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(57) A plasma display apparatus comprises a scan
electrode and a sustain electrode; a data electrode for
intersecting the scan electrode and the sustain electrode;
and a pulse controller arranged to apply respective puls-
es having opposite polarities to the scan electrode and
the sustain electrode respectively during a reset period,
and to apply respective negative sustain pulses to the
scan electrode and the sustain electrode respectively
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Description

[0001] This invention relates to a plasma display ap-
paratus and a driving method thereof.

[0002] In general, a plasma display panel (PDP) ap-
plies a reset pulse for initializing a discharge cell, an ad-
dress pulse for selecting a cell to be discharged, and a
sustain pulse for sustaining a discharge of a discharge
cell to each electrode by a predetermined number of
times according to a gray level value of each subfield and
allows a phosphor to emit visible light by a gas discharge
generating through applying of the pulses. The PDP re-
peats resetting, addressing, and sustaining in each sub-
field constituting a frame, and it is necessary to apply an
erase pulse for removing wall charges remaining in each
electrode side before the each subfield starts in order to
improve PDP driving characteristics.

[0003] FIG. 1is aview illustrating a structure of a gen-
eral PDP.
[0004] As shownin FIG. 1, the PDP comprises a front

panel 100 and a rear panel 110 that are disposed apart
by a predetermined distance and coupled in parallel to
each other. The front panel 100 is arranged with a plu-
rality of sustain electrode pairs in which a scan electrode
102 and a sustain electrode 103 are formed in pairs on
afrontglass 101, whichis a display surface through which
an image is displayed. The rear panel 110 has a plurality
of address electrodes 113 arranged to intersect the plu-
rality of sustain electrode pairs on a rear glass 111 con-
stituting a rear surface.

[0005] The front panel 100 comprises pairs of the scan
electrode 102 and the sustain electrode 103, which have
a transparent electrode (a) made of transparent indium-
tin-oxide (ITO) and a bus electrode (b) made of metal,
for performing a mutual discharge in one discharge cell
and sustaining emission of the cell. The scan electrode
102 and the sustain electrode 103 are covered with at
least one upper dielectric layer 104 that limits a discharge
current and that insulates each electrode pair. A protec-
tive layer 105 deposited with magnesium oxide (MgO) is
formed on the upper dielectric layer 104 to facilitate a
discharge condition.

[0006] The rear panel 110 comprises stripe-type (or
well-type) barrier ribs 112, which are arranged in parallel,
for forming a plurality of discharge spaces i.e., discharge
cells. A plurality of address electrodes 113 for generating
vacuum ultraviolet radiation by performing an address
discharge is arranged in parallel to the barrier ribs 112.
Red (R), green (G) and blue (B) phosphors 114 that emit
visible light for displaying an image at an address dis-
charge are selectively coated over an upper surface of
the rear panel 110. A lower dielectric layer 115 for pro-
tecting the address electrode 113 is formed between the
address electrode 113 and the phosphor 114.

[0007] A method of representing an image gray level
in the PDP is shown in FIG. 2.

[0008] FIG. 2is adiagram illustrating a method of rep-
resenting an image gray level of a general PDP.
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[0009] AsshowninFIG. 2, in the method of represent-
ing an image gray level of a conventional PDP, a frame
is divided into several subfields having different respec-
tive amounts of time of light emitting, and each subfield
is again divided into a respective reset period (RPD) for
initializing all cells, an address period (APD) for selecting
a cell to be discharged, and a sustain period (SPD) for
representing a gray level depending on the respective
number of times of discharge. For example, when an
image is represented with 256 gray levels, a frame period
(16.67ms) corresponding to 1/60 second is divided into
eight subfields (SF1 to SF8), as shown in FIG. 2 and
each of the eight subfields (SF1 to SF8) is again divided
into a reset period, an address period, and a sustain pe-
riod.

[0010] The duration of the reset period in one subfield
is equal to the duration of the reset periods in the other
subfields. The duration of the address period in one sub-
field is equal to the duration of the address periods in the
other subfields. An address discharge for selecting a cell
to be discharged is generated by the voltage difference
between an address electrode and a transparent elec-
trode, which is a scan electrode. The sustain period in-
creases inaratioof2"(n=0,1, 2, 3,4, 5,6, 7) in each
subfield. Since the sustain period is different in each sub-
field, the gray level of an image is expressed by adjusting
the sustain period of each subfield, i.e., the number of
sustain discharges. A driving waveform according to a
driving method of the PDP is shown in FIG. 3.

[0011] FIG. 3 is a diagram illustrating a driving wave-
form according to a driving method of a conventional
PDP.

[0012] As shown in FIG. 3, the PDP is divided into a
reset period for initializing all cells, an address period for
selecting a cell to be discharged, and a sustain period
for sustaining a discharge of the selected cell for driving.
[0013] Inasetup period (SU) of the reset period, ramp-
up waveforms (ramp-up) are simultaneously applied to
all scan electrodes (Y). A discharge is generated within
discharge cells of an entire screen by the ramp-up wave-
form. The setup discharge causes positive wall charges
to become accumulated on address electrodes (X) and
sustain electrodes (Z) and negative wall charges to be-
come accumulated on scan electrodes (Y). In a setdown
period (SD) of the reset period, after the ramp-up wave-
formis applied, aramp-down waveform (ramp-down) that
falls from a positive voltage lower than a peak voltage of
the ramp-up waveform up to a ground (GND) voltage or
anegative voltage level is applied, whereby a weak erase
discharge is generated within the discharge cells and
thus some of excessively formed wall charges are
erased. Wall charges sufficient for a stable address dis-
charge due to the setdown discharge are uniformly re-
tained within the discharge cells.

[0014] In the address period, negative scan pulses
(Scan) are sequentially applied to the scan electrodes
(Y) and positive data pulses (data) are applied to the
address electrodes (X) in synchronization with the scan
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pulse. As the voltage difference between the scan pulses
and the data pulses is added to the wall voltage of wall
charges generated in the initialization period, an address
discharge is generated within the discharge cells to which
the data pulse is applied. Wall charges sufficient for a
discharge when a sustain voltage is applied are gener-
ated within discharge cells selected by an address dis-
charge. The sustain electrodes (Z) are supplied with a
positive DC voltage (Zdc) so that an erroneous discharge
is not generated between the sustain electrode (Z) and
the scan electrode (Y) by reducing the voltage difference
between the sustain electrode (Z) and the scan electrode
(Y) during the setdown period and the address period.
[0015] In the sustain period, sustain pulses (Sus) are
alternately applied to the scan electrodes (Y) and the
sustain electrodes (Z). In a discharge cell selected by an
address discharge, a sustain discharge, i.e., a display
discharge is generated between the scan electrodes (Y)
and the sustain electrodes (Z) whenever each sustain
pulse is applied as the sustain pulse and the wall voltage
within the discharge cell are added.

[0016] After the sustain discharge has been complet-
ed, an erase ramp waveform (Ramp-ers) having a narrow
pulse width and a low voltage level is applied to the sus-
tain electrodes (Z) to erase wall charges remaining within
the discharge cells of the entire screen.

[0017] As described above, as the plasma display ap-
paratus alternately applies positive sustain pulses (sus)
to the scan electrode (Y) side and the sustain electrode
(2) side during a sustain period, positive ions accumulate
on the address electrode (X) side having a relatively low
potential difference. As positive ions, relatively heavier
than electrons, effect ion bombardment of a phosphor
layer (114 of FIG. 1) of a rear panel in which address
electrodes (X) are formed, the lifetime of the plasma dis-
play apparatus may be shortened.

[0018] Accordingly, as shown in FIG. 4, recently, by
allowing the sustain pulses (sus) to have a negative volt-
age level, a negative sustain type driving in which elec-
trons are accumulate in a rear panel in which the scan
electrode (Y) and the sustain electrode (Z) are formed,
is performed.

[0019] FIG. 4 is a diagram illustrating a driving wave-
form according to a negative sustain driving method of a
conventional PDP.

[0020] As shown in FIG. 4, a negative sustain pulse (-
sus) is alternately applied to the scan electrode (Y) and
the sustain electrode (Z) during a sustain period.
[0021] Accordingly, as described above, electrons are
caused to accumulate by the negative sustain pulses (-
sus) in the rear panel 110 in which the phosphor layer
114 is formed, whereby ion bombardment of the phos-
phor layer 114 is caused to decrease. However, as ion
bombardment increases in the magnesium oxide (MgO)
layer 105 formed in the front panel 100 in a process in
which positive ions become accumulated, the secondary
electron generating rate improves.

[0022] Thatis, by increasing the amount of secondary
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electron generation while preventing damage to the
phosphor layer 114, the lifetime of a plasma display ap-
paratus can be extended and a discharge firing voltage
can be lowered.

[0023] The negative sustain pulse (-sus) can be ap-
plied to a long gap structure, which is a new electrode
structure.

[0024] A conventionalinterval between electrodes has
been about 60 to 80 pm, but a structure for increasing
the amount of light passing through the gap between
electrodes by widening the gaps between electrodes to
more than 150 um, is referred to as a long gap structure.
According to the long gap structure, as the amount of
light emitted from a phosphor increases, light emitting
efficiency can be improved.

[0025] In order to represent a long gap structure, the
long gap structure is generally formed by reducing the
area of a conventional electrode, i.e., an ITO area. Ac-
cording to the long gap structure, when a discharge is
generated between the scan electrode and the sustain
electrode, an opposed discharge is generated if the sus-
tain voltage is set to ground voltage.

[0026] The opposed discharge is a discharge between
the scan electrode and the data electrode. That is, in the
long gap structure, a discharge is generated due to the
voltage difference between the scan electrode and the
data electrode earlier than a discharge between the scan
electrode and the sustain electrode when a voltage dif-
ference is generated between the sustain electrode set
to a ground voltage and the scan electrode. As describe
above, the long gap structure is driven on the assumption
of the generation of an opposed discharge. Accordingly,
a driving method, different from a driving method in a
conventional surface discharge mode, is required.
[0027] The present invention seeks to provide an im-
proved plasma display apparatus.

[0028] One aspect of the invention provides a plasma
display apparatus comprising: a scan electrode and a
sustain electrode; a data electrode intersecting the scan
electrode and the sustain electrode; and a pulse control-
ler arranged to apply respective pulses having opposite
polarities to the scan electrode and the sustain electrode
respectively during a reset period and to apply a negative
sustain pulse to the scan electrode and the sustain elec-
trode during a sustain period, wherein the distance be-
tween the scan electrode and the sustain electrode is
longer than that between the sustain electrode and the
data electrode.

[0029] The pulse applied to the scan electrode during
the reset period may be a ramp-up waveform.

[0030] The magnitude of voltage of the ramp-up wave-
form may be greater than that of the voltage of the pulse
applied to the sustain electrode during the reset period.
[0031] During the reset period, a positive ramp wave-
form may be applied to the scan electrode and a negative
pulse may be applied to the sustain electrode and the
magnitude of voltage of the negative pulse may be sub-
stantially the same as that of the voltage of the negative
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sustain pulse.

[0032] The distance between the scan electrode and
the sustain electrode may be in the range 100 pm to 400
wm.

[0033] The distance between the scan electrode and
the sustain electrode may be in the range 150 pm to 350
pm.

[0034] The distance between the scan electrode and

the sustain electrode may be the distance between a
transparent electrode of the scan electrode and a trans-
parent electrode of the sustain electrode.

[0035] The negative pulse may be arranged to be sup-
plied from the same voltage source as that of the negative
sustain voltage.

[0036] Another aspect of the invention provides a driv-
ing method of a plasma display apparatus comprising a
scan electrode, a sustain electrode, and a data electrode
intersecting the scan electrode and the sustain electrode,
the method comprising: applying respective pulses hav-
ing opposite polarities to the scan electrode and the sus-
tain electrode respectively during a reset period; and ap-
plying a negative sustain pulse to the scan electrode and
the sustain electrode during a sustain period, wherein
the distance between the scan electrode and the sustain
electrode is longer than that between the scan electrode
or the sustain electrode and the data electrode.

[0037] The pulse applied to the scan electrode during
the reset period may be a ramp-up waveform.

[0038] The magnitude of voltage of the ramp-up wave-
form may be greater than that of the voltage of the pulse
applied to the sustain electrode during the reset period.
[0039] During the reset period, a positive ramp wave-
form may be applied to the scan electrode and a negative
pulse may be applied to the sustain electrode and the
magnitude of a voltage of the negative pulse may be sub-
stantially the same as that of the voltage of the negative
sustain pulse.

[0040] The distance between the scan electrode and
the sustain electrode may be in the range 100 pnm to 400
pm.

[0041] The distance between the scan electrode and
the sustain electrode may be in the range 150 pm to 350
pm.

[0042] The distance between the scan electrode and

the sustain electrode may be the distance between a
transparent electrode of the scan electrode and a trans-
parent electrode of the sustain electrode.

[0043] The negative pulse may be arranged to be sup-
plied from the same voltage source as that of the negative
sustain voltage.

[0044] Embodiments of the invention will now be de-
scribed, by way of non-limiting example only, with refer-
ence to the drawings, in which:

[0045] FIG. 1is aview illustrating a structure of a gen-
eral PDP ;
[0046] FIG. 2is a diagram illustrating a method of rep-

resenting an image gray level of a general PDP;
[0047] FIG. 3 is a diagram illustrating a driving wave-

10

15

20

25

30

35

40

45

50

55

form according to a driving method of a conventional
PDP;

[0048] FIG. 4 is a diagram illustrating a driving wave-
form according to a negative sustain driving method of a
conventional PDP;

[0049] FIG. 5is a diagram illustrating an embodiment
of plasma display apparatus in accordance with the in-
vention; and

[0050] FIG. 6 is a diagram illustrating an embodiment
of driving waveform according to a negative sustain driv-
ing method of operating a plasma display apparatus in
accordance with the invention.

[0051] AsshowninFIG. 5, a plasma display apparatus
comprises a PDP 200 in which driving pulses are applied
to address electrodes (X1 to Xm), scan electrodes (Y1
to Yn), and sustain electrodes (Z) in a reset period, an
address period, and a sustain period and that reproduces
an image consisting of a frame by at least one subfield
combination, a data driver 202 for supplying data to the
address electrodes (X1 to Xm) formed in the PDP 200,
a scan driver 203 for driving the scan electrodes (Y1 to
Yn), asustain driver 204 for driving the sustain electrodes
(2) that are a common electrode, a pulse controller 201
for controlling the supply of areset pulse in areset period,
controlling the supply of a scan pulse in an address pe-
riod, and controlling the supply of a sustain pulse in a
sustain period by controlling the scan driver 203 and the
sustain driver 204 when driving the PDP 200, and a driv-
ing voltage generator 205 for supplying a necessary driv-
ing voltage to each driver 202, 203, and 204.

[0052] Inthe datadriver 202, after reverse gamma cor-
rection and error diffusion are performed by a reverse
gamma correction circuit and an error diffusion circuit
that are not shown, mapped data are supplied to each
subfield by a subfield mapping circuit. The data driver
202 samples and latches data in response to a data tim-
ing control signal (CTRX) from a timing controller (not
shown) and then supplies the data to the address elec-
trodes (X1 to Xm). Further, the data driver 202 supplies
erase pulses to the address electrodes (X1 to Xm) during
an erase period.

[0053] The scan driver 203 supplies the reset pulses
to the scan electrodes (Y1 to Yn) during a reset period
and supplies the scan pulses to the scan electrodes (Y1
to Yn) during an address period under the control of the
pulse controller 201 and supplies negative sustain pulses
(-sus) to the scan electrodes (Y1 to Yn) during a sustain
period and supplies the erase pulses to the scan elec-
trodes (Y1 to Yn) during an erase period under the control
of the pulse controller 201.

[0054] The sustain driver 204 supplies a predeter-
mined magnitude of bias voltage to the sustain electrodes
(Z) during an address period under the control of the
pulse controller 201, supplies the negative sustain pulse
(-sus) to the sustain electrodes (Z) by alternately oper-
ating with the scan driver 203 during the sustain period,
and supplies the erase pulse to the sustain electrodes
(Z) during an erase period.
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[0055] The pulse controller 201 supplies a predeter-
mined control signal for controlling an operation timing
and synchronization of the scan driver 203, the sustain
driver 204, and the data driver 202 in a reset period, an
address period, a sustain period, and an erase period to
the drivers 202, 203, and 204.

[0056] In particular, unlike the prior art, the pulse con-
troller 201 enables the use of a surface discharge mode
by controlling the application of respective pulses having
opposite polarities to the scan electrode and the sustain
electrode respectively in the reset period.

[0057] The data control signal (CTRX) comprises a
switch control signal for controlling the on/off time of a
sampling clock for sampling data, a latch control signal,
an energy recovery circuit, and a driving switch element.
The scan control signal (CTRY) comprises a switch con-
trol signal for controlling the on/off time of a driving switch
element (not shown) and an energy recovery circuit (not
shown) within the scan driver 203, and the sustain control
signal (CTRZ) comprises a switch control signal for con-
trolling the on/off time of a driving switch element and an
energy recovery circuit within the sustain driver 204.
[0058] The driving voltage generator 205 generates a
setup voltage (Vsetup), a scan common voltage (Vscan-
com), a scan voltage (-Vy), a sustain voltage (Vs), a data
voltage (Vd), etc. The driving voltages may need to be
adjusted to suit the composition of the discharge gas
and/or the structure of the discharge cells.

[0059] Operation of the plasma display apparatus in
shown FIG. 5 will become apparent by the description of
the driving method which follows.

[0060] As shown in FIG. 6, respective pulses having
opposite polarities are applied to the scan electrode and
the sustain electrode respectively during a reset period
and respective negative sustain pulses are applied to the
scan electrode and the sustain electrode during a sustain
period.

[0061] In this embodiment, the pulse applied to the
scan electrode during the reset period is aramp-up wave-
form. As shown by way of non-limiting example, a positive
ramp-up waveform is applied to the scan electrode and
a negative pulse is applied to the sustain electrode. The
magnitude of voltage of the negative pulse is substan-
tially the same as that of a voltage of the negative sustain
pulse. The negative pulse is supplied from the same volt-
age source as that of the negative sustain voltage.
[0062] In a modification, not shown, it is possible to
generate a surface discharge by applying a negative
pulse to the scan electrode and a positive pulse to the
sustain electrode during the reset period. The magnitude
of voltage of the negative pulse is, in this modification,
substantially the same as that of the voltage of the neg-
ative sustain pulse.

[0063] In embodiments of the invention, discharge
characteristics can be improved using a surface dis-
charge mode. In a long gap structure, when sustaining
a sustain electrode in aground (GND) state during a reset
period, an opposed discharge is generated between the
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scan electrode and the data electrode having a gap rel-
atively smaller than that between the scan electrode and
the sustain electrode.

[0064] After an opposed discharge has been generat-
ed, in order to subsequently generate a surface dis-
charge in the scan electrode and the sustain electrode,
aproper discharge voltage needs to be applied according
to the amount of wall charges accumulated after an op-
posed discharge.

[0065] Inthe described embodiments, the same pulse
as a pulse used for a surface discharge is applied to the
scan electrode, and a negative bias voltage of the same
magnitude as the sustain voltage applied for a sustain
discharge is applied to the sustain electrode. That is, re-
setting is performed using a surface discharge, not an
opposed discharge, and as a voltage source, a voltage
source having the same magnitude as the negative sus-
tain pulseis used. Accordingly, a separate voltage source
is not required and thus the cost and size of a plasma
display apparatus can be reduced.

[0066] Inthese embodiments, resetdischarge of asur-
face discharge mode can be effectively performed in a
long gap structure in which the distance between the scan
electrode and the sustain electrode is longer than the
distance between the scan electrode or the sustain elec-
trode and the data electrode. The distance between the
scan electrode and the sustain electrode may for exam-
ple lie inthe range 100 wm to 400 wm. Further, discharge
efficiency can be increased in a long gap structure in
which the distance between the scan electrode and the
sustain electrode is adjusted to lie in the range 150 pm
to 350 um. Here, the distance between the scan elec-
trode and the sustain electrode may be defined as the
distance between a transparent electrode of the scan
electrode and a transparent electrode of the sustain elec-
trode.

[0067] Inthese embodiments, when a negative sustain
pulse is applied to the sustain electrode in a setup period
of a reset period, a reset pulse for a surface discharge
can be applied to the scan electrode. That s, in the setup
period of the reset period, a negative sustain pulse is
applied to the sustain electrode while a reset pulse of a
ramp-up waveform is applied to the scan electrode. Ac-
cordingly, the voltage difference is further increased be-
tween the scan electrode and the sustain electrode.
[0068] In these embodiments, in a setdown period, a
reset pulse of a ramp-down waveform is applied to the
scan electrode and a positive sustain pulse is applied to
the sustain electrode.

[0069] In other words, in the setup period of the reset
period, a ramp-up waveform is applied and in a setdown
period, a ramp-down waveform is applied, to the scan
electrode and in a setup period, a negative sustain pulse
is applied and in a setdown period, a positive sustain
pulse is applied, to the sustain electrode.

[0070] As described above, in the setup period of the
reset period, abrupt polarity reversal is generated be-
tween the scan electrode and the sustain electrode, so
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that a discharge can be easily generated.

[0071] Asdescribed above, whenaramp-upwaveform
is applied to the scan electrode in the reset period, the
magnitude of the negative voltage applied to the sustain
electrode is set to be equal to that of a sustain voltage (-
Z bias).

[0072] As a negative sustain pulse having the same
size as that of the negative sustain pulse applied to the
scan electrode and the sustain electrode in a sustain pe-
riod is applied to the sustain electrode in a reset period,
a plasma display apparatus can be driven without a sep-
arate negative voltage source.

[0073] In these embodiments, similarly to a surface
discharge, driving pulses can be applied to the sustain
electrode in a reset period, and the same voltage source
can be used for the scan electrode and the sustain elec-
trode. Accordingly, a plasma display apparatus can be
driven by applying a negative pulse of the same magni-
tude as a sustain voltage without a separate negative
voltage source, thereby the size and cost thereof can be
reduced.

[0074] Asdescribed above, a surface discharge mode
can be used even when applying negative pulses to the
sustain electrode during a setup period of a reset period,
and the size and cost of a plasma display apparatus can
be reduced by applying a negative pulse of the same
magnitude as the sustain voltage without a separate neg-
ative voltage source.

[0075] Exemplary embodiments of the invention hav-
ing been thus described, it will be obvious that the same
may be varied in many ways. Such variations are not to
be regarded as a departure from the scope of the inven-
tion, and all such modifications as would be obvious to
one skilled in the art are intended to be comprised within
the scope of the claims. For example, while in the de-
scribed embodiments the magnitudes of the respective
pulses applied to the scan and sustain electrodes were
the same, this is not essential to the invention in its broad-
est aspect and they could be different negative voltages.
These voltages could be supplied from different voltage
sources. Likewise the ranges of dimensions given, while
advantageous for the particular apparatus of the exem-
plary embodiments, are not essential to the invention in
its broadest aspect.

Claims
1. A plasma display apparatus comprising:

a scan electrode and a sustain electrode;

a data electrode intersecting the scan electrode
and the sustain electrode; and

a pulse controller arranged to apply respective
pulses having opposite polarities to the scan
electrode and the sustain electrode respectively
during a reset period and to apply respective
negative sustain pulses to the scan electrode
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and the sustain electrode during a sustain peri-
od,

wherein the distance between the scan electrode
and the sustain electrode is longer than that between
the sustain electrode and the data electrode.

The plasma display apparatus of claim 1, wherein a
pulse arranged to be applied to the scan electrode
during the reset period is a ramp-up waveform.

The plasma display apparatus of claim 2, wherein
the magnitude of voltage of the ramp-up waveform
is greater than that of the voltage of a pulse arranged
to be applied to the sustain electrode during the reset
period.

The plasma display apparatus of claim 2 or 3, where-
in during the reset period, a positive ramp waveform
is arranged to be applied to the scan electrode and
a negative pulse is arranged to be applied to the
sustain electrode, and the magnitude of voltage of
the negative pulse is substantially the same as that
of the voltage of the negative sustain pulse.

The plasma display apparatus of any preceding
claim, wherein the distance between the scan elec-
trode and the sustain electrode lies in the range 100
pm to 400 pm.

The plasma display apparatus of claim 5, wherein
the distance between the scan electrode and the
sustain electrode lies inthe range 150 pmto 350 pm.

The plasma display apparatus of any preceding
claim, wherein the distance between the scan elec-
trode and the sustain electrode is the distance be-
tween a transparent electrode of the scan electrode
and a transparent electrode of the sustain electrode.

The plasma display apparatus of any one of claims
4 to 7, wherein the negative pulse is arranged to be
supplied from the same voltage source as that of the
negative sustain voltage.

A method of driving a plasma display apparatus com-
prising a scan electrode, a sustain electrode, and a
data electrode intersecting the scan electrode and
the sustain electrode, the method comprising:

applying respective pulses having opposite po-
larities to the scan electrode and the sustain
electrode respectively during a reset period; and
applying respective negative sustain pulses to
the scan electrode and to the sustain electrode
during a sustain period,

wherein the distance between the scan electrode
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and the sustain electrode is longer than that between
the scan electrode or the sustain electrode and the
data electrode.

The driving method of claim 9, wherein the pulse
applied to the scan electrode during the reset period
is a ramp-up waveform.

The driving method of claim 10, wherein the magni-
tude of voltage of the ramp-up waveform is greater
than that of the voltage of a pulse applied to the sus-
tain electrode during the reset period.

The driving method of claim 10 or 11, wherein during
the reset period, a positive ramp waveform is applied
to the scan electrode and a negative pulse is applied
to the sustain electrode, and the magnitude of volt-
age of the negative pulse is substantially the same
as that of the voltage of the negative sustain pulse.

The driving method of any one of claims 9 to 12,
wherein the distance between the scan electrode
and the sustain electrode lies in the range 100 pm
to 400 pm.

The driving method of claim 13, wherein the distance
between the scan electrode and the sustain elec-
trode lies in the range 150 pm to 350 pm.

The driving method of any one of claims 9 to 14,
wherein the distance between the scan electrode
and the sustain electrode is the same as the distance
between a transparent electrode of the scan elec-
trode and a transparent electrode of the sustain elec-
trode.

The driving method of any one of claims 12 to 15,
wherein the negative pulse is supplied from the same
voltage source as that of the negative sustain volt-
age.
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