, in a sustaining discharge interval
following the address interval. In the sustaining interval, a
voltage of the first electrode serving as an X electrode is kept

at the same voltage as that of the sustaining electrode or the
same sustaining pulse is applied to the first elecrrods to
excite trigger discharge that assists the sustaining discharge

between the address electrode and the sustaining electrode.

A color singla—subsgrate type'discharge display device
according to the present invention comprises: first electrodas
formed by a plurality of stripe-shaped elecfrodes formed in
parallel to each othar on a back-side glass substrate a first

dielectric layer formed on the back-~side glass substrata of back

face side 80O as to cover the first electrodes; an insulation

layer formed on the first dielectric layer, the insulation layer

11
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'being made of a material that is lower in dielactric constant
than the first dielectric layer; second electrodes formed by a
plurality of stripe-shaped slectrodes formed on the iﬁsulation
layer in parallel to each other so as to cross the plurality of
stripe-shaped electrodes forming the first electrodes; a
plurality of through-holes provided in such positions, in every
space bstween the pluralitf of étripe—shaped electrodes forming
the second electrades, as to reséectively correspond to the
plurality of stripe-shaped electrodes forming the first
electrodes and bored in the insulation layef 80 as to reach the
surface of the first dielectric layer:; a second dielectric layer
formed on the insulation layer so as to cover the plurality of
stripe-shaped eléctrodes forming the second electrodes; and a
front-side glass.substrate opposed to the.back—side glass
substrate, whereln a plurality of stripe-shaped or grid-shaped
grooves are formed on the front-side glass substrate by'working'
the glass subétrate itself, and a fluorescent material layer fof
emitting.ligﬁ£ of a color corresponding to each pixel is formed
on an internal wall facae ofxgach groove. .

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a developed coblique view showing a cell

- structure of a first embodiment according to the present

invention;
FIG- 2 1s a developed oblique view showing a cell

structure of a second embodiment according to the present

12
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invention;

FIG. 3 is a developed oblique view gshowing a cell

structure of a third embodinment accofding To the present

inventlion:

FIG. 4 13 a sectional view showing a cell structure of
‘each embodiment according to the présent invention;
FIG. 5 is an electrode wiring diagram of the first

embodiment according to the present invention:

FIG. 6 1s an electrode wiring diagram (1) of the second
embodiment according to the present invention:

FIG. 7 18 an slectrode wiring diagram.(Z) of the second
embodiment according to the present invention;

FIG. 8 is a timing chart (1) of driving pulses:

FIG. 9 is a timing chart (2) of driving pulses:;

FIG. 10 1s a timing chart (3) of driving pulses;

FIG. 11 is a developed obligue V1QW'showing a ninth

ambodiment according to the present invention;

——

FIG. 12 is a developed oblique viaWﬂshowiﬁg a single-
- substrate type two-elecrrode plane discharge display device of
lnvention applied for patent by the same appiicant as that of'

the present application:

FIG. 13 18 a developed oblique view showing a
conventipnal single-substrate type three-electrode plane
discharge display device: and

FIG. 14 is a sectional view of the conventional single-

13
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substrate type three-electrode plane discharge display device of

FIG. 13.

BEST MODE FOR CARRYING OUT THE INVENTION

The struCtﬁre of a single-substréte type diécharge
display device of a first embodiment according to tha present
invention will be described below with referaence +to a developed
oblique view of FIG. ] and a sectional view of FIG. 4,‘which-
show its cell structure. A charactaristic structurs of the
discharge display device according to the present iﬁvention
resides in through-holes 7 provided in an insulatioﬁ laﬁer 4 -
The through-holes 7 will be described together with structures
of respec£ive components in turn.

Firgt of all, on .the back-=side glass substrate 1, there
is formed first alectrodes 2 formed by a plurality of stripe-

shaped electrocdes having a fixed width, extending in the

longitudinal direction and disposed 1n parallel to each other at
fixed intervals. The rirst alectrddes 2 are formed easily by,
for'example, screen-péinting paste-like'ink of silver or nickel,
etc. on the back-side glassg substrate 1 and firing it.at, for
example, apprbximately 570 °C.

| Next, in a rangé corresponding to the.scraen, on the
back-side glass substréte 1. i.e. in the range for forming

pixels thereon, a first diselectric layer 3 is formad soc as to

cover the first elactrodes 2. The first dielectric layer 3 is

formed by, for example, screen-printing on a low- melting-point

14
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glass or the like having a relatively high dielectric constant,
firing it, and forming it into a thicknesz of approximately 10
teo 30 um.

Next, on the first dielectric layer 3, an insulation
layer 4 is formed so as to be piled thereon. ATt this time, 1n.
the case where, for axample, the insulation layer 4 is formed
like a pattern using the screen-printing'method, the through-
holes 7 are formed in positions shown in FIG. 1 at the same
time.

Moreover, in the case where the insulation layer 4 is
formed solidly using a method such as coating, the through-holes
/7 are formed in predetermined positions using a method such as
the sand blast.

The material of the insulation layer 4 is the same as

that of the aforementioned first dielectric layer 3. Howevar,

in order to increase the insulation breakdown voltage and

decrease the dapacitance batween electrédes, the thickness of
the insulation layer 4 is made thicker than the Lfirst diei;ctric
layer 3, and set at; for exappie, 4 value in the range of
approximately 60 to 100 pm. 1In addition, amﬁterialothat has a
dielectric constant lower .than that of the firs+t dielectric

layar 3 is chosen.
Saecond elect:odes 5 are formed on the aforementioned

insulation layer 4 so as to cross at right angles the underlying

first electrodes 2 to form an X=Y matrix. As to thae formation

135
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method, the second electrodes 5 can ba formed easily using a
screen-printing method similar to the formation method of the
first electrodes 2. However, the vacuum deposition method or
the photosensitive film method may also be used.

The second electrodes 5 are covered by a second
dielectric layer 6. Pinally, although‘not 1llustrated, the
whole surface of the first and second dielectric layers 3 and.G
as well as the through--holas 7 formed as.described abova are
covered by a protection layer of magnesium.oxide or the like.
The discharge display devicé 1s thus completed.

A}though not illustrated in FIG. 1, +he single—-gubstrate

type discharge display device is completed by providing a front-
side glass substrate, opposing the back-side glass substrata 1

to the glags substrate with uniform spacing, vacuum-sealing

their periphery using glass frit, and sealing mixed gas such as
neorn, argon, and xenon required Tor gas discharge into the
inside.

The structure of a é&ngle—substrate type dischargs
dlisplay device according to,a second embodiment according to the
- present invention will be described next with reference to FIG.
2, which shows a cell structure thereof. The basic structure
and most of the formation method of respective components are
.sbmilar to those of the discharge display devica of the first

embodiment. However, the discharge display device of FIGC. 2 is=s

different from the discharge display device of FIG. 1 in that

16
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each of stripe-shaped electrodes forming the second alectrodes S
is made up a pair of sets of stripe-shaped electrodes to each
other and electrically connected on the ocutside. The second
electrodes 5 is comprised of address electrodes 51 and
austainihg clectrodes 52 disposed alternately. Between the
electrodes 51 and the sustaining electrodes 52, the through-
holes 7 are formed in positions corresponding to first
electrodes 2.

An electrode wiring diagram in this case is shown in
FIG. 6. Plural pairs of stripe-shaped electrodas forming'the

second electrodes 5 coperata altaernately as address electrodes 51

and sustaining electrodes 52. Wiring of the clectrodes and a
driving method of the diacharge display device will be described
later as a seventh embodiment.

As to the wiring method of two stripe-shaped electrodes
disposed on both sides of the through-holes 7, wiring as shown
in FIG. 7 is also possible. Thie will also be described later.
In this case, the address electrodes 51 are‘driven individually
and svery pair of sustaining electrodes 52 ars wired in common.
Thus, as compared with the wiring of FIG. 6, higher aperation

stability 1s obtained.

The structure of a discharge display device of a third

embodiment.according to the present invention will be described

next with reference to FIG. 3 which shows a cell stfﬁcture

thereof. The structure of'the third embodiment is different in

17
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the structure of the second electrodes 5 and tha through-holes 7
form the aforementioned first and second embodiments.

As shown in FIG. 3, the structure of the discharge
display devica of the §hird embodiment is characterized in that
the address electrode 51 and the sustaining electrode 52 forming
as the second electrode 5 on both sides of the through-hole 7
are disposed so as to surround the periphery of the opening
portion of the through=hole 7.

Although not lilustrated in FIG. 3, all of the
aforementioned electrodes are further covéred by a protection
layer made of magnesium oxide and the like togethar with the
second dielectric layer 6 shown in PIGS. 1 and 2. In this cﬁse,
the interval between the electrode 51 and 52 becomes shorter

than the diameter of the through-~-hole 7.

The structure of a single-substrate type discharge
display device of a fourth embodiment according to the preéant
invehtion will be described next with reference to FIG. 1. This
fourth embodiment relates to the sizé and operation of the

through=hole 7 in the aforemantioned first, second and third

empodiments.

The discharge display device of tha fourth embodiment is
characterized in that the effective discharge arca of the lower
address glgctrode, i.e., the first electrode 2 determined by thae

araa of the opening portion of the through-hole 7 is made

smaller than the effective discharge area of the second

18
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electrodes 35 on both sides of the through-hole 7.

In the aforementioned first, and second embodiments
except the third embodiment of FIG. 3, because the througnh-hole
7 1s provided berween electrodes, the spacing between the
address electrode 51 and the sustaining electrode 52 becomes
ihevitably larger than the discharge space of the ordinary
discharge display device, of approximately 100 Km and reaches,
for example, a value in the range of approkimate;y 300 to 500
um.

This means that the discharge voltage goes very high,
'which posgs a graat prbblem.in driving. In the meantimé, ths
through-hole 7 is located in the middle of the electrodes 51 and
52. The thrdugh-hole 7 can be brought closar to either of the
electrodes 31 and 52. Therefore, the discharge voltage between

the first electrocde 2 and the second electrode 5, i.e., the
electrode 51 or 52 is lower than tha discharge wvoltage between

the electrodas 51 and 52.

If a minute discharge, i.e., trigger discharge is firét
generated between the electyode 2 and the eiectrode 51 by
utilizing the above fact, then discharge between the.electrodes
51 and 52 becomes possible with a lower voltage.

On the other hand, however, the trigger discharge must

atrictly'bg a minute discharge. If the wall charge has been
formed between the electrode 51 and the electrode 2, then the

main discharge between the electrodes Sl‘and 32 will not occur.

13
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To soclve this problem, it is conceived that the
@ffective discharge area of the first alectrode 2 13 made
smaller than the effective discharge area of‘the second
electrode 5 by making the area of the opening portion of the
through-hole 7 smaller oxr by making the electrode width of the
first electroda 2 narrower than the electrode'width'of the
second electrode 5. By doing so, only minute'wall charges are
storaed on the surface of the first electrode 2, and so the
trigger discharge can be made small. By the wmyy'this object
can alsc be attalned by making the thickness of the first
dielectric layer 3 thicker. 1In this case, howeaver, the trigger
discharge.voltage also goes higher.

Next, a driving method of a single-substrate type
discharge display device formihg a4 basic driving merthod of
discharge display devices of the first to fourth embodiments
will be described as a fifth embodimept to a sectional view of
FIG. 4 and a timing chart of driving pulses of FIG. §.
Referring to FIGS. 4 and B, for example, iﬁjan address interval
TA, voltage pulses of positive and negative voltages sufficient
for starting discharge are applied to a selected lower address

electrode X1, i.e., the first electrode 2 and an upper addrass

alectrode Y1, ji.e., the address elactrode 51 forming as the

second alectrode S, r93pectively;
At thie time, between a sustaining electrode Z, i.e.,

the second electrode 52 and the address claectrode Y, 1.e., the
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address electrode 51 forming also the secand electrode, a
voltage on such a level that discharga will not occur between
both electrodes is applied.

.If the aforementioned address pulses are applied and
discharge occurs between the slectrodes 2 and the electrodes 51, -
then the discharge space between the addfeés electrodes S1 and
tha sustaining eleczrodeé 52 is rilled'ﬁith charged particles
and quasi-stable atoms. Therefore, discharge occufs immediately
here. In other words, this discharge, i.a., the aforementioned
discharge betwéen the X and Y electrodes becomes a trigger of

the discharge between the address electrodes 51 and the

sustaining electrodes 52.
If the address discharge has thus occurred, then wall
charges are formed on the dielectric layer 6 ovar the electrodes

51 and the electrodas 52. As a matter of course, wall charges

arae not formed on slectrodes of which the address discharge has
not occurred. Consequently, wall charges depending on an image
can be Irormed.

Thus; in a sustaining discharge interval.TS following
the address interval TA, sustaining pulses are applied between
the address electrodes 51 and the sustaining electrodes 52

utilizing the aforementioned wall charges formed during the
address interval TA. This allows sustaining discharge to

continue.

A driving method a of discharge display devices of the

21




CA 02376112 2001-11-27

first to fourth embodiments, particularly the discharge display
device that is wired as shown in FIG. 5 with the electroda
structure of FIG. 1 will be described next as sixth eﬁbodiment.
This 1s a method of composing a'piéture by dividing one pictﬁre
into two fislds of odd number and even numbér in the same way as
interlace driving of ordinary television (TV). Now, electrode
wiring and the driving method will be described with reference

to the wiring diagram of PIG. 5 and the timing'chait of driving.
pnlses-of FIG. 8. l ‘

Referring first to FIG. 5 which is a wiring diagram, the
first élegtrodes 2 are a signal-side address electrodes. This

18 representad as X1, X2, X3, - - -. Tha second elactrodes 5
include address electrodes 51 and sustaining electrodes 52 on
"the scanning-side, which are represehted as (Y1), (Y2/¥3),
(14/Ysj, - = -, and (Z1/22), (z3/24), (25/26), - - -,
regspectivaely. Further, the sustaining electrodes 52, i.e.,
(z21/22), (23/zZ4), (25/2Z6), ~ - - are connected in common to
. connection lines Za and Zb alternately. The reason for
representation such as (¥2/¥3) is that one electrode is divided
inﬁo two electrodes operating as discharge eleétrodes.
Referring to FIG. 8 together with FIG. S, in the case
where, for example, tha signal-side electrode X3 is selected
during the address intefval TA and a display is made between the
scanning—side‘electrodes (fZ/YS) and (Z1/22) tha operation is

completely the same as that described with the foregoing
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- description of the fifth embodiment. Specifically, discharge

occurs between the electrode X3 and the electrode (¥2/¥3)

through the through-hole 7. By taking this as a trigger,
discharge occurs between the elactrode (¥Y2/Y¥3) and the elsactrode
(Z1/z2) .- sSince, at this moment, the connection line Zb
connected to the electrode (21/22) is selacted and a voltage is
applied thereto, discharge does not occur in the direction the
electrode (Z23/24) connected to the connection lina zZa.

In other words, the direCtion OL discharge is determined
depending on which of the connection lines Za and Zb is
connected to the Z electrodes, i.e., the sustaining electrodes
52 of the secbnd electrodes 5 when scanning.pulaes are applied
to the ¥ electrodes, i.e., address electrodes 51 of the second
electrodes 5.

Thus, by conforming of supply timing the scanning pulses
to the Y electrodes with +he select timing of the connecrtion
lines za and zb, it will ba possible to seléct either discharge
DE of an even numbered field reprosented by an ellipse of a
broken line in FIG. 5 or diqphafge DO of an odd numbered field
represented by an ellipse or a solid line. 1In this case, an
electrode can be utilized extending over the upper and lowar
pixels. Therefore, the resolution looks as if it were doubled.
AS compa;eq at the same resolution, the drive circuits.can be

decreased.

By the way, as to the method of switching over of the
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cannection lines ga and 2b for selecting the direction of
discharge, it will be sufficient for example, select the

connection line Zb and scan for +he while the address electrodes

51 every other electrode like the electrode (¥1) — (Y4/Y5) -~
(¥Y8/¥3) — , then select the connection line Za and scan like

the electrode (Y2/¥3) — (Y6/Y¥7). Alternativaly, the connection

lines Za and Zb may be selected alternately while scanning in

turn like the electrode (Y1) — (¥Y2/¥3) — (Y4/¥5) — .

A driving method of the discharga display device or the
second embodiment as a seventh ambodiment will be desc¢ribed next
with reference to an electrode wiring diagram of FIG. 6. In the

driving method of the aforementioned sixth embodiment, reduction

OI the driving circuits is aimed by using, for example, a method
of assigning the z2ustaining diECharge of one electrode TO uppar

and lower selectrodes evary field in FIG. 6, 1.e., by using
interlace driving. 1In the seventh embodiment described -

| hereafter;'éach electrode is bisected and handled as 1if it wera

two electrodes reduction of the circuit scale without using the
interlace driving.

In order to dascribe the driving method of the seventh
embodiment, the electrpde*wiring diagrams of FIGS. 6 and 7 as
well as a timing chart‘of driving pulses Of FIG. 9 are referred

to. Baslc structures of electrodes of FIGS. 6 and 7 have

already been described with respect to the second embodiment .
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To be specific, it embodiment is characterized in that
each pailr set stripe-shaped elactrodes forming the second
@lectrodes 5 are disposed on both sides of the through-holes 7,

and the pair of stripe-shaped electrodes are wired ocutside the

scraen. - Electrode wiring of this structure is absoclutely the
same as that of FIG. 5. In FIGS. 6 and 7, thererora, portions
corresponding to those.of FIG. 5 are denoted bf the éame
characters, and repeated description will be omittéd.

However, because a pair address electrodes 1s divided
into two parts, wall charges generated by the address discharge
are formed only on one electrode of the slde where'discharge haé
occurred élthough the two parts are wired in common.

Therefore, display can be made sequentially without

performing interlacing by scanning in turn the scanning-aijide

address electrodes, i.e., scanning like the electrode (Y1) -»

(Y2/¥3) — (¥4/¥5) - , and switching over the connection lines

Za and 2Z2p alternately.

FIG. 9 is a timing chart of driving pulses showing an

example of the driving mathda o the discharga'display device as
the saeventh embodiment. 1In this case, scanning pulses are
applied twice to each electrode, and the connection lines Za and
Zb. As a result, all cells corresponding to the X electrodes
can be addressed in turn. It is a matter of course that driving
can also be performed as well by scanning in turn by scanning

once to each electrode as usual while keeping the sustalining

25
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side at the voltage of connéction line Za, without shifting to
the sustalining discharge and scannling in turn once again after
switching the sustaining side to the connection line 2Zb.

An eighth embodiment of a driving mathod of +the
discharge display devices of the first to fourth embodimentsa
*Qill be'described Delow. This is a driving method of the
discharge display device of the second embodiment iﬁ‘which the
through-holes 7 are provided between adjacent ones-or a plural
pair of stripe-shaped electrodas (each pa1r inc1udes two striée-
shaped electrodes) that form the second electrode 5. In this
éase also, the second electrodes 5 are comprised of alternately
disposeaed éddress @lactrodes 51 and sustaining electrodes 52.

In this driving method, a minute trigger discharge is
caused betwssen the scanning-side addrass alectrodes 51 and the
Iirst electrodes 2 in the sustaining interwval also prior to the
discharge with the sustaining electrodes 52, in order to solve
the problem that the discharge between the scanning-side address
electrodes 51 and the sustalning electrode 52 located on both
sides of the through-holes 7 is hard to occur.

The driving method of this eighth embodiment will be
described below with reference to a timing chart of driving
pulses of FIG. 10. Sustaining'pulses'which have heretofore been

not applied are applied to the X electrodes of FIG. 10, i.e.,the

s8ignal=~side address electrodas forming as the first electrodes

4. By doing 8o, the sustaining discharge is generated not only
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between the Y electrodes, i.e., the scanning-side address
electrodes 51 and the sustaining electrodes 52, but also betwean
the scanning-side address electrodes 51 and the fifst electrodes
2 forming as the signal-side address electrodes. In this case,
discharga between the electrodes 51 and the electrode 2 is
started at a lower voltage because of a shorter distance betwean
electrodes. Thererfore, this discharge functions as a trigger,
so that discharge between the e@lectrodes 51 and the elacrrodas
52 is facilitated. At this time, if the area of the opening .
portion of the through-hole 7 is made to satisfy the condition
described with respect to the fourth.embodiment, l.e., if the
effactive discharge area df the first electrodes 2 determined by
the opening portion area is made smaller than the'effective
discharge area of the second electrodes 5, then the trigger
discharge 1is minute and so the main discharge between he
electrodes 51 and 52 is not diéturbed.

Moreover, the trigger pulses applied to the first
electrodes 2 in the sustéining discharge interval may be the
same as the sustaining pulses applied to the sustajining

electrode 52 as described above. However, it is also possible

to apply an optimum waveform depending on the structure and the
circuit arrangemant, which is narrowed in pulse width to

decrease the trigger discharge current for example.

Furthermore, as a method of sustaining, the electrodes 52 is

kept at, for example, 0 v and sustaining pulses having positive
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and negative amplitudes may be applied to the électrddes 31 in
some cases. In this case; by kaeping.the aleétrodes 4 aiso 0 v
in the same way as the electrodes 52, similar operation is
performed.

‘ A discharge diaplay device of a ninth embodiment
according to the present invention will be described below with
reference to.FIG. 1l1. In this discharge display device, a new
structure 13 added to the structures of the first to fonrth
embodiments.

In FI1G. 11, a front-side glass substrate 11 is provided

relative to the back-side glass substrate 1 having various
électrodeé formed thereon shown in FIGS. 1, 2 and 3. On +he
fronﬁ-side glass substrate 1, a plurality of stripe-shaped or
grid-shaped grooves 8 are formed using.a method of working the
glass substrate itselrl, such as the sand blast or the chemical
etching. Then, a fluorescent material is coated on the internal

wall surface of the groovas 8 to form a fluorescent material
layer S. Thereafter, both of the glass sﬁbstrates l and 11 are
opposed to each other'with‘gﬁiform spading therebetween. The
periphery is vacuum-sealed by means of glass frit. Mixed gas
such as neon, argon, or xenon required for gas discharge is
sealed therein. 1In this way, a color single-substrate type
discharge display device is completed. '

The s£ructure of the ninth eﬁbodiment is characterized

in that’ a plurality of stripe-shaped or grid-shaped grocoves 8
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are formed on the front~side glass substrate 11 using a method
of working the glass substrate itgelf, such as sand blast or
chemical etching, and the fluorescent material layer 9 for

emitting light of a color corresponding to each plxel is formed

on the internal~wall surface of ecach groove 8.

Such a front-side glass substrate 11 can be applied to
the single-substrate tfpe diséhargq disélay device in which all
necessary electrodes are providad on the back-side glass
substrate 1 side of the back race side as in the aforementioned
first to fourth embodiments.

- 1In this case, no electrode 18 provided on +the fron£~side
glass subétrate 11. In addition, a rib in the middle of each
groove of the front-side glass substrate 11 can be made
transparent. Therefore, light emitted from the fluorescent

materlal layer 9 can be emitted forward from the front-side
glass substrate 11 efficiently. Besides, light from the front-

side face of the glass substrate 11 which is clese to the
negative glow and is most apt to undergo ultrﬁviolet irradiation
can also be emitted forward efficiently. This makes high
luminance display possible. Furthermore} coating of the
fluorescent material on the front-side glass substrate 11 can be
selactad regardless of the electrodes. In addition, the shapes
of elect#odes themselves and poaitional relations, such as
distances, beéwean the rluorescent material layer 9 and the

electrodes can be designed so as to be 6ptimnm.régardlesa of the
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@lectric characteristics. Therefore, it will be possible to
maximiza the ultraviolet irradiation efficiency, i.e., the light
emission aefficiency of the fluorescent material layer 9 while
keeping the driving characcarisﬁics best.

Advantageous effects of the present invention will now
be described. |

According to a first invention, a single-substfate type
discharge display device comprises: first electrodes formadﬁy a
plurality of stripe-shaped alecurodeﬁ formed in parallel tb each
other on a glass substrate; a first dielectric layer forméd on
the glass substrate so as to cover the first electrode: an
insulation layer formed on the first dielectric layer, the-
insulation layer beiné made of a material that is lower in
dielectric constant than the first dielactric layer; second

electrodes rormed by a plurality of stripe-shaped electrodes
formed on the insulation layer in parallel to each other so as
to cross the plurality Oof stripe-=shaped electrodes forming the
Ifiret electrodes; a plurality of through-holes provided in such
positions, in every space between the plurality of stripe-shaped
e@lactrodes forming the second electrode as to respectively
correspond to the plurality.of Stfipe-shaped electrodes forming
the first alectrodes and bored into the insulation layer so as
to reach.t§e surface of the first dielectric layer: and a second

dielectric layer formed on the insulation layer so as to cover

the plurality of stripe-shaped electrodes forming the second
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electrodes. As a result, it is possibla to obtain a single-
substrate type discharge display device that is simple in
structure, easy in fabrication, and low in price as compared
with the conventional two-substrate type discharge display
device, that is easy in address discharge using an X=Y matrix as
- compared with the conventional'single-substrate type discharge
‘ dispiay device, and that is capable of lowering the discharge
voltage.

According to a second invention, in the slngle-substrate
type discharge display deVlCe of the first lnvantlon, stripe-

shaped electrodes forming the second electrodes are formed by

other and connected electrically on the outside. Therefore, the

advantageous arffacts of the first invention are obtained and

besldes, because each pair of stripe-shaped electrodes forming

in the second electrodes can be handlad as two 8lectrodes, it is
not necessary to carry out interlace driving which lowers the
resolution. As a result, a single-substrate type discharge
device.capable of raducing the structure of the driwving c¢circuit
can be obtained.

According to a third invention, in the single-~substrate
type discharge display device of the first invention, there are
provided‘a plurality of through-holes disposed in such positions
.in every spacé or every other space between the plurality of

stripe-shaped electrodes forming the second electrodes, as to
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respectively correspond to the plurality of stripe-shaped
electrodes forming the first electrodes and bored'so as to reach
the surface of the first dielectric layer and extend over
stripe-shaped elactrodes on both sides thereof forming the
second electrodes and into the insulation layer. Therefore, in
éddition,to the effects of tha first invention, because the
space between the address electfode and the sustainiﬁé electrode
does not become wide, even if the through=holas are located
between both electrodes (address electrode and sustaining
electrode), there can be obtained such a singls-substrate type
discharge display device that has low discharge voltages of the

address discharge and the sustaining discharge and provides

gstable operation.
According to a fourth invention, in the single-substrate

type discharge display device of the second invention, there are

provided a plurality of through=holes disposed in such
positions, in every space or every other space between the
plural pairs of stripe-shaped electrode forming the second
eleétrodes, as to respectively correspond to the plﬁrality of
gstripe-shaped electrodes forming the first electrodes and bored

so as to reach the surface of the first dielectric layer and
extend over stripe-shaped electrodes on both sides tharecof

forming the second electrodes and the intc insulation layer.
Therefora, 1in addjition to the effects of the second invention,

because the space between the address electrode and the
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sustaining electrode does not become wide, even if the through-
holes are located between both electrodes (address electrode ang
sustaining electrode), thefe can be obtained such a single-
substrate type discharge dispiay device that h#s low discharge
voltéges-of the address discharge and the sustaining discharge

does not become and provides stable operation.

According to a fifth invention, in the single-substrate

type discharge display device of the first, second, third or
Tourth linvention, because an effective discharge area of the
first electrodes determined by the‘through-holes is set so as +o
be smaller than an effactive discharge area of the second
electrcde;, in addition to the effectse of the first, second,

third or fourth invention, at the time of sustaining discharge,
trigger discharge can be caused at the address slectrodes prior
to the discharge between tﬁé address electrode and the
sustaining electrodes. As a result, there can be obtained such
- a single-substrate type discharge display device that, even if
the space between the address electrode and the sﬁStaining
electrode is wide, the discharge voltagé does not go high and
stable operation is attained.

According to sixth, sevénth, eighth, ninth, and tenth
inventions, such a driving method of the single-substrate type
discharge display devices of the first, second, third, fourth
and fifth invéntion 1s provided that comprised the steps of:

using one electrode of a pair (two pairs) of stripe-shaped
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electrodes on both sides of the through-hole ocut of in the
plurality (plural pairs) of stripe-shaped electrodes forming the
second electrode as an address electrodes that forms én X-Y
matrix in cooperation with the first electrodes, and using the
o#her electrode as a sustaining electrode connected in common +o
pixels; at time of address discharge, applying scanning address

- pulses to the address electrodes saequentially, applying

simultanecusly therewith a voltage on such a lewvel as not to

start discharge between the sustaining electrode and the éddreas
electrode to which the scanning address pulse is appliéd, to
each of the sustaining electrodes applying éddress pulses
depehding-on an image signal to the first electrodes in
’synchronism'with the scanping'address pulses to cause discharga,
using the discharge as trigger discharge to cause address

discharge between the address slectrodes ahd the sustaining
electrode, and thereby forming wall charges individually for

each pixel:; and at time of following sustaining discharge,

applying sustaining pulses between the address electrode and the
sustaining electrode by utijizing the wall charges rormed during

the address interval, and thereby continuously“causing

sustaining discharge. Therefore, in a driving method of causing
address dischafge by giving a voltage to each of the first

electrodes in such a state that a voltage cannot that start
discharge by the address electrodae and the sustaining electrode

- alone is applied, there can be obtained such a driving method
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that, because there are through-holes between the address

is made possible.

According to an elaventh invention, a driving method of
the single—substrate type discharge display device of the first
- lnvention is provided that comprisés the 2tepa of:

using one electrode of a pair of stripae-shaped
electrodes.on both sides of the through-hole out of the
plurality of stripe;shaped electrodes forming the second
electrodes as an address electrode that forms an X-Y matrix in

cooperation with the first electrodes, using the other electrode

‘connecting the sustaining electrodes in common alternately to

first and second connection lines, and thereby dividing the

sustaining electrodes into two groups; and at time of address
discharge, switching over a vpltage applied to the first and
gsecond connection linesg, thereby selecting which of the two
sustalning electrodes adjacent to each address electrode should
be discharged, and making interlace display using scanning line
interlace driving. Therefore, by connecting the suétaihing

electrodes in common alternately to Yield two groups, dividing

them into even-numbered and odd-numbered fields, énd switching
over them for performing interlace driving, therefora, there

can be obtained such a driving method of single-substrate type
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discharge display device that the cirduit‘scale of thse scanning-
side driving circuit can be reduced by half and the price can be
lowered.

According to a twelfth invention, a driving method of
tﬁe single-substrate type discharge displgy dévices Of the first
invention is provided that comprises the steps of:

in two pairs of atripe-shapeﬂ electrodes on both sides
of the through-hole out of the plural pairs oz sﬁripe-shaped
electrodes forming said second electrodes as an address
electrode that forms an X-Y matrix in cooperation with the first
eléctrodeg, using the other pair of electrodes as a sustaining
electrode connected in common to pixels, connécting the

sustaining electrodes in common alternately to first and seacond

connection lines, and thereby dividing the sustaining slectrodes

into two groups; and switching over a voltage of the first and

second connection lines in accordance with timing of scanning

address pulses applied to the‘address electrodes at time of

eddressing, causing address discharge and sustaining discharge

by handling said address elgctrodes and sustaining electreode as
two independent electrodes, and making non-interlace dlisplay by
using sequantial scanning driving. ‘Therefore, there can be
obtained such a driving method of the single-substrate type
discharge Qisplay device that the circuit scale of the scanning-

side driving circuit can be reduced by half without uesing the

interlace driving and consequently the price can ba lowered
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without lowering the resclution and luminance.

According to a thirteenth invention, in the driving
methods of the single-substrate type discharge display devices
of the sixth to twelfth inventions, in a pixel selected by
address discharge, suataining discharge is causaed between ﬁhe
address electrode serving a8 a Y electrode and the sustaining
electrode serving as a 2 electrode, which are parallel to each
other, in a sustaining discharge interval following the addrees
interval. In the sustalining interxval, a voltage of the first
electrode serving as an X electrode is kept at the same voltage
as that of the sustaining electrode or the same sustaining pulse
is applied to the first electrode to cause triggér discharge
that asaists the sustaining discharge batwean that address

electrode and said sustaining electrode. Thus, 1f in the

gustaining interval, prior to the éustaining discharge betwaan

the scanning-side address elactrode and the sustaining electrode

the same sustaining pulse as that of the sustaining electrode is

applied to the sighal slde address electrode as well or the

signal side address electrode is kept at the same fixed

potential as that of the Sustaining electrode; Therefore,
trigger discharge can be caused between the scanning-side

address electrode and the signal-side address electrode. As a

result, there can be obtained such a driving method of the

single-substrate type discharge display device that, aven if the

space between the address elecﬁrode and the sustaining electrode
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ia wide, the discharge voltage does not go high and stable
oparation is attained.

According to fourteenth to eighteenth inventions, in the
singie—substrate Type discharge display devices éf the first to
f£ifth inventions, there is provided.alfront-Sidé glass substrate
opposed to the back-side glass subatrate, a plurality of stripe-
-shaped‘ﬁr grid-shaped grooves being formed on the front-side
glass substrate by working the glass substrate jitself, and also
a fluorescent marerial layer Ior emitting light of a color
corresponding to each pixel being formed on an internal wall
face of each groove. Therefore, the in addi£ion to @ffects of
the.first to f£ifth inventions, the following effects afe
obtained. That is, elecﬁrodes are not provided on the glass
substrate side of the front face side. Ih addition, a rib in
the middle of each groove of front-side the glass.substrate side
of the can be made transparent. Therefore, light amitted from
tha.fluorascent materiAI layer can be amitted forward from.thé
front-side glass substrate of the front face side efficiently.
In addition, light from the sida face of the fronﬁ-side glass
substrate which is in the vicinity'of the negative glow and
which is most susceptible to undergo ultraviolaet irradiation can
also be emitted forward efficigﬂtly- As a result, display in
- high lightfamission efficiency and high luminance is enabled.
Moreover, coating of the Tluorescent material on the front-side

glass substrate can be selected regardless of the electrodes.
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Furthermore, the shapes of electrodes themselves and positicnal
reliations, sucrh as distances, between the flucrescent material
layer and the electrocdes can be designsd most appropriately
regardless of the electric characteristics. Therefore, it is
possible to maximize the ultraviolet irradiation efficiency,
i.e., the light emission @fficiency of the fluorescent material

layer while keeping the driving characteristics best.
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CLAIMS

1. A single-substrate type discharge display device. . U ch

{

characterized by comprising:
first electrodes formed by a plurality of stripe-shaped
electrodes formed 1in parallel to each other on a glass

substratea;

a first dielectric layer formed on said glass substrate
S0 as to cover saild first electrodes;

an insulation layer formed on said first dielectric
layer, said insulation layer being made of a material that is
lower in dielectric constant than said first.dielectric layer;

sécond electrodes formed by a plurality of stripe-shaped
eiectzodes formed on said insulation layer in parallel to each
other so as to cross the plurality of stripe-shaped electrodes
forming said first electrodes:

a plurality of through-~holes provided in such positions,
in every space between the plurallty of stripe-shaped electtodes
forming said second eléétrodes, as to respectively correspond to
the plurality of stripe-shaped alectrodes forming said first
electrodes and pored in said iﬁsulation layef 80 as to reach the
aurface of said first dielectric layer; and

a second dielactric layer formed on said insulation
layer so as to cover the plurality of stripe=shaped electrodes

forming said second electrodes.

2. The single-subatrate type discharge display device

40




LUU |:;"f 'FILOG 1, Sy ‘lb}'ﬁ‘fﬁ:T%&f‘ﬂ CA 02376112 2001-11-27 P LS 4

according to claim 1, characterized in that
each of said stripe-ghaped electrodes forming said

'second electrodes is comprised of a pair of stripe-shapad
electrodes disposed in parallel to each other and electrically
connected on the outsida.

J. A single-substratg typa discharga display device
characterized by comprising:

first electrodes formed by a plurality of stripe-shaped

electrodes formed in parallel to each other on a glass

substrate;

a first dielectric layer formed on said glass substrate
f2a asg to eover said first electrodes:

an insulation layer formed on said first dielectric
layer, said insulation layar being made of a material that is
lower in dielectric const;nt than gaid first dielectric layer;

eecond electrﬁdes formed by a plurality of stripe=shaped
electrodes Tformed on said insulation layer in parallel +o each
other so as to cross the plurality of stripe-shaped eiectrodas
forming said first electrodes;

a plurality of throﬁgh-holes provided:in such positions,
'in every space or every other space between the plurality of
stripe-shaped electrodes forming said second electrodes, as to
respectiyely c;rrespond to the plurality of stripe-shaped
glectrodes fcfming said first electrodes and borad so as to

reach the surface of said first dielectric layer and extehd over
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stripe-shaped electrodes on both sides thereof forming said
second electrodes and into said insulation layer; and

a second diélectric layer forﬁed on said insulation
layexr so as toc cover the pluraliﬁy of stripe-shaped electrodes
forming said second electrodes.

4. A.singla~sﬁbatraﬁe tyvype discharge daisplay device
characterized by comprisging:

first electrodes formed by a plurality of stripe-shaped
eléctrodes formed in parallel to each other on a glass
substrate:

a first dielectrics layar formed on said glass substrate
S0 as to éover said first electrodes;

an insulation layer formed on said first dielectric
layer, said lnsulation layer being made of a material that is
iower in dielectric constant than said first dielectric layer;

second electrodes formed by plural pairs of'Stripe-
shaped electrodes that are formed on said insulation layer in
parallel to each other so as té cross . the plurality of stripe-

shaped electrodes forming sald first electrodes, and connected

electrically on the outside:
a plurality of through-holes provided in such positions,

in every space or every other space between the plural .pairs of

stripe-shaped electrodes forming said second electrodes as to
respectively correspond to the plurality of stripe-shaped

electrodes forming said first electrodes and bored sgo as to
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reach the surface of said first dielectric laver and exrtand over
stripe-shaped electrodes on both sides thereof forming said
gsecond electrodes and into eaid insulation layer; and

a second dielecﬁric layer formed on said insulation
layer so as to cover the plural pairs of stripe~shaped
electrodes forming sald second electrodes.

5. The single-substrate discharge display device
according to claim 1, 2, 3 or 4, characterized in that

an efréctive'discharge area O sald first electrodes
determined by salid through-holes is set so as to be smaller than -
an effectlive discharge area of said sacond electrodes.

6. A driving method of a single-substrate type.discharge
display device comprising:

first electrodes formed by a plurality of stripe-shaped

electrodes formed in parallel to each other on a glass

substrate;

a first dielaectric layer formed on said glass substrate

so as to cover said first claectrode;
an insulation layerkformed‘on said first dielectric
layer, saild insulation layer being made of a material that 1s
lower in dieleétric constant than said first dielectric layef;
second electrodes formed by plural pairs of stripe-

shaped electrodes formed on said insulation iayer in parallel to
each other so as to cross the plurality of stripe-shaped

electrodes forming said first electrodes, and connected
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electrically on the ocutside;

a plurality of through-holes provided in such positions,
iln every spacde between the plural pairs of stripe-shaped
electrodes forming said second elactrodes, as to re5pectively
corraspond +o the plufality of stripe-shaped electrodes forming
said first electrodes and bored in said insulation layer so as

' to reach the surface of saia first dielectric layer; and

a second dielectric layer formed on said insulation
layer so as to cover the plurality of stripe-~-shaped electrodes
forming said second electrodes,

the driving method being characterized by comprising
the steps'of:

using one pair of electrode in two pairs of stripe=-
chaped slectrodes on both sides of sald through-hole out of

plural pairs of stripe-shaped electrodes forming said second

eleatrodes a= an address elactrode that forms an X-¥ matrix in
'c00peration‘with said first electrodes, and using the other pair
- of electrode as a sustaining eloctrod;‘connected in common to

pixels;

~at time of address discharge, applyiﬁg scanning address

. pulses to saild address electrodes sequentially, applying

aimultaneously therewith a voltage on such a level as not to

start digcharge between said sustaining electrode and said

address electrode to which said scanning address pulse is

applled, to said sustaining electrodes, applying address pulses
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depending on an image signai to saild first electrodes in
synchronism with said\scanning address pulses to cause
discharge, using said discharge as trigger discharga to cause
address discharge between said address glectrode and said
sustalning electrode, and thereby forming wall charges
individually for each pixel; and

at time of rollowing sustaining discharge, applying
sustalining pulses between said address electrodes and said
sustaining electrodes by utilizing the wall charges formed
during the address interval and thereby continuously causing
sustaining discharge.

. 7;A driving method of a single-substrate type discharge

display device comprising:

first electrodes formed by a plurality of stripe-shaped

electrodes formed in parallel to each other on a glass

subsgstrate:

a first dielectric layer formed on said glass substrate

SO as to cover said first electrode;
an insulation layer formed on said first dialectric
layer, said insulation 1ayei being made of a'ﬁaterial that 1is
lower in dielectric constant than said first dielectric layer;
second elactrodes formed by plural pairs of stripe-
shaped electrodes formed on said insulation layer sin parallel
to.each other'ahd Cross the plurality of stripe-shaped

alactrodes forming said first electrodes, and connected
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electrically on the ocutside;

a plurality of through-holes provided in such positions,
in every space between the plural pairs of stripe-shaped
electrode formihg said second electroﬁes, as to respectively
correspond to the pluraiity of stfipe-shaped electrodes forming
sald first electrodes and bored in said insulation layer so as
to reach the surface of gaid first dielectric layer; and

a second dielectricvlayer formed on said insulation

layer so as to cover the plurality of stripe-shaped electrodes

forming said second electrodes,
the driving method being characterized by éompriéing the
steps of:- .
using one pair of electrodes in two pairs of stripé-
shaped electrodes on both sides of said through-hole out of the

plural pairs of stripe-shaped electrodes forming said second

electrode as an address electrode that forms an X-Y matrix in
cooperation with said first electrodes, and using electrodes set
las a sustaining electrode connected in éoﬁmoﬁwtd;pixels;

at time of addréas~gis¢harge, applying scanning address
pulses to sald address electrodes aequentialiy, applying
gimultaneously therewith a véltage on such a level as not to

8tart discharge between said sustaining electrode and said

address electrode to which said scanning address pulse is
applied, to said sustaining electrodes:

applying address puleses depending on an image signal to
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saild first electrodes iﬁ synchronism with said scanning address
pulSes to cause discharge, using said discharge as trigger
discharge to cause address discharge between said address
electréda and said sustaining electrode, ‘and thereby forming
wall éharges individually for each pixel; and

at time of followlng sustaining discharge, applying
sustaining pulses between said address electrodes and said
sustaining electrodes by utilizing the wall charges formed
during the address interval and thereby‘continuously causing
sustalning discharga.

8. A driving method of a Qingle-substrate type dischafge
display dévice comprising:

first electrodes formed by a plurality of stripe-shaped
electrodes formed in parallel to each other on a glass
substrate:

a first dielectric layer formed on sald glass substrata
so as to covar said rirst electrode:

an insulation 1ayér'formed on said first dielectric
layer, said insulation layer being made of a material that is
lower in dielectric constant than said first dielectric layer:

second electrodes formed by a plurality of stripe-shaped
elactrodes formed on said insulation layer in parallel to each
other so as to cross the plurality of stripe-shaped electrodes

forming sald first electrodes:

a plurality of through-holes provided in such positions,
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in every space or every other space between the plurality of
stripe-shaped electrodes forming said second electrodes, as to
respectively correspond to the plurality of stripe-shaped .
elactrodes forming sald first electrodes and bored 30 ag to
reach the surface of said first dielectric layer and extand over
$tripe¥shaped electrodes on both sides theresf forming said
second electrodes and into sald insulatlon layer; and

a second dielectric layer formed on said insulation
layer SO as to cover the plurality of stripe-shaped electrodes
forming said second eiectrodes,

the driving method being characterized by comprising the
steps ofz‘

using one electrqdé Oof a pair of stripe=shaped
electrodes on both.sides'of said through-~hole out of the

plurality of stripe-shaped electrodez forming said second

electrodes as an address electrode that forms an X-Y matrixvin

cooperation with said first electrodes, and using the other

electrode as a sustaining electrode connected in common to

pixels; -
at time of address discharge, applyiﬁg scanning address
pulses to said address electrodes sequantially, and applying
simultaneously therewith a voltage on such a lewvel as not to
start discharge between said sustaining electrode and said

address electrode to which said scanning address pulse is

applied, to said sgustaining electrodes; applylng address pulsas
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~ depending on an image signal to said first elactrodes in
synchronism with said scanning address pulses to cauce

discharge, using said discharge as t;igger discharge to cause
address discharge berween said address gelectrode and said
sustaining electrode, and thereby formihg'wall Charges
individually for each pixel: and

at time of following sustaining discharge, applying
sustaining pulses between sald address elactr0de§ and said
- sustaining slectrodes by'utiiizing the wall chafges formed
during the address interval and thereby continuously causing
sustaining dischargae.

9;.A driving method of a single-substrate type dischargel
digplay device comprising:

first eléctrodes formad by a plurality of stripe-shaped

electrodes formed in parallel to each other on a glass

substrate;

a first dielectric layer formed on said glass subatrate
so as to cover said first electrode; .

an insulation layerkfbrmed on sald first dielectric
layer, said insulation layer being made of a‘matarial that 1is
lower in dielectric constant than said first dielectric layer;

second electrodes formed by plural pairs of stripe-

shaped electrodes formed on said insulation layer in parallel to
each other so as to cross the plurality of stripe-shaped

alectrodes forming said first electrodes, and connected
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electrically on the outside;

a plurality of through-holes provided in such positions,
in every space or every other space between the'ﬁlural pai;s of
stripe-shaped electrodes forming said second electrodes, as to
respectively correspond'to the plurality of atripé-shaped
electrodes forming said first slectrodes and bored so as to
reach the surrace of said first dielectric layer and extend over
stripe-shaped electrodes on both sides thereof forming said
second electrodes and intoc said insulation layer; and

a second dielectric layer formed on said insulation
layer so ags to cover the plural pairs of stripe-shaped
electrodeé fofming said'second,électrodés,

the driving méthgd being characterized by comprising tha
staps of:

using one pair of electrodes in two pairs of stripe=-
shaped electrodes on both sides of sald through-hole‘out of the
plural pairs of stripe-shapaed electrodes forming said second
electrodes as an address elécﬁrode that forms an X-Y matrix iﬁ
cooperation with said firsb&electrodes, ahd using the other pair
of elactrodes as a sustaining electrode connécted in common. to
pixels;

at time of addrass discharge, applying scanning address
pulses to said address electrodes sequéntially, applying
simultaneouslf tharewith a voltage on such a level as not to

start discharge betwsen said austaihing electrode and said
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address electrode to which said scanning addrsess pulse is‘
applied, to said sustaining electrodes,

applying address pulses depending on an image signal to
sald first electrodes in synchronism with said scanning address
pulsas to cause exciting discharge, using said discharge as
trigger discharge to cause addresa'discharge batween said
address electrode and said sustaining electrode, and thereby
forming wall charges individually for each pixel; and

at time of following sustaining discharge, applying
sustaihing pulses between said address elactrodes and said
gsustaining electrodes by utilizing the wall charges formed
during thé address interval and thereby continuously exciting
sustaining discharge.

10. A driving method of a single-substrate type

discharge display device according to claim 6, 7, 8 or 9,

characterized in that

an effectiva discharge area of said first elecﬁrodes
determined by said through-holaﬁ is set so as to be smaller than
an effective discharge area of said second electrodes.

ll. A driving method of a single—subétrate type
discharge display device comprising:

first eleétrodes formed by a plurality of stripe-shaped
electrodes formed in parallel to sach other on a glass
substrate; |

a first dielectric layer formed on said glass substrate
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8O0 as to cover said first electrode:

an insulation layer formed on said first dielectric
layer, said insulation layer being mada of a material that is
lower in dielectric constant than said first dielectric layer;

second electrodes formed by a plurality of stripe-shaped

!

electrodes formed on said ingsulation layer in parallel to each

other so as to cross the plurality of stripe-shaped electrodes

forming said first elactrodes;

a plurality of through-holes provided in such positions,
in every space between the plurality of stripe~shaped electrodes

forming said second electrodes, as to respectively correspond to

the plurality of stripe-shaped electrodes forming said first

elactrodes and bored in sald insulation layer so as to reach the

surfaca of sajid first dielectric layer; and

a sgecond dielectric layer formed on said insulation
layer so as to cover the plurality of stripe-shaped slectrodes
forming said second electrodes,

the driviné hethod being Chardctéfiied'by comprising the

gteps of:

using one electrode of a pair of stripe-shaped

electrodes on both sides of said through-hole out of the

plurality of stripe-shaped electrodes forming said second

electrodes as an address electrode that forms an X=Y marrix in

coopsration with said first eleétrodes, using the other

electrode as a sustaining electrode connected in common to
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pixels, connecting said sustaining electrodes in common
alternately to first and second connection lines, and thereby
dividing said sustaining electrodes into two groups: and

at time of address discharge, switching over a wvoltage
applied to said fifst and second connection lines, thereby
salacting which of the two sustaining electrodes adjacent to
said address electrode should be discharged, and performing
interlace display using scanning line interlace driving.

l2. A driving method of a single-substrate type
discharge display device comprising:

first electrodes formed by a plurality of stripe-shaped

electrodes formed in parallel to each other on a glass
subatrate:;
a first dielectric layer formed on said glass substrate

SO as to cover said first electrode;

an insulation layer formed on gaid first dielectric
layer, said insulation layer being made of a material that is
lower in dielectric constant than said first dielectric layer;

.second electrodes formed by plural pairs of stripe-
shaped electrodes formed on said insulation layer in parallel to
each other so as to cross tha plurality of stripe-shaped
electrodes forming said first electrodes, and coﬂnscted '
electricalyy on the outside;

a plu?ality of through-holes provided in such positions,

in every space between the plurality of stripe-ghapad alactrodes
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forming said second electrodes, as to respectively correspond to
the plurality of stripe-shaped clectrodes forming said first
electrodes and bored in said insulation layer so as to reach the
surface of said first dielectric layer; and

a second dielectric layer formed on sajd insulation
layer so as to cover the plurality of stripe-shaped electrodes
forming said second electrodes, ' .

the driving method being characterized by comprising the
steps of: *

using one pair of electrodes in two pairs of stripa-
shaped electrodes on both sidas of said through-hole ocut of the
plural pairs of stripe-shaped slectrodes forming sald second

electrode as an address electrades that rorms an X-V matrix in

cooPeration‘With said first electrodes, using the other pair of
8lectrodes as a sustaining electrode connected in common to
pixels, connecting said suétaining electrodes in common
alternately to rirst 'and second connection lines, and thereby
dividing said sustaining electrodes into two groups; and
switching over a voltage of saild first and second
connection lines in accordance with timing of scanning addraess
pulses applied to said addreés elactrodes at time of addressing,
causing address discharge and sustéining discharge by handling

said address electrode and said sustaining electrode as two

independent alectrodes, and performing non-interlace display by

sequential scanning driving.
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13. A driving method of a single-gubstrate type

discharge display device according to any one of claims 6 to 12,
characterized in that

in a pixel selected by address discharge, sustaining
discharge is performed between said addrass electrode serving as
a Y alsctrode énd said sustaining electrode serving as a 2
electrode, which are parallel to each other, in a sustaining
discharge interval folldwing the address interval, and

in the sustaining interval, a voltage of said first
elebtrbde serving as an X electrode is kept at the same voltage
as that of said sustéining electrode or the zame sustaining
pulse 1s applied to sald first electrode to cause trigger
discharge that assistg the sustaining discharge between said

addraess electrode and said sustaining electrode.

l14. A color single~substrate type discharge display

device characrterized by comprising:

first slectrodes formed by a plurality of stripe-shaped

electrodes formed 1in parallel to each other on a back-side glass

substrate:

(]
*»

a first dilelectric layer formed on said back-side glass

gubstrate so as to cowver said first electrodas:

an insulation layer formed on said first dielectric

layer, said insulation layer bailng made of a material that is
lower in dielectric constant than said first dielectric layer;

second electrodes formed by a plurality of stripe-shaped
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electrodes formed on said insulation layer in parallel to each
other 8o as to cress the plurality of stripe-shaped electrodes
forming said first electrodes;

a plurality of through-holes provided in such positiocns,
in every space between the plurality of stripe-shaped elecﬁr0des |
forming sald second electrodes, as to respectively correspond to
the plurality of stripe-shaped electrodes forming said first
electrodes and bored in said insulation layer so as to reach the
surface of said first dielectric layer;

a second dielectric layer formed on said insulation

layer so as to cover the plurality of étripewshaped electrodes

forming said second electredes; and

a front-side glass substrate opposed to said back-side

glass substrate, wherein

a plurality of stripe-shaped or grid-shaped grooves are

formed on said front-side glass substrate by working the glass
supstrate itself, and a fluorescent material layer for emitting

light of a color corresponding to each pixel is formed on an

internal wall face of each groove.
15. A color single-substrate type discharge display
device characterized by comprising:

first electrodes formed by a plurality of stripe-shaped
electrodes formed in parallel to each other on a back-side glass

substrate;

a first dielectric layer formed on said back-sida glass
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substrate s0 as to cover said first electrodes:
an insulation layer formed on said first dielectric'
layer, said insulation lafer being made of a material that is
lowaer in dielectric congtant than said first dielsasctric laver:
gsecond electrodes formed by plural pairs of stripe=-
shaped electrodes formed on said insulation layer in parallel to
each other so as to cross the plurality of stripe-shaped

eclectrodes forming said‘firét galaectrodes, and connected
electrically on the outside;

a plurality of through-holes provided in such positions,
in every space between the plural pairs of stripe-shaped
electrbda; forming said second electrodes as to respectively
ccrreaﬁond to the pluralit} of stripe-shaped electrodes forming
said first electrodes and bored in said insulation laYQr 20 as
to reach the surface of said first dielectric layer;

a secqnd dielectric layer forméd on s8aid insulation
layer 8o as to cover the plural pairs of stripe-shaped
electrodes forming said second electrodes: and -

a front-side glass "‘substrate opposed to saila back;side
glass substrate, wherein |

a plurality of stripe-shaped or grid-shaped grooves are
formed on said front-side glass substrate by working the glass

substrate 1tsaelf, and a flucrescent material layer for emitting
light of a color corresponding to each pixel 18 formed on an

internal wall face of each groové.
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16. A color single-substrate type discharge display
device characterized by comprising:

first electrodes formed by plurality of stripe-shaped
electrodes formed in parallel to each other on a back-side glass
subgtrate;

a first dielectric layer formed on said back-szide glass
Bubstrate of back face side so as to cover said first
electrodes;

an insulation layer formed on said first dielectric
layer, said insulation layer being made of a material that is
lower in dielectric constant than sald first dielectric laysr;

sécond electrodes formed by a plurality of stripe-shaped
e¢lactrodes formed on said insulation layer in paraliel TO each
other so as to cross the plurality of stripe-shaped electrodes
forming said first electrodes;

a plurality of through-holes provided ih Sﬁch positions
in every space or every other space between the plufality of
stripe-shaped electrodes faorming said second electrodes, as to
respectively correspond to the plurality of stripe-shaped
electrodes rorming said first electrodes and bored so as to
reach the surface of said first dialectric layer and extend over
stripe~shaped electrodes on both gsides thereof forming said
second e;egtrodes and into said insulation layer:

a4 second dielectric layer formed on said insulation

layer so as to cover the plurality of stripe-shaped electrodes
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forming said second electrodes; and

a front-side glass substrate opposed toc said back-side
glass substrate, and

a4 plurality of stripe-shaped or grid-shaped grooves are
fbrmed on said frontwside'glass substrate by working the glass
substrate itself, and a fluorescent material layér for amitting
light of a color corresponding to each pixel is formed on an
inteﬁnal wall face of each groova.

17. A color single-substrate type discharge display
device characterized by comprising: '

first electrodes formed by a plurality of stripe-shaped
alectrodeé formed in parallel to sach other on a glass
substrate;

a first dielectric layer formed on said glass substrate
S0 as to cover said first electrodes: ‘

an insulation layer formed on said first dielectric

_ 1ayér, sajd insulation layer being made Qf a material that is -

lower in dielectric constant than said first dielectric iayer;

second electrodes formed by plural pairs of stripe-
shaped electrodes formed on said insulation layer in parallel to
each other so as to cross the plurality of stripe-shaped
electrodes forming said first eleatrodes, and connected
eledtricglly on the outsidé;

a plu?ality of throuéh-holes provided in such positions,

in every space or every other space between the plural pairs of
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atripe-shaped electrodes forming said second 8lectrodes, asg to
raspectively correspond to the plurality of gtripe=shaped

electrodes forming said first electrodes and borsd so as to

second electrodes and into said insulation layer:

4 Second dielectric layer formed on said insulation
layer so ae to cover the plural paira of stripe-~shaped
electrodes forming said second electrodes: and

a front-side glass substrate bpposed to said back-side
glass substrate, wherein

a plurality of stripe-shaped or grid-shaped grogves are
formed on said front-side glass substrate by working the glasé
substrate itself, and a fluorescent material layer for emitting

light of a color corresponding to each pixel is formed on an

internal wall face of each groove.

18. A color 8ingle-aubstrate type discharge display
device according to claim 14, 15, 16 or 17, charactarized-in
that .

an efrfective discharge area of said first electrodes
determined by said through-holes is set 80 as to be smaller than

an effective discharga area of said second electrodes .

60




PR S W : I S

FIG. T

PUITER
I L %4 e

U
] CA 02376112 2001-11-27

Gowling Lafleur Henderson LLP




CA 02376112 2001-11-27

2 3 4 7

Gowling Lafleur Henderson LLP

A ——— e b B A




TTTT oA 02376112 2001-11-27

FIG. 5

Za Zb | DO
@D KD XD/ x4

- DE .
NVEL &

\\\\\\\\N\\\\\E\\\\\ o (YD
; 52

/////’/////’//////'Z"W 21/22)

l ; }' - 51

o (Y2/Y3)
52
' (Z3/78)
51
O (Y4/Y5)
52

(Z5/26)

3/12

~ Gowling Lafleur Henderson LLP




' - -3--:"4::!‘ b L‘J -ﬂ../

CA 02376112 2001-11-27

FIG. 6

N
‘I
N
_"_0
N
v'l *
—0
I _—o0
t——-O
&)
o 3

\' .
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\% '

e

///A///////ﬁ////[///////yf Z
’///)'ﬂmz'// 7777 AT AT

O 9O O __C
T TR

\\\\\\\ak\\\\\\m\\\\\\\\\\\\

- - a7
. ///'/// ///"///49//////9/7'////(/6’ (73/74)

4////1// 2 . //////
- - - = <l

&\\\\\Q\\\\'\'\\\\\\\\'\“\\\\\\\ N (
0 (Y4/Y5)

AR NN \\x\\\\\\mx\\\‘

/////ﬂ////////y////m///
/”// /X /// ./// W JMJY/l

| N\.\\\\\\m\\\\&\\\ TS \‘\\\\
L . L s R \

Gowling Lafleur Henderson LLP




- - - W ~

7 CA 02376112 2001-11-27

N XD X2 X3 0D

2. o 2. '
| T 4 T T_ t 51

R I I ISTSSIS-—o (1)
D & =K =5
2777 ///////7//////&// 52

//A"//'///jﬂ'/ (LA /////7/, Xl 51

- - - -
\\\\\\\\W\\\\\\\\‘&\W —<0 (Y2)
\\\\s\\\\\\x\*\\\x\m\\\ = (Y3)

///////a'/////a'/////y/////a'/ h_% 2o

Yy S s /M //)’//////)'//'/////)V/ 51
£ - - - |

\\\\m\\\\\\\\\\\\\\\\\\\\\\\\\ =0 (Y4)

\\\\\\k\\\\\\k\\\\\\\\\\\\\\&\\\ o (Y5)
‘P i 1
52

QD QO
(Z5/6)

(Z1/22)

VA IS M ///7///7/// WM
. W‘W ///7/////7/ ////m

&\\\\\% \\%\\\\\\\\'\\\\\S\\“

5/12

uoou‘.o.a:o-o--n.”t.u_q. “ . » .'.' e -1.-‘.‘# .

Gowling Lafleur Henderson LLP




ST Ry e “eie TR CA 02376112 2001-11-27 e

FIG. 8

Y1
Y2
Y3
\
. . |
N\
\
Yn
y4
e TS

6/12

Gowling Lafleur Henderson LLY




FAVAVENE SEND DV RV IS T L BT T A0 CA 02376112 2001-11-27 I

F1G. 9

(YN/Yn+1) |

Za

Zb

e wiat vy Wy

7/12

Gowling Lafleur Henderson LL#’

. it &



CA 02376112 2001-11-27

FI1G. 10

x !
Y1
Y2
Y3
\
\ |
N
“
R 4 g
2
TS
8/12

Gowling Lafleur Henderson LL¥




. e ‘um W

e

CA 02376112 2001-11-27

11

g 4

4

8/12

= -'L.' -

Gowling Lafleur Henderson LLP




77 ca 02376112 2001-11-27

FI1G. 72

11

10/12

Gowling Lafleur Henderson LLY- -




' « ‘om NI —

T T oA 02376112 2001-11-27

Gowling Lafleur Henderson LL¥




L e Ay - o

T N 7T oA 02376112 2001-11-27

DESCRIPTION OF REFERENCE NUMERALS
1: BACK-SIDE GLASS SUBSTRATE
2: FPIRST ELECTRODE

3: FIRST DIELECTRIC LAYER

: INEULATION LAYER
51 SECOND ELECTRODE
&: SECOND DIELECTRIC LAYER

7: THROUGH-=HOLE

: GROOVE
9: FLUORESCENT MATERIAL LAYER
11t FRONT-SIDE GLASS SUBSTRATE
S1: ADDRESS ELECTRODE

52: SUSTAINING ELECTRODE -
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