
(19) United States 
(12) Reissued Patent 

Nagaoka et a]. 
(10) Patent Number: 
(45) Date of Reissued Patent: 

USO0RE40769E 

US RE40,769 E 
Jun. 23, 2009 

(54) METHOD AND APPARATUS FOR 
CONTROLLING THE GRAY SCALE OF 
PLASMA DISPLAY DEVICE 

Inventors: Keishin Nagaoka, Kawasaki (JP); 
Masaya Tajima, Kawasaki (JP); 
Yoshimasa AWata, Kawasaki (JP); 
Yoshikazu KanazaWa, Kawasaki (JP); 
Toshio Ueda, Kawasaki (JP) 

Hitachi, Ltd., Tokyo (JP) 

(75) 

(73) 

(21) 
(22) 

Assignee: 

Appl. No .: 
Filed: 

09/938,303 
Aug. 24, 2001 

Related US. Patent Documents 
Reissue of: 
(64) Patent No.: 

Issued: 
Appl. No.: 
Filed: 

U.S. Applications: 
(63) Continuation-in-pait of application No. 08/188,772, ?led on 

Jan. 31, 1994, now abandoned. 

5,943,032 
Aug. 24, 1999 
08/488,201 
Jun. 7, 1995 

(30) Foreign Application Priority Data 

Nov. 17, 1993 (JP) ......................................... .. 05-288345 

(51) Int. Cl. 
G09G 3/28 (2006.01) 
G09G 5/10 (2006.01) 

(52) US. Cl. ......................... .. 345/63; 345/589; 345/690 

(58) Field of Classi?cation Search ............ .. 345/60*72, 

345/208, 210, 589591, 690; 315/1694; 
3l3/58li587 

See application ?le for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,378,556 A * 3/1983 Wisnieff .................... .. 345/63 

4,414,544 A * 11/1983 Suste ........................ .. 345/63 

4,818,982 A * 4/1989 Kuehn et al. ................ .. 345/63 

(Continued) 

BRIGHTNESS a 160 

Ind/H12) 150* 
140» 

130 

120 - 

110 

100 - 

90 

50 

40 

20 

2 

FOREIGN PATENT DOCUMENTS 

EP 0 488 891 * 6/1992 
JP 4-195188 * 7/1992 

JP 4-299385 10/1992 

OTHER PUBLICATIONS 

Nanto et al., “A l5iiniDiagonal Color Surface Discharge 
AciPlasma Display Panel”, Japan Display 89, pp. 
202*205.* 

(Continued) 
Primary ExamineriJimmy H Nguyen 
(74) Attorney, Agent, or Firmistaas & Halsey LLP 

(57) ABSTRACT 

[A method of controlling the gray scale of a plasma display 
device has a forming step of forming a frame for an image by 
a plurality of subframes each having a different brightness, a 
setting step of setting the number of sustain emissions of 
each subframe in an anti-geometrical progression corre 
sponding to the brightness of each subframe, and a display 
ing step of displaying the image on the plasma display 
device by a gray scale display having a speci?c brightness. 
The number of sustain emissions in each subframe is set 
individually by the each subframe, and this establishes a 
linear relation between the gray level and the corresponding 
brightness Therefore, an enhancement of display quality of 
the plasma display device can be realized] A method of con 
trolling the gray scale ofa plasma display device has a 
forming step offorming aframefor an image by a plurality 
of subframes each having a diferent brightness, a setting 
step of setting the number of sustain emissions of each sub 
frame in an anti-geometrical progression corresponding to 
the brightness of each subframe, and a displaying step of 
displaying the image on theplasma display device by a gray 
scale display having a speci?c brightness. The number of 
sustain emission in each subframe is set individually by the 
each subframe, and this establishes a linear relation 
between the gray level and the corresponding brightness. 
Therefore, an enhancement ofdisplay quality ofthe plasma 
display device can be realized. 

72 Claims, 14 Drawing Sheets 
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METHOD AND APPARATUS FOR 
CONTROLLING THE GRAY SCALE OF 

PLASMA DISPLAY DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

[CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part application of 
Ser. No. 08/188,772 ?led on Jan. 31, 1994, abandoned] 

CROSS-REFEREN CE T 0 RELATED 
APPLI CA 17 ON 

This application is a reissue application of US. Pat. No. 
5,943,032 issued Aug. 24, 1999; which is continuation-in 
part application ofU.S. application Sen No. 08/188, 772?led 
Jan. 3], 1994, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and an appara 
tus for controlling the gray scale of a plasma display devices 
and more particularly, to a method and an apparatus for con 
trolling the gray scale of a three-electrode surface-discharge 
alternating current plasma display device. 

2. Description of the Related Art 
In the prior art, there has been known an alternating cur 

rent plasma display panel (AC PDP) in which luminescence 
and display is done by applying a voltage wave-form to two 
sustain electrodes alternately to maintain discharge. In this 
AC PDP, a discharge operation is carried out in one to sev 
eral microseconds (us) just after the pulse application. 
Further, ions (positive charges) produced by the discharge 
accumulate on the surface of the dielectric layer on the elec 
trode to which a negative voltage is being applied and simi 
larly electrons (negative charges) accumulate on the surface 
of the dielectric layer of the electrode to which a positive 
voltage is being applied. 
When applying a pulse (sustain pulse) of a lower voltage 

(sustain voltage or sustain discharge voltage) with a different 
polarity after ?rst discharging with higher voltage (write 
voltage) pulse (write pulse) to produce wall charges, previ 
ously accumulated wall charges are overlapped yielding a 
high voltage with respect to the discharge space, the voltage 
exceeding the threshold voltage value of discharges which 
causes a discharge to begin. That is, there is a characteristic 
that once a cell is written to discharge generated wall 
charges, the discharge is sustained by applying sustain 
pulses alternately in opposite polarity. It is called a memory 
effect or a memory function 

Generally, an AC PDP makes use of the memory effect. 
Recently, as to AC PDPs, there has been proposed a two 
electrode type in which selective discharge (address 
discharge) and sustain discharge are carried out with two 
electrodes, and a three-electrode type in which the third elec 
trode is used for address discharge. In a color PDP used for a 
color displays a phosphor formed in a discharged cell is 
excited by ultraviolet rays generated by the discharge. 
However, there is a disadvantage that the phosphor is easily 
affected by bombardment of ions (positive charges) gener 
ated concurrently by discharge. 

In the above mentioned two-electrode type, the arrange 
ment is such that ions strike directly against phosphors, 
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2 
which is likely to lead to a reduction in the life of the phos 
phors. In order to avoid this, a three-electrode arrangement is 
generally used making use of surface discharge in a color 
PDP. Further, in such a three-electrode type, there are cases 
of forming a third electrode on the substrate on which the 
?rst and second electrode for sustain discharge is disposed 
and of forming it on another substrate facing the former. 
Also, in case of forming the said third electrode on the same 
substrate, there are the cases of disposing the third electrode 
on the two electrode for sustain discharge and of disposing it 
under them. Furthermore, in some cases visible light emitted 
from phosphors is viewed through the phosphors, and in the 
other cases re?ected light from the phosphors is viewed. In 
this speci?cation, explanations are given taking an example 
of a panel in which the third electrode is formed on the 
substrate different from and facing that of electrodes for sus 
tain discharge. 
By the ways recently, higher level gray scales in many 

display lines have become necessary in an AP PDP with the 
requirements of a larger display siZe, a larger number of 
pixels (cells) and full color display in a display panel. Fur 
thers it is required for an AC PDP to control the gray scale 
thereof by desired brightness, or appropriate brightness. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a gray 
scale controlling method for a plasma display device which 
enhances the display quality of the plasma display device by 
establishing a linear relation between the gray level and the 
corresponding brightness. 

According to the present invention there is provided a 
method of controlling the gray scale of a plasma display 
device, wherein the method comprises the steps of forming a 
frame for an image by a plurality of subframe each having a 
different brightness; setting the number of sustain emissions 
of the each subframe in an anti-geometrical progression cor 
responding to the brightness of each subframe; and display 
ing the image on the plasma display device by a gray scale 
display having a speci?c brightness. 
The plasma display device may be a three-electrode 

plasma display device. The three-electrode plasma display 
device may be a three-electrode surface discharge AC 
plasma display device. 

The three-electrode plasma display device may comprise 
?rst and second electrodes arranged in parallel with each 
other; and third electrodes orthogonal to the ?rst and second 
electrodes, the ?rst electrode being commonly connected 
together, and the second electrodes being arranged for dis 
play lines, respectively, wherein the display device has a 
surface discharge structure employing wall charges as 
memory media. 
The three-electrode plasma display device may further 

comprise a ?rst substrate, and the ?rst and second electrodes 
being arranged in parallel with each other on the ?rst sub 
strate and paired for respective display lines; a second sub 
strate spaced apart from and facing the ?rst substrate, and 
the third electrodes being arranged on the second substrate 
away from and orthogonal to the ?rst and second electrodes; 
a wall charge accumulating dielectric layer covering the sur 
faces of the ?rst and second electrodes and the ?rst substrate; 
a phosphor formed over the third electrodes and the second 
substrate; a discharge gas sealed in a cavity de?ned between 
the ?rst and second substrates; and cells formed at intersec 
tions where the ?rst and second electrodes cross the third 
electrodes. 
The plasma display device may be a two-electrode plasma 

display device. The two-electrode plasma display device 
may be a two-electrode facing-discharge AC-driven plasma 
display panel. 
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The tWo-electrode plasma display device may comprise a 
plurality of ?rst electrodes; and a plurality of second elec 
trodes orthogonal to the ?rst electrodes, and the ?rst elec 
trodes being arranged for display lines, respectively, Wherein 
the display device has a surface discharge structure employ 
ing Wall charges as memory media. 
The tWo-electrode plasma display device may further 

comprise a ?rst substrate, and the ?rst electrode being 
arranged in parallel on the ?rst substrate; a second substrate 
spaced apart from and facing the ?rst substrate, and the sec 
ond electrodes being arranged on the second substrate aWay 
from and orthogonal to the ?rst electrodes; a Wall charge 
accumulating dielectric layer convering the surfaces of the 
?rst electrodes and the ?rst substrate; a phosphor formed 
over the second electrodes and the second substrate; a dis 
charge gas sealed in a cavity de?ned betWeen the ?rst and 
second substrates; and cells formed at intersections Where 
the ?rst electrodes cross the second electrodes. 

The number of sustain emissions of the each subframe 
may be so calculated, that the brightness obtained by one 
subframe of the plurality of subframes having an arbitrary 
brightness may be tWice the brightness obtained by another 
subframe of the plurality of subframes having a brightness 
next to that of the one subframe. 

The number of sustain emissions of the each subframe 
may be so calculated, that the sum of the squares of errors 
With the ideal values in the each gray level becomes 
minimum, in order to make the relation betWeen the gray 
level and the corresponding brightness linear. 

The brightness of one subframe of the plurality of sub 
frames having next larger gray level than that of another 
subframe of the plurality of subframes may not exceed the 
brightness of the another subframe, for the brightness of the 
another subframe having the arbitrary gray level. The sum of 
the numbers of sustain emissions of several subframes in the 
plurality of subframes may be speci?ed. The brightness of 
the subframe having the maximum gray level may be speci 
?ed in the plurality of subframes. 

The number of sustain emissions of the each subframe 
may be so calculated, that the sum of the absolute values of 
errors With the ideal values in the each gray level becomes 
minimum in order to make the relation betWeen the gray 
level and the corresponding brightness linear. 

The brightness of one subframe of the plurality of sub 
frames having next larger gray level than that of another 
subframe of the plurality of subframes may not exceed the 
brightness of the another subframe, for the brightness of the 
another subframe having the arbitrary gray level. The sum of 
the numbers of sustain emissions of several subframes in the 
plurality of subframes may be speci?ed The brightness of an 
optional subframe may be speci?ed in the plurality of sub 
frames. 

Further, according to the present invention, there is also 
provided a plasma display device comprising at least one 
pair of electrodes for carrying out a discharge operation, 
Wherein the plasma display device is driven separating 
address periods in Which display data are Written in the 
screen, the display data is necessary for sustain discharge 
from sustain discharge periods in Which sustain discharge 
for light emission is repeated, one frame forming an image is 
constituted by a plurality of subframes each having a differ 
ent brightness, the number of sustain emissions of the each 
subframe is set in an anti-geometrical progression corre 
sponding to the brightness of the each subframe, and the 
image is displayed on the plasma display device by a gray 
scale display having a predetermined brightness. 
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The plasma display device may further comprise a 

memory for setting and storing the number of sustain emis 
sions in each subframe, and information on the number of 
sustain emissions in the each subframe may be read at any 
time from the memory. The memory may be constituted by a 
vacant area of a driving Wave-form memory device in the 
plasma display device, and the information on the number of 
sustain emissions in the each subframe may be set in the 
vacant area of the driving Wave-form memory device. The 
plasma display device may further comprise a brightness 
controller for adjusting the brightness, and the brightness 
controller selects one piece from the information on the 
number of sustain emissions in the each subframe may set in 
the memory. 
The number of sustain emissions in the each subframe 

may be set as a plurality of combinations in the memory, and 
an arbitrary one of the plurality of combinations may be 
selected by selection signals supplied from the outside of the 
plasma display device. The plasma display device may fur 
ther comprise a consumed current controller for controlling 
and keeping the consumed current beloW a predetermined 
value, the number of sustain emissions in the each subframe 
may be set as a plurality of combinations in the memory, an 
arbitrary one of the plurality of combinations may be 
selected in response to the output from the consumed current 
controller, and thereby the poWer consumption may be kept 
constant regardless of the change of display rate. The infor 
mation on the number of sustain emissions in the each sub 
frame may be supplied from the outside of the plasma dis 
play device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be more clearly understood 
from the description of the preferred embodiments as set 
forth beloW With reference to the accompanying draWings, 
Wherein: 

FIG. 1A is a plan diagram schematically shoWing an 
arrangement of the three-electrode surface-discharge 
AC-driven plasma display panel according to the prior art; 

FIG. 1B is a sectional diagram schematically shoWing an 
arrangement of a discharge cell in the plasma display panel 
of FIG. 1A; 

FIG. 2A is a plan diagram schematically shoWing an 
arrangement of a tWo-electrode facing-discharge AC-driven 
plasma display panel according to the prior art; 

FIG. 2B is a sectional diagram schematically shoWing an 
arrangement of a discharge cell in the plasma display panel 
of FIG. 2A; 

FIG. 3 is a block diagram shoWing an example of a three 
electrode surface-discharge AC-driven plasma display 
device using the plasma display panel shoWn in FIG. 1A; 

FIG. 4 is a diagram shoWing an example of driving Wave 
forms in a plasma display device of FIG. 3; 

FIGS. 5A to 5D are diagrams illustrating hoW cells are 
driven in the plasma display device of FIG. 3; 

FIG. 6 is a timing chart shoWing an example of a driving 
operation for the plasma display device of FIG. 3; 

FIG. 7 is a diagram shoWing problems in the conventional 
gray scale controlling method of a plasma display device; 

FIG. 8 is a diagram for explaining an embodiment of a 
gray scale controlling method for a plasma display device 
according to the present invention; 

FIG. 9 is a diagram for explaining another embodiment of 
a gray scale controlling method for a plasma display device 
according to the present invention; 
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FIG. 10 is a diagram for explaining still another embodi 
ment of a gray scale controlling method for a plasma display 
device in accordance With the invention; and 

FIG. 11 consisting of FIGS. 11A and 11B, is a block 
diagram shoWing an embodiment of a plasma display device 
to Which a gray scale controlling method for a plasma dis 
play device according to the present invention is applied. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For a better understanding of the preferred embodiments 
of the present invention, the problems of the prior art Will be 
explained With reference to FIGS. 1A to 7. 

FIG. 1A shoWs an arrangement of a three-electrode 
surface-display AC-drive plasma display panel according to 
the prior art, and FIG. 1B shoWs an arrangement of a dis 
charge cell in the plasma display panel of FIG. 1A. Note that 
FIG. 1A shoWs the arrangement (electrode arrangement) 
constituted by an M><N dot panel. 

FIGS. 1A and 1B, reference numeral 1 denotes a front 
glass substrates 2 denotes a rear glass substrate, 3 denotes 
address electrodes, 4 denotes Walls, 5 denotes a phosphor, 6 
denotes a dielectric layer, 7 and 8 denote X andY electrodes, 
respectively In this AC PDP (three-electrode plasma display 
panel), discharge operation occurs mainly betWeen the tWo 
sustain discharge electrodes (X electrode 7 and Y electrode 
8) disposed on the rear glass substrate 2, and the selection of 
pixels (or discharge cell) according to the display data is 
done by selecting a cell on the line including the correspond 
ing Y electrode 8 making use of discharge betWeen the Y 
electrode 8 and the address electrode 3. 

Note that, on each sustain discharge electrode 7 and 8, the 
dielectric layer 6 is formed for insulation, on Which a protec 
tive layer, or an MgO layer is formed. Further, on the front 
glass substrate 1 facing the rear glass substrate 2, the address 
electrode 3 and phosphors 5 are formed. Note that, the phos 
phors 5 have red, green and blue light emitting 
characteristics, and they are formed on the address elec 
trodes 3 
As shoWn in FIG. 1B, a discharge space (cavity) is so 

separated by the Walls (barrier ribs) 4 formed on one side or 
both sides of the glass substrate that discharge occurs in a 
space of each cell. Ultraviolet light produced by the dis 
charge causes the phosphor to emit light. Arranging a plural 
ity M><N of cells having such structure, for example, in a 
matrix state forms a display panel as shoWn in FIG. 1A. Not 
that, in FIG. 1A, references A1 to AM denote address 
electrode, and Y1 to YN denote Y electrodes. Further, X 
electrodes 7 are commonly connected. 

FIG. 2A shoWs an arrangement of a tWo-electrode facing 
discharge AC-driven plasma display panel Which can 
employ the present; and FIG. 2B shoWs an arrangement of a 
discharge cell in the plasma display panel of FIG. 2A. Note 
that FIG. 2A shoWs the arrangement (electrode arrangement) 
constituted by an M><N dot panel similar to that shoWn in 
FIG. 1A. 

In FIGS. 2A and 2B, reference numeral 101 denotes a 
front glass substrate, 102 denotes a rear glass substrate, 104 
denotes Wall, 105 denotes a phosphor, 106 denotes a dielec 
tric layer, 107 denotes X electrodes, and 108 denoteY elec 
trodes. By comparing the plasma display panel of FIGS. 2A 
and 2B With that of FIGS. 1A and 1B the X electrodes 107 of 
the tWo-electrode plasma display panel corresponds to 
address electrodes 3 of the three-electrode plasma display 
panel. Further, in the tWo-electrode plasma display panel 
shoWn in FIGS. 2A and 2B, electrodes corresponding to the 
X electrodes 7 of the three-electrode plasma display panel 
are deleted. 
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6 
Namely, in this tWo-electrode plasma display panel, a ?rst 

sustain discharge electrode (X electrode 107) is disposed on 
the front glass substrate 101, and a second sustain discharge 
electrode (Y electrode 108) is disposed on the rear glass 
substrate 102. Therefore, the selection of pixels (or dis 
charge cell) according to the display data is done by select 
ing a cell on the line including the correspondingY electrode 
108 making use of discharge betWeen the Y electrode 108 
and the X electrode 107. 

As shoWn in FIG. 2B, the dielectric layer 106 is formed on 
the rear glass substrate 102 and theY electrode 108, and an 
MgO layer (protective layer) is formed on the dielectric 
layer 106. Further, the phosphors 105 have red, green and 
blue light emitting characteristics, and they are formed on 
the X electrodes 107. 

As shoWn in FIG. 2B, a discharge space (cavity) is so 
separated by the Walls (barrier ribs) 104 formed on one side 
or both sides of the glass substrate that discharge occurs in a 
space of each cell, and ultraviolet light produced by the dis 
charge causes the phosphor to emit light. Arranging a plural 
ity of M><N of cells having such structure, for example, in a 
matrix state forms a display panel as shoWn in FIG. 2A, 
similar to that shoWn in FIG. 1A. 

Note that a gray scale controlling method for a plasma 
display device according to the present invention (Which Will 
be explained beloW in detail) is not only applied to a three 
electrode surface-discharge AC-driven plasma display, but 
also applied to a tWo-electrode facing-discharge AC-driven 
plasma display. Further, a gray scale controlling method of 
the present invention can be applied to a various types of 
plasma display devices. 

FIG. 3 is a block diagram shoWing an example of three 
electrode surface-discharge AC-driven plasma display 
device using a plasma display panel shoWn in FIG. 1A, and 
shoWs peripheral circuits for driving a typical three 
electrode AC PDP. 

In FIG. 3, reference numeral 10 denotes a control circuit, 
11 denotes a display data controller, 12 denotes a frame 
memory, 13 denotes a panel drive controller, 14 denotes a 
scan driver controller, and 15 denotes a common drive con 
troller Further, reference numeral 21 denotes an address 
driver, 22 denotes an X driver, 23 denotes aY scan driver, 24 
denotes a Y driver, and 30 denotes a plasma display panel 
(PDP). Further, in FIG. 3, reference mark CLOCK denotes a 
dot clock indicating display data, DATA denotes display data 
(in case of 256 gray scales, 8 bits for each color: 3x8), 
VSYNC denotes a vertical synchronizing signal, Which indi 
cates the beginning of a frame (one ?eld), and HSYNC 
denotes a horizontal synchronizing signal. 
The control circuit 10 comprise a display data controller 

11 and a panel drive controller 13. The display data control 
ler 11 stores display data in the frame memory 12 and trans 
fers the data to the address driver 21 to drive the panel. Note 
that reference mark A-DATA denotes display data, and 
A-CLOCK denotes a transfer clock. 

The panel drive controller 13 decides When to apply a 
high voltage Wave (pulse) to the panel 30 and is provided 
With the scan driver controller 14 and the common driver 
controller 15. Note that reference mark Y-DATA denotes 
scan data (data for turning ON the Y scan driver 23 every 
bit), Y-CLOCK denotes a transfer clock (a clock for turning 
ON the Y scan driver 23 every bit), Y-STB1 denotes a Y 
strobe-1 (a signal for regulating the timing of turning on the 
Y scan driver), and Y-STB2 denotes a Y strobe-2. Further, 
reference mark X-UD denotes a signal (outputs Vs/V W) for 
controlling the ON/OFF of the X common driver (22), X-DD 
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denotes a signal (GND) for controlling the ON/OFF of the 
common driver, Y-UD denotes a signal (outputs Vs/VW) for 
controlling the ON/OFF of the Y common driver (24), and 
Y-DD denotes a signal (GND) for controlling the ON/OFF 
of theY common driver. 
As shoWn in FIG. 3, each of the address electrodes 3 is 

connected to the address driver 21 and gets an address pulse 
of the address discharge time from the address driver. 
Further, theY electrode 8 are individually connected to theY 
scan driver, and the Y scan driver 23 is connected to the Y 
common driver (Y driver 24). The pulse of address discharge 
time is generated from the Y scan driver 23, and the sustain 
pulses and others come from theY driver 24 and are applied 
to the Y electrodes 8 through the Y scan driver 23. Further, 
the X electrodes 7 are commonly connected over the display 
lines of the panel 30, and the X common driver (X driver 22) 
generates Write pulses, sustain pulses, and the like. These 
driver circuits (21, 22, 23, 24) are controlled by the control 
circuit 10, Which is controlled by synchronous signals, dis 
play data signals and others supplied from outside of the 
device. 

FIG. 4 is a chart shoWing an example of driving Wave 
forms in a plasma display device of FIG. 3, that is, FIG. 4 
shoWs driving Waveforms of one subframe (or one sub?eld) 
in the so-called “address/sustain discharge separated Write 
addressing method”. This address/sustain discharge sepa 
rated Write addressing method is, for example, disclosed in 
Japanese Patent Application No. 3-338342. Note that, in this 
JPP’342, a driving method intended for loW voltage and 
steady driving (or addressing) is disclosed, and the method is 
applied to the case When a higher level gray scale technology 
for a full color display is required 
As shoWn in FIG. 4, one subframe is separated into an 

address period and a sustain discharge period. In the address 
period, a Whole-screen Writing, a Whole screen erasing and a 
sequential addressing by Writing into a display line 
(hereinafter, referred to as “line sequential Writing (or 
addressing)”) are carried out. Further, in a sustain discharge 
period, sustain pulses are applied to all of the lines 
simultaneously, Which results in sustain discharges in the 
cells Which Write addressing has been executed to and Wall 
charges have been accumulated in. Note that, if a frame con 
sist of tWo subframes for example by means of interlace 
(leap over) operation, one subframe corresponds to a sub 
?eld in each subframe. 

In the above description, one aspect of the driving method 
shoWn in FIG. 4 is that the states of all the cells are equaliZed 
by Whole-screen Writing and Whole-screen erasing Which are 
carried out at the beginning of the address period and the 
Whole-screen erasing is completed in the state Where Wall 
charges available in the subsequent line sequential Writing 
discharge remain. 

First, the Y electrodes are brought to the GND level, and 
at the same time, Write pulses of the voltage VW are applied 
to the X electrodes causing the Whole-screen Writing. At this 
time, ions of positive charges are accumulated to the address 
electrode, in reality on the surface of dielectric material such 
as phosphor. Further, in the next step, by applying erasing 
pulses of the voltage Ve, the Whole-screen erasing is carried 
out. In the erasing discharge, Which makes the state in Which 
there is no Wall charge on the surface of the dielectric layer 
(MgO layer) of the X and Y electrodes, it is preferable to 
accumulate electrons, negative charges advantageous in the 
next addressing discharge on the MgO surface of Y elec 
trode. Note that the voltage value of the residual Wall charges 
should be at such a level as not to cause the sustain discharge 
even When sustain discharge pulses are applied to the X and 
Y electrodes. 
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After the Whole-screen Writing and Whole-screen erasing 

intended for the equaliZation and loW voltage operation, a 
line sequential Writing discharge (or addressing discharge) is 
carried out. In the discharge (discharge operation), the Y 
electrode of the line to be Written is brought to the GND 
level and an address pulse of the voltage Va is applied to the 
address electrode of the cell to be Written in the line. At this 
time, the address discharge is possible With a very loW volt 
age because ions and electrons have accumulated on the 
address side (the surface of the phosphor) and on the Y elec 
trode side (the MgO surface) respectively. After these opera 
tions have been executed all over the line, sustain pulses are 
applied to X and Y electrodes alternately for the sustain 
discharge. 

FIGS. 5A to 5D are diagrams illustrating hoW cells are 
driven in the plasma display device of FIG. 3. Namely, 
FIGS. 5A to 5D shoW diagrams of the arrangement of 
charges Within a discharge cell and the state of discharge. 
Namely, FIG. 5A shoWs the Whole-screen (or overall) Writ 
ing step (positive charges (or ions) have accumulated on the 
address electrode), FIG. 5B shoWs the Whole-cell sustain 
discharge step, and FIG. 5C shoWs the Whole-cell erasing 
step (the Wall charge of the sustain discharge electrode is 
reduced to such a value as not to cause discharge even When 

sustain discharge voltage (Vs) is applied). Note that, if nega 
tive Wall charges (electrons) are permitted to remain on theY 
electrode, they effectively affect the next address discharge. 
Further, FIG. 5D shoWs the selective Writing step (address 
discharge: Writing discharge is done utiliZing the Wall 
charge of the address electrode). 

First, as shoWn in FIG. 5A, in the Whole-cell Writing step, 
ions are accumulated on the address electrode 3, and ions 
and electrons are accumulated as Wall charges on the X elec 
trode 7 and theY electrode 8, respectively. Next, as shoWn in 
FIG. 5B, in the Whole-cell sustain discharge step, the ions of 
the address electrode 3 are left as they are and the sustain 
discharge betWeen the X electrode 7 and the Y electrode 8 
causes the inversion of charges. Further, as shoWn in FIG. 
SC, in the Whole-cell erasing step, the ions of the address 
electrode 3 are left as they are and the erasing discharge 
betWeen the X electrode 7 and the Y electrode 8 reduces the 
Wall charges to such a value as not to cause sustain discharge 
even When sustain discharge pulses of the voltage Vs is 
applied. 

Further, as shoWn in FIG. 5D, in the selective Writing step, 
a line sequential selective Writing discharge (or addressing 
discharge) is carried out. Though the voltage applied at this 
time from the electrode is not more than the voltage Va of 
address pulses applied to the address electrode 3, the selec 
tive Writing discharge (or addressing discharge) can be 
executed surely and steadily With a loW address voltage Va 
because of the voltage oWing to the Wall charges Which have 
been produced until the Whole-cell erasing step. Namely, the 
voltage on the ions of the address electrode 3 and the elec 
trons of the Y electrode 8 functions accumulatively With the 
address voltage Va. 

Therefore, “the address/sustain discharge separated 
addressing method” is used in cases When there are many 
scan lines (or display lines) or When a higher level gray scale 
is used for full color display. This method is, for example, 
disclosed in Japanese Unexamined Patent Publication 
(Kokai) No. 4-195188. Further, the driving method in case of 
the 16 gray scales is shoWn as an example of a high gray 
level display in FIG. 6. 

FIG. 6 shoWs timing chart for driving the plasmas display 
device of FIG. 3, and shoWs the driving method in case of the 






















