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TITLE OF THE INVENTION
PLASMA DISPLAY,
DISPLAY PANEL AND DRIVING SYSTEM THEREOF

DRIVING APPARATUS OF PLASMA

BACKGROUND OF THE INVENTION

This Sheet Has Been R

N

The invention relates to plasma display, driving

apparatus of plasma display panei and driving system

thereof for , for example, display apparatus of personal

cdmputer or workstation, a flat type wall hanging

television receiver and a display apparatus for

advertising and information. This invention is

preferably applicable to AC type plasma display.

In plasma display, one field is divided into

several sub~fields, and each pixel (cell) is given forth

light by exciting a phosphor by ultraviolet rays that

are generated by a electric discharge carried out in the

cell.

The cell that emits light is practiced by an

address electric discharge between two set of electrodes

which are provided perpendicular to each other on
front side glass substrate and a back side glass
substrate respectively and are éapable of driving

independently.
A first prior art relating to a plasma di

a

isplay

is disclosed ,for example, Japanese Patent Application

Laid-Open No.1994/186927. In the prior art , the

condition of the electric charge particles in all cells

is equalized for surely prohibiting lighting for

some
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PLASMVA DI SPLAY, DRI VI NG APPARATUS FOR A PLASMVA DI SPLAY-—PANEEAND DRI VI NG

METHOD THEREOF BACKGROUND OF THE | NVENTI ON The invent bongkgledes to
pl asma dj splay, driving apparatus for a plasma di sgh h riving
met hod thereof for use, for exanple, as a display ap \ ﬂ

personal conputer or workstation, a flat type wall ha on
receiver, or for a display apparatus for advertising and information. This

i nvention is preferably
cells which are not intended to emit light, and two sets

of light emitting discharges, that is, a full writing
electric discharge and a fuli erasing electric discharge
in each sub-field are carried out so as to be able to

5 use low voltage for an address electric dischaige.
Therefore, the contrast is deteriorated because light
emitting occurs on full panel when black is displayed.

A second prior art is disclosed ,for example,

Japanese Patent Application Laid-Open No. 1995/49663.

10 In the prior art, the piurality of the sub-fields having
the same brightness gradations are arranged to construct
a sup—field block, and several blocks are provided. In
sub-field blocks, a preliminary discharge including a
full writing electric discharge and a fine line erasing

15 electric discharge is performed in one sub-field, and a
writ;ng electric discharge and a erasing electric
discharge to a pixel is carried out one time. Therefore,
deterioration of a panel is reduced and contrast of a
display is improved. The second prior art discloses one

20 of the solution to improve the contrast, but no prior
art is shown to improve the contrast in which plural
sub-fields having different brightness gradations for
constructing one sub-field block.

About 3 usec to 4 usec is needed to write one

25 line of plasma panel, and an ordinal television display

has 480 lines. A writing period of é screen is 1.44

msec if a writing period of one line is 3 usec, so that
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applicable to AC type plasma di spl ay devi ces. —tnptasma—disptay, one

field is divided into several sub-fields, and each 'x e

li ght by, exciting a phosphor using ultraviolet rays ee ?gd by
a electric discharge carried out in the cell. The cel Ilght
is selected by an address electric discharge between ct rodes

whi ch are provided perpendicular to each other on a front S|de glass
substrate

1.44 msecx9=13 msec is needed for one field. The period
of one field is 16.7 msec. A sustaining period is 16.7
msec minus a writing period and preliminary discharge
period, and this period is not so long enough. Further,
5 if a aisplay has 760 lines per a screen like a high
definition display, or if a display has 8 sub-fields for
constructing 256 gradations, period for writing is not

sufficient.

10 SUMMARY OF THE INVENTION

It is an object of the present invention to
improve contrast.

It is another object of the present invention to
improve contrast by reducing a full erasing electric

15 discharge and full writing electric discharge.

It is still another object of the invention to
improve contrast by reducing preliminary discharge
without changing the number of sub-fields.

According to a feature of the present invention,

20 to achieve the above object, a plasma display and a
plasma display driving system include a first electrode
group arranged on a permeable substrate and being
capable of driving in éommon, a second electrodé group
arranged in parallel with the first electrode group on

26 the permeable substrate and being capable of driving
independently, a third electrode group arranged

perpendicular to the first and second electrode groups

3 THIS SHEET HAS BEEN
REPLACED




and a back side glass substrate, respectively, and capable of being

driven independently. A first exanple of a m 1Al SR Bah Ripiwdede 1 s
di scl osed, for exanple, in Japanese Patent Appllcatlo
1994/ 186927. In this first exanple, the condition of ““ a! \ harged

particles in all cells is equalized for surely prohi ting of
sone cells which are not intended to emt |ight, and two sets of | i ght

on the other substrate and being capable of driving
independently, and the plasma panel and the driving
system comprising ﬁeans for performing at least one
electric discharge for equalizing electric charge

5 particles in a cell in which another electric éharge
particle is caused beforehand.

According to another feature of the present
invention, to achieve the above object, a plasma display,
and a plasma display panel driving system and circuit

10 include a first electrode group driven in common, a
second electrode group driven independently, a third
elec;rode group for an address electric discharge, means
for efasing and polarizing electric charge particles by
a find line erasing pulse after sustaining period and

15 for supplying.an eéualizing pulse to one of the.
electrode group of the first and second electrode group
to which the last fine line erasing pulse is supplied
and for supplying a regulating pulse to the other
electrode of the first and the second electrode groups

20 = after supply of the equalizing pulse, thereby
controlling the electric charge particles without full
erasing electric discharge and full writing electric
discharge and imprbving contrast without light emitting
discharge in case of displaying of black color. |

.25 According to still another feature of the
present invention, to achievé the above object, a plasma

display and a plasma display panel driving system and
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2 emtting discharges, that is, a full witing e'ECtr+{F~iﬂiEJEﬁlﬁijE32;;
full erasing electric discharge in each sub-field are carried out so a o]
be able to use a low voltage for an address electric di f@rTmB&h%ﬁ i e

t he l’

circuit include means for constructing a field block
from plurality of sub-fields and for performing a full
writing electric discharge and a fine line erasing
electric discharge in first sub-field of the field block

5 for decreasing number of electric discharge, ﬁeans for
gathering positive electric charge particles in the
vicinity of an address electrode by the full writing
electric discharge and fine line erasing electric
discharge thereby decreasing a voltage of an address

10 pulse, and means for reproducing the condition of
electric charge particles the same as the condition
afte; performing full writing electric discharge and
fine line erasing electric discharge are performed by
utilizing a sustaining electric discharge in a cell in

15 which the address electric discharge occurred, thereby
reducing the voltage of a address electric discharge in
the next field without the full writing electric
discharge and the fine line electric discharge.
In a cell having no address electric discharge, the

20 condition of electric charge particles after the full
writing electric discharge and fine line erasing
electric discharge are pérformed is maintained during
one field, so that it is sufficient to perform one time
of the full writing electric discharge and fine line

25 electric discharge.

These and other objects, features and advantages

of the present invention will become more apparent form
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contrast is deteriorated because light emtting occur e full pangel
when bl ack is displ ayed. A second exanple is disclpg%gﬁhﬁg&mﬁm& e,
in Japanese Patent Application Laid-Open No. 1995/ 49668
exanple, a plurality of sub-fields having the sane brig

nd
E“ ns
are arranged to forma sub-field block, and several blo vi ded.

In sub-field blocks, a prelimnary discharge, including a full witing

the following description when taken in conjunction with

the accompanying drawings

BRIEF DESCRIPTION OF THE DRAWINGS

5 Fig. 1 is a exploded perspective view.
illustratiﬂg a plasma display panel of the present
invention.

Fig. 2 is a sectional view of a plasma display
panel which is illustrated from a direction in

10 accordance with an arrow A of Fig. 1. |

Fig. 3 is a sectional view of a plasma display
pane; which is illustrated from a direction in
accordance with an arrow of Fig. 1.

Fig. 4 illustrates electrodes and circuits

15 connected to the electrodes of the plasma display panel
of Fig. 1.

Fig. 5(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance
with the first embodiment of the present invention.

20 Fig. 5(b) illustrates a driving wave-form
supplied to e common X electrode in accordance with the
first embodiment of the present invention.

Fig. 5(c¢) illustrates a driving wave-form
supplied to an address A electrode in accordance with

25 the first embodiment of the present invention.
| Fig. 5(d) illustrates a driving wave-form

supplied to a first independent Y electrode in
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el ectric discharge and a fine line erasing electric\~dL§gb§ngangia“eLa
performed in one sub-field, and a witing electric dischargé si ng
el ectri¢ discharge for a pixel is carried out one tﬂm9$m&ﬁg Efore
deterioration of the panel is reduced and the contra Cay IS

I mproved. The second exanpl e di scl oses one sol ution t

contrast, but no neans is disclosed to inprove the c

arrangenent in which pIuraI sub-fields having different brlghtness

radations are provided fo
g 8 ordance w1th the first embodiment of the present

invention.

Fig. 5(e) illustrates a driving wave-form

supplied to a second independent Y electrode in
5 accordance with the first embodiment of the present
invention.

Fig. 6 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell is illustrated immediately after a power is

10 supplied and then a equalizing pulse and a protecting
pulse are supplied.

_ Fig. 7 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after performing an address electric discharge

15 is illustrated.

Fig. 8 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a fine line erasing pulse is
illustrated.

20 Fig. 9 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a celi after supplying a equalizing pulse in a second
field is illustrated.

Fig. 10 is a sectional view of a plasma display

25 panel in which a condition of electric charge particles
in a cell after supplying a regulating pulse in a second

field is illustrated
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form ng one sub-field bl ock. About 3 [err]sec t ' ded
to wite one line of plasna panel, and an ordinary television display has
480 lines. The witing period of a screen is 1.44 ns@ahisSheét HahBeen Rerlacedng

period of one line is 3 [err]sec, so that 1.44 mseCXQEﬁnm mm‘mgu

S
needed for one field. However, the period of one fiel The
Fig. 11(a) is a time chart illustrating an

sustaining period is

arrangement of sub-fields in one field in accordance
with the present invention.

Fig. 11(b) illustrates a driving wave-form

5 supplied to a common X electrode in accordance with the
second embodiment of the present invention.

Fig. 11(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the second embodiment of the present invention.

10 Fig. 11(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
acco;dance with the second embodiment of the present
invention.

Fig. 11(e) illustrates a driving wave-form

15 supplied to a second ihdependent Y electrode in
accordance with the second embodiment of the present
invention.

Fig. 12(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance

20 with the present invention.

Fig. 12(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
third embodiment of the present'invention.

Fig. 12(c)illustrates a driving wave-form

25 supplied to an address A electrode in accordance with

| the third embodiment of the present invention.

Fig. 12(d) illustrates a driving wave-form
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3 16.7 nsec nminus a witing period and prelimnary di seharge—period, —and"
so this period is not |ong enough. Further, if a displ ayﬂ?“:saﬁﬁw[ éen ﬁpegr

screen, like a high definition display, or if a display
for providing 256

supplied to a first independent Y electrode in
accordance with the third embodiment of the present
invention.

Fig. 12(e) illustrates a driving wave-form

5 supplied to a second independent Y electrode ih
accordance with the third embodiment of the present
invention.

Fig. 13(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance

10 with the invention.

Fig. 13(b) illustrates a driving wave-form
supp;ied to a common X electrode in accordance with the
fourth embodiment of the present invention.

Fig. 13(c) illustrates a driving wﬁve-form

15 Supplied to an address A electrode in accordance with
the fourth embodiment of the present invention.

Fig. 13(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the fourth embodiment of the present

20 invention.

Fig. 13(e) illustrates a driving wave-form
supplied to a second independent Y electrode in
accordance with the fourth embodiment of the present
invention.

25 Fig. 14(a) is a time chart illustrating an
arrangement of sub-fields in one field in a¢c§rdance

with the invention.




gradations, the period for witing will not be sufficient———SYMMARY-OE THE
| NVENTI ON It is an object of the present |nvent|on_m§s%he rove

contrast, in a displ ay. It is another object of the %@n
to inprove contrast in a display by reducing a full eras #
di scharge and full witing electric discharge. [

object of the invention to inprove contrast in a dlsplay by redUC|ng a

prelimnary discharge
Fig. 14(b) illustrates a driving wave-form

supplied to a common X electrode in accordance with the
fifth embodiment of the present invention.

Fig. 14(c) illustrates a driving wave-form

5 supplied to an address A electrode in accordanée with
the fifth embodiment of the present invention.

Fig. 14(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the fifth embodiment of the present

10 invention.

Fig. 14(e) illustrates a driving wave-form
supp;ied to a second independent Y electrode in
accordance with the fifth embodiment of the present
invention.

15 Fig. 15(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance
with the present invention.

Fig. 15(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the

20 sixth embodiment of the present invention.

Fig. 15(c¢) illustrates a driving wave-form
supplied to an address A eiectrode in accordance with
the sixth embodiment of the present invention.

Fig. 15(d) illustrates a driving wave-form

25 supplied to a first independent Y electrode in
accordance with the sixth embodiment of the present

invention.

R
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wi t hout changi ng the nunber of sub-fields. According to a feature of

t he present

parall e

with the

i nvention, to achieve the above objects, | RS BasHeSiR BNceaNd
a plasma display driving nmethod include a first electro i

arranged on a perneabl e substrate and in which the elec mmH“E:I
of being driven in common, a second electrode group, wh

his
ﬂ Eble
in

first electrode group on the perneable substrate and in

Fig. 15(e) illustrates a driving wave-form

supplied to a second independent Y electrode in

accordance with the sixth embodiment of the present

invention.

Fig. 16(a) is a time chart illustrating an

arrangement of sub-fields in one field in accordance

with the invention.

Fig. 16(b) illustrates a driving wave-form

supplied to a common X electrode in accordance with the

10 seventh embodiment of the present invention.

Fig. 16(c) illustrates a driving wave-form

supplied to an address A electrode in accordance with

the seventh embodiment of the present invention.

Fig. 16(d) illustrates a driving wave-form

15 supplied to a first independent Y electrode in

accordance with the seventh embodiment of the present

invention.

Fig. 16(e) illustrates a driving wave-form

supplied to a second independent Y electrode in

20 accordance with the seventh embodiment of the present

invention.

Fig. 17(a) is a time chart illustrating an

arrangement of sub-fields in one field in accordance

with the present invention.

25

Fig. 17(b) illustrates a driving wave-form

supplied to a common X electrode in accordance with the

eighth embodiment of the present- invention.
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whi ch the el ectrodes are capable of being driven ind ently, a third

el ectrode group, which is arranged perpendicular to the_fifSiyaBekode &

el ectrode groups on the other substrate and in whi ch t iEsa
capabl e of being driven independently, and a plasm pane&\‘m‘g\
the driving nmethod conprises neans for performng at |lea ectric
di scharge for equalizing electrically

Fig. 17(c) illustrates a driving waﬁe—form
supplied to an address A electrode in accordance with
the eighth embodiment of the present invention.

Fig. 17(d) illustrates a driving wave-form

5 supplied to a first independent Y electrode in
accordance with the eight embodiment of the present
invention.

Fig. 17(e) illustrates a driving wave-form
supplied to a second independent Y electrode in

10 accordance with the eight embodiment of the present
invention.

Fig. 18(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance
with the presenn invention.

15 Fig. 18(b) illustrates a driving wave-~form
supplied to a common X electrode in accordance with the
ninth embodiment of the present invention.

Fig. 18(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with

20 the ninth embodiment of the present invention.

‘Fig. 18(d).illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the ninth embodiment of the present
invention.

25 Fig. 18(e) illustrates a driving wave-form
supplied to a second independent Y electrode in

accordance with the ninth embodiment of the present
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4 charged particles in a cell in which another electrically charged
particle is produced beforehand. According to another feature of the
present jnvention, to achieve the above objects, a pl asg®skbeSRk Byen Raglded

pl asma di spl ay panel driving nethod and circuit include 1

10

15

20

25

Il

il

invention.

Fig. 19 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell is illustrated immediately after a power is
supp}ied and then a equalizing pulse and a regqgulating
pulse aré.supplied in accordance with the ninth
embodiment.

Fig. 20 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after performing a address electric discharge
is illustrated in accordance with ninth embodiment of
the present invention.

Fig. 21 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a fine line erasing pulse is
illustrated in accordance with the ninth embodiment of
the present invention.

Fig. 22 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a eqﬁalizing pulse in a second

field is illustrated in accordance with the ninth

-embodiment of the present invention.

Fig. 23 is a sectional view of a plasma display
panel in which a cohdition of electric charge particles
in a cell after supplying a regulating pulse in a second
field is illustrated in accordance with the ninth
embodiment of the present invention.
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first electrode group in which the electrodes are driven in

common,

second el ectrode group in which the electrodes are dri vemlgghg@gmwgpmceda

third el ectrode group for producing an address electric d|
for erasing and polarizing electrically charged particles

erasing pul se after a sustaining period and for supplying
pul se to one el ectrode of the one

ERAL -

of the first and second el ectrode groups

to which the | ast

10

16

20

25

Fig. 24(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance
with the present invention.

Fig. 24(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
tenth embodiment of the present invention.

Fig. 24(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the tenth embodiment of the present invention.

Fig. 24(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the tenth embodiment of the present
invention.

Fig. 24(e) illustrates a driving wave-form
supplied to é second independent Y electrode in
accordance with the tenth. embodiment of the present
invention. )

Fig. 25(a) is a time chart illustrating an
arrangement of sub-~fields in one field in accordance
with the present invention.

Fig. 25(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
eleventh embodiment of the present invention.

Fig. 25(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the eleventh embodiment of the present invention.

Fig. 25(d) illustrates a driving wave-form

14 e SYETIT AT BEEN g
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fine |ine erasing pul se was supplied and for supplying a regurating—pttse
to an electrode of the other of the first and the secontghg sofgee r oups
after the equalizing pulse has been supplied, thereby co . laced

electrically charged particles without fully erasing theTauﬂ ay ﬂ

di scharge and fully witing an electric discharge, while

contrast without a light emtting discharge in the case of a black

di spl ay. According to still another feature of the present

supplied to a first independent Y electrode in
accordance with the eleventh embodiment of the present
invention.

Fig. 25(e) illustrates a driving wave-form

5 supplied to a second independent Y electrode ih
accordance with the eleventh embodiment of the present
invention.

Fig. 26(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance

10 with the present invention.

Fig. 26(b) illustrates a driving wave-form
supp;ied to a common X electrode in accordance with the
twelfth embodiment of the present invention.

Fig. 26(c) illustrates a driving wave-form

15 supplied to an address A electrode in accordance with
the twelfth embodiment of the present invention.

Fig. 26(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the twelfth embodiment of the present

20  invention.

Fig. 26(e) illustrates a driving wave-form
supplied to a seéond independent Y electrode in
accordance with the twelfth embodiment of the present
invention.

25 ' Fig. 27(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance

with the present invention.
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i nvention, to achieve the above objects, a plasma display and

di spl ay pane

bl ock froma plurality of sub-fields and for perfornlng a “
electric discharge and a fine line erasing electric dISCh

driving nmethod and circuit include nmeans figs ig

sub-field of the field block for decreasing the

10

15

20

25

Fig. 27(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
thirteenth embodiment of the present invention.

Fig. 27(c) illustrates a driving wave-form
supplied to an address A electrode in accordaﬂce with
the thirteenth embodiment of the present invention.

Fig. 27(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the thirteenth embodiment of the present
invention. |

Fig. 27(e) illﬁstrates a driving wave-form
supplied to a second independent Y electrode in
accordance with the thirteenth embodiment of the present
invention.

Fig. 28(a) is a time chart illustrating an
Arrangement of sub-fields in one field in accordance
with a second embodiment of the present invention.

| Fig. 28(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
fourteenth embodiment of the present invention.

Fig. 28(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the fourteenth embodiment of the present invention.

Fig. 28(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the fourteenth embodiment of the present

invention.

e Extr=a
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5 nunber of electric discharges, neans for gathering pesitive
electrically charged particles in the vicinity of an address el ectrode by

the full witing electric discharge and fine |line erasi “ nmwhwd
di scharge, thereby decreasing the voltage |evel of an ad Hl lMd\
means :

Fig. 28(e) illustrates a driving wave-form
supplied to a second independent Y electrode in
accordance with the fourteenth embodiment of the present
invention.

5 Fig. 28(f) illustrates a driving wavleorm
supplied to a third independent Y electrode in
accordance with the fourteenth embodiment of the present
invention.

Fig. 28(g) illustrates a driving wave-~form

10 supplied to a fourth independent Y electrode in
accordance with the fourteenth embodiment of the present
invention. '

Fig. 29 is a sectional view of a.plasma display
panel in which a condition of electric charge particles

15 in a cell after supplying sustaining pulses is
illustrated in accordance with a embodiment shbwn in Fig.
28(a)-28(g) of the present invention.

Fig. 30 is a sectional view of a plasma display
panel in which a condition of electric charge particles

20 in a cell during discharging by a selection electric
discharge pulse is illustrated in accordance with the
embodiment shown in Fig. 28(a)-28(g) of the present
invention.

Fig. 31 is a sectional view of a plasma display

25 panel in which a condition of electric charge particles
in a cell during supplying electric charge particles

control pulse is illustrated in accordance with the

17 THIS SHEET HAS BEEN
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for. reproducing the condition of electrically charged—p
sane condition as after performng full witing electr]
fine line erasing electric discharge are perfornmed by
sustaining electric discharge in a cell in which the

di scharge occurred, thereby reducing the voltage of :%a [
di scharge in the next field, without the full witing eMectri.c dlscharge
and the fine line electric discharge. In a cell having no address electric

i sch
di scharge, embodiment shown in Fig. 28(a)-28(g) of the present

invention.

Fig. 32 is a sectional view of a plasma display

panel in which a condition of electric charge particles

5 in a cell after supplying a fine line erasing bulse is
illustrated in accordance with the embodiment shown in
fig. 28(a)-Fig. 28(g) of the present invention.

Fig. 33 is a time chart of sub-fields
illustrating a driving system in accordance with a third

10 embodiment of the present invention.

Fig. 34 is a time chart of 'sub-fields
illugtrating a driving system in accordance with a.
fourth embodiment of the present invention.

Fig. 35 is a time chart of sub-fields

15 illustrating a driving.system in accordance with a fifth
embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present

invention will be described with using drawings
20 hereinafter.

Fig. 1 illustrates a exploded perspective view
of a plasma display panel relating to the first
embodiment of the present invention. |

A transparent common X electrode 22 and a

25 transparent independent Y electrode 23 are. provided
under a front glass substrate 21, and a X bus electrode

24 and a Y bus electrode 25 are laminated on respective

18 THIS SHEET HAS BEEN
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the condition of electrically charged particles after the

el ectric discharge and fine line erasing electric difghg gg mﬁ&?

is maintained during one field, so that it is suffici
witing electric discharge and fine line electric di smﬂ 'ﬂﬂl
tine. These and ot her objects, features and adva

present invention will becone nore apparent fromthe

electrode 21 and 22. A dielectric layer 26 and a
protecting layer 27 such as a acid magnesium (MgO) are
provided on these electrodes 22.23,24 and 25. An
address A electrode 29 provided on a back glass

5 substrate 28 is arranged perpendicular to the éommon X
electrode 22 and the independent Y electrode 23 on the
front glass substrate 21. The address A.electrode 29 is
covered by a dielectric layer 30 and a partition wall 31
arranged parallel to the address A electrode 29 is

10 provided on the electrode 29. A phosphor 32 is coated
on the partition wall 31 and the address A electrode 29.

_ Fig. 2 is a sectional view of a plasma display
panel which is illustrated from a direction in
accordance witﬁ an arrow A of Fig. 1. The address A

15 electrode 29 is arranged in the middle of the two
partition walls. A discharge gas such as a neon gas or
a xenon gas is filled in a space 33 that is provided
between the front glass substrate 21 and the back glass
substrate 38.

20 Fig. 3 is a sectional view of a plasma display
panel which is illustrated from a direction in
accordance with an arrow of Fig. 1. A border of each
cell is shown by a dotted line, and the common X

_ electrode 22 and the independent Y electrode 23 are

25 arranged alternatively. In AC type plasma display panei,
the electric charge particles on the dielectric layer in

the vicinity of the common X electrode 22 and the
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foll owi ng description when taken in conjunction mﬁthﬂLhe~'?Kﬁiﬂﬁiﬂﬂﬁﬁi;

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS F|g 1 i S aﬁgégh@ﬁad
perspective view illustrating a plasnma display pan

i nventi on. Fig. 2 is a sectional view of a plas nra‘ m
REPLACEMENT SHEET '

independent Y electrode 23 are divided into positive
electric charge particles and negative electric charge
particles for forming an electric field, so that a
discharge is performed by using the electric field.

5 Fig. 4 illustrates electrodes and circuits
conﬁected to the electrodes of the plasma display panel
of Fig. 1. The common X electrode 22 is connected to an
output terminal or several terminals of a X electrode
driving circuit 35 that generates a driving pulse for

10 supplying to the common X electrode 22. Each
independent Y electrode 23 is connected respective
outpgt terminals of a Y electrode driving circuit 36.
Each address A electrode 29 is connected respective
output terminals of a A'electrode driving circuit 37.

15 Fig. 5 illustrates a first driving system in
accordance with a first embodiment of the present
invention. Fig.(a) is a_time chart illustrating an
arrangement of sub-fields in one field in accordance
with the invention. In the fiqure, reference numeral 1

20 denotes one field, a horizontal axis illustrates time
and a vertical axis illustrates a line of the cell. The
one field is divided into eight sub-fields, that is, a
first sub-field 2 to a eighth sub-field 9. A electric
charge particle equalizing period 2a-9a, an address

25 period 2b-9b and a sustaining period 2c¢-9c are arranged
in order in each sub—field.- Numbers of electric

discharges are allotted for each sub-field and display
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6 as seen in the direction of arrow Ain Fig. 1. Fig. 3isa ———

sectional view of a plasma display panel as seen in the direction of arrow

Bin Fig. 1. Fig. 4 is a diagram which ill ustrat eghiSketHBes Rapiated
circuits connected to the el ectrodes of the plasnma displa g.
1. Fig. 5(a) is atime chart illustrating an arrang

. gradations are determined by the total nﬁmbers of the
discharges. The order for arranging the sub-fields
having predetermined numbers of discharges is free, but
in the embodiment, the sub-fields are arranged in order

5 from a sub-field having a fewer numbers of electric
discharge.

Fig. 5(a)-Fig. 5(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent Y

10 electrode respectively. In the figure, a pulse wave-
form 10 illustrates a part'of driving wave-form supplied
to the common X electrode 22 in one field. A pulse
wavé—form 11 illustrates a part of driving wave-form
supplied to the one of the address A electric rode 29.

15 Pulse wave-forms 12 and 13 . illustrate a parts of driving
wave-form supplied, for example, to a first and a second
independent ¥ electrodes 23.

The pulse wave-form 10 which is supplied to the
common X electrode 22 during first sub-field includes a
éo regulating pulse 40 lasting from the electric charge
particle equalizing period 2a to the address period 2b
and the sustaining pulses 41 in the sustaining period 2c.
In this embodiment, the voltage of the regulating pulse
40 is lower_thén the voltage of the sustaining pulses 41.

25 The pulse wave~form 11 which is supplied to one of the

address A electrodes 29 illustrates the address pulse 42

in the address period 2b and the address pulse 42
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of sub-fields in one field in accordance with the firs%f~enbﬁﬂTﬁ§ﬁFP6F—Fﬁé

present invention. Fig. 5(b) is a waveform diagram which il kRl es
a driving wave-form supplied to a common X el ectrode s o Bty j th
the first enbodi nent of the present invention. Fi?“ [

wavef orm di agram which illustrates a driving wave-form

address A electrode in

corresponds to the cell to be emitted light . The
address pulse 42 is not supplied when there is no cell
to be emitted. That is, the address pulses 42 are
supplied to the cells to be emitted, and the address

5 pulse 42 is not supplied to the other cells no£ to be
emitted. The pulse wave-forms 12 and 13 which are
supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of the
independent Y electrodes 23 includes a electric charge

10 particle equalizing pulses 43a, 43b,--- in the electric
charge particle equalizing period 2a of the first sub-
fielq, scan pulses 44a, 44b,---in the address period 2b,
sustaining pulses 45a, 45b,--- and fine line erasing
pulses 46a, 46b,--~ in the sustaining period 2c. In the

15 embodiment, the voltage of the scan pulses 44a, 44b, ---
is lower than the voltage of the sustaining pulses 45a,
45b,--—. The fine line erasing pulses 46a, 46b,--and the
equalizing pulses 43a, 43b,--- are supplied to the same
electrodes. Further, it is preferable to select the

20 pulse width of the fine line erasing pulses 46a, 46b,---
between 0.5 usec-2 usec.

The movements of the panel is explained
hereinafter. In Fig. 5, electric discharges in all
cells are performed between the independent Y electrodes

25 23 and the common X electrodes 22 by supplying the
equalizing pulses 43a, 43b,--- to the independent Y

electrodes 23, and negative electric charge particles
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accordance with the first enbodi nent of the present inventiom: Fi-g.
5(d) is a waveformdi agram which illustrates a driving, wave-form supplied
to a first independent Y electrode in accordance wt
of the present invention. Fig. 5(e) is a wavefor
illustrates a driving wave-form supplied to a second

el ectrode in accordance wth the first enbodi nent of the

are formed on the dielectric layer 26 in the vicinity of
the independent Y electrode 23 during electric charge
particle equalizing period 2a occurring immediately
after the power is supplied to the display. The
5 electric discharge by the equalizing pulses 43&, 43b,---
‘occurs only first one time, and the discharge is not
occﬁrred after this. That is, the discharge occurs only
one time other than the space 33 of the éell becomes
abnormal condition. The regulating pulse 40 is supplied
10 to the common X electrode 22 within the time between 0.3
usec-2 usec from the rising edge of the equalizing
pulsgs 43a, 43b,---. The negative electric charge
particles are formed in the wvicinity of the common X
electrode 22, and the positive electric charge particles
15 are formed in the vicinity of the address A electrode 29.
The reason.the_time between the rising edge of
the equalizing pulses 43a;l43b,---and the rising edge of
the regulating pulse 40 is determined as described the
abové is that : too many negative electric charge
20 particles are gathered in the vicinity of the
independent Y electrode 23 and the negative electric
charge particles gather in the 6ommon X electrode 22
when the time between edges of both pulses 43a, 43b,--
and 40 is selected too long. When the time is too short,
- 25 the negative electric charge particles are not gathered
on thé independent Y electrode 23 and also the positive

electric charge particles are not gathered on the

23
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present invention. Fig. 6 is a sectional view of a plasma display
panel in which a condition of electrically charged partitlies in a cell is

illustrated i nmediately after power is supplied and < Shoot Has Been Replaced

T I

address A electrode 22.

The main purpose for supplying the requlating
pulse 40 is to attract the negative electric charge
particles toward the common X electrode 22 and to form

5 the positive electric charge particles on the éddress A
electrode 29. Another purpose is to assist electric
discharges between the common X .electrode 22 and the
independent Y electrode -23 when the address electric
discharge is performed between the address A electrode

10 29 and the independent Y electrode 23.

The address electric discharges is performed in
the qell which is formed at the cross point of the first
line of the independent Y electrode 23 and one of the
address A electrode 22 when the scan pulses 44a is

15 supplied to the first line of the independent Y
electrode 23 and the address pulse 42 is supplied to one
of the address A electrode 29 at the same time, as a
result, the positive electric charge particles are
gathered on the independent Y electrode 23. 6n the

20 other hand, no discharge is occurred when the address
pulse 42 which corresponds to the scan pulses 44b is not
supplied to the second line of the independent Y
electrode 23, therefore, no electric charge particle is
gathered on the independent Y electrode 23. The address

25 .pulses 42 are supplied to the address A electrodes 29
which correspond to the cell to be emitted and are

selected all the cells at the cross points of all

:\4‘

\LPLAC[ D



7 then equali

Is a sectional
electrically c
el ectric disch
pl asma di spl ay
particles in a

zing pul se and a protecting pulse are supplied. Fig. 7
view of a plasnma display panel in which gisgreciat B&n Reflaced

harged particles in a cell after performn
arge is illustrated. Fig. 8is a secﬁlm F

panel in which a condition of electrical

address A electrodes 29 and the scan pulses 44a or 44b
is supplied to the independent Y electrodes 23, so that

the electric discharges are performed between the

"address A electrode 29 and the independent Y electrodes

10

15

20

26

23.

Next, in the sustaining period 2c, the electric
discharges for light emitting are performed by the
sustaining pulses 41, 45a, 45b,---between the common X
electrode 22 and the independent Y electrodes 23 in the
cell in which the positive electric charge particles are
gathered on the independent Y electrodes 23 side by the
elec;ric discharges performed during address period 2b.
After that, electric dischérges occur between the
independent Y electrodes 23 and the common X electrode
22 by supplying the fine line erasing pulses 46a, 46b,--
- to the independent Y electrodes 23 and the electric
charge particles in the cells are erased, so that the
all electric charge particles génerated for light
emitting'in the cell are erased. The pulse width of the
fine line erasing pulses 46a, 46b,---is a little longer
than the electric discharge continuation time, therefore,
the negative elecfric charge particles are gathered on
the dielectric layer in the vicinity of the independent
Y electrodes 23. In the cells in which no electric
discharge is occurred, the erasing discharges are not
performed because no electric charge particle is in the

cell. Therefore, the negative electric charge particles

26




cell after supplying a fine line erasing pulse is illustrated. Fig.
9 is a sectional view of a plasma display panel in whisSkeetdHas 68 REIREN OF

el ectrically charged particles in a cell after suppl Wi i ng
SRR, : -
ged

pul se in a second field is illustrated. Fig 1
particles in a cell after supplying a regulating pulse in a second field

of a plasma display panel in which a condition of el

formed in the wvicinity of the independent Y electrodes
23 are kept unchanged.

In this situation, no electric discharge occurs
by supplying the equalizing pulses 43a, 43b,--- to the

5 independent Y electrodes 23 because the negatiﬁe
electric charge particles in the cell negate the voltage
of the equalizing pulses 43a, 43b, ---and sufficient
electric fields needed for electric discharge are not
formed. After that, no electric discharge is performed

10 through all sub-fields even if the equalizing pulses are
supplied. Therefore, the electric discharges are not
performed except the first sub-field immediately after
the power on, therefore no light emitting occurs in
black display.

15 _Further, for the linearity of display gradations
determined by the numbers of sustaining pulses, one
electric discharge have less influence more than two
electric discharges. .According to the present invention,
the equalization of electric charge particles is

20 effected by one electric discharge in the cell in which
the sustaining electric discharge is performed,
therefore, the influence to the linearity for display
gradations is very small.

The same driving system is performed during the

25 second sub-field 3 to the eighth sub-field 9 and a
screen of one field is formed.

Fig. 6-Fig. 10 are sectional views of the plasma

THIS SHEET HAS BEEN
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Is illustrated. Fig. 11(a) is a tinme chart illustrating an

arrangenment of sub-fields in one field in accordancempg tﬁgge&rﬁﬁi&}l

i nventi on. Fig. 11(b) is a waveform di agram whi C“H Hmmimﬁ F
h the

driving wave-form supplied to a common X el ectrode in
display panel in which the condition of electric charge

second enbodi nent of the present invention.

particles in the cell performed sustaining electric
discharge are illustrated from the first sub-field after
the power is supplied to the second sub-field until the
5 equalizing pulses and the regulating pulse are-éupplied.
In these figure, reference numeral 60 denotes a positive
electric charge particles, reference numeral -61 denotes
a negative electric charge particles. Further the
condition of electric charge particles is illustrated in
10 a cell at center position of Fig. 6-Fig. 7.

Fig. 6 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell is illustrated immediately after a.power is
supplied and then a equalizing pulse and a regulating

15 pulse are supplied. The figure illustrate the condition
of electric charge particles in the first sub-field
after power is supplied at first and then the equalizihg
pulses 43a, 43b are supplied to the independent Y
electrodes 23 and finally the regulating pulse 40 is

20 supplied. The electric discharges in all cells occur
between the common X electrode 22 and the independent Y
'electrodes 23 by-supplying the equalizing pulses 43a,
43b,~--~-to the independent Y electrodes 23, and the
negative electric charge particles 61 are gathered on

25 the dielectric layer in the vicinity of the independent
Y electrodes 23a and the common X electrode 22 and the

positive electric charge particles 60 are gathered on

27 THIS SHEET HAS BEEN
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Fig. 11(c) is a waveformdiagramwhich illustrates a driving wave-form
supplied to an address A electrode in accordance with-the second

enbodi nent of the present invention.
REPLACEMENT SHEET This Sheet Has Been R

R

Fig. 7 is a sectional view of a plasma display

the address A electrodes 29 side.

panel in which a condition of electric charge particles_
in a cell after performing an address electric discharge

5 is illustrated. In Fig. 7, the condition of eiectric
discharges is illustrated after the address pulses 42 is
supplied to the address A electrodes 29 and address
electric discharges occur between the address A
electrode 29 and the independent Y electrode 23. The

10 positive electric charge particles 60 are gathered on
the dielectric layer in the vicinity of the independent
Y elgctrode 23 because the voltage of the independent Y
electrode 23 is lower than the voltages of the address A
electrode 29 and the common X electrode 22. The

15 condition of the electric charge particles are shown in
Fig. 7. The electric discharge occurs between the
independent Y electrode 23 and the common X electrode 22
by the positive electric charge particles 60 and the
first pulse of the sustaining pulses 45a, 45b,---

20 supplied to the independent Y electrode 23. This is a
sustain discharge. This time, the negative electric
charge particles 61 are géthered around the independent
Y electrode 23 and the positive charges 62 are gathered
around the common X electrode 22 by the electric

25 discharge generated By the sustaining pulses 45a, 45b.
As a result, the sustaining electric discharges occur

 between the independent Y electrode 23 and the common X

28 THIS SHEET HAS BEEN
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8 Fig. 11(d) is a waveform diagramwhich illustrat

es a driving

wave-form supplied to a first independent Y electrode Tu SB&EA5FRL I\AAeEh

t he second enbodi nent of the present invention. F
wavef orm di agram which illustrates a driving wave-form
second i ndependent Y electrode in accordance with the s
the present invention.

T

10

15

20

26

electrode 22 by the first pulse of sustaining pulses 4l.
This electric discharges are repeated during sustaining
period 2c.

Fig. 8 1is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a fine erase pulse is
illustrated. In Fig. 8, the condition of electric
discharge after the last sustaining pulses 41 is
supplied to the common X electrode 22 and then the fine
line erasing pulses 46a, 46b,---are supplied is
illustrated.

The condition of the electric charge particles
after the discharges are occurred by the final
sustaining pulses 41 is the same with the condition
shown in Fig. 7.

The pulse width of the fine line erasing pulses
46a, 46b,---is longer than the discharge continuation
time, so that negative electric charge particles 61
which move so quickly are gathered on the dielectric
layer in the vicinity of the independent Y electrode 23.
As a result, separation of the electric charge particles
is performed. The pcSitive electric charge particles
that move slowly in space float in the cell. The
negative charges float discharge space for a while.

Fig. 9 is a sectional view of a plasma display
panel in which a condition of electric charge particles

in a cell after supplying a equalizing pulse in a second

UTHIS SHEET HAS BEEN
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Fig. 12(a) is a tinme chart illustrating an arrangenent—of sub-fields in
one field in accordance with the present invention. Fig. 12(b) is a
wavef orm di agram which illustrates a driving wave- f orFhisShespHasBdent Repiaced
common X el ectrode in accordance with the third enbodi im“mﬂuﬂmﬂﬂesent

I nventi on. Fig. 12(c) is a waveform di agram whi ch
field is illustrated. In Fig. 9, a condition of
electric discharge after the equalizing pulses 43a,
43b,~--in the second sub-field are supplied is
illustrated. The voltage of the equalizing pulses 43a,

5 43b, ---are canceled by the negative charges and is not
reached to the discharge voltage, so that any discharges
is not performed. The voltage of the independent Y
electrode 23 is higher than the voltage of the other
electrodes, so the negative charges are attracted

10 towered the independent Y electrode 23. |

Fig. 10 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a regulating pulse in a second
field is illustrated.

15 Referring to the drawing, the condition of
electric charge particles after the regulating pulse 40
is supplied to the common X electrode 22 is illustrated.
The negative electric charge particles are gathered on
the dielectric layer in the vicinity of the common X

20 electrode 22 and the positive charges are gathered at
the address A electrode 29. By'this, fhe same driving
as the first sub-field is performed without electric
discharge by the equalizing pulses 43a, 43b,---. 1In
this case, the voltage of the equalizing pulses 43a,

25 43b,--~ is reduced by the negative electric charge
particles at the independentlY electrode 23, so that the

electric discharge between the independent Y electrode

30 [TTHIS SHEET HAS BEEN
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driving wave-form supplied to an address A electrode in accordance with

the third enbodi nent of the present invention. anmg&&ﬁggB&ﬁR_lmmd
wavef orm di agram which illustrates a driving wave-form I rst
i ndependent Y electrode in accordance with the third e m, m m
present invention. Fig. 12(e) is a waveform diagrarh ates

a driving wave-form supplied to a second i ndependent Y

23 and the common X electrode 22 is not performed.

The driving of the panel is capable of
performing without using the full writing electric
discharge and fine line érasing electric discharge for

5 each sub-field. As a result, unnecessary lighﬁ emitting
is erased for displaying black brightness so that the
contrast is improved. '

The second embodiment of the present invention
is described hereinafter. Fig. 11 illustrates a second

10 driving system in accordance with a second embodiment of
the present invention. Fig.(a) is a time chart
illustrating an.arrangement of sub-fields in one field
in accordance with the present invention. The figure
illustrates a division of one field into several sub-

15 fields such as the case of Fig. 5. A horizontal axis
shows time and a vertical axis shows lines of cells.

Fig. 11(b)-Fig. 11(e) illustrate wave-forms of
pulses supplied to the.common X electrbde, the address A
electrode, and the firét and the second independent Y

20 electrode respectively.

A pulse wave-form 70 illustrates a part of
driving wave-form supplied to the common X electrode 22
in one field. A pulse wave-form 71 illustrates a part
of driving wavé-form supplied to the one of the address

25 A electrode 29. Pulse wave—forms 72 and 73 illustrate
parts of driving wave-form supplied, for example, to a

first and a second independent Y electrodes 23.

" TS SHEET HAS BEEN
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el ectrode in accordance with the third enbodi.nent of the—present——

| nvent i on. Fig. 13(a) is a time chart illustrating an arrangenent
? ' This Sheet Has Been Replaced

(MR

The pulse wave-form 70 which is supplied to the

common X electrode 22 during first sub-field includes a
regulating pulse 40 lasting from the electric charge
particle equalizing period 2a to the address period 2b
5 and the sustaining pulses 41 and a fine line érasing
pulse 74 in the sustaining period 2c. The pulse wave-
form 71 which is supplied to one of the address A
electrédes 29 illustrates the address pulse 42 in the
address ‘period 2b which corresponds to the light
10 emitting cell. The address pulses 42 is not supplied
when there is no cell to be emitted. The pulse wave-
formg 71 and 72 which are supplied to the first
electrode of the independent Y electrodes 23 and
adjacent second electrode of the independent ¥
15 electrodes 23 includes a electric charge particle
equalizing pulse 43a 43b,--- in the electric charge
particle equalizing period 2a of the first sub-field,
scan pulse 44a, 44b,---in the address period 2b,
sustaining pulses 45a, 45b,--- and a first fine line
20 erasing pulses 75a, 75b,--- in the sustaining period 2c.
Under these circumstances, the pulse width of
the first fine line erasing pulses 75a, 75b,---is the
same with or shorter than a pulse width of a second fine
line erasing pulse 74. The number of the fine line
25 erasing pulses is an even number as shown in Fig. 11,
that is, the first and the second fine line erasing

pulses 75a, 75b and 74, the first fine line erasing
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of sub-fields in one field in accordance with the |nvent|on : Fig.
13(b) is a waveform diagram which illustrates a driviagShentas Beh Rphidpyp! | ed

to a common X el ectrode in accordance with the fourth t he
present invention. Fig. 13(c) is a waveform di a H Im
illustrates a driving wave-form supplied to an address

accordance with the fourth enbodi nent of the present

pulses 75a, 75b,---which are the last erasing pulses and
the equalizing pulses 43a, 43b,-~--are supplied to the
same electrodes, that is, the independent Y electrode 23
of Fig. 1l1l. The secoﬁd fine line erasing pulse 74 is

5 supplied to the other electrode, that is, the éommon X
electrode 22.

In the embodiment, the last sustaining pulse is
supplied to the independent Y electrode 23. A condition
of electric charge particles after supplying the first

10 fine line erasing pulses 75a, 75b,---is almost same as
the condltlon shown in Fig. 8. in accordance with the
flrst embodiment. The condition of electric discharges
in the other sub-fields 3-9 are the same condition.
Further, the erasing and polarizing of electric charge

15 particles are performed by these fine line erasing
pulses, so these erasing pulses are called polarization
pulse group. In this embodiment, by using the first and
the second fine line erasing pulses 75a, 75b and 74, the
erasing and polarization ére effectively performed, and

20 electric discharging time'during address discharging
time is maintained constant.

The third embodiment of the present invention is
described hereinafter. Fig._12 illustrates a third
driving system in accordance with a third embodimént of

25 the present invention. Fig. 12(a) is a time chart
illustrating an arrangement of sub-fields in one field

in accordance with the present invention. The figure

83
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I nvention. . Fig. 13(d) is a waveform di agram whichh iifustrates a
driving wave-form supplied to a first independent Y %ﬁ?@%&ﬂﬂ?E&Q&mhwd

accordance with the fourth enbodi nent of the present i 3 Fig.
13(e) is a waveformdiagramwhich illustrates a drivi dwmnﬂlmlmppl i ed
to a second independent Y electrode in accordance wt .
enbodi nent of the '

illustrates a division of one field into several sub-
fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells.

5 Fig. 12(b)-Fig. 12(e) illustrate wave-forms of pulses
supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
electrode respectively.

A pulse wave-form 80 illustrates a part of

10 driving wave-form supplied to the common X electrode 22
in first sub-field. A pulse wave-form 81 illustrates a
part of driving wave-form supplied to the one of the
address A electrode 29. Pulse wave-forms 82 and 83
illustrate parts of driving wa#e—forms supplied, for

15 example, to a first and a second independent Y
electrodes 23.

The pulse wave-form 80 which is supplied to the
common X electrode 22 during the first sub-field
includes a regulating pulse 40 lasting from the electric

20 charge particle equalizing period 2a to the address
period 2b and the sustaining pulses 41 in thé sustaining
period 2c and second fine line erasing pulse 84. The
pulse wave-form 81 which is supplied to one of the
address A electrodes 29-illustrates the address pulse 42

25 in the address period 2b which corresponds to the light
emitting cell. The address pulses 42 is not supplied

when there is no cell to be emitted. The pulse wave-~
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pr esent i nventi on. Fig. 14(a) is a tinme chart illTustrating—afr——m

arrangenent of sub-fields in one field in accordance w.t hthe I nventi on.

Fig. 14(b) is a waveform diagramwhich illustrates a dry en Rephaced
supplied to a common X electrode in accordance with the nt
of the present invention. Fig. 14(c) is a wavefor
Il lustrates a :

forms 82 and 83 which are supplied to the first

electrode of the independent Y electrodes 23 and

adjacent second electrode of the independent Y

electrodes 23 includes electric charge particles

5 equalizing pulse 43a 43b,--- in the electric charge

particles equalizing period 2a of the first sub-field,

scan pulses 44a, 44b,---in the address period 2b,

sustaining pulses 45a, 45b,--- and a third fine line
erasing pulses 85a, 85b,--- and a first fine line
10 erasing pulses 86a, 86b,--- 1in the sustaining period 2c.

Under these circumstances, the pulse width of
the gecond fine line erasing pulses 84 is the same as
or shorter than a pulse width of a third fine line
erasing pulses 85a, 85b,---.

15 : And a pulse width of the first fine line erasing
pulses 86a, 86b,--is the same as or shorter than a pulse
width of fhe second fine line erasing pulse 84

If the numbers of the fine line erasing pulses
are an odd number as shown in Fig. 12, that is, the

20 first~£o the third fine line erasing pulses, the first
fine line erasing pulses 86a, 86b,---which are the last
supplied erasing pulses and the equalizing pulses 43a,
43b,---are supplied to the same electrodes, that is, the
independent Y electrode 23 of Fig. 12. The third fine

25 line erasing pulse 85 which is first supplied fine line
erasing pulse is supplied to the same electrode to which

first supplied fine line erasing pulses 86a and 86b are
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driving wave-form supplied to an address A electrode in accordance Wit h
the fifth enbodi nent of the present invention. iﬂTeetHaSBeenR eplaced

10 Fig. 14(d) is a waveform di agram which illus

10

15

20

25

I

supplied, that is, the independent Y electrode 23.

Therefore, the last sustaining pulse is supplied to the
common X electrode 22. A condition of electric charge
particles after supplying the first fine line erasing
pulses 86a, 86b,---is almost same condition.aé shown in
Fig. 8 in accordance with the first embodiment. The
condition of electric discharges in the other sub-fields
3-9 is the same condition. In the embodiment, by using
the first, the second and the third fine line erasing
pulses 86a, 86b, 84, 85a and 85b, the erasing and
polarization are more effectively performed, and
electric discharging time during address discharging
time is maintained constant. According to an experiment
by present inventors, it is effective for erasing up to
three fine line erasing pulses and using more than four
fine line erasing pulses is not so effective.

The fourth embodiment of the present invention
is described hereinafter. Fig. 13 illustrates a fourth -
driving system in accordance with a fourth embodiment of
the present invention. Fig. 13(a) is a time chart
illustrating an arrangement of sub-fields in one field
in accordance with the present invention. The figure
illustrates a division of one field into several sub-
fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells.

Fig. 13(b)-Fig. 13(e) illustrate wave-forms of
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driving wave-form supplied to a first independent Y electrode in
accordance with the fifth enbodi nrent of the present iﬁﬁg@&%ﬂﬁmB&quimE'g-

14(e) is a waveformdiagramwhich illustrates a driving plied
to a second independent Y electrode in accordance V\Ath_Blﬂﬁl mmﬂﬁ
enbodi nent of the present invention. Fig. 15(a) i t
il lustrating an arrangenent
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
electrode respectively.
A pulse wave-~form 90 illustrates a part of
5 driving wave-form supplied to the common X eléctrode 22
in the.first sub- field. A pulse wave-form 91
illustrates a part of driving wave-form supplied to the
one of the address A electrode 29. Pulse wave-forms 92
énd 93 illustrate parts of driving wave-forms supplied,
10 for example, to a first and a second independent Y
electrodes 23.

. The pulse wave-form 90 which is supplied to the
common X electrode 22 during the first sub-field
includes a regulating pulse 94 lasting from the electric

15 charge particles equalizing period 2a to the address
period 2b and the sustaining pulses 41 in the sustaining
period 2c.

The voltage of the requlating pulse 94 and the
voltage of the sustaining pulses 41 are the same,

20 thereby a driving circuit is simplified because the same
power is used.

The pulse wave-form 91 which is supplied to one of the
address A electrodes 29 illustrates the address pulses
42 in the address period 2b which corresponds to the

25 light emitting cell. The address pulses 42 is not

supplied when there is no cell to be emitted. The pulse

wave-forms 92 and 93 which are supplied to the first
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of sub-fields in one field in accordance with the present—invention:

Fig. 15(b) is a waveformdiagramwhich illustrates a d&£g§£= e-form
supplied to a common X electrode in accordance with the & FRlAsyek -
of the present invention. Fig. 15(c) is a vvaveforﬂuﬂ i
illustrates a driving wave-form supplied to an address i

accordance with the sixth enbodi nent of the present

wave-forms 92 and 93 which are supplied to the first
electrode of the independent Y electrodes 23 and
adjacent second electrode of the independent Y
electrodes 23 includes a electric charge particle

5 equalizing pulse 43a 43b,--- in the electric charge
particle equalizing period 2a of the first sub-field,
scan pulse 44a, 44b,---in the address period 2b,
sustaining pulses 45a, 45b,~~~ and fine line erasing
pulses 46a, 46b,--- in the sustaining period 2c. A

10 condition of electric charge particles after supplying
the fine line erasing pulses 46a, 46b,---is almost same
condition as shown in Fig. 8 which illustrates the
condition of electric charge particles in accordance
with the first embodiment. The condition of electric

15 discharge~in the :other sub—fields 3-9 is the same
condition. In the embodiment, the voltage of the
regulating pulse 94 supplied to the common X electrode
22 and the voltage of the sustaining pulses are the same,
therefore simplifying the driving circuit construction.

20 The fifth embodiment of the present invention is
described hereinafter. Fig. 14 illustrates a fifth
driving system in accordance with a fifth embodiment of
the present invention. Fig. 1l4(a) is a time chart
illustrating an arrangement of sub-fields in one field

25 in accordance with the present invention. The figure
illustrates a division of one field into several sub-

fields such as the case of Fig. 5. A horizontal axis

88 { THIS SHEET HAS BEEN
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I nventi on. Fig. 15(d) is a waveform di agram whi ch—H-ustrates a
driving wave-formsupplied to a first independent Y electrode in
accordance with the sixth enbodi nent of the present i n%ﬂrﬁhwﬁasBeenReplaEédg.

15(e) is a waveformdiagramwhich illustrates a drivi nglmtum;m,\mmrl I ed
to a second independent Y electrode in accordance with
enbodi nent of the
illustrates time and a vertical axis illustrates line of
cells. Fig. 14(b)-Fig. 14(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
5 electrode respectively. |
A pulse wave-form 100 illustrates a part of
driving wave-~form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 101
illustrates a part of driving wave-form supplied to the
10 one of the address A electfode 29. Pulse wave-forms 102
and 103 illustrate parts of driving wave-forms supplied,
for example, to a first and a second independent ¥ |
electrodes 23.
The pulse wave-form 100 which is supplied to the
15 common X electrode 22 during the first sub-field
includes a regulating pulse 94 lasting from the electric
charge particle equalizing period 2a to the address
period 2b and the sustaining pulses 41 in the sustaining
period 2c. The voltage of the regulating pulse 94 and
20 the voltage of the sustaining pulses 41 are the same as
the fourth embodiment shown in Fig. 13, thereby a
driving circuit is simplified because the same power is
used . The pulse wave-form 101 which is supplied to one
of the address A electrodes 29 illustrates the address
25 pulses 42 in the address period 2b which corresponds to
the light emitting cell. The address pulses 42 is not
supplied when there is no cell to be emitted. The pulse
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present invention. Fig. 16(a) is a tinme chart ilTustrating an
arr angement

REPLACENMENT SHEET of sub-fields in one field in acis S laged
i nventi on. . : ﬂ, “ Illl :

wave-forms 102 and 103 which are supplied to the first
electrode of the independent Y electrodes 23 and
adjacent second electrode of the independent Y
electrodes 23 includes electric charge particles

5 equalizing pulse 43a 43b,--- in the electric charge
particle equalizing period 2a.of the first sub-field,
scan pulses 104a; 104b,~~--in the address period 2b,
sustaining pulses 45a, 45b,--- and fine line erasing
pulses 46a, 46b,-~- in the sustaining period 2c. The

10 voltage of the independent Y electrode 23 during the
address period 2c and the voltage of the sustaining
pulses 45a, 45b,--- are the same, thereby a driving
circuit is simplified because the same power is used. A
condition of electric charge particles after supplying

15 the fine line erasing pulses 46a, 46b,---is almost same
condition as shown in Fig. 8 which illustrates the
condition of electric charge particles in accordance
with the first embodiment. The condition of electric
charge particles in the other sub-fields 3-9 is the same

20 the condition.

The sixth embodiment of the present invention is
described hereinafter. Fig. 15 illustrates a sixth
driving system in accordance with a fiffh embodiment of
the present invention. Fig. 15(a) is a time chart

25 illustrating an arrangement of sub-fields in one field
in accordance with the present invention. The figure

_illustrates a division of one field into several sub-
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Fig. 16(b) is a waveformdiagramwhich illustrates a
supplied to a common X electrode in accordance with the seventh enbodlnent
of the present invention. Fig. 16(c) is a mavefdﬁnﬁum ammMmMﬁﬂ
illustrates a driving wave-form supplied to an address

accordance with the seventh enbodi nent of the present |

fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells. Fig. 15(b)-Fig. 15(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A

5 electrode, and the first and the second indepehdent Y

electrode respectively. |

A pulse wave-form 110 illustrates a part of
driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 111

10 illustrates a part of driving wave-form supplied to the
one of the address A electrode 29. Pulse wave-forms 112
and 113 illustrate parts of driving wave-forms supplied,
for example, to a first and a second_independent Y
electrodes 23.

15 | - The pulse wave-form 111 which is supplied to the
common X electrode 22 during the first sub-field
includes a first regulating pulse 114 in the electric
charge particle equalizing period 2a, a second
regulating pulse 115 in the address period 2b and the

20 sustaining pulses 41 in the sustaining period 2c. 1In
the embodiment, the regulating pulse supﬁlied to the
common X electrode 22 is divided into the first
regulating pulse 114 in the electric charge particle
equalizing period 2a and the second regqulation pulse 115

25 in the address period 2b. The pulse wave-form 111 which
is supplied to one of the address A electrodes 29

includes the address pulses 42 in the address period 2b
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Fig. 16(d) is a waveformdiagramwhich illustrates a driving wave-form

supplied to a first independent Y electrode in accomsgstes it B&, ROf..sevent h
enbodi ment of the present invention. Fig. 16(e)

diagramwhich illustrates a driving wave-form suppli i" muﬁ

I ndependent Y electrode in accordance with the sevent

present invention. Fig. 17(a) is a tine chart illustrating an

arrangenent

f the

which corresponds to the light emitting cell. The
address pulses 42 is not supplied when there is no cell
to be emitted. The pulse wave-forms 112 and 113 which
are supplied to the first electrode of the independent Y

5 electrodes 23 and adjacent second electfode of.the
independent Y electrodes.23 includes a electric charge
particle ‘equalizing pulses 43a 43b,--- in the electric
charge particle equalizing period 2a of the first sub-
field, a scan pulse 11l4a, 114b,---in the address period

10 2b, sustaining pulses 45a, 45b,~-- and fine line
erasing pulses 46a, 46b,--- in the sustaining period 2c.
A condition of electric charge particles after supplying
the fine line erasing pulses 46a, 46b,---is almost same
condition as shown in Fig. 8 which illustrates the

15 condition of electric charge particles in accordance
with the first embodiment. The condition of electric
discharge in the other sub-fields 3-9 is the same
condition. In Fig. 15, the falling edge of the first
regulating pulse is slightly earlier than that of the

20 equalizing pulse 43a, thereby preventing electric
discharging by mistake between the common X electrode 22
and the independent Y electrode. Further, a rising edge
of the second regulating pulse and a rising edge of the
scan pulses 115 is effected'at the same time, thereby

25 preventing electric discharge by mistake between the
common X electrode 22 and the independent Y electrode 23.

The first regulating pulse 114 supplied to the
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of sub-fields in one field in accordance with the preseﬁfﬁ—?ﬂVéﬁTTﬁﬁ"-'

Fig. 17(b) is a waveformdiagramwhich illustrates a dr|V|n ve f
supplied to a common X electrode in accordance with t nent

of the present
illustrates a

10

15

20

26

i nventi on. Fig. 17(c) is a wavefor
driving wave-form supplied to an address

common X electrode 22 and the sustaining pulses 41 may
use the same voltagg.

The seventh embodimént of the present invention
is described hereinafter. Fig. 16 illustrates a seventh
driving system in accordance with a seventh embodiment
of the present invention. Fig. 16(a) is a time chart
illustrating an arrangement of sub-fields in one field
in accordance with the present invention. The figure
illustrates a division of one field ihto several sub-
fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells. Fig} 16(b)-Fig. 16(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
electrode respectively.

A pulse wave-form 130 illustrates a part of
driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 131
illustrates a part of driving wave-form supplied to the
one of the address A electrode 29. Pulse wave-forms 132
and 133 illustrate parts of driving wave-forms supplied,

for example, to a first and a second independent Y

.electrodes 23.

The pulse wave-form 131 which is supplied to the
common X electrode 22 during the first sub-field
includes a first regulating pulse 134 in the electric

charge particle equalizing period 2a, a second

43
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accordance wth the ei ghth enbodi nent of the present

12 invention. Fig. 17(d) is a maveforn1d|agranhﬁq%gQngkgﬁérates a

(IR I I

regulating pulse 135 in the address period 2b and the

sustaining pulses 41 in the sustaining period 2c. The
pulse wave-form 131 which is supplied to one of the
address A electrodes 29 includes the address pulses 42

5 in the address period 2b of the first sub—field which
corresponds to the light emitting cell. The address
pulses 42 is not supplied when there is no cell to be
emitted. The pﬁlse Qave-forms 132 and 133 which are
supplied to the first electrode of the independent Y

10 electrodes 23 and adjacent second electrode of the
independent Y electrodes 23 includes a electric charge
particle equalizing pulse 136a 136b,--- in the electric
charge particle equalizing period 2a of the first sub-
field, a scan pulse 137a, 137b,---in the address period

15 2b, sustaining pulses 45a,  45b,--- and fine line
erasing pulses 46a, 46b,--- iﬁ the sustaining period 2c.

A falling edge of the equalizing pulse 136a,

136b,~-~becomes zero voltage within the time less than 1
ps in accordance with the present embodiment which is

20 different from above mentioned 'embodiment. As the
voltage of the second regqulating pulse 135 and the scan
pulses 137a, 137b, the same voltage of the sustaining
pulses 41, 45a, 45b,---is able to apply. A condition of
electric chafge particles after supplying the fine line

25 erasing pulses 46a, 46b,---is almost same condition as
shown in Fig. 8 which illustrates the condition of

electric charge particles in accordance with the first
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driving wave-form supplied to a first independent Y ér‘crrode—kn—_______

accordance with the eight enmbodi ment of the present inyg n.

YEDN Fi g,
17(e) is a waveformdiagramwhich illustrates a drivi ng WW d ed
th

to a second independent Y electrode in accordance with
enbodi nent of the present .invention. Fig. 18(a)
illustrating an arrangenent of sub-fields in one field |n accordance

t he present

embodiment. The condition of electric discharge in the
other sub-fields 3-9 is the same condition.
In the embodiment, the edge of the first
regulating pulse 139 falls before the edge of the
5 equalizing pulse falls as shown in Fig. 16, théreby
preventing electric discharge by mistake between the
common X electrode 22 and the independent Y electrode.
The eighth embodiment of the present invention
is described hereinafter. Fig. 17 illustrates a eighth
10 driving system in accordance with a eighth embodiment of
the present invention. Fig. 17(a) is a time chart
illustrating an arrangement of sub-fields in one field
in accordance with the present invention. The figure
illustrates a division of one field into seveial sub-
15 fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells. Fig. 17(b)-Fig. 17(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
20 electrode respectively.
A pulse wave-form 140 illustrates a part of
driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 141
illustrates a part of driving wave-form supplied to the
25 one of the address A electrode 29. Pulse wave-forms 142
and 143 illustrate part of driving wave-form supplied,

for example, to a first and a second independent Y
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I nventi on. Fig. 18(b) is a waveformdiagramwhich illustrates a
driving wave-form supplied to a conmon X el ectrode i--—accordance with the

ni nth enbodi nent of the present invention. Fig. 1 G %ﬁk Raﬁggﬁorm
diagramwhich illustrates a driving wave-form suppli A
el ectrode in accordance with the ninth enbodi nent of t}\ ‘\a “ﬂm

electrodes 23.

The pulse wave-form 141 which is supplied to the
common X electrode 22 during the first sub-field
includes a first regulating pulse 144 in the electric

5 charge particle equalizing period 2a, a second
regulating pulse 145 in the address period 2b and the
sustaining pulses 41 in the sustaining period 2c.

According to the present embodiment, the voltage
of the first regulating pﬁlse 144 is set higher than the

10 voltage of the sustaining pulses 41. The pulse wave-
form 141 which is supplied to one of the address A
electrodes 29 includes the address pulses 42 in the
address period 2b of the first sub-field which
corresponds to the light emitting cell. The address

15 pulses 42 is not supplied when there is no cell to be
emitted. The pulse wave-forms 142 and 143 which are
supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of the
independent Y electrodes 23 includes a electric charge

20 particle equalizing pulse 136a 136b,--- in the electric
charge particle equalizing period 2a of the first.sub—
field, a scan pulse 137a, 137b,---in the address period
2b, a sustaining pulses 45a, 45b,~--- and fine line
erasing pulses 46a, 46b,--— in the sustaining period 2c.

25 The voltage of the second regqulating pulse 144
and the scan pulses 137a, 137b,---can be set the same

voltage of the sustaining pulses 41, 45a, 45b,---. A
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I nventi on. Fig. 18(d) is a waveform di agram which—t+tustrates a

driving wave-formsupplied to a first independent Y electrode

n
accordance with the ninth enmbodi ment of the present i Y B”HRQNmm%ig.
18(e) is a waveformdiagramwhich illustrates a drivi mlm\mppl I ed
to a second independent Y electrode in accordance wth

enbodi nent of the present invention.

condition of electric charge particles after supplying
the fine line erasing pulses 46a, 46b,---is almost same
condition as shbwn in Fig. 8 which illustrates the
condition éf electric charge particles in accordance

5 with the first embodiment. The condition of eiectric
discharge in the other sub-fields 3-9 is the same with
the condition.

According to the present embodiment, the voltage
of the first regulating pulse 144 is higher than that of

10 the sustaining pulses 41. By using higher voltage of the
first regulating pulse 144, a lot of negative electric
charge particles can be collected, and as a result, a
lot of positive electric charge particles are collected
on. the address electrode 29 side, thereby address

15 discharging is performed so easily.

The ninth embodiment of the present invention is
described hereinafter. Fig. 18 illustrates a ninth
driving system in acdordance with a ninth embodiment of
the present invention. Fig. 18(a) is a time chart

20 illustrating an arrangement of sub-fields in ohe field
in accordance with the present inventioh. The figure
illustrates a division of one field into several sub-
fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of

25 cells. Fig. 18(b)-Fig. 18(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A

electrode, and the first and the second independent Y
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13 Fig.

19 is a sectional view of a plasma display panel in which a

condition of electrically charged particles in a ceH—s—tlustrated

i medi ately after power is supplied and

10

15

20

25

This Sheet Has Been Rep
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A pulse wave-form 150 illustrates a part of

electrode respectively.

driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 151
illustrates a part of driving wave-form suppliéd to the
one of the address A electrode 29. Pulse wave-forms 152
and 153 illustrate parts of driving wave-forms supplied,
for example, to a first and a second independent Y
electrodes 23.

The pulse wave-form 151 which is supplied to the
common X electrode 22 during the first sub-field
includes a equalizing pulse 153 in the electric charge
particle equalizing period 2a, a second regulating
pulse 154 in the address period 2b and the sustaining
pulses 41 and a fine line erasing pulse 155 in the
sustaining period 2c. |

According to the present embodiment, the only
one fine line erasing pulse 155 is provided. The
equalizing pulse 153 is supplied to the electrode to
which the fine line erasing pulse 155 is supplied such
as the case of the fifth embodiment. In case the
numbers of the fine line erasing pulses are two or three
as shown in the second and the third embodiment (see Fig.

11 and Fig. 12), the equalizind pulses are supplied to

- the electrode to which the last fine line erasing pulse

is supplied.

The pulse wave-form 151 which is supplied to one
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then an equali zing pul se and a regul ating pul se are —suppk-ed-in accordance
with the ninth enbodi nent. Fig. 20 is a sectionahpviem/of a plasm

di splay panel in which a condition of electrically ch aﬂimdk@haﬁn a

cell after perform ng an address electric discharge is I
accordance with ninth enbodi ment of the present invent 21

Is a sectional view of a plasma display panel in which a condltlon

el ectrically charged particles in a

of the address A electrodes 29 includes the address
pulses 42 in the address period 2b of the first sub-
field which corresponds to the light emitting cell. The
address pulses 42 are not supplied when there is no cell

5 to be emitted. The pulse wave-forms 152 and 153 which
are supplied to the first electrode of the independenﬁ Y
electrodes 23 and adjacent second electrode‘of the
independént Y electrodes 23 include a first regulating
pulse 156a, 156b,~-- in the electric charge particle

10 equalizing period 2a of the first sub-field, a scan
pulse 137a, 137b,---in the address period 2b, sustaining
pulses 45a, 45b,--- in the sustaining period 2c.

In the embodiment, the first regulating pulses
156a, 156b,---are supplied within the lapse of time 0.3

15 pysec to 2 usec - from the rising edge-of the equalizing
pulse 153.

The voltage of the second requlating pulse 144
and the scan pulses 137a, 137b,---can be set the same
voltage of the sustaining pulses 41, 45a, 45b,---as

20 shown in the fifth embodiment (see Fig. 14) A condition
of electric charge particles after supplying the fine
line erasing pulses 46a, 46b,-;-is almost same condition
as shown in Fig. 8 which illustrates the condition of
electric charge particles in accordance with the first

25 embodiment. The condition of electric discharge in the
other sub-fields 3-9 is the same with the condition.

According to the present embodiment, the first
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cell after supplying a fine line erasing pulse is illustrated—in

accordance with the ninth enbodi ment of the present inv %'%q. I g.
22 is a sectional view of a plasma display panel in whic laged
electrically charged particles in a cell after supplying " l"

Fig

pul se in a second field is illustrated in accordance wt

enbodi nent of

10

15

20

25

the present invention.

regulating pulse 43a, 43b,---are similar to the
equalizing pulse 43a, 43b,---as shown in Fig. 15, but a
equalizing pulse according to the present invention is a
pulse that rises first during electric charge particle
equalizing periocd. The reason for providing 0;3 Usec to
2 psec period between the rising edge of the equalizing
pulse 153-and the rising edge of the first regulating
pulse 156a, 156b,---has already explained.

From Fig. 19 to Fig. 23 are sectional views of
the plasma display panel in accordance with the ninth
embodiment in which the condition of electric charge
particles in the cell performed electric discharge for
light emitting are illustrated from the first sub-field
after the power is supplied to the second sub-field
until the equalizing pulses and the regqulating pulse are.
supplied. In these drawings, reference numeral 60
denotes a positive electric charge particle, reference
numeral 61 denotes a negative electric charge particle.
Further the condition of electric charge particles is
illustrated in a cell at center position of Fig. 19
through Fig. 23.

Fig. 19 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell is illustrated immediately after a power is
supplied and then a equalizing pulse and a protecting
pulse are supplied. The figure illustrate the condition

of electric charge particles in first sub-field after
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Fig. 23 is a sectional view of a plasma display panel in which a conditi-on

of electrically charged particles in a cell after supplyi ul ati ng
pulse in a second field is illustrated in accordance th the ninth
enbodi ment of the present invention. Fig. 24(a) ﬂﬂhmnw 1ce
illustrating an arrangenent of sub-fields in one field/ vﬁth
the present invention.

power is supplied at first and then the equalizing
pulses 153 are supplied to the common X electrode 22 and
finally the first regulating pulses 156a, 156b,--- are
supplied. The electric discharge occurs between the

5 common X electrode 22 and the independent Y eléctrodes
23 by supplying the equalizing pulses 153.to the
independent Y electrodes 23 in all cells, and the
negative electric charge particles 61 are gathered on
the dielectric layer in the vicinity of the independent

10 Y electrodes 23a and the common X electrode 22 and the
positive electric charge particles 60 are gathered on
the gddress A electrodes 29 side.

Fig. 20 is a sectional view of a plasma display

panel in accordance with the ninth embodiment in which a

15 condition of électric charge particles in a cell aftef —
performing an address electric discharge is illustrated.
In Fig. 20, the condition of electric discharges is
illustrated after the address pulses 42 is supplied to
the address A electrodes 29 and address electric

20 discharges are performed between the address A electrode
29 and the independent Y electrode 23. The posifive
electric charge particles 60 are gathered on the
dielectric layer in the vicinity of the independent Y
electrode 23 because the voltage of the independént Y

25 electrode 23 is lower than the voltages of the address A
electrode 29 and the common X electrode 22. The

negative electric charge particles 61 are gathered on
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14 Fig. 24(b) is a waveform di agram whi ch iILg%LLQLQ;.a—_dLLv+ﬁg
wave-form supplied to a common X electrode in accordance with the tenth

enbodi ment of the present invention.

10

15

20

25

as Been Replaced
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the other electrode side.

The condition of the electric charge particles
is shown in Fig. 20. The sustaining electric disdharge
occurs between the independent Y electrode 23 and the
common X electrode 22 by the positive electric.charges
particles 60 and the first pulse of the sustaining
pulses 45a, 45b,—--supp1iéd to the independent Y
electrode 23. This is a sustain discharge.

Fig. 21 is a sectional view of a plasma display
panel in which a condition of electric charge'particles
in a cell after supplying a fine line erasing pulse is
illustrated. In Fig. 21, the condition of electric
discharge after the last sustaining pulses 45a, 45b,—--
are supplied to the independent Y electrode and then the
fine line erasing pulses 155 are supplied to the common
X electrode 22 is illustrated.

The pulse width of the fine line erasing pulse
155 is longer than the discharge continuation time, so
that negative electric charges particles 61 which move
so quickly are gathered on the dielectric layer in the
vicinity of the common X electrode 22. The positive
electric charge particles that move slowly in space
float in the cell. The negative charges float discharge
space for a while.

Fig. 22 is a sectional view of a plasma display
panel in accordance with the ninth embodiment in which a

condition of electric charge particles in a cell after
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Fig. 24(c) is a waveformdiagramwhich illustrates a _driving wave-form
supplied to an address A electrode in accordance Mﬁth t he tenth e I ment
of the present invention. Fig. 24(d) is a maveﬁmsﬁwd
illustrates a driving wave-form supplied to a first i
el ectrode in accordance wth the tenth enbodi nent of t
i nvent i on.
supplying a equalizing pulses in a second field is
iilustrated.
In Fig. 22, a condition of electric discharge
after the equalizing pulse 153 in the second sub-field
5 is supplied is illustrated. The voltage of the
equalizing pulse 153 is canceled by the negative charge
particles 61 and is not reached to the discharge voltage, -
so that any electric discharge is not occurred.
Fig. 23 is a sectional view of a plasma display
10 panel in which a condition of electric charges in a cell
after supplying a regulating pulse in a second field is
illustrated.
In the figure, the condition of electric charge
particles after the first regqgulating pulses 156a, 156b,-
15 -~ are supplied to the independent Y electrode 23 is '
illustrated. The negative electric charge particles 61
“‘are gathered on the dielectric layer in the vicinity of
the common X electrode 22 an& the independent Y
electrode 23, and the positive electric charge particles
20 60 are gathered on the address A electrode 29. By this,
the same driving as the first sub-field is performed
without electric discharge by the equalizing pulses 153.
The tenth embodiment of the present invention is
described hereinafter. Fig. 24 illustrates a tenth
25 driving system in accordance with a tenth embodiment of
the present invention. Fig. 24(a) is a time chart

illustrating an arrangement of sub-fields in one field
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-
Fig. 24(e) is a waveformdiagramwhich illustrates a driving wave- foa
supplied to a second i ndependent Y electrode in accdmdﬁn@éhm ent h
enbodi ment of the present invention. Fig. 25(a) L
illustrating an arrangenent of sub-fields in one fieI

t he present invention. Fig. 25(b) is a waveform |agran1mh|ch
illustrates a driving wave-form supplied to a comon X el ectrode in

W th

in accordance with the present invention. The figure
illustrates a division of one field into several sub-
fields such as the case of Fig. 18. A horizontal axis
illustrates time and a vertical axis illustrates line of

5 cells. Fig. 24(b)-Fig. 24(e) illustrate wave—forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
electrode respectively.

A pulse wave-form 160 illusfrates a part of

10 driving wave-~-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 161
illustrates a part of driving wave-form supplied tb the
one of the address A electrode 29. Pulse wave~forms 162
and 163 illustrate parts of driving wave-forms supplied,

15 for example, to a first and a second independent Y
electrodes 23.

The pulse wave-form 160 which is supplied to the
common X electrode 22 during the first sub-field
includes a equalizing pulse 163 in the electric charge

20 particle equalizing period 2a, a second regulating pulse
165 which continues from equalizing pulse 164 in the
electric charge particle equalizing period 2a and the
address period 2b and the sustaining pulses 41 and a
fine line erasing pulse 155 in the sustaining period 2c.

25 According to the present embodiment, the only
one fine line erasing pulse is provided. The equalizing

pulse 164 is supplied to the electrode to which the fine
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accordance with the el eventh enbodi mrent of the present invention,
Fig. 25(c) is a waveform di agram which il ]l ustrates “@nis SHeét HasBeemBaplrcédor m

supplied. to an address A electrode in accordance wt
enbodi nent of the present invention. Fig. 25(d4 [“ di agr am

which illustrates a

line erasing pulse 155 is supplied such as the case of
the first embodiment. In case the numbers of the fine
line erasing pulses are two or three as shown in the
second and the third embodiment (see Fig. 11 and Fig.

5 12), the equalizing pulse is supplied to the electrode
to which the last fine line erasing pulse is supplied.
The pulse wave-form 161 which is supplied to one of the
address A electrodes 29 includes the address pulses 42
in the address period 2b of the first sub-field which

10 correspond to the light emitting cell. The address
pulses 42 are not supplied when there is no cell to be
emit;ed. The pulse wave-forﬁs 162 and 163 which are
supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of the

15 independent Y electrodes 23 includes a first regulating
.pulse 156a, 156b,--- in the electric charge particle
equalizing period 2a of the first sub-field, scan pulses
137a, 137b,---in the address period 2b, sustaining
pulses 45a, 45b,--- in the sustaining period 2c. In the

20 embodiment, the first regulating pulses 156a, 156b,---
are supplied within the lapse of time 0.3 usec to 2 usec
from the rising edge of the equalizing pulse 153. The
voltage of the second regulating pulse 165 and the scan
pulses 137a, 137b,---can be set the same voltage of the

25 sustaining pulses 41, 45a, 45b,---as shown in the ninth
embodiment (see Fig. 18). The other sub-fields 3-9 are

constructed the same as the first sub-field.
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15 driving wave-formsupplied to a flrst | ndependent Y electrode in .
accordance with the el eventh enbodi ne of the presefmhis Sheetdiat $ PagpyReplaced

(e et arennte s TN

10

15

20

25

A condition of electric charge particles after
supplying the fine line erasing pulses 46a, 46b,---are
almost same condition as shown in Fig. 8 which
illustrates the condition of electric charge particles
in accordance with the first embodiment. The dondition
of electric discharge in the other sub-fields 3-9 is the
same condition.

According to the present embodiment, the reason
for setting the voltage of the equalizing pulse 164 a
higher voltage is to collect the negative electric
charge particles on the common X electrode side, and to
collect lots of positive electric charge particles on
the address A electrode 29. Further, the reason for
setting the voltage of the second reguiating pulse 165
in the address period 2b is to protect electric
discharging by mistake between the common X electrode 22
and the independent Y electrode 23.

The eleventh embodiment of the present invention
is described hereinafter. Fig. 25 illustrates a
eleventh driving system in accofdance with a eleventh
embodiment of the present invention. Fig. 25(a) is a
time chart illustrating an arrangement of sub-fields in
one field in accordance with the present invention. The
figure illustrates a division of one field into several
sub-fields such as the case of Fig. 5. A horizontal
axis illustrates time and a vertical axis illustrates

line of cells. Fig. 25(b)-Fig. 25(e) illustrate wave-
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driving wave-form supplied to a second independent Y elee%Fede_L\\‘§__~Nh__
nti on.

accordance with the el eventh enbodi nent of the present |n
Fig. 26(a) is a time chart illustrating an arrangenent hffetfﬁsatsenlggplaced
one field in accordance with the present invention.

wavef or m di agramwhich illustrates a driving wave- formsup Wﬂrﬂ”
common X electrode in accordance with the twelfth enbodi nent o
pr esent

forms of pulses supplied to the common X electrode, the
address A electrode, and the first and the second
independent Y electrode respectively.
A pulse wave-form 170 illustrates a part of
‘5 driving wave-form supplied to the common X eleétrode 22
in the first sub-field. A pulse wave~form 171
illustrates a part of driving wave-form supplied to the
one of the address A electrode 29. Pulse wave-forms 172
and 173 illustrate parts of driving wave-forms supplied,
10 for example, to a first and a second independent Y
‘electrodes 23.

' The pulse wave-form 170 which is supplied to the
common X electrode 22 during the first sub-field
includes a regulating pulse 40 in the period continuing

15 from the electric charge particles equalizing period 2a
to the address period 2b and the sustaining pulses 41
in the sustaining period 2c. The pulse wave-form 171
which is supplied to one of the address A electrodes 29
includes a voltage holding pulse 174 whose voltage is

20 determined not to occur a discharge by the scan pulses
44a, 44b,--- and the address pulses 42 in the address
period 2b of the first address period 2b which
corresponds to the light emitting cell and between the
address electrode 29 and the independent Y electrode 23.

25 The address pulses 42 is not supplied when there is no
cell to be emitted. According to the presént embodiment,

the voltage needed for the address electric discharging
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I nventi on. Fig. 26(c) is a waveform di agram whi ch—ittustrates a
driving wave-form supplied to an address A el ectrode 'Qh
the twel fth enbodi nent of the present invention.

wavef orm di agram which illustrates a driving wave- form
I ndependent Y electrode in accordance with the tmelfth

ccordance mnth

Rﬂﬁmﬁﬁ

T

is the sum of the voltage of the voltage holding pulse

174 and the voltage of address pulses 175, thereby
reducing the voltage of the address pulses 175. The
address pulses 175 is not supplied when there is no cell
to be emitted. The pulse wave-forms 172 and 173 which

are supplied to the first electrode of the independent Y

electrodes 23 and adjacent second electrode of the

independent Y electrodes 23 include equalizing pulses

43a, 43b,--- in the electric charge particle equalizing

10 period 2a of the first sub-field, a scan pulse 44a,

44b,---in the address period 2b, sustaining pulses 45a,

45b,--- in the sustaining period 2c. The voltage of the

regulating pulse 40 and the scan pulses 44a, 44b,~--can

be determined to the same voltage of sustaining pulses

15 41' 458., 45b,-‘_"‘¢

A condition of electric charge particles after

supplying the fine line erasing pulses 46a, 46b,---is

almost the same condition as shown in Fig. 8 which

illustrates the condition of electric charge particles

20 in accordance with the first embodiment.

The condition

of electric discharge in the other sub-fields 3-9 is the

same condition.

The twelfth embodiment of the present invention

is described hereinafter. Fig. 26 illustrates a twelfth

25 driving system in accordance with a twelfth embodiment

of the present invention. Fig. 26(a) is a time chart

illustrating an arrangement of sub-fields in one field
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_
present invention. Fig. 26(e) is a waveform di agram whi ch |Ilustrates
a driving wave-formsupplied to a second independent Y Toi SittH3EIBech Repla

accordance with the twelfth enbodi nent of the present in |g
27(a) is a tinme chart illustrating an arrangenment of sub-

field in accordance with the present

in accordance with the present invention. The figure
illustrates a division of one field into several sub-
fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of

5 cells. Fig. 26(b)-Fig. 26(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
electrode respectively.

A pulse wave-form 180 illustrates a part of

10 driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 181
illustrates a part of driving wave-form supplied to the
one éf the address A electrode 29. pulse wave-forms 182
and 183 illustrate parts of driving wave-forms supplied,

15 for example, to a first and a second independent Y
electrodes 23.

The pulse wave-form 180 which is supplied to the
common X electrode 22 during the first sub-field
includes a regulating pulse 184 in the electric charge

20 particleé particle equalizing period 2a, the sustainihg
pulses 41 in the sustaining period 2c.

The pu;sg?wavé-form 181 which is supplied to one
of the address A electrodes 29 includes the address
pulses 42 in the address period 2b of the first address

25 period which corresponds to the light emitting cell.
The address pulses 42 is not supplied when there is no

cell to be emitted. The pulse wave-forms 182 and 183
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16 I nventi on. Fig. 27(b) is a waveformdiagramwhich illu :
driving wave-form supplied to a common X el ectrode in ccordance with the

t hirteenth enbodi nent of the present invention. cet Has Been Replaced

"

which are supplied to the first electrode of the
independent Y electrodes 23 and adjacent second
electrode of the independent Y electrodes 23 include a
equalizing pulse 43a, 43b,--- in the electric charging

5 equalizing period 2a of the first sub-field, scan pulses
137a, 137b,---in the address period 2b, sustaining
pulses 185a, 185b,---in the addfess period 2b and
sustaining pulses 45a, 45b,--- and fine line erasing
pulses 46a, 46b,--~ in the sustaining period 2c. The

10 voltage of the regulating pulse 184 can be determined
the same the voltage of the sustaining pulses 41.

A condition of electric charge particles after
supplying the fine line erasing pulses 46a, 46b,---is
almost same condition as shown in Fig. 8 which

15 illustrates the condition of electric charge particles
in accordance with the first embodiment. The condition
of electric discharge in the othér sub-fields 3-9 is the
same condition. According to the present embodiment,
the voltage of the scan pulses 185a, 185b,---is minus

20 voltage and the voltage of the address pulses 42 is plus
voltage, therefore the voltage differences becomes so
large that the electric discharge is performed surely.

| The thirteenth embodiment of the present
invention is described hereinafter. Fig. 27 illustrates

25 a thirteenth driving system in accordance with a
thirteenth embodiment of the present inveﬁtion. Fig.
27(a) is a time chart illustrating'an arrangement of
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Fig. 27(c)-is a waveformdi agram which illustrates a dri;Tﬁﬁ‘EEVE?fofﬁ+-‘__

supplied to an address A electrode in accordance with the IﬁﬂgﬁéﬁﬂEﬂ]

enbodi ment of the present invention. Fig. 27(d) is a 9 Replaced
diagram which illustrates a driving wave-form supplied to
i ndependent Y electrode in accordance with the thirteenth

the present invention.

sub-fields in one field in accordance with the present
invention. The figure illustrates a division of one
field into several sub-fields such as the case of Fig.
18. A horizontal axis illustrates time and a vertical

5 axis illustrates line of cells. Fig. 27(b)-Fi§. 27(e)
illustrate wave-forms of pulses supplied to the common X
electrode, the address A electrode, and the first and
the second independent Y electrode respectively.

A pulse wave-form 190 illustrates a part of
10 driving wave-form supplied to the common X electrode 22
” in the first sub-field. A pulse wave-form 191

illustrates a part of driving wave-form éupplied to the
one of the address A electrode 29. Pulse wave-forms 192
and 193 illustrate-parts of driving wave-forms supplied,

15 for example, to a first and a second independent Y
-electrodes 23.

The wave-form 190 which is supplied to the

common X electrode 22 during the eighth sub-field and
the field blank period 9d thereafter includes a

20 regulating pulse 40 in the electric charge particle
equalizing period 2a and the address period 2b lasting
from the equalizing period 2a, sustaining pulseé 41 and
a full writing pulse 194 in the sustaining period 2c.
In the embodiment, the voltage of the full writing pulse

25 194 is higher enough to be discharged regardless the
sustaining discharge is performed or not. As a result,

the electric charge particles in all cells are equalized.
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Fig. 27(e) is a waveformdiagramwhich illustrates a dTTVfﬂg—V%w%#iiﬁin___

supplied to a second i ndependent Y electrode in accorda e h the

thirteenth enbodi nent of the present invention. Figss Bgeg Repldckdre
chart illustrating an arrangenent of sub-fields in one.\flﬂ, Hﬂlm nce
with a second enbodinent of the present invention.

wavef or m di agram whi ch |IIustrates a driving wave-form supplied

common X el ectrode in
The field blank period 9d can be provided between the

sub-fields. And also, the field blank period 9d is able
to arrange several times in one field. The pulse wave-
form 191 which is supplied to one of the address A

5 electrodes 29 includes the address pulses 42 in the
address period 2b. The address pulses 42 is not
supplied when there is no ce;l to be emitted. The pulse
wave-forms 192 and 193 which'are supplied to the first
electrode of the independent Y electrodes 23 and

10 adjacent second electrode of the independent Y
electrodes 23 include the equalizing pulses 43a, 43b,---
in the electric charging equalizing period 2a, the scan
pulses 44a, 44b,~--in the address period 2b, the
sustaining puises 45a, 45b,--- in the sustaining period

15 2c and fine line erasing pulses 195a, 195b,---in the
field blank period 9d. The voltage of the regulating
pulse 40 and the scan pulées 44a, 44b, --- can be
determined the same as the voltage of the suétaining
pulses 41. A condition of electric charge particles

20 after supplying the fine line erasing pulses 195a,

- 195b,~--is almost'same condition as shown in Fig. 8
which illustrates the condition of electric charge
particles in accordance with the first eﬁbodiment. The
condition of electric discharge in the other sub-fields

25 3-9 is the same as the condition.
According to the present embodiment , any

electric charge particle in the cells is not remained
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accordance with the fourteenth enbodi mrent of the present —invention
Fig. 28(c) is a waveformdiagramwhich illustrates a dr|V|ng vave- form
supplied to an address A electrode in accordance with trhig StieetiHat Befn Rplaced

cnbed et of e’ present” { vent on IHIEAN

when black portion continues across several sub-fields,

v

and the address electric discharges are not performed
well in the coming address period. To prevent this
situation, a discharges are forced by the field full

5 writing pulse 194 between the common X electrode 22 and
the independent Y electrode 23.

As explained the above, the plasma.display
driving system in accordance with the first through the
twelfth émbodiments can drive the panel without using

10 the full writing electric discharge and erasing
discharge for all the cells for equalizing the electric
charge particles . |

'Still another embodiments of the present
invention will be explained hereinafter.

15 Fig. 28 illustrates driving system of a plasma
display panel in accordance with a fourteénth embodiment
~of the present invention. Fig. 28(a) is a time chart
illustrating an arrangement of sub-fields in the first
sub-field. A horizontal axis illustrates time, and a

20 vertical axis illustrates lines of cells. Fig. 28(b)-
Fig. 28(g) are wave-forms illustrating pulse wave-forms
supplied to a common X electrode, address A electrode
and four independent Y electrode respectively. In the
figure, reference numeral 201 denotes a field, reference

25 numerals 202-203 denote sub-fiélds, reference numeral
202a-209a denote address periods, reference numeral

202b-209b denote sustaining periods, reference numeral
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17 Fig. 28(d) is a waveformdiagram which illustrates a driving
wave-form supplied to a first independent Y el ectrode ifjis8adetHiaBeen®epliced

the fourteenth enbodi nent of the present invention. ““ﬁl““m“ml S a

wavef orm di agram which illustrates a
210-213 denote field blocks, reference numeral 210a-213a

denote full writing periods. A wave-form 220 is a
driving wave-form supplied to the common X electrode, A
wave-form 221 is a driving wave-form supplied to the
5 address A electrode 29, wave-forms 222-225 are driving
wave-forms supplied to-a first, a second, a third and a
fourth electrodes of the independent Y electrodes 23.
In Fig. 28(a), one field period 201 is divided
into eight sub-fields 202-209, one field block is
10 arranged by two successive sub-fields, therefore one
field period 201 is constructed by four field blocks.
In each field block, the full writing periods
210a; 211la, 212a and 213a which are arranged first
period of sub-fields are provided in each first sub-
15 field 202, 204, 206 and 208 of the field blocks 210-213,
| and following the writing period 210a-213a, the address
period 202a, 204a, 206a and 208a and sustaining period
202b, 204b, 206b and 208b are provided. In the second
sub-fields 203, 205, 207 and 209 which follow the first
20 sub-fields 202-208, the address period 203a, 305a, 207a
and 209a are provided first, and then the sustaining
period 203b, 205b, 207b and 209b are provided.
The numbers of light emitting are allotted for
each sustéining period 202b-209b, and display
25 graduations are effected by the combinations of the
numbers of the light emitting. The numbers of light

emitting and the order of the sub-fields are optional.
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driving wave-form supplied to a second independent Y -etectrode
en

accordance with the fourteenth enbodi nent of the presepnf. j,nvention.

Fig. 28(f) is a waveformdiagramwhich illustrates a d 0 d
supplied to a third i ndependent Y electrode in accordani I u ,
fourteenth enbodi nent of the present invention. Fi _

waveform diagramwhich illustrates a driving wave-formsupplied to a

fourth i ndependent Y
In the embodiment, the numbers of light emitting of the

sustaining periods 202b, 204b, 206b, 208b, 203b, 205b,
207b and 209b are arranged in this order from few
numbers. The sustaining period 202b, 204b, 206b and

5 208b just before the sub-fields 203, 205, 207 and 209 in
which the full writiﬁg erase periqd are not provided
have fewer numbers of light emitting.

' Fig. 28(b) illustrates the field block 210, and

the other field blocks are constructed similarly. The

10 driving wave-form 220 supplied to the common X electrode
22 includes in the first sub-field 202 a full writing
pulse 240 and a polarizing pulse 241 in the first full
writing erasing period 210a, a high pulse 242 in the
succeeding address period 202a and sustaining pulses 243

15 and a electric charge particle control pulse 244 and a
fine line erasing pulse 245 in the succeeding sustaining
period 202b, and further include in the succeeding sub-
field a high pulse 246 and sustaining pulses 247._

The voltage of the electric charge particle

20 control pulse 244 and the fine line erasing pulse 245 is
the same as or less than the voltage of the sustaining
pulses 243. Next to the sustaining pulses 247 is the
field block 211. The voltage of the full writing pulse
240 is stepped up a level. The voltage is usually

25 determined about 300 volts, and the reason for stepping
up a level is to construct the circuit simply, therefore

the stepping up the voltage of full writing pulse 240_is
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el ectrode in accordance with the fourteenth enbodi ment o

I nventi on. Fig. 29 is a sectional view of a plasma,rh
which a condition of electrically charged particles in a
supplying sustaining pulses is illustrated in accordance

shown in Fig. 28(a)-28(g) of the present invention.

play panel
Pze@r Replaced

W '

secti onal

view of a plasnma display panel

10

15

20

25

not always necessarily.
| The driving wave-form 221 supplied to the

address A electrode 29 shown in Fig. 28(a) includes, in
the first sub-field, plurality of the address pulses
248a, 248b,--- which relates to the cells to bé emitted
in the address period 202a, and include, in the
succeeding sub-field 203, plurality of address pulses
249a, 249b,--- in the address period 203a.

Fig. 28(d)-28(g) are wave-forms 222,223,224 and
225 supplied to four independent Y electrodes 23 whose
electrodes 23 are arrénged side by side include, in the

first sub-field 202, scan pulses 250a, 250D, 250¢c,

+ 250d,--- in the address period 202a, sustaining pulses

25l1a, 251b, 251c, 251d,--- selection electric discharge
pulses 252a, 252b, 252c, 252d---, fine line erasing |
pulses 253a, 253b, 253c, 263d,--- in the sustaining
period 222b and include; in the succeeding sub-field 203,
scan pulses 254a, 254b, 254c, 254d,---, in the address
period 203a, sustaining pulses 255&, 255b, 255¢, 255d,--~
- in the sustaining period 203b.

The voltage of selection electric discharge
pulses 252a, 252b, 252c¢, 252d,--- is almost the same as
the voltage of the electric charge particle control
pulse 244, and the electric charge particle control
pulse 244 rises with time lag from the rising edge of
the selection electric discharge pulses 252a, 252b, 252c,

252d,---, and the delay time tl is 0.1 psec-1.5 usec.
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-
in which a condition of electrically charged partlcles In a cell durlng

di scharging by a selection electric discharge pulse ig.id ew&kmmméwwﬂﬁ
accordance with the enbodi mrent shown in Fig. 28(a)-28 nt
i nventi on. Fig. 31 is a sectional view of a plasna in

which a condition of electrically charged particles in
REPLACEMENT SHEET

The electric charge particle control pulse 244 falls
earlier than the selection electric discharge pulses
252a, 252b, 245c, 252d,---. The time t2 is about 0.1
usec-1.0 sec. The reason for setting the time lag from

5 the rising edge of the election electric discharge
pulses 252a-252d to the rising edge of the electric
charge particle control pulse 244 as above mentioned is
that, if the time sets longer than that, a lot of
negative electric-charge particles gathers on the

10 independent Y electrode 23, and a few negative electric
charge particles gathers on the common X electrode 22.
Further, the reason for rising the selection electric
discharge pulses 252a-252d a little earlier than the
electric charge particles control pulse 244 is to cause

15 the electric discharge by the selection electric
discharging betﬁeen the common X electrode 22 and
independent Y electrode 23. The reason for falling the
electric charge particles 244 is to defends the electric
charge between the common X electrode 22 and the

20 independent Y electrode 23 when the selection electric
discharge pulses 252a-252d falls.

The selection electrié discharge pulses 252a,
252b, 252c¢, 252d,---,the fine line ergsing pulses 253a,
253b, 253c, 253d,--- and the electric discharge particle

25 control pulse 244 are not provided iﬁ the succeeded sub-
field 203 of the field block 210 of Fig. 28(a).

The sustaining pulses of the sub-field 203
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1 8 cell during the supplying of an electrically charged particle contro
pulse is illustrated in accordance with the enbodi mentsRsHAsBeén KEplaced

28(a)-28(g) of the present invention. Fig. 32 is I w of
a plasma display panel in which a condition of electric$unﬁﬂl

particles in a cell after supplying a fine |ine erasing

terminate with the sustaining pulses 255a, 255b, 255c,
255d,~-~- supplied to the independent Y electrodes 23.
The same driving wave-forms are used in the
other field blocks 211-213, but the numbers of the
5 sustaining pulses are different. The selectioh electric
discharge pulses, the electric charge particle control
pulse and the fine line erasing pulses are provided in
the first sub-field 204, 206, 208 of the field blocks
210-213.
10 The function of the embodiment is explained with
Fig. 29-Fig. 32.
The electric discharges occur in all the cells
by the full writing pulse 240 supplied to the common X
electrode 22 in the field block 210 of Fig. 28(a)-~Fig.
15 28(b) and the electric charge particles are formed.
Under these circumstances, the negative electric charge
particles 61 are gathered on the address A electrode 29
side. The electric discharge for polarization occurs by
.the polarization pulse 241, and electric discharge
20 particles on the common X electrode 22 side and the
independent Y electrode 23 side are polarized.
The scan pulses 250a of the wave-form 222 are
supplied to the first line of the independent Y
electrode 23 and at the same time, the address pulses
25 248a are supplied to the predetermined address A
electrode 29 in the succeeded address period 202a,

thereby generating full writing electric discharge and
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illustrated in accordance with the enbodi ment shown itfiskhegt Has B&p Ripldced).

28(g) of the present invention. Fig. 33 is ati -fields
illustrating a driving nethod in accordance with the di ment
of the present invention. Fig. 34 is a tinme chart® 10~ S
illustrating a driving nethod in accordance with the sixteenth enbodi nent

of the present invention.

forming the electric charge particles in the cell
positioned'at the cross point'of first line of the
independent Y electrode 23 and the address A electrode
29, and the positive electric charge particles are
5 gathered on the independent Y electrode 23 side in the
cell. |
In a similar way, when the scan pulsés 250c of
the driving wave-form 224 are supplied to the third
ihdependent Y electrode 23 and the address pule 248b is
10 supplied to predetermine address A electroae 29, thereby
generating full writing electric discharge and forming
the electric charge particles in the cell positioned at-
the éross point of tﬁe third line of the independent Y
electrode 23 and the address A electrode 29, and the
15 positive electric charge particles 60 are gathered on
the independent Y electrode 23 side in the cell.
The address pulses which correspond to the scan
pulses 250b, 250d of the driving wave-form 223, 225
supplied to the second and the fourth independent Y
20 electrode 23 are not supplied when the predetermined
cells are not emitted, therefore, writing electric
discharges do not occur and electric charge particle is
not formed on the independent Y electrode 23 side.
The sustaining discharge or light emitting
25 discharge in the sustaining period 202b occurs by the
sustaining pulses 234 of the driving wave-form 220 and

the sustaining pulses 25la, 251b, 251c, 251d,---, of the
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Fig. 35 is atinme chart of sub-fields illustrating a .d |thg%aﬁkmuad|n
accordance with the seventeenth enbodinent of the p

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The pr nts of
the present invention wll be described with referen ngs
her ei nafter. Fig. 1 illustrates an expl oded perspective view of a

pl asma di splay panel relating to the first enbodi nent of

driving wave-forms 222, 223, 224, 225 in the cell in
which the positive electric charge particles are
gathered on the independent Y electrode 23 side.
The optibnal or selecting electric discharges
5 occur by the selection electric discharge pulsés 252a,
252b, 252c¢ and 252d in the cell in which the sufficient
electric charge particles are formed by the electric
discharge for light emitting. The positive electric
discharge particles 60 are gathered on the address A
10 electrode 29 side by supplying electric charge particle
control pulse 244 to the common X electrode 22 before
the electric discharges by the selection electric
discharge pulses 252a, 252b, 252¢, 252d4,---, cease.
After that, the erasing electric discharge is
15 caused by the fine line erasing pulse 245 of the wave-
form 220 supplied t6 the common X electrode 22 and the
fine line erasing pulses 253a, 253b, 253c, 253d,---, of
the wave-form 222 supplied to the independent Y
electrode 23, and the electric charge particles on the
20 common X electrode 22 side énd on the independent Y
electrode 23 side are mainly erased. Thereby, the
condition of the electric charge particles in all cells
in which the electric discharges are caused is almost
same as the condition of the electric charge particles
25 after the full writing erasing period Zlqa is finished.
On the other hand, the writing electric

discharges or the address electric discharges are not
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t he present
t ranspar ent

I ndependent Y ele ode provi
substrate 21, and a X bus el ectrode 24 and a Y bus "’I" "”m”l "’

10

15

20

25

I nventi on. A transparent connDn X electrode 22 and a

caused in the cells in which the electric discharges for
light emitting are not caused and the condition of
electric charge particles are the same condition after
the full writing erasing period 210a is finished.

As explained above, the electrie charge
particles in all cells at a point of time after the
final erasing pulses 245, 253a, 253b, 253c, 253d,---,
are supplied in the first sub-field 202 can be made the
same condition after the full writing erasing éeriod
210a is finished. By this, in the succeeding sub-field,
address electric discharges in all the cell can be
caused without providing a full writing erasing period.

| The same functions are repeated in the field
blocks 211-213, and a screen of one field is constructed.

Fig. 29-Fig. 32 are sectional views of plasma
display panel illustrating a condition of the electric
charge particles in a cell in which a sustaining
discharge is performed. Referring now to the drawing,
wherein like numerals are utilized to designate like
parts throughout the several views, reference numeral 60
denotes a positive electric charge particles and
reference numeral 61 denotes negative electric charge
particles. The condition of the electric charge
particles in the drawings is illustrated in a center
cell of three cells.

Fig. 29 is a sec;ional view of a plasma display

panel in which a condition of electric charge particles
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19 electrode 25 are | am nated on the electrodes 21~aﬁd—22”'T€§BEEFr;eIy.
A dielectric layer 26 and a protecting |ayer such as ac ne§i um

(MO, are provided on these electrodes 22, 23 24TBW Hlas ee ss A
el ectrode 29 provided on a back gl ass substrate 28

per pendi cular to the common X el ectrode 22 and the |
23 on the front glass substrate 21.

- ectrode

in a cell after supplying sustaining pulses is
illustrated in accordance with a embodiment shown in Fig.
28(a)-28(e) of the present invention. The negative
electric charge particles 61 are gathered on the

5 dielectric layer 26 of the common X electrode 22 side
and the positive electric charge particles 60 are
gathered on the dielectric layer 26 of the independent Y
electrode 23 side after a final pulse of the sustaining
pulses 243 is supplied to the common X electrode 22.

10 Fig. 30 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell during discharging by a selection eléctric
discharge pulse is illustrated in accordance with the
embodiment shown in Fig. 28(a)-~28(e) of the present

15 invention. Electric discharges are caused by the
voltage of the selection electric discharge pulses 252&,
252b, 252c, 252d,--- and the voltage of positive
electric charge particles gathered on the dielectric
layer at the independent Y electrode 23 and caused

20 between the independent Y electrode 23 and the common X
electrode 22 when selection electric discharge pulses
252a, 252b, 252c, 252d,---, are supplied to the
independent Y electrode. Thereby many positive and |
negative electric charge particles are generated in the

25 discharging space.

Fig. 31 is a sectional view of a plasma display

panel in which a'condition of electric charge particles
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The address A electrode 29 is covered by a dielectricTayer and a

partition wall 31 arranged parallel to the address A ehgscgtheq)ﬁgw’% li laced
provi ded on the el ectrode 29. A phosphor 32 is coated OT 8‘ a%

wal | 31 and the address A el ectrode 29. Fig. 2is

of a plasma display panel as seen in the direction of a

The address A electrode 29 is centered with respect to the two partltlon
wal I s. A discharge gas, such as a neon gas or a

in a cell when electric charge particle control pulse is
supplied is illustrated in accordance with the
embodiment shown in Fig. 28(a)-28(e) of the present
invention. The positive electric charge particles are

5 gathered on the address A electrode 29 when the electric
charge particle control pulse 244 is supplied to the
common X electrode 22 because the voltages of the common
X electrode 22 and the independent Y electrode 23 are
almost same and the voltages are higher than the voltage

10 of address A electrode 29. Erasing of electric charge
particles by erase pulse are still needed because there
still remains electric charge particles on the common X
elecérode 22 side, on the independent Y electrode 23
side and in the discharging space which are not

15 neutralized and not erased.

Fig. 32 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after 'supplying a fine line erasing pulse is
illustrated in accordance with the embodiment shown in

20 Fig. 28(a)-28(e) of the present invention. The positive
electric charge particles 60 are gathered on the address
A electrode 2§ side and the negative electric charge
particles 61 are gathered on the common X electrode 22
side and the independent Y electrode 23 side. The

25 condition of electric charge particles is the same after
the full writing erase period 210a is finished.

A condition of electric charge particles after
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xenon gas, is filled in a space 33 that is provrded bet ween the fraont
gl ass substrate 21 and the back gl ass substrate Ths&me acd
sectional view of a plasma display panel as seen |n th u arrow
Bin Fig. 1. A border of each cell is shown by a dotte

common X electrode 22 and the independent Y el ectrode 23 are arranged
alternatively. In an AC type plasnma display pane

the full writing erasing period 210a is finished is
maintained in the sustaining period 202b because the
address electric discharges are not performed in the
cells in which no sustaining electric discharge is

5 performed. Also, any electric discharge is not
performed by the selection electric discharge pulses
252a, 252b, 252c¢, 252d,---, and there is no change in
the condition of electric charge particles even if
electric charge particle control pulse 244 and erasing

10 pulse are supplied. Therefore, the condition of electric
charge particles in all cells is almost same as the
condition after the full writing erasing period 210a and
the address electric discharge or a writing electric
discharge is caused in next sub-field 203, thereby

15 increasing the contrast by double.

By increasing the voltage of the address pulses
249a and 249b in the.sub—field 203, 205, 207, 209 in
which the full writing erasing period is not arranged,
comparing with the voltage of the address pulses 249%a

20 and 249b in the other sub-field 202, 204, 206 and 208,
the address electric discharges are caused,surely even
in the cell in which sustaining electric discharges are
not performed, because the positive electric charge
particles 60 on the address A electrode 29 side are

25 reduced gradually by neutralization.

Fig. 33 is a time chart of sub-fields

illustrating a driving system in accordance with a third
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the electrically charged particles on the dielectric layer in the vicinity
of the common X el ectrode 22 and the independent Y elfgddhetiBasdBerteplaced

electrically

divided into positive electrically charged particles amlmﬂlmrmnll

10

15

20

25

embodiment of the present invention. Referring to the
drawing, a horizontal axis illustrates time, and a
vertical axis illustrates lines of cells. Reference
numeral 270 denotes one field period, 271-276 denote
sub-fields, 27la-276a denote address periods, 271b-276b
denote sustaining periods, 277 and 278 denote field
blocks, 277a and 278a denote full writing erasing
periods.

One field period 270 is divided into six sub-
fields 271-276, and consecutive first three sub-fields
271-273 construct the field block 277 and succeeding
consecutive three sub-fields 274-276 construct the other
field block 278.

In the first period of these field blocks 277
and 278, the full writing erasing period 277a and 278a
are arranged. In each sub-field 217-276, the address
period 271a-276a and the sustaining period 271b-276b are
arranged but the full writing erasing period 277a and
278a are not provided. That is, the full writing
erasing period 277a and 278a are arranged at the first
part of the first éub-fields 271 and 274 of the field
blocks 277 and 278. The numbers of the light emitting
are allotted for the sustaining period 271b-276b, and
gradations of display are performed by the combining of
the numbers of the light emitting. According to the
fifteenth embodiment, the numbers of the light emitting

are increased in order of the sub-fields 271, 272, 273.
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20 charged particles for formng an electric field, so that a discha%ge

is generated by means of an electric field. Fi 9. Tfs Stebt@as Begp Beplace
el ectrodes and circuits connected to the el ectrodes of “ pl ay
panel of Fig. 1. The common X electrode 22 is connecte%& '
termnal or several termnals of a X electrode driving t hat

generates a driving pulse for supplying a voltage to the common X
el ectrode 22. Each independent Y

The selection electric discharge pulse 252a-252d,
the electric charge particle control pulse 244 and fin
line erasing pulse 245, 253a-253b which are used in the
fourteenth embodiment are provided in the first two sub-

5  fields 271, 272, 274, 275 of each field blocks 277 and
278, and these pulses are not provided in the
other(last) sub-field. Further, these selection
electric discharge pulses, electric charge particle
control pulse and fine line erasing pulses are arranged

10 in the last part of the sustaining period 271b, 272b,
274b and 275b, thereby the condition of electric charge
particles in all cells after sustaining period 271b,
272b; 274b and 275b are finished is maintained the same
condition after the full writing erasing period 277a is

15 finished, so the full writing erasing period 210a is
deleted in the sub-fields 272, 273, 275 and 276 other
than the first sub-fields 271 and 274, and the address
electric discharges are performed in the address period
272a, 273a, 275a and 276a without supplying the

20 selection electric discharge pulses 252a-252d and
electric charge particle control pulse 244 in the last
sub-field. Therefore, the contrast is multiplied by
three.

Fig. 34 is a time chart of sub-fields

25 illustrating a driving system in accordance with a
fifteenth embodiment of the present invention.

Referring to the drawing, a horizontal axis illustrates
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el ectrode 23 is connected to respectlve out put tern1na|s of a Y electrode

driving circuit 36. Each address A ele

output termnals of an A el ectrode dr|V|ng CIrCUIt 37

5(e) illustrate a first driving systen1 I n accordance

enbodi mrent of the present invention. Fig. 5(a) is a tine art

Illustrating an

ii?a) to

arrangenent of sub-fields in one field in accordance wth

It

time, and a vertical axis illustrates lines of cells.

Reference numeral 280 denotes one field period, 281-286

denote sub-fields, 28la-288a denote address periods,

281b-288b denote sustaining periods, 289 and 290 denote

5 field blocks, 289%a and 290a denote full writing erasing

periods.

One field period 280 is divided into eight sub-

fields 281-288, and consecutive first four sub-fields

281-284 construct the field block 289 and succeeding

10 consecutive four sub-fields 285-288 construct the other

field block 290.

The first period of these field blocks 289 and

290 include the full writing etasing period 289a and

290a, and the address period 28la-288a and the

15 sustaining period 281b-288b are arranged in each sub-

field 281-288. That is, the full writing erasing period

289a and 290a are arranged at the first part of the

first sub-fields 281 and 285 of the field blocks 289 and

290. The numbers of the light emitting are allotted for

20 the sustaining periods 281b-288b, and gradations of

display are performed by the combining the numbers of

the light emitting. According to the sixteenth

embodiment, the numbers of the light emitting are

increased in order of the sub-fields 281, 282, 283,---.

25

The selection electric discharge pulse 252a-252d,

the electric charge particle control pulse 244 and fin

line erasing pulse 245, 253a-253b which are used in the
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the invention, wherein reference nuneral 1 denotes o the
horizontal axis illustrates time and the vertical axis i |g§&ﬁ§£ %Fel ne

of the cell. The one field is divided into ei ght sub- T
first sub-field 2 to an eighth sub-field 9. An electrl n&&
particle equalizing period 2a-9a, an address period 2b S alnlng
period 2c-9c are arranged in order in each sub-field. Nunmbers of electric

di scharges are allotted for each sub-field, and display on gradations are
fourteenth embodiment are provided in the sustaining

period 281b, 282b, 283b, 285b, 286b and 287b of the
first three sub-fields 281, 282, 284, 285, 286 and 287
in each field blocks 287 and 290, and these pulses are

5 not provided in the other(last) sub-field.

The condition of electric charge particles in

all cells after sustaining period 281b, 282b and 283b of
the sub-fields 281, 282 and 283 in the field block 289
and sustaining periods 285b, 286b and 287b of the sub-

10 fields 285, 286 and 287 in the field block 290 are
finished is maintained the same condition after the full
writing erasing period 289a is finished, so the full
writiﬁg erasing periods 210a are deleted in the three
sub-fields 282, 283, 284, 286, 287 and 288 other than

15 the first sub—figlds 281 and 285, and the address
electric discharges are performea in the address period
282a, 273a, 284a, 286a, 287a and 288a without supplYing
the selection electric discharge pulses 252a-252d and
electric charge particle control pulse 244 in the last

20 sub-field. Therefore, the contrast is multiplied by
four.

Fig. 35 is a time chart of sub-fields

illustrating a driving syétem in accordance with a
seventeenth embodiment of the present invention.

25 Referring to the drawing, a horizontal axis illustrates
time, and a vertical axis illustrates lines of cells.

Reference numeral 300 denotes one field period, 301-308
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determ ned by the total nunbers of the discharges. Thé—ha?HE?‘fUr‘afFang;ng

the sub-fields having predeterm ned nunbers of dlschanggsmé§Hf%“m but I n

t he enbodi ment,

10

15

20

25

TN

denote sub-fields, 30la-308a denote address periods,
301b-308b denote sustaining periods,.309 denote field
blocks, 309 denote a full writing erasing period.

One field period 300 is divided into eight sub-
fields 301-308, and the field block 309 is conéﬁructed
by all sub-fields 301-308 in the one field. The first
period of these field blocks 309 includes the full

‘writing erasing period 309a. The address period 30la-

308a and the following sustaining period 301b-308b are
arranged in each sub-field 301-308. That is, the full
writing erasing period 309a are arranged at the first
part of the first sub-fields 302. The numbers of the
light emitting are aliotted for the sustaining period
301b-308b and gradations of display are performed by the
combining the numbers of the light emitting.

The selection electric discharge pulses 252a-
252d, the electric charge particle control pulses 244
and fin line erasing pulses 245, 253a-253b which are
used in the fourteenth embodiment. are provided in the
sustaining periods 301b-307b of the first seven sub-
fields 301-307, and the full writing erasing period 309a
is arranged only in the first sub-field 301. The
address electric discharges in these address periods
302a-308a are possible, even if the full writing erasing
periods 309a in the sub-fields 302-308 which follow the
first sub-field 301 is deleted. Thereby the contrast is

multiplied by eight.
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sub-fields are arranged in order froma sub-field having a fewer nunber
el ectric discharges. Fig. 5(a)-Fig. 5(e) illustrafg sneveasBeenReplded

pul ses supplied to the conmon X el ectrode, the address nd
the first and the second i ndependent Y electrodes, resp : se
0 the

waveform 10 illustrates a part of the driving wave-form!'S\
comopn X electrode 22 in one field. A pulse wave-form 11 illustrates

10

15

20

25

According to these embodiments, by deleting full
writing erasing period in some sub-field, the contrast
is improved:.The practical contrast of cathode ray tube
display is , for example, 150:1, and in the plasma
display according to the embodiments shown in Fig. 33 or
Fig. 34, corresponding contrast is accomplished.

The numbers of sub-fields in one field and the
numbers of the sub-fields in one field block are
optional and not limited above mentioned embodiments,
and any combination will be applicable.

According to the present invention, full writing
electric discharge and erasing electric discharge are
deleted or .reduced, thereby improving the contrast of
the display.

According to the present invention, full writing.
erasing period can be afranged one time per several sub-
fields, thereby improving the contrast.

While we have shown and described several
embodiments in accordance with the present invention, it
is understood that the same is not limited thereto but
is susceptible of numerous changes and modifications as
known to those skilled in the art, and we therefore do
not wish to be limited to the details shown and

described herein but intend to cover all such change and

modifications as are encompassed by the scope of the

appended claims.
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a part of the driving wave-formsupplied to the one of the address A

el ectrodes 29. Pul se wave-forns 12 and 13 illustrate parts of—a—driving

wave-form supplied, for exanple, to first and second hmggmgngg tnY

el ect rodes 23. The pul se wave-form 10, which is s ced
common X el ectrode 22 during a first sub-field includes ﬂ pul se
40 lasting froma first part of the electrically charg

equal i zing period 2a through the address period 2b and the sustaining
pul ses 41 in the
WHAT WE CLAIM IS:
1. A plasma display panel driving system for
a display panel having a first electrode group arfanged
on a permeable substrate and being capable of driving in
common, a second electrode group arranged in parallel

5 with said first electrode group on said permeable
substraté and being capable of driving independently, a
third electrode group arranged perpendicular to said
‘first and second electrode grbups on another substrate
and being capable of driving independently, said driving

10 system comprising the step of performing at least one
electric discharge for equalizing of electric charge
particle in a cell in which another electric charée
particle is caused beforehand.

2. A plasma display panel driving apparatus
compfising:

a first electrode group arranged on a permeable
substrate and being capable of driving in common;

5 a second electrode group arranged in parallel
with said first electrode group on said permeable
substrate and being capable of driving independently;

a third electrode group arranged perpendicular
to said first and second electrode groups on another

10 substrate and Béing capable of driving independently;

and means for performing at least one electric
discharge for equalizing of electric charge particle in

a cell in which another electric charge particles is

SRR
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sustaining period 2c. In this enbodinent, the voltage of the regulating

pul se 40 is lower than the voltage of the sustainingputses—4l.__The pul se
wave-form 11, which is supplied to one of the address Iectrodes 29

i ncludes the address pulse 42 in the address period 2

pul se 42 corresponds to the cell which is to emt Ilgh pulse
42 is not supplied when there is no cell to be |Ilun1n t he

address pul ses 42

caused beforehand.

3. A plasma display comprising:

a first electrode group arranged on a permeable
substrate and being capable of driving in common;

a second electrode group arranged in parallel

5 with said first electrode group on said permeable
substrate and being capable of driving independently;

a third electrode group.arranged perpendicular
to said first and second electrode groups on another
substrate and being capable of driving independently;

10 and means for performing at least one electric
ischarge for equalizing of électric charge particles in
a cell in which another electric charge particles is
daused beforehand, whereby improving linearity of
display gradation.

4. A plasma display panel driving system for
a display panel having a first electrode group arranged
on a permeable substrate and being capable of driving in
common, a second electrode group arranged in parallel

5 with said first electrode group on said permeable
. substrate and being capable of driving independently, a
third electrode group arranged perpendicular to said
first and second electrode groups on another substrate
and being capable of driving independently, a equalizing
10 means for equalizing electric charge particles in all
cells by a discharge between said first and said second

electrode group, an address electric discharge means for
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are supplied to the cells to be illum nated, and the address—pulse 42 is

not supplied to the other cells which are not to be |Ilﬂgkpated The pul se

wave-fornms 12 and 13, ”ﬁ’ii&*eﬂ eplaced

15

20

25

30

35

determining a cell to be emitted by a discharge between
said second and said third electrode groups, and a
sustaining electric discharge means for pefforming light
emitting by a electric discharge between said first and
said second electrode groups, said driving system
comprising the step of performing aigcharge by a fine
line erasing pulse supplied after a sustaining electric
discharge is finished and erasing and polarizing of
electric charge particles in a cell in which sustaining
electric discharge is performed, the step of gathering

said electric charge particles in all cells by way of

said electric discharge caused by the fine line erasing

pulse, and canceling the voltage of a equalizing pulse
supplied to one of éaid first and said second electrode
groups by said electric charge particies resulting in no
discharge, the step of polarizing said electric charge
particles into a positive electric charge particles and
a negative electric charge particles,.the step of
suﬁplying a regulating pulse to the other electrode
groups of said first and said second electrode groups
after supplying said equalizing pulse to one of said
first and said second electrode groups for gathering the
same electric charge particles gathered on said one of
electrode groups supplied with said equalizing pulse,
and the step of gathering a electric charge particles
having the other polarity on said third electrode group

5. A plasma display panel driving system for

o r b apee R T
e
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whi ch are supplied to the first el ectrode of the independent—Y-eteectrodes—
23 and adj acent second el ectrode of the independent Y electrodes 23,
includes electrically charged particle equalizing pul ses Iwe bBeen Rejilay

the electrically charged particle equalizing period 2a of
sub-field, scan pul ses 44a, 44b,--- in the address period

I

pul ses 45a, 45b,--- and fine line erasing pul ses 46a, 46b,---
sustaining period 2c. In the enbodi nent, the voltage of t he scan pulses

44a, 44b, ---

10

15

20

a display panel having a first electrode group arranged
on a first substrate and being capable of driving in
common, a second electrode group arranged in parallel
with said first electrode group on said first substrate
and being capable of driving independently, a fhird
electrode group arranged perpendicular to said first and
second electrode groups on a second substrate and being
capable of driving independently, said driving system
comprising the step of performing a sustaining electric
discharge by supplying a sustaining pulse to said first
and said second electrode groups, the step of polarizing
electric charge particles in a cell by supplying a fine
line erasing pulse to one of said first and said second
electrode groups, the step of gathering electric charge
particles having one of the polarities in vicinity of
said first and said second electrode groups and
gathering said electric charge particles having the
other polarity in the vicinity of said third electrode

group by supplying a equalizing pulse to said one of

“electrode groups and supplying a regulating pulse rising

later than said equalizing pulse to the other electrode
group of said first and said second electrode groups
without performing electric discharge.

6. A plasma panel display driving system
according to the claim 4 or 5, further comprising the
step of performing a electric discharge between said

first electrode group and said second electrode group by
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Is lower than the voltage of the sustaining pul ses 45a, —45b;—-.The fine

| i ne erasing pul ses 46a, 46b,---and the equali zing puls
supplied to the same electrodes. Further, it is preferab
pulse wdth of the fine |ine erasing pulses 46a, 46D, ---
[err]sec-2 [err]sec. The actions in the panel wl|

hereinafter. In this enbodinent, electric discharges in aI

iﬁa 43

5 supplying said equalizing pulse to said one of the

b,--- are
Replppad

i

electrode groups after supplying a power, and gathering

electric charge particles having one of the polarities

in the vicinity of said first and said second electrode

groups and gathering electric charge particles having

10 the other polarity in the vicinity of said third

electrode group by supplying said regulating pulse after

said equalizing pulse is supplied.

7. A plasma display panel driving system

according to claim 4 or 5, further comprising the step

of performing a address electric discharge between said

second electrode group and said third electric group

5 after gathering electric charge particles having one of

the polarities in the vicinity of the said first and

said second electrode groups and gathering electric

charge particles having the other polarity in the .

vicinity of said third electrode group, and performing

10 sustaining electric discharge.

8. A plasma display panel driving system

according to claim 4 or 5, further comprising the step

of supplying said regulating pulse to said other

electrode group within 0.3 usec-2 usec after supplying

5 said equalizing pulse to said one of said electrode

groups.

9. A plasma display panel driving system

according to claim 4 or 5, further comprising the step

of arranging several fine line erasing pulses having a
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cells are perforned between the independent Y el ectrodes 23—and-the comon

X el ectrodes 22 by supplying the equalizing pulses 43g; éQ --- to the
i ndependent Y el ectrodes 23, whereby negative electric _ laced
particles are formed on the dielectric layer 26 in the l e

i ndependent Y el ectrode 23 during the equalizing period
I mredi ately after the power is supplied to the display. The electric
di scharge generated by the equalizing pulses 43a, 43b,--- occurs only one

time, and the di§chaﬁgp . . ) )
first fine line erasing pulse whose pulse width is

5 within 0.5 usec-2 usec and having at least a second fine
line erasing pulse whose pulse width is equal to or less
than the pulse width of said first pulse width for
performing erasing and polarization of said eléctric
charge particle.

i0. A plasma display panel driving system
according to claim 4 or 8 further, comprising the step
of supplying said equalizing pulse to said second
electrode group, and maintaining supply of said

5 regulating pulse to said first electrode group until
deciding cells to be emitted for gathering electric
charge particles predetermined electrode group.

11. A plasma display pahel driving system
according to claim 4, 5 of 10, further comprising the
step of dividing said regulating pulse into a first
pulse for equalizing electric charge particles in all

5 cells and é second regulating pulse supplied during a
period for deciding cells to be emitted.

12. A plasma display panel driving system
according to claim 4 or 5, further comprising the step
of selecting the voltage of said regulating pulse
substantially equal to the voltage of said sustaining

5 pulse for performing displaj electric discharge.

13. A plasma display panel driving system
according to claim 13, further comprising the step of

falling the edge of said equalizing pulse after falling

LA AR o |

THIS SHEET Has BEEN
REPLACED




IS not generated after this. That is, the discharge—eeeurs _only one tine

ot her than when the space 33 of the cell ) ]
23 becones in an abnormal condition. The regulat|n§7pﬁmsékﬂe

10

I

the edge of said first regulating pulse, and falling
said edge of said equalizing pulse within 1 usec.

14. A plasma display panel driving system
according to claim 4 or 5, further comprising the step
of performing a discharge in ail cells by suppiying full
electric discharge pulse to one of said first and said
second electrode groups one or several times per one
field or several fields after performing sustaining
discharge, and then supplying said fine line erasing
pulse for performing a discharge in said all cells for
erasing electric charge particles so as to gather
positive electric charge particles in the vicinity of
said first and said second electrode groups.

15. A plasma display panel driving system
according to claim 4 or 5, further comprising the step
of supplying plurality of fine line erasing pulses to
‘said first and second electrode groups alternatively,
and shortening the pulse width of said fine line
erasing pulses which supplied afterward, and supplying
the last fine line erasing pulse to said one of

electrode group.

16. A plasma display panel driving system
according to claim 4, 5 or 8, further comprising the
step of supplying said equalizing pulse to one of
electrode group, and falling the edge of said equalizing

pulse in a time more than 1 usec.
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is supplied to the common X el ectrode 22 within the—tifwe—between—06-3
[err]sec-2 [err]sec fromthe rising edge of the e aI|Z|ng pul ses 43a,

43b,---. The negative electrically charged partic laced t he
vicinity of the commn X electrode 22, and the pos Iy
charged particles are forned in the V|C|n|ty of th ectrode

29. The reason the tine between the rising edge of the
17. A plasma display panel driving circuit
comprising:

a first electrode group arranged on a first
substrate and driven in common;
5 a second electrode group arranged parailel to
- said first electrode group on said first substrate and
controlled independently;
a third electrode group arranged perpendicular
to said first and second electrode groups on a second
10 substrate provided faced on said first substrate and
controlled independently;
a first driving circuit connected to said first
electrode group for supplying a first driving pulse;
a second driving circuit connected to said
15 second electrode group for. supplying a second driving
pulse;
a third driving circuit connected to said third
electrode group for supplying an address driving pulse;
means for supplying a fine line erasing pulse to
20 one of the electrode group of said first and second
electrode groups from said driving circuit connected to
said one of the electr&de group after sustaining
discharging;
means for supplying a ‘equalizing pulse to said
25 one of the electrode group from said driving circuit
connected to said one of the electrode group; -

means for supplying a reqgulating pulse delaying

_ meams for
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h

equal i zi ng pul ses 43a, 43b,--- and the rising edge ef—the—regutating pul se
40 is determ ned as descri bed the above is that too ﬁ}%gsaéee ﬁiced

electrically charged particles are gathered in the vi _
i ndependent Y el ectrode 23 and the negative electrical ticles
gather at the common X el ectrode 22 when the tinme bet bot h
pul ses 43a, 43b,--- and 40 is selected to be too |long. Wen the time is
too short, on the other hand, the negative electrically charged particles

are not gatherigkg%tg¥zm rising edge of said equalizing pulse to the

other electrode group of said first and said second

30 electrode groups from said driving circuit connected
said other electrode group, and for gathering electric
charge particles having one of the polarities in the
vicinity of said first and said second electrode groups
and for gathering electric charge particles having the

35 other polarity in the vicinity of said third electrode
group.

18 A plasma display panel driving circuit
according to claim 17, further comprising means for
supp}ying said regulating pulse to said other electrode
group within 0.3 usec-2 usec after supplying said

5 equalizing pulse to said one of said electrode groups.

19. A plasma display panel driving circuit
according to claim 17 or 18, further comprising means
for generating plurality of fine line erasing pulses
from said first and said second driving circuits and

5 selecting pulse widtﬁ of a first fine line erasing pulse
within 0.5 usec-2 usec and selecting pulse width of a
second fine line erasing pulse equal to or shorter than
said first fine line erasing pulse.

20. A plasma display panel driving circuit
according to claim 17, 18 or 19, further comprising
means for supplying from said second driving circuit
said equalizing pulse to said second electrode group and

5 for supplying said requlating pulse from said first

A ORI &
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I ndependent Y el ectrode 23 and also the positive electrically charged
particles are not gathered on the address A el ectrodeTi@Sheet Has Beed Réplabdal N
pur pose for supplying the regulating pulse 40 is to att |ve
el ectrically charged particles toward the conmon X ele

formpositive electrically charged particles on the addres

29. Anot her purpose is to assist the electric discharges

driving circuit to said first electrode group during
addfessing cells to be emitted.

21 A plasma display panel driving circuit
according to claim 17, 18 or 19, further comprising
means for generating a first and a second reguiating
pulses from said driving circuit connected to said one

5 of electrode group.

22. A plasma display panel driving circuit
according to claim 17, further comprising means for
selecting the voltage of said regulating pulse
substantially identical with the voltage of said

5 sustaining pulse.

23. A plasma display panel driving circuit
according to claim 17, 18 or 20, further comprising
means for falling the edge of said equalizing pulse
after lapse of time more than 1 usec by said driving

5 circuit connected to said one of electrode.

24. A plasma display panel driving circuit
according to claim 17, further comprising means for
supplying after performing sustaining discharge a full
writing electric discharge pulse one time or several

5 times per one field or several fields generated from one
of driving circuit of said first and said second driving
circuit which is connected to said one of electrode

group.
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bet ween the common X el ectrode 22 and the independent
the address electric discharge is
performed between the address A el ectrode 29 and the Hﬂ%gﬁgﬁﬂ@B&mRMﬂ““i

el ectrode 23.

10

15

20

R :

I

25. A plasma display panel driving circuit
according to claim 21, further comprising means for
falling the edge of said equalizing pulse after falling
the edgé of said first regulating pulse, and falling
said edge of said equalizing pulse within 1 yséc. '

26. A plasma display comprising :

a first electrode group arranged on a first
substrate and driven in common;

a second electrode group arranged parallel to
said first electrode group on said first substrate and
controlled independentlf;

a third electrode group arranged perpendicular
to said first and second electrode groups on a second
substrate provided faced on said first substrate and
controlled independently; -

cells constructed at the cross point of said
first and said second and said third electrode group;

means for performing a electric discharge for

erasing and polarizing electric charge particles in

cells performed a sustaining discharging during a period

after sustaining discharging and just before the

beginning of an address period;

Wen
24

means for equalizing of electric charge particle

in all cells by said discharge for erasing and
polarizing.
27. A plasma display comprising:

a first electrode group arranged on a first

-

REPLACED




An address electric discharge is perforned in the cell _mﬂ_ch IS forned at
the cross point of the first line of the independent Y electrode 23 and—

one of the address A electrodes 22 when the scan pul se 44@8&§ﬂ%¥ﬁgl'ed to
the first line of the independent Y electrode 23 and the 6@2
I's supplied to one of the address A el ectrodes 29 at t_hel ﬂ’
the result that the positive electrically charged parti cl

on the

substrate and driven in common;
a second electrode group arranged parallel to
5 said first electrode group on said first substrate and
controlled independently;

a third electrode group arranged perpendicular
to said first and second electrode groups on a second
substrate provided faced on said first substrate and

10 controlled independently;

cells construcﬁed at the cross point of said
first and said second and said third electrode group;

means for performing a discharge by a fine line
erasing pulse supplied to one of the electrode of said

15 first and said second electrode group after a sustaining
discharge and for erasing and polarizing electric charge
particles in cells generated by said sustaining
discharge;

means for gathering eiectric charge particles

20 having one of polarities in the vicinity of said first
and said second electrode groups and for gathering
electric charge particles having the other one of the
polarities in the vicinity of said third electrode group
by supplying a equalizing pulse to said one of

25 electrodes and by supplying a regulating pulse to the
other electrode of said first and said second electrode
groups so as to be able to discharge for addressing
which determines light emitting cells by said third

electrode group.
-
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I ndependent Y el ectrode 23. On the other hand, no d|schar*é‘“OCths—when____
the address pul se 42, which corresponds to the scan pulse

supplied to the second |ine of the independent Y electrode

no electrically charged particle is gathered on the |ndepe ﬂ ! I }

el ectrode 23. The address pul ses 42 are supplied to the

el ectrodes 29 which correspond to the cell to be iIIuninated and sel ect

all the cells at the cross p0|nts of all address A el ectrodes 29, and the
scan pul ses 44a or

28. A plasma display according to claim 27,
further comprising means for supplying said regulating
pulse to said.other electrode within 0.3 usec-2 usec
after supplying said equalizing pulse to said one of

5 said electrode groups for collecting electric éharge
particles having one of'polarities in ﬁhe vicinity of
said first and said second electrode group and electric
charge particles having the other one of polarities in
the vicinity of said third electrode group.

29. A plasma display according- to claim 27,
further comprising a first driving circuit connected to
said.first electrode group, a second driving circuit
connected to said second electrode group, means for

5 generating plurality of said fine line erasing pulses
including a first fine line erasing pulse having pulse
width within 0.5 usec-2 usec and a second fine line
erasing pulse having pulse width equal to or less than
said second fine line erasing pulse, and means for

10 erasing and polarizing electric charge particles by
supplying last pulse of said fine line erasing pulses to
said one of said first and second electrode groups.

30. A plasma display according to claim 27,
further comprising means for supplying from said second
driving circuit said equalizing pulse to said seéond
électrode group and for maintaining supply of said

5 regulating pulse supplied from said first driVing

circuit to said first electrode group during addressing

‘L O o —
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44bh are supplied to the independent Y electrodes 23, so that the electric
di scharges are performed between the address A electrode 29 and the

i ndependent Y el ectrodes 23. Next, in the sustaining period 2c, the
electric discharges for emtting |ight are perfor meduhi¥ndef s Bedd Replaced Ng

pul ses 41, 45a, 45b,--- between the comon X el ectrod
I ndependent Y electrodes 23 in the <cell in which the

charged particles
31. A plasma display according to claim 27,

rically

cells to be emitted.

further comprising means for generating from one of said
first driving circuit connected said first electrode
group and said second driving circuit connectea to said

5 second electrode group a first and a second regulating
pulses.

32. A plasma display according to claim 27,
further comprising a first driving cifcuit connected td
said first electrode group, a second driving circuit
connected to said second electrode group, and means for

5 selegting the voltage of said regulating pulse
substantially identical with the voltage of said
sustaining pulse by means of one of driving circuit of
said first and said second driving circuits.

33. A plasma display according to claim 27,
further comprising a driving circuit connected one of
said first and said second electrode groups, and means
for falling the edge of said equalizing pulse after

5 lapse of time more than 1 usec by said driving circuit
connected to said one of electrode group. |

34. A plasma display according to claim 27,
further comprising a first driving circuit connected to
said first electrode group, a second driving circuit
connected to said second electrode group, and means for

5 generating a full writing pulse one time or several

times per one field or several fields from one of

T O A y
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are gathered on the independent Y el ectrodes 23 S|dE‘b"Tﬁ"—_—————————

25 el ectric discharges perfornmed during the address p@i tﬁgrkaﬁ&$ﬁﬁdthat

el ectric discharges occur between the independent Y ““‘“ \‘mm d t he

common X el ectrode 22
driving circuit of said first and said second driving
circuit and for performing a discharge in all cells
after sustaining discharge is finished.

35. A plasma.display panel driving system
comprising the step of dividing one field into'several
sub-fields and providing an address period for setting
cells to be emitted and a sustaining period for light

5 emitting, and the step of constructing field block by
plurality of sub-fields and arranging full writing
electric discharge and full erasing electric discharge
in a first sub-field of said field block.

36. A.plasma display.panel driving system
according to claim 35, further comprising the step of
performing discharge in selected cells in which light
emitting is performed by said sustaining electric

5 discharge in said sub-fields of said sub-field block
except the last sub-field of said sub-field thereby
keeping the condition of electric charge particles
almost same condition after performing full writing
electric discharge and full erasing electric discharge.

37. A plasma display panel driving system
according to claim 35 or 36, wherein said plasma display
pané having a first electrode group covered with a
dielectric layer and arranged on a first glass substrate

5 and driven in common, a second electrode group covered
with a dielectric layef arranged parallel to said first

electrode group on said first glass substrate and
I
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by supplying the fine line efasing pul ses 46a, 46b,--- to the independent
Y el ectrodes 23, whereby the electrically charged par t4yglsgs: s BedtRepladell S

are erased, so that all electrically charged particles (
emtting light in the cell are erased. The pulse width FE“ [ e
erasi ng pul ses 46a, 46b,--- is a little longer than the arge

duration tine, therefore, the negative electrically charged particles are
gat hered on the

controlled independently, a third electrode group
covered with a dielectric layer and arranged

10 perpendicular to said first and said secohd electrode
groups on a second glass substrate provided faced on
said first substrate and controlled independenﬁly, and .
said driving system comprising the step of performing
discharge in selected cells in which light emitting is

15 performed by said sustaining electric discharge in said
sub-fields of said sub-field block except the last sub-
field of said sub-field, thereby gathering positive
elecfric charge particles on said dielectric layer
cove;ing said third electrode group and gathering

20 negative electric charge particles on said dielectric
layer covering said first and said second electrode
group for leaving condition of electric charge particle
unchanged without selection electric discharge.

38. A plasma display panel driving system
according to claim 37, further comprising the step of
performing said address electric discharge for
determining cells to be emitted by discharging between

5 said first and said second electrode groups and
performing said sustaining discharge between said first
and second electrode groups, and the step of supplying
after supplying said last sustaining pulse to said first
and said second electrode groups in all sub-fields of

10 each sub-field block except each last sub-field a first

pulse having almost the same voltage as the voltage of

* 4 L M §~ %
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dielectric layer in the vicinity of the independent Y electrodes 23. In
the cells in which no-electric discharge has occurred, tHis Sémd@w Replaced

di scharges are not perforned because no electrically char m w 'ﬂ"
ep

in the cell. Therefore, the negative electrically charged
formed in the vicinity of the independent Y electrodes 23 are

unchanged. In this situation, no electric discharge occurs when
suppl ying the equalizing pul ses 43a, 43b,--- to the

'said sustaining pulse to one of electrode group.of said
first and second electrode groups to which the last
sustaining pulse is not supplied and performing electric

15- discharge in said cell in which said sustaining electric

discharge has performed, and the step of arranéing a
second pulse rising after 0.3 usec-1.5 usec from the
rising edge of said first pulse and supplying said
second pulse to the other electrode group of said first

20 and said second electrode groups to which said first
pulse is not supplied, and providing plurality of fine
line erasing pulses after supplying said first and said
secogd pulses for erasing electric charge particles in
the vicinity of said first and second electrode groups.

39. A plasma display panel driving system
according to claim 38, wherein the voltage of said first
and said second pulses and said fine line erasing pulse
supplied after the supply of said sustaining pulse

5 having a voltage the same as the sustaining voltage
selected so as to cause sustaining electric discharge in
cells performed said address electric discharge and to
cause no sustaihing electric discharge in cells in which
no electric discharge is not performed.

40. A plasma display panel driving system
according to claim 38 or 39, wherein further comprising

a first address pulse supplied to cells in which no full
writing electric discharge and no full erasing electric

5 discharge are not performed, and said first address
- ———
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I ndependent Y el ectrodes 23 because the negative electricall ﬁggg

particles in the cell negate the voltage of the equammﬁhﬁ |
43b,--- .and sufficient electric fields needed for the harge
are not fornmed. After that, no electric discharge is gh al
sub-fields even if the equaI|Z|ng pul ses are supplled erefore the

el ectric discharges are not perforned, except for the first sub-field
i medi ately :

pulse having a voltage higher than a voltage of a second
address voltage supplied to the other cells in which
said full writing electric discharge and said full
erasing electrié discharge are performed.

41. A plasma display comprising:

a first electrode group arranged on a first
substrate and driven in common;

a second electrode group arranged parallel to

5 said first electrode group on said first substrate and
controlled independently;

a third electrode group arranged perpendicular
to sgid first and second electrode groups on a second
substrate provided faced on said first substrate and

10 controlled independently;

a field block constfucted from plurality of sub-
fields; '. |

means for performiﬁg a full writing electric
discharge between said first and said second electrode

16 groups in a first field of said field block;

means for performing a electric discharge by
supplying a selection electric discharge pulse to one of
the electrode groué of said first and said second
electrode groups in said sub-fields of each field block

20 except each last sub-field in cells in which light
emitting is performed by a sustaining discharge;

means for gathering electric charge particles

having one of polarities in the vicinity of said first

Mgy
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26 after the power is turned on, therefore no light emtting—eeeursin the
bl ack di spl ay. Furt her, for the linearity of dlsplay gradatlggz
determ ned by the numbers of sustaining pulses, one ThisSheet Has Been Rep

\\Il\l\\ Tl \\l I

and second electrode groups and gathering electric

25 charge particles having the other polarity in the
vicinity of said third electrode groups by supplying
said selection electric discharge pulse to said one of
electrode group and by supplying a electric chérge
particle control pulse to the other one of said first

30 and second electrode groups;

means for performing no selection electric
discharge in cells in which light emitting is not
performed by said sustaining electric discharge.

42. A plasma display according to claim 41,
furtper comprising means for supplying a sustaining
pulse to said first and said second electrode groups and
means for supplying the last sustaining pulse to said

5 other electrode group.

43, A plasma display according to claim 41,
wherein the rising edge 6f said electric charge particle
control pulse having time lag of 0.3 usec-1.5 usec from
rising edge of said selection electric discharge pulse.

44. A plasma display according to claim 41,
further comprising means for supplying said fine line
erasing pulse to said first and said second electrode
group aftér selection electric discharge pulse is

5 ‘supplied.
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el ectric discharge will have less influence than two electric discharges.
According to the present invention, the equalization of electrically
charged particles is effected by one electric discharge in the cell in
which the sustaining electric discharge is perforned, therefore, the

I nfluence on the linearity for display gradations is yer | . The
sane driving nethod is perforned during the second ﬁmslls’i(iimIliii" e°|n|1ﬂ’llic°d

ABSTRACT OF THE DISCLOSURE

A plasma display panel driving system having a

5 common X electrode 22 arranged on a front glass
substrate 21 driven in common, a independent Y-electrode
23 arranged parallel to the common X electrode 22 on the
front glass substrate 21 driven independently, an
address A electrode arranged perpendicular to the common

10 X electrode and the independent Y electrode on the back
glass substrate driven independently, and means for
performing at least one electric discharge for
equa;izing of electric charge particle in a cell in
which another electric charge particle is caused

15 beforéhand, thereby improving contrast.

-ﬁrasing and polarization of electric charge
particles are performed by the fine line erasihg pulse
46a after sustaining period 2c, and a equalizing pulse
having a high voltage is supplied to the independent Y

20 electrode to which the last fine line erasing pulse 46a
or 86a is supplied, and a regulating pulse 40 is
supplied to the common X electrode after supplying of
the equalizing pulse.

Further, a field bloc having plurality of sub-

25 fields are provided, and a full writing electric
discharge and a fine line erasing electric discharge are
performed in the first sub-field of each field block for

reducing the number of electric discharging.

11115 SHEBET HAS BEEN
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sub-field 3 to the eighth sub-field 9, and so a screen of one field is

f or med. Fig. 6-Fig. 10 are sectional views of the plasma display
panel in which the condition of the electrically charged particles in the
cell during a sustaining electric discharge are illustrated fromthe first

sub-field after the power is supplied to the second sub-field until the
equal i zi ng pul ses and the regul ating p1 e are supplied. In these figures,
ref erence nuneral 60 denotes a positive

FIG. 1

21




electrically charged particles, and reference nuneral 61 denotes negative
electrically charged particles. Further the condition of electrically
charged particles is illustrated in a cell at a center position in Fig.
6-Fig. 10. Fig. 6 is a sectional view of a plasma display panel in
which a condition of electrically chargﬁggpartlcles in a
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27 cell is illustrated immedi ately after power is supplied and then an
equal i zing pul se and a regul ating pulse are supplied. The figure
illustrates the condition of electrically charged particles in the first
sub-field after power is supplied at first and then the equalizing pul ses
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43a, 43b are supplied to the independent Y electrodes 23 and finally the
regul ating pulse 40 is supplied. The electric discharges in all cells
occur between the commobn X electrode 22 and the i ndependent Y el ectrodes
23 by supplying the equalizing pul ses 43a, 43b,--- to the independent Y
el ectrodes 23, whereby the negative ehﬁ?frically charged particles 61 are
gathered on the dielectric layer in the vicinity of the independent Y
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el ectrodes 23a and the conmmon X el ectrode 22 and the positive electrically
charged particles 60 are gathered on the address A el ectrodes 29 side.

Fig. 7 is a sectional view of a plasma display panel in which a condition
of electrically charged particles in a cell after perform ng an address
electric discharge is illustrated. g@EQQ , the condition of electric

di scharges is illustrated after the a ss pulse 42 is supplied to the
address A electrode 29 and address electric
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di scharges occur between the address A electrode 29 and the independent Y.
el ectrodes 23. The positive electrically charged particles 60 are gathered
on the dielectric layer in the vicinity of the independent Y el ectrode 23
because the voltage of the independent Y electrode 23 is |lower than the

vol tages of the address A el ectrode 296%2? the common X
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28 electrode 22. The condition of the electrically charged particles is
shown in Fig. 7. The electric discharge occurs between the independent Y
el ectrode 23 and the common X electrode 22 by the positive electrically
charged particles 60 and the first pulse of the sustaining pul ses 45a,
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45b, --- supplied to the independent Y electrode 23. This is a sustain

di scharge. This tine, the negative electrically charged particles 61 are
gat hered around the i ndependent Y electrode 23 and the positive charges 62
are gathered around the conmmon X el ectrode 22 by the electric discharge
generated by the sustaining pul ses 45a8/ b. As a result, sustaining

el ectric discharges occur between the “iMdependent Y el ectrode 23 and the
common X el ectrode 22 by the first pulse of sustaining pul ses 41. These
electric
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di scharges are repeated during the sustaining period 2c. Fig. 8is a

sectional view of a plasma display panel in which a condition of
el ectrically charged particles in a cell after supplying a fine erase
pulse is illustrated. In Fig. 8 the condition of the electric discharge-
after the Ilast sustaining pulses 41 gg §upplied to the common X el ectrode
22 and then the fine line erasing pul g 46a, 46b,--- are supplied is
i1l ustrated.
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~The condition of the electrically charged particles after the discharges
have occurred due to the final sustaining pulses 41 is the sane as the

condition showmn in Fig. 7. The pul se width of the fine line erasing
pul ses 46a, 46b,--- is longer than the discharge duration tinme, so that
10/27
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29 negative electrically charged particles 61 -which nove so qui ckly are
gathered on the dielectric layer in the vicinity of the independent Y

el ectrode 23. As a result, separation of the electrically charged
particles is performed. The positive electrically charged particles that
nmove slowly in space float in the cel H1/3phe negative
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charges float in the discharge space for a while. Fig. 9is a

sectional view of a plasma display panel in which a condition of the

el ectrically charged particles in a cell after supplying an equalizing
pul se in a second fieldis illustrated. In Fig. 9, a condition of the

el ectric discharge after the equaliziqugzlses 43a, 43b,--- in the second
sub-field are supplied is illustrated. f vol tage of the equali zing

pul ses 43a, 43b,--- is canceled by the negative charges and does not reach
t he di scharge
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vol tage, so that no discharge is perforned. The voltage of the independent
Y electrode 23 is higher than the voltage of the other el ectrodes, so the
negative charges are attracted toward the independent Y el ectrode 23.

Fig. 10 is a sectional view of a plasnma display panel in which a condition
of the electrically charged particles Si? a cell after supplying a
regulating pulse in a second field ig / Tustrated.
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Referring to the drawing, the condition of the electrically charged
particles after the regulating pulse 40 is supplied to the conmon X

el ectrode 22 is illustrated. The negative electrically charged particles
are gathered on the dielectric layer in the vicinity of the comon X
REPLACEMENT SHEET :
: 14/27
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30 electrode 22 and the positive charges are gathered at the address A
el ectrode 29. By this, the sane driving as the first sub-field is
performed without electric discharge by the equalizing pul ses 43a,
43b,---. In this case, the voltage of the equalizing pul ses 43a, 43b,---
i s reduced by the negative electricajfypgharged particles at the

I ndependent Y el ectrode 23, so that an electric discharge
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bet ween the independent Y el ectrode 23 and the conmmon X electrode 22 is

not perforned. The driving of the panel is capable of being perforned

wi thout using the full witing electric discharge and fine |ine erasing

el ectric discharge for each sub-field. As a result, unnecessary |ight

emtting is erased for displaying a @?Q? bri ghtness, so that the contrast
h

IS | nproved. A second enbodi nment e present invention will be
described hereinafter. Figs. 11(a) to 11(e) illustrate a
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driving nethod in accordance with a second enbodi mrent of the present

i nvention. Fig. 11(a) is atime chart illustrating an arrangenent of
sub-fields in one field in accordance with the present invention. The
figure illustrates a division of one field into several sub- fields,

simlar to the case of Fig. 5(a). The1agézzontal axis shows tine and the
vertical axis shows |lines of cells ig. 11(b)-Fig. 11(e) illustrate
wave-forns of pul ses
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supplied to the common X el ectrode, the address A electrode, and the first
and second i ndependent Y electrodes, respectively. A pul se wave-form
70 illustrates a part of the driving
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31 wave-form supplied to the cotmmon X electrode 22 in one field. A pulse
wave-form 71 illustrates a part of the driving wave-form supplied to one
of the address A electrodes 29. Pulse wave-fornms 72 and 73 illustrate
parts of a driving wave-form supplied, for exanple, to first and second

I ndependent Y el ectrodes 23. Th*EQ/mﬁ?l se wave-form 70, which is
supplied to the common X electrode 22 during the first sub-field, includes
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a regulating pulse 40 lasting froma first part the electrically charged
particle equalizing period 2a through the address period 2b and the
sustaining pulses 41 and a fine line erasing pulse 74 in the sustaining
period 2c. The pulse waveform 71 which is supplied to one of the address A
el ectrodes 29 illustrates the address2p/8%e 42 in the address period 2b

whi ch corresponds to the light emtting cell. The address pulse 42 is not
supplied when there is no cell to be illum nated. The pul se wavefornms 71
and 72,
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which are supplied to the first electrode of the independent Y electrodes
23 and adj acent second el ectrode of the independent Y electrodes 23,

includes an electrically charged particle equalizing pulse 43a 43b,--- in
the equalizing period 2a of the first sub-field, scan pul ses 44a, 44b,---
in the address period 2b, sustaining2f@7ses 45a, 45b,--- and first fine
| ine erasing pul ses 75a, 75b,--- in the sustaining period 2c.
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Under these circunstances, the pulse width of the first fine line erasing

pul ses 75a, 75b,--- is the sanme as or shorter than the pulse width of the
second fine line 32
22/27
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erasing pul se 74. The nunber of the fine |line erasing pulses is an even
nunber as shown in Fig. 11(c), that is, the first and the second fine |line
erasing pul ses 75a, 75b and 74, the first fine line erasing pul ses 75a,

75b,--- which are the |l ast erasing pul ses, and the equalizing pulses 43a,
43b,---are supplied to the sane el ect23d@Fs, that is, the independent Y
el ectrode 23. The second fine |ine erasing pulse 74 is supplied to the

other electrode, that is, the conmmopn X el ectrode 22.
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In the enbodi nent, the last sustaining pulse is supplied to the

I ndependent Y el ectrode 23. A condition of electrically charged particles
after supplying the first fine |line erasing pulses 75a, 75b,--- is al nost
the sane as the condition shown in Fig. 8 in accordance with the first
enbodi nent. The condition of the elec§p¥27d|scharges in the other
sub-fields 3-9 are the sanme condition urther, the -erasing and polarizing
of the electrically charged
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particles are perforned by these fine
erasi ng pul ses may be designated as a
enbodi ment, by using the first and the
75a, 75b and 74, the erasing and pol ar
and the electric discharging time durti

I ne erasing pul ses, so that these
pol ari zati on pulse group. In this
second fine |ine erasing pul ses
I zation are effectively perforned,
pyhe address discharging tinme is

mai nt ai ned const ant. A third enbodi nent of the present invention wll
be described hereinafter. Figs. 12(a) to 12(e) illustrate a
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driving nethod in accordance with the third enbodi nent of the present
I nvention. Fig. 12(a) is a tinme chart
33 illustrating an arrangenent of sub-fields in one field in
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.accordance with the present invention. The figure illustrates a division
- of one field into several sub- fields, simlar to the case of Fig. 5(a).

- The horizontal axis illustrates tinme and the vertical axis illustrates a
i ne of cells. : Fig 12(b)-Fig. 1%&ﬁé illustrate wave-forns of pul ses
supplied to the common X el ectrode, t ddress A electrode, and the first

and the second i ndependent Y
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el ectrodes, respe tl eI : pul se wave-form 80 il !l up r T ]
the driving wave- mm iﬁieg) the comon X el ectrode @@%ﬁ SHEPT‘T
sub-field. A pulse IIustrates a part of th V,

wave- f-orm suppli ed the address A el ectrode ¢>3féfe1997
wave-forns 82 and 83 illustrate parts of the driving mave-LQLﬂ§_§upp L ed,
for exanple to first and second indepe nt Y el ectrodes| 23. The

'L

pul se wave-form 80; which is supplied to the
TITLE OF THE INVENTION

PLASMA DISPLAY, DRIVING APPARATUS OF PLASMA

DISPLAY PANEL AND DRIVING SYSTEM THEREOF

BACKGROUND OF THE INVENTION

The invention relates to plasma display, driQing
apparatus:of plasma display panel and driving system
thereof for , for example, display apparatus of personal
computer or workstation, a flat type wall hanging
television receiver and a display apparatus for
advertising and information. This invention is
prefgrably applicable to AC type plasma display.

In plasma display, one field is divided into
several sub-fields, and each pixel (cell) is given forth
light by exciting a phosphor.by ultraviolet rays that
are generated by a electric discharge carried out in the
cell. The cell that emits light is practiced by an
address electric discharge between two set of electrodes
which'are provided perpendicular to each other on a

-. . front side glass substrate and a back side glass
substrate respectively and are éapable of driving
independéntly.

A first prior art relating to a plasma display
is disclosed ,for example, Japanese Patent Application
Laid-Open No0.1994/186927. In the prior art , the
condition of the electric charge particles in all cells

is equalized for surely prohibiting lighting for some

' _ THIS SHEET HAS BEEN
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comon X eIecf??ﬁﬁ?fﬁ??ﬁﬁT?Ef?Tﬁ;}irSt sub-field, incIude<REgLég§héyJL§ﬁ“FT

pul se 40 | asti n@rhstSﬁH%iIaastdn%p t of the electrically ch r{ ged particle
equal i zi ng period he address period 2b and theisdsbabilr{g§97
pul ses 41 in the ﬂ rlod 2c and second fine Ilneiera3|ng pul se
84. The pul se ma ich is sugplied to one of fhe " addréess A

el ectrodes 29, |ncludes the address pulse-42 in the addréss_period 2b
whi ch corresponds to the |ight

cells which are not intended to emit light, and two sets
of light emitting discharges, that is, a full writing
electric discharge and a full erasing electric discharge
in each sub-field are carried out so as to be able to |
use low voltage for an address electric dischafge.
Therefbre, the contrast is deteriorated because light
emitting occurs on full panel when black is displayed.
| A second prior art is disclosed ,for example,
Japanese Patent Application Laid-Open No. 1995/49663.
In the prior art, the plurality of the sub-fields having
the same brightness gradations are arranged to construct
a sup—field block, and several blocks are provided. 1In
sub~field blocks, a preliminary discharge including a
full writing electric discharge and a fine line erasing
electric discharge is performed in oné sub-field, and a
writing electric discharge and a erasing electric
discharge to a pixel is carried out one time. Therefore,
deterioration of a panel is reduced and contrast of a
display is improved.lThe second prior art discloses one
of the solution to imprové the contrast, but no prior
art is shown to improve the contrast in which plural
sub-fields having differen£ brightness gradations for
constructing one sub-field biock.
About 3 usec to 4 usec is needed to write one
line of plasma panel, and an ordinal television display
" has 480 lines. A writing period of a screen is 1.44

msec if a writing period of one line is 3 usec, so that
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enitting cell. The address pulse 42 |s not suppl i ed when B"V¥%05Q5ﬁ3~§éfﬁr

be il | um nat ed. This&h a@ P
REPLACEIVENT SHEET 34 anfl B31whilErl 4597
supplied to the firs t he |ndependent Y el egt}fodes 23 and

adj acent second el ectro

1.44 mseCX95?13.msec is needed for one field. The period
of one field is 16.7 msec. A sustaining period is '16.7
msec minus a writing period and preliminary discharge
period, and this period is not so long enbugh. Further, -
if a éisplay has 760 lines per a screen like a'high
definition display, or if a display has 8 sub-fields for
constructing 256 gradations, period for writing is not

sufficient.

SUMMARY OF THE INVENTION

It is an object of the present invention to
improve contrast.

It is another object of the present invention to
improve contrast by reducing a full erasing electric
discharge and full writing electric discharge. |

It is still another object of the invention to
improve contrast by reduéing preliminary discharge
without changing the number of sub-fields.

According to a feature of the present invention,
to achieve the above object, a plasma display and a
plasma display driving system include a first electrode
group arranged on a permeable substrate and being |
capable of driving ih-common, a second electrode group
arranged in parallel with the first electrode group on
the permeable substrate and being capable of driving
independently, a third electrode group arranged

perpendicular to the first and second electrode groups

J
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of the i ndepeMS i ncludes electrically ¢héﬁg§@’ﬁfﬁ’$ﬁ EIFET

equal i zi ng pulsgﬁs§ﬁaH@ahwnmmhF the equalizing period 24 gf—ttre—fi rst—-
sub-field, scan b --- in the address peri og 2 , §U§Eﬁ @%ﬂg
pul ses 45a, 45b % f| ne |line erasing pul ses 83a, 18 by =>- d
first fine line er ses 86a, 86b,,-- in the sustaijniing period 2c.

Under these circunstances, the pul se MAd#h of the second|fine line erasing

pul ses 84 is the sanme as or
on the other substrate and being capable of driving

independently, and the plasma panel and the driving
system comprising méans for performing at least one
electric discharge for equalizing electric charge
particles in a cell in which another electric éharge
particle is caused beforehénd.

According to another feature of the present
invention, to achieve the above object, a plasma display,
and a plasma display panel driving system and circuit
include a first electrode group driven in common, a
second electrode group driven independently, a third
elec;rode group for an address electric discharge, means
for erasing and polarizing electric charge particles by
a find line erasing pulse after sustaining period and
for supblying an eéualizing pulse to one of the
electrode group of the first and second electrode group
to which the last fine line erasing pulse is supplied
and for supplying a regulating pulse to the other
electrode of the first and the second electrode groups
after supply of the equalizing pulse, thereby
controlling the electric charge particles without full
erasing electric discharge and full writing electric
discharge and improving contrast witﬁout light emitting
discharge in case of displaying of black color.

According to still another feature of the
present invention, to achievé the above object, a plasma

display and a plasma display panel driving system and
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85h, ---. The de%mﬂ he first fine line erasing pulses 86a,
shorter than the pul se wijdth pff g gmgornd

86b,--- is als
fine line eraS| i I f the nunbers of the fine | i ne erasing
pul ses are an nunber as shown in Figg. 12(d), that ijs,—the—fitst—te

the third fine I|ne erasi ng pul ses, the rst fine line

shorter than t he pul se W@‘cegf athird fine line erasing R@D gg‘éﬁﬁ%g SHEET'

circuit include means for constructing a field block
from plurality of sub-fields and for performing a full
writing electric discharge and a fine line erasing
electric discharge in first sub-field of the field block
for decreasing number of electric discharge, ﬁeans for
gathering positive electric charge particles in the
vicinity of an address electrode by the full writing
electric discharge and fine line erasing electric
discharge thereby decreasing a voltage of an address
pulse, and means for reproducing the condition of
electric chargé particles the same as the condition
afte; performing full writing electric discharge and
fine line erasing electric discharge are performed by
utilizing a sustaining electric discharge in a cell in
which the address electric discharge occurred, thereby
reducing the voltage of a address electric discharge in
the next field without the full writing electric .
discharge aﬁd the fine line electric discharge.
In a cell having no address electric discharge, the
condition of electric charge particles after the full
writing electric discharge and fine line erasing
electric discharge are performed is maintained during
one field, so that it is sufficient to perform one time
of the full writing electric discharge and fine line
electric discharge.

These and other objects, features and advantages

of the present invention will become more apparent form
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erasi ng pulse b --- mhlch are the last supplied eﬁﬁﬁﬂﬁ IS SHEN
the equal i zing puls Bﬂ#@ --- are supplied to the sgne eTectrodes*"'
that is, the i ectrode 23. The third fine ljine Y se
85, whi ch is\f' | ne line erasing pulse, is supplfeﬁﬁtEggi$Ze
sane el ectrode T |rst supplied fine line eras
and 86b are supplied, that |s the ind ndent Y el ectrode 23. Therefore,
the last sustaining pulse is supplied to the comon X el ectrode 22—A&

condition  yhe following description when taken in conjunction with

the accompanying drawings

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a exploded perspective view.
illustratiﬂg a plasma display panel of the present
invention.

Fig. 2 is a sectional view of a plasma display
panel which is illustrated from a direction in
accordance with an arrow A of Fig. 1.

Fig. 3 is a sectional view of a plasma display
pane} which is illustrated from a direction in
accordance with an arrow of Fig. 1.

Fig. 4 illustrates electrodes and circuits
connected to the electrodes of the plasma display panel
of Fig. 1.

Fig. 5(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance
with the first embodiment of the preeent invention.

Fig. 5(b) illustrates a driving wave-form
supplied to e common X electrode in accordance with ﬁhe :
first embodiment of the present invention.

Fig. 5(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the fi;st embodiment of the present invention.

Fig. 5(d) illustrates a driving wave-form

supplied to a first independent Y electrode in

e ————_an o et 0
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REPLAGEMENT SHEET
35 of the electrically—eharged particles after supplyingjthe™ |rst Tine
I|ne erasing pul ses 86a, 86b,.--5 is alnost the sanme condit o suégqg@;;l L
Fig. 8 in accormimsbest WEW ﬂ‘
N :

accordance with the first embodiment of the present
invention.

Fig. 5(e) illustrates a driving wave-form
supplied to a second independent Y electrode in
accordance with the first embodiment of the présent
invention. '

Fig. 6 is a sgctional view of a plasma display
panel in which a condition of eléctric charge particles
in a cell is illustrated immediately after a power is
supplied and then a equalizing pulse and a protecting
pulse are supplied.

. Fig. 7 is a sectional view of a plasma display
panel in which a condition of electric charge partlcles
in a cell after performing an address electric -discharge
is illustrated.

Fig. 8 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a fine line erasing pulse is
illustrated. |

Fig. 9 is a sectional view of a plasma display
panel in which a condition of electric charge particles -
in a cell after supplying a equalizing pulse in a second
field is illustrated.

Fig. 10 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a regulating pulse in a second

field is illustrated
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. ]" r’
first enbodi nent. The condition of the electric discharges ﬁﬂﬁg‘znéfwﬂ
first, the second
and 85b, the ek%asi kation are nore effectively|perforned, and

. " i ng add&Fss di scharging tjne is
mai nt ai ned constant. According-to an experinent perforned by-the-present |
inventors, it was found 1

sub-fields 3-9 isThi l.LdiOn. In this enbodi ment, pyj usi he
' mmm labe ine |ine erasing pul ses 8pa 36@%%4,’9&?5&
the electric diséh .&E el
Fig. ll(a) is a time chart illustrating an

arrangement of sub-fields in one field in accordance
with the present invention. .

Fig. 11(b) illustrates a driving wave-form
supplied to a common X electrode in accordancé with the
second embodiment of the present invention.

Fig. 11(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the second embodiment of the present invention.

Fig. 11(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
acco;dance with the second embodiment of the present
invention.

Fig. 11(e) illustrates a driving wave-form
supplied to a second iﬁdependent Y electrode in
accordance with the second embodiment of the present
invention.

Fig. 12(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance
with the present inventioﬁ.

Fig. 12(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
third embodiment of the present invention.

Fig. 12(c)illustrates a driving wave-form
supplied to an address A electrode in accordance with
the third embodiment of the present invention.

Fig. 12(d) illustrates a driving wave-form

e ——— -
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that it is effeetivefor—erasing to use up to three fine ﬁthgiéﬁasrnguw

pul ses, but using.npre._than ur,fine line erasing pulsgstis not so,
ef fective. N cFr’%nt of the present invent}i odn Wi L%ai‘ﬁ?
descri bed hereinai g Itg) to 13(e) illustrate a | driving nethodjin

accordance with a nt of he present invenfion. FIg. 13(a)
is atim chart illustrating an arrang nt of sub-fiel in one field Q-
accordance with the present invention. The figure '

supplied to a first independent Y electrode in

accordance with the third embodiment of the present
invention.

Fig. 12(e) illustrates a driving wave-form
supplied to a second independent Y electrode ih
accordance with the third embodiment of the present
invention.

Fig. 13(a) is a time chart illustréting an
arrangement of sub-fields in one field in accordance
with the invention.

Fig. 13(b) illustrates a driving wave-form
supp}ied to a common X electrode in accordance with the
fourth embodiment of the present invention.

Fig. 13(c) illustrates a driving.wéveeform
supplied to an address A électrode in accordance with
the fourth embodiment of the presént invention.

Fig. 13(d) illustrates a driving wave-form
supplied to a first independent Y electrode in,
accordance with the fourth embodiment of the present
invention.

Fig. 13(e) illustrates a driving wave-form
supplied to a second independent Y electrode in
accordance with the fourth embodiment of the present
invention.

Fig. 14(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance

with the invention.
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illustrates a division of one field into several sub- field E Lar, t
the case of Fig 1§§E&}h}g§nhgmk&pntal axis illustrates tieard thé 1997

vertical axis il ne of cells. Fig. 13(b)-Eig. 13(e)
illustrate wave- fmmmmmgw supplied to the common X ¢l ectrode, the
address A electr I rst andlﬁecond | ndependent “¥—sel-ectraodes
respectively. ~— o

Fig. 14(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
fifth embodiment of the present invention.

Fig. 14(c) illustrates a driving wave-form
supplied to an address A electrode in accordanée with
the fifth embodiment of the present invention.

Fig. 14(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the fifth embodiment of the present
invention.

Fig. l4(e) illustrates a driving wave-form
supp;ied to a second independent Y electrode in
accordance with the fifth embodiment of the present
invention.

Fig. 15(a) is a time chart illustrating an
arrangement of sub-fields in oﬁe field in accordance
with the present invention.

Fig. 15(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
.8ixth embodiment of the present invention.

Fig. 15(c¢) illustrates a driving wave-form
supplied to an address A eiectrode in accordance with
the sixth embodiment of the present invention.

Fig. 15(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the sixth embodiment of the present

invention.
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36 A pul se wave- ]ﬁm“h jdl ustrates a part of the aﬁEFLHQ@ﬁEﬂﬂ‘fﬁﬂ?ﬁ

supplled to t heTd ode 22 in the first sub-f
{1 6 DEC 1997

Fig. 15(e) illustrates a driﬁing wave-form
supplied to a second independent Y electrode in
accordance with the sixth embodiment of the present
invention.

Fig. 1l6(a) is a time chart illustratiné an
arrangement of sub-fields in one field in accordance
with the invention.

Fig. 16(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
seventh embodiment of the present invention.

Fig. 16(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the seventh embodiment of the present invention.

Fig. 16(d) illustrates a driving wave-form
supplied.to a first indepeﬁdent Y electrode in
accordance with the seventh embodiment of the present
invention.

Fig. 16(e) illustrates a driving wave-form
supplied to a second independént Y electrode in
accordance with ﬁhe seventh embodiment of the present
invention.

Fig. 17(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance
with the present invention.

Fig. 17(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the

eighth embodiment of the present: invention. .
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the driving wave- orn1supplled to one of the address A
Pul se Wavegfor @Qsﬁe%nképlams\trate parts of the driwi ﬁﬁkmf@ﬁﬂ
supplied, for and second i ndependent }Y jel ectrodes 23
The pul se wave- f Q‘“M“‘ s suppl | ed to the comon X € &cOEgdy ?
during the first ncl udes gulating pulsg 94 lasting

first part of the electrically charged ticle equali4ing perlou 2a—to
the address period 2b and the sustaining pulses 41 in tlhe

Fig. 17(c) illustrates a driving wave-form

supplied to an address A electrode in accordance with
the eighth embodiment of the present invention.

Fig. 17(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the eight embodiment of the present _
invention.

Fig. 17(e) illustrates a driving wave-form .
supplied to a second independent Y electrode in
accordance with the eight embodiment of the present

~ invention.

Fig. 18(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance
with the presenf invention.

Fig. 18(b) illustrates a driving wave-form
supplied to a common X electrode in accordance with the
ninth embodiment of the pfesent invention. |

Fig. 18(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the ninth embodiment of the present invention.

Fig. 18(d).illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the ninth embodiment of the present
invention.

Fig. 18(e) illustrates a driving wave-form
supplied to a second independent Y electrode in

accordance with the ninth embodiment of the present
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sust ai ni ng period 2c. The vol tage of the regul ati ng..pulse. 94 and the

vol tage of the'ﬁmﬁhaﬁﬁu nReplses 41 are the sane, and tﬁ&ﬁ?ﬂ?twﬁmj'gHEEI1g

address pul se 42 |

emtting cell

circuit is si
91, which is

»

npll he sanme power is used. [se~
t he address A el ectrodgs
s period whi ch corres ondg ﬁoﬁFhéﬁﬁig1t
The address pulse 42 is i supplied whe
invention.

Fig. 19 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell is illustrated imﬁediately after a power is
supplied and then a equalizing pulse and a regﬁlating
pulse are supplied in accordance with the ninth
embodiment.

Fig. 20 'is a sectional view of a plasﬁa display
panel in which a condition %% electric charge particles
in a cell aftéf performing a address electric discharge
is illusttated in-aqcordance with ninth embodiment of
the present inventioh.

Fig. 21 is a sectional view of a plasma display
panel in wﬁiqh a condition of electric charge particles
in a ce;l after supplying a fine line erasing pulse is
illustrated in accordance with the ninth embodiment of
the present invention.

Fig. 22 is a sectional view of a plasma display
panel in which a.condition of electric charge particles
in a cell after supplying é eqﬁalizing pulse in a second
field is illustrated in accordance with the ninth
embodiment of ﬁhe present invéntion.

Fig. 23 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a regulating puise in a second
field is illustrated in accordance with the ninth

embodiment of the present invention.
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there is no celt—to be emtted. The pul se wave-forns 92

supplied to the

adj acent second el he i ndependent Y electrd
electrically cha HEHL qual i zi ng pul ses 43a 43b,|---
el ectric charge p al'1zing peri g 2a of the fi|rst

2b, sust ai nilng _pul ses _45a, ;

pul ses 44a, 44b,--- in the address peri

:

fidet 1k BednReplesedf the - independent Y eI%
d
b,

i

ctr

h :éﬁe
odes 23 and |

s ©& licactides |

in the Lo

SUB-fT8I'd; " s¢an

45b,--- and fine |line erasing

Fig. 24(a) is a time chart illustrating an

arrangement of sub-fields in one field in accordance

with the preSent invention.

Fig. 24(b) illustrates a driving wave-form

supplied to a common X electrode in accordance with the

tenth embodiment of the present invention.

Fig. 24(c) illustrates a driving wave-form

supplied to an address A electrode in accordance with

the tenth embodiment of the present invention.

Fig. 24(d) illustrates a driving wave-form

supplied to a first independent Y electrode in

accordance with the tenth embodiment of the present’

invention.

Fig. 24(e) illustrates a driving wave-form

supplied to a second indépendent Y electrode in

accordance with the tenth embodiment of the present

invention.

Fig. 25(a) is a time chart illustrating an

arrangement of sub-fields in one field in accordance

with the present invention.

Fig. 25(b) illustrates a driving wave-form

supplied to a common X electrode in accordance with the

eleventh embodiment of the present invention.

Fig. 25(c) illustrates a driving wave-form

supplied to an address A electrode in accordance with

the eleventh embodiment of the present invention.

Fig. 25(d) illustrates a driving wave-form
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37 pul ses 46aT’HGETTTT/T;’;;:;;;staining period 2c. A iﬁﬁﬁdﬂbw@gi

electrically c S after supplying the fijne'line eras+ﬂgﬁ”

Iplu: 3§frg?2§ fﬁe‘\g\ﬁ\s\k‘ﬁ%ﬁﬁﬁ t he same-:ildltlon as sh(Tvvn '6“&’"'891999 whi ch

supplied to a first independent Y electrode in
accordance with the eleventh embodiment of the present
invention.

Fig. 25(e) illustrates a driving wave-form
supplied to a second independent Y electrode iﬁ
accordance with the eleventh embodiment of the present
invention.

Fig. 26(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance
with the present invention.

Fig. 26(b) illustrates a driving wave-form
supp;ied to a common X electrode in accordance with the
twelfth embodiment of the present invention.

Fig. 26(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the twelfth embodiment of the present invention.

Fig. 26(d) illustrates a driving wave-form
supplied to a first independent Y electrode in
accordance with the twelfth embodiment of the present
invention.

Fig. 26(e) illustrates a driving wave-form
supplied to a second 1ndependent Y electrode in
accordance w1th the twelfth embodiment of the present
invention.

Fig. 27(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance

with the present invention.
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condi tion of eIéEfFTEETT§_555?§€H_Eérticles in accor dqREE! AGFMENThEHEET
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sub-fields 3-9 is
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driving circuit construction.
invention will be

qee | ectric
i on.

d to the common X el e¢t fode2

regul ating pu“!ﬁuﬁmwlm
vol tage of the sus |

descri bed herei nafter.
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di scharge ijnfthe other=——"""
In this enbodi fent ,, thes g1
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37
©
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are the,sane, therefio Laplifyingit he
A fi enbodi nen§ of the present:
Figs. l1l4(a) toi#ze—Tttustrate

Fig. 27(b) illustrates a driving wave-form

supplied to a common X electrode in accordance with the

thirteenth embodiment of the present invention.

Fig. 27(c) illustrates a driving wave-form
supplied to an address A electrode in accordanée with
the thirteenth embodiment of the present invention.

Fig. 27(d) illustrates a driving wave-form

supplied to a first independent Y electrode in

accordance with the thirteenth embodiment of the present

invention.
Fig. 27(e) illustrates a driving wave-form

supplied to a second independent Y electrode in

accordance with the thirteenth embodiment of the present

invention.

Fig. 28(a) is a time chart illustrating an
érrangement of sub-fields in one field in accordance
with a second embodiment of the present invention.

Fig. 28(b) illustrates a driving wave-form

supplied to a common X electrode in accordance with the

fourteenth embodiment of the present invention.

Fig. 28(c) illustrates a driving wave-form
supplied to an address A electrode in accordance with
the fourteenth embodiment of.the present invention.

Fig. 28(d) illustrates a driving wave-form

supplied to a first independent Y electrode in

accordance with the fourteenth embodiment of the present

invention.
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drivin nethod in accordance with the fifth enbodi ment é&gﬁ
i ; eeufksaeehkmcahart Il lustrating an Hj Wﬁbﬁﬂ

I nventi on.

sub-:fi el ds |n on

—
L

rdance with the present {i nvention.
f one field into sevefall dub- ﬁiﬁr@gﬂs}

figure |IIustrat | erfal _
simlar to the case 0 (a The hoi zontal axi$ §llustrates ti and
the vertical axis |IIustrates a line of lls. Fig. 14(D)-Fg—™

illustrate wave-forns

Fig. 28(e) illustrates a driving wave-form
supplied to a second independeat Y electrode in
accordance with the fourteenth embodiment of the present
invention.

Fig. 28(f) illustrates a driving wave;form
supplied to a third independent Y electrode in
accordance with the fourteenth embodiment of the present
invention.

Fig. 28(g) illustrates a driving wave-form
supplied to a fourth independent Y electrode in
accordance with the fourteenth embodiment of the present
inveation. '

Fig. 29 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying suscaining pulses is
illustrated in accordance with a embodiment shown in Fig.
28(a)-28(g) of the present invention.

Fig. 30 is a sectional view of a plasma display
panel in which a condition of electric.charge particles
in a cell during discharging by a selection electric
discharge pulse is illustrated in accordance with the
embodiment shown in Fig. 28(a)-28(g) of the present
invention. |

Fig. 31 is a sectional view of a plasma display

panel in which a condition of electric charge particles

“in a cell during supplying electric charge particles

control pulse is illustrated in accordance with the

THIS SHEET HAS BEEN
REPLACED




of pul ses supplied+te—the—comon X el ectrode, the add| Ewﬁﬁﬁngﬁﬂﬂ- and

the first and second |ndepe dept Y electrodes, respe | se
wave- f or m 100 This|S 5 t of the dr|V|ng wave} fiorm suppl i ed tio {t he
common X el ectr first sub-field. A puls Vb thlriang1
Illustrates a |ving mave;igrn1supplied tjo_the one of tihe

embodiment shown in Fig. 28(a)-28(g) of the present

invention.

Fig. 32 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a fine line erasing bulse is
illustrated in accordance with the embodiment shown in
fig. 28(a)~-Fig. 28(g) of the present invenfion.

Fig. 33 is a time chart of sub-fields
illustrating a driving system in accordance with a third
embodiment of the present invention..

Fig. 34 is a time chart of sub-fields
illugtrating a driving sYstem in accordance with a
fourth embodiment of the present invention.

Fig. 35 is a time éhart of sub~fields’
illustrating a driving system in accordance with a fifth
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present
invention will be described with using drawings
hereinafter.

Fig. 1 illustrates a exploded perspective view
of a plasma display panel relating to the first
embodiment of the present in?ention.

A transparent common X electrode 22 and a
transparent independent Y electrode 23 are provided
under a front glass substrate 21, and a X bus electrode

24 and a Y bus electrode 25 are laminated on respective
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address A el ectrodes 29.
parts of the dri vipg Swatias ﬁ‘\’mppl ied, for exanple,|tp first and se;cond

i ndependent Y elect
supplied to the

T s o rreres se—e—

Pyl.s¢ wave-forms 102 and lBE_ﬁAQHWE%?ak%E

The pulse wave-form 10D, { vhiC g7
e 22 during the first spib- field, |ncqu es

19

electrode 21 and 22. A dielectric layer 26 and a
protecting layer 27 such as a acid magnesium (MgO) are
provided on these electrodes 22.23,24 and 25. An
address A electrode 29 provided on a back glass
substrate 28 is arranged perpendicular to the éommon X
electrode 22 and the independent Y electrode 23 on the
front glass substrate 21. The address A electrode 29 is
covered by a dielectric layer 30 and a partition wall 31
arranged parallel to the address A electrode 29 is
provided on the electrode 29. A phosphor 32 is coated
on the partition wall 31 and the address A electrode 29.
. fig. 2 is a sectional view of a plasma display
panel which is illustrated from a direction in
accordance witﬁ an arrow A of Fig. 1. The address A

electrode 29 is arranged in the middle of the two

partition walls. A discharge gas such as' a neon gas or

a xenon gas is filled in a space 33 that is providéd
between the front glass substrate 21 and the back glass
substrate 38.

Fig. 3 is a sectional view of a plasma display

panel which is illustrated from a direction in

“accordance with an arrow of Fig. 1. A border of each

cell is shown by a dotted line, and the common X
electrode 22 and the independent Y electrode 23 are
arranged alternatively. In AC type plasma display panel,
the electric charge particles on the dielectric layer in

the vicinity of the common X electrode 22 and the
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A

‘a regul ating puLsefgi”régfrﬁa/?F;n1a first part of the

charged particle equahi cARepiided od 2a through the addre

t he sustai ning sust ai ni ng period 2c.

regul ati ng pul se “ﬁl“ | tage of the sustaining

sanme as the four shown in f4g. 13(d), therfe y

circuit is sinplified because the sane r is used. m
i ncl udes e

101, which is supplied to one of the address A el ectroges 29,
address pU|SEiﬁE%pendent Y electrode 23 are divided into positive

electric charge particles and negative electric charge
particles for forming an electric field, so that a
discharge is performed by using the electric field.

Fig. 4 illustrates electrodes and circﬁits
connected to the electrodes of the plasma display panel
of Fig. 1. The common X electrode 22 is connected to an
output terminal or several terminals of a X electrode
driving circuit 35 that generates a driving pulse for
supplying to the common X electrode 22. Each
independent Y electrode 23 is connected respective
outpqt terminals of a Y electrode driving circuit 36.
Each address A electrode 29 is connected respective
output terminals of a A electrode driving circuit 37.

Fig. 5 illustrates a first driving system in
accordance with a first embodiment of the present
invention. Fig.(a) is a'time chart illustrating an
arrangement of sub-fields in one field in accordance
with the invention. 1In the figure, reference numeral 1
denotes one field, a horizontal axis illustrates time
and a vertical axis illustrates a line of the cell. The-
one field is divided into eight sub-fields, that is, a
first sub-field 2 to a eighth sub-field 9. A electric
charge particle equalizing period 2a-9a, an address
period 2b-9b and a sustaining period 2c¢~9c are arranged
in order in each sub-field. Numbers of electric

discharges are allotted for each sub-field and display
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In the address period 2b which corresponds to the |ight g LA?H@EN$ISHLEE
0

address pul se 42rmisShdHas BedaRepleed when there is no cell
The pul se wave-fo

el ectrode of
el ectrode of

be illum nate

03, which are supplied tofthe{f§rBiE{ 1007
el ectrodes 23 and adj acent| second
el ectrodeg, 23, includes FléectriTatty

the[
t he

charged particle equalizing pulses 43a ;--- in the egqualizing period

of the first

sub-field, scan
gradations are determined by the total numbers of the

discharges. The order for arranging the sub-fields
having predetermined numbers of discharges is free, but
in the embodiment, the sub-fields are arranged in order -
from a sub-field having a fewer numbers of eleétric
discharge.

Fig. 5(a)-Fig.-5(e)'illustrate wave~-forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
electrode respectively. In the figure, a pulse wave-
form 10 illustrates a part'of driving wave-form supplied
to the common X electrode 22 in one field. A pulse
wave-form 11 illustrates a part of driving wave-form
supplied to the one of the address A electric rode 29.
Pulse wave~forms 12 and 13 illustrate a parts of driving
wave-form supplied, for example, to a first and a second
independent Y electrodes 23.

The pulse wave-~form 10 which is supplied to the
common X electrode 22 during first sub-field includes a
regulating pulse 40 lasting from the electric charge
particle equalizing period 2a to the address period 2b
and the sustaining pulses 41 in the sustaining period 2c.
In this embodiment, the voltage of the regulating pulse
40 is lower than the voltége of the sustaining pulses 41.
The pulse wave-form 11 which is supplied to one of the
address A electrodes 29 illustrates the address pulse 42

in the address period 2b and the address pulse 42
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13 a
pul ses 104a, 1 ---in the Qe(ess period 2b, sustaini rﬁ%EMENLS’HEF
45b, --- and flneimymmﬂﬁ- | ses 46a, 46b,--- in tlhe]sus bg g@ge I ¢d
2c. The vol tage of a& nt Y electrode 23 duringlth

period 2c and the sust ai ni ng pul ses 45a, b.--- are th¢
sanme, thereby the ng circuit is S|n95|f|ed because |t he

corresponds to the cell to be emitted light . The
address pulse 42 is not supplied when there is no cell
to be emitted. That is, the address pulses 42 are
supplied to the cells to be emitted, and the address
pulse 42 is not supplied to the other cells nof to be
emitted. The pulse wave-forms 12 and 13 which are
supplied to the first electrode of the independent Y
electrodes 23 and adjacept second electrode of the
independent Y electrodes 23 includes a electric charge
particle equalizing pulses 43a, 43b,--- in the electric
charge pérticle equalizing period 2a of the first sub-
.fielq, scan pulses 44a, 44b,---in.the address period 2b,
sustaining pulses 45a, 45b,--- and fine line erasing
pulses 46a, 46b,--- in the sustaining period 2c. 1In the
embodiment, the voltage of the scan pulses 44a, 44b, —--
is lower than the voltage of the sustaining pulses 45a,
45b,---. The fine line erasing pulses 46a, 46b,--and the
equalizing éulses 43a, 43b,~-- are supplied to the same
electrodes. Further, it is preferable to select the
pulse width of the fine line erasing pulses 46a, 46b,-—-
between 0.5 usec-2 usec.

The movements of the panel is explained
hereinafter. In fig. 5, electric discharges in all
cells are performed between the independent Y electrodes
23 and the common X electrodes 22 by supplying the
equalizing pulses 43a, 43b,--- to the independent Y

electrodes 23, and negative electric charge particles
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ey
39 sane pomer_T?TTEiRT‘7¥wamH++on of the electrically :RgmﬁéGHWENHESHFEE'
after supplylnghggg ne eraS|ng pul ses 46a, 46b,{- |s alnﬁ“r
same condition d 8, which illustrates the
electrically chgﬂuﬂ yﬁ i n accordance with the flrst enbod nt
The condition caIIy chargfg particles in the
i

are formed on the dielectric layer 26 in the vicinity of
the independent Y electrode 23 during electric charge
particle equalizing period 2a occurring immediately
after the power is supplied to the display. The
electric discharge by the equalizing pulses 43a, 43b,---
occurs only first one time, and the discharge is not
occﬁrred after this. That is, the discharge occurs only
one time other than the space 33 of the éell becomes
abnormal condition. The regulating pulse 40 is supplied
to the common X electrode 22 within the time between 0.3
usec-2 usec from the rising edge of the equalizing
pulses 43a, 43b,---. The negative electric charge
particles are formed in the vicinity of the common X
electrode 22, and the positive electric charge pérticles
are formed in the vicinity of the address A electrode 29.
The reason the time between the rising edge of
the equalizing pulses 43a, 43b,--~-and the rising edge of
the regulating pulse 40 is determined as described the
above is that : too many negative electric charge
particles are gathered in the vicinity of the
independent Y electrode 23 and the negative electric
charge particles gather in the common X electrode 22
when the time between edges of both pulses 43a, 43b,--
and 40 is selected too long. When the time is too short,
the negative electric charge particles are not gathered
on thé independent Y electrode 23 and also the positive

electric charge particles are not gathered on the
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other sub-fields 3-9 is the sane condi tion. A six HEE
present invent |msmetHaSEe°n i‘f i bed hereinafter. Figs.
n

illustrate a dr

present inventio Blgﬁl g s atinme chart illustratj
of sub-fields in lel'd 1n accordance, wth the predge
figure illustrates a division of one fi-8fd into sever
simlar to the case of Fig. 5(a). The horizontal axis

address A electrode 22.

The main purpose for supplying the regulating
pulse 40 is to attract the negative electric charge
particles toward the common X electrode 22 and to form
the positive electric charge particles on the éddress A
electrode 29. Another purpose is to assist electric
discharges between the common X .electrode 22 and the
independent Y electrode 23 wheh_the address electric
discharge is performed between the address A electrode
29 and the independent Y electrode 23.

The address electric discharges is performed in
the cell which is formed at the cross point of the first
line of the independent_¥ electrode 23 and one of the
address A electrode 22 when the scan pulses 44a is
supplied to the first line of the independent Y
electrode 23 and the address pulse 42 is supplied to one
of the address A electrode 29 at the same time, as a
result, the positive electric charge particles are
gathered on the independent Y electrode 23. 6n the
other hand, no discharge is occurred when the address
pulse 42 which corresponds to the scan pulses 44b is not:
supplied to the second line of the independent Y
electrode 23, therefore, no electric charge particle is
gathered on the independent Y electrode 23. The address
pulses 42 are supplied to the address A electrodes 29
which correspond to the cell to be emitted and are

selected all the cells at the cross points of all
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and vertical axis i ustr i ne of cells.

illustrate MHMEQEamﬁ§B££R es supplied to the conmon | ect rode, the
address A ele fast and second i ndependent. Y el e¢tg GEs j997
respectively. mave form 110 illustrates a jpart of the
driving wave- o t he conmon el ectrode 22 ji n—the—first

sub-field. A pulse mave forn1111 I 11 ust s a
wave-form supplied to the one of the

Fig. 15( ﬁfﬁﬁf EMENT)SHEET

part of jthe driving

address A electrodes 29 and the scan pulses 44a or 44b
is supplied to the independent Y electrodes 23, so that
the electric discharges are performed between the
address A electrode 29 and the independent Y electrodes -
23. |

Next, in the sustaining period 2c, the electric
discharges for light'emitting are performed by the
sustaining pulses 41, 45a, 45b,---between the common X
electrode 22 and the independent Y electrodes 23 in the
cell in which the positive electric charge.particles are
gathered on the independent Y electrodes 23 side by the
elecFric discharges performed during address period 2b.
After that, electric disché;ges occur between the
independent Y electrodes 23 and the common X electrode
22 by supplying the fine line erasing pulses 46a, 46b,—-
- to the independent Y electrodes 23 and the electric
charge particles in the cells are erased, so that the
all electric charge particles generated for light
emitting'in the cell are erased. The pulse width of the
fine line erasing pulses 46a, 46b,---is a little longer
than the electric discharge continuation time, therefore,
the negative electric charge particles are gathered on
the dielectric layer in the Qicinity of the independent
Y electrodes 23. In the cells in which no electric
discharge is occurred, the erasing discharges are not
performed because no electric charge particle is in the

cell. Therefore, the negative electric charge particles
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address A el ectroedes—29- Pul se wave-forns 112 and 113 il

the driving wave-forns supplied, for exanple, to first ar
i ndependent Y el Wﬁ?%@nm‘plawd The pul se wave-form 11Q,

supplied to the mmﬂmﬂ ode 22 during the first syb
26
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formed in the vicinity of the independent Y electrodes

23 are kept unchanged.

In this situation, no electric discharge occurs

by supplying the equalizing pulses 43a, 43b,--- to the

independent Y electrodes 23 because the negative

electric charge particles in the cell negate the voltage

of the equalizing pulses 43a, 43b, ~--and sufficient

electric fields needed for electric discharge are not

formed. After that, no electric discharge is performed

through all sub-fields even if the equalizing pulses are

supplied. Therefore, the electric discharges are not

performed except the first sub-field immediately after

the power on, therefore no light emitting occurs in

black display.

_Further, for the linearity of display gradations

determined by the numbers of sustaining pulses, one

electric discharge have less influence more than two

electric discharges. According to the present invention,

the equalization of electric charge particles is

effected by one electric discharge in the cell in which

the sustaining electric discharge is performed,

therefore, the influence to the linearity for display

gradations is very small.

The same driving system is performed during the

second sub-field 3 to the eighth sub-field 9

screen of one field is formed.

and a

Fig. 6-Fig. 10 are sectional views of the plasma
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enbodi nent, the
divided into a fi

a second regul ation pulse 115 i n the ada

equal i zi ng peri ogy,; second regul ating pulse 115 in the laddress perio
2b and t he sustaiq‘hllggheet Replaced n t he sustai ni ng period {2ci. 18 tg(?§mﬁ7_
aﬂiﬂ” | ectrode vodd

I

m e supplied to the common €

S

pul se 11ézin t he equal i zi g “peried-2a-an

display panel in which the condition of electric charge
particles in the cell performed sustaining electric
discharge are illustrated from the first sub-field after
the power is supplied to the second sub-field until the
equalizing pulses and the regulating pulse are.supplied.
In these figure, reference numeral 60 denotes a positive
electric charge particles, reference numeral .61 denotes
a negative electric charge particles. Further the
condition of electric charge particles is illustrated in
a cell at center position of Fig. 6-Fig. 7.

Fig. 6 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell is illustrated immediately after a.power is
supplied and then a equalizing pulse and a regulating
pulse are supplied. The figure illustrate the condition
of electric charge particles in the first sub-field
after power is supplied at first and then the equalizihg
pulses 43a, 43b are supplied to the independent Y
electrodes 23 and finally the regulating pulse 40 is
supplied. The electric discharges in all cells occur
between the common X electrode 22 and the independent Y
electrodes 23 by supplying the equalizing pulses 43a,
43b,---to the independent Y electrodes 23, and the
negative electric charge particles 61 are gathered on
the dielectric layer in the vicinity of the independent
Y electrodes 23a and the common X electrode 22 and the

positive electric charge particles 60 are gathered on
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period 2b. The g wave-form 111, which is supplied to Rﬁﬁtﬂﬁ
address A electro s 29 Hab Béh HepdRed he address pul se 42 ijn f%éggi§§_,ﬁr

i
period 2b which c est light emtting cell. Tke ﬁﬂpbgis pul s
42 is not supplied u Wﬁt“ m no cell to be illum natjed.
wave-fornms 112 and suppl i to the first jeliectrode of th
I ndependent Y el ectrodes 23 and adj acent econd el ectrogle of the

i ndependent Y el ectrodes 23, includes electrically charget—pa~ticle
equal i zi ng pmﬁﬂgsaddress A electrodes 29 side.

1174

Fig. 7 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after performing an address electric discharge
is illustrated. In Fig. 7, the condition of eiectric
discharges is illustrated after the address pulses 42 is
supplied to the address A electrodes 29 and address
electric discharges occur between the addresé A
electrode 29 and the independent Y electrode 23. The
positive electric charge particles 60 are gathered on
the dieléctric layer in the vicinity of the independent
Y elgctrode 23 because the voltage of the independent Y
electrode 23 is lower than the voltages of the address A
electrode 29 and the common X electrode 22. The
condition of the electric charge particles are shown in
Fig. 7. The electric discharge occurs between the
independent Y electrode 23 and the common X electrode 22
by the positive electric-cﬁarge particles 60 and the
first pulse of the sustaining pulses 45a, 45b,-—-
supplied to the independent Y electrode 23. This is a
sustain discharge. This time, the negative electric
charge particles 61 are g;thered around the independent
Y electrode 23 and the positive charges 62 are gathered
around the common X electrode 22 by the electric
discharge generéted by the sustaining pulses 45a, 45b.
As a result, the sustaining electric discharges occur

between the independent Y electrode 23 and the common X
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43a 43b,--- in tﬂngxu@4+f+ﬂg~p§TT”d 2a of the first sub- REPEA%EWFﬁ?nSHEE,

pul ses 114a, 114b,--- |n t &S period 2b, sustainipgfp

45b, --- and fine ﬂhﬁ§h ses 46a, 46b,--- in the|s H oIl ofel

2c. A condition of \ charged particles after suppl$$ﬂ§ﬂ?ﬁ‘ fine

| i ne erasing pulses S aInD the same condj tbon as_shown iin
Fig. 8, which |IIustrates t he condltlo el ectrically kharged particles

i n accordance

electrode 22 by the first pulse of sustaining pulses 41.
This electric discharges are repeated during sustaining
period 2c.

Fig. 8 is a sectional view of a plasma display
panel in which a condition of electric charge barticles
in a cell after supplying a fine erase pulse is
illustrated. In Fig. 8, the condition of electric
discharge after the last sustaining pulses 41 is
supplied to the common X electrode 22 and then the fine
line erasing pulses 46a, 46b,---are supplied is
illustrated. .

The condition of the electric charge particles
after the discharges are occurred by the final
sustaining pulses 41 is the.same with the condition
shown in Fig. 7.

- The pulse width of the fine liﬁe erasing pulses
46a, 46b,---is longer than the discharge continuation
time, so that negative electric charge particles 61
which move so quickly are gathered on the dielectric
layer in the vicinity of the independent Y electrode 23.
As a result, separation of the electric charge particles
is performed. The positive electric charge parﬁicles
that move slowly in space'flﬁat in the cell. The
negative charges float discharge space for a while.

Fig. 9 is a sectional view of a plasma display
panel in which a condition of electric charge particles

in a cell after supplying a equalizing pulse in a second
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wth the flrst-4%#%%#4&%&——4%e—eeﬁdltlon of the electric cﬁ%@%%ﬂgéi%L ,,,,,,,,,,,
ot her sub-fields 3-9 is the sane condition. As seen Figs. ES(b) and 15(dﬂ

the rising edge TErilsi’m[iIIT iFi Qul ati ng pul se slightly eafl]ef B HHIC fgay l
of | |

-
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field is illustrated. In Fig. 9, a condition of
electric discharge after the equalizing pulsés 43a,
43b,---in the second sub-field are supplied is
illustrated. The voltage of the equalizing pulses 43a,
43b, ---are canceled by the negative charges ahd is not
reached to the discharge voltage, so that any discharges
is not performed. The voltage of the independent Y
electrode 23 is higher than the voltage of the other
electrodes, so the negative charges are attracted
towered the independent Y electrode 23. .

Fig. 10 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell after supplying a regulating pulse in a second
field is illustrated.

Referring to the drawing, the condition of
eléctric charge particles after the regulating pulse 40
is supplied to the common X electrode 22 is illustrated.
The negative electric charge particles are gathered on
the dielectric layer in the vicinity of the common X
electrode 22 and the positive charges are gathered at
the address A electrode 29. By-this, £he same driving
as the first sub-field is performed without electric
‘discharge by the equalizing pulses 43a, 43b,~--. 1In
this case, the voltage of the equalizing pulses 43a,
43b,--- is reduced by the negative electric charge
particles at the independent.Y electrode 23, so that the

electric discharge between the independent Y electrode
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41 the equalizing pul se 43a, thereby preventing electric 6ﬂ£§hﬁC§W&ﬁﬂb$HEET

m st ake betmeemmggﬁagﬁ NpS electrode 22 and the independe Y-etect+o
Further, a r|S| second regul ati ng pul se 115 ard asrbﬁpgg
edge of the sc " 116b is effected at the samg ti Ae g%y
preventing elec by n1stakebfetmeen t he conmpnixX-elecirode 2P

and the |ndependent Y el ectrode

23 and the common X electrode 22 is not performed.

The driving of the panel is capable of
performing without using the full writing electric
discharge and fine line erasing electric discharge for
each sub-field. As a result, unnecessary 1igh£ emitting
is erased for displaying black brightness so that the
contrast is improved.

The second embodiment of the present invention
is described hereinafter. Fig. 11 illﬁstrates a second
driving system in accordance with a second embodiment of
the present invention. Fig.(a) is a time chart
illustrating an arrangement of sub-fields in one field
in accordance with the present invention. The figure
illustrates a division of one field into several sub-
fields such as the case of Fig. 5. A horizontal axis
shows time and a vertical axis shows lines of cells.

Fig. 11(b)-Fig. 1l1l(e) illustrate wave-forms of
pulses supplied to the'common X electrbde, the address A
electrode, and the firét and the second independent Y
electrode respectively.

A pulse wave-form 70 illustrates a part of
driving wave-form supplied to the common X electrode 22
in one field. A pulse wave-form 71 illustfates a part
of driving wave-form supplied to the one of the address
A electrode 29. Pulse wave-forms 72 and 73 illustrate
parts of driving wave-form supplied, for example, to a

first and a second independent Y electrodes 23.
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The first regngLLng/pUT§E/EIZ/;;ppIied to the coomon X el T QB e ! ”

the sustaining pul ses 41 nAyepls egis® t he sane vol tage. /fﬁiwgqgﬂéﬁﬁagﬁEfT

enbodi nent of thﬁ;sﬁh \\m ion will be described her¢inafter. Figs.
n

16(a) to 16(e) il
enbodi nent of th
illustrating an a

the present

Vi ng nethod i n accordance Wi h1a85§2€qg97
tion. 16(a) Is a tinejchart

angenent of sub- flel in one field in j}a

i nvention. The figure

The pulse wave-form 70 which is supplied to the
common X electrode 22 during first sub-field includes a
regulating pulse 40 lasting from the electric charge
particle equalizing period 2a to the address period 2b
and the sustaining pulses 41 and a fine line eiasing
pulse 74 in the sustaining period 2c. The pulse wave-
form 71 which is supplied to one of the address A
elecirodes 29 illustrates the address pulse 42 in the
address ‘period 2b which corresponds to the light
emitting cell. The address pulses 42 is not supplied
when there is no cell to be emitted. The pulse wave-
forme 71 and 72 which are supplied to the first
electrode of the independent Y electrodes 23 and
adjacent second electrode of the independent Y
electrodes 23 includes a electric charge particle.
equalizing pulse 43a 43b,-—— in the electric charge
particle equalizing period 2a of the first sub-fieid,
scan pulse 44a, 44b,---in the address period 2b,
sustaining pulses 45a, 45b,--- and a first fine line
erasing pulses 75a, 75b,--- in the sustaining period 2c.

Under these circumstances, the pulse width of
the first fine line erasing pulses 75a, 75b,——-is the
same with or shorter than a nulse width of a second fine
line erasing pulse 74. The number of the fine line
erasing pulses is an even number as shown in Fig. 11,
that is, the first and the second fine line erasing

pulses 75a, 75b and 74, the first fine line erasing
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illustrates a division of one field into several sub- figlds—simtlar il ..
the case of Fig. TssheetMhdebumepE@atal axis illustrates t{REePACEMENT SHEET

vertical axis illu of cells. Fig. 16(b)-Fip.[16(e)

il lustrate wave-fo m I Hmesupplied to the comon X e eftqg%q;ééﬁe
address A el ectrode€, rst and §§cond independeg‘ Y ‘e ,
respectively. A pul se wave-form 136=H | ustrates a pafti-ef-the -

pulses 75a, 75b,~~~which are the last erasing pulses and
the equalizing pulses 43a, 43b,---are supplied to the
same electrodes, that is, the independent Y electrode 23
of Fig. 11. The second fine line erasing pulse 74 is
supplied to the other electrode, that is, the éommon X
electrode 22.

In the embodiment, the last sustaining pulse is
supplied to the independent Y electrode 23. A condition
of electric charge particles after supplying the first
fine line erasing pulses 75a, 75b,---is almost same as
the condition shown in Fig. 8. in accordance with the
first émbodiment. The condition of electric discharges
in the other sub-fields 3-9 are the same condition.
Further, the erasing and polarizihg of electric charge
particles are performed by these fine line erasing
pulses, so these erasing pulses are called polarizatidn
pulse group. In this embodiment, by using the first and
the second fine line erasing pulses 75a, 75b and 74, the
erasing and polarization are effectively performed, and
electric discharging time:during address discharging
time is maintained consfant.

The third embodiment of the present invention is
described hereinafter. Fig. 12 illustrates a third
driving system in accordance with a third embodiment of
the present invention. Fig. 12(a) is a time chart
illustrating an arrangement of sub-fields in one field

in accordance with the present invention. The figure
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driving mave'TtWTﬁ?ﬂﬂﬁﬂﬁT&ﬂ“FG’F—é common X el ectrode 22 'Hﬁ?ﬁgﬁkﬁwéﬁT SHEET

sub-field. A p 1 e‘é‘ﬁi’a?BéeQ'i{@Blch\iL illustrates a part of tHeof PVFWIGNT o

-

illustrates a division of one field into several sub-

fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells.

Fig. 12(b)-Fig. 12(e) illustrate wave-forms of pulses
supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
electrode respectively.

A pulse wave-form 80 illustrates a part of
driving wave-form éupplied to the common X electrode 22
in first sub-field. A pulse wave-form 81 illustrates a
part.of driving wave-form supplied to the one of the
addréss A electrode 29. Pulse wave-forms 82 and 83
illustrate parts of driving wave-forms supplied, for
example, t6 a first and a second independent Y
electrodes 23.

The pulse wave-form 80 which is supplied to the
common X electrode 22 during the first sub-field
includes a requlating pulse 40 lasting from the electric
charge particle equalizing period 2a to the address
period 2b and the sustaining pulses 41 in thé sustaining
period 2c and second fine line erasing pulse 84. The
pulse wave-form 81 which is éupplied to one of the
address A electrodes 29.illustrates the address pulse 42
in the address period 2b which corresponds to the light
emitting cell. The address pulses 42 is not supplied

when there is no cell to be emitted. The pulse wave-
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address A el ectrodes 29. Pulse- e-forns 132 and 133 i|THSLLaJE parts of

the driving mavéh$§hmﬂh§gag for exanple, to first a Egéﬁgﬁg N

i ndependent Y eI hh%wﬁi The pul se wave-form 139 éqg;JT ?HEFT

suppliedtothe ,H”Lrode 22 during the first SJb |t1 énc uJe
d

a first regulatlng pu t he elec ical ly charged { ppar
equal i zi ng period 2a, a second regulatlng—pulse 135 in thecaddress peri
2b and the sustaining pulses 41 in the sustaining period 2c. The pul se

wave-form 131e5¢hisCi32 and 83 which are supplied to the first

electrode of the independent Y electrodes 23 and
adjacent second electrode of the independent Y
electrodes 23 includes electric charge particles
equalizing pulse 43a 43b,--- in the electric charge
particles equalizing period 2a of the first sub-field,
scan pulses 44a, 44b,---in the address period 2b,
sustaining pulses 45a; 45b,--~ and a third fine line
erasing pulses 85a, 85b,--- and a first fine line
erasing pulses 86a, 86b,--- in the sustaining period 2c.

Under these circumstances, the pulse width of
the second fine line erasing pulses 84 is the same as
or shorter than a pulse width of a third fine line
erasing pulses 85a, 85b,---.

And a pulse width of the first fine line erasing
pulses 86a, 86b,--is the same as or shorter than a pulse
width of fhe second fine line erasing pulse 84

If the numbers of the fine line erasing pulses
are an odd number as shown in Fig. 12, that is, the |
first fo the third fine line erasing.pulses, the first
fine line erasing pulses 86a, 86b,---which are the last
supplied erasing pulses and the equalizing pulses 43a,
43b,---are supplied to the same electrodes, that is, the
independent Y electrode 23 of Fig. 12. The third fine
line erasing puise 85 which is first supplied fine line
erasing pulse is supplied to the same electrode to which
first supplied fine line erasing pulses 86a and 86b are

I
1S SHEET HAS BEEN
REPLACED

__.—....-——-—'"'-wc'——'




is supplied to one of the address A electrodes 29, includes.—t : - -
pul se 42 in the s cghy of the first sub-field WREGhACBHFNSPEHERT
to the light emt H address pul se 42 is not supptted-wremr
there is no cell ated. The pul se wave-fornms 13 n 33, sn
R

which are supplied to the first electrogg of the independént
+23 and adj acent second el ectrode of the dependent Y el e¢t nodes. 23,
i ncludes electrically charged

supplied, that is, the independent Y electrode 23.

Therefore, the last sustaining pulse is supplied to the
.common X electrode 22. A condition of electric charge
particles after supplying the first fine line erasing
pulses 86a, 86b,---is almost same condition_aé shown in
Fig. 8 in accordance with the first embodiment. The
condition of electric discharges in the other sub-fields
3-9 is the same condition. In the embodiment, by using
the first, the second and the third fine line erasing
pulses 86a, 86b, 84, 85a and 85b, the erasing and
polarization are more effectively performed, and
eiecpric discharging time during address discharging
time is maintained constant. According to an experiment
by present inventors, it is effective for erasing up to
three fine line erasing pulses and using more than four
fine line erasing pulses is not so effective.

The fourth embodiment of the present invention
is described hereinafter. Fig. 13 illustrates a fourth-'
driving system in accordance with a fourth embodiment of
the present invention. Fig. 13(a) is a time chart
illustrating an arrangement of sub-fields in one field
in accordance with the present invention. The figure
illustrates a division of'oné field into several sub-
fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells. .

Fig. 13(b)-Fig. 13(e) illustrate wave-forms of

THIS SHEET HAS BEEN
REPLACED




particle equal izing pulses I36a, 136b,--- in the equalizin ES&Q%QK&L%QEET
the first sub-fi 137a, 137b,--- in the adyress i ,
¢hidlsneStGRPBRNRSERed agwﬂggf

sust ai ni ng pul ses and fine line erasing pul sgsi48
in the sustainin maﬂumﬂwl A falling edge of thelequalizing puls
136a, 136b, ---

accordance with the present enbodi nent, ich is different |_fromthe above—:

tage wthhbn a tine less than T [err]s in
menti oned enbodi ment. As the voltage of the
pulses supplied to the common X electrode, the address A

electrode, and the first and the second independent Y
electrode respectively.

A pulse wave-form 90 illustrates a part of
driving wave-form supplied to the common X eléctrode 22
in the first sub- field. A pulse wave-form 91
illustrates a part of driving wave-form supplied to the
one of the address A electrode 29. fulse wave-forms 92
énd 93 illustrate parts of driving wave-forms supplied,
for example, to a first and a second independent Y
electrodes 23.

The pulse wave-form 90 which is supplied to the
common X electrode 22 during the first sub-field
includes a regulating pulse 94 lasting from the electric
charge particles equalizing period 2a to the address
period 2b and the sustaining pulses 41 in the sustaining
period 2c. '

The voltage of the regulating pulse 94 and the
voltage of the sustaining pulses 41 are the same,
thereby a driving circuit is simplified because the same
power is used.

The pulse wave-form 91 which is supplied to one of the
address A electrodes 29 illuétrates the address pulses
42 in the address period 2b which.corresponds to the
light emitting cell. The address pulses 42 is not
supplied when there is no cell to be emitted. The pulse

wave-forms 92 and 93 which are supplied to the first
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second regulating pulse I35 and the scan pul ses 137a, 137b, PLPE&CEHE%T 8"T?

vol tage as the ﬁ&ﬁ&%b@ Pyl ses 41, 45a, 45b,---
43 is enpl oy lllm" ? n of the el ectrl cally charged
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wave-forms 92 and 93 which are supplied to the first
electrode of the independent Y electrodes 23 and
adjacent second electrode of the independent Y
electrodes 23 includes a eléctric charge particle
equalizing pulse 43a 43b,--- in'the electric charge
particle equalizing period 2a of the first sub-field,
scan pulse 44a, 44b,---in the address period 2b,
sustaining pulses 45a, 45b,--- and fine line erasing
pulses 46a, 46b,--- in the sustaining period 2c. A
condition of electric charge particles after supplying
the fine line erasing pulses 46a, 46b,---is almost same
condition as shown in Fig. 8 which illustrates the
condition of electric charge particles in accordance
with the first embodiment. The condition of electric
discha;ge'in the :other sub-fields 3-9 is the same
‘condition. In the embodiment, the voltage of the
regulating pulse 94 supplied to the common X electrode
22 and the voltage of the sustaining pulses are the same,
therefore simplifying the driving circuit construction.
The fifth embodiment of the present invention is
de;cribed héfeinafter. Fig. 14 illustrates a fifth
driving system in accordance with a fifth embodiment of
the present invention. Fig. 14(a) is a time chart
illustrating an arrangement of sub-fields in one field
in accordance with the present invention. The figure
illustrates - a division of one field into several sub-

fields such as the case of Fig. 5. A horizontal axis
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particles after supplying the fine |line erasing pul ses 46a, —46By-ss.is .
al nost the sandhis BireetiHas B Beplagkbwn in Fig. 8, which illust ﬁlﬁééﬁ&ﬁﬁﬁcﬁ\ﬁ SHEE |

condition of el ged particles in accordance t—ttre—f++-st
. enbodi ment. The

the electric discharge in thejothgr
sub-fields 3-9 is the sane condition. In this enbodi ﬁ ?h@EQJQS?
s;%efo

of the first regulating pulse 134 fall re the edge of it equal.izing
pul se

\-u.muw-

illustrates time and a vertical axis illustrates line of
cells. Fig. 14(b)-Fig. 1l4(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second in&ependent Y
electrode respectively.

A pulse wave-form 100 illustrates a paft of
driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 101
illustrates a part of driving wave-form supplied to the
one of the address A electrode 29. Pulse wave-forms 102
and 103 illustrate parts of driving wave-forms supplied,
for example, to a first and a secohd independent Y
electrodes 23.

The pulse wave-form 100 which is supplied to the
common X electrode 22 during the first sub-field
includes a regulating pulse 94 lasting from the electric
charge particle equalizing period 2a to the address
period 2b and the sustaining pﬁlses 41 in the sustaining
period 2c. The voltage of the régulating pﬁlse 94 and
the voltage of the sustaining pulses 41 are the same as
the fourth embodiment shown in Fig. 13, thereby a
driving circuit is simplified because the same power is
used . The pulse wave-form 101 which is supplied to one
of the address A electrodes 29 illustrates the address
pulses 42 in the address period 2b which corresponds to
the light emitting cell. The address pulses 42 is not

supplied when there is no cell to be emitted. The pulse

THIS SHEET BAS BEEN
REPLACED




falls,

herei nafter
accordance with an

-
as shown in Fig. 16(d), thereby preventing el ectric HEPE&(@EMENBWHEﬂ
m st ake bet ween tmiesmmﬁee)( i

& rode 22 and the | ndependg
An ei ght h enbodi ne ent invention will be desc
[ . Figs. “M%‘nm illustrate a driving neth grQEDEC'iSSﬂ

Fia .17(a)

odlnent of g§he present inventi

Is atime chart illustrating an arrangememnt of sub-fields itn one fieldin

accordance with the present invention. The figure

wave-forms 102 and 103 which are supplied to the first
electrode of the independent Y electrodes 23 and
adjacent second electrode of the independent Y
electrodes 23 includes electric charge particles
equalizing pulse 43a 43b,--- in the electric charge
particle equalizing period 2a of the first sub-field,
scan pulses iO4a, 104b,~--in the address period 2b,
sustaining pulses 45a, 45b,--~ and fine line erasing
pulses 46a, 46b,--- in the sustaining period 2c. The
voltage of the .independent Y electrode 23 during the
address period 2c and the voltage of the sustaining
pulses 45a, 45b,--- are the same, thereby a driving
circuit is simplified because the same power is used. A
condition of electric charge particles after'supplying
the fine line erasing pulses 465, 46b,---is almost same
condition as shown in Fig. 8 which illustrates the
condition of electric charge particles in accordance
with the first embodiment. The condition of electric
charge particles in the other sub-fields 3-9 is the same
the condition.

The sixth embodiment of the present invention is
described hereinafter. Fig. 15 illustrates a sixth |
driving system in accordance with a fifth embodiment of
the present invention. Fig. 15(a) is a time chart
illustrating an arrangement of sub-fields in one field

in accordance with the present invention. The figure

_illustrates a division of one field into several sub-

THIS SHEET HAS BEEN |
REPLACED




i |lustrates m. eld into several sub- fiel d&-FaAGERMENT: BHEET

the case of Figysshean}ias izontal axis illustrates tinme dand the ]
vertical axis Il ine of cells. Fig. 17(b)-Fig. 1?(q) DEC 1997
illustrate mavejk es supplied to the common X ele¢tro§e, ghg
address A el ect ,

and the first andégﬁfond i ndependent Y lelectrodes,—

respectively. A pul se wave-form 1 |lustrates a party of the

fields such as the case of Fig. 5. A horizontal axis
illustrétes time and a vertical axis illustrates line of
cells. Fig. 15(b)-Fig. 15(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A’
electrode, and the first and the second indepeﬁdent Y
electrodé respectively.

A pulse wave-~-form 110 illustrates a part of
driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 111
illustrates a part of driving wave-form supplied to the
one of the address A electrode 29. Pulselwave-forms 112
and 113 illustrate parts of driving wave-forms supplied,
for example, to a first and a second independent Y
electrodes 23.

The pulse wave-form 111 whiéh is supplied to the
common X electrode 22 during the first sub-field _
includes a first regulating pulse 114 in the electric
charge particle equaliziﬁg period 2a, a second
regulating pulse 115 in the address period 2b and the
sustaining pulses 41 in the sustaining period 2c; In
the embodiment, the regulating pulse supﬁlied to the
common X electrode 22 is divided into the first
regulating pulse 114 in the electric charge particle
equalizing period 2a and the second regulation pulse 115
in the address period 2b. The pulse wave-form 111 which
is supplied to one of the address A electrodes 29

includes the address pulses 42 in the address period 2b
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drivi ng wave—foerm—suppH—etd—to—+he common X el ectrode 22 in g1
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pa
driving wave- fﬁriTFone of the address A electroce< 2?5 5@%5@37
42 '

¢

wave-forns 142

which corresponds to the light emitting cell. The
address pulses 42 is not Supplied when there is no cell
to be emitted. The pulse wave-forms 112 and 113 which
are supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of-the
independent Y electrodes-23 includes a electric charge
particle -equalizing pulses 43a 43b,--~- in the eiectric
charge particle equalizing period 2a of the first sub-
field, a scan pulse 114a, 114b,---in the address period
2b, sustaining pulses 45a, 45b,--- and fine line
erasing pulses 46a, 46b,--- in the sustaining period 2c.
A condition of electric charge particles after supplying
thé fine line erasing pulses 46a, 46b,---is almost same
condition as shown in Fig. 8 which illustrates the
condition of electric charge particles in accordance
with the first embodiment. The condition of "electric
discharge in the other sub-fields 3-9 is the same
condition. In Fig. 15, the falling edge of the first
regulating pulse is slightly earlier thah that of the
equalizing pulse 43a, thereby preventing electric
discharging by mistake between the common X electrode 22
and the independent Y electrode. Further, a rising edée
of the second regulating pulse and a rising edge of the
scan pulses 115 is effected.at the same time, thereby
preventing electric discharge by mistake between the
common X electrode 22 and the independent Y electrode 23.

The first requlating pulse 114 supplied to the
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and second ind amﬂmﬂke1 *des 23. The pul se wav -EOrn1140
which is supplie n X electrode 22 during the f{i . gi ,
i ncl udes aflrstmmml |se 144 in the electrically 8§L@E 1697
particle equali zi od 2a, a second gggulatlng pulse 1 5 +-p—t-he

address period 2b and the sustaining pul I n the sustaining period
2cC. ) )

common X electrode 22 and the sustaining pulses 41 may
use the same voltage.

The seventh embodiment of the present invention
is described hereinafter. Fig. 16 illustrates a seventh
driving system in accordance with a seventh emﬁodiment
of the present invention. Fig. 16(a) is a time chart
illustrating an arrangement of sub-fields in one field
in accordance with the present invention. The figure
illustrates a division of one field ihto several sub-
fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells. Fig. 16(b)-Fig. 16(e) illustrate wave-forms of |
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent ¥
electrode respectively.

A pulse wave-form 130 illustrates a part of
driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 131
illustrates a part of driving wave-form supplied to the
one of the address A electrode 29. Pulse wave-forms 132
and 133 illustrate parts of driving wave-forms supplied,-
for example, to a first and a second independent Y
electrodes 23. |

The pulse wave-form 131 which is supplied to the
common X electrode 22 during the first sub-field
includes a first regulating pulse 134 in the electric

charge particle equalizing period 2a, a second

. — -
THIS SHEET HAS BEEN
REPLACED




f‘d AT
iR Y i {i

‘%..
oy
£
;““i“‘:

.n&

$ed e ind ]
. t%»s—‘ LFY
Accor di ng to_the present—enbodi ment, the voltage of the firsgt iregulatlng i

pul se 144 is set higher t e voltage of the sustainin ol T,
pul se wave- fornmSQMEHa 1I;elasupplled to one of the addrgsg efé%?}gd
29, includes th 42 in the address period 2b dgf PRTICO SR — !
sub-field mhlch the lightgg emtting cell. The |address pul se

42 is not supplle mhen there IS no ce o be illum nated. The pulse
wave-forms 142 and 143 which are supplied to the first electrode of

regulating pulse 135 in the address period 2b and the

' sustaining pulses 41 in the sustaining period 2c. The
pulse wave-form 131 which is supplied to one of the
address A electrodes 29 includes the address pulses 42
in the address period 2b of the first sub-fiela which
corresponds to the light emitting cell. The address
pulses 42 is not supplied when there is no cell to be
emitted. The pﬁlse Qave—forms 132 and 133 which are
supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of the
independent Y electrodes 23 includes a electric .charge
particle equalizing pulse 136a 136b,--- in the electric
charge particle equalizing period 2a of the first sub-
field, a scan pulse 137a, 137b,---in the address period
2b, sustaining pulses 45a, 45b,--- and fine line
erasing pulses 46a, 46b,~--- in the sustaining-period 2c.

A falling edge of the equalizing pulse 136a,
136b,---becomes zero voltage within the time less than 1
ps in accordance with the present embodiment which is
different from above mentioned embodiment. As the
voltage of tﬁe second regulating pulse 135 and the scan -
pulses 137a, 137b, the same voltage of the sustaining
pulses 41, 45a, 45b,---is abie to apply. A condition of
electric charge particles after supplying the fine line
erasing pulses 46a, 46b,-—-ie almost same condition as
shown in Fig. 8 which illustrates the condition of

electric charge particles in accordance with the first
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thg |nd§pendent 3 and adj acent second el ectrode

i ndependent 'Y el ectr %é@mxmcludes electrically charged] parti ¢l

equal i zi ng puh&e§h - in the equalizing period 2h )f\t%ﬁé%ﬁlﬁ§7
sub-field, scan 137b --- in the address periofl 2b, sustaini
pul ses 45a, 45 I|ne erasgggtpulses 46a, 46b,1--—1Tn the
suztahnlng perlo The vol t age he second regul ating_pulse.135
and the

embodiment. The condition of electric discharge in the
other sub-fields 3-9 is the same condition. |

In the embodiment, the edge of the first
requlating pulse 139 falls before the edge of the
equalizing pulse falls as shown in Fig. 16, théreby
preventing electric discharge by mistake between the
common X electrode 22 and the independent Y electrode.

The eighth embodiment of. the present invention
is described hereinafter. Fig. 17 illustrates a eighth.
driving system in accordance with a eighth embodiment of
the present invention. Fig. 17(a) is a time chart
illustrating an arrangement of.sub—fields in one field
in accordance with tﬁe present invention. The figure
illustrates a division of one field into seveial sub-
fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells. Fig. 17(b)-Fig. 17(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second indepehdent Y
electrode respectively.

A pulse wave-form 140 illustrates a part of
driving wave-form supplied to the common X electrode 22
in the first sub-field. A puise wave-form 141
illustrates a part of driving wave-form supplied to the
one of ;he address A electrode 29. Pulse wave-forms 142
and 143 illustrate part of driving wave-form supplied,

for example, to a first and a second independent Y




scan pul ses 137a, I37b;==—can-be set to the sane vol t age R pLA& g FNT SHEET
45 as the Sumlsﬁg%'}ga gyl ses 41, 45a, 45b,---. A condition o e e

electrically c ym mi', 7ﬂ‘sd after supplying the fine | 16 DEC 1997

electrodes 23.

The pulse wave-form 141 which is supplied to the
common X electrode 22 during the first sub-field
includes a first regulating pulse 144 in the electric
.charge particle equalizing period 2a, a second
regulating pulse 145 in the address period 2b and the
sustaining pulses 41 in the sustaining period 2c.

According to the present embodiment, the voltage
of the first regulating pﬁlse 144 is set higher tﬁan the
voltage of the sustaining pulses 41.. The pulse wave-
form 141 which is supplied to one of the address A
electrodes 29 includes the address pulses 42 in the
address period 2b of the first sub-field which .
corresponds to the light emitting cell. The address
pulses 42 is not .supplied when there is no cell to be
emitted. The pulse wave-forms 142 and 143 which are
supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of the
independent Y electrodes 23 includes a electric charge
particle equalizing pulse 136a 136b,--- in the electric
charge particle equalizing éeriod 2a of the first sub-
field, a scan pulse 137a, 137b,---in the address period
2b, a sustaining pulses 45a, -45b,-—- and fine line
erasing pulses 46a, 46b,--- in the sustaining period 2c.

The voltage of the second regulating puise 144
and the scan pulses 137a, 137b,---can be set the same

voltage of the sustaining pulses 41, 45a, 45b,---. A
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| i ne erasing putses—46a,—46h,--- is alnost the sane condi ng%ﬁgh___ET

Fig. 8 which illustrates the condition of electrically c a ged particlesj.

in accordance w ?"ﬁq’éiawewu{cmm)dl ment. The condition of |the jebeBEEi1897

di scharge in the s 3-9 is the sane. Agcording to the
the 44rst regulating pyl SeTIZ4TS

pr esent enbodlnent

hi gher than that of the 'sus pul ses—41. By using a higher voltaqge
for the first regulating pul se 144 a lot of negative electrically

condition of electric charge particles after supplying
the fine line erasing pulses 46a, 46b,---is almost same
condition as shown in Fig. 8 which illustrates the
condition of electric charge particles in accordance
with the first embodiment. The condition of eiectric
discharge in the other sub-fields 3-9 is the same with
the condition.

According to the preéent embodiment, the voltage
of the first regulating pulse 144 is higher than that of
the sustaininé pulses 41. By using higher voltage of the
first regulating pulse 144, a lot of negative electric
charge particles can be collected, and as a result, a
lot of positive electric charge particles are collected
on the address electrode 29 side, thereby-address

_ discharging is performed so easily.

The ninth embodiment of the present invention is
described hereinafter. Fig. 18 illustrates a ninth
driving system in acéordance with a ninth embodiment of
the present invention. Fig. 18(a) is a time chart
illustrating an arrangement of sub-fields in one field
in accordance with the present invention. The figure
illustrates a division of one field into several sub-
fields such as the case of Fig. 5. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells. Fig. 18(b)-Fig. 18(e) illustrate wave-forms of
pulses subplied to the common X electrode, the address A

electrode, and the first and the second independent Y
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charged parti S can be collected, and as a result, a |ot &EP&ASEN%@Q.DHEtEE
electrically char tﬁ&mkmdl cedre’ col | ected on the address ectrode 29
side, thereby a ng is performed very easily. & Btfi 1997
enbodi nent of th tion will be described hereijnafter. Figs.
18(a) to 18(e) |II dr|V|ng metfypd in accordance W |t h—a—firnth

enbodi nent of the present |nvent|on Frg— 18(a) is a tine chart N
il lustrating '

electrode respectively.

A pulse wave-form 150 illustrates a part of
driviﬁg wave-form supplied to the common X electrode 22
in the first sub-field. .A pulse wave-form 151
illustrates a part of driving wave-form supplied to the
one of the address A electrode 29. Pulse wave-forms 152
and 153 illustrate parts of driving wave-forms supplied,
for example, to a first énd a second independent Y
electrodes 23.

The pulse wave-form 151 which is supplied to. the
common X electrode 22 during the first sub-field
includes a equalizing pulse 153 in the electric charge
particle equalizing period ia, a second regulating'
pulse 154 in the address period 2b and the sustaining
pulses 41 and a fihe line erasing pulse 155 in the
sustaining period 2c.

According to the present embodiment, the only
one fine line erasing pulse 155 is provided. The
equalizing pulse 153 is sepplied to the electrode to
which the fine line erasing pulse 155 is supplied such
as the case of the fifth embodiment. In case the
numbers of the fine line erasing pulses are two or three
as shown in the second and the third embodiment (see Fig.
11 and Fig. 12), the'equaliziné pulses are supplied to
the electrode to which the last fine line erasing pulse
is supplied.

The pulse wave-form 151 which is supplied to one




an arrangenent of sub-fields in one field in accordance wth
I nvention. The leﬁw@tﬂﬁlBastReahes a division of one field int

sub-fields, siwi of Fig. 5(a). The horizontal
illustrates ti axis illustrates a |line of
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18(b)-Fig. 18(e) ustra e wave-fornms ofgpul ses supplied to comon X
el ectrode, the address A el ectrode, and first and second .
el ectrodes, respectively. . A pul se wave-form 150 illustraties a part of

t he

of the address A electrodes 29 includes the address
pulses 42 in the address period 2b of the first sub-
field which corresponds to the light emitting cell. The
address pulses 42 are not supplied when there is no cell’
to be emitted. The pulse wave-forms 152 and 155 which
are supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of the
independent Y electrodes 23 include a first regulating
pulse 156a, 156b,--- in the electric charge partiele
equalizing period 2a of the first sub-field, a scan
pulse 137a, 137b,§--in the address period 2b, sustaining
pulses 45a, 45b,--- in the sustaining pe;iod 2c.

In the embodiment, the first regulating pulses
156a, 156b,---are supplied within the lapse of time 0.3
usec to 2 usec.from the rising edge of the equalizing
pulse 153.

The voltage of the second regulating pulse 144
and the scan pulses 137a, 137b,---can be set the Same
voltage of the sustaining pulses 41, 45a, 45b,---as
shown in the fifth embodiment (see Fig. 14) A condition
of electric charge particles after supplying the fine
line erasing pulses 46a, 46b,—--ls almost same condltlon
as shown in Fig. 8 which illustrates the condition of
electric charge particles in accordance with the first
embodiment. The-condition of electric discharge in the
other sub-fields 3-9 is the same with the condition.

According to the'present embodiment, the first
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regulating pulse 43a, 43b,---are similar to the
equalizing pulse 43a, 43b,---as shown in Fig. 15, but a
equalizing pulse according to the'present invention is a
pulse that rises first during electric charge particle
equalizing period. The reason for providing 0;3 usec to
2 usec period between the rising edge of the equalizing
pulse 153 and the rising edge of the first :egulating
pulse 156a, 156b,-~-~has already explained.

From Fig. 19 to Fig..23 are sectional views of
the plasma display panel in accordance with the ninth
embodiment in which the condition of electric charge
part;cles in.the cell performed electric discharge for
light emitting are illustrated from the first sub-field
after the power is supplied to the second sub-field
until the equalizing pulses and the regqlating pulse arel
supplied. In these drawings, reference numeral 60
denotes a positive electric charge particle, reference
numeral 61 denotes a negative_electric charge particle.
Further the condition of electric charge particles is
illustrated in a cell at center position of Fig. 19
through Fig. 23.

Fig. 19 is a sectional view of a plasma display
panel in which a condition of.electric charge particles
in a cell is illustrated immediately after a power is
supplied and then a equalizing pulse and a protecting
pulse are supplied. The figure illustrate the condition

of electric charge particles in first sub-field after
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i ndependent Y el ec The pul se wave-form 150, wh ﬁd
supplied to the: Hgmode 22 during the first sub-ffebkd,._includes
an equal i zi ng pul se-. | qual i zing_period 2a, a regul Ating pul se

£

154 in the address périod 2b and the s I ni ng pul ses 41 ant—a—fre-ine
erasing pulse 155 in the sustaining period 2c. '

power is supplied at first and then the equalizing
pulses 153 are supplied to the common X electrode 22 and
finally the fiﬁst regulating pulses 156a, 156b,--- are
.supplied. The electric_diséharge occurs between the
common X electrode 22 and the independent Y eléctrodes
23 by supplying the equalizing pulses 153 to the
independent Y electrodes 23 in all cells, and the
negative electric charge particles 61 are gathered on
the dielectric layer in the vicinity of the independent
Y electrodes 23a and the common X eiectrode 22 and the
positive electric charge particles 60 are gathered on
the address A electrodes 29 side.
Fig. 20 is a sectional view of a plasma display
panel in accordance with the ninth embodiment in which a
condition of électric charge particles in a cell aftef
~performing an address electric discharge is illustrated.
In Fig. 20, the condition of électric discharges is
illustrated after the address pulses 42 is supplied to
the address A electrodes 29 and address electric
discharges are performed between the address A electrode
29 and the independent Y electrode 23. The positive
electric charge particles 60 are gathered on the
dielectric layer in the vicinity of the independent Y
electrode 23 because the voltage of the independent Y
electrode 23 is lower than the voltages of the address A
electrode 29 and the common X electrode 22. The

negative electric charge particles 61 are gathered on
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According to %%g,gLﬁsenL~eﬂbUﬁTﬁ§nt, only one fine |line eras ﬁ ‘r?WFMENEBSHEE]
IS provided. e equalizing Q_|S§ 153 is supplied to the eleftfode to

which the fine {g%heeﬂiiaa§f"-- Se 155 is supplied, such as ih i he GDE 4397

the fifth enbo 148 wo or three fine line erasingf pulses are
provi ded, as show&\‘!\!\) HE -and the_third enbodi ment (see Figs.
11(b), 11(d) and (by,

to the electrode to

“ﬂZ(d)) ¥~ equal i zi ng pul ses are_supplied

the other electrode side.

The condition of the electric charge particles
is shown in Fig. 20. The sustaining electric discharge
occurs between the ihdependént Y electrode 23 and the
common X electrode 22 by the positive elect:ic-charges
particles 60 and the first pulse of the sustaining
pulses 45a, 45b,---suppliéd’to the independent Y
electrode 23. This is a sustain discharge.

Fig. 21 is a sectional view of a plasma display
panel in which a condition of electric charge-particles'
in a cell after supplying a fine line erasing pulse is
illustrated. In Fig. 21, the condition of electric
discharge after the last sustaining pulses 45a, 45b,---
are supplied to the independent Y electrode and then the
fine line erasing pulses 155 are supplied to the common
X electrode 22 is illustrated. |

The pulse width of the fine line erasing pulse
155 is longer than the discharge continuation time, so
that negative electric charges particles 61 which move
so quickly are gathered on the dielectric layer in the
vicinity of the common X electrode 22. Thé positive
electric charge particles that move slowly in space
float in the cell. The negative charges float discharge
space for a while. |

Fig. 22 is a sectional view of a plasma display
panel in accordance with the ninth embodiment in which a

condition of electric charge particles in a cell after
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whi ch the | ast fine—+ne-erasing pul se is supplied.

wave-form 151, Lch is supplied to one of the address A elechrodei;%gq

i ncl udes the addt BecmRepliced N t he address period 2b of thd fjirst®® BEC 1997
sub-field which othe light emtting cell. The address_pul se
42 is not suppli Is no cell _to be illum nated. he pul se
wave-forns 152 and 153, whichl are suppl i-8@8to the first elect

i ndependent Y el ectrodes 23 and
supplying a equalizing pulses in a second field is
illustrated.

In Fig. 22, a condition of electric discharge
after the equalizing pulse 153 in the second sub-field
is supplied is illustrated. The voltage of thé
equalizing pulse 153 is canceled by the negative charge
particles 61 and is not reached to the discharge voltage,
éo that any electric discharge is not occurred.

Fig. 23 is a sectional view of a plasma display
panel in which a condition of electric charges in a cell
after supplying a regulating pulse in a second field is
illugtrated.

In the figure, the condition of electric charge
particlés after the first regqulating pulses 156a, 156b,~
-- are supplied to the independent Y electrode 23 is '
illustrated. The negative electric charge'particles 61
are gathered on the dielectric layer in the vicinify of
the common X electrode 22 ana the independent Y
electrode 23, and the positive electric charge particles
60 are gathered on the address A electrode 29. By this,
the same driving as the first sub-field is performed
without electric discharge by the equalizing pulses 153.

The tenth embodiment of the present invention is
described hereinafter. Fig. 24 illustrates a tenth -
driving system in accordance with a tenth embodiment of
the present invention. Fig. 24(a) is a time chart

illustrating an arrangement of sub-fields in one field
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47 adj acent second electrode of the independent Y el ectrodes %RLAI}EMEAHQ_,}'-;
first regulatipghggkgﬁf 56a@, .156b,--- in the electrically charged -
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in accordance with the present invention. The figure
illustrates a division of one field into several sub-
fields such as the case of Fig. 18. A horizontal axis
illustrates time and a vertical axis illustrates line of
cells. Fig. 24(b)-Fig. 24(e) illustrate wave-forms of
pulses supplied to the common X electrode, the address A
electrode, and the first and the second independent ¥
electrode respectively.

‘A pulse wave-form 160 illugtrates a part of
driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 161
illugtrates a part of driving wave-form supplied to the
one of the address A electrode 29. Pulse wave-forms 162
and 163 illustrate parts of driving wave-forms supplied,
for example, to a first and a second independent Y
electrodes 23.

The pulse wave-form 160 which is supplied to the
common X electrode 22 during the first sub-field
includes a equalizing pulse 163 in the electric charge
particie equalizing period 2a, a second regulating pulse
165 which continues from equalizing pulse 164 in the
electric charge particle equalizing period 2a and the
éddress period 2b and the Susfaining pulses 41 and a
fine line erasing pulse 155 in the sustaining period 2c.

According to the present embodiment, the only
one fine line erasing pulse is provided. The equalizing

pulse 164 is supplied to the electrode to which the fine
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period 2b, 45a, 45b,--- in the susteﬂBﬁR&ﬁQﬁMENIiSﬁEET
In this enbodinent, the first regul ating pul ses 156a, 156Q,-{-- are

supplied wt h’IhSSD¢eBH s@eexﬂl&placeao 2 [err]sec fromthe rising gdogp BoDEChE
equal i zi ng puI he vol tage of the second regulatlng pul se §E4
and the 7b --- can ;Eeset to the sane |vortage—as-that
of the sustalnlng pu ses 45b, - ===as shown

line erasing pulse 155 is supplied such as the case of
the first embodiment. In case the numbers of the fine
line erasing pulses are two or three as shown in the
second and the third embodiment (see Fig. 11 and Fig.
12), the equalizing pulse is supplied to the eiectrode
to which the last fine line erasing pulse is supplied.
The pulse wave-form 161 which is supplied to one of the
address A electrodes 29 includes the address pulses 42
in the address period 2b of the first sub-field which
correspond to the light emitting cell. The address
pulses 42 are not supplied when there is no cell to be
emit;ed. The pulse wave-forﬁs 162 and 163 which are
supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of the

indépendent Y electrodes 23 includes a first regulating

.pulse 156a, 156b,--- in the electric charge particle

equalizing period 2a of the first sub-field, scan pulses
137a, 137b,---in the address period 2b, sustaining
pulses 45a, 45b,--- in the sustaining period 2c¢. In the
embodiment, the first regulating pulses 156a, 156b,---
are supplied within the lapse of time 0.3 usec to 2 usec:
from the rising édge of the equalizing pulse 153. The
voltage of the second regulafing pulse 165 and the scan
pulses 137a, 137b,---can be set the same voltage of the
sustaining pulses 41, i5a, 45b,---as.shown in the ninth
embodiment (see Fig. 18). The other sub-fields 3-9 are

constructed the same as the first sub-field.
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A condition of electric charge particles after
supplying the fine line epasing pulses 46a, 46b,---are
almost same condition as shown in Fig. 8 which
illustrates the condition of electric charge particles
in accordance with the first embodiment. The éondition
of electric discharge in the other sub-fields 3-9 is the
same condition.

According to the present embodiment, the reason
for setting the voltage of the equalizing pulse 164 a
higher voltage is to collect the negative electric
charge particles on the common X electrode side, and to
collgct lots of positive electric charge particles on
the address A electrode 29. Further, the reason for
setting the voltage of the second reguiating pulse 165
in the address period 2b is to protect electric
discharging by mistake between the common X electrode 22
and the independent Y electrode 23.

Thé eleventh embodiment of the'present invention
is described hereinafter. Fig. 25 illustrates a
eleventh driving system in accordance with a eleventh
embodiment of the present invention. Fig. 25(a) is a
time chart illustrating an arrangement of sub-fields in
one field in accordance with the present invention. The
figure illustrates a division of one field into several
sub-fields such as the case of Fig. 5. A horizontal
axis illustrates time and a vertical axis illustrates

line of cells. Fig. 25(b)-Fig. 25(e) illustrate wave-
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the first enbodl tion of ectric dischargelin the other
sub-fields 3-9 |s sane Accor to the present e pt—t-he—
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an equali zi ng pumﬁsmaam@Bém l4ced t he present invention is 4

rises first durln caIIy charged particl e equalijzijng' pe

The reason for Iﬂﬂ [err]sec to 2 [err]sec periqd ibetween.the
ri sing edge of th ul se 153 agpnd the rising edge| of the first
regul ating pul ses 156a, 156b,--- has alr y

o]

forms of pulses supplied to the common X electrode, the
address A electrode, and the first and the second
independent Y electrode respectively.

A pulse wave-form 170 illustrates a part of
driving- wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 171
illustrates a part of driving wave-form supplied to the
one of the address A eleetrode 29. Pulse wave-forms 172
and 173 illustrate parts of driving wave-forms supplied,
for example, to a first and a second independent Y
electrodes 23.

‘ The pulse wave-form 170 which is subplied to the
common X electrode 22 during the first sub-field
includes a regulating pulse 40 in the period continuing
from the electric charge particles equalizing period 2a
to the address period 2b and the sustaining pulses 41
in the sustaining period 2c. The pulse wave-form 171
which is supplied to one of the address A electrodes 29
includes a voltage holding pulse 174 whose voltage is
determined not to occur a discharge by the scan pulses
44a, 44b,--- and the address pulses 42 in the address
period 2b of the first address period 2b which
corresponds fo the light emitfing cell and between the
address electrode 29 and the independent Y electrode 23.
The address pulses 42 is not supplied when there is no
cell to be emitted. According to the preseht embodiment,

the voltage needed for the address electric discharging

! THIS SHEET HAS BEEN
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pl asnma dlsplay n | in accordance with the ninth enbodi nent i

condi tion of elec particles in '

is the sum of the voltage of the voltage holding pulse
174 and the vcltage of address pulses 175, thereby
.reducing the voltage of the address pulses 175. The
address pulses 175 is not supplied when there is no cell
to be emitted. The pulse wave-forms 172 and 1i3 which
are supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of the
independent Y electrodes 23 include equalizing pulses
43a, 43b,~-- in the electric charge particle equalizing
period 2a of the first sub-field, a scan pulse 44a,
44b,---in the address period 2b, sustaining pulses 45a,
45b,7-- in the sustaining period 2c. The voltage of the
regulating pulse 40 and the scan pulses 44a, 44b,---can
be determined to the same voltage of shstaihing pulses
41, 45a, 45b,---.

- A condition of electric charge particles after
supplying the fine line erasing pulses 46a, 46b,---is
almost the same ccndition as shown in Fig. 8 which
illustrates the condition of electric charge particles
ih accordaﬁce with the first embodiment. The condition
of electric discharge in the other sub-fields 3-9 is the.
same condition.

The twelfth embodiment of the present invention
is described hereinafter. Fig. 26 illustrates a twelfth
driving system in accordance with a twelfth embodiment
of the present invention. Fig. 26(a) is a time chart

illustrating an arrangement of sub-fields in one field

. THIS SHEET HAS BEEN
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the cell for effectlng an electr c gischarge for light e
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|IIustratedfromths$he¢t§iaS dafter the power is plledto e
second sub-field untl 2|ng pul ses and the regdl tlng ? 3@§7a7e
supplied. In these rence nuneral 60 denote ositiv

el ectrically charged partlcle and refer ce nuneral 61 e:s{cs a--Regatlle
electrically charged particle. Further, condition ofjthe electrically
charged particles is illustrated in a cell at a center posSTtronm T Frg—td

in accordance with the present invention. The figure

jllustrates a division of one field into several sub-

fields such as the case of Fig. 5. A horizontal axis

illustrates time and a vertical axis illustrates line of -

cells. Fig. 26(b)-Fig. 26(e) illustrate wave-forms of

pulses supplied to the common X electrode, the address A

electrode, and the first and the second independent Y

electrode respectively.

A pulse wave-form 180 illustrates a part of

driving wave-~-form supplied to the common X electrode 22

in the first sub-field. A pulse wave-form 181

illustrates a part of driving wave-form supplied to the

one of the address A electrode 29. pulse wave-forms 182

and 183 illustrate parts of driving wave-forms supplied,

for example, to a first and a second independent Y

electrodes 23.

The pulse wave-form 180 which is supplied to the

common X electrode 22 during the first sub-field

includes a regulating pulse 184 in the electric charge

particles particle equalizing period 2a, the sustaining

pulses 41 in the sustaining period.2c.

The pulse wave-form 181 which is supplied to one

of the address A electrodes 29 includes the address

pulses 42 in the address period 2b of the first address

period which corresponds to the light emitting cell.

The address pulses 42 is not supplied when there is no

cell to be emitted. The pulse wave-forms 182 and 183

THIS SHEET HAS BEEN
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through Fig. 23— Fig. 19 is a sectional view of a plasggpggﬁg%

panel in which a condition _of eégctrically charged parti cl gs;

i | lustrated i mredhisShest nRepl r is supplied and then ap 5qua

pul se and regul at lﬁ?‘i supplied. The figure illustra él‘iﬁe%w
condition of ele ed partig!es in a first subif eId after
power is supplied a Irst and then the

alizing pul se

which are supplied to the first electrode of the
independent Y electrodes 23 and édjacent second
electrode of the independent Y electrodes 23 include a
equalizing pulse 43a, 43b,~~-- in the electric charging
equalizing period éa of the first sub-field, scan pulses
137a, 137b,---in the address period 2b, sustaining
pulses 185a, 185b,---in the addfess period 2b and
sustaining pulses 45a; 45b,--- and fine line erasing
pulses 46a, 46b,-—- in the sustaining period 2c. The
voltage of the regulating pulse 184 can be determinéd
the same the voltage of the sustaining pulses 41.

A condition of electric charge particles after
supplying the fine line erasing pulses 46a, 46b,---is
almost same condition as shown in Fig. 8 which
illustrates the condition of electric charge particles
in accordance with the first embodiment. The condition
of electric discharge in the other sub-fields 3-9 is the
same condition. According to the present embodiment,
the voltage of the scan pulses 185a, 185b,~--is minus
voltage and the voltage of the address pulses 42 is plus
voltage, therefore the voltage differences becomes so
large that the electric discharge is performed surely.

The thirteenth embodiment of the present
invention is described ﬁereinafter. Fig. 27 illustrates
a thirteenth driving system in accordance with a
thirteenth embodiment of the present invention. Fig.

27(a) is a time chart illustrating an arrangement of
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;5fmet H are supplied. The electric

regul ati ng pul sesqiib
occurs between the
23 by supplying th
23 in all cells,

are gathered on the

trode 22 and .t he i ndependeni ¥ el ect r odes
uI se 153 to the independent}Y} algcit®d8s7
at the negatlve ekectrlcally charged pafticles 61

sub-fields in one field in accordance with the present
invention. The figure illustrates a division of one
field into several sub-fields such as the case of Fig.
18. A horizontal axis illustrates time and a vertical
_axis illustrates line of cells. Fig. 27(b)-Fi§. 27(e)
illustrate wave-forms of pulses supplied to the common X
electrode, the address A electrode; and the first and
the second independent Y electrode respectively.

A pulse wave-form 190 illustrates a part of
driving wave-form supplied to the common X electrode 22
in the first sub-field. A pulse wave-form 191
illustrates a part of driving wave-form eupplied to the
one of the address A electrode 29. Pulse wave-forms 192
and 193 illustrate parts of driving wave-forms supplied,
for example, to a first and a second independent Y
electrodes 23.

The wave-form 190 which is supplied to the
common X electrode 22 during the eighth sub-field and
the field blank period 9d thereafter includes a
regulating pulse 40 in the electric charge particle
equalizing period 2a and the address period 2b lasting
from the equalizing period 2a, sustaining pulsee 41 and
a full writing pulse 194 in the sustaining period 2c.

In the embodiment, the voltage of the full writing pulse
194 is higher enough to be discharged regardless the
sustaining discharge is performed or not. As a'result,

the electric charge particles in all cells are equalized.

THIS SHEET HAS BEEN
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el ectrode 29 side.

panel
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49 dielectric layer iinfthe vicinity ]

'I'hlsSheeH
of the independent aceBs and the comon X el ectrqde g Br¢ %ﬁ?
positive el ectmcal”"l,ﬂ ticles 60 are gathered on tlhg address . :

Is a seg&ional vi ew of a pl gsrre—ei-spl-ay---md

The field blank period 9d can be provided between the
sub-fields. And also, the field blank period 9d is able

to arrange several times in one field. The pulse wave-

form 191 which is supplied to one of the address A

electrodes 29 includes the address pulses 42 in the
address period 2b. The address pulses 42 is not
supplied when there is no cell to be emitted. The pulse
wave-forms 192 and 193 which are supplied to the first
electrode of the independent Y electrodes 23 and
adjacent second electrode of the independent Y
electrodes 23 include the equalizing pulses 43a, 43b,~---
in the electric charging equalizing period 2a, the scan
pulses 44a, 44b,---in the address period 2b, the
sustaining.pulses 45a, 45b,--- in the sustaining period
2c and fine line erasing pulses 195a, 195b,---in the
field blank period 9d. The voltage of the regulating
pulse 40 and the scan pulses 44a, 44b, --- can be
determined the same as the voltage of the suétaining
pulses 41. A condition of electric charge particles

after supplying the fine line erasing pulses 195a,

"~ 195b,~---is almost same condition as shown in Fig. 8

which illustrates the condition of electric charge
particles in accordance with.the first embodiment. The
condition of electric discharge in the other sub-fields
3-9 is the same as the condition.

According to the present embodiment , any

electric charge particle in the cells is not remained

THIS SHEET HAS BEEN
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in accordance with the ninth enbo iment in which a conditi

el ectrically charBud S
el ectric discharge
di scharg

electric

| REPLACEMENT SHEET
PEttCa cell after performing anjaddress
Qﬁ&: &Ed In Fig. 20, the condition|off enBEC 1997
d

after the address pulse #2]is supplied

to the address A electrode 29 and addresg3electr|c di scharges are

performed between the address A electro

and the independent Y

el ectrodes 23. The positive electrically charged particles 60 are gathered

on the

when black portion continues across several sub-fields,
and the address electric diséharges are not performed
well in the coming address period. To prevent this
situation, a discharges are forced by the field full
writing pulse 194 between the common X electrode 22 and
the independent Y electrode 23. |

As explained the above, the plasma.display
driving system in accordance with the first through the
twelfth émbodiments can drive the panel without using
the full writing electric discharge and erasing
discharge for all the cells for equalizing the electric
charge particles .

'Still another embodiments of the present
invention will be explained hereinafter.

Fig. 28 illustrates driving system of a plasma .
display panel in accordance with a fourteénth embodiment
of the present invention. Fig. 28(a) is a time chart
illustrating an arrangement of sub;fields in the first
sub-field. A horizontal axis illustrates time, and a
vertical axis illustrates lines of cells. Fig. 28(b)-
Fig. 28(g) are wave-forms illustrating pulse wave-forms .
supplied to a common X electrode, address A electrode
and four independent Y electrode respectively. In the
figﬁre, reference numeral 201 denotes a field, reférence
numerals 202-203 denote sub-~fields, reference numeral
202a-209a denote address periods, reference numeral

202b-209b denote sustaining periods, reference numeral
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dielectric layer in the vicinity of the independent Y elect
t he vol t age of thﬁsgﬁ}gq.ﬂ@ﬁgﬁﬁepla){ed el ectrode 23 is |ower than

of the address A nd the conmon X el ectrode 22
el ectrically char m
si de. The co

BEELAGEMENT, SHEET

he vol t ages
rhd begltitegy

el ectrode

electric |1y charged particlgs Is shown in

1 are gathered on the other
Fig. 20. The sustaining electric discha S

210-213 denote field blocks, reference numeral 210a-213a
denote full writing periods. A wave-form 220 is a
driving wave~form supplied to the common X electrode, A
wave-form 221 is a driving wave-form supplied to the
address A electrode 29, wave-forms 222-225 are driving
wave-forms supplied to-a first, a second, a third and a
fourth electrodes of the independent Y electrodes 23.

In Fig. 28(a), one field period 201 is divided
into eight sub-fields 202-209, one field block is
arranged by two successive.sub;fields, therefore one
field period 201 is constructed by four field blocks.

In each field block, the full writing periods
210a, 2l1la, 2l12a and 213a which are arranged first
period of sub-fields are provided in each first sub-
field 202, 204, 206 and 208 of the field blocks 210~213,
and following the writing period 210a-213a, the address
period 202a, 204a, 206a and 208a and sustaining period
202b, 204b, 206b and 208b are provided. In the second
sub-fields 203, 205, 207 and 209 which follow the first
sub-fields 202-208, the address period 203a, 305a, 207a
and 209a are provided first, and then the sustaining
period 203b, 205b, 207b and 209b are provided.

The numbers of light'emitting are allotted for
each sustaining period 202b-209b, and display
graduations are effected by the combinations of the
numbers of the light emitting. The numbers of light

emitting and the order of the sub-fields are optional.
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produced between he I ndependent el ectrode 23 and the conén “X*%ﬁgéﬁlgﬁﬂggT
h

22 by the positiv E%Hn&ﬁah{ la&parged particles 60 and t I gsg pulse
e"‘ & ohit L a7

of the sustalnlng --- supplied to the indepgn
el ectrode 23. Th| dlscharge Fig. 21 is|a L.onal
view of a plasma dlsplay p 65 _ B

In the embodiment, the numbers of light emitting of the
sustaining periods 202b, 204b, 206b, 208b, 203b, 205b,
2075 an& 209b are arranged in this order from few
numbers. The sustaining period 202b, 204b, 206b ahd

' 208b just before the sub-fields 203, 205, 207 and 209 in
which the full writing erase period are not provided
have fewer numbers of light emitting.

Fig. 28(b) illustrates the fieid block 210, and
the other field blocks are constructed similarly. The
driving wave-form 220 supplied to the common X electrode
22 includes in the first sub-field 202 a full writing
pulse 240 and a polarizing pulse 241 in the first full
writing erasing period 210a, a high pulse 242 in the
succeeding address period 202a and sustaining pulses 243
and a electric charge particle control pulse 244 and a
fine line erasing pulse 245 in the succeeding sustaining
period 202b, and further include in the succeeding sub-
field a high pulse 246 and sustaining pulses 247.

The voltage of the elecﬁric charge particle
control pulse 244 and the fine line erasing pulse 245 is
the same as or less than the voltage of the sustaining
pulses 243. Next to the sustaining pulses 247 is the
field block 211. The voltage of the full writing pulse
240 is stepped up a level. The voltage is usually
determined about 300 volts, and the reason for stepping
up a level is to construct the circuit simply, therefore

the stepping up the voltage of full writing pulse 240 is

Poreas SHEET HAS BEEN
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supplying a flﬂmmshﬂ pulse is illustrated. In Fig. The
condi tion of the m&iharge after the | ast sustai ni ng, pg ;fsq? 498y ?
sup dependent Y el ectrode and then lh ine o

i ne erasi ng pul 155 are supplied to. EEe common X S

50 in which a condltlon of ghﬁatrlcally charged particles in BEPbk@ﬁMEMT

not always necessarily.

The driving wave-form 221 supplied to the
address A electrode 29 shown in Fig. 28(a) includes, in
-the first sub-field, plurality of the address pulses
248a, 248b,--- which relates to the cells to be emitted
in the address period 202a, and include, in the
succeeding sub-field 203, plurality of address pulses
249a, 249b,--- in the address period 203a.

_Fig. 28(d)-28(g) are wave-forms 222,223,224 and
225 supplied to four independent Y_eledtrodes 23 whose
electrodes 23 are arrénged side by side‘include, in the
first sub-field 202, scan pulses 250a, 250b, 250c,

- 250d,--- in the address period 202a, sustaining pulses
251a, 251b, 251c, 251d,--- selection electric discharge
pulses 252a} 252b, 252c¢, 252d---, fine line erasing
pulses 253a, 253b, 253c¢c, 263d,--- in the sustaining
period 222b and include, in the succeeding sub-field 203,
scan pulses 254a, 254b, 254c, 254d,-f-, in the address
period 203a, sustaining pulses 255a, 255b, 255c, 255d,--
- in thé sustaining period 203b.

The voltage of selection .electric discharge
pulses 252a, 252b, 252¢, 252d,--- is almost the same as
the voltage of the electric charge particle control
pulse 244, and the electric charge particle control
pulse 244 rises with time lag from the rising edge of
the selection electric discharge pulses 252a, 252b, 252c,

252d,---, and the delay time tl is 0.1 psec-1.5 usec.

SHEET
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el ectrode 22 is,LL#ﬂsrTafEa///////’The pul se width of the fin¢p

pul se 155 is |onger thﬁgggelaek charge duration tinme, so that

el ectrically char , Which nove so quickly, arg gath
the dielectric Iay ity of the comon X el ectrode Zﬂ.gTﬁgﬁ'Bg?
positive electrlcal partlcles6 hat nove slowy in space float in

the cell. The negative charges float if e di scharge space f

....-.w-

cong s unrposnn s

a while.

Fig. 22 is a sectional view of a plasnma display panel

The electric charge particle control pulse 244 falls

earlier than the selection electric discharge pulses

252a, 252b, 245¢, 252d,---. The time t2 is about 0.1

pusec-1.0 sec. The reason for setting the time lag from

~ the rising edge of the election electric discharge

pulses 252a-2524 to the rising edge of the electric

charge particle control pulse 244 as above mentioned is

that, if the time sets longer than that, a lot of

negative'electric.charge particles gathers on the

independent Y electrode 23, and a few negative electric

charge particles gathers on the common X electrode 22.

Further, the reason for rising the selection electric

discharge pulses 252a-252d a little earlier than the

electric charge particles control pulse 244 is to cause

the electric discharge by the selection electric

discharging between the common X electrode 22 and

independent Y electrode 23. The reason for falling the

electric charge‘particles 244 is to defends the electric

charge between the common X electrode 22 and the

independent Y electrode 23 when the selection electric

discharge pulses 252a-252d falls.

The selection electric discharge pulses 252a,

252b, 252c¢, 252d,---,the fine line erasing pulses 253a,-

253b, 253c, 253d,--- and the electric discharge particle

control pulse 244 are not provided in the succeeded sub-

field 203 of the field block 210 of Fig. 28(a).

The sustaining pulses of the sub-field 203

THIS SHEET HAS BEEN
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el ectrical ly chagggshepd® \n a cell after supplying anjequattzrng
pul se in a second m‘\l | lustrated. Fig. 22 illustratés 1a C
condition of the % arge after the equalizing puljs 15§ pﬁ 87
second sub-field i upplied. The voltage_of the equalizing |[ptse. 1533 is

cancel ed by the negative charged particl 61 and does not feach the
di scharge voltage, so that no

terminate with the sustaining pulses 255a, 255b, 255c,

255d,-~-- supplied to the independent Y electrodes 23.

The same driving wave-forms are used in the
other field blocks 211-213, but the numbers of the
sustaining pulses are different. The selection electric
discharge pulsés, the electric charge particle control
pulse and the fine line erasing pulses are provided 'in
the first sub-field 204, 206, 208 of the field blocks
210-213.

The function of the embodiment is explained with
Fig. 29-Fig. 32.

The electric discharges occur in all the cells
by the full writing pulse 240 supplied to the common X
electrode 22 in the field block 210 of Fig. 28(a)-Fig.
28(b) and the electric charge particles are formed.
Under these circumstances, the negative electric charge
particles 61 are gathered on the address A electrode 29
side. The electric discharge for polarization occurs by
the polarization pulse 241, and electric discharge
particles on the common X electrode 22 side and the
independent Y electrode 23 side are polarized. -

The scan pulses 250a of the wave-form 222 are
supplied to the first line of the independent Y
electrode 23 and at the same time, the address pulses
248a are supplied to the predetermined address A
electrode 29 in the succeeded address period 202a,

thereby generating full writing electric discharge and

| THIS SHEET HAS BEEN
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el ectric discharge occurs. Fig. 23 is a sectional view of a plasnma

di spl ay panel LgﬂmﬁLch~a~eeﬁdrfT6ﬁ of electric charges in a cell after

supplylng a regul ating ﬁulse nhgﬂsecond sub-field is illustrated. In the
i gure, the condi Thishe

i -

forming the electric charge particles in the cell
positioned at the cross point'of first line of the
independent Y electrode 23 and the address A electrode
29, and the positive electric charge particles are
gathered on the independent. Y electrode 23 side in the
cell.

In a similar way, when the scan pulses 250c of
the driving wave-form 224 are supplied to the third
independent Y electrode 23 and the address pule 248b is
supplied to predetermine address A electro&e 29, thereby
generating full writing electric discharge and forming
the electrlc charge partlcles in the cell positioned at-
the cross p01nt of the third line of the 1ndependent Y
electrode 23 and the address A electrode 29, and the
positive electric charge particles 60 are gathered on
the independent Y electrode 23 side in the cell.

The address pulses which correspond to the scan
pulses 250b, 250d of the driving wave-form 223, 225
supplied to the second and the fourth independent Y

. electrode 23 are not supplied when the predetermined
cells are not emitted, therefore, writing electric
discharges do not occur and electric charge particle is
not formed on the independenf Y electrode 23 side.

The sustaining discharge or light emitting
discharge in the sustaining period 202b occurs by the
sustaining pulses 234 of the driving wave-form 220 and

the sustaining pulses 25l1a, 251b,. 251c, 251d4,---, of the
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supplied to the ind t Y electrodes 23 is illustrated. The négati Ve
electrically charge@iﬁgﬁiﬁﬂ?ﬁl ﬁce&re gat hered on the dielectiriic 1@1%0 1937
S
il |

the vicinity of the rode 22 and the independent! Y el ectrod
23, and the positiv char g particles 60 are datiered—on
the address A el ectrode 29 side. By thisthe

driving wave-forms 222, 223, 224, 225 in the cell in
which the positive electric charge particles are
gathered on the independent Y electrode 23 side.

The optional or selecting electric discharges
occur by the selection electric discharge pulsés 252a,
252b, 252c and 252d in the cell in which the sufficient
electric charge particles are formed by the electric
discharge for light emitting. The positive electric
discharge particlés 60 are gathered on the address A
electrode 29 side by supplying electric charge particle
control pulse 244 to the common X electrode 22 before
the electric discharges by the selection electric
discharge pulses 252a, 252b, 252c¢, 2524,---, cease.

After that, the erasing electric discharge is
caused by the fine line erasing pulse 245 of the wave-
form 220 supplied t6 the common X electrode 22 and the
fine line erasing pulses 253a, 253b, 2530, 253d,---, of
the wave-form 222 supplied to the independent Y |
electrode 23, and the electric charge particles on the
common X electrode 22 side and on the independent Y
electrode 23 side are mainly erased. Thereby, the
condition of the electric charge particles in all cells
in which the electric dischafges are caused is almost
same as the condition of the electric charge particles
after the full writing erasing period 210a is finished.

On the other hand, the writing electric

discharges or the address electric discharges are not

| 7111S SHEET HAS BEEN
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di scharge by the equaI|Z|qg pul ses 153. A tenth enbodi mdntyof—TH®

present invention fled hereinafter. Figs. 24(a)
illustrate a drivi
present invention.

ccordance with a tenth enbodineﬁfﬁﬁnghgﬂy
of sub-fields in one field in accordance——MAth the present invention. The

a tine art illustrating an
f!gpre illustrates a division of one field into several sub-¥+etds: B
simlar to . used in the cells in which the electric discharges for

—t
@)

light emitting are not caused and the condition of
electric charge particles are the same condition after
the full writing erasiﬁg,period 210a is finished.

As explained above, the electric chargé
particles in all cells at a point of time after the
final erasing pulses 245, 253a, 253b, 253c, 2534,---,
are supplied in the first sub-field 202 can be made the
same condition after the full writing erasing éeriod
210a is finished. By this, in the succeeding sub-field,
address electric discharges in all the cell can be
caused without providing a full writing erasing period.

The same functions are repeated in the field
blocks 211-213, and a screen of one field is constructed.

Fig. 29-Fig. 32 are sectional views of plasma
display panel illustrating a condition of the electric
charge particles in a cell in which a sustaining
discharge is performed. Referring now to the drawing,
wherein like numerals are utilized to designate like
parts throughout the several views, reference numeral 60
denotes a positive electric charge particles and
reference numeral 61 denotes negative electric charge
particles. The condition of.the electric charge
particles in the drawings is illustrated in a center
cell of three cells.

Fig. 29 is a sec;ional view of a plasma display

panel in which a condition of electric charge particles .

THIS SHEET HAS BEEN
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vertical axis |I e diof cells. Fig. 24(b)-Fig. 24(e)

illustrate wave- %e de supplied to the common X el ect rozdes; 3%7397
address A electr rst and second I ndependent Y } ellectrodes, ]
respectively. form 160,il |l ustrates a part gf the driving ?

wave-form supplied to the connnn X el ect e 22 in

in a cell after supplying sustaining pulses is
illustrated in accordance with a embodiment shown in Fig.
28(a)-28(e) of the present invention. The negative
electric charge particles 61 are gathered on the
dielectric layer 26 of the common X electrode 22 side
and the positive electric charge particles 60 are
gathered on the dielectric layer 26 of the independent Y
electrode 23 side after a final pulse of the sustaining
pulses 243 is supplied to the common X electrode 22.

Fig. 30 is a sectional view of a plasma display
panel in which a condition of electric charge particles
in a cell during discharging by a selection electric
discharge pulse is illustrated in accordance with the
embodiment shown in Fig. 28(a)-28(e) of the present
invention. Electric discharges are caused by the
Voltage of the selection electric discharge pulses 252&,
252b, 252c,'252d,-f- and the voltage of positive
electric charge particles gathered on the dielectric
1ayer at the independent Y electrode 23 and caused
between the independent Y electrode 23 and the common X
electrode 22 when selection electric discharge pulses
252a, 252b, 252c¢, 252d,---, are supplied to the
independent Y electrode. Thereby many positive and |
negative electric charge particles are generated in the
discharging space.

Fig. 31 is a sectional view of a plasma display

panel in which a'condition of electric charge particles
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the first sub- iLfiiL—4¥fHHﬁﬁ?‘WHVE’fOFﬁ]161 illustrates a ps
driving wave- forn1supplled t of the address A el ectroded :
o5 TEc R

wave-forns 162 a e parts of the driving wavg-f
supplied, for | “l “

[REBt AL t? ?r"f\q “l"EE’:
REFL; ‘% N

in a cell when electric charge particle control pulse is
supplied is illustrated in aécordance with the
embodiment shown in Fig. 28(a)~28(e) of the present
invention. The positive electric charge particles are
gathered on the address A electrode 29 when the electric
charge particle control pulse 244 is sﬁpplied'to tﬁe
common X electrode 22 because the voltages of the common
X electrode 22 and the independent Y electrode 23 are
almost same and the voltages are higher than the voltage
of address A electrode 29. Erasing of électric charge
particles by erase pulse are still needed because there
still remains electric charge particles on the common X
electrode 22 side, on the independent Y electrode 23
side and in the discharging space which are not
neutralized and not erased.

Fig. 32 is a sectional view of a plasma display
panel in which a condi;ion of electric charge particles
in a cell after supplying a fine line erasing pulse is
illustrated in accordance with the embodiment shown in
Fig. 28(a)-28(e) of the present invention. The positive
electric charge particles 60 are gathered on the address.
A electrode 25 side and the negative electric charge
particles 61 are gathéred on the common X electrode 22
side and the independent Y electrode 23 side. The
condition of electric charge particles is the same after
the full writing erase period 210a is finished.

A condition of electric charge particles after

"A1S SHEET HAS BEEN
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52 exanple, to first and second independent Y el ectrodes 23.
pul se wave-form 160, which is supplied to the common X el ecty
the first sub-fi elisShertHasdes Re flice@qual i zi ng pul se 164 in thef e

iod 2b, and the sustal ni s 41 a fineline era

"I"H

oh ;?M SHEET
Ic_taf 4 1l 07

address

—t

period 2a, a regul 5, which continues fromthe je
pulse 164 in the eq d 2a and,conti nues through
pe se

I ng pul se 155

in the sust ai ni ng period 2c.

the full writing erasing period 210a is finished is

maintained in the sustaining period 202b because the

address electric discharges are not performed in the

cells in which no sustaining electric discharge

performed. Also, any electric discharge is not

is

performed by the selection electric discharge pulses

252a, 252b, 252c, 2524,---, and there is no change in

the condition of electric charge particles even

if

electric charge particle control pulse 244 and erasing

pulse are supplied. Therefore, the condition of
charge particles in all cells is almost same as

condition after the full writing erasing period

electric
the
210a and

the address electric discharge or a writing electric

discharge is caused in next sub-field 203, thereby

increasing the contrast by double.

By increasing the voltage of the address pulses

249a and 249b in the sub-field 203, 205, 207, 209 in

which the full writing erasing period is not arranged,

comparing with the voltage of the address pulses 249a

and 249b in the other sub-field 202, 204, 206 and 208,

the address electric discharges are caused surely even

in the cell in which sustaining electric discharges are

not performed, because the positive electric charge

particles 60 on the address A electrode 29 side
reduced gradually by neutralization.

Fig. 33 is a time chart of sub-fields

are

illustrating a driving system in accordance with a third
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According to th esent enb , only one fine Iine elﬁgﬂh %ﬁ&ﬂﬁ SQEEE
provi ded. The equa |%&&@mp®e |s supplied to the el e¢tre de—t-owht

the fine line eras s supplied as in the firsgt ngdkggngg
case two or three f\i ng pulses are provided, as

enbodi nrent and the t odlnent (se Ig. 11(b), 11(d) end Fig.12{b
12(d)), the equalizing pulse I's suppli o the el ectrode fto which the

| ast fine line erasing pulse is supplied. The pul se wave- figrm-364—wnhrch

embodiment of the present invention. Referring to the
drawing, a horizontal axis illustrates time, and a
vertical axis illustrates lines of cells. Reference
numeral 270 denotes one field period, 271-276 denote
sub-~fields, 27l1a-276a denote address periods, 271b-276b
denote sustaining periods, 277 and 278 denote field
blocks, 277a and 278a denote full writing erasing
periods.

One field period 270 is divided into six sub-
fields 271-276, and consecutive first three sub-fields
271-273 construct the field block 277 and succeeding
consecutive three sub-fields 274-276 éonstruct the other
field block 278.

In the first period of these field blocks 277_
and 278, the full writing erasing period 277a and 278a
are arranged. In each sub-field 217-276, the address
period 271a-276a and the sustaining period 271b-276b are
arranged but the full writing erasing period 277a and
278a are not provided. That is, the full writing
erasing period 277a and 278a are arranged at the first
part of the first sub-fields 271 and 274 of the field
blocks 277 and 278. The numbers of the light emitting
are allotted for the sustaining period 271b-276b, and |
gradations of display are performed by the combining of
the numbers of the light emitting. According to the
fifteenth embodiment, the numbers of the light emitting

are increased in order of the sub-fields 271, 272, 273.

THIS SHEET HAS BEEN
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ottt s,

I's supplied to one ofthe—address A el ectrodes 29, includes aFWEﬂﬁf§§ﬁ? “Et;r
pul se 42 in the_ address period 2b of the first sub-field whikhjcorresponds

to the light e H@életnR Fheq address pul ses 42 are not supp ||3(ﬁ\&£6{111337
there is no cell nat ed. The pul se wave-forns 16 nd 163,

whi ch are suppl st electr of t he i ndependent| Y electrotes

23 and adj acent second e ec de of the dependent Y el ect es 23,

i ncludes first regulating
The selection electric discharge pulse 252a—252d,

the electric charge particle control pulse 244 and fin
line erasing pulse 245, 253a-253b which are used in the
fourteenth embodiment are provided in the first two sub- -
fields 271, 272, 274, 275 of each field blocks 277 and
278, and these pulses are not provided in the
other(last) sub-field. Further, these selection
electric discharge pulses, electric charge particle
control pulse and fine line erasing pulses are arranged
in the last part of the sustaining period 271b, 272b,
274b and 275b, thereby the condition of electric charge
particles in all cells after sustaining period 271b,
272b, 274b and 275b are finished is maintained the same
condition after the full writing erasing period 277a is
finisﬁed, so the full writing erasing period 210a is
deleted in the sub-fields 272, 273, 275 and 276 other
than the first sub-fields 271 and 274, and the address
electric discharges are performed in the address period
272a, 273a, 275a and 276a without supplying the
selection electric discharge pulses 252a-252d and
electric charge particle control pulse 244 in the lasf
sub-field. Therefore, the contrast is multiplied by
three. |

Fig. 34 is a time chart of sub-fields
illustrating a driving system in accordance with a
fifteenth embodiment of the present invention.

Referring to the drawing, a horizontal axis illustrates

|
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period 2b, and s ¢ 53 hul ses
45a, 45b,--- in t { '

pul ses 156a, 'TEEB/TTT/’//;;;;bﬁéctrlcaIIy charged particle ;@qmatmg
period 2a of t hem{y M\\\ , scan pul ses 137a, 137b, - “”Lﬁé”’;%&%_

g period 2c. In this

i b el wney
L

-.’u . T e e it s oorad

et s e o

time, and a vertical axis illustrates lines of cells.
Reference numeral 280 denotes one field period, 281-286
denote sub-fields, 281la-288a denote address periods,
281b-288b denote sustaining'pe;iqu, 289 and 290 denote
field blocks, 289%a and 290a denoée full writiné erasing
periods. |

One field period 280 is divided into eight sub-
fields 281-288, and consecutive first four sub-fields
281-284 cénstruét the field block 289 and succeeding
consecutive four sub-fields 285-288 construct the other
field block 290.

The first period of these field blocks 289 and
290 include the full writing erasing period 289a and
290a, and the addiess period 28la-288a and the
sustaining period 281b-288b are arranged in each sub-
field 281-288. That is, the full writing erasing period
289%a and 290a are arranged at the first part of the
first sub-fields 281 and 285 of the field blocks 289 and
290. The numbers of the light emitting are allotted for
the sustaining periods 281b-288b, and gradations of
display are performed by the combining the numbers of
the light emitting. According to the sixteenth
embodiment, the numbers of the light emitting are
increased in order of the sub-fields 281, 282, 283,---.

The selection electric discharge pulse 252a-252d,
the electric charge particle control pulse 244 and fin

line erasing pulse 245, 253a-253b which are used in the

THIS SHEET HAS BEEN
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enbodi ment, the first regulating pul ses 156a, 156D, --- are-—sﬁgfk%ed:mquﬁq?“
0.3 [err]sec to J'Iséhqeimeeeh Rephckdie rising edge of the equdtk P(C&MEES EET

164. The voltage o mny&@[g ng pulse 165 and the scan Ppufse3 1374,
137b, --- can be se vol tage as the sustaining jpu]s $ﬁ91
45b,--- as shown In nbodi men; _(see Fig. 18(b)). Thefq%ﬁﬁ%% ¥

sub-fields 3-9 are constructed the sane the first sub-f})eld

fourteenth embodiment are provided in the sustaining
period 281b, 282b, 283b, 285b, 286b and 287b of the
first three sub-fields 281, 282, 284, 285, 286 and 287
in each field blocks 287 and 290, and these pulses are
not provided in the other(last) sub-field.

| The condition of electric charge particles in
all cells after sustaining period 281b, 282b and 283b of
the sub-fields 281, 282 and 283 in the field block 289
and sustaining periods 285b, 286b and 287b of the sub-
fields 285, 286 and 287 in the field block 290 are
finished is maintained the same condition after the full
writing erasing period 289a is finished, éo the full
writihg erasing periods 210a are deleted in the three
sub-fields 282, 283, 284, 286, 287 and 288 other than
the first.sub-figlds 281 and 285, and the address
electric discharges are performed in the address period
282a, 273a, 284a, 286a, 287a and 288a without supplying
the selection electric discharge pulses 252a-252d and
electric charge particle control pulse 244 in the last
sub-field. Theréfore, the‘contrast is.multiplied by
four. |

Fig. 35 is a time chart of sub-fields

illustrating a driving syétem in accordance with a
seventeenth embodiment of the present invention.
Referring to the drawing, a horizontal axis illustrates
time, and a vertical axis illustrates lines of cells.

Reference numeral 300 denotes one field period, 301-308

! THIS SHEET HAS BEEN
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-
A condition of the electrlcalhy charged particles after pu p[ylng the—f

e
|l i ne erasing quge&ﬁﬁ@ﬁﬁm -- is alnobst the sanme condjt Qﬁ? I in
Fig. 8, which e condition of electrically charged par t'YCl efs
i n accordance dﬂ‘ enbodi ment. The condition of he—elect-ric
di scharge in th her sub fields 3-9 is,Lhe sane condit} on.

According to the present enbodinent, th TPeason for sett mg—tHe—vottage
the equalizing pul se 164 at a hi gher

denote sub-fields, 30la-308a denote address periods,
301b-308b denote sustaining periods, 309 denote field
blocks, 309 denote a full writing érasing period.

One field périod]BOO is divided into eight sub-
fields 301-308, and the field block 309 is conétructed
by all sub-fields 301-308 in the one field. The first
period of these field blocks 309 includes the full
writing erasing period 309a. The address period 30la-
308a and the following sustaining period 301b-308b are
arranged in each sub-field 301-308. That is, the full
writing erasing period 309a are arranged at the first
part of the first sub-fields 302. The numbers of the
light emitting are aliotted for the sustaining period
301b-308b and gradations of display are performed by the
combining the numbers of the light emitting.

The selection electric discharge pulses 252a;
252d, the electric charge particle control pulses 244
and fin line erasing pulées 245, 253a-253b which are
used in the fourteenth embodiment. are provided in the
sustaiping periods 301b-307b of the first seven sub-
fields 301-307, and the full writing erasing périod 30%a.
is arranged only in the first sub-field 301. The
address electric discharges in these address periods
302a-308a are possible, even if the full writing erasing
periods 309a in the sub-fields 302-308 which follow the
first sub-field 301 is deleted. Thereby the contrast is

multiplied by eight.

! THIS SHEET HAS BEEN
i REPLACED




voltage is to coHeet—the negative electrically charged pa

common X el ectrode side, and to collect lots of positive e
char ged partch§b8ﬁmaEh£Bm@. 655 A el ectrode 29 side. Furt er

for setting the regulatlng pul se 165 in the
2b is to protect JH scharge from taking place b
bet ween the connDn and t i ndependent Y el eftrode 23.

According to these embodiments, by deleting full
writing erasing period in some sub-field, the contrast
is improved:'The practical contrast of cathode ray tube
display is , for example, 150:1, and in the plasma
display according to the embodiments shown in fig. 33 or
Fig. 34, corresponding contrast is accomplished.

The numbers of sub-fields in one field and the
numbers of the sub-fields in one field block are
optional and not limited above mentioned embodiments,
and any combination will be applicable.

According to the present invention, full writing
electric discharge  and erasing electric discharge are
deleted or reduced, thereby imprdving the contrast of
the display.

According to the present invention, full writing.
erasing period can be afranged one time per several sub-
fields, thereby improving the contrast. |

While we have shown and described several
embodiments in accordance with the present invention, it
is understood that the same is not limited thereto but
is susceptible of numerous changes and modifications as
known to those skilled in the art, and we therefore do
not wish to be limited to the details shown and
described herein but intend to cover all such change and
‘modifications as are encompassed by the scope of the

appended claims.
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An el eventh enmbodi ment of the present invention will be des;ﬁg% GERANT S%Et?
her ei nafter. FT?SShc&H@QecﬂRbpﬁ&(jd) Illustrate a

54 driving syst wi th an el event h enbodi nment
chart

i nvention. Fig
WHAT WE CLAIM 1IS:

A r—

hegREoRg)!

E’""m‘ “"“1

1. A plasma display panel driving system for
a display panel having a first electrode group arianged
on a permeable substrate and being capable of driving in’
common, a second electrode group arranged in pérallel
with said first electrode group on said permeable
substrate and being capable of driving indeéendently, a
third electrode group arranged perpendicular to said
‘first and second electrode groups on another substrate
and being capable of driving independently, said driving
system cémprising the step of performing at least one
electric discharge for equalizing of electric charge
particle in a cell in which another electric charge
particle is éaused beforehand.

2. A plasma display panel driving apparatus
compfising:

‘a first electrode group arranged on a permeable
substrate and being capable of driving in common;

a second electrode group arranged in parallel
with said first electrode-group on said permeable
substrate and being capable of driving independently;

a third electrode grqup.arranged perpendicular
to said first and second electrode groups on another
substrate and being capabie of driving independently;

and means for performing at least one electric
discharge for equalizing of electric charge particle in

a cell in which another electric charge particles is

—
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illustrating an arrangenent of sub-fields in one field in ag

ccor.dance-with——
e present i nveﬂ‘hls&metHFhB,ecﬂRTﬁ illustrates a division of WACFMENT %ET

th
several sub- flelq Iﬂm m‘l the case of Fig. 5(a). The Hzontat—axis

illustrates tine axi s |IIustrates | i ne of c e e
25(b)-Fig. 25(e) |I ustrate wave- forns pulses supplied tjo thii%gﬁgéﬁmk

el ectrode, the address A el ectrode, e first and second

D.

caused beforehand.

'3. A plasma display comprising:

a first electrode érdup arranged on a permeable
substrate and being capablé of driving in common;

a second electrode group arranged in pérallel
with said first electrode group on said permeable
substrate and being capable of driving independently;

a third electrode group.arranged perpendicular
to said first and second electrode groups on another
substrate and béing capable of driving independeﬁtly;

and means for performing at least one electric
ischarge for equalizing of electric charge particles in
a cell in which another electric charge particles is
caused beforehand, whereby improving linearity of
display gradation.

4. A plasma display panel driving system for
a display panel having a first electrode group arranged
on a permeable substrate and being capable of driving in
common, a second electrode group arranged in parallel
with said first electrode'group on said permeable
substrate and being capable of driving independently, a -
third electrode group arranged perpendicular to said
first and second electrode groups on another substrate
and being capable of driving independently, a equalizing
means for equalizing electric charge pafticles in all
cells by a discharge between said first and said second

electrode group, an address electric discharge means for

ORI O
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-_— — |
i ndependent Y. el ectrodes, respectively. | A pul se wave-fé?@ﬁi;__ﬂ__@MENT SHEET |
illustrates a pdhis Skt Hal Been Rej1ieb )9 Wave-form supplied to the fcgnmon X~
el ectrode 22 in Upptiel d. A pul se wave-form 171 |Iluqtgagsglﬁbéwy
part of the drivi Hﬂ” upplied to the one of the ad@ress A ~“__-_J
el ectrodes 29. Pulse =1or 172 and éif Il lustrate part
driving wave-forns supplied, for exanpl€=to first and second i ndependent

Y el ectrodes 23. The pul se wave-form 170, which is supplie

determining a cell to be emitted by a discharge between
said second and said third electrode groups, and a
sustaining electric discharge means for pefforming light
emitting by a electric disdharge between said first and
said second electrode groups, said driving sysfem
comprising the step of performing discharge by a fine

. line erasing pulse supplied after a sustaining electric
discharge is finished and erasing and polarizing of
electric charge particles in a cell in which sustaining
electric discharge is performed, the step of gathering
said electric charge particles in all cells by way of
said electric discharge caused by the fine line erasing
pulse, and canceling the voltage of a equalizing pulse
supp;ied to one of said first and said second electrode
groups by said electric charge particies resulting in no
discharge, the step of polarizing said electric charge
particles into a positive electric charge particles and
a negative electric charge particles, the step of
suéplying a regulating pulse to the other electrode
groups of said first and said second electrode groups
after supplying said equalizing pulse to one of said
first and said second electrode groups for gathering the
same electric charge particles gathered on said one of

- electrode groups supplied with said equalizing pulse,

. and the step of gathering a electric.charge particles
having the other polarity on said third electrode group

5. A plasma display panel driving system for

T, [ s




comon X electrode 22 during the first sub-field, includes a éﬁﬁﬂﬁﬂENENT ,tf

pul se 40 in the pemmndmﬁdmsBﬁm actd¢ om t he flrst part of the gquattzirg
period 2a through th |od 2b and the sustaining pulisgs § pgc

t he sustai ning perl se wave-form 171, which is syp I| .‘397 !
one of the address A c ro es i ncl yges a voltage holdin se 174
whose voltage is determ ned so that a harge i s not producg¢d by the

scan pul ses 44a, 44b,--- ' —
a display panel having a first electrode group arranged

on a first substrate and being capable of driving in
common, a second electrode group arranged in parallel
with said first electrode gfoup on said first substrate
and being capable of driving independently, a fhird
electrode group arranged perpendicular to said first and
second electrode groups 6n a second substrate and being
capable of driving.independently, said driving system
comprising the step of performing a sustaining electric
discharge by supplying a sustaining pulse to said first
and said second electrode groups, the step of polarizing
electric charge particles in a cell by supplying a fine
line erasing pulse to one of said first and said second
electrode groups, the step of gathering electric charge
particles having one of the polarities in vicinity of
said first and said second electrode groups and
gathering said electric charge particles having the
other polarity in the vicinity of said third electrode
group by supplying a equalizing puise to said one of
electrode groups and supéiying a regulating pulse rising
later than said equalizing pulse to the other electrode -
group of said first and said second electrode groups
without performing electric discharge.

6. A plasma panel display driving system
according to the claim 4 or 5, further comprising the
step of performing a electric discharge between said

first electrode group and said second electrode group by

MINII| IIIIIIlIII 1 [ s g
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and the address pul'se 42 im the first address period 2b REPLACHWENT SHEEf
55 which COHeﬁMﬁ%Hiﬁeg _}aée?ht emtting cell and betweer] |the addiéss

el ectrode 29 and ﬂlm I mlm Y el ectrode { & DEC 1097

supplying said equalizing pulse to said one of the

electrode groups after supplying a power, and gathering
electric charge particles having one of the polarities
in the vicinity of said first and said second electrode
groups and gathering electric charge particles.having
the other polarity in the vicinity of said third
electrode group by supplying said regulating pulse after
said equalizing pulse is supplied.

7. A plasmé display panél driving system
according to claim 4 or 5, further comprising the step
of performing a address electric discharge between said
second electrode group and said third electric group
after gathering electric charge particles having one of
the polarities in the vicinity of the said first and
said second electrode groups.and gathering electric
charge particles having the other polarity in the .
vicinity of said third electrode group, and performing
sustaining electric discharge. .

8. A plasma display panel driving system

‘ according to claim 4 or 5, further comprising the step
of supplying said requlating pulse to said other
electrode group within 0.3 psec-2 psec after supplying
said equalizing pulse to said one of said electrode
groups.

9. A plasma display panel driving system
according to claim 4 or 5, further comprising the step

of arranging several fine line erasing pulses having a

A




23. The addressputse—42-is not supplied when there is no cel

I1lum nated. Acc rd|n to the present enbodinent, the voltage
t he address elec e Sé@hﬂh@h&g to occur is the sumof the vcltagbﬁoﬂfﬁhg@?
75

vol tage hol ding p he vol tage of the address pul sq :
t her eby maki ng |t educe t he Eéoltage of the addre§5'pu|se 75"
The address pul se 175 |s no upplied ¥ there is no cell ta.be B

iI'lum nated. The pulse wave-forms 172 and 173, which are supplied to the
f|r§t first fine line erasing pulse whose pulse width is
within 0.5 usec-2 usec and having at least a second fine
line erasing pulse whose pulse width is equal to or less
than the pulse width of said first pulse width for
performing erasing and polarization of said eléctric
charge particle. |

10. A plasma display panél driving systeﬁ
according to claim 4 or 8 further, comprising the step
of supplying said equalizing pulse to said second
electrode group, and maintaining supply of said
regulatiﬂg pulse to said first electrode group until
deciding cells to be emitted for gathering electric
charge particles predetermined electrode group.

11. A plasma display panel driving systém
according to claim 4, 5 of 10, further comprising the
step of dividing said regqulating pulse into a first
pulse for equalizing electric charge particles in all
cells and a second reqgulating pulse supplied during a
period for deciding cells to be emitted.

12. A plasma display panel driving system
according to claim 4 or 5, further comprising the step
of selecting the voltage of said regulating pulse
substantially equal to the voltage of said sustaining
pulse for performing displaf electric discharge.

13. A plasma display panel driving system
according to.claim 13, further comprising the step of

falling the edge of said equalizing pulse after falling

T R THS SHEET HAS BRE
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el ectrode of the independent Y electrodes 23 and adj acent seBhRAGEMENT obiEE |
of the independenti YheelrRsbéndasdace3, i nclude equalizing pul ses|43a, 430, - - -
in the electricall ) ticle equalizing period 2a o ;hg g|3§519g7
sub-field, scan puﬂﬂg}mnﬂﬂlﬁml n the address period 2b En

sust ai ni ng pul ses h Oy ==t n the sugtaining period 2c. | The—voktage—of

the reqgul ating pulse 40 and the scan p s 44a, 44b,--- cah be determ ned
to be the sane -

the edge of said first reqgulating pulse, and falling
said edge of said equalizing pulse within 1 usec.

14. A plasma display panel driving system
according to claim 4 or 5, further comprising the step
of performing a discharge in all cells by suppiying full
electric discharge pulse to one of said first and said
second electrode groups one or several times per one
field or several fields after performing sustaining
discharge, and then supplying said fine line erasing
pulse for performing a discharge in said all cells for
erasing electric charge particles so as to gather
posi;ive electric charge particles in the vicinity of
said first and said second electrode groups.

15. A plasma display panel driving system
according to claim 4 or 5, further comprising the step
of supplying plurality of fine line erasing pulses. to

- said first and second electrode groups alternatively,
and sﬁortening the pulse width of said fine line
.erasing pulses wh;ch supplied afterward, and supplying
the last fine line erasing pulse to said one of

electrode group.

16. A plasma display panel driving system
according to claim 4, 5 or 8, further comprising the
step of supplying said equalizing pulse to one of
electrode group, and falling the edge of said equalizing

pulse in a time more than 1 usec.
[ ——
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vol tage as sustai ning pul ses 41, 45a, 45b,---

electrically Charged'BaﬁhﬂfHﬁSkaﬁ&%ﬁ&dSUpplylng the fine linele

7 HEPLACE IENT SHEET

A conditién e

pul ses 46a, 46b,---is

with the first enbodi rremmm&

illustrates the condit

other sub-fields 3-9 is the sane condit.88n A twel fth ehbodrreh

t he present

agl'rg
me condition as shown in -|%.ﬁ85 Rﬁ?cﬂ&?
!m ,’cal |y charged particles ntaccordance
tlon of the electric disgharge in the

nt_.nf
t

invention will be
17. A plasma display panel driving circuit

comprising:

a first electrode group arranged on a first
substrate and driven in common;

a second electrode group arranged parailel to

" said first electrode group on said first substrate and
controlled independently;

a third electrode group arranged perpendicular
to said first and second electrode groups on a second
substrate provided faced on said first substrate and
controlled independently;

a first driving circuit connected to said first
electrode group for supplying a first driving pulse;

a second driving circuit connected to said
second electrode group for supplying a second driving
pulse; |

a third driving circuit connected to said third
electrode group for supplying an address driving pulse;

means for supplying a fine line erasing pulse to
one of the electrode group of said first and second
electrode groups from said driving circuit connected to
said one of the electrode group after sustaining
discharging;

means for Supplying a 'equalizing pulse to said
one of the electrode group from said driving circuit
connected to said one of the electrode group;

means for supplying a regulating pulse delaying

-
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crmses

56 described hereinafter. Figs. 26(a) to 26(e) illustrate tf yare)
net hod in accor daig@nst lid BeenReflhckd h enbodi ment of the pri ﬁBP_L Mﬁ %%hEE”
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a bit from rising edge of said equalizing pulse to the
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other electrode group of said first and said second
electrode groups from said drivihg circuit connected
said other electrode group;.and for gathering electric
charge particles having one of the polarities in the
vicinity of said first and said second electrode groups
and for gathering electric’Chérge particleé having the
other polarity in the vicinity of said third electrode
group. | |

18 A plasma display panel driving circuit
according"to claim 17, further comprising means for
supp}ying said reqgulating pulse to said other electrode
group within 0.3 pusec-2 usec after supplying said
equalizing pulse to said one of said electrode groups.

19. A plasma display panel driving circuit
according to claim 17 or 18, further cbmprisiné means
for generatin§ pluralitj of fine line erasing pulses
from said first and said second driving circuits and
selecting pulse widtﬁ of a first fine line erasing pulse
within 0.5 usec-2 usec and-selecting pulse width of a
second fine line erasing pulse equal to or shorter than -
said first fine line erasing pulse.

20. A plasma disélay panel driving circuit
according to claim 17, 18 or 19, further comprising
means for supplying from said second driving circuit
said equalizing pulse to said second electrode group and

for supplying said regulating pulse from said first
R
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il lustrating anarrangenent of sub-fields in one field in
t he present |nVﬁ9iﬁpn The figure illustrates a division of

several sub- Ej’ﬁlﬁwdhpladc@ the case of Fig. 5(a). The

axis illustrates vertical axis illustrates a |

Fig. 26(b)-Fig _
common X el ectrode, the ad s A electﬁﬁde, and the first

i ndependent Y

te wave-forms of pul ses suppli

Kb

hoyr i zont al
i nie o6 &1l 4997
led to the

and second

driving circuit to said first electrode group during

addressing cells to be emitted.

21 A plasma display panel driving circuit

according to claim 17, 18 or 19, further comprising

means for generating a first and a second regulating

pulses from said driving circuit connected to said one

of electrode group.

22. A plasma display panel driving circuit

according to claim 17, further comprising means for

selécting the voitage of said regulating pulse

substantially identical with the voltage of said

sustaining pulse.

23. A plasma display panel driving circuit

according to claim 17, 18 or 20, further comprising

means for falling the edge of said equalizing éulsg

after lapse of time more than 1 usec by said driving

circuit connected to said one of electrode. -

24. A plasma display panel driving circuit

according to claim 17, further comprising means for

supplying after performing sustaining discharge a full

writing electric discharge pulse one time or several

times per one field or several fields generated from one

of driving circuit of said first and said second driving

circuit which is connected to said one of electrode

. group.
- -
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t he dr|V|ng wave- forn1sG‘BTT€H‘F6‘the common X el ectrode 22 i " éh |rst
I i

182 and 183

sub-field. A pul sé"lwsuetlm m Iustrates a part of the

wav e- forn1supplled
iIIust
exanple, to first a

ddress A el ectrodes 29. Pu

se wave- forns

t he dr ng wave-forms supplied, for
penden el ectrodes 23. The pulse

wave-form 180, which is supplied to the’

25. A plasma display panel driving circuit
according to claim 21, further comprising means for
falling the edge of said equalizing pulse after falling
the edge of said first reguiating pulse, and falling
said edge of said equalizing pulse within 1 uséc. '

26. A plasma display comprising :

a first electrode groﬁp arranged on a first
substrate and driven in common;

a second electrode group arranged éarallel to
said first electrode group on said first substrate and
controlled independentif;

a third electrode group arranged peipendicular
to said first and second electrode groups on a second
substrate provided faced on said first subsfrate and
controlled independently;

cells constructed at the cross point of said
first and said second and said third electrode group;

means for performing a electric discharge for
erasing and polarizing electric charge particles in
cells performed a sustainihg discharging during a period
after sustaining discharging and just before the
beginning of an address period;

means for equalizing of electric charge particle
in all cells by said discharge for erasing and
polarizing.

27. A plasma display comprising:

a first electrode group arranged on a first

— & Fiet elecu
Iy LT




pul se 184 in the gg&hﬁ2$ od 2a and sustaining pul s¢sf4l in the -~
sust ai ni ng perlo wave-form'181, which is syppl ifedl Gp;oneyof |
the address A ele n the address; |

common X el ect rode 22 duri niR Qgedfl rst sub-field includes Rgc.é-é\‘tglfa’%ﬁfngi?w '

| udes the address pul se 4

period 2b of the f address perlod h corresponds to B ]
emtting cell. The address pulse 42 is suppl i ed when re L§~22_Eell ;

to be illum nated. The pul se
substrate and driven in common;
a second electrode group arranged parallel to
said first electrode group on said first substrate and
controlled independently; |
a third electrode group arranged perpeﬁdicular
to said first and second electrode groups on a second
substrate provided faced on said first substrate and
controlled independently;
cells constructed at the cross point of said
first and said second and said third electrode group;
méans for performing a discharge by a fine line
erasing pulse supplied to one of the electrode of said
' first and said second electrode group after a sustaining
discharge and for erasing and polarizing electric charge
particles in cells generated by said sustaining
discharge; | -
means for gathering eiedtric 6harge particles
having one of polarities in the vicinity of said first
and said second electrode groups and for gathering
electric charge particles ﬁaving the other one of the
polarities in the vicinity of said third electrode group
by supplying a equalizing pulse to said one of
electrodes and by supplying é regulating pulse to the
other electrode of said first and said second electrode
groups so as to be able to discharge for addressing
which determines light emitting cells by said third

electrode group.

“| “ll“ I““ “I|I “ I“‘ ' THIS SHEET HAS BREN
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183, which are suppl t o he first electrode of the indepe den%
el ectrodes 23 and adj tH %@@wae&ectrode of the indepenge t 4vo DEC 1997
el ectrodes 23, |nclu IM ﬂ’rul ses 43a, 43b,--- in thejel ectrlc

28. A plasma display according to claim 27,

further comprising means for supplying said regulating
pulse to said other electrode within 0.3 usec-2 usec
after supplying said equalizing pulse to said one of
said electrode groups for collecting electric éharge
particles having one of polarities in ihe vicinity of
said first and said second éléctrode group and electric
charge particles having the other one of polarities in
the vicinity of said third electrode group.

29, A plasma display according- to claim 27,
further cbmprising a first driving circuit connected to
said‘fifst electrode group} a second driving circuit
connected to said second electrode group, means for
generating plurality of said fine line erasing pulses
including a first fine line erasing pulse having pulse
width within O.S yéec-z pusec and a second fine:line
erasing pulse having pulse ﬁidth equal to or less than
said second fine line erasing pulse, and means for
erasing and polarizing electric charge particles by
supplying last pulse of said fine line erasing pulses to
said one of said first and second electrode groups.

30. A plasma display accordin§ to claim 27,
further comprising means for.supplying from said second
driving circuit said equalizing pulse to said second
electrode group and for maintaining supply of. said
regulating pulse supplied from said first driﬁing

circuit to said first electrode group during addressing
—_ T T
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addr ess perlod 2b an
erasi ng pul ses 46ah

pul ses 45a, 45b,--- and ffijne |ine

L

char gi ng equaI|2|ng period 2a of the first ‘sub-field, scan sy "
137b, in nt%i%ﬂnh@blaccaust aining pulses 185a, mﬁ SHEE!
el

of the regulating” puls
sust ai ni ng pul ses 41. A condition
particles

sustaining period 2c. The vplg &£ igapel

'can e The iﬁﬂ? as the voltage | af the
the el ectrically chtarget

after supplying the fine |line erasing pul ses 464, _ 46b, - --

cells to be emitted.

31. A plasma display according to claim 27,
further comprising means for generating from one of said
first driving circuit connected said first electrode
group and said second driving circuit connected to said
second electrode group a first and a second regulating
pulses. |

32. A plasma display according to claim 27,
further comprising a first driving circuit connected to
said first electrode group, a second driving circuit
connected to said second electrode group, and means for
selecting the voltage of said regulating pulse
substantially identical with the voltage of said
sustaining pulse by means of one of driving circuit of
said first and said second driving circuits.

33. A plasma display according to claim 27,
further comprising a driving circuit connected one of
said first and said second electrode groups, and means
for falling the edge of said equaliging pulse after
lapse of time more than 1 nsec by said driving circuit
connected to said one of electrode group.

34. A plasma display according to claim 27,
further comprising a first driving circuit connected to
said first electrode group, a second driving circuit
connected to said second electrode group, and means for
generating a full writing pulse one time or several

times per one field or several fields from one of

N 0}
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is al most the same condftfdﬁ as shown in Fig. 8, which illug %FPLK@FWEHT SHEE

condi tion of eleﬁmwﬁwaﬂh eciidapleed particles in accordance Wt
enbodi ment. The c e el ectric discharge in the pt

sub-fields 3-9 |s |t|on According to the prespnf ¢
the voltage of the scan pulses IBSa 185b,--- is a mnus vpliage and the
vol tage of the address pulses 42 is a p¥ vol tage, therefofe the voltage
di fferences becone so | arge ,

driving circuit of said first and said second driving
circuit and for performing a discharge in all cells
after sustaining discharge is finished.

35. A plasma,diéplay panel driving system
comprising the step of dividing one field into.several
sub-fields and providing an address period for setting
cells to be emitted and a susfaining period for light
emitting, and thelstep of constructing field block by
plurality of sub-fields and arranging full writing
electric discharge and full erasing electric discharge
in a firsf sub-field of said field block.

36. A.plasma display'panel driving systeﬁ
according to claim 35, further comprising the step of
performing discharge in sélected cells in which light
emitting_is performed by said sustaining eléctric
discharge in said sub-fields of said sub-field block
except the last sub-field of said sub-field thereby
keeping the condition of eleétric charge particles
almost'same condition after performing full writing
electric discharge and fuli erasing electric'discharge.

37. ~ A plasma display panel driving system
according to claim 35 or 36, wherein said plasma display
pane having a first electrode group covered with a
dielectric layer and arranged on a first glass substrate
and driven in common, a.second_electrode group covered |
with a dielectric layer arranged parallel to said first

electrode group on said first glass substrate and

(LT . B
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that the electric dlscharge i's perforned surely. A thig QFMEQ! ggEbi
enbodi ment of t he This@BetHasBeeadeplicsh wi | | be described her dil haFter rg's;~ o
27(a) to 27(e) il+u |ng met hod in accordance w tlh a g th

Eé@ e

e v—— -'m'_——‘

enbodi nent  of tHe. |on F|g 27(a) is atine
illustrating an arranyg sub fields.in one field in
the present invention. The flgure

ordance with-:

controlled independently, a third electrode group
covered with a dielectric layer and arranged

' perpendicular to said first and said secoﬁd electrode
groups on a second glass substrate provided faced on
said first substrate and controlled indepéndenﬁly, and
said driving system comprising the step of performing
discharge in selected cells in which light emitting is
performed by said sustaining electric discharge in said
sub-fields of said sub-field block except the last sub-
field of said sub-field, thereby gathering positive
electric éharge particles on said dielectric layer
cove;ing said third electrode group and gathering
negative electric charge particles on said dielectric
layer covefing said first and said second electrode
group for leaving condition of electric charge particle
unchanged without selection electric discharge;

38. A plasma display panel driving system
according to claim 37, further comprising the step of
performing said address electric discharge for
determining cells to be emitted by discharging between
said first and said second electrode groups and
performing said sustaining dischargérbetween said first
and second electrode groups,'and the step of supplying
after sqpplying said last sustaining pulse to said first
and said second electrode groups in all sub-fields of
each sub-field block except each last sub-field a first

. bulse having almost the same voltage as the voltage of

r———
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58 illustrates a“arvr‘s;‘ro-rf Wiem into several sub-fi el 8§PiALRMENT SHEL!
to the case of Hﬂ%s horlzontal axis illustrates t|n§“ md™ the"
(¢)

vertical axis of cells. Fig. 27(b)-Fig. 2
illustrate wavef I,m ﬂ"]] supplledtothe comon X

said sustaining pulse to one of electrode group of said
first énd second electrode groups to which the last
sustaining pulse is not supplied and performihg electric
discharge in said cell in which said sustaining electric’
discharge has performed, and the step of arranéing a
second pulse rising after 0.3 usec-1.5 usec from the'
rising edge of said first pulée and supplying said
second pulse to the other electrode group of said first
and said second electrode groups to which said first
pulse is not supplied, and providing plurality of fine
line erasing pulses after supplying said first and said
secogd pulses for erasing electric charge particles in
the vicinity of said first and second electrode groups.

39. A plasma display panel driving sjsiem
according to claim 38, wherein the voltage of said first
and said second pulses and said fine line.erasing pulse
supplied after the supply of said sustaining pulse
having a voltage the same as the.sustainiﬁg voltage
éelected so as to cause sustaining electric discharge in
cells performed said addreés electric discharge and to
cause no sustaining electric discharge in cells in which.
no electric discharge is not performed.

40. A plasma display panel driving system
‘according to claim 38 or 39, wherein further'comprising
a first address pulse supplied to cells in which no full
writing electric discharge and no full erasing electric

_discharge are not performed, and said first address
— Ty,
THIS SHEET HAS BEEN
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el ectrode, the duaress A el ectrode, and the first and seco1HEPHQ§ﬁﬁﬁﬁEn$HEET'
el ectrodes, re A pul se wave-form 190 illus L
t he dr|V|ng to t he conmmon X el ectrode 2“'

sub-field. A pul 91 illustrates a part of the

wave-form suppl i he address A el ectrodes 29. |

192 and 193 illustrate parts of the drﬁﬂing wave- f or ns supplled for

pulse having a voltage higher than a voltage of a second
address voltage supplied to the other cells in which
said full writing electric discharge and said full
erasing electrié discharge'are_performed.

'41. A plasma display comprising:

a first electrode group arranged. on a first
substrate and driven in commoh; |

a second electrode group arranged parallel to
said first electrode group on said first substrate and
controlled independently;

5 third electrode group arranged perpendicular
to sgid-first-and second electrode groups on a second
substrate providea faced on said first substrate and
controlled independently; ;

a field block constfucted from plurality of sub;
fields; | |

means for performiﬁg a full writing electric
dischérge between said first and said second electrode
groups in a first field of said field biock;

means for performiﬂg a electric discharge by
supplying-a selection electric discharge pulse to one of.

the electrode group of said first and said second

electrode groups in said sub-fields of each field block

except each last sub-field in cells in which light
emitting is performed by a sustaining discharge;
means for gathering electric charge particles

having one of polarities in the vicinity of said first
T .
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exanpl e, to first and second independent Y el ectrodes 23. REPLN@EMﬁﬂT SHEEY_

wave-form 190, which is°S ' o the commopn X el ectrode Zg”Uurlﬁd t he

ei ghth sub-fi elgy nd..t he field blank period 9d thereafterji cﬁu9q§E©1997

regul ati ng pul s c¢d rst part of the electric charge 'particle

equal i zi ng periq g he addres JMHiOd 2b, sustainfi '
[

and a full wit n the sustadning period 2c. lin this

enbodi nent, the voltage of the full witing pul'se 194 is fﬂEﬁTTﬂﬂﬁEﬂTTTT————~
produce a : '
' and second electrode groups and gathering electric
charge particles having the other polarity in the
vicinity of said third electrode groups by supplying
said selecfion electric discharge pulse to said one of
electrode group and by supplying a electric chérge
particle control pulse to the other one of said first
and second electrode groups;.

means for performing no selection electric
discharge in cells in which light emitting is not
performed by said sustaining electric discharge.

42. A plasma display according to claim 41,
further comprising means for supplying a sustaining
pulse to said first and said second eiectrode groups and
means for supplying the last sustaining pulse to said .
other electrode group. |

43. A élasma display according to élaim 41,
w@erein the rising edge of said electric charge particle
control pulse having time lag of 0.3 usec-1.5 usec from
rising edge of said selection electric discharge pulse.

44. A plasma display according to claim 41,
further comprising means for supplying said fine line
erasing pulse to said first and said second electrode
group aftér selection eleétfic discharge pulse is

supplied.

-
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PLASMA DISPLAY, DRIVING APPARATUS OF PLASMA DISPLAY
PANEL AND DRIVING SYSTEM THEREOF,

A plasma display panel driving system having a
common X electrode 22 arranged on a front glass
substrate 21 driven in common, a independent Y.electroﬁe
23 arranged parallel to the common X electrode 22 on the
front glass substrate 21' driven independently, an
address A electrode'arragged perpendicular to the common
X éleétrode and the independent Y electrode on the back
glass substrate driven independently, and means for
performing at least one electric diécharge for
equalizing of electric charge particle in a cell i#
which another electric charge particle is caused
beforéhand, thereby improving contrast.

-ﬁiésing and polarization of electric charge
particles are performed by the fine line erasing pulse
"46a after sustaining period 2c, and a equglizing pulse
having a high voltage is supplied to the independent Y |
electrode to which the last fine line erasing pulse 46a
or 86a is §upp1ied, and a regulating pulse 40 is
supplied to the common X electrode after supplying of
the equalizing pulse. |

Further, a field bloc having plurality of sub-
fields are prévided,_and a full writing electric
discharge and a fine line erasing electric discharge are
performed in the first sub-field of each field block for

reducing the number of electric discharging.
"FIG. 1.
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59 of the addréss A el ectrodes 29, includes the address
address period 2b. The address pulse 42 is not supplied : €
cell to be illumnnated. .Thetpul se wave-forns 192 and 193, ar

adj acent

e
supplied to the first electrode of the independent Y elecfr thilps
1 i
i
SPECIFICATION

TITLE OF THE INVENTION _

PLASMA DISPLAY, DRIVING APPARATUSIFOR A PLASMA DISPLAY
PANEL AND DRIVING METHOD THEREOF
BACKGROUND OF THE INVENTION -

The invention relates to plasma display,”driving
apparatus for a plasma display panel and dri§ing method
thereof for use, for ekample, as a display apparatué for a
personal computer or workstation, a flat type wall hanging
television receiver, or for a display apparatus for
advertising and information. This invention is preferably
applicable to AC type plasma display devices.

In plasma display, one field is divided into several
sub-fields, and each pixel (cell) emits light by exciting a
phosphor using ultraviolet rays that are generated by a
electric discharge carried out in the cell. The cell fhat
émits light is_selected_by an address electric dischérge
between two set of electrodes which are provided
perpendicular to each other on a front side glass substrate
and a back side glass‘éubstrate, respectively, and are
capable of being driven independently.

A first example of a plasma display device is
disclosed, for example, in Japanese Patent Application
Laid-Open No. 1994/186927! In this first example, the
condition of electricé}ly charged particles in ail cells is
equalized for surelf pfohibiting the ‘lighting of some cells

which are not intended to emit light, and two sets of light




second el ectrode of the independent Y el ectrodes 23, incl

equal i zing pul ses 43a, 43b,--- in the electric charging ¢

2a, the scan pul ses 44a, 44b,--- in the address period 2H

pul ses 45a, 45b,--- in the sustaining period 2c, and fing Llne era5|ng »
pul ses 195a, 195b,--- in the field blank period 9d. The Voltage |evel of

the regul ating pul se 40 and the scan pugses 44a, 44b,--- lcan be the sane

as the voltage of the sustaining pulses 41. A condition of the
e'QCtr'Cajléhitting discharges, that is, a full writing electric

discharge and a full erasing electric discharge in each
sub-field are carried out so as to be able to use a low
voltage for an address electric discharge. Therefore, the
contrast is deteriorated because light ‘emitting occurs on
the full panel when black is displayed.

A second example is disclosed, for example, in
Japanese Patent Application Laid-Open No. 1995/49663. In
the second example, a plurality of sub-fields having the
same brightness gradations are arranged to form a sub-field
block, and.séveral blocks are provided. In sub-field
blocks, a preliminary'discharge, including a full writing
electric discharge and a fine line erasing électric
discharge, is performed in one sub-field, and a writing
electric discharge and a erasing electric discharge for a
pixel is carried out one time. Therefore, deterioration of
the panel is reduced and the contrast of the display is
improved. The second example discloses one solution to
improve the contrast, but no means is disélosed to improve
the contrast in an arrangement in which plural sub-fields
having different brightness gradations are provided for
forming one sub-field block.

About 3 ksec to 4 usec is needed to write one line of
plasma panel, and an ordinary television display has 480
lines. The writing period of a screen is 1.44 msec, if the
writing period of one line is 3 usec, so that 1.44
msecx9==13 msec is needed for one field. However, the

period of one field is 16.7 msec. The sustaining period is
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2k,

chargéd particles after supplying the fine line erasing pul ges 1955, - ;f
195b,--- is alnost the sane condition as showmn in Fig. 8, {whiich® FEB 1328
illustrates the condition of electrically charged particlgs Jin accordance]

with the fi

ot her sub-

enbodi nment
bl ack porti

rst enmbodi ment. The condition of the electric discharge 1n the ;

fields 3-9 is the sanme condition. According to the present.
no electrically charged particle remain in the cells when a

on

16.7 msec minus a writing period and preliminary discharge

period, and.so this period is not long enough. Furthér, if
a display has 760 lines per screen, like a high definition
display, or if a display has 8 sub-fields for providing 256
gradations, the period for writing will not be sufficient.
SUMMARY OF THE INVENTION

It is an object of the present invention to improve
contrast in a display.

It is another object of the present invention to

~improve contrast in a display by reducing a full erasing

electric discharge and full writing electric discharge.

It is still another object of the invention to improve
contrast in a display by reducing a preliminary discharge
without changing the number of sub-fields.

According to a feature of the present invention, to
achieve the above objects, a plasma display and a plasma
display driving method include a first electrode group,
which is érranged on a permeable substrate and in which the
eiecfrodes are capable of being driven. in common, a second
electrode group, which is arranged in parallel with the
first electrode group on the permeable substrate and in
which the electrodes are capable of being driven
independently, a third electrode group, which is_arranged
perpendicular to the first and second elé&trode groups on
the other substrate and in which the electrodes are capable
of being driven independently, and a plasma panel, and
wherein the driving method comprisés means for performing

at least one electric discharge for equalizing electrically
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conti:nues across several sub-fields, and so the address elé}ﬁﬁvtﬁ' AT SL;tf
di scharges are not perforned well in the comng address pgrijod. To pr event

this situation, discharges are forced by the field full wriitii 3pw§§eggg4
between the comon X el ectrode 22 and the independent Y ellegtrode
As expl ai ned above, the plasnma display d;iving system

charged particles in a cell in which another electrically
charged particle is produced beforehand.

According to another feature of thé present invention,
to achieve the above objects, a plasma display, and a
plasma display panel drivinglnﬂhOd and circuit include a
first electrode group in which the electrodes are driven in
common, a second electfode group in which the electrodes
are driven independently, a third electrode group for
producing an address electric discharge, means for erasing
and polarizing electrically charged particles by a fine
line erasing bﬁlse after a sustaining period and for
supplying an equalizing pulse to one electrode of the one
of the first and second electrode groups to_which the last
fine line erasing pulse was supplied and for supplying a
regulating pulse to an electrode of the other of the first
and the second electrode groups after the equalizing pulse.
has been supplied, thereby controlling the electrically
charged particles without fully erasing the electric
diséharge and fully writing an eleétric discharge, while
improving the contrast without a light emitting discharge
in the case of a black display.

According to still another feature of the present
invention, to achieve the above objects, a plasma display
and a plasma display panel driving method: and circuit
include means for forming a field block from a plurality of
sub-fields and for performing a full writing electric
.discharge and a fine line erasing electric discharge in a

first sub-field of the field block for decreasing the



60 i:n accordance with the first through the twelfth en{gf : F
the panel w thout using the full witing electric disphe?@éﬁ%@&%&ﬁ&?
di scharge for all the cells for equalizing the electricdllly charged
Still other enbodi nents of the present ijnyerf BORERI 1988

particles.

_ discharge in a cell in which the address electric discharge

5

number of electric discharges, means for gathering positive

electrically charged particles in the vicinity of an
address electrode by the full writing electric discharge
and fine line erasing electric discharge, thereby
decreasing the voltage level of an address pulse, and means
for reproducing the condition of electrically charged
particles to the same condition as after performing fuli
writing electric discharge and fine line erasing electric

discharge are performed by utilizing a sustaining electric

occurred, thereby reducing the voltage of a address
electric discharge in the next field, without the full
writing electric discharge and the fine line electric
dischérge. In a cell having no address electric discharge,
the condition of electrically charged particles after the
full writing electric discharge and fine line erasing
electric'discharge are performed is maintained during one
field, so that it is sufficient to perform full writing
electric discharge and fine line eleétric discharge only
one time.

These and other objects, features and advantages of
the present invention will become more.apparent from the
following description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a exploded perspective view illustrating a

plasma display panel of the present invention.

Fig. 2 is a sectional view of a plasma display panel



)| ai ned hereinafter. Figs. 28 to 28 i |1 ustra o) gyt ey N
b alnea S{:;g: g?;play pane:g?n acggZdagce'&?%hla ? BEPLEG@MENﬁvgﬁEET

nmet hod for
enmbodi nent
illustrati
hori zont al
of cells.

wave- f or ns

of the present invention. Fig. 28(a) is a tinme| ¢hart

ng an arrangenent of sub-fields in the first s b-figengEghgggll

axis illustrates tine, and the vertical axis il llustrates a

Fig. 28(b)- Fig. 28(g) are wafe-forns illustrafi ngputse

as seen in the direction of arrow A in Fig. 1.

Fig. 3 is a sectional view of a plasma display panel
as seen in the direction of arrow B in Fig. 1.

Fig. 4 is a diagram which illustrates electrodes and
circuits connected to the electrodes of the plasma display
panel of Fig. 1.

Fig. 5(a) is a time chart illustrating an arrangement
"of sub-fields in one field in accordance with the first
embodiment of the present invention.

Fig. 5(b) is a waveform diagram which illustrates a
driving wave-férm supplied to a common X electrode in
accordance with the first embodiment of the present
invention.

Fig. 5(c) is a waveform diagram which illustrates a
driving wave-form supplied to an address A electrode in
accordance with the. first embodiment of the present
inventidn.

Fig. 5(d) is a waveform diagram which illustrates a
driving wave-form supplied to a first independent Y
electrode in accordance with the first embodiment of the
present invention.

Fig. 5(e) is a waveform diagram which illustrates a
driving wave-form supplied to a second independent Y
electrode in accordance with the first embodiment of the
present invention.

Fig. 6 is a sectional view of a plasma display panel

in which a condition of electrically charged particles in a

cell is illustrated immediately after power is supplied and



suppliied to a common X el ectrode, an address A el ectrode eu%B?ﬁQ&ggﬁgﬂI-SﬂgﬁT{e
i'ndependent Y el ectrodes, respectively. In the figure, refdrdnce numeral ]
201 denotes a field, reference nunerals 202-203 denote sub-|filelgls, FEB‘BQs .
reference nunerals 202a-209a denote address periods, refergnde nuneral bl
202b- 2Q9b denot e sustai ning periods, reference nunerals 21C-2&3‘ﬂ€ﬁﬁ1€“”“"‘
field blocks, and reference numerals 21%a-213a denote full jwiting

periods. A wave-form 220 is a driving wave-form supplied to thée conmon X

el ectrode. Phen equalizing pulse and a protecting pulse are supplied.

Fig. 7 is a sectional view of a plasma display panel
"in which a condition of electrically charged particles in a
cell after performing an address electric discharge is
illustrated.

Fig. 8 is a sectional view of a plasma display panel
in which a conditibn‘of electrically charged particles in a
cell after supplying a fine line erasing pulse is
illustrated.

Fig. 9 is a sectional view of a plasma display panel
in which a cdndition of electrically charged particles in a
cell after supplying an equalizing pulse in a second field
is illustrated.

Fig. 10 is a sectional view of a plasma display panel
in which a condition of electrically charged particles in a
cell after supplying a regulating pulse in a second field
is illustrated.

Fig._ll(a) is a time chart illustrating an arrangement

' of sub-fields in one field ‘in éccbrdance with the present
invention.

Fig. 11(b) is a waveform diagram which illustrates a
dfiving wave-form supplied to a common X electrode in
accordance with the second embodiment of the present
invention. |

Fig. 11(c) is a waveform diagram which illustrates a
driving_wave—form supplied to an address A electrode in
accordance with the second embodiment of the present

invention.



wave-=form 221 is a driving wave-formsupplied to the addrgﬁgﬂiﬁﬁﬁﬁgmf(gﬂigf'~

29. The wave-forns 222-225 are driving wave-forns supplie

second, third and fourth electrodes of the independent Y eIecﬁ@P?%% %%ﬂ

respectively.
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Fig. 11(d) is a waveform diagfam which illustrates a
driving wave-form supplied to a first independent Y
electrode in accordénce with the second embodiment of the
present invention.

Fig. 11(e) is a waveform diagram which illustrates a
driving wave~-form supplied to a second independent Y
electrode in accordance with the second embodiment-of the
present invention.

Fig. 12(a) is a time chart illustrating an arrangement
of sub-fields in one field in accordance with the presént
invention. °

Fig. 12(b) is a waveform diagram which illustrates a
driving wave-~form supplied to.a common X electrode in
accordance with the third embodiment of the present
invention. |

Fig. 12(c) is a waveform diagram which illustrates a
driving wave-form supplied to an address A electrode in
accordance with the third embodiment of the present
invention. ‘

Fig. 12(d) is a waveform diagram which illustrates a
driving wave-form supplied to a first independeht Y
electrode in accordance with the third embodiment of the
present invention.

Fig. 12(e) is a waveform diagram which illuétrates é
driving wave-form supplied to a second independent Y
~electrode in accordance with the third embodiment of the

present invention.

Fig. 13(a) is a time chart illustrating an arrangement



|n Fi:g. 28(a), one field period 201 is divided into eight %ﬁﬂ%ﬂﬂ&ﬁﬂ&ﬁ'%ﬂr"“
202-209, and one field block is fornmed by two successive TerdsT
therefore one field period 201 is constructed of four fleld bhoeks o smeg
In each field block, the full witing periods 210a, 21l1a, 212a and* 213a
whi ch are .arranged as the first period o ; S—

of sub-fields in one field in accordance with tﬁgmwwmm”mmwww'"¢
invention.

Fig. 13(b) is a waveform diagram which illustrates a
driving wave-form supplied to a common X electrode in
accordance with the fourth embodiment of the present
invention.

Fig. 13(c) is a waveform diagram which illustrates a
driving wave-form suﬁplied to an address A electrode in
accordance with the fourth embodiment of the present
invention.

Fig. 13@di is a waveform diagram which illustrates a
driving wave-form supplied to a first independent Y
electrode in accordance with the fourth embodiment of the
present invention.

Fig. 13(e) is a waveform diagram which illustrates a
driving wave-form supplied to a second independent Y
.electrodé in accordance with the fourth embodiment of the
present invention.

Fig. 14(a) is a time chart illustrating an arrangement
of sub-fields in one field in accordance with the
invention.

Fig. 14(b) is a waveform diagram which illustrates a
driving wave~form supplied to a common X electrode in
accordance with the fifth embodiment of the present
invention..

Fig. 14(c) is a waveform diagram which illustrates a
driving wave-form supplied to an address A electrode in -

accordance with the fifth embodiment of the present invention.




L _ _ _ _ Jg{gpu\nm RS
of sub-fields, are provided in each first sub-field 202, 206 d=208
of the field bIocks 210-213, and following the witing periqd 210a-213a, i
t he address periods 202a, 204a, 206a and 208a and sustalnnng perlods 202b,
204b, 206b and 208b are provided, respectively. In the second sub-fields:
203, 205, 207 and 209, which follow the first sub-fields 202-208, the ;
address periods 203a, 205a, 207a and 209a are prOV|ded flrst ~and then the.:

sustai nin eri gds 20 205b, 207b and 2Q9b are pr.ovi d
g9 P 899- ?d gs waveform diagram which lllustrates a

driving wave-form supplied to a first independent Y
electrode in accordance with the fifth embodiment of.the
present invention.

Fig. 14(e) is a waveform diagram which illustrates a
driving wave-form supplied to a second independent Y
electrode in'accordancé with the fifth embodiment of the
present invention.

Fig. 15(a) is a time chart illustrating an arrangement
of sub-fields in one field in accordance with the present
invention. ° -

Fig. 15(b) is a waveform diagram which illustrates a
driving wave-form supplied to a common X electrode in
accordance with the sixth embodiment of the present
invention.

Figf i5(c) is a wavéform diagram which illustrates a

driving wave-form supplied to an address A electrode in
accordance with the sixth embodiment of the present
invention. -

Fig. 15(d) is a wa&eform diagram which illustrates a
driving wave-form supplied to a first independent Y
electréde in accordance with the sixth embodiment of the
present invention.

Fig. 15(e) is a waveform diagram which illuétrates a
driving wave-form supplied to a second independent Y
electrode in accordance with the sixth embodiment of the

present invention.

Fig. 16(a) is a time chart illustrating an arrangement



respectively. The nunbers of light em ssions are allott
sust ai ni ng period 202b-209b, and display graduations are eff
conbi nati ons of the nunbers of the light em ssions. The nung
em ssions and the order of the sub-fields are optional. Int
enbodi nent, the nunbers of |ight em ssions of the sustaining
204b, 206b, 208b, 203b, 205b, 207b and 2Q9b are arranged in

of sub-fields in one field in accordance with the

invention.

Fig. 16(b) is a waveform diagram which illustrates

driving wave-form supplied to a common X electrode in

accordance with the seventh embodiment of the present

invention.

Fig. 16(c) is a waveform diagram which illustrates

driving wave-form supplied to an address A electrode in

accordance with the seventh embodiment of the present

invention.
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Fig. 16(d) is a waveform diagram which illustrates

driving wave-form supplied to a first independent

Y

electrode in accordance with the seventh embodiment of the

present invention.

Fig. 16(e) is a waveform diagram which illustrates a

driving wave-form supplied to a second independent Y

electrode in accordance with the seventh embodiment of the

present invention.

Fig. 17(a) is a time chart illustrating an arrangement

of sub-fields in one field in accordance with the present

invention.

Fig. 17(b) is a waveform diagram which illustrates a

driving wave-form supplied to a common X electrode in

accordance with the eighth embodiment of the preéent

invention.

Fig. 17(c) is a waveform diagram which illustrates a

driving wave-form supplied to an address A electrode in

accordance with the eighth embodiment.  of the present




CEAJRINT SHEET |’

this order fromfew nunbers. The sustaining periods 202b,3ﬁﬁpﬁﬂb

208b just before the sub-fields 203, 205, 207 and 209 in rctr—a—ful
witing erase period is not provided have fewer nunbers o
: P 1A FEB 1998

en ssi ons.

Fig. 28(b) illustrates the field block 21

12

invention.

Fig. 17(d) is a waveform diagram which illustrates a
driving wave-form supplied to a first independent Y
electrode in accordance with the eight embodiment of the
present invention.

Fig. 17(e) is a waveform diagram which illustrates a .
driving wave-form supplied to a second independent Y
electrode in accordance with the eight embodiment of the
present invention.

Fig. 18(a) is a time chart illustrating an arrangement
of sub-fields in one field in accordance with the present
invention.

Fig. 18(b) is a waveform diagram which illustrates a
driving wave-form supplied to a common X electrode in
accordance with the ninth embodiment of the present
invenfion.

Fig. 18(c) is a waveform diagram which illustrates a

driving wave-fornm supplied to an address A electrode in

accordance with the ninth embodiment.of the present
invention.

Fig. 18(d) is.a waveform diagram which illustrates a
driving wave-form supplied to a first independent Y
electrode in accordance. with the ninth embodiment of the
present invention.

Fig. 18(e) is a waveform diagram which illustrates a
driving wave-form supplied to a second independent Y
electrode in accordance with the ninth embodiment of the

present invention.



62 other field blocks are constructed simlarly. The drivi1BEPQéQEMENJn5HEEI
220 supplied to the common X electrode 22 includes in the {igst sub-field
202 a full witing pulse 240 and a polarizing pulse 241 inj|thegfe rstp figdg
witing erasing period 210a, a high pulse 242 in the succeeding address
peri od 202a and sustaining pul ses 243 and an electrically ¢hargedpartt+ete
control pulse 244 and a fine 13 L

Fig. 19 is a sectional view of a plasma display panel

in which a condition of electrically charged particles in a
cell is illustrated immediately after power is supplied and
then an equalizing pulse and a regulating pulse are
supplied in accordance with the ninth embodiment.

Fig. 20 is a sectional view of a plasma display panel
in whicﬁ a condition of electrically charged particles in a
cell after performing an address electric discharge is
illustrated in accordance with ninth embodiment of the
present invention.

Fig. 21.ié a sectional view of a plasma display panel
in which a condition of electrically charged particles in a
cell after supplying a fine line erasing pulse is
illustrated in accordance with the ninth embodimgnt of the
present invention.

Fig. 22 is a sectional view of a plasma display panel
in which a condition of electrically charged particles in a
cell after supplying an equalizing pulse in a second field
is illustrated in aécofdance with the ninth embodiment of
the present invention. |

Fig. 23 is a sectional view of a plasma display panel
in which a condition of electrically charged particles in a
cell after supplying a regulating pulse in a second field
is illustrated in accordance with the ninth embodiment of
the present invention.

Fig. 24(a) is a time chart illustrating an arrangement
of sub-fields in one field in accordance with the present

invention.




| ine erasing pulse 245 in the succeedi ng sust ai ni ng perioqREEQAgEMEmﬂ'SHEET

further includes in the succeeding sub-field a high pulsqg
sust ai ni ng pul ses 247. The voltage | evel of the elegtnically charged
particle control pulse 244 and the fine |line erasing pul se|[2459i BEBt18
same as or |less than the voltage |level of the sustaining|pylses 243. Nexf
to the sustaining pulses 247 is the fidi4 block 211. The|voltage of the
full witing pul se '

S

Fig. 24 (b) is a waveform diagram which'illustrates a
driving wave-~form supplied to a common X electrode in
accordance with the tenth embodiment of the present
invention.

Fig. 24 (c) is a waveform diagram which illustrates a
driving wave-form supplied to an address A electrode in |
accordance with the tenth embodiment of the present
invention.

Fig. 24(d4) is a waveform diagram which illustrates a

:'driving wave-form supplied to a first independent Y
electrode in’ancordance with the tenth embodiment of the
presént invention.

Fig. 24(e) is a waveform diagram which illustrates a
driving waﬁe-form supplied to a second independent Y
electrode in accordance with the tennh embodiment of the
present invention.

Fig. 25(a) is a time chart illustrating an arrangement
of sub-fields in one field in accordance with the present
invention. ' _

Fig.-25(b) is a waveform diagram which illustrates a
driving wave-form supplied to a common X electrode in
accordance with the ele&enth embodiment of the present
invention.

Fig. 25(c) is a wayeform diagram which illuétrates a
driving wave-form supplied to an address A electrode in
accordance with the eleventh embodiment of the present
invention.

. Fig. 25(d) is a waveform diagram which illustrates a



240 is stepped up a level. The voltage is usually deterninedR%ELA@EmﬁmﬂhSHrET
300 volts,

and the reason for stepping up the |evel thereof to-attow

the circuit to be constructed sinply, therefore the steppi ng Up[}t@eFEBHI@B

vol t age

of the full witing pulse 240 is not always necessafyl

driving wave-form 221 supplied to the address A electrode 29 shown.in Fig
28(c) includes, in the first sub-field,1% plurality of the pddress pul ses
248a, 248b,--- which relates to the cells to be illum nat ed~+the—atddr-ess

driving wave-form supplied to a first independent Y
electrode in accordance with the eleventh embodiment of the
present invention.

Fig. 25(e) is a waveform diagram which illustrates a
driving wave-form supplied to a second independent Y
electrode in accordance with the eleventh embodiment of the
present invention.

Fig. 26(a) is a time chart illustrating an arrangement
of sub-fields in one field in accordance withlthe present
invention.

Fig. 26(bi is a waveform diagram which illustrates a
driving wave-form supplied to a common X electrode in
accordance with the twelfth embodiment of the present
invention;

Fig. 26(c) is a waveform diagram which illustrates a
driving wave-form supplied to an address A electrode in
accordance with the twelfth embodiment of the present
invention.

Fig. 26(d) is a waveform diagram which illustrates a
driving wave-form supplied to a first independent Y
electrode in accordance with the twelfth embodiment of the
present invention. - .

Fig. 26(e) is a waveform diagram which illustrates a
driving wave~form supplied to a second independeﬁt Y
electrode in accordance with the twelfth embodiment of the
present invention.

Fig. 27(a) is a time chart-illustrating an arrangement

of sub-fields in one field in accordance with the present



period 202a, and, in the succeeding sub-field 203, a plurality of addr ess

pul ses 249a, 249b,--- in the address period 203a. Fig. 28(d)-28(q)
- d 225 - P —
show wave-fornms 222, 223, 224 an REPLACEMENT SHEET
16 D¢ FEB 1998
invention.

Fig. 27(b) is a waveform diagram which illustrates a
driving wave-form supplied to a common X electrode in
accordance with the thirteenth embodiment of the present
invention(

Fig. 27(c) is a waveform diagram which illustrates a
dri&ing wave~form supplied to an address A electrode in
accordance with the thirteenth embodiment of the present

.inVention..

Fig. 27(d) is a waveform diagram which illustrates a
driving wave-form supplied to a first independent Y _
electrode in accordance with the thirteenth embodiment of
the present invention.

Fig. 27(e) is a waveform diagram which illustrates a
driving wave-form supplied to a second independent Y -
electrode in accordance with the thirteenth embodiment of
the present invention.

Fig. 28(aj is a time chart illustrating an arrangement

" of sub-fields iﬁ oﬁe field in accordance with a second
embodiment of the present invention.

Fig. 28 (b) is a waveform diagram which illustrates a
driving wave-form supplied to a common X electrode in
accordance with the fourteenth embodiment of the.present
invention.

Fig. 28(c) is a waveform diagram which illustrates a
driving wave-form supplied to an address A electrode in
accordance with the fourteenth embodiment of the present

invention.
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arranged side by side, and these waveforns include, in the fii

202, scan pul ses 250a, 250b, 250c, 250d,--- in the address gderli od 202a,
sust ai ni ng pul ses 251a, 251b, 251c, 251d,---, selection eledtrlic}& § E@@
pul ses .252a, 252b, 252c, 252d---, fine |ine erasing pulses 253a, 253b,
253c, 253d,--- in the- 17 :

supplied to four independent Y el ectrodes 23 whose 6|ecq?$§£§§ﬁ@?qv §§ "f
|

Fig. 28(d) is a waveform diagfam which illustrates a
driving wave-form supplied to a first independent Y
electfode in accordance with the fourteenth embodiment of
the present invention.

Fig. 28(e) is a waveform diagram which illustrates a
driving wave-form supplied to a second independent Y
electrode in accordance with the fouffeenth embodiment of
the present invention.

Fig. 28(f) is a waveform diagram which illustrates a
driving wave-form supplied to a third independent Y
electrode in ‘accordance with the fourteenth embodiment of
the present invention.

Fig. 28(g) is a waveform diagram which illustrates a
driving wave-form supplied to a fourth:independent Y
electrode in accordance with the fourteenth embodiment of
the present invention.

Fig. 29 is a sectional view of a plasma display panel
in which a condition of electrically charged partlcles in a
cell after supplylng sustaining pulses is 111ustrated in
accordance with a embodiment shown in Fig. 28(a)-28(g) of
the present invention.

Fig. 30 is a sectional view of a plasma display panel
in which a condition of electrically charged particles in a
cell during discharging by a selection electric aischarge
pulse is illustrated in accordance with the embodiment
shown in Fig. 28(a)-28(g) of the present invention.

Fig. 31 is a secﬁional view of a plasma display panel

in which a condition of electrically charged parﬁicles in a




sust ai ni n eriod 222b and, in the succeeding sub-field 20 T ) -
254a, 2548, I0254c, 254d,---, in the address period 203a, anmgmpﬂﬁﬁﬁeﬁ’ﬁn
pul ses 255a, 255b, 255c, 255d,-- in the sustaining period ROBb. The
vol tage level of the selection electric discharge pulses 2p2h, g2b3ER 3595c,
252d,--- is alnost the sane as the voltage |evel of the elgctrically

charged particle control pulse 244, whilgh rises with a ting Fag—fromtte
rising edge of the selection electric discharge pul ses 252qa, 252b,

cell during the supplying of an electrically charged
particle control pulse is illustrated in accordance with
the embodiment shown in Fig. 28(a)=-28(g) of the présent
invention.

Fig. 32 is a sectional view of a plasma display panel
in which a condition of electrically charged particles in a
cell after supplying a fine line erasing pulse is
illustrated in accordance with the embodiment shown in fig.
28(a)-Fig. 28(g) of the present invention.

' Fig._33 is a time chart of sub-fields illustrating a
driving methdéd in accordance with the fifteenth embodiment
of the present invention.

Fig. 34 is a time chart of sub-fields illustrating a
driving method in accordance with the sixteenth embodiment
of the present invention.

Fig. 35 is a time chart of sub-fields illustrating a
driving method in accordance with the seventeenth
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present invention
will be described with reference to the drawings
hereinafter.

Fig. 1 illustrates an exploded perspective view of a
plasma display panel relating to the first embodimen; of
the present invention.

A transparent common X electrode 22 and a transparent
independent Y electrode 23 are provided urider a front glass

substrate 21, and a X bus electrode 24 and a Y bus



252c, 252d,
electricall

the rising
the rising
above nenti

---, the delay tinme t1 being 0.1 [err]sec-1.5 EEP[P@ENENTTSHEET
y charged particle control pulse 244 falls edrlfirer~—than—the
selection electric discharge pul ses 252a, 252h, 252c, 2‘2c,éj$:ﬁgge@83n1
t2 is about 0.1 [err]sec-1.0 sec. The reason for setting th f
edge of the selection electric discharge pul {ed-252a-252d -t
edge of the electrically chardded particle control pulse 244 as

—t

14

om

oned is that, if the tine
electrode 25 are laminated on the electrodes 21 and 22,

respectively. A dielectric layer 26 and a protecting layer
27, such as acid magnesium (MgO), are provided on these
electrodes 22, 23, 24 and 25. An address A electrodg 29
provided on a back glass substrate 28 is arranged

perpendicular to the common X electrode 22 and.the

independent Y electrode 23 on the front glass substrate 21.

The address A electrode 29 is covered by a dielectric layer
30, and a partition wall 31 arranged parallel to the
address A elec?rode 29 is provided on the electrode 29. A
phosphor 32 is coated on the partition wall 31 and the
address A electrode 29.

Fig. 2 is a sectional view of a plasma display panel

as seen in the direction of arrow A in Fig. 1. The address

‘A electrode 29 is centered with respect to the two

partition walls. A discharge gas, such as a neon gas or a
Xenon gas, is filled in a space 33 that is provided between
the front glass substrate 21 and the back glass substrate
38. - -

Fig. 3 is a sectional view of a plasma display panel
as seen in the direction of arrow B in Fig. 1. A border of
each cell is shown by a dotted line, and the common X
electrode 22 and the independent Y electrode 23 are
arranged alternatively. In an AC type plasma display panel,
the electrically charged particles on the dielectric layer
in the vicinity of the common X electrode 22 and the
independent Y electrode 23 are divided into positive

electrically charged particles and negative electrically



| onger than that is set, a lot of negative electrically

el ectrically charged particles gather on the common X ellegtr 8cF
Furt her, the :

2 0 ‘———....—.-......,..__.'.... R N

charged particles for forming an electric field, so that a
discharge is generated by means of an electric field.

Fig. 4 illustrates electrodes and circuits connected
to the electrodes of the plasma display panel of Fig. 1.
The common X electrode 22 is connected to an output
terminal or several terminals of a X electrode driving
circuit 35 that generates a driving pulse for supplying a
voltage to the common X electrode 22. Each indépendent Y
electrode 23 is connected to respective output terminals of
a Y electrode Qriving circuit 36. Each address A electrode
29 is connecéed to respective.output terminals of an A
electrode driving circuit 37.

Figs. 5(a) to 5(e) illustrate a first driving system
in accordance with a first embodiment of the present
invention. Fig. 5(a) is a time chart illustrating an
arrangement of sub-fields in one field in accordance with
the invention, wherein reference numeral 1 denotes one
field, the horlzontal axis illustrates time and the
vertical axis 1llustrates a line of the cell The one field
is divided into eight sub-fields, that is, a first
sub-field 2 to an eighth sub-field 9. An electrically
charged particle equalizing period 2a-9a, an address period
2b~-9b and a sustaining period 2c-Sc are arranged.in order
in each sub-field. Numbers of electric discharges are
allotted for each sub-field, and display on gradations are
determined by the total numbers of the diécharges. The
order for arranging the sub-fields having predetermined

numbers of discharges is free, but in the embodiment, the

PLACEMENT SHEET

gat her on the independent Y electrode 23 side, and a few e ativgﬁ'@ﬁ%
e.




64 reason for starting the selection electric discharge pf]"" 2 '
PR ACERIER SEheT

alittle earlier than the electrically charged particle cqnt :
is to produce an electric discharge by generating a sel ectfign el ectric

di scharge between the common X el ectrode 22 and i ndependent {Y 0 8| EEBr1888
23. The reason for ending the electrically charged particliefcontrol pul se
244 is to defends the electric charge 28 ween the common X el ectrode 22

and t he

sub-fields are arranged in order from a sub-field having a
fewer number of electric discharges.

Fig. 5(a)-Fig. 5(e) illustrate wave-forms of pulses
supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
electrodes, respectively. A pulse waveform 10 illustrates a
part of the driving wave-form supplied to the common X
electrode 22 in one field. A pulse wave~form 11 illustrates
a part of the driving wave-~form supplied to the one of the
address A electrodes 29. Pulse wave-forms 12 and 13
illustrate pdrts of a driving wave-form supplied, for
example, to first and second independent Y electrodes 23.

The pulse wave-form 10; which is supplied to the
common X electrode 22 during a first sub-field includes a
regulating pulse 40 lasting from a first part of the
electrically charged particle equalizing period 2a through
the address period 2b and the sustaining pulses 41 in the
sustaining period 2c. In this embodiment, the voltage of
the regulating pulse 40 is lower than the voltége of the
sustaining pulses 41. The pulse wave-form 11, which is
supplied to one of the address A electrodes 29, includes
the address pulse 42 in the address period 2b, which
address pulse 42 corresponds to the cell which is to emit -
light. The address pulse 42 is not supplied when:there is
no cell to be illuminated. That is, the address pulses 42
are supplied to the cells to be illuminated, and the “
address pulse 42 is not supplied to the other cells which

are not to be illuminated. The pulse wave-forms 12 and 13,



i ndependent Y el ectrode 23 when the selection electric discr?ﬁgﬁéﬁgbﬁﬁﬂ'SHFET

252a-252d fall. The sel ection electric discharge pul ses 213,
252c, 252d,---, the fine line erasing pul ses 253a, 253b, 253c ---
and the electrically charged particle control pulse 244 are nctlbﬂoFFBéB“S
i n the.succeeded sub- field 203 of the field block 210 of Fijg.] 28(a).

The sustaining pul ses of-the sub-field 2@3 term nate

which are supplied to the first electrode of the
independent Y electrodes 23 and adjacent second electrode
of the independent Y electrodes 23, includes electrically
charged particle equalizing pulses 43a, 43b,--- in the

electrically charged particle equalizing period 2a of the

first sub-field, scan pulses 44a, 44b,--- in the address
period 2b, sustaining pulses 45a, 45b,--- and fine line
erasing pulses 46a, 46b,--- in the sustaining period 2c. In

the ehbodiment, the voltage of the scan pulses 44a, 44b,---
is lower than the voltage of the sustaining pulses 45a,
45b,—=—=~. The'fine line erasing pulses 46a, 46b,---and the
equalizing pulses 43a, 43b,--- are supplied to the same
electrodes. Further, it is preferable to select the pulse
width of the fine line erasing pulses 46a, 46b,--- between
0.5 usec-2 Husec.

The actions in the panel will be explained
hereinafter. In this embodiment, electric discharges in all
cells are performed between the independent Y electrodes 23
and thé cémmon X electrodes 22 by supplying the equalizing
pulses 43a, 43b,--- to the independent Y electrodes 23,
whereby negative electrically charged particles are formed
on the dielectric layer 26 in the vicinity of the
independent Y electrode 23 during the equalizing period 2a
occurring immediately after the power is supplieé to the
display. The electric discharge generated by the equalizing
pulses 43a, 43b,--- occurs only one time, and the discharge
is not generated after this. That is, the discharge occurs

only one time other than when the space 33 of the cell




with the sustaining pul ses 255a, 255b, 255c, 255d,--- suppliREPLKﬂﬁME“T SHEF]

i ndependent Y el ectrodes 23. The sane driving wave-forns arke. gsed-rmthHe

other field blocks 211-213, but the nunbers of the sustaini basse%sﬁgﬁgg
different. The selection electric discharge pulses, the ele t

charged particle control pulse and the fine |ine erasing pulsé¢s_are -
provided in the first sub-field 204, 208 208 of the field | ocks 210 213“MM-L
The operation of this enbodiment will be expl ai ned e

becomes in an abnormal condition. The regulating pulse 40
is supplied to the common X electrode 22 within the time
between 0.3 usec-2 usec from the rising edge of the
equalizing pulses 43a, 43b,---. The negative electrically
charged particles are formed in the vicinity of the common
X electrode 22, and the positive electrically charged
particles are formed in the'vicinity of the address A
electrode 29.

The reason the time between the rising edge of the
equalizing pulses 43a, 43b,--- and the rising edge of the
regulating pdlée 40 is determined as described the above is
that too many negative electrically charged particles are
gathered in the vicinity of the independent Y electrode 23
and the negative electrically charged particles gather-at
the common X electrode 22 when the time between edges of
both pulges 43a, 43b,--- and 40 is selected to be too long.
When the time is too short, on the other hand, the negative
electrically charged particles are not gathered on the
independént Y electrode 23 and also the ﬁoéitive
electrically charged particles are not gathered on the
address A electrode 22.

The main purpose for supplying the regulating pulse 40
is to attract the negative electrically charged particles
toward thelcommon X electroée 22 and to form positive
electrically charged particles on the address A electrode
29. Another purpose is to assist the electric discharges
between the common X electrode 22 and the independent Y

electrode 23 when the address electric discharge is



with reference to Fig. 29-Fig. 32. The electric discharges oc¢ BEPLACQVFNT Sf

the cells in response to the full witing pulse 240 supplied {o [the conmon

X el ectrode 22 in the 65{ | 09 FEB 1998
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performed between the address A electrode 29 and the
independent Y electrode 23.

An address electric discharge is performed in the cell
which is formed at the cross point of the first line of the
independent Y elegtrode 23 and one of the address A
electrodes 22 when the scan pulse 44a is supplied to the
first line of the independent Y electrode 23 and the
address pulse 42 is supplied to one of the address A
electrodes 29 at the same time, with the result that the
positive electrically charged particles are gathered on the
independent ¥ electrode 23. On the other hand, no discharge
occurs when the address pulse 42, which corresponds to the
scan pulse 44b, is not supplied to the second line of the
independent Y electrode 23; therefore, no electrically
charged particle is gathered on the'independent Y
electrode 23. The address pulses 42 are supplied to the
address A electrodes 29 which correspond to the cell to be
illuminated, and select all the cells at the cross points
of all address A electrodes 29, and the scén pulses 44a or
44b are supplied to the indépendent Y electrodes 23, so
that the electric discharges are performed between the
address A electrode 29 and the independent Y electrodes 23.

Next, in the sustaining period 2c, the electric
discharges for emitting light are performed by the
sustaining pulses 41, 45a, 45b,--- between the common X
electrode 22 and the independent Y electrodes 23 in the
cell in which the positive electrically charged particles

are gathered on the independent Y electrodes 23 side by the



field block 210 of Fig. 28(a)-Fig. 28(b), and so the elect REPLA&EWQNWQSHEET
particles are fornmed. Under these circunstances, the negativ tect ricatty
charged particles 61 are gathered on the address A el ectrode Zibg EE@J&&@
el ectric discharge for polarization occurs in response to

pul se 241, and electrically charged particles on the comp
side and the independent Y electrode 225%ide are pol ari zed.

electric discharges performed during the address Seriod 3.

electrode_ 22

After that, electric discharges occur between the
independent Y electrodes 23 and the common X electrode 22
by supplying the fine line erasing pulses 46a, 46b,--- to
the independent Y electrodes 23, whereby the electrically
charged particles in the cells are erased, so that all
electrically charged particles generated for emitting light
in the cell are erased. The pulse width of the fine line
erasing pulses 46a, 46b,--- is a little longer than the
electfic discharge duration time, therefore, the negative
electrically-cﬂarged particles are gathered on the
dielectric layer in the vicinity of the independent Y
electrodes 23. In the cells in which no.electric diséharge
has occurred, the erasing discharges are not performed
because no electrically charged particle is in the cell.
Therefore, the negative electrically éharged particles
formed in fhe vicinity of the independent Y electrodes 23
are- kept unchanged.

fn this situation, no electric discharge occurs when
supplying the equalizing pulses 43a, 43b,~-- to the
independent Y electrodes 23 because the negative
electrically charged particles in the cell negate the
voltage of the equalizing pulses 43a, 43b,~--- and
sufficient electric fields needed for the electric
discharge are not formed. After that, no electric discharge
is performed through all sub-fields even if the equalizing
pulses are supplied. Therefore, the electric discharges are

not performed, except for the first sub-field immediately




I s:
The scan pul ses 250a of the wave-form 222 are supplied to t REiié "i he}IET
of the independent Y electrode 23, and at the sane tine, thg hddress
pul ses 248a are supplied to a predeternined address A el ectfotlelZ FEB 4308
succeeded address period 202a, thereby generating a full wjt ng el ectric
di scharge and formng electrically charged particles in thejcel
positioned at the cross point of the fizet line of the inde

pendent
el ectrode 23aud ¢he powdEess Suphg! bAJetAre?arbNab AQYH sy oA T7

occurs in the black display.

Further, for the linearity of display gradations
determined by the numbers of sustaining pulses, one
electric discharge will have less influence than two
electric discharges. According to the present invention,
the equalization of eledtrically charged particles is
effected by one electric discharge in the cell in which the
sustaining eiectric discharge is performed, therefore, the
influence on the linearity for display gradations is very
small. . -

The same driving method is performed duripg the second
sub-field 3 to the eighth sub-field 9, and so a screen of
one field is formed.

Fig. 6-Fig. 10 are sectional views of the plasma
display panel in which the condition of the electricaily
charged particles in the cell during a sustaining electric
dischafge are illustrated from the first sub-field after
the pbwer is supplied to the second sub-field until the
equalizing pulses and the regulating pulse are supplied. In
these figures, reference numeral 60 denotes a positive
electriéally charged particles, and reference numeral 61
denotes negative'electrically.charged particles. Further
the coqdition of electrically dharged particles is
illustrated in a cell at a center position in Fig. 6-Fig.
10.

Fig. 6 is a sectional view of a plasma display panel

in which a condition of electrically charged particles in a



charged particles are gathered on the independent Y electrod EEiAﬁHMENTiSHEET
the cell. In a simlar way, when the scan pul ses 250c o he drVvimny
wave-form 224 are supplied to the third i ndependent Y el ectrjode ?% 3@@Egﬁg
address pulse 248b is supplied to a predeterm ned address A jellectro :

t hereby generating a full witing electric discharge and forjm'ng
electrically charged particles in the @?1 positioned at thg cross point

cell is illustrated immediately after power is supplied and

then an equalizing pulse and a regulating pulse are
supplied. The figure illustrates the condition of
electrically charged particles in the first sub-field after
power is supplied at first and then the equalizing pulses
43a, 43b are supplied to the independent Y electrodes 23
and finally the regulating pulse 40 is supplied. The
electric discharges in all cells occur between the common X
electrode 22 and the independent Y electrodes 23 by
supplying the equalizing pulses 43a, 43b,--- to the
indepepdent ¥ électrodes 23, whereby the negative
electrically charged particles 61 are gathered on the
dielectric layer in the vicinity of the independent Y
electrodes 23a and the common X electrode 22 and the
positive electrically charged particles 60 are gathered on
the address A electrodes 29 side.

Fig. 7 is a sectional view of a plasma display panel
in which a condition of electrically charged particles in a
cell after performing an address electric discharge is
illustrated. In Fig. 7, the condition of electric
discharges is illustrated after the address pulse 42 is
supplied to the address A electrode 29 ahd‘address electric
discharges occur between the address A electrode 29 and the
independent Y electrodes 23. The positiye electrically
charged particles 60 are gathered on the dielectric layer
in the vicinity of the independent Y electrode 23 because
the voltage of the independent Y electrode 23 is lower than

the voltages of the address A electrode 29 and the common X




of the third line of the independent Y electrode 23 and the
el ectrode 29, positive electrically charged particles 60 afe gathﬁg Ne
t he i ndependent Y el ectroode 23 @6"
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electrode 22. Thé condition of the electrically charged
particles is shown in Fig. 7. The electric discharge occurs

between the independent Y electrode 23 and the common X |
electrode 22 by the positive electrically charged particles
60 and the first pulse of the sustaining pulses 45a,
45b,--- supplied to.the independent Y electrode 23. This is
a sustain discharge. This time, the negative electrically
dharged particles 61 are gathered around the independent Y
electrode 23 and the positive charges 62 are gathered
around the common X electrode 22 by ﬁhe electrié discharge
generated by the sustaining pulses 45a, 45b. As a result,
sustaining electric discharges occur between the
independent Y electrode 23 and the common X electrode 22'by
the first pulse of sustaining pulses 41. These electric
discharges are repeated.during the sustaining period 2c.

Fig. 8 is a sectional view of a plasma display panel
in which a condition of electrically charged particles in a
cell after supplying a fine erase pulse is illustrated. In
Fig. 8, the condition of the electric discharge after the
last sustaining pulses 41 is supplied to the common X
electrode 22 and then the fine line erasing pulses 46a,
46b,-~- are supplied is illustrated.

The condltlon of the electrically charged partlcles
after the dlscharges have occurred due to the final
sustaining pulses 41 is the same as the condition shown in
Fig. 7.

The pulse width of the fine line erasing pulses 46a,

46b,--- is longer than the discharge duration time, so that



side in the cell. The address pul ses which correspo REPQACE%Eﬁﬁa HEET

pul ses 250b, 250d of the driving wave-form 223, 225 supplfi

second and the fourth i ndependent Y electrodes 23 are no % an
t i’y

the predetermned cells are not illumnated, therefore, efeat¥d c
di scharges do not occur and electrically charged particl es eanpt.iprned
on the independent Y electrode 23 side.29 Theé sustai pi ng di scharge or

light enittiqg dj schar ge
negative ctrically charged particles 61 which move so

quickly are gathered on the dielectric layer in the
vicinity of the independent Y electrode 23. As a result,
separation of the electrically charged particles is
performed. The positive electrically charged particles that -
move slowly'in space float in the cell. The negative

charges float in the discharge space for a while.

Fig. 9 is a sectional view of a plasma display panel
in which a condition of the electrically charged particles
in a cell after supplying an equalizing pulse in a second
field is illusfrated. In Fig. 9, a condition of the
electric diécharge after the equalizing pulses 43a, 43b,---
in the second sub-field are supplied is illustrated. The
voltage of the equalizing pulses 43a, 43b,--- is canceled
by the negative charges and does not reach the discharge
voltage, so that no ‘discharge is perforned. The voitage of
the independent Y electrode 23 is higher than the voltage
of the other electrodes, so the negative charges are
éttracted toward the independenf Y-electrode 23.

Fig. 10 is a sectional view of a plasma displéy panel
in which a condition of the electrically charged particles
in a cell after supplying a regulating pulse in a second
field is illustrated.

Referring to the drawing, the condition of fhe
electrically charged particles after the regulating pulse
40 is supplied to the common X electrode 22 is illustrated.
The negative electrically charged particles are gathered on

the dielectric layer in the vicinity of the common X




R

In the sustaining period 202b occurs in response to the suéﬁéﬁﬁ%ﬂQWQSL

234 of the driving wave-form 220 and the sustaining pul de
251c, 251d,---, of the driving wave-forns 222, 223, 224,

251a, 251b,
24} 8n FEBE1988

NLLOD.

in which the positive electrically charged particles arg dathered on t

I ndependent

3]

I
he

Y el ectrode 23 side. The optional or seljecting

el ectricdi scharges occur in response t@ahe selection ellectric.discharge

pul ses 252a

'electrode 22 and the positive charges are gathered at the
address A electrode 29. By this, the same driving as the
first sub-field is performed without electric discharge by
the equalizing pulses 43a, 43b,---. In this case, the
voltage of the equalizing pulses 43a, 43b,--- is reduced by
the negative electrically charged particles at the |
independent Y electrode 23, so that an electric discharge
between the independent Y electrode 23 and the common X
electrode 22 is not performed.

The driving of the panel is capable of being performed
without using éhe full writing electric discharge and fine
line erasing electric discharge for each sub-field. As a
result, unnecessary light emitting is erased for displaying
a black brightness,.so that the contrast is improved.

A second embodiment of the present invention will be
described hereinafter. Figs. 11(a) to 1ll(e) illustrate a
driving method in accordance with a second embodiment.of
the present invention. Fig. 11(a) is a time chart
illustrating an arrangement of sub-fields in one field in
accordance with the present invention. The figure

.illustrates a division of one field into several sﬁb—
fields, similar to the case of Fig.‘S(a). The horizontal
axis shows time and the vertical axis shows lines of cells.

Fig. 11(b)-Fig. 11(e) illustrate wave-forms of pulses
supplied to the common X electrode, the address A
electrode, and the first and second independent Y
electrodes, respectively.

A pulse wave-form 70 illustrates a part of the driving




252b, 252c and 252d in the cell in which a sufficient

auntb BEPLACEMENT SHEET

electrically charged particles are forned by the electricfdischarge for
light emission. The positive electrically charged particle¢s{6@ @rEED 1308
gathered on the address A electrode 29 side by supplying ¢léctrically

charged: particle contro

252d, - - -

wavehf%%%sgupplied to the common x-electrode 22 in one
field. A pulse wave-form 71 illustrates a part of the
driving wave-form supplied to one of the address A
electrodes 29. Pulse wave-forms 72 and 73 illustrate parts
of a driving wave-form supplied, for example, to first and
second independent Y electrodes 23.

The pulse wave-form 70, which is supplied to the
common X electrode 22 during the first sub-field, includes
a regulating pulse 40 lasting from a first part the
electrically charged particle equalizing period 2a through
the address period 2b and the sustaining pulses 41 and a
fine line erasing pulse 74 in the sustaining period 2c. The
pulse waveform 71 which is supplied to one of the address A
electrodes 29 illustrates the address pulse 42 in the
address period 2b which corresponds to the light emitting
cell. The address.bulse 42 is not supplied when there is no
cell to be illuminated. The pulse waveforms 71 and 72,
which are supplied to the first electrode of the
independent Y electrodes 23 and adjacent second electrode
of the independent Y electrodes 23, includes an
electrically charged particle equalizing pulse 43a 43b,-=-

in the equalizing period 2a of the first sub-field, scan

pulses 44a, 44b,--- in the address period 2b, sustaining
pulses 45a, 45b,--- and first fine line erasing pulses 75a,
75b,-~- in the sustaining period 2c.

Under these circumstances, the pulse width of the
first fine line erasing pulses 75a, 75b,--- is the same as

or shorter than the pulse width of the second fine line

D

pul se 244 to the common X electrgde ZZ beforé tn
el ectric discharges by the selection el¥ktric discharge pulses 252a. 252b,




After that, the erasing electric discharge is caused by the R%GH\MT.%ET

erasi ng pul se 245 of the waveform 220 . .
67 supplied to the commpn X el ectrode 22 and the fine line 09 FEB 1998
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erasing pulse 74. The number of the fine line erasing
pulses is an even number as shown in Fig. 11(c), that is,
the first and the second fine line erasing pulses 75a, 75b
and 74, the first fine line erasing pulses 75a, 75b,---
which are the last erasing pulses, and the equalizing
pulses 43a, 43b,---are supplied to the same electrodes,
that is, the independent Y electrode 23. The second fine
line erasing pulse 74 is supﬁlied to the other electrode,
that is, the common X electrode 22.

In the embodiﬁent, the last sustaining pulse is
supplied to the independent Y electrode 23. A condition of
electrically charged particles after supplying the first
fine line’erasing pulses 75a, 75b,--- is almost the same as
the condition shown in Fig. 8 in accordance with the first
embodiment. The condition of the electric discharges in the
other sub-fields 3-9 are the same condition. Further, the
erasing and polarizing of the electrically charged
particles are performed by these fine line erasing pulses,
so that thése erasing pulses may be designated as a
polarization pulse group. In this embodiment, by using the
first and the second fine line erasing pulses 75a, 75b and
74, the erasing and polarization are effectively performed,
and the electric discharging time during the address
discharging time is maintained constant.

A third embodiment of the present invention will be
described hereinafter. Figs. 12(a) to 12(e) illustrate a
driving method in accordance with the third embodiment of

the present invention. Fig. 12(a) is a time chart



erasi ng pul ses 253a, 253b, 253c, 253d,---, of the wave-fo '%EP%M{L%BIS@T
to the independent Y electrode 23, so that the electricdllly charged
particles on the conmon X el ectrode 22 side and on the ijn equdfag M,“m]
el ectrode 23 side are mainly erased. Thereby, the condiign of
electrically charged particles in all cells in which el ¢ctTic- d1scha
are produced is alnost the sane as the 3ondition of thel_electrically
charged particles after the full witing ' A
illustrating an arrangement of sub-fields in one field in

accordance with the present invention. The figure
illustrates a diﬁision of one field into several sub-
fields, similar to the case of Fig. 5(a). The horizontal
axis illustrates time and the vertical axis illustrates a
line of cells.

Fig 12(b)-Fig. 12(e) illustrate wave-forms Sf pulses
supplied to the common X electrode, the address A
electrode, and the first and the second independent Y
electrodes, respectively.

A pulse.wave—form 80 illustrates a part of the driving
wave-form supplied to the common X electrode 22 in the
first sub-field. A pulse wave-form 81 illustrates a part of
the driving wave-form supplied to the one of the address A
electrodes 29. Pulse wave-forms 82 and 83 illustrate parts
of the driving wave;forms-suppliéd, for example to first
-and second independent Y electrodes 25.

The pulse wave~form 80, which is supplied to the
common X electrode 22 during fhe first sub~field, includes
a regulating pulse 40 lasting from a first part of the
electrically charged particle equalizing period 2a through
the address period 2b and the sustaining pulses 41 in the
sustaining period 2c and second fine line erasing pulse 84.
The pulse wave-form 81, which is supplied to one of the
address A electrodes 29, includes the address pulse 42 in
the address period 2b which corresponds to the light
emitting cell. The address pulse 42 is not supplied when

there is no cell to be illuminated. The pulse wave-forms 82
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erasing period 210a is finished. On the other hand, {hé& witing |
el ectric discharges or the address electric discharges arg ggp
in the cells in which the electric discharges for light efm are not

produced, and the condition of electrically charged parti ~t+he-sane
condition after the full witing erasing period 210a is f{nished. As

expl ai ned above, the electrically chargetparticles in all"celTs at a
poi nt of t | ApdaPBewhigh firealsuwppddiedy to the first electrode of the

independent Y electrodes 23 and adjacent second electrode
of the independent Y electrodes 23 includes electrically
charged particle equalizing pulses 43a 43b,--- in the

equalizing period 2a of the first sub-field, scan pulses

44a, 44b,--- in the address period 2b, sustaining pulses
45a, 45b,--- and third fine line erasing pulses 85a,
85b,--- and first fine line erasing pulses 86a, 86b,--- in

the sustaining period 2c.

Under these circumstances, the pulse width of the
second fine Liﬁe erasing pulses 84 is the same as or
shorfer than thé pulse width of a third fine 1ine erasing
pulses 85a, 85b,---. The pulse width of the first fine line
erasing pulses 86a, 86b,--- is also the same as or shorter
than the pulse width of the second fine line erasing pulse

| 84.

If the numbers of the fine line erasing pulses are an
odd number, as sﬁown'in Fig. 12(d), that is, the first fo
the third fine line erasing pulses, the first fine line
erasing pulses 86a, 86b,~-- which are the last supplied
erasing pulses and the equalizing pulses 43a, 43b,--- are
supplied to the same electrodes, that is, the independent Y
electrode 23. The third fine line erasing pulse 85, which
is first supplied fine line erasing pulse, is supplied to
the same electrode to which the first supplied fine line
erasing pulses 86a and 86b are supplied, that is, the
independent Y eiéctrode 23. Therefore, the last sustaining

pulse is supplied to the common X electrode 22. A condition



| REPLAGEMENT SHEET|

ff¥st -

pul ses 245, 253a, 253b, 253c, 253d,---, are supplied in the _
sub-field 202 can be nade to have the sanme condition after {th @%L]EB 1998
writing erasing period 210a is finished. By this, in the succleedi 5.-
sub-field, address electric. discharges in all of the cells [cah-be—produced-
wi thout “ providing a full witing erasing period. - The psame functions
are repeated in the field blocks 211-213 whereby a screen TetrdTs

formed. of the electrically charged particles after supplying the

first fine line erasing pulses 86a, 86b,-~- is almost the
same condition as shown in Fig. 8 in accordance with the
first embodiment. The condition of the electric discharges
in the other sub-fields 3-9 is the same condition. In this
embodiment, by using the first, the second and the third
fine line éfasing pulses 86a, 86b, 84, 85a and 85b, the
erasing and'polarization are more effectively performed,
and the electric discharging time during address
discharging time is maintained constant. According to an
experiment performed by the present inventors, it was found
that it is effective for erasing to use up to three fine
line erasing pulses, but using more than four fine line
erasing pulses is not so effective.

A fourth embodiment of the present invention will be
described hereinafter. Figs. 13(a) to 13(e) illustrate a
driving method in accordance with a fourth embodiment of
the present invention. Fig. 13(a) is a time chart
illustrating an arrangeﬁeﬂt of sub-fields in one field in
accordance with the present invention. The figure
illustrates a division of one field into several sub-
fields, similar to the case of Fig. 5(a). The horizontal
axis illustrates time and the vertical axis illustrates a
line of cells.

Fig. 13(b)-Fig. 13(e) illustrate wave-forms of pulses
supplied to the common X electrode, the address A |
electrode, and the first and second independent Y

electrodes, respectively.



Fig. 29-Fig. 32 are sectional views of a plasma display paREﬁLAQﬁ“@I_éﬁ_E{g

a condition of the electrically
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a cell in which a sustaining discharge
el ectri-cally charged

68 char
is perforned. The
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A pulse wave-form 90 illustrates a part of the driving

wave~-form supplied to the common X electrode 22 in the

first sub-field. A pulse wave-form 91 illustrates a part of

the driving wave-form supplied to one of the address A

electrodes 29. Pulse wave-forms 92 and 93 illustrate parts

of the driving wave-forms supplied, for example, to first

and second independent Y electrodes 23.

The pulse wave-form 90, which is supplied to the

common X electrode 22 during the first sub-field, includes

a regulating pulse 94 lasting from a first part of the

electrically charged particle equalizing period 2a to the

address period 2b and the sustaining pulses 41 in the

sustaining period 2c.

The voltage of the regulating pulse 94 and the voltage

of the sustaining pulses 41 are the same, and thereby the

driving circuit is simplified because the same power is

used. The pulse wave-form 91, which is supplied to one of

the address A electrodes 29, includes the address pulse 42

in the address period 2b which corresponds to the light

emitting cell. The address pulse 42 is not supplied when

there is no cell to be emitted. The pulse wave-forms 92 and

93, which are supplied to the first electrode of the

independent Y electrodes 23 and adjacent second electrode

of the independent Y electrodes 23, includes electrically

charged particle equalizing pulses 43a 43b,--- in the

electric charge particle equalizing period 2a of the first

sub-field, scan pulses 44a, 44b,--- in the address period

2b, sustaining pulses 45a, 45b,--- and fine line erasing
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particles in the drawings is illustrated in a center cell ofith Fee. ce ﬂ;@ﬁEET
Fig. 29 is a sectional view of the plasnma display panel in \ |ch§
condition of the electrically charged particles in a cell afiter pBE?iW@3
sustaining pulses is illustrated in accordance with the enbgdilpent shown
in Fig. 28(a)-28(g) of the present invention. The negative [electrically
charged particles 61 are gathered on the?7

pulses 46a, 46b,--- in the sustaining period 2c. A
condition of électrically charged particles after supplying
the fine line erasing pulses 46a, 46b,--- is almost the
same condition as shown in Fig. 8, which illustrates the
condition of électrically charged particles in accordance
with the first embodiment. The condition of the electric
discharge in the other sub-fields 3-9 is the same
condition. In this embodiment, the voltage of the
regulating pulse 94 supplied to the common X electrode 22
and the voltage of the sustaining pulses are the same,
therefore simpiifying the driving circuit construction.

A fifth embodiment of fhe present invention will be
described hereinafter. Figs. 14(a) to 14(e) illustrate a
driviné method in accordance with the fifth embodiment of
the present invention. Fig. 14(a) is a time chart
illustrating an arrangement of sub-fields in one field in
accordance with the'present invention. The figure
‘illustrates a divisioﬁ~of one field into several sub-
fields, similar to the case of Fig. 5(a). The horizontal
axis illustrates time and the vertical axis illustrates a

. line of cells. Fig. 14 (b)-Fig. 14(e) illustrate wave-forms
of pulses supplied to the common X'electrode, the address A
electrode, and the first and second indepeﬂdent Y
electrodes, respectively.

A pulse wave-form 100 illustrates a part of the
driving wave-form supplied to the common X electrode 22 in
the first sub-field. A pulse wavlegfm 101 illustrates a

part of the driving wave-form supplied to the one of the




dielectric layer 26 of the common X el ectrode 22 side and the ‘05|t|vem~~——
electrically charged particles 60 are gathered on the diel'ctrli | ayer g
of the independent Y electrode 23 side after a final pulse oj thé
sustaining pulses 243 is supplied to the common X el ectrod

ST SHEET|
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2. Fig.

30 is a sectional view of the plasma display panel in whic 'a condition of

the electrically charged particles in @a&ell during dischar

sel ecti on

el ectric discharge pulse is illustrated. Electric
address A electrodes 29. Pulse wave-forms 102 and 103

illustrate parts of the driving wave-forms supplied, for
example, to first and second independent Y electrodes 23.
The pulse wave-form 100, which is supplied to the
common X electrode 22 during the first sub-field, includes
a regulating pﬁlse 94 lasting from a first part of the
electriéally charged particle equalizing period 2a through
the address period 2b and the sustaining pulses 41 in the
sustaining period 2c¢. The voltage of the regulating pulse
94 and the voltage of the sustaining pulses 41 are the same
as the fourth émbodiment shown in Fig. 13(d), thereby the
driving circuit is simplified because the same power is
used . The pulse wave-form_iOl, which.is'supplied to one .of
the_address A electrodes 29, includes the address pulée 42
in the address period 2b which corresponds to the light
emitting cell. The addresé pulse 42 is not sﬁpplied when
there is no cell to be illuminated. The pulse wave-forms
102 and 103, which are supplied to the first electrode of
the ‘'independent Y elécﬁrodes 23 and adjacent second
electrode of the independent Y electrodes 23, includes
electrically charged particle equalizing pulses 43a 43b,-—-

in the equalizing period 2a of the first sub-field, scan

pulses 104a, 104b,~--- in the address period 2b, sustaining
pulses 45a, 45b,--- and fine line erasing pulses 46a,
46b,--- in the sustaining period 2c. The voltage of the

independent Y electrode 23 during the address period 2c and
the voltage of the sustaining pulses 45a, 45b,--- are the

same, thereby the dfiving circuit is simplified because the



di scharges are caused by the voltage of the selection el ectr,i g—dt
pul ses 252a, 252b, 252c¢, 252d,--- and the voltage of positi
charged particles gathered on the dielectric |layer at the inrdg

r WEMENT, SHEET |

electrlcallg
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el ectrode 23, and these discharges are produced between the {ir

dependent Y

el ectrode 23 and the conmmon X el ectrode 22 when sel ection elfec
di scharge pul ses 252a, 252b, 252c, 252@9--, are supplied t
i ndependent Y el ectrode

tric

same power 1s used. A condition of the electrically charged
particles after supplying the fine line erasing pulses 46a,
46b,~-- is almost the same condition as shown in Fig. 8,
which illustrates the condition of the electrically charged
particles in accordance with the first embodiment. The
condition of the electrically charged pafticles in the
other sub-fields 3-9 is the same condition.

A sixth embodiment of the present invention will be
described hereinafter. Figs. 15(a) to 15(e) illustrate a
driving method in accordance with a sixth embodiment of the
present invention. Fig. 15(a) is a time chart illustrating
an arrangement of sub-fields in one field in accordance
with the present invention. The figure illustrates a
division of one field into several sub-fields, similar to
the case of Fig. 5(a). The horizontal axis illustrates time
and vertical axis illustrates a line of cells. Fig.
15(b)-Fig. 15(e) illustrate wave-forms of pulses supplied
to the common X electrode, the address A electrode, and
first and second indeﬁendent Y electrodes, respectivély;

A pulse wave-form 110 illustrates a part of the
driving wave—-form supplied to the common X electrode 22 in
the first sub-field. A pulse wave-form 111 illustrates a
part of the driving wave-form supplied to the one of the
address A electrodes 29. Pulse wave~forms 112 ané 113
illustrate parts of the driving wave-forms supplied, for
example, to first and second independent Y electrodes 23.

The pulse wave-form 110, which is supplied to the o

common X electrode 22 during the first sub-field, includes
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Ther eby, many positive and negative electrically charged T ST
69 particles are generated in the discharging space. Fl g a(]% if‘%niiq%
sectional view of the plasma display panel in which a condifipn t v

el ectrically charged ' !

40
a first regulating pulse 114 in the electrically charged

particle equalizing period 2a, a second regulating pulse

| 115 in the address period 2b and the sustaining pulses ‘41
in the sustaining period 2c. In this embodiment, the
regulating pulse supplied to the common X electrode 22 is
divided into a first regulating pulse 114 in thé equalizing
period 2a and a second regulation pulse 115 in the address
period 2b. The pulse wave-form 111, which is supplied to
one of the address A electrodes 29, includes the address
pulse 42 in the address period 2b which corresponds to the
light emitting-cell. The address pulse 42 is not supplied
when there is no cell to be illuminated. The pulse
wave-forms 112 and 113, which are supplied to the first
electrode of the independent Y electrodes 23 and adjacent
second electrode of the independent Y electrodes 23,

includes electrically charged particle equalizing pulses

43a 43b,--- in the equalizing period 2a of the first sub-
field, scan pulses 1l4a, 114b,--- in the address period 2b,
sustaining pulses 45a, 45b,--- and fine line erasing pﬁlses
46a, 46b,--- in the sustaining period 2c. A condition of

electrically charged particles after supplying the fine
line erasing pulses 46a, 46b,--- is almost the saﬁe
condition as shown in Fig. 8, which illustrates the
condition of electrically chérged particles in aééordance
with the first embodiment. The condition of the electric
discharge in the other sub-fields 3-9 is the same

condition. As seen Figs. 15(b) and 15(d), the rising edge

of the first regulating pulse slightly earlier than that of
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particles in a cell when electric charge particle control pulese is -
supplied is illustrated. The positive electrically charged parhgglggaaﬁgs '
gathered on the address A electrode 29 when the electricalljyljc g
particle control pulse 244 is supplied to the common X el eqtrgode 22
because the voltages of the common X el ectrode 22 and the ijndependent Y
el ectrode 23 are alnobst the sane and thddle voltages are hi gher—t+hanr—the

vol tage of a0dressafy £l 8§t b818e23a 8L by preventing electric

discharging by mistake between the common X electrode 22

and the independent Y electrode. Further, a rising edge of
the second regulating pulse 115 and a rising edge of the
scan pulses 116a, 116b is effected at the same time,
thereby pfeventing electric discharge by nmistake between
the common X electrode 22 and the independent Y electrode
23.

The first requlating pulse 114 supplied to the common
X electrode 22 and thé sustaining pulses 41 may use the
same voltage. .

A seventh embodiment of the present invention will be
described-hereinafter. Figs. 16(a) to 16(e) illustrate a
driving method in accordance with a seventh embodiment of
the present invention. Fig. 16(a) is a time chart |
illustrating an arrangement of sub-fields in one field in
accordance with the present invention. The figure
illustrates a division of one field into several sub-

" fields, similar'to-the case of Fig. 5(a). The horizontal
axis illustrates time and the vertical axis illustrates a
line of cells. Fig. 16(b)-Fig. 16(e) illustrate wave-forms
of pulses supplied to the common X electrode, the address A
electrode, and the first and second independent Y
electrode, respectively.

A pulse wave~form 130 illustrates a part of the
driving wave-form supplied to the common X electrode 22 in
the first sub-field. A pulse wave-form 131 illustrates a

part of the driving wave-form supplied to one of the
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of electrically charged particles by the erase pulse is stilll [iédeded .
because there still remains electrically charged particles ¢n tmpqcpggqggg(

el ectrode 22 side, on the independent Y electrode 23 side apdjirn Th

di schargi ng space, which are not neutralized and not erased] !

. RS i
Is a sectional view of the plasma display panel in whicha ¢ondition of

the electrically charged particles in &2Zell after supplying a ftmetTTme
erasing pulse is illustrated. The positive electricallg char ged
address A electrodes 29. Pulse wave-forms 132 and 133

illustrate parts of the driving wave-forms supplied, for
example, to first and second independent Y electrodes 23.

The pulse wave-form 130, which is supplied to the
common X electrode 22 during the first sub-field, includes
a first regulating pulse 134 in the electrically charged
particle equalizing period 2a, a second regulating pulse
135 in the address period 2b and the sustaining pulses 41
in the sustaining period 2c. The pulse wave~form 131, which
is supplied to one of the address A eléétrodes 29, includes
the address ﬁuise 42 in the address period 2b of the first
sub-field which corresponds to the light emitting cell. The
address pulse 42 is not supplied when there is no cell to
be illuminated. The pulse wave-forms 132 and 133, which are
supplied to the first electrode of the independent Y
electrodes 23 and adjacent second electrode of the
independent Y electrodes 23, includes electrically charged
particle eﬁualizing pulses 136a, 136b,--- in the equalizing |
period 2a of the'first-sub-field, scan pulées-1§7a;
137b,--- in the address period 2b, sustaining pulses 45a,
45b,-~- and fine line erasing pulses 46a, 46b,--- in the
sustaining period éc.

A falling edge of the equalizing pulse 136a, 136b,-—-
becomes zero voltage within a time less than 1 ué in
accordance with the present embodiment, which is different
from the above mentioned embodiment. As the voltage of the
second regulating pulse 135 and the scan pulses 137a, 137b,

the same voltage as the sustaining pulses 41, 45a, 4Sb,---

et
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particles 60 are gathered on the address A el ectrode 29 sidels ':watNTw§ﬂEET
negative electrically charged particles 61 are gathered on common X
el ectrode 22 side and the independent Y electrode 23 side. [The BEFED 98
of the electrically charged particles is the sanme after the fjull witing
erase period 210a is finished. A condition of the electricalTy
charged particles after the full witirf erasing period 210a_is finished

'S is employed. A condition of the electrically charged
particles after supplying the fine line erasing pulses 46a,
46b,~--- is almost the same condition as shown in Fig. 8,
which illustrates the condition of electrically charged
particles in accordance with the first embodiment. The
condition of the electric discharge in the other sub-fields
3-9 is the same condition.

In this embodiment, the edge of the first regulating
pulse 134 falls before the edge of the equalizing pulse
falls, as shown in Fig. 16(d), thereby preventing electric
discharge by'mistake between the common X electrode 22 and
the independent Y electrode.

An eighth embodiment of the present invention will be
described hereinafter. Figs. 17(a) to 17(e) illustrate a
driving method in accordance with an eighth embodiment of
the present invention. Fig. 17(a) is a time chart
illustrating an arrangement of sub-fields in one field in
accordance with the present invention. The figure
illustrates a division of one field into several sub-
fields, similar to the case of Fig. 5(a). The horizontal
axis illustrates time and the vertical axis illustrates a
line of cells. Fig. 17(b)-Fig. 17(e) illustrate wave;forms
of pulses supplied to the common X electrode, the address A
electrode, and the first and second independent i
electrodes, respectively.

A pulse wave-form 140 illustrates a part of the
driving wave-form supplied to the common X electrode 22 in

the first sub-field. A pulse wave-form 141 illustrates a
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di scharges are not generated in the cells in which no sustajnfng electric
di scharge is perforned. Al so, no 09 FEB 1998
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part of the driving wave-form supplied to one of the
address A electrodes .29. Pulse wave-forms 142 and 143
illustrate part of the driving wave-form supplied, for
example, to first and second independent Y electrodes 23.

The pulse wave~form 140, which is supplied to the
common X electrode 22 during the first sub-field, includes

- a first regulating pulse 144 in the électrically charged

particle equalizing period 2a, a second regulating pulse
145 in the address period 2b and the sustaining pulses 41
in the sustaining period 2c. _

According to the present embodiment, the voltage of
the first regulating pulse 144 is set higher than the
voltage of the sustaining pulses 41. The pulse wave-form
141, which is supplied to one of the address A electrodes
29, includes the address pulse 42 in the address period 2b
of the first suﬁ-field which corresponds to the light
emitting celi. The address pulse 42 is not supplied when
there is no cell to be illuminated. The pulse wave-forms
142 and 143.Wﬁich are supplied to the first electrode of
the independent electrodes 23 and adjacent second electrode
of the independent Y electrodes 23, includes electrically
charged particle eqﬁalizing pulses 136a 136b,--- in the
equalizing period 2a of the first sub-field, scan pulses
137a, 137b,--- in the address period 2b, suStaining pulses
45a, 45b,--- and fine line erasing pulses 46a, 46b,--- in
thé.sustaining period 2c.

The voltage of the second reqgulating pulse 135 and the

scan pulses 137a, 137b,--- can be set to the same voltage
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el ectric discharge is perfornmed by the selection electric | §Char ge pul ses
252a, 252b, 252c, 252d,---, and there is no change in the ¢o dg}hopEgﬁ$g&e
electrically charged particles even if the electrically chgrded particle
control pulse 244 and erasing pul se are supplied. Thereforg, lthe
condition of the electrically charged particles in all cellls is al nost
sane as the condition after the full w4%ing erasing period-2t0aand the

address electric discharge or a witing electric discharge is produced in
as the sustaining pulses 41, 45a, 45b,---. A condition of

the electrically charged particles after supplying the fine
line erasing pulses 46a, 46b,--- is almost the same
condition as shown in Fig. 8, which illustrates the
condition of electrically charged particles in accordance
with the first embodiment. The conditién of the electric
discharge in the other sub-fields 3-9 is the same.

According to the present embodiment, the voltage of
the first regulating pulse 144 is higher than that of the
sustaining pulses 41. By using a higher voltage for the
first regulaﬁiﬁg pulse 144, a lot of negative electrically
charged particles can be collected, and as a result, a lot
of positive electrically charged particles are collected on
the address electrode 29 side, thereby address discharging
is performed very easily. | .

A ninth embodiment of the present invention will be
described hereinafter. Figs. 18(a) to 18(e) illustrate a
driving method in accordance with a ninth embodiment of the
present invenﬁion. Fig. 18(a) is a time chart iilustrating
an arrangement of sub-fields in one fiel& in accordance
with the present invention. The figure illustrates a
division of one field into several sub-fields, similar to
the case of Fig. 5(a). The horizontal.axis illustrates time.
and the vertica; axis illustrates a line of cellé. Fig.
18(b)-Fig. 18(e) illustrate wave-forms of pulses supplied
to the common X electrode, the address A electrode, and the
first and second independent Y electrodes, respectively.

A pulse wave-form 150 illustrates a paft of the
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e next sub-field 203, thereby increasing the contrast by doubtie: L,
By increasing the voltage of the address pul ses 249a and 249bf ijn the
sub-fields 203, 205, 207, 209 in which the full witing erasijing p@9 &#Fh ?gg
not carried out, conmpared w th the voltage of the address pulijsgs 249a an
249b in the other sub-fields 202, 204, 206 and 208, the addrgss —&ettTiT
di scharges are caused surely even in a o881 in

driving wave-form supplied to the common X electrode 22 in
the first sub-field. A pulse wave-form 151 illustrates a
part of the driving wave-form supplied to one of the
address A electrodes 29. Pulse wave-forms 152 and 153
illustrate parts of the driving wave-forms supplied, for
example, to first and second independent Y electrodes 23.

The pulse wave-form 150, which is supplied to the
common X electrode 22 during the first sub-field, includes
an equalizing pulse 153 in the equalizing period 2a, a
regulating pulse 154 in the address period 2b and the
sustaining pulges 41 and a fine line erasing pulse 155 in
the sustaining period 2c.

According to the present embodiment, only one fine
line erasing pulse 155 is provided. The equalizing pulse
153 is supplied to the electrode to which the fine line
erasing pulse 155 is supplied, such as in the case of the
fifth embodiment. In case two or three fine line erasing
pulses are provided, as shown in the second and the third
embodiment (see Figs. 11(b), 11(d) and Figs. 12(b), 12(d)),
the equalizing pulses are supplied to the electrode to
which the last fine line erasing pulse is supplied.

The pulse wave-form 151, which is supplied fo one of
the address A electrodes 29, includes the address pulse 42
in the address period 2b of the first sub-field which
corresponds to the light emitting cell. The address pulse
42 is not supplied when there is no cell to be illuminated.
The pulse wave-forms 152 and 153, which are supplied to the

first electrode of the independent Y electrodes 23 and
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positive electrically charged particles 60 on the address|Afel ectrode 29

side are reduced gradually by neutralization. Fig. 33ji é Fgﬁﬁmgg
chart of sub-fields illustrating a driving method in accofdance™w a
fifteenth enbodi mrent of the present.invention. Referring to - S-at-rrg T

hori zontal axis illustrates tine, a4 the vertical axiis

adjacent second electrode of the independent Y electrodes
23, include first. regulating pulses 156a, 156b,--- in the
electrically charged particle equalizing period 2a of the
first sub-field, scan pulses 137a, 137b,--- in the address
period 2b, and sustaining pulses 45a, 45b,--- in the
sustaining period 2c.

In this embodiment, the first regulating pulses 156a,
156b,~--- are supplied within 0.3 usec to 2 pusec from the
‘rising edge of the equalizing pulse 153.

The voltage of the second regulating pulse 154 and the
scan pulses 137a, 137b,--- can be set to the same voltage
as that of the sustaining pulsés 41, 45a, 45b,--- as shown
in the fifth embodiment (see Fig. 14(b)). A condition of
the electrically charged particles after supplying the fine
line erasing pulses 46a, 46b,--- is almost the same
condition as shown in Fig. 8, which illustrates the
condition .of the electrically charged particles in
accordance with the first embodiment. The condition of
electrié discharge in the other sub-fields 3-9 is the same.

According to the present embodiment, the first
regulating pulses 156a, 156b,--- are similar to the
equalizing pulses 43a, 43b,--- as shown in Fig. 15(d) and
Fig. 15(e), but an .equalizing pulse according to the
present invention is a pulse that rises first dufing the
electrically charged particle equalizing period. The reason
for providing a 0.3 usec to 2 usec period between the
rising edge of the equalizing pulse 153 and the rising edge

of the first regulating pulses 156a, 156b,--- has already
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period, 271-276 denote sub-fields, 27la-276a denote addresdﬁﬁaﬁﬂﬁa T HEE]

271b-276b denote sustaining periods, 277 and 278 denote filel[d bl ocks, and
277a and 278a | 09 FEB 1998
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been explained.

Fig. 19 to Fig. 23 are sectional views of the plasma
display panel in accordance with the ninth embodiment in
which the condition of electrically charged particles in
the cell for effecting an electric discharge for light
emission are illustrated from the first sub-field after the
power is supplied to the second sub-field until the
equélizing pulses and the reguléting pulses are supplied.
In these drawings, reference numeral 60 denotes a positive
electricaliy charged particle, and reference numeral 61
denotes a negaéive electrically charged particle. Further,
the condition of the electrically charged particles is
illustrated in a cell at a center position in Fig. 19
through Fig. 23.

Fig. 19 is a sectional view of a plasma display panel
in which a condition of electrically charged particles in a
cell is illustrated immediately after power is supplied and
then an equalizing pulse and regulatiﬁg pulses are
supplied.-The figure illustrate the conditibn of
electrically charged particles in a first sub-field after
power is supplied at first and then the equalizing pulse
153 is.suppiied to the common X electrode 22 and finally
the first regulating pulses 156a, -156b,~-- are supplied.
The electric discharge occurs between the common.x
electrode 22 and the independent Y electrodes 23 by
supplying the equalizing pulse 153 to the independent Y
electrodes 23 in all cells, so that the negative

electrically charged particles 61 are gathered on the



denote full

into six sub-fields 271-276, and the consecutive first thre flek
271-273 formthe field block 277, while the succeedi ng cons cutl FEB 1888

sub-fiel ds
period of t

and 278a are arranged, respectively. |®Sach sub-field 271-246+—the

addr ess

writing erasing periods. One field period ﬁéﬁlACEMENJ §———ET
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274-276 formthe other field block 278. In tthe_first
he field blocks 277 and 278, full witing erasing periods 277a

dielectric layer in the vicinity of the independent Y
electrodes 23a and the common X electrode 22, and the
positive electrically charged particles 60 are gathered on
the address A electrode 29 side.

Fig. 20 is a sectional view of a plasma display panel
in accordance with the ninth embodiment in which a
condition of the electrically charged particles in a cell
after performing an address electric discharge is
illustrated. In Fig. 20, the condition of the electric
discharge is illustrated after the address pulse 42 is
supplied to the.address A electrode 29 and address electric
discharges are performed between the address A electrode 29
and the independent Y electrodes 23. The positive
electrically charged particles 60 are gathered on the
dielectric layer in the vicinity of the independent Y

electrode 23 because the volfage of the independent Y

‘electrode 23 is lower than the voltages of the address A

electrode 29 and the common X electrode 22. The negative

electrically charged particles 61 are gathéred on the other
electrode side.

The condition of the electrically charged particles~is
shown in Fig. 20. The sustaining electric diécharge is
produced between the independent ¥ electrode 23 and the
common X electrode 22 by the positive electricaliy charged
partic;es 60 and the first pulse of the sustaining pulses |
45a, 45b,-~- supplied to the independent Y electrode 23.
This is a sustain discharge.

Fig. 21 is a sectional view of a plasma display panel
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periods 271a-276a and the sustaining periods 271b-276b are p;d&#déﬂf% %I
the full witing erasing periods 277a and 278a are not provided. That is, -
the full witing erasing periods 277a and 278a are arranged at| 188 FEBs1998

part of the first sub-fields 271 and 274 of the field blocks 277 _and 278,
respecti vely. The nunbers of light em ssions are allotted for the
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cell after supplying a fine line erasing pulse is
illustrated. In Fig. 21, the condition of the electric
discharge after the last sustaining pulses 45a, 45b,--- are
supplied to the independent Y electrode and then the fine
line erasing pulses 155 are supplied to the common X
electrode 22 is illustrated.

The pulse width of the fine line erasing pulse 155 is
longer than the discharge duration time, so that negative
electrically charged particles 61, which move so quickly,
are gathered.oﬂ the dielectric layer in the vicinity of the
common X electrode 22. The positive electriéally charged
particles that move slowly in space float in the cell. The
negative charges float in the discharge space for a while.

Fig. 22 is a sectional view of a plasma display panel
in accordance with the ninth embodiment in which a

condition of electrically charged particles in a cell after

'supplying an equalizing pulse in a second sub-field is

illustrated. Fig. 22 illustrates a condition of the

.electric discharge after the equalizing pulse 153 in the

second sub-field is supplied. The voltage of the equalizing
pulse 153 is canceled by the negative charged particles 61
and does not reach the discharge voltage, so that no
electric discharge occurs. |

Fig. 23 is a sectional view of a plasma display panel
in which a condition of electric charges in a cell after
supplying a regulating pulse in a second sub-field is

illustrated. In the figure, the condition of electrically



the nunbers of the light em ssions are increased in the cﬁ%ﬁﬁ ot MENT SHEET
sub-fields 271, 272, 273. Referring to Figs. 28(b) tg 28(9) t he

sel ecti on

[ el ectric discharge pul ses 252a-252d, the el ectri ang FE gagggd
particle control pulse 244 and fine |line erasing pulses 34 % 3a-
i

which are used in the fourteenth enbodinent, are provideg
sub-fields 271, 51

LR T e —

charged particles after the first regulating pulses 156a,
156b,--- are supplied to the independent Y electrodes 23 is
illustrated. The negative electrically charged particles 61
are gathered on the dielectric layer in the vicinity of the
common X electrode 22 and the independent Y electrodes 23,
and the positive electrically charged particles 60 are
gathered on the addresé A electrode 29 side. By this, the
same driving as the first sub-field is performgd'without
electric discharge by the equalizing pulses 153.

A tenth embodiment of the present invention will be
described hereinafter. Figs. 24(a) to 24(e) illustrate a
driving method in accordance with a tenth embodiment of the
present invention. Fig. 24(a) is a time chart illustrating
an arrangement of sub-fields in one field in accordance
with the present invention. The figure illustrates a
division of one field into several sub-fields, similar to
the case of Fig. 18(a). The horizontal axis illustrates
time and the vertical axis illustrates a line of cells.
Fig..24(b)-Fig. 24 (e) illustrate waﬁe-forms of pulseé
supplied to the common X electrode, the address A
electrode, and the first and second independent Y
electrédes, respectively. |

A pulse wave-form 160 illustrates a part of the
driving wave-form supplied to the common X electrode 22 in
the first sub-field. A pulse wave-form 161 illustrates a
part of the driving wave-form supplied to one of the
address A electrodes 29. Pﬁlse wave-forms 162 and 163

illustrate parts of the driving wave-forms supplied, for
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72 272, 274, 275 of the field blocks 277 and 278, and these -ses are T
not provided in the other (last) sub-field. Further, these s¢ b@nF 1

el ectric discharge pulses, the electrically charged particlelc Eﬁlgg§
and the fine

52

example, to first and second independent Y electrodes 23.
The pulse wave-form 160, which is supplied to the
common X electrode 22 during the first sub-field, includes

an equalizing pulse 164 in the equalizing period 2a, a
regulating pulse 165, which continues from fhe equalizing
pulse 164 in the equalizing period 2a and continues through
the address period 2b, and the sustaining pulses 41 and a
fine line erasing pulse 155 in the sustaining period 2c.
According to the present embodiment, only one fine-
line erasing pulse is provided. The equalizing pulse 164 is
supplied to thé electrode to which the fine line erasing |
pulse 155 is supplied as in the first embodiment. In case
two or three fine line erasing pulses are provided, as in
the second embodiment and the third embodiment (see Fig.
11(d), 11(d) and Fig. 12(b), 12(d)), the equalizing pulse
is supplied to the electrode to which the last fine line .
erasing pulse is supplied. The pulse wave-form 161, which
is supplied to one of the address A electrodes 29, includes
the address pulse 42 in the address périod 2b of the first
sub-field which corresponds to the light emitting cell. The
address pulses_42 are not supplied when there is no cell to
be illuminated. The pulse wave-forms 162 and 163, which are
supplied to the first electrode of the independent Y
electrodes 23 and adjacent second elect;ode of tﬁe
independent_Y electrodes 23, includes first regulating
pulses 156a, 156b,--- in the electrically charged particle
equalizing period 2a of the first sub-field, scan pulses

137a, 137b,---in the address period 2b, and sustaining



line erasing pulses are arranged in the |ast part of the 5u§ta@ﬁﬁhgﬁﬁéﬂl§§§ET
271b, 272b, 274b and 275b, thereby the condition of electricaﬁly char ged
particles in all cells after the sustaining periods 271b, 272 ,[$§4FEBntg
275b are finished is nmaintained in the sane condition after {the Tu

witing erasing period 277a is finished, so that the full | tH ' '
period 210a can be deleted in the sub-fi3elds 272, 273, 275 and 276,

aldfd hough i tph$ses0¥6dedashbn-Lhe ikl thle Sulthli®lity pek Byl 24 1A¢hide

Rearess embodiment, the first regulating pulses 156a, 156b,--- ére
supplied within 0.3 usec to 2 usec from the rising edge of
the equalizing pulse 164. The voltage of the regulating ‘
pulse 165 and the scan pulses 137a, 137b,--- can be set to
the same voltage as the sustaining pulses 41, 45a, 45b,---
as shown in the ninth embodiment (see Fig. 18(b)). The
‘other sub-fields 3-9 are constructed the same as the first
sub-field.

A condition of the electrically charged particles
after supplyiné the fine line erasing pulses 46a, 46b,---
is almost the same condition as shown in Fig. 8, which
illustrates the condition of electrically charged particles
in accordance with the first embodiment. The condition of
the eleétric discharge in the other sub-fields 3-9 is the -
same condition.

According to the present embodiment, the reason for
setting the voltage of the equalizing pulse 164 at a higher
Voltage is to collect the negative electrically charged
particles on the common X electrode side, and to collect
lots of positive electrically charged particles on the
address A electrode 29 side. Further, the reason for
setting the voltage of the regulating pulse 165 in the
address period 2b is to protect an electric discharge from
taking place by mistake between the common X electrode 22
and the independent Y electrode 23.

An eleventh embodiment of the present invention will

be described hereinafter. Figs. 25(a) to 25(d) illustrate a



el ectric discharges are produced in the address periods 272a
and 276a wi thout supplying the selection electric discharge
252a-252d and electrically charged particle control pulse 24
sub-field. Therefore, the contrast is nultiplied by three,.
Is a tine chart of sub-fields illustrating a driving nethod
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n accordance

with a sixteenth enbodi nent of the preseht invention. Referr

ing to the

drawi ng, thgrjving system in accordance with an eleventh embodiment of

the present invention. Fig. 25(a) is a time chart

‘illustrating an arrangement of sub-fields in one field in

accordance with the present invention. The figure
illustrates a division of one field into several
sub-fields, similar to the case of Fig. 5(a). The

horizontal axis illustrates time and the vertical

axis

illustrates line of cells. Fig. 25(b)-Fig. 25(e) illustrate

wave-forms of pulses supplied to the common X electrode,

the address A electrode, and the first and second

independent Y. electrodes, respectively.

A pulse wave-form 170 illustrates a part of the

driving wave-form supplied to the common X electrode 22 in

the first sub-field. A pulse wave-form 171 illustrates a

part of the driving wave-form supplied to the one

address A electrodes 29. Pulse wave-forms 172 and

of the

173

illustrate ﬁarts of the driving wave-forms supplied, for

example, to first and second independent Y electrodes 23.

The pulse wave-form 170, which is supplied to the

common X electrode 22 during the first sub-field,

includes

a regulating pulse 40 in the period continuing from the

first part of the equalizing period 2a through the address

period 2b and the sustaining pulses 41 in the sustaining

period 2c. The pulse wave-form 171, which is supplied to.

one of the address A electrodes 29, includes a voltage

holding pulse 174 whose voltage is determined so that a

discharge is not produced by the scan pulses 44a,

44b, ~--

and the address pulse 42 in the first address period 2b




horizontal axis illustrates tinme, and the vertical axis iIIJBtFEﬁ%@mgNIL§§EﬁT
of cells. Reference nuneral 280 denotes one field period, 281{286 denote
sub-fields, 28la-288a denote address periods, 281b-288b dent ﬂQ?tPE?HQQB
periods, 289 and 290 denote field blocks, and 289a and 290a jdenote fu
witing erasing periods. One field period 280 is divided-ntoerght
sub-fields 55

which corresponds to the light emitting cell and between
the address electrode 29 and the independent Y electrode
23. The address pulse 42 is not éupplied when there is no
cell to be illuminated. According to the present
embodiment, the voltage needed for the address electric
discharging to occur is the sum of the voltage of tpe
voltage holding pulse 174 and the voltage of the address
pulse 175, thereby making it possible to reduce the voltage
of the address pulse 175. The address pulse 175 is not
supplied when there is no cell to be illuminated. The pulse
.wave-forms 172 and 173, which are supplied to the first
electrode of the independent Y electrodes 23 and adjacent
second electrode of the independent Y electrodes 23,
include equalizing pulses 43a, 43b,--- in the electrically
charged particle equaiizing period 2a of the first
sub-field, scan pulses 44a, 44b,---in the address period
2b, and sustaining pulses 45a, 45b,--- in the sustaining
period 2c. The voltage of the regulating pulse 40 and the
scan pulses 44a, 44b,--- can be determined to bé the saﬁe
voltage as sustaining pulses 41, 45a, 45b,—-~--.

A condition of the electrically charged particles
after supplying the fine line erasing pulses 46a, 46b,---is
almost the same condition as shown in Fig. 8} which
illustrates the condition of electrically charged particles
in accordance with the first embodiment. The condition of
the electric discharge in the other sub-fields 3-9 is the
same condition. |

A twelfth embodiment of the present invention will be
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field block 289, while the succeeding consecutive four su ZRERﬂAﬁEMﬁﬁiiﬁﬂfET

formthe other field block 290. The first period of thegSe~ field

bl ocks 289 and 290 include the full witing erasing period
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described hereinafter. Figs. 26(a) to 26(e) illustrate a
driving method in accordance with a twelfth embodiment of
the present invention. Fig. 26(a) is a time chart
illustrating an arrangement of sub-fields in one field in
accordance with the present invention. The figure
illustrates a division of one field into several sub-
fields, similar to the case of Fig. S(a). The horizontal
axis illustrates time and the vertical axis illustrates a
line of cells. Fig. 26(b)-Fig. 26(e) illustrate wave-forms
of pulses supplied fo the common X electrode, the address A
electrode, aﬁd the first and second independent Y
electrodes, respectively.

A pulée wave-form 180 illustrates a part of the
driving wave-form supplied to the common X electrode 22 in
the first sub-field. A pulse wave-form 181 illustrates a
part of the driving wave-form supplied to one of the
address A electrodes 29. Pulse wave-forms 182 and 183
illustrate parts of the driving wave-forms supplied, for
example, to first and second‘independent Y electrodes 23.

The pulse wave-form 180, which is supplied to the
common X electrode 22 during the first sub-field includes a
regulating pulse 184 in the equalizing period 2a and
sustaining pulses 41 in the sustaining period 2c. The pulse
wave-form 181, which is supplied to one of the address A
electrodes 29, includes the address pulse 42 in the address
period 2b of the first address ‘period which corresponds to
the light emitting cell. The'addfess pulse 42 is not '

supplied when there is no cell to be illuminated. The pulse
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281b-288b are arranged in each sub-field 281-288, respectijvely. That is,
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part of the first sub-fields 281 and 285 of the field bl ocks 289 and 290,
respectlvely The nunbers of the |ight em ssions are all ot ed-for-the———
sust ai ni ng periods 281b-288b, and gradd&7 ons of display arje perfornmed by

conbi ning the
wave~forms 132 and 183, which are Supplled to the first

electrode of the independent Y electrodes 23 and adjacent
second electrode of the independent Y electrodes 23,
include equalizing pulses 43a, 43b,--- in the electric
charging equalizing period 2a of the first sub-field, scan
pulses 137a, 137b,--- in the.address period 2b, sustaining
pulses 185a, 185b,--- in the address périod 2b, and
sustaining pulses 45a, 45b,;—-'and fine line erasing pulses
46a, 46b,--~ in the sustaining period 2c. The voltage level
of the regulating pulse 184 can be the same as the voltage
of the susﬁaining pulées 4i.

A condition of the electrically charged particles
after supplying the fine line erasing pulses 46a, 46b,~--
is almost the same condition as shown in Fig. 8, which
illustrates the condition of electrically charged particles
in accordance with the first embodiment. The condition of
the electric discharge in the other sub-fields 3-9 is the
same condition. Accordihg to the present embodiment, the
voltage of the scan pulses 185a, 185b,--- is a minus
voltage and the voltage of the address pulses 42 is a plus
voltage, therefore the voltage differences become so large
that the electric discharge is performed surely.

A thirteenth embodiment of the present invention will
be described hereinafter. Figs. 27(a) to 27(e) iilustrate a
driving method in accordance with a thirteenth embodiment
of the present invention. Fig. 27(a) is a time chart
illustrating an arrangement of sub-fields in one field in

accordance with the present invention. The figure



numbers of the |ight emissions. According to the sixteenth REBQAGEW{M‘th”M
nunbers of the light em ssions are increased in order of th jﬂb fields =~ 1
281, 282, 283,---. Referring to Figs. 28(b) to 28(g), tih jfpegFgomgg \
el ectric discharge pul ses 252a-252d, the electrically chargddip
control - pul se 244 and the fine line erasing pul ses 245, 2533- 253b—whi-eh
-are used in the fourteenth enbodi nent, S8 e provided in the ustaining
peri ods 281b, 282b, 283b, 285b, 286b and 287b-of the first
illustrates a division of one field into several

RN |
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sub-fields, similar to the case of Fig. 18(a). The
horizontal axis illustrates.time and the vertical axis
illustrates a line of cells. Fig. 27 (b)-Fig. 27 (e)
illustrate wave-forms of pulses supplied to the common X
electrode, the address A electrode, and the fi;st aﬁd
second independent Y electrodes, respectively.

A pulse wave-form 190 illustrates a part of the
driving wave-form supplied to the common X electrode 22 in
the.first sub~field. A pulse wave-form 191 illustrates a
part of the ériving wave-form supplied to one of the
address A electrodes 29. Pulse wave-forms 192 and 193
illustrate parts of the driving wave-forms supplied, for
example, to first and second independent Y electrodes 23.

The wave-form 190, which is supplied to the common X
electrode 22 during the eighth sub-field, and the field
blank per;od 9d thereafter includes a regulating pulse 40
from the first part of the electric charge ﬁarticie
equalizing period 2a through the address péribd 2b,
sustaining pulses 41 and a full writing pulse 194 in the
sustaining period 2c. In this_embodiment; the voltage of
the full writing pulse 194 is high enough to produce a
discharge regardless of whether a sustéining discharge
occurs or not. As a result, the electrically charged
particles in all cells are equalized. The field blank
period 9d can be provided between the sub-fields. And also,
the field blank period 94 can be provided several times in

one field. The pulse waveform 191, which is supplied to one
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and 290, and these pulses are not provided in the other (I ast ub-field.
The condition of the electrically charged particles in all cell Bf&ecrﬁﬁl‘*roegs \
sust ai ni ng periods 281b, 282b and 283b of the sub-fields 281, {282 and 283
in the field bl ock 289 '
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of the address A electrodes 29, includes the address pulse
42 in the address period 2b. The address pulse 42 is not
supplied when there is no cell to be illuminated. The pulse
wave-forms 192 and 193, which are supplied to the first
electrode of the ihdependent Y electrodes 23 and adjacent
second electrode of the independent Y electrodes 23,
include the equalizing pulses 43a, 43b,--- in the electric
charging equalizing period 2a, the scan pulses 44a, 44b,-—-
in the address period 2b, the sustaining pulses 45a,
45b,--- in the sustaining period 2c, and fine line erasing
pulses 195a, 195b,~-- in the field blank period 9d. The
voltage level of the regulating pulse 40 and the scan
pulses 44a, 44b,--- can be the same as the voltage of the
sustaining pulses 41. A condition of the electrically
charged particles after supplying the fine line érasing
pulses 195a, 195b,--- is almost the same condition as shown
in Fig. 8, which illustrates the condition of electrically
charged particles in accordance with the first embodiment.
The condition of the electric discharge in.the other
sub-fields 3-9 is the same condition.

According to the present embodiment, no electrically
.charged particle remain in the cells when a black portion
continues across several sub-fields, and so the address
electric discharges are not performed well in the coming
address period. To prevent this situation, discharges are
forced by the field full writing pulse 194 between the
common X electrode 22 and the independent Y elegtrode 23.

As explained above, the plasma display driving system
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in accordance with the first through the twelfth
embodiments can drive the panel without using the full
writing electric discharge and erasing discharge for all
the cells for equalizing the'electrically charged
particles.

Stil} other embodiments of the present invention will
be explained hereinafter.

Figs. 28(a) to 28(&) illustrate a driving method for a
plasma display panel in accordance with a fourteenth
embodiment of the present invention. Fig. 28(a) is a time
chart illustfating an arrangement of sub-fields in the
first sub-field. The horizontal axis illustrates time, and
the vertical axis illustrates a line of cells. Fig. 28(b)-
Fig. 28(g) are wave-forms illustrating pulse wave-~forms
supplied to a common X electrode, an address A electrode
and four independent Y-electrodes, respectively. In thé
figure, reference numeral 201 denotes a field, reference
numerals 202-203 denoFe gub—fields; reference numerals
202af209a denote address periods, reference numerals
202b-209b deﬁote'sustaining periods, reference numerals
210-213 denote field blocks, and reference numerals
210a-213a denote full writing periods. A wave-form 220 is a
dfiving wave-form supplied to the common X electrode. A
wave-form 221 is a driving wave-form supplied to the
addfess A electrode 29. The wave-forms 222-225 are driving
wave-forms supplied to first, second, third and fourth
electrodes of the independent Y electrodes 23,

respectively.



in the first sub-fields 281 and 285, and the address electr
are produced in the address periods 282a, 283a, 284a, 286a,
wi t hout supplying the selection electric discharge pul ses 2%
the electrically charged particle control pulse 244 in the
sub-field. Therefore, the contrast is nultiplied by four.

atine chart of sub-fields illustrating &l dr|V|ng nmet hod in
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accor dance

with a seventeenth enbodi nent

In Fig. 28(a), one field period 201 is divided into

eight sub-fields 202-209, and one field block is

formed by

two successive sub-fields, therefore one field period 201

is constructed of four field blocks.

In each field block, the full writing periods 210a,

21la, 212a and 213a, which are arranged as the first period

of sub-fields, are provided in each first sub-field 202,

204, 206 and 208 of the field blocks 210-213, and following

the writing period 210a-213a, the address'periods 202a,

204a, 206a and 208a and sustaining periods 202b,

204b, 206b

and 208b are provided, respectively. In the second

sub-fields 203, 205, 207 and 209, which follow the first

sub-fields 202-208, the address periods 203a, 205a, 207a

and 209a are provided first, and then the sustaining

periods 203b, 205b, 207b and 209b are provided,
respectively.

The numbers of light emissions are allotted

for each

sustaining period 202b-209b, and display graduations are

effected by the combinations of the nuﬁbers of the light

emissions. The numbers of light emissions and the order of

the sub-fields are optional. 1In this embodiment,

the

numbers of light emissions of the sustaining pefiods 202b,

204b, 206b, 208b, 203b, 205b, 207b and 209b are arranged in

this order from few numbers. The sustaining periods 202b,

204b, 206b and 208b just before the sub-fields 203, 205,

207 and 209 in which a full writing erase period
provided have fewer numbers of light emissions.

Fig. 28(b) illustrates the field block 210,

is not

and the
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of the present invention. Referring to the draw ng, the horiZEhféfM ‘st
illustrates time, and the vertical axis illustrates a |ine of cells.
Ref erence numeral 300 denotes one field period, 301-308 denote ngEgeﬁgg

309 denotes -a field block, and 309a denotes a full witing

301a-308a denote address periods, 301b-308b denote sust ai nifn periods
One field period 300 is d|V|ded into ei gé2 sub fields 301- J

08, and the

er -perTod—
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field block 309 is formed by all the
other field blocks are constructed similarly. The driving

wave-form 220 supplied to the common X electrode 22
includes in the first sub-field 202 a full writing pulsé
240 and a polarizing pulse 241 in the first full writing
erasing period 210a, a high pulse 242 in the succeeding
address period 202a and sustaining pulses 243 and an
electrically charged particle control pulse 244 and a fine
line erasing pulse 245 in the succeeding sustaining period
202b, and further includes in the succeeding sub~field a
high pulse 246 and sustaining pulses 247.

The voltage level of the electrically charged particle
control pulse 244 and the fine line erasing pulse 245 is
the same as or less than the voltage level of the
sustaining pulsés 243. Next to the sustaining pulses 247 is
the field block 211. The voltage of the full writing pulse
240 is stepped up a level. The voltage is usually
determined to be about 300 volts, and the reason for
stepping up the level thereof is to allow the circuit to be
constructed:simply, therefore the stepping up the voltage
of the full writing pulse 240 is not always necessary.

The driving wave-form 221 supplied to the address A
electrode 29 shown in Fig. 28(c) includes, in the first
sub-field, a plurality of the address pulses 248a, 248b,---
which relates to the cells to be illuminated in the address
period 202a, and, in the succeeding sub-field 203, a
plurality of address pulses 249a, 249b,--- in the address
period 203a. |

Fig. 28(d)=-28(g) show wave-forms 222, 223, 224 and 225
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sub-fields 301-308 in the one field. The first period of thil .J'iLédL&;‘JEﬂ’\HCISHEET
309 includes the full witing erasing period 309a. The addrgsd perto
301a-308a and the follow ng sustaining periods 301b-308b arg
sub-field 301-308, respectively. That is, the full wi i
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supplied to four independent Y eléctrodes 23 whose
electrodes 23 are arranged side by side, and these
waveforms include, in the first sub-field 202, scan pulses
250a, 250b, 250c, 2504,--- in the address period 202a,
sustaining pulses 25l1a, 251b, 251c, 251d,---, selection
electric discharge pulses 252a, 252b, 252c¢, 252d-~-, fine
line erasing pulses 253a, 253b, 253c, 253d,--- in the
sustaining period 2é2b and, in the succeeding sub-field
203, scan pulses 254a, 254b, 254c, 254d,---, in the address
period 203a, and sustaining éulses 255a, 255b, 255c,
255d,-- in the sustaining period 203b.

The voltage level of the selection electric discharge
pulses 252a, 252b, 252c, 252d,--- is almost the same &as the
voltage level of the electrically charged parﬁicle control
pulse 244, which rises wiﬁh a time lag from the rising edge
of the selection electric‘discharge pulses 252a, 252b,
252c, 252d,---, the delay time tl being 0.1 usec-1.5 usec.
The electrically charged particle control pulse 244 falls
éarlier than the selection electric discharge pulses 252a,
252b, 252c, 252d{---. The time t2 is about 0.1 usec-1.0
sec. The reason for setting the time lag from the rising
edge of the seiection electric discharge pulses 252a-2524
to the rising edge of the electrically charged particle
control pulse 244 as above mentioned is that, if-the time
longer than that is set, a lot of negative electrically
charged particles gather_on the independent Y electrode 23
side, and a few negative electrically charged particles

gather on the common X electrode 22 side. Further, the
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sub-field 301. The nunbers of the |ight em ssions are al | gt tre or the—
sust ai ni ng periods 301b-308b and gradations of display ar He%{g EEg E%B
conbining the nunbers of the |light em ssions. Ref er rii g S}
28(b) to 28(g), the selection .
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reason for starting the selection electric discharge pulses
252a-252d a little earlier than the electrically charged
particie control puise 244 is to produce an electric
discharge by generating a selection electric discharge
between the common X electrode 22 and independent Y
electrode 23. The reason for ending the electrically
charged particle control pulse 244 is to defends the
electric charge between the common X electrode 22 and the
independent Y electrode 23 when the selection electric
discharge pulses 252a-252d fall.

The selection electric discharge pulses 252a; 252b,
252¢, 252d,---, the fine line erasing pulses 253a, 253b,
253c, 2534,--- and the electrically charged particle
control pulse 244 are not provided. in the succeeded sub-
field 203 of the field block 210 of .Fig. 28(a).

The sustaining pulses of the sub-field 205 terminate
with the sustaining pulses 255a, 255b, 255¢, 255d,---
supplied to the independent Y electrodes 23. The same
driving wave-forms are used in the other field bloeks
211-213, but the numbers_of the sustaining pulses are
different. The selection electric discharge pulses, the
electrically charged particle control pulse and the fine
line erasing pulses are provided in the first sub-field
204, 206, 208 of the field blocks 210-2i3.

The operation of this embodiment will be explained
with reference to Fig. 29-Fig. 32. The electric discharges
occur in all the cells in response to the full writing

pulse 240 supplied to the common X electrode 22 in the



el ectric discharge pul ses 252a-252d, the electrically char'édﬁhﬁEEMENﬁ SHEET
control pulses 244 and the fine line erasing pulses 245, 2b3a=253b, Whi ch
are used in the fourteenth enbodi nent, are provided in the 's;spag’ nFLp? 1998
peri ods 301b-307b of the first seven sub-fields 301-307, andjthe"f
witing-erasing period 309a is arranged only in the first $ub~field-364
The address electric discharges in the6&dress periods 302&-308a are

possible, even if the full witing erasing periods 309a i n*tfre—sub-TTeras
302- 308 field block 210 of Fig. 28(a)-Fig. 28(b), and so the

electrically charged particles are formed. Under these
circumstances, the negative electrically charged pafticles
61 are gathered on the address A electrode 29 side. The
electric discharge for polarization occurs in response to
the polarization pulse 241, and electrically charged
particles on the common X electrode 22 side and the
independent. Y electrode 23 side are polarized.

The scan pulses 250a of the wave-form 222 are supplied
to the first line of the independent Y electrode 23, and at
the same timeé, the address pulses 248a are supplied to a
predetermined address A electrode 29 in the succeeded
address period 202a, thereby generating a full writing
electric discharge and forming electrically charged
particles in the cell positioned at the cross point of the

- first line of the independent Y electrode 23 and the
address A electrode 29, so that positive electrically
charged particles are gathered on the independent Y
electrode 23 side in the cell. |

In a similar way, when the scan pulses 250c of the
driving wave-form 224 are supplied to the. third independent
Y electrode 23 and the address pulse 248b is supplied to a
predetermined address A electrode 29, thereby generating a
full writing electric discharge and forming'elecfrically
charged particles in the cell positioned at the cross point
of the third line-of the independent Y electrode 23 and the
address A electrode 29, positive electricaliy charged

particles 60 are gathered on the independent Y electrode 23



which follow the first sub-field 301 are del eted. Thereby the cggtfast

is

mul tiplied by eight. According to the invention, by delet|.ng
witing erasing period in sone sub-fields, the contrast is ik

practical contrast of a cathode ray tube display is , for exa
and in the plasma display according to the enbodi nents shown i
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Fig. 34, a corresponding contrast is addnplished.

side in the cell.

The address pulses which correspond to the scan pulses
250b, 2504 of the driving wave-form 223, 225 supplied to
the second and the fourth independent Y electrodes 23 are
not supplied when the predetermined cells are not
;11uminated, therefore, writing electric discharges do not
occur and electrically charged particles are not formed on
the independenf Y electrode 23 side.

. The sustaining discharge or light emitting discharge
in the sustaining period 202b occurs in response to the
sustaining pﬁlses 234 of the driving wave-form 220 and thé
sustaining pulses 251a, 251b, 251c, 251d,---, of the
driving wave-forms 222, 223, 224, 225 in the cell in which
the positive electrically charged particles are gathered on
the independent Y electrode 23 side.

The optional or selecting electric. discharges occur in
response to the selection electric discharge pulses 252a,
252b, 252c and 2524 in the cell in which a sufficient
number of electrically charged particles are formed by the
electric discharge for light emission. The positive
electrically charged particles 60 are gathered on the
address A electrode 29 side by supplying electrically
charged particle control pulse 244 to the common X
electrode 22 before the electric discharges by the
selection electric discharge pulses 252a, 252b, 252c,
2524,~---, cease.

After that, the erasing electric discharge is caused

by the fine Jline erasing pulse 245 of the waveform 220
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supplied to the common X electrode 22 and the fine line
erasing pulses 253a, 253b, 253¢c, 253d,---, of the wave-form
222 supplied to the independent Y electrode 23, so that the
electrically charged particles on the common X electrode 22
side and on the independent Y electrode 23 side are mainly
erased. Thereby, the condition of the electrically charged
particles in all cells ih.which eiectric discharges are
produced is almost the same as the condition of the
electrically charged particles after the full writing
erasing period.210a is finished.

On the other hand, the Writing electric discharges or
the address electric discharges are not generated in the
éells in which the electric discharges for light emission
are not produced, and the condition of electrically charged
particles is the same condition after the full writing
erasing period 210a'is finished.

As explained above, the electrically charged particles
in all cells at a point of time after the final erasing
pulses 245, 253a, 253D, 253c[ 2534,---, are sﬁpplied in the
first sub-field 202 can be made to have the same condition
after the full writing erasing period 210a is finished. By
this, in the succeeding sub-field, address electric
discharges in all of the cells can be produced without
providing a full writing erasing period.

The same functions are repeated in the field blocks
211-213, whereby a screen of one field is formed.

Fig. 29-Fig. 32 are sectional views of a plasma

display panel illustrating a condition of the electrically
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reduced, thereby inproving the contrast of the display. According to

t he present

time per several sub- fields, thereby inproving the contras
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charged particles in a cell in which a sustaining discharge
is performed. The condition of the electrically charged
particles in the drawings is illustrated in a center cell
of three cells.

Fig. 29 is a sectional view of the plasma display
panel in which a condition of the electrically charged
particles in a cell after supplying sustaining pulses is
illustrated in accordance with.the embodiment shown in Fig.
28(a)-28(g) of the present invention. The negative
electrically charged particles 61 are gathered on the
dielectric l;yer 26 of the common X electrode 22 side and
the positive electrically charged particles 60 are gathered
on the dielectric layer 26 of the independent Y electrode
23 side after a final pulse of the sustaining pulses 243 is
supplied to the common X eledtrode 22.

Fig. 30 is a sectional view of the plasma display
panel in which a condition of the electrically charged
particles in a cell during discharging by a selection
electric discharge pulse is illustrated. Electric
discharges are caused by the voltage of the selection
electric discharge pulses 252a, 252b, 252c, 2524,--- and
the voltage of positive electrically charged particles
gathered on the dielectric layer at the independent Y
electrode 23, and these discharges are produced between the
independent Y electrode 23 and the common X electrode 22
when selection electric discharge pulses 252a, 252b, 252c,
2524,--~, are supplied to the independent Y electrode.

Thereby, many positive and negative electrically charged



i n accordance with the present invention, it is understood t:higt
invention is not linmited thereto, but is susceptible of nunerous—
and nodifications as known to those skilled in the art, and eliger fore
do not wwish to be [imted to the details shown and describ dﬁﬁ iﬁ,B 1398
intend to cover all such changes and-nodifications as are gndonpassed by
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particles are generated in the diséharging spaceg

Fig. 31 is a -sectional view of the plasma display
panel in which a condition of the electrically charged
particles in a cell when electric charge particle éontrol
pulse is supplied is illustrated. The positive electrically
charged particles are gathered on the addrgss A electrode
29 when the electrically charged particle control pulse 244
is suppliea to the common X electrode 22, because the
voltages of the common X electrode 22 and the independent Y
electrode 23 are almost the same and these Qoltages are
higher than the voltage of address A electrode 29. Erasing
of electrically charged particles by the erase pulse is
still needed because there still remains electrically
" charged particles on the common X electrode 22 side, on the
independent Y electrode 23 side and in the discharging
space, which are not neutralized and not erased.

Fig. 32 is a sectional view of the plasma display
panel in which a condition of the electrically charged
particlés in a cell after supplying a fine line erasing
pulse is illustrated. The positive electrically charged
particles 60 are gathered on the address A electrode 29
side and the negative electrically charged particles 61 are
gathered on the common X electrode 22 side and the |
independent Y electrode 23 side. The condition of the
electrically charged particles is the same after the full
writing erase period 210a is finished.

A condition of the electrically charged particles

after the full writing erasing period 210a is finished is
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maintained in the sustaining periéd 202b because address
electric discharges are not generated in the cells in which
no sustaiﬁing electric discharge is performed. Also, no
electric discharge is performéd by the selection electric
discharge pulses 252a, 252b, 252c¢, 252d,---, and there is
no change in the condition of the electrically charged
particles even if the electrically charged particle con@rol
pulse 244 and erasing pulse are supplied. fherefore,-tﬁe
condition of the electricaliy charged particles in all
cells is almost same as the condition after the full
writing erasing period 216a and the address electric
discharge or a writing electric discharge is produced in
the next sub-field 203, thereby increasiﬁg the contrast by
double.

By increasing the voltage of the address pulses 249%9a
and 249b’ in the sub-fields 203, 205, 207, 209 in which the
full writing erasing period is not carried out, compared
with the voltage of the address pulses 249a and 249b in the
other sub-fields 202, 204, 206 and'208, the address
electric discharges are caused surely even in a cell in
which sustaining electric discharges are not performed,
because the positive electrically charged particles 60 on
the address A electrdde 29 side are reduced gradually by
neutralization. |

Fig. 33 is a time chart of sub-fields illustrating a
driving method in accordance with a fifteenth embodiment of
Ehe present invention. Referring to the drawing, the

horizontal axis illustrates time, and the vertical axis
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el ectrode group arranged in parallel with said first el ectrode roup™on
sai d perneabl e substrate and bei ng capabl e of being driven i eEe@ae]gﬁgByiggg
e

third el ectrode group arranged perpendicular to said first an
el ectrode groups on anot her substrate and bei ng capabl e of be} ng—driven
i ndependently, said driving nethod conpilsing the steps of : suppl yi ng

a voltage so as to produce an electric discharge in a cell i nwhiciran
el ectric dikEHisgeates binesrefdcehtst i ReferenrenBrBeERdepg CaieHohes stat e

occurs in said cell;: and, suppl yi ng anot her vol e wi_tho causi ng any
electric diRartptd per1°d2.271¢£5¥a§ QHFsﬁPHVfbﬁha 'd?ﬁﬁ%{§s ar at us

for a denote address periods, 271b-276b denote sﬁstaining
periods, 277 and 278 denote field blocks, and 277a and 278a
denote full writing erasing periods.

One field period 270 is divided into six sub-fields
271-276, and the consecutive first three sub-fields 271-273
form the field block 277, while the succeeding consecutive

three sub-fields 274-276 form the other field block 278.

In the first period of the field blocks 277 and 278,
full writing erasing periods 277a and 278a are arranged,
respectively. In éach sub-field 271-276, the address
periods 271a—-276a and the sustaining periods 271b-276b are
provided, but the full writing erasing periods 277a and
278a are not provided. That is, the full writing erasing
periods 277a and 278a are arranged at the first part of fhe'
first sub-fields 271 and 274 of the field blocks 277 and
278, respectively. The numbers of light emissions are
allotted for the sustaining periods 271b-276b, and
gradations .of display are produced by combining the numbers
of light emissions. According to this fifteenth embodiment,
the numbers of the light emissions are increased in the
order of the sub-fields 271, 272, 273.

Referring to Figs. 28(b) to 28(g), the selection
electric discharge pulses 252a-252d, the electrically
charged:- particle control pulse 244 and fine line erasing
pulses 245, 253a-253b, which are used in the fourteenth

embodiment, are provided in the first two sub-fields 271,



po
di spl ay panel having a plurality of cells, conprising: a aﬁggﬂCHWE“r SHEET
el ectrode group. arranged on a perneable substrate and beifng c gable of
n

bei ng driven in conmon,; a second el ectrode group arrangec
with said first electrode group on said perneabl e substrate and (hei ng

r EEBe1398

capabl e of being driven independently;
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272, 274, 275 of the field blocks 277 and 278, and these
pulses are not provided in the other (last) sub-field.
Further, these seleétion electric discharge pulses, the
elecfrically charged particle control pulse and the fine
line erasing pulses are arranged in the last part of the
sustaining period 271b, 272b, 274b and 275b, thereby the
condition of eléctricaliy charged particles in all cells
after the sustaining periods 271b, .272b, 274b and 275b are
finished is maintained in the same condition after the full
writing erasiné period 277a is finished, so that the full
writing erasing period 210a can be deleted in the
sub-fields 272, 273, 275 and 276, although it is provided
in the first sub-fields 271 and 274, and the address
electric discharges are produced in the address'periods
272a, 2?3a, 275a and 276a without supplying the selection
electric discharge pulses 252a-252d and electrically
charged particle control pulse 244 in the last sub-field.
Therefore, the contrast is multiplied by three.

Fig. 34 is a time chart of sub-fields illustrating a
driving method in accordance with a sixteenth embodiment of
the present invention. Referring to the drawing, the
horizontal axis illustrates time, and the vertical axis
illustrates a line of cells. Reference numeral 280 denotes
one field period, 281-286 denote sub-fields, 281&-288a |
denote address periods, 281b~288b denote sustaining
periods, 289 and 290 denote field blocks, and 289%9a and 290a
denote full writing erasing periods.

One field period 280 is divided into eight sub-fields



78 a third el ectrode group arranged perpendicular to said f5r35
S LACENE

second el ectrode groups on another substrate and being capabl &}

I SHEET

driven. i ndependent|y; a first circuit which supplies a voljtdge so as to
produce an electric discharge in a cell in which an electric di SChRrgoFERatgss
per f ormed bef orehand; and a second circuit which supplieg gnother

vol tages wi thout causing any el ectric diBxharge. 3. Al asmm

di spl ay having a plurality of cells, conprising: )
281-288, and the consecutive first four sub-fields—281=

form the field block 289, while the succeeding consecutive

four éub-fields 285-288 form the other field block 290.
The first period of these field blocks 289 and 290
include the full writing erasing periods 289%9a and 290a,

respectively, and the address periods 281a-288a and the

sustaining periods 281b-288b are arranged in each sub-field

281-288, respectively. That is, the full writing erasing

periods 28%a and 290a are arranged at the first part of the

first sub—fields 281 and 285 of the field blocks 289 and

290, respectively. The numbers of the light emissions are

allotted for the sustaining periods 281b-288b, and

gradations of display are performed by combining the

numbers of the light emissions. According to the sixteenth

embodiment, the numbers of the light emissions are
increased in order of the sub-fields 281, 282, 283,-—-.
Referring to Figs. 28(b) to 28(g), the selection
electric discharge pulses 252a-252d, the electrically
charged parﬁicle control pulse 244 aﬁd the fine line
erasing pulses 245, 2535-2535, which are used in the

fourteenth embodiment, are provided in the sustaining

periods 281b, 282b, 283b, 285b, 286b and 287b of the first

three sub-fields 281, 282, 284, 285, 286 and 287b in the

field blocks 287 and 290, and these pulses are not provided

in the other (last) sub-field.

The condition of the electrically charged particles in

all cells after the sustaining periods 281b, 282b and 283b

of the sub-fields 281, 282 and 283 in the field block 289



a first el ectrode group arranged on a perneabl e substrate and belng“gapabra””““
of being driven in common; a second el ectrode group arranged: ln___“_;i_ﬁﬁéfT
parallel with said first el ect r ode group on sai d perneabl e subistirate and
bei ng capabl e of being driven independently; a third el ectr de(} 8r PEB 1898
arranged perpendicular to said first and second el ectrode gro pg on anot her
substrate and bei ng capabl e of being dri%&en independently; afi1Tst
circuit which supplies a voltage so as to occur electric discharge. in a

cel | in whi ahdt besthéntingc pericdsr g85hgs 286k ande@aid @ Hehnel; swlerd a
second circuit which supplies another voltage w thout causing, any

el ectric di §Gh&ﬂge28ﬁﬁae2§l§yan#pl2@\7l dg rthee £iield gﬂQﬂl%p?Qﬂ/ agedbinbshed

4. A plasm dlsg panel driving nethod for
is main alned in the same condition after the full wrltlng

erasing period 289a is finished, so that the full wrltlng
erasing periods 210a can be deleted in the three sub-fields
282, 283, 284, 286, 287 and 288, although they are retaingd
in the first sub-fields 281 and 285, and the address
electric discharges are producéd in the address periods
282a, 283a, 284a, 286a, 287a and 288a without supplying the
selection electric discharge pulses 252a-252d and the
electrically.charged particie qontrol pulse 244 in the last
sub-field. Therefore, the contrast is multiplied by four.

Fig.‘35 is a time chart of sub-fields illustrating a
driving method in accordance with a seventeenth embodiment
of the present invention. Réferring to the drawing, the
horizontal axis illustrates time, and the vertical axis
illustrates a line of cells. Reference numeral 300 denotes
one field period, 301-308 denote sub-fields, 30la-308a
denote address periods, 301b-308b denote sustaining . e
periods, 309 denotes a field block, and 309# denotes a full
writing erasing period.

One field period 300 is divided into eight sub-fields
301-308, and the field block 309 is formed by all the
sub-fields 301-308 in the one field. The first period of
this field block 309 includes the full writing erasing
period 309a. The address periods 30la-308a and the
following sustaining periods 301b-308b are arranged in each

sub-field 301-308, respectively. That is, the full writing
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erasing period 309a are arranged at the first part of the
first sub-field 301. The numbers of the light emissions are
allotted for the sustaining periods 301b-308b and
gradations of display are performed by combining the
numbers of the light emissions.

Referring to Figs. 28(b) to 28(g), the selection
electric discharge pulses 252a-252d, the electrically
cﬁarged particle control pulse§-244 and the fine line
erasing pulses 245, 253a-253b, which are used in the
fourteenth embodiment, are provided in the sustaining
periods 301b;307b of the first seven sub-fields 301-307,
and the full writing erasing period 30%9a is arranged only
in the first sub-field 301. The address eieétric discharges
in the address periods 302a-308a are possible, even if the
full writing erasing periods 309a in the sub-fields 302-308
which follow the fifst sub-field 301 are deleted. Thereby
the contfast is multiplied by eight. '

According to the.invention, by deleting the full
writing erasing period in some sub-fields, the contrast is
improved. The practical contrast of a cathode ray tube
display is , for example, 150:1, and in the plasma display
according to the embodiments shown in Fig. 33 or Fig. 34, a
corresponding contrast is accomplished. |

The numbers of sub-fields in one field and the nﬁmbers
.of the sub-fields in one field block are optional and not
limited to the above mentioned embodiments, and so any
combination will be applicable.

According to the present invention, full writing
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comon, a second el ectrode group arranged in parallel wth sii LAQHMFNT SHEET

el ectrode group on said permeabl e substrate and bei ng capablle {of bei HgNl OH

't

driven independently, a third el ectrode group arranged perpgndi dii§aFEBoi998

said first and second el ectrode groups on another substrate |arf[d behngep 1038

capabl e of being driven independently, equalizing nmeans for (equaltzing
electrically charged particles in all cél§s by producing a discharge---

between said_first el ectrode group and,said segpnd e ectrtﬁﬁéggégmn addr ess
nat’ed

electric di SsRSEFACBARShATAC]ANG RFAFIT% LETEHIS RLFTHR ed by
duci disch bet Ld Saj [ ,
P ousta APREESR! BF, PROttaRyc Pnrrebina Gl Hid dnte ey [of baé OUPS

em ssi on b&: g&ggucing an el ectric discharge between said first and
sai d second“aPEeEFdde groups, said driving nethod conprising the steps of:

generating a di SGBRLYAINY U Anld Riddeift ArARIHGIH] & SAPDlnPlahger a
g electric discharge is finished
erasing period can be arranged one time per several sub-
fields, thereby improving the contrast.

While we have sﬁoWn and descfibed several embodiments
in accordance with the present'invéntion, it is understood
that the invention is not limited thereto, but is
susceptible of numerous changes and modifications as known
to those skilled in'the-art, and we therefore do not wish
to be limited to the details shown and described herein,

but intend to cover all such changes and modifications as

are encompassed by the scope of the appendedlclaims.




to erase and m“calﬁy charged particles in a ceII |n whlch a

sustai ni ng el euﬁgshgetﬁgss&g?ﬁ as been carried out;

g¢
el ectrically ch present inall cells due t ﬁgﬁmcéiﬂ&@ﬁ*rﬁﬁfﬂ
di scharge cause ﬂ ,mm!m line erasing pulse, and canc vol t ag
of an equali zi ied to one of said first and qaild Bd1993

e

el ectrode groups by said electrically cpprged particles rdsdl QﬁgF?n no
di schar ge; pol arizing said electrically charged partidl &
positive electrically charged particles and negative lelectrically

Q Infe

charged partixchefy 1S CLAIMED IS : —

1. A plasma display panel driving
method for a display panel having 2 plurallty of electrodes

. forming cells, including a first electrode group arranged on a

e ——————

permeable substrate and being capable of being

driven in common, a second electreae group arranged in-
parallel with said first electrode group on said permeable
substrate and being capable of beinE driven

in&ependently, a third electrode group arranged perpendicular
to said first and second electrcde groups on another substrate

and being capable of being driven o independently,

said dr:Lv:Lng method S comprising the steps of :

supplymg a voltage so as to produce an electric dlscharge in a cell
in whxch an electric discharge was performed beforehand; and

supplying another voltage without causmg__z_g!s@g_dmhg;g_

2. A plasma dlsplay panel dnvmg apparatus for a display Panel
having a plurality of cellsi compnsmg

a first electrode group arranged on a permeable substrate and being
capable of being driven in common;

a second electrode group arranged in parallel with said first
electrode group on said permeable substrate and being capable of being
_driven independently;

a third electrode group arranged perpendlcular to said first and
second electrode groups on another substrate and being capable of being
driven independently; and

I THIS SHEET HAS BEEN

LT T — e
* [4 L M s *




.80 supplying a regulating pulse to the other of Sg
sai d* secongnigbRetHaoBen Bepliagls af t er suppl yi ng said equal i zing

one of -said second el ectrode groups, for
ically charged particles which were
groups supplied with said equali zi

one polari
gathering-electrically charged particl egghaving the

sai d one of

d

rst _and

i

il
PIACEMERT SHEET

ed on

E%LQF x93

means for supplying a voltage so as to produce an electric discharge

a cell in which an electric discharge was performed beforehand, and

stvmmt———
—

neans for supplying other voltages without causing any electric discharge.

3. . A plasma display having a plurality of cells,

comprising:
~

a first electrode group arranged on a permeable substrate

and being capable of - being driven in common;

a second electrode group arranged in parallel with said

first electrode group on said permeable substrate and being

capable of being driven independently;

a third electrode group arranged perpendicular to

said

first and second electrode groups on another substrate and

being capable of .being driven independently;

and

means for supplying a voltage so as to occur electric discharge in

a~celltowhich the electric discharge was performed beforehand, and

means for supplying other voltage without causing any electric discharge,

thereby improving linearity of display gradation.

/

I | 1
| LURR ) O @




bt her pbl armm‘mctrode gr oup. 5. A BEHEAGEMEN;DSSEET "

panel  drivi fgsheefiiogeenReplaced di spl ay panel having a plurali fy¥-of

el ect rodes for cludlng first el ectrode group arrdanq pg Bai999
first subst ratglmm
el ectrode grou

pable of being driven in common,} g secon
said first substrate and being capabl ez being driven indedendently, a

Q).

parallel with said first el ectrqdé~grotp-
third el ectrode group arranged perpendicular to said first amdsecond
el ectrode groups on a second substrate and being capabl e of be%Hg driven
i ndependent | W- sai d dr|V|ng‘mmwh@ﬂm%odpspéaMgpanelsﬂ§p§1®9 _methodener at i ng

a sust ai ni ng electric. discharg suppl ying a sustaining pulse to
said first and &F & é’e’cﬁﬁkﬁ%l%ﬁ?hd@aﬁiﬁﬁpé plurality of electrodes

forming cells, including first electrode group arranged on a

permeable substrate and being capable of _ being
driven in common, a second electrode group arrahged in
parallel with said first electrode group on said permeable
substrate and being capable of ' " being driven
independently, a third electrode group arranged perpendicular

to said first and second electrode groups on another substrate

and being capable of being driven independently,
equalizing means for equalizing | electrically

charged particles in all cells by gfoducing a discharge
between said first electrode g;oug and said second electrode

group, address electric discharge means for determining a
cell to be ’ illuminated by producing a discharge

between said second and said third electrode groups, and
sustaining electric discharge means for performing light
. emission by producing an electric discharge
between said first and said second electrode groups, said
driving : . _method comprising the | ; Steps of:
generating a discharge using a fine

line erasing pulse supplied after a sustaining electric
discharge is finished

to _erase and polarize electrically charged particles

in a cell in which a sustaining electric discharge

has been carried out;

=

N W




pol ari zi ng ectrically charcggd particles in a cell by .suppl

| i ne erasing lsg&t 1B said first and said second el egfit HA&EM&B@SSHEE—Y
gat heri ng el ecim d particles having one of the polfarities in
the vicinity o \“\‘\ ' d said second el ectrode groups; 09 FEB 1998

80
gathering said electrically chardged
particles present in all cells due to said

electric discharge caused by the fine line erasing pulse, and
canceling the voltage of an equalizing pulse supplied to

one of said first and said second electrode groups by said

electrically charged particles resulting in
no discharge; |

pelarizing said ' electrically charged
particles into positive - . ,_electrically
charged particles and _ negative

electrically charged particles_;_u ,

supplying a regulating pulse to the other .
- of said first and said second electrode groups after
supplying said equalizing pulse to Said one of said first and
said second electrode groups, for gathering

one polarity of electrically charged particles_which

were gathered on said one of said electrode groups supplied

with said equalizing pulse ; and

| gathering | electrically
charged particles having the other polarity on said third
eléctrode group..

5. - A plasma display panel driving
method for a display panel having a plurality of electrodes
gforming cells, including first electrode group arranged on a
first substrate and being capable of being driven in

common, a second electrode group arranged in parallel with

R

\ \‘*““t\: \““I\. “‘l\ “‘\S‘ “ \!‘\ | : THIS SHEET HAS BEEN
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81 gathering said electrically charged particles havi nRERIACEMINE SHE SHEET
polarity in mh&&ﬁ&s’ﬁe&h&' gaid third electrode group by suppfying™a ™™ |

equal i zi ng pu of el ectrode groups; and su y
regul ating pum llﬂﬂ m G{ﬁﬁs 1938
el ectrode gro

p
than said equalizing pulse to th
st and sai d second el ectrode groupsiwi-thout
produci ng an el ectric discharge.. g8 A plasma panel dipplay driving

met hod according to the claim 4 or 5, further conprising—tte—STEPS
of producing an electric discharge between said first
said first electrode group on said first substrate and being
capable of being driven independently, a third
electrode group arranged perpendicular to said first and

second electrode groups on a second substrate and being

capable of being driven independently, said driving
" method comprising the steps of:

dgenerating a sustaining electric dischargg
by supplying a sustaining pulse to said first and said second
electrode groups ) i
polarizing electrically charged
particles in a'céll by supplying a fine line erasing pulse to

one of said first and said second electrode groups’

= 4
gathering electrically charged
particles having one of the polarities in the vicinity of said
first and said second eiectrode groups | ,;; |
gathering said " electrically chardged

particles having the other polarity in the vicinity of said
third electrode group by éupplying a equalizing pulse to said
one of electrode groups; and

supplying a regulating pulse rising later than said
equalizing pulse to the other electrode group of said first
and said second electrode groups without

producing an electric discharge.

6. : " A plasma panel display driving

nethod according to the claim 4 or 5, further comprising the

) DR TRIS SHEET HAS BEEN
* 4 L M S * .

REPLACED




el ectrode group eesms@ cond el ectrode group.-by supplying SI%ERLAGEMENT SHEET

equal i zi ng pul s lggkd t'he el ectrode groups after suppl Vi HG POWeT
and gat hering el rged particles having one of the pq%@rvtgeﬁga
ih the vicinity of s and sai d second el ectrode grougs fand™

gat hering electrlcally charged particles having the other pgl ar-t-—i-n-the |
vicinity of said third electrode group gpy supplying said |{regul ating
pul se after said equalizing pulse is supplied. 7. Aprasmm

di spl ay panel driving nmethod according to claim4 or 5, further conprising

the steps of pr3%RRS MF an address el ect ptoddecingappe ellechedie sHistheeryend

el ectrode group and said third electric 8roup after gathering
an

el ect ri ReTWeamAYd Hirst @ ackHedagIsauPorndhsajdl seiconds electrode
group by supplying said equalizing pulse to said one of the

electrode groups after supplying power, and gathering
electrically charged particles having one of
the polarities in the vicinity of said first and said second
electrode groups and gathering electrically
charged particles having the other polarity in the vicinity of
said third electrode group by supplying said regulating pulse
after said equali;ing pulse is supplied.
7. A plasma display panel driving

method according to cléim 4 or 5, further comprising the

Steps of producing an address electric
discharge between said second electrode group and said third
electric group after gafhering elecfricallg
charged particles having one of the polarities in the vicinity
of the said first and said second electrode groups and
gathering - glectrically charged particles
having the other polarity in the vicinify of said third
electrode group, and performing a sustaining electric

discharge.

8. A plasma display panel driving Mmethod

according to claim 4 or 5, further comprising the step
of supplying said regulating puise to said other
electrode group within 0.3 usec-2 usec after supplying

said equalizing pulse to said one of said electrode
S

| O A VA [

groups




~in the vicinity of the said first and said second el ectrode qrouog and
gathering el ectrically charged particles having

Bt ACEMEN
82 " the other polarity in the vicinity of said third el ectrbﬁ%}' AU ’iﬁl-wSHEET
. ‘__/__/—’_’—_ .{
\ 1 08 FEB 1998
HasBeen\liﬁiiied { o
9. A plasma display panel driving_method according to claim

4 or 5, further comprising the step of providing several fine line erasing
pulses including a first fine line erasing pulse whose pulse width is within
0.5 psec-2 psec and at least a second fine line erasing pulse whose pulse
width is equal to or less than said first pulse width for performing erasing
and polarization of said electrically charged particles.

10. . A plasma display panel driving _
method according to claim 4 or 5 further, comprising the
steps of supplying said equalizing pulse to said second

electrode group, and ﬁaintaining the supply of said regulating

pulse to said first electrode group until ' selecting
cells to be : " _illuminated for gathering

electrically charged particles to _a predetermined

electrode group.

11. A plasma display panel driving
method according to claim 4 or 5, further comprising the step
of dividing said regulating pulse into a first pulse for
equalizing ' electrically charged particles in
all celis and a second requiating pulse supplied during a
period for ¢ N gelecting cells to be
illuminated.

12.

A plasma display panel driving method
according to claim 4 or 5, further comprising the step

—_—

A T ! I




group, and pMng el ectric discharge. REPLACKME! s SREET
di spl ay panel mgﬁasfﬁémaaﬁcordl ng to claim4 or 5, furt h%g conpri si ng

thé step of su ulating pulse to said other eletrgge
g‘ c after supplying said equalizin
sai d one of sai ups. 9. A plasna displjayt-paret

W|th|n03[err pulseto
driving nethod according to claim4 qr. 5, further conprising the step of

provi di ng several fine line erasing pl§|4ses including a first—fime 1T ne
erasi ng pulse whose pulse width is within 0.5 err]sec-2 [err]sec and at

| cast a secos st IR iE W aRaHRE Yo Be Yubldhndiny Wt 16 O

| ess than said
the voltage of said sustaining pulse for performing display electric

discharge.

13. A plasma display panel driving

method according to claim 11, further comprising the step of

setting the falling - edge of said equalizing pulse after
the falling ~edge of said first regulating pulse

: by within 1 psec.

14. A plasma display panel driving
method according to claim 4 or 5, further comprising the
| . Steps of perforﬁing a discharge in all cells by
supplying full electric discharge pulse to one of said first
and said second electrode groups one or several times per one
field or several fields after performing a sustaining
discharge, and then supp.lying said fine line erasing pulse for

performing a discharge in all cells for erasing

" electrically charged particles so as to
gather electrically charged
pérticles having the positive and negative polarities in the

vicinity of said first and said second electrode groups,

_Lespectively.
15. A plasma display panel driving method according to claim
4 or 5, further comprising the steps of supplying a plurality of fine line
erasing pulses to said first and second electrode groups alternatively, and
shortening the pulse width of said fine line erasing pulses which are
supplied afterward, and supplying the last fine line erasing pulse to said

one electrode group. rﬁs—_s%u -
R O R




for performng erasi ng and pol ari zati on of said el
charged particl es. 10. A plasma display panel drivingf RE
accordirng to ctai her, conprising the steps of
edual i zi ng puyl.se to said second electrode group, and mai ntainiin
of said regu esieRdplacegal d first el ectrode group untifl

cells to be l r gatheringsel ectrically charge
pr edet er mi ned p. 11. A plasma display
met hod according to clai or 5, further conprising the step
said regulating pulse into a first pulse for equalizing

gotghg_ su pI y

16. A plasma display panel driving

method according to claim 4 or 5, further comprising the step

of supplying said equalizing pulse to said one - electrode
group, and setting the falling edge of said equalizing

pulse : to a time more than 1 usec.

17. A plésma display panel driving circuit
compfising:

a first electrode group arranged on a first substrate and
driven in common; -

a second electrode group arranged parallel to said first
electrode group on saidkfirst substrate and controlled
independently; o

a third electrode'group arranged perpendicular to said
first and second electrode groups on a second substrate

facing said first substrate and controlled
independently;. |

a first driving circuit connécted to said first electrode
group for supplying a first driving pulse;

a second driving circuit connected to said second
electrode group for supplying a second driving pulse;

a third driving circuit connected to said third electrode
group for supplying an address driving pulse;

means for supplying a fine line erasing pulse to one of

said first and second electrode

-
Ll
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REPLACED
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electrlcally charged particles.in all cells and a second REPLAC&WENT SHEET
regul ati ryis 81 during a period for selecting ¢etts—to-be

R JCEE
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groups from said driving circuit conneétedlto saiad
_ electrode group after sustaining discharging;
means for supplying * the equalizing pulse to said one
electrode group from said driving circuit connected
to said one electrode group;
means for supplying a regulating pulse,
which js delaved from the rising édge of said egualizing pulse
to the other electrode group of said first and said second
electrode groups from said driving circuit connected said
.. other electrode group, and for gathering
electrically cgafged particles having one of opposite
polarities in the vicinity of said first and said second
electrode groups and for gathering
electrical charged particles having the other polarity in -

. the vicinity of said third electrode group.

18 A plasma display panel driving circuit
according to claim 17, further comprising means for
supp;ying said regulatiﬁg pulse to said other electrode
group within 0.3 usec-2 usec after supplying said

equalizing pulsé to said one of said electrode groups.

e SHFET HAS BEEN
REPLACED
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12. A pi asmmW met hod according to claim4 or 5,

to be sustanti &Pf e vol t age of said sustaining pul

e
further conprisj ﬁ&@ﬁs ﬁﬂep@F etting the voltage of said rewﬂw %EHEET

perfornming displ schar'ge. 13. A plasma difs panel
driving nethod a o claim 11, further conprising the stepﬁ/«gf FEB 1998
setting the falllng edge of said equaligpng pulse after the ffalyl i ng edge of

said first regulating pulse by within 1 [err]sec. 14. |A plasma
di spl ay panel drving nethod according to claim4 or 5, furthelr_conprising

the steps of perfojgn N9A%lasma display panel driving circuit according to claim 17

or 18, further comprising means for generating a plurality of fine line
erasing pulses from said first and said second driving circuits, the pulse
width of a first fine line erasing pulse_being within 0.5 usec-Z—pg and
_the pulse width of a second fine line erasing pulse being equal to or
shorter than said first fine said line erasing pulse.

20. A plasma display panel driving circuit according to claim 17,
18 or 19, further comprising means for supplying from said second driving
circuit said equalizing pulse to said second electrode group and for
supplying said regulating pulse from said first driving circuit to said first
electrode group during the addressing of cells to be illuminated.

21. A plasma display panel driving circuit according to claim 17,
18 or 19, further comprising means for generating first and second
regulating pulses from said driving circuit connected to said one electrode

group.

22. A plasma display panel driving circuit according to claim 17,
further comprising means for setting the voltage of said regulating pulse
to be substantially identical with the voltage of said sustaining pulse.

23. A plasma display panel driving circuit according to claim 17,
18 or 20, further comprising means for setting the falling edge of said
equalizing pulse after lapse of time of more than 1 psec by said driving
circuit connected to said one electrode group.
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drscharge in aII |ng full electric discharge pu
said first and second eIectrode groups one or several tine
fi.eld or severa Baqummgprfornrng a sust ai ni ng di schargdg,
supplying said f ’ ng pul se for perform ng a dischar
cells for erasi charged particles so as to gathgr

electrically charged par having tgg positive and negati ve

in the vicinity of said frrst and said second el ectrode groups,

se-t-0—one.of
RERAOBMENT SHEF

d.llu [IIC]I
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larities

tively. t r-eHrg—t-6——
szpﬁ$4lg$ % further conprrsﬁ?g§@%8§%§%lggpséﬁ%%:ékgglgsppura ity of fine
line erasi ngaéb&ﬁﬁfn%%cﬁdﬂhim fﬁ‘ie aPGrERELNEompPE51AEC mEa AP For

alternatively, and ortening t
supplying, after performing sustaining discharge, a full

writing electric discharge pulse one time or several

times per one field or several fields generated from, the

one driving circuit of said first and said second driving

circuits which  is connected to said one electrode

_ group.

25. A plasma display panel driving circuit according to claim 21,
further comprising means for setting the falling edge of said equalizing
pulse after the falling edge of said first regulating pulse by within 1 psec.

26. Iy A plasma display comprising:

a first electrode group arranged on a first substrate and

driven in common;

// THIS SHEET HAS BEEN
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84 pul se ngLh_Q#fsara’?TﬁE’rrné erasing pul ses which are supplied

aftervard, and suppl ying the haat fine line erasing pulse to S%EFEL@EMENT SHEET

U [

a second electrode group arranged parallel to said first
electrode group on said first substrate and controlled
independently;

a third electrode group arranged perpendicular to said
first and second electrode groups on a second substrate

facing said first substrate and controlled
independently; '

a plurality of cells constructed at the cross _
points of said first and said second and said third electrode

groups;
means for péiforming _an electric discharge for
‘erasing and polarizing _ electrically charged

particles in cells performed a sustaining discharging during a
period after sustaining discharging and just before the
beginning of an address periocd;_and

means for equalizing -

electrically charged particles in all cells by said discharge

for erasing and polarizing.

27. - A plasma display comprising:

a first electrode group arranged on a first substrate and
driven in common;

a second electrode group arranged parallel‘to said first
electrode group on said first substrate and controlled
independently;

a third electrode group arranged perpendicular to said

first and second electrode groups on a second substrate
_ SoEEETTRT 9TOuRS

O O A O




16. A plasnma display panel driving nethod according to clal AT Y
further conprising the step of supplying said equalizing pul ﬁEPQA@ENENﬁth{ET

el ectrode grommmsandﬂaeﬁaﬂnﬁmmhe falllng edge of said equali Zi fg—putse-to—a

tijre nore than A plasma display ¢
driving circu a first electrode group rraﬁgidFéﬁ %ﬁ3

first substrate en I'n common; 80 a second el ectrode¢ dgeoup
arranged parall el to sald first electrode group on said jfirst

substrate and controlled i ndependently;
facing said first substrate and controlled

independently;
a plurality of cells constructed at the cross

points of said first and said second and said third electrode

groups;
means for generating a discharge using

a fine line.erasing pulse supplied to one of the
electrodes of said first and said éecond electrode

groups after a sustaining discharge and for erasing and

polarizing -~ electrica charged particles
generated in cells " by said sustaining discharge;
means for gathering ' electrically

gharged particles having one of opposite polarities in the
vicinity of said first and said second electrode groups and
for gathering 1 i electrically charged particles
having the other one of the polarities in the vicinity of said
third electrode group by supplying '_gg equalizing pulse to
said one of the eleqtrodes and by supplying a regulating pulse
to the other S of said first and said second
electrode groups so as to be able to produce a discharge for
addrgssing which determines light emitting cells by said third

electrode group.

28. A plasma display according to claim 27,
further comprising means for supplying said regulating pulse
to said other electrode group within 0.3 usec-2 psec after

supplying said equalizing pulse to said one of said electrode

g st
e
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athird elei;ngE/ngup,a%raﬁﬁéd perpendi cular to said first and second -
el ectrode g on a second ﬁubstrate facing said-first subs EQGEHENT SHEET

control |l ed inde ggﬁwme,Rﬂmme a first driving circuit cof
said first e or supplying a first driving pul ge; -a
second drivin nected to said second electrode|gppFEBri398

supplying a sec I'ng pul se; 9a third driving circuity gonnected to
said third el ectrode group for supplying an address driving pyl s&;

means for supplying a fine line erasing pulse to one of said flirst and
second el ectrode groups fromsaid driving circuit_connected to_ said

el ect r o MBAPE R 1R LLRRR AR ng di scharging; electxically charged

particles having one of said polarities in the vicinity of

70

said first and said second electrode . groups and

. electrically charged particleé having the

other one of said polarities in the vicinity of said third

electrode group.

29. * A plasma displéy according to claim 27,
further comprising a first driving circuit connected to said
first electrode group, a second driving circﬁit connected to
said second elecérode group, means for generating 2 plurality.
of said fine line erasing pulses including a first fine line
erasing pulse having pulse‘g;width within 0.5 usec—2 usec and
a second fine line erasing pulse having a pulse width eqﬁal to

or less than said seco#d fine line erasing.pulse, and means

for erasing and polarizing electrically
charged particles by supplying a last pulse of said fine line

erasing pulses to said one of said first and second electrode

groups.

30. A plasma .c_l'is.play accordin§ to claim 29
further comprising means for supplying from said second
driving circuit said equalizing pulse to said second
electrode group and for maintaining supply of.said
:egulat;ng pulse supplied from said first driéing

. Circuit to said first electrode group during addréssing
\\\
RO o

of a‘ e
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A B REPLACED




85 means_for supplying—the—equalizing pulse to said ons

group fromsaid driving CIrCUIt connected to said one elect 0
means for suppl yihR@net K GednXep pul se, which is delayed fro the ri sing
aifd 1 FEBtEE8

edge of said equa m“nm““\‘m“o the ot her el ectrode group of

and sai d second

* ¢ L M s *

cells to be iﬂunﬂnaﬁng,

31. A plasma display acccrding to claim 29,
further comprising means for generating from one of said
first driving circuit connected said first electrode
group and said second dr1v1ng circuit connected to said
second electrode group <first and second regulating
pulses. '

32. A plasma display according to claim 27,
further comprising a fitet driving circuit connected to
said first electrode group, a second driving circuit
connected to said second electrode group, and means for

Setting the voltage of said regulating pulse to be
substant;ally identical with the voltage of saxd

sustaining pulse by means of one of
said first and said‘second driving circuits.
33. A pleema.dispiay according to claim 27,
further comprising a driving circuit connected one of
(-i said first and said second electrode groups, and means
for setting the falling edge of said equalizing pulse after 3
lapse of time of : more than 1 usec by said driving circuit
connected to said one . electrode group. _
| 34. A plasma display according to claim 27,
further comprising a first dciving circuit connected to
said first electrode group, a second criving circuit
~ connected to said second electrode group, and means for
generating a full writing pulse one time or several .. . ... S

{ TS SHEET HAS BEEN
times per one field or several fields from one\o: REPLACED




el ectrode groups formsaid driving circuit connected said other_eLeGL#edeww4--"
group, and for gathering electrically charged particles havi ngﬁEH_AﬁEMENT SHEET
opposite polarities in the vicinity of said first and said secpng—eftectTode

groups and for gathering electrically charged particles havingjt neﬁ% ng%%%gs

polarity m—{—he—%q—er—m-wﬁ#—%aldthlrd el-ectrode group. 18.

di spl ay panel dr| ving circuit accordingsto claim17, further conpLising-— o
means for s Bﬁallkbplaeﬂgul ating pulse to said other electréde group

within 0.3 [ sec after supplying said equalizing*putse-to———""
sai d one of groups. 19. A plasma display panel

drivi ng Ci I’CUIt accor

" said first and said second driving
circuitt and for performing a discharge in all cells

after sustaining discharge is finished.

35. : A plasma display panel driving .
method comprising the steps of: '

dividing one field into several sub-fields and providing

an address period for setting cells to be

illuminated and a sustaining period for light
emission: and .
| ] _forming a field block

» * - > . 'tin
with a plufalz.ty of sub-fields and arranging 2 full writing
electric discharge and a full erasing electric discharge in a

first sub-field of said field block.

36. : . A plasma display panel driving
method according t$ claim 35, further comprising thé .step of °
performing discharge in selected cells in which light
emission is performed by said sustaining electric
discharge in said sub-fields of said sub-field block, except
for .the last sub-field of said sub-field, thereby keeping the

THIS SHEET HAS BEEN
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to claim 17 or I8 further conprising neans for generating a _plurality.of

fine line erasi r’}_glpgul ses_from sa(i d first and said second dri REBWEMENTSS}HEH

t he. pul se wi dth
[err]sec-2 [err]s
bei ng equal to or

mqﬁiﬁl ﬁaﬁ i ne erasing pul se being with
se width of a second fine lin
H t said first fine said |line eraslfﬁiﬁénggﬁﬂéﬁf

94
condition of .g;gct;;gg;;x charged particles
almost the same after performing full writing

electric discharge and full erasing electric discharge.

37. A plasma display panel driving
method according to claim 35, wherein 2 plasma display

Xpanel has a first electrode group covered with a
dielectric layer and arranged on a first glass substrate and
driven in common, -a second electrode group covered with a
dielectric layer arranged parallel to said first electrode
group on said tifét glass substrate and controlled
independently, a third electrode group covered with a
dielectric layer and arranged perpendicular to said first and
said second electrode groups on a second glass substrate
i ) : facing said first substrate and controlled
ihdependently, and said'&riving .~ method further
comprising the step of performing discharge in selected cells
in which light _ emission is to be performed by said
sustaining electric discharge in said sub-fields of said
sub-field block. except _for the last sub-field of said
sub-field, thereby gathering positive
electrically égarggg particles on said dielectric layer
covering said third electrode gfoup and gathering negative
. ) ,_g;gg;;;ég;;g=ggg;gg_ partlcles on said
dielectric 1ayer coverlng said first and said second electrode

groups for 1eav1ng_§gg condition of

ORI OB R A THiS SHEET HAS BEEN
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86 20. A plasma display panel driving circuit accor di Ngut-omClh-aiRmder

18 or 19, further conprising means for supplying fromsaid se EEEWEME?@@ §H§ET
circuit said egyrkhesi M BRRSslackd sai d second el ectrode group ang-—tor

supplying said r ' e fromsaid first driving circu t t

first electrode Bmmmmlﬂgumhe addressing of cells to be il{upm @530@5 ?&Q@
21. A plasnma dis ving cirggit according to clainl{..18 or
further conprising neans for generating first and second regufating pulses

fromsaid driving circuit connected to said one el ectrode grotp:

. electrically charged partjcles unchanged without

selection of an electric discharge.

38. A plasma display panel driving
method according to claim 37, further comprising the

steps of;: performing said address electric discharge for

i cells to be illuminated by
' producing a discharge between said first and

said second electrode groups and performing said sustaining
discharge between said first and second electrode groups
and ' '.._su.'pplying;=h after supplying the last
sustaining pulse to said first and said second elgctrode
'groups in all sub-fields of each sub~field block, except for
éach last sub-field, a firstnpulse having almost the same
voltage level as the voltage of said sustaining pulsé to one
of ' ‘said first and second electrode groups
to which the last sustaining pulse is not supplied and
performing electric discharge in said cell in which said
sustaining electric discharge has been performed [ and
arranging 2 second pulse rising after 0.3 usec-1.5
usec from the rising edge of said first pulse and supplying
said second pulse to the other electrode group of said first
and said second electrode groups to which said first pulse is
not supplied, and providing a plurality of fine line erasing
Pulses after supplying said first and said second pulses for

erdsing electrically charged particles in

the vicinity of said first and second electrode groups.

L




22. A plasm diéplay panel driving circuit according to clai
conprising means for setting the voltage of said regulating

substantially i dﬁ{;stghgélhasvgeg gqVvol tage of said sustaining

23. A plasm dISp ng circuit according to clai
further conprisin "mFﬂm
pul se after |apse

Eémd@ﬂ%‘@? SHEET‘.
170 9 FER 28 |

nquaI|2|ng

t|ng the falling edge of sai

< QBEEU:

e thangk [err]sec by said dr -t f-et-t-
connected to said one electrode group. 24. A plasma digpl ay panel
driving circuit according to claim17, further conprising nmeans for
supplying, aftfy, A plasma display panel driving

method according to claim 38, wherein the voltage of said
first and said second.pulses and said fine line erasing pulse,
supplied after the supply of said sustaining pulse having a
voltage level which is the same as the sustaining voltage, is
selected so as to cause sustaining electric discharge in cells
in_which said address electric discharge is
carried out and to cause no sustaining electric discharge in

cells in which no -electric discharge is _

. g;odgced.
40. . A plasma display paﬁel driving
method according to claim 38, wherein _ a

first address pulse is supplied to cells in which no full

writing electric discharge and no full erasing electric

discharge are S Produced, and said first address
pulse has a voltage level higher than a voltage level

of a second address voltage supplied to the other cells in
which said full writing electric discharge and said full
' erasing electric discharge are. ' _produced.

41. " A plasma display comprising:

a first electrode group arranged on a first sﬁbstrate and
driven in common; |

a second electrode group arranged parallel to said first
electrode §roup on said first substrate and controlled
independently;

““l“l “‘I“ l““ “I“ “ |“l : THIS SHEET HAS BEEN ll
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one_  tinme or sev one field or several fields generd
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a third electrode gfoup arranged perpendicular to said

first and second electrode groups on a second substrate
| facing said first substrate and controlled

independent;y; .

a field block constructed from a plurality of sub-fields;

means for - producing a full writing electric
discharge between said first and said second electrode groups
in a first field of said field block;

means for . _producing an electric discharge
by supplying a selection electric discharge pulse to one of

~ said first and said second electrode

' groups in said sub-fields of each field block, except for each

last sub-field, in cells in which light emission is
produced by a sustaining discharge; |

means for gathering elec ic
charged particles havirig one of gpposite polarities in the
vicinify of said first and second electrode groups and
gathering electrically charged particles
having the other polarity in the vicinity of said third
electrode group by supplying said selection electric
discharge pulse to said one electrode group and by
supplying _an electric charge particle control pulse to the
other one of said first and second electrode groups; and

‘means for performing no selection electric discharge in
cells in which light ' _emissjon is not Lo
be produced by said sustaining electric discharge. R

O R
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connected to said one el ectrode group. 25. A plasma di spf 9 T i
driving circuit according to claim?21, further conprising nean @&K@EM&HEET
the falling edge of said equalizing pulse after the falling edpe}of said
first regulating pulse by within 1 [err]sec. 26. A plas di 819 PEB 992 |
conpri si ng: a fiTst—electrode—group arranged on a first supsjrate and :

driven in comon, . a second el ectrod?agroup arranged par al | pl =to~sai-gss
firs substrate and contfoll ed

first electrodel® as Replaged
I ndependent | y; ' m mmct rode group arranged perpendi cular to sard

42. i
A plasma display according to claim 41,
further comprising means for supplying a sustaining
pulse to said first and saig Second electrode groups and

mns for Ssupplying 2 last sustaining pulse to said
other electrode group. |

43. i |
' . A plasma display according to claim 41,
wherein the rising edge of said eleétr'
. ically
charged particle control pulse " has a time lag of 0.3

usec-1.5 isi ;
. #sec from the Tising edge of said selection electric
discharge pulse. .

) a e e ee com———
. —— . - .
‘ - er b e m——

44. A plasma display éccording to claim 41,
further comprising means for supplying said fine line

erasing pulse to said first and said second electrode

~BIOUPS  after a selection electric discharge pulse is

supplied.

- ' -




first and second el ectrode groups on a second substrate facing said first

substrate and control |l ed i ndependently; a plurality of cells
constructed at the cross points of said first and said second and said
third el ectrode groups; means for performng an electric discharge for

erasing and p#l arizing electrically charged particles in cells perforned a
sustai ning di schargi ng. during a periodgafter sustaining discharging and

Lqual i 21 ngLasuA: PROREAY. cHRCYSHG,AFFRERILS FON A Sdmaten, PIEFAY. 00\ oo

for erasiggnggdagglgik%&ﬁa.nzrnon T%énzézplasna di spl ay conpri sing:
-~ABSTRACT OF THE DISCLOSURE

A plasma display panel driving system having common X

electrodes.arranged on a front glass substrate driven ip
common, independent Y electrodes arranged parallel to the
common X electrodes on the front glass substrate driven
independently, address A electrodes arranged perpendicular to™
the common X electrodes and the independent Y electrodes on
the back glass substrate driQen independently, and means for
performing at least one electric discharge for equalizing
electrically charged particles in a cell in which another
electrically charged particle is produced beforehand, thereby
improving contrast. Erasing and peclarization of électrically.

charged particles are performed by a fine line ergs%gg pul§§

after a sustaining period, and an equalizing pulse having a
high voltage level is suppiied to the indépendent Y electrode
to which the last fine line.erasing pulse is supplied, and a
regulating pulse is supplied to the common X electrode after
supplying the equalizing pulse. Further, a field block having
plurality of sub-fields are provided, and a full writing
electric discharée and a fine line erasing electric discharge
_are performed in the first sub-field of each field block for

reducing the number of electric discharges.--
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.in Conmon;

— ;. K
a first electrode group arranged on a first substrats GEMENWESHEEF
a sec’mmd;heétﬁgstg QL.qup arranged parallel tp kaid first
el ectrode group on mmm,m””,m”,rubst rate and 0% NGV "R
_ | _ ]
CLAIMS: R
1. A plasma display panel driving method for a

display panel having a plurality of electrodes forming
cells, including a first electrode group arranged on a
permeable substrate and being capable of being driven in

common, a second electrode group arranged in parallel with

- said first electrode group on said permeable substrate and

being capable of being driven independently, a third
electrode group arranged perpendicular to said first and
second electrode groups on another substrate and being
capable of being driven independently, said driving method
comprising the steps of: |

supplying a voltage so as to produce an electric
discharge in a cell in which an electric discharge was

performed ope time beforehand gxgep

. An_said cell ; and

supplying another voltage without causing any

electric discharge.

2. A plasma display panel driving apparatus

~for -a display panel having a plurality of cells,

comprising:

a first electrode group arranged on a permeable
substrate and being capable of being driven'in common ;

a second electrode group arranged in parallel with

said first electrode group on said permeable substrate and

being capable of being driven independently;

I
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HtPLAUtMtN! gy

contyol f ed |nde endent | y; a third el ectrode group arranige
per pendi cul aft ‘E ?S@efnlieslacednd second el ectrode groups on egangigy 1399

" substrate fac substrate and control | ed i ndepehdent|y;
plurality of ed at the cross points of said first—amd sala

second and sald thlrd e ec rode groups; means for generpting a
di-scharge using a fine line erasing pd?%e supplied to one of the

€l ectrodes of said dithirdnalesicbdeouruielantangpdd gpeapenddtudéarato
sust ai ni ng di scharge and for erasing and polarizing electrically charged
particl es gemidafiust nandlsecdnd silettrodaigronpsdiosc laanogder subsbuatef or
gathering electrically charged particles having one of opposite polarities
in the V|C|amdybﬁinga¢%P¢bl%t02uub@%n§iQﬂiﬂﬂﬂjlﬂdﬁﬂﬁnﬁﬁgtéwdupﬁdand for

gathering . ;
means for supplying a voltage so as to produce an

electric discharge in a cell in which an electric

aischarge was performed gpe time beforehand except abnormal

ate « i aid c ; and
| means for sqpplying other voltages without causing
any electric discharge.

3. A plasma display having a plurality of
cells, comprising: .

a first electrode group arranged on a permeable
substrate and being capable of being driven in common;

a second electrode group arranged in'parallel with
said first electrode group on said permeable substrate and
being capable of being driven independently;

a third electrode group arranged perpendicular to
said first and second electrode groups on another substrate
and being capable of being driven independently; -

end means for supplying-a voltage so as to occur

electric discharge in a cell to which the electric

diécharge was performed one time beforehand_gxcept abnormal
gtate occurs in said cell ; and

means for supplying other voltage without causing
any electric discharge, whereby improving linearity of

display gradation.

R
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el ectrical .y charged particles having the other one of the polarities in
1alizing pulse

‘t he V|C|n|ty of “sard-thirt—eteetrode group by suppl yi

to said one of t esil ectrodes and by supplying a regulRﬁPLrM}E

MENF SHE

ot her of said fi¥ ¢¢dnd el ectrode groups
produce a dischar fﬁ I ng whi ch det gyym nes

said third el ectr 28. A plasma displ g
27, further conprising neans for suppl ying said regu

SQ

|cht

&Q"thg{é@ac‘

y|a

atli

TU Tttt

ng . pulse to

tO

ljs by
i m

said first and said second driving

circuits
after s

35. (cancelledq)

36. (cancelled)
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nd for Performing a discharge in all cells
ustaining discharge is finished.



89 . sai'd other electrode group within 0.3 psec-2 [err]sec after suppl

o,

ying

~sai d i zi I id f id el d
ol lecting el ectrically —charged partcles having oREDEMENLSHEET e
in the vicinity of said first and said second | el ectrode gr oups
and electrically charged particles having the other )n 0fQ NV 88 afities
inthe vicinity of said third el ectrode g?b4up. 29. A plasnma digp| ay
accordi ng t¥ cl afeamyelled) her

-
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conprising a first driving circuit connected to said fi
-a second driving circuit connected to said second el ect
for generating a plurality of said fine |line erasing py
first fine line erasing pulse having pulse a width with
[err]sec and a second fine line erasing pul se having a
or less than said second fine |ine erasin85pul se, and 1

pol ari zing electrically_charged particles by supplying

WQLO )1
| §es™ 1 ncl udi
i . & Laurhagct 2
ptlge"'vmgdt’h%g%u | {to

e afns—f-or—era 3
a last pulse of s&id

fine Iine e?ﬁsinécﬁBF§i§eﬁb said one of said first and
gr oups. 30.
conprising neans for supplying fromsaid
equalizing pulse to said second electrode

—_—

NN O

seconda el ectrode -

A plasma di splay according to claim29, further
second driving circuit

sai d

_
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group and for maintaining supply of said regulating pu
said first driving circuit to said first electrode gro

addr essi ng of cells to be illumnating.
REPLACEMENT SHEET ' 90

96
39. (cancelled)
40. (cancelled)

41. (cancelled)
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31. /A pllasma display according to claim29, further co ﬁE?LnﬂlWﬁéﬁsSH&pl
-generating fromone of said first driving circuit conne tqd“sald st
el .ectrode group and said second driving circuit connectqd t3b§a§g\5@@9n(
el ectrode group first and second regul ati ng pul ses. d

di splay according to claim27, further -conprising a firgt ldeiwviag
connected to said first el ectrode group, sg second dri vi CIrCUIt connect €d
to said second el ectrode group, and neans for setting the—vottage=ol—sald
regul ating pulse to be substantially identical with the voltage of said
sustai ni ng pul se by neans of one of said first and said second driving
circuits. | 33. A plasma display according to claim27, further

CI'I\.;uIt 3

-
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e
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conprising a driving circuit connected one of said first and said second
‘el ectrode groups, and neans for setting the falling edge of said equalizing

pul se after a lapse of tinme of nore than 1 [err]sec by
connected to said one el ectrode group. 34. A plag
to claim?27, further conprising a first driving circuit
first electrode group, a second driving @Brcuit connec

el ectrode g%oup, and neans for generating a full wwiti%

several tif@s pdrapgelied)d or several fields fromone

REFLALBMETR bee g

(¢
(S

g

onnected t0 S

{0og sROY 1389 > d r

pul se one

(0]

“Sard—fi++st+—ahd

sai d second_driving circuits and for perforning a discharge in all cells

after sust&Pni ndcarsepardd is finished.
44. (cancelled)
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CLAIMS
1. A plasma display panel driving method for a

display panel having a plurality of electrodes forming
cells, including a first electrode group arranged on a
permeable substrate and being capable of being driven in
common, a second electrode group arranged in parallel with
said first electrode group on said permeable substrate and
being capable of being driven independently, a third
electrode group arranged perpendicular to said first and
second electrode groups on another substrate and being
capable of being driven independently, said driving method
comprising the steps of

. supplying a voltage so as to produce an electric
discharge in a cell in which an electric discharge was
performed one time beforehand except abnormal state occurs

in said cell; and

supplying another voltage without causing any electric
discharge.

2. A plasma display panel driving apparatus for a
display panel having a plurality qf cells,
comprising: |

a first electrode group arranged on a permeable
substrate and being capable of being driveh in common;

a second electrode group arranged in parallel with
said first electrode group on  -said permeable substrate and

being capable of being driven independently;

-
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a third electrode group arranged perpendicular to said
first and second electrode groups on another substrate and
being capable of being driven independently;

a first circuit which supplies a voltage so as to

" produce an electric discharge in a <cell in which an
electric discharge was performed beforehand; and

a second circuit which supplies another voltages

without causing any electric discharge.

3. A plasma display having a plurality of cells,
comprising:

a first electrode group arranged on a permeable
substrate and being capable of being driven in common;

a second electrode group arranged in parallel with
said first electrode group on said permeable substratg and
being capable of being driven independently;

a third electrode group arranged perpendicular to said
first and second electrode groups on another substrate and
being capable of being driven independently:;

a first circuit which supplies a voltage so as to

. accur electric discharge in a cell in which the electric
discharge was. performed beforehand; and

a second circuits- .which | supplies another voltage

without causing any electric discharge,: whereby improving
linearity of display gradation.

4. A plasma display panel driving method for a
display panel having a plurality of electrodes forming

cells, including first electrode group arranged on a
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permeable substrate and being capable of being driven in
common, a second electrode group arranged in parallel with
said first electrode group on said permeable substrate and
being capable of being driven independently, a third
electrode group arranged perpendicular to said first and
second electrode groups on another substrate and Dbeing
capable of being driven independently, equalizing means for
equalizing electrically charged particles in all cells by
producing a discharge between said first electrode group
and said second electrode group, address electric discharge
means for determining a cell to be illuminated by producing
a discharge between said second and said third electrode
groups, and sustaining electric discharge means for
performing light emission by producing an electric
discharge between said first and said second electrode
groups, said driving method comprising the steps of:

generating a discharge using a fine line erasing pulse
supplied after a sustaining electric discharge is finished
to erase and polarize electrically charged particles in a
cell in which a sustaining electric discharge has been
carried out;

gathering said electrically charged particles present
in all cells due to said electric discharge caused by the
fine line erasing pulse, and canceling the voltage of an
equalizing pulse supplied to one of said first and said
second electrode groups by said electrically charged
particles resulting in no discharge;

polarizing said electrically charged particles into

positive electrically charged ©particles and negative

electrically charged particles;
[
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| supplying a regulating pulse to the other of said
first and said second electrode groups after supplying said
equalizing pulse to said one of said first and said second
eleétrode groups, for gathering one polarity of
electrically charged particles which were gathered on said
one of said electrode groups supplied with said equalizing
pulse; and
gathering electrically charged particles having the

other polarity on said third electrode group.

5. A plasma display panel driving method for a
display panel having a plurality of electrodes forming
cells, including first electrode group arranged on a first
substrate and being capable of being driven in common, a
second electrode group arranged in parallel with said first
electrode group on said first substrate and being capable
of being driven independently, a third electrode group
arranged perpendicular to said first and second -electrode
groups on a second substrate and being capable of being
driven independently, said driving method comprising the
steps of:

generating a sustaining electric discharge by
supplying a sustaining pulse to said first and said second
electrode groups:

polarizing electrically charged particles in a cell by
supplying a fine line erasing pulse to one of said first
and said second electrode groups;

gathering electrically charged particles having one of
the polarities in the vicinity of said first and said
second electrode groups; “

[
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gathering said electrically charged particles having
the other polarity in the vicinity of said third electrode
group by supplying a equalizing pulse to said one of
electrode groups; and

supplying a regulating pulse rising later than said
equalizing pulse to the other electrode group of said first
and said second electrode groups without producing an

electric discharge.

6. A plasma panel display driving method according
to the claim 4 or 5, further comprising the steps of
producing an electric discharge between said first
electrode group and said second electrode group by
supplying said equalizing pulse to said one of the
electrode groups after supplying power, and gathering
electrically charged particles having one of the polarities
in the vicinity of said first and said second electrode
groups and gathering electrically charged particles having
the other polarity in the vicinity of said third electrode
group by supplying said regulating pulse after said

equalizing pulse is supplied.

7. A plasma display panel driving method according
to claim 4 or 5, further comprising the steps of producing
an address electric discharge between said second electrode
group and said third electric group after gathering
electrically charged particles having one of the polarities
in the vicinity of the said first and said second electrode

groups and gathering electrically charged particles having
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the other polarity in the vicinity of said third electrode

group, and performing a sustaining electric discharge.

8. A plasma display panel driving method according
to claim 4 or 5, further comprising the step of supplying
said regulating pulse to said other electrode group within
0.3 psec-2 psec after supplying said equalizing pulse to

said one of said electrode groups.

9. A plasma display panel driving method according
to claim 4 or 5, further comprising the step of providing
several fine line erasing pulses including a first £fine
lline erasing pulse whose pulse width 1is within 0.5psec-2
usec and at least a second fine line erasing pulse whose
pulse width is equal to or less than said first pulse width
for performing erasing and polarization of said

electrically charged particles.

10. A plasma display panel driving method according
to claim 4 or 5 further, comprising the steps of supplying
said equaIizing pulse to said second electrode group, and
maintaining the supply of said regulating pulse to said
first electrode group until selecting cells to Dbe
illuminated for gathering electrically charged particles to
a predetermined electrode group.

11. A plasma display panel driving method according
to claim 4 or 5, further comprising the step of dividing
said regulating pulse into a first pulse for equalizing

electrically charged particles in all cells and a second

¢ OBy
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regulating pulse supplied during a period for selecting

cells to be illuminated.

12. A plasma display panel driving method according
to claim 4 or 5, further comprising the step of setting the
voltage of said regulating pulse to be sustantially equal
to the voltage of said sustaining pulse for performing

display electric discharge.

13. A plasma display panel driving method according
to claim 11, further comprising the step of setting the
falling edge of said equalizing pulse after the falling
edge of said first regulating pulse by within 1 psec.

14. A plasma display panel drving method according to
claim 4 or 5, further comprising the steps of performing a
discharge in all cells by supplying full electric discharge
pulse to one of said first and said second electrode groups
one or several times per one field or several fields after
performing a sustaining discharge, and then supplying said
.fine line “erasing pulse for performing a discharge in all
cells for erasing electrically chgrged particles so as to
gather electrically charged particles having the positive
and negative polarities in the vicinity of said first and
said second electrode groups, respectively.

15. A plasma display panel driving method according
to claim 4 or 5, further comprising the steps of supplying
a plurality of fine line erasing pulses to said first and

second electrode groups alternatively, and shortening the
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pulse width of said fine liné erasing pulses which are
supplied afterward, and supplying the last fine line

erasing pulse to said one electrode group.

16. A plasma display panel driving method according
to claim 4 or 5, further comprising the step of supplying
said equalizing pulse to said one electrode group, énd
setting the falling edge of said equalizing pulse to a time

‘more than 1 psec.

17. A plasma display panel driving circuit
comprising:

a first electrode group arranged on a first substrate
and driven in common;

a second electrode group arranged parallel to said
first electrode gfoup on said first substrate and
controlled independently;

a third electrode group arranged perpendicular to said
first and second electrode groups on a second substrate
facing said- first substrate and controlled independently;

a first driving cifcuit connected to said first
electrode group for supplyingug fi;st driving pulse;

a second driving circuit connected to said second
electrode group for supplying a second driving pulse;

a "third. driving circuit connected to said third
electrode group for supplying;gn,addge$§ driving pulse;

means for supplying a fine line.eraéinéipulse-to one
of said first and second electrode groups from said driving
circuit connected to said electrode group after sustaining

discharging;
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means for supplying the equalizing pulse to said one
electrode group from said driving circuit connected to said
one electrode group;

means for supplying a regulating pulse, which is
delayed from the rising edge of said equalizing pulse to
the other electrode group of said first and said second
electrode groups form said driving circuit connected said
other electrode group, and for gathering electrically
charged particles having one of opposite polarities in the
vicinity of said first and said second electrode groups and
for gathering electrically charged particles having the

other polarity in the wvicinity of said third electrode

group.

18. A plasma display panel driving circuit according
to claim 17, further comprising means for supplying said
regulating pulse to said other electrode group within 0.3

psec-2 psec after supplying said equalizing pulse to said

one of said electrode groups.

19. A plasma display panel driving circuit according
to claim 17 or 18, further comprising means for generating
a plurality of fine line erasing pulses from said first and
said second driving circuits, the pulse width of a first
fine line erasing pulse being within 0.5 psec-2 pusec and
the pulse width of a second fine line erasing pulse being

equal to or shorter than said first fine said line erasing

pulse.
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20. A plasma display panel driving circuit according
to claim 17, 18 or 19, further comprising means for
supplying from said second driving circuit said equalizing
puise to said second electrode group and for supplying said
regulating pulse from said first driving circuit to said
first electrode group during the addressing of cells to be

illuminated.

21. A plasma display panel driving circuit according
to claim 17, 18 or 19, further comprising means for
generating first and second regulating pulses from said

driving circuit connected to said one electrode group.

22. A plasma display panel driving circuit aécording
to claim 17, further comprising means for setting the
voltage of said regulatihg pulse to be substantially

identical with the voltage of said sustaining pulse.

23. A plasma display panel driving circuit accofding
to claim 17, 18 or 20, further comprising means for setting
the fallifig edge of said equalizing pulse after lapse of
time of more than 1 psec by said driving circuit connected

to said one electrode group.

24. A plasma display panel driving circuit according
to claim 17, further comprising means for supplying, after
performing sustaining discharge, a full writing electric
discharge pulse one time or several times per one field or

several fields generated from the one driving circuit of

e
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said first and said second driving circuits which is

connected to said one electrode group.

25, A plasma display panel driving circuit according
to claim 21, further comprising means for setting the
falling edge of said equalizing pulse’ after the falling

edge of said first regulating pulse by within 1 nsec.

26. A plasma display comprising:

a first electrode group arranged on a first substrate
and driven in common;

a second electrode group arranged parallel to said
first electrode group on said first substrate and
controlled independently;

a third electrode group arranged perpendicular to said
first and second electrode groups on a second substrate
facing said first substrate and controlled independently;

a plurality of cells constructed at the cross points
of said first and said second and said third electrode
groups; _ .

means for performing an electric discharge for erasing
and polarizing electrically charged particles in cells
performed a sustaining discharging during a period after
sustaining discharging and just before the beginning of an
address period; and

means for equalizing electrically charged particles in

all cells by said discharge for erasing and polarizing.

27. A plasma display comprising:

—
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a first electrode group arranged on a first substrate
and driven in common;

a second electrode group arranged parallel to said
first electrode group on said first substrate and
controlled independently;

a third electrode group arranged perpendicular to said
first and second electrode groups on a second substrate
facing said first substrate and controlled independently;

a plurality of cells constructed at the cross points
of said first and said second and said third electrode
groups;

means for generating a discharge using a fine 1line
erasing pulse supplied to one of: - the electrodes of Said
first and said second electrode groups after a sustaining.
discharge and for erasing and polarizing electrically
charged particles generated in cells by said sustaining
discharge;

means for gathering electrically charged particles
having one of opposite polarities in the vicinity of said
first and said second electrode groups and for gathering
electrically charged particles having the other one of the
polarities in the vicinity of said third electrode group by
supplying an equalizing pulse to said one of the electrodes
and by supplying a regulating pulse to the other of said
first and said second electrode groups so as to be able to
produce a discharge for addressing which determines light

emitting cells by said third electrodé group.

28. A plasma display according to .claim 27, €further

comprising means for supplying said regulating pulse to
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said other electrode group within 0.3 psec-2 nsec after
supplying said equalizing pulse to said one of said
electrode groups for <collecting electrically charged
particles having one of said polarities in the vicinity of
said first and said second electrode groups and
electrically charged particles having the other one of said

polarities in the vicinity of said third electrode group.

29. A plasma display according to claim 27, further
comprising a first driving circuit connected to said first
electrode group, a second driving circuit connected to said
second electrode group, means for generating a plurality of

said fine line erasing pulses including a first fine line

erasing pulse having pulse a width within 0.5 psec-2 psec'

and a second fine line erasing pulse having a pulse width
equal to or less than said second fine line erasing pulse,
and means for erasing and polarizing electrically charged
particles by supplying a last pulse of said fine 1line
erasing pulses to said one of said first and second
electrode groups.

30. A plasma display according to claim 29, further
comprising means for supplYIhg from said second driving
circuit said equalizing pulse to said second electrode
group and for maintaining supply of said fegulating pulse
supplied from said £first driving circuit to said first
electrode group during addressing of cells to be

illuminating.
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31. A plasma display according to claim 29, further
comprising means for generating from one of said first
driving circuit connected said first electrode group and
said second driving «circuit connected to said second

electrode group first and second regulating pulses.

32. A plasma display according to claim 27, further
comprising a first driving circuit connected to said first
electrodé group, a second driving circuit connected to said
second electrode group, and means for setting the voltage
of said_regulating pulse to be substantially identical with
the voltage of said sustaining pulse by means of one of

said first and said second driving circuits.

33. A plaSma display according to claim 27, further
comprising a driving circuit connected one of said -first
and said second electrode groups, and means for setting the
falling edge of said equalizing pulse after a lapse of time
of more than 1 usec by said driving circuit connected to
said one electrode group.

34. A plasma display agpording to claim 27, further
comprising -a first driving circuit connected to said first
electrode group, a second driving circuit connected to said
second electrode group, and means for generating a full
writing pulse one time or several times per one field or
several fields from one of said first and said second
driving circuits and for performing a discharge in all

cells after sustaining discharge is finished.

I
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PLASMA DISPLAY, DRIVING APPARATUS FOR A PLASMA DISPLAY

PANEL AND DRIVING METHOD THEREOF

--ABSTRACT QOF THE DISCLOSURE

A plasma display panel driving system having common X
electrodes arranged on a front glass substrate driven in
common, independent Y electrodes arranged parallel to the
common X electrodes on the front glass substrate driven
independently, . address A electrodes arranged perpendicular to”
thg common X eiectrodes and the independent Y electrodes on
the back glass substrate dri§en indepeggeﬁtly, and means for
performing at least one elecﬁric dischafge'fcr equalizing
electrically charged particles in a cell in which ancther
electrically charged particle is produced beforehand, thereby
improving contrast. Erasing and polarization of elgctriéally'

charged particles are performed ky.a fine line erasing pulse

after a sustaining period, and an equalizing pulse having a-
iigh voltage level is supplied to the independent Y electrode
to whig£$the last fine line. erasing pulse is supplied, and a
regulating pulse is supplied to the common X electrode after
supplying the equalizing pulse. - Further, a field block having
plurality of sub-fields are provided, and a full writing
electric discharge and a fine line erasing electric discharge

are performed in the first sub-field of each field block for

reducing the number of electric discharges.--



