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(54) Method of driving plasma display apparatus

(57) In a method of driving a plasma display appara-
tus, a first reset pulse including a rising pulse and a falling
pulse is applied to a scan electrode during a reset period
of a first subfield of a plurality of subfields. A second reset
pulse including a rising pulse and a falling pulse is applied
to the scan electrode during a reset period of a turn-on
subfield next to a turn-off subfield in the remaining sub-
fields except the first subfield. A third reset pulse including
a falling pulse is applied to the scan electrode during a
reset period of another subfield except the subfields dur-
ing which the first reset pulse and the second reset pulse
are applied.
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Description

[0001] This invention relates to a plasma display ap-
paratus. It more particularly relates to a method of driving
a plasma display apparatus.
[0002] A plasma display apparatus is a type of display
which includes a plasma display panel and a driver for
driving the plasma display panel.
[0003] A plasma display panel has a structure in which
barrier ribs formed between a front panel and a rear panel
form a unit discharge cell or discharge cells. Each dis-
charge cell is filled with an inert gas containing a main
discharge gas such as neon (Ne), helium (He) or a mix-
ture of Ne and He, and a small amount of xenon (Xe).
[0004] A plurality of discharge cells may form one pixel.
For example, a red (R) discharge cell, a green (G) dis-
charge cell, and a blue (B) discharge cell may form one
pixel.
[0005] When a discharge is caused in the plasma dis-
play panel by a high frequency voltage, the inert gas gen-
erates vacuum ultraviolet radiation, which thereby caus-
es phosphors formed between the barrier ribs to emit
visible light, thus displaying an image. Since the plasma
display panel can be manufactured to be thin and light,
it has attracted attention as a next generation display
device.
[0006] A rising pulse applied to a scan electrode during
a reset period is a high-voltage pulse such that the quan-
tity of light generated by a discharge generated by the
rising pulse increases proportionately.
[0007] Thus, the luminance (i.e., the black level lumi-
nance) in the OFF state of all the discharge cells of the
plasma display panel increases accordingly. This results
in degradation of the contrast characteristic and the gen-
eration of image retention.
[0008] Accordingly, a method to apply the rising pulse
in only one subfield of one frame has been proposed
such that a portion of the contrast characteristic would
be improved. However, an erroneous discharge may be
generated at a specific gray level.
[0009] The present invention seeks to provide an im-
proved plasma display apparatus.
[0010] In accordance with one aspect of the invention,
a method of driving a plasma display apparatus display-
ing an image, with one frame being time-divided into a
plurality of subfields, comprises applying a first reset
pulse including a rising pulse and a falling pulse to a scan
electrode during a reset period of a first subfield of the
plurality of subfields, applying a second reset pulse in-
cluding a rising pulse and a falling pulse to the scan elec-
trode during a reset period of a turn-on subfield next to
a turn-off subfield in the remaining subfields except the
first subfield, and applying a third reset pulse including a
falling pulse to the scan electrode during a reset period
of another subfield except the subfields during which the
first reset pulse and the second reset pulse are applied.
[0011] The method may further comprise applying a
first pre-reset pulse to the scan electrode prior to the reset

period of the first subfield, and applying a second pre-
reset pulse of a polarity opposite the polarity of the first
pre-reset pulse to a sustain electrode correspondingly to
the first pre-reset pulse.
[0012] The first subfield may be a subfield of the lowest
gray level weight.
[0013] The subfield during which the second reset
pulse is applied may range from a fifth subfield to sub-
fields succeeding the fifth subfield in the plurality of sub-
fields arranged in an increasing order of gray level weight.
[0014] The peak voltage of the rising pulse of the sec-
ond reset pulse may be lower than the peak voltage of
the rising pulse of the first reset pulse.
[0015] The first pre-reset pulse may be of negative po-
larity.
[0016] The first pre-reset pulse may be a falling pulse
with gradually falling voltages.
[0017] The falling pulse of the third reset pulse may
fall from a predetermined bias voltage.
[0018] The predetermined bias voltage may be sub-
stantially equal to a sustain voltage.
[0019] In accordance with another aspect of the inven-
tion, a method of driving a plasma display apparatus dis-
playing an image during a plurality of frames comprises
applying a first reset pulse including a rising pulse and a
falling pulse to a scan electrode during a reset period of
a first frame of the plurality of frames, and applying a
second reset pulse including a falling pulse to the scan
electrode during all reset periods of a second frame that
succeeds the first frame.
[0020] The falling pulse of the second reset pulse may
fall from a predetermined bias voltage.
[0021] The predetermined bias voltage may be sub-
stantially equal to a sustain voltage.
[0022] The method may further comprise applying a
third reset pulse and a fourth reset pulse to the scan
electrode during a reset period of a first subfield of a third
frame that succeeds the second frame.
[0023] The third reset pulse and the fourth reset pulse
may each comprise a rising pulse.
[0024] The peak voltage of the third reset pulse may
be higher than the peak voltage of the fourth reset pulse.
[0025] The difference between the peak voltage of the
third reset pulse and the peak voltage of the fourth reset
pulse may be equal to or less than 100V.
[0026] The third reset pulse may comprise a square
wave, and the fourth reset pulse may comprise a rising
pulse.
[0027] A time period during which the square wave of
the third reset pulse is applied may be shorter than a time
period during which the rising pulse of the fourth reset
pulse is applied.
[0028] In accordance with still another aspect of the
invention, a method of driving a plasma display apparatus
displaying an image during a plurality of frames compris-
es applying a first reset pulse including a rising pulse and
a falling pulse to a scan electrode during a reset period
of a first frame of the plurality of frames, applying a second
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reset pulse including at least two rising pulses to the scan
electrode during all reset periods of a second frame that
succeeds the first frame, wherein the time period during
which one rising pulse of the second reset pulse is applied
is shorter than the time period during which the rising
pulse of the first reset pulse is applied.
[0029] The number of rising pulses of the second reset
pulse may range from 2 to 3 for each subfield.
[0030] The method may further comprise applying a
third reset pulse and a fourth reset pulse to the scan
electrode during a reset period of a first subfield of a third
frame that succeeds the second frame.
[0031] The third reset pulse and the fourth reset pulse
may each comprise a rising pulse.
[0032] The peak voltage of the third reset pulse may
be higher than the peak voltage of the fourth reset pulse.
[0033] The difference between the peak voltage of the
third reset pulse and the peak voltage of the fourth reset
pulse may be equal to or less than 100V.
[0034] The third reset pulse may comprise a square
wave, and the fourth reset pulse may comprise a rising
pulse.
[0035] The time period during which the square wave
of the third reset pulse is applied may be shorter than the
time period during which the rising pulse of the fourth
reset pulse is applied.
[0036] In accordance with yet another aspect of the
invention, a method of driving a plasma display apparatus
displaying an image during a plurality of frames compris-
es applying a first reset pulse including a rising pulse and
a falling pulse to a scan electrode during a reset period
of a first frame of the plurality of frames, and applying a
second reset pulse including a falling pulse instead of
the first reset pulse to the scan electrode during a reset
period of at least one subfield of a second frame that
succeeds the first frame, wherein the number of second
reset pulses increases each time there is a variation from
one frame to another frame.
[0037] The number of second reset pulses may in-
crease by one each time there is a variation from one
frame to another frame.
[0038] The second reset pulse may be first applied in
a subfield of the highest gray level weight.
[0039] The first reset pulse may be applied in one or
more subfields of one frame.
[0040] The falling pulse of the second reset pulse may
fall from a predetermined bias voltage.
[0041] The predetermined bias voltage may be sub-
stantially equal to the sustain voltage.
[0042] Embodiments of the invention will now be de-
scribed by way of non-limiting example only, with refer-
ence to the drawings, in which:
[0043] FIG. 1 illustrates a plasma display panel;
[0044] FIG. 2 illustrates a method for representing a
gray level of an image in the plasma display panel;
[0045] FIG. 3 illustrates a plasma display apparatus;
[0046] FIG. 4 illustrates a method of driving a plasma
display apparatus according to a first embodiment;

[0047] FIG. 5 illustrates a method of driving a plasma
display apparatus according to a second embodiment;
[0048] FIG. 6 is a diagram for comparing areas A and
B of FIG. 5;
[0049] FIG. 7 is a diagram for explaining in detail a first
subfield in a method of driving a plasma display appara-
tus according to a third embodiment;
[0050] FIG. 8 illustrates a method of driving a plasma
display apparatus according to a fourth embodiment;
[0051] FIG. 9 is a diagram for explaining in detail an
area A of FIG. 8;
[0052] FIG. 10 illustrates a method of driving a plasma
display apparatus according to a fifth embodiment;
[0053] FIG. 11 is a diagram for explaining in detail an
area B of FIG. 10;
[0054] FIG. 12 illustrates a method of driving a plasma
display apparatus according to a sixth embodiment;
[0055] FIG. 13 illustrates a method of driving a plasma
display apparatus according to a seventh embodiment;
[0056] FIG. 14 is a diagram for explaining in detail an
area A of FIG. 13; and
[0057] FIG. 15 is a diagram for explaining in detail a
driving waveform depending on the method of driving the
plasma display apparatus according to the seventh em-
bodiment.
[0058] Referring to FIG. 1, a plasma display panel in-
cludes a front panel 100 and a rear panel 110 which are
coupled in parallel opposite to each other with a prede-
termined distance apart. The front panel 100 includes a
front substrate 101 which is a display surface. The rear
panel 110 includes a rear substrate 111 constituting a
rear surface. A plurality of scan electrodes 102 and a
plurality of sustain electrodes 103 are formed in pairs on
the front substrate 101, on which an image is displayed,
to form a plurality of maintenance electrode pairs. A plu-
rality of address electrodes 113 are arranged on the rear
substrate 111 to intersect the plurality of maintenance
electrode pairs.
[0059] The scan electrode 102 and the sustain elec-
trode 103 each include transparent electrodes 102a and
103a made of a transparent indium-tin-oxide (ITO) ma-
terial and bus electrodes 102b and 103b made of a metal
material. The scan electrode 102 and the sustain elec-
trode 103 are used to generate a mutual discharge ther-
ebetween in one discharge cell and maintain light-emis-
sions of discharge cells.
[0060] The scan electrode 102 and the sustain elec-
trode 103 are covered by one or more upper dielectric
layers 104 for limiting discharge current and providing
insulation between the maintenance electrode pairs. A
protective layer 105 having a deposit of magnesium oxide
(MgO) is formed on an upper surface of the upper die-
lectric layer 104 to facilitate discharge conditions.
[0061] A plurality of stripe-type or well-type barrier ribs
112 are formed in parallel to each other on the rear sub-
strate 111 of the rear panel 110 to form a plurality of
discharge spaces, i.e., a plurality of discharge cells. The
plurality of address electrodes 113 for performing an ad-
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dress discharge to generate vacuum ultraviolet radiation
are arranged in parallel to the barrier ribs 112.
[0062] The upper surface of the rear substrate 111 is
selectively coated with red (R), green (G) and blue (B)
phosphors 114 for emitting visible light for an image dis-
play during the generation of the sustain discharge. A
lower dielectric layer 115 is formed between the address
electrodes 113 and the phosphors 114 to protect the ad-
dress electrodes 113.
[0063] In the plasma display panel of the above-de-
scribed structure, the plurality of discharge cells are
formed in a matrix form. A driver including a driving circuit
for applying a predetermined pulse to the discharge cells
is attached to the plasma display panel, thereby driving
the plasma display panel.
[0064] Referring to FIG. 2, the plasma display panel is
driven using a frame divided into a plurality of subfields
having respective different emission times. Each subfield
is subdivided into a reset period for uniformly generating
a discharge, an address period for selecting a discharge
cell, and a sustain period for representing a gray level in
accordance with the number of discharges.
[0065] For example, if an image with 256-gray level is
to be displayed, a frame period (for example, 16.67 ms)
corresponding to 1/60 sec is divided into eight subfields
SF1 to SF8. Each of the eight subfields SF1 to SF8 is
subdivided into a reset period, an address period, and a
sustain period.
[0066] The duration of the reset period in a subfield is
equal to the duration of the reset periods in the other
subfields. The duration of the address period in a subfield
is equal to the duration of the address periods in the other
subfields. However, the respective durations of the sus-
tain period of each subfield may be different from one
another, and the respective number of sustain pulses
assigned during the sustain period of each subfield may
be different from one another. For example, the sustain
period increases in a ratio of 2n (where, n = 0, 1, 2, 3, 4,
5, 6, 7) in each of the subfields. Although the above de-
scription has been made with respect to a case where
one frame includes 8 subfields, it is not limited thereto.
A frame may for example include 10 to 12 subfields.
[0067] Referring to FIG. 3, a plasma display apparatus
includes a plasma display panel 300 including a scan
electrode, a timing controller 301, a data driver 302, a
scan driver 303, a sustain driver 304, and a subfield map-
ping unit 305.
[0068] The timing controller 301 receives a vertical/
horizontal synchronization signal and a predetermined
clock signal. The controller 121 generates timing control
signals CTRX, CTRY and CTRZ for controlling each of
the drivers 302, 303 and 304, and applies the timing con-
trol signals CTRX, CTRY and CTRZ to the corresponding
drivers 302, 303 and 304, respectively.
[0069] Accordingly, the timing controller 301 controls
operations of the drivers 302, 303 and 304. Further, the
timing controller 301 controls the scan driver 303 to apply
a reset pulse including only a falling pulse to the scan

electrodes Y1 to Yn during a portion of a plurality of sub-
fields. This results in the prevention of an erroneous dis-
charge caused by an unstable discharge.
[0070] The data driver 122 applies a data pulse, which
is sampled and latched in response to the timing control
signal CTRX received from the timing controller 301, to
the address electrodes X1 to Xm.
[0071] Under the control of the timing controller 301,
the scan driver 303 controls the reset pulse applied to
the scan electrodes Y1 to Yn during a reset period.
[0072] Under the control of the timing controller 301,
the scan driver 303 consecutively applies scan pulses
with a scan voltage -Vy to the scan electrodes Y1 to Yn
during an address period.
[0073] Under the control of the timing controller 301,
the sustain driver 304 applies a bias voltage of a sustain
voltage Vs to the sustain electrodes Z during a set-down
period of the reset period and the address period. The
scan driver 303 and the sustain driver 304 operate alter-
nately during a sustain period to apply a sustain pulse to
the scan electrodes Y1 to Yn and the sustain electrodes
Z.
[0074] The last sustain discharge ends in one subfield,
and then the sustain driver 304 may apply an erase pulse
to the sustain electrodes Z.
[0075] The subfield mapping unit 305 maps video data,
which is processed through a predetermined imaging
process, for each subfield, and then outputs the mapped
video data.
[0076] For example, in this embodiment the subfield
mapping unit 305 maps video data for each subfield, after
performing a motion process, an average power level
(APL) process, an halftone correction process, and the
like, on video data input from an external signal processor
(not illustrated), for example, a video signal controller
(VSC) chip (not illustrated). Then, the subfield mapping
unit 305 produces the mapped video data and outputs it.
[0077] Referring to FIG. 4, a driving method of the plas-
ma display apparatus according to the first embodiment
displays an image during a plurality of frames, and each
frame is divided into a plurality of subfields, each having
a respective different number of emission times. Each
frame may for example be divided into 10 or 12 subfields,
each having a different number of times of emission.
[0078] The driving method according to the first em-
bodiment is performed with each subfield being subdi-
vided into a reset period for initializing the whole screen,
an address period for selecting cells to be discharged, a
sustain period for maintaining discharges of the selected
cells, and an erase period for erasing wall charges within
the discharged cells.
[0079] The driving method according to the first em-
bodiment includes applying a first reset pulse RP1 in-
cluding a rising pulse and a falling pulse to the scan elec-
trode during a reset period of a subfield (for example, a
first subfield SF1) of the lowest gray level weight, and
applying a third reset pulse RP3 including only a falling
pulse to the scan electrode in a subfield except the first
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subfield SF1.
[0080] The falling pulse of third reset pulse RP3 is
maintained at a sustain voltage Vs being a bias voltage,
and then falls from the sustain voltage Vs. The contrast
characteristic is improved by reducing the number of ap-
plications of a rising pulse having a high voltage.
[0081] In a case where a rising pulse is applied once
during one frame, an erroneous discharge may occur at
a specific gray level. To prevent the erroneous discharge,
a second reset pulse RP2 including a rising pulse and a
falling pulse is applied to the scan electrode during the
reset period of a turn-on subfield next to a turn-off sub-
field.
[0082] For example, in a case where all subfields of
one frame are turned on, one subfield of subfields with
a relative low gray level weight may be unstable. How-
ever, since all the subfields succeeding the unstable sub-
field have been turned on, a stable discharge occurs due
to the discharges of many sustain pulses.
[0083] However, as illustrated in FIG. 4, if three sub-
fields SF1-SF3 in subfields SF1-SF5 of a relative low
gray level weight are turned on and the fifth subfield SF5
is turned on, the number of sustain pulses generated in
the subfields succeeding the turn-on subfield SF3 is not
sufficient. This results in the generation of an erroneous
discharge in the turn-on subfield SF5.
[0084] The generation of an erroneous discharge in
the turn-on subfield SF5 is prevented by applying the
second reset pulse RP2 including the rising pulse and
the falling pulse in the turn-on subfield SF5 next to the
unstable subfield SF3.
[0085] Although the subfields SF1, SF2, SF3 and SF5
as a turn-on subfield were optionally set in FIG. 4 for the
easy explanation, the first embodiment is not limited
thereto.
[0086] For example, if it is assumed that the first sub-
field SF1 is turned on and the fifth subfield SF5 is turned
on again, then the third reset pulse RP3 including only
the falling pulse is applied during reset periods of the
second to fourth subfields SF2-SF4. Therefore, there is
a great likelihood of the generation of an erroneous dis-
charge in the fifth subfield SF5.
[0087] Accordingly, the second reset pulse RP2 in-
cluding the rising pulse and the falling pulse is applied in
the fifth subfield SF5 such that the generation of the er-
roneous discharge is prevented in the fifth subfield SF5.
[0088] In the first embodiment, the subfields during
which the third reset pulse RP3 is applied may be low
gray level subfields. The low gray level subfields may for
example range from the first to fourth subfields SF1-SF4
in the subfields SF1-SF12 of one frame arranged in an
increasing order of gray level weight.
[0089] The subfields during which the second reset
pulse RP2 is applied may for example range from the
fifth to twelfth subfields SF5-SF12 in the subfields SF1-
SF12 of one frame arranged in an increasing order of
gray level weight.
[0090] If the first reset pulse RP1 including the rising

pulse and the falling pulse is applied in the subfield SF1
of the lowest gray level and the third reset pulse RP3
including only the falling pulse is applied in the first to
fourth subfields SF1-SF4 in the subfields SF1-SF12 of
one frame arranged in an increasing order of gray level
weight, there is a great likelihood of the generation of an
erroneous discharge due to the unstable discharge.
Therefore, the second reset pulse RP2 is applied in the
fifth to twelfth subfields SF5-SF12 in the subfields SF1-
SF12 of one frame arranged in an increasing order of
gray level weight.
[0091] Accordingly, the number of rising pulses ap-
plied during one frame is reduced considerably such that
the contrast characteristic is improved and erroneous dis-
charge at a specific gray level is prevented.
[0092] Referring now to the second embodiment illus-
trated in FIG. 5, the first reset pulse RP1 and a second
reset pulse RP2 are applied during the reset period of a
subfield SF1 having the lowest gray level weight and a
reset period of turn-on subfield SF5 next to turn-off sub-
field SF4 in a plurality of subfields SF1-SF12, respective-
ly, so that the peak voltage Vpeak1 of the rising pulse of
the first reset pulse RP1 is higher than the peak voltage
Vpeak2 of the rising pulse of the second reset pulse RP2.
[0093] In the first embodiment illustrated in FIG. 4, to
prevent the generation of the erroneous discharge, the
peak voltage of the rising pulse of the first reset pulse
RP1 applied during the reset period of the lowest gray
level subfield SF1 was equal to the peak voltage of the
rising pulse of the second reset pulse RP2 applied during
the reset period of the fifth subfield SF5. However, unlike
the first embodiment, in FIG. 5, the generation of flicker
is prevented by applying the second reset pulse RP2
having a peak voltage Vpeak2, that is lower than the peak
voltage Vpeak1 of the first reset pulse RP1 applied during
the reset period of the lowest gray level subfield SF1,
during the reset period of the turn-on subfield SF5 next
to the turn-off subfield SF4.
[0094] FIG. 6 is a diagram for comparing areas A and
B of FIG. 5. As illustrated in FIG. 6, the peak voltage
Vpeak1 of the first reset pulse RP1 applied in the area A
(i.e., the lowest gray level subfield SF1) is higher than
the peak voltage Vpeak2 of the second reset pulse RP2
applied in the area B (i.e., the turn-on subfield SF5 next
to the turn-off subfield SF4).
[0095] FIG. 7 is a diagram for explaining in detail a first
subfield in a method of driving a plasma display appara-
tus according to a third embodiment.
[0096] As illustrated in FIG. 7, before applying a first
reset pulse RP1 having a rising pulse and a falling pulse
to the scan electrode during the reset period of a first
subfield SF1 as illustrated in FIGs. 4 and 5, a first pre-
reset pulse PRP1 is applied to the scan electrode and a
second pre-reset pulse PRP2 of the polarity opposite the
polarity of the first pre-reset pulse PRP1 is applied to the
sustain electrode correspondingly to the first pre-reset
pulse PRP1.
[0097] The first pre-reset pulse PRP1 has a negative
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polarity, and may, as shown, be a falling pulse gradually
falling from a ground level voltage GND. The second pre-
reset pulse PRP2 is a positive polarity, and may, as
shown, be a square wave.
[0098] As above, since the first and second pre-reset
pulses PRP1 and PRP2 are applied prior to the reset
period of the first subfield SF1, the peak voltage of the
rising pulse of the first reset pulse RP1 applied during
the reset period of the first subfield SF1 is lowered. This
results in a reduction in the black level luminance in a
reset process.
[0099] As illustrated in FIG. 8, the driving method of
the plasma display apparatus according to the fourth em-
bodiment displays an image during a plurality of frames,
and each frame is divided into a plurality of subfields hav-
ing respective different numbers of emission times. Each
frame may for example be divided into 10 or 12 subfields,
each having a respective different number of emission
times.
[0100] The driving method according to the fourth em-
bodiment is performed with each subfield being subdi-
vided into a reset period for initializing the whole screen,
an address period for selecting cells to be discharged, a
sustain period for maintaining discharges of the selected
cells, and an erase period for erasing wall charges within
the discharged cells.
[0101] The driving method according to the fourth em-
bodiment applies a first reset pulse RP1 including a rising
pulse and a falling pulse to the scan electrode during the
respective reset periods of each of subfields SF1-SF12
of a first frame.
[0102] Then, in the case where a second frame suc-
ceeding the first frame is an OFF-cell, a second reset
pulse RP2 including only a falling pulse is applied to the
scan electrode during the respective reset periods of
each of subfields SF1-SF12 of the second frame.
[0103] For example, if the first frame corresponding to
a portion of a display surface (not illustrated) of the plas-
ma display panel is an ON-cell, the first reset pulse RP1
is applied in the twelve subfields SF1-SF12 of the first
frame, and the second frame is the OFF-cell in the whole
panel, a window pattern displayed on the portion of the
panel display surface appears as a image retention pat-
tern.
[0104] Accordingly, when there is a variation from the
first frame being the ON-cell to the second frame being
the OFF-cell, the second reset pulse RP2 including only
the falling pulse is applied in all the subfields SF1-SF12
of the second frame.
[0105] FIG. 9 is a diagram for explaining in detail an
area A of FIG. 8. As illustrated in FIG. 9, the second reset
pulse RP2 applied in all the subfields SF1-SF12 of the
second frame includes only the falling pulse.
[0106] The falling pulse is maintained at a sustain volt-
age Vs, being a bias voltage, and then gradually falls
from the sustain voltage Vs.
[0107] As above, since the second reset pulse RP2
applied in the second frame has a luminance of about 0

cd/m2 per pulse as compared with the first reset pulse
RP1 having a luminance of about 0.1 cd/m2 or more per
pulse, the application of the second reset pulse RP2 low-
ers the image retention level when there is the variation
from the first frame being the ON-cell to the second frame
being the OFF-cell and the contrast characteristic is im-
proved.
[0108] As illustrated in FIG. 10, the driving method ac-
cording to the fifth embodiment applies a first reset pulse
RP1 including a rising pulse and a falling pulse to the
scan electrode during a reset period of each of subfields
SF1-SF12 of a first frame.
[0109] Then, in the case where a second frame suc-
ceeding the first frame is an OFF-cell, a second reset
pulse RP2 including at least two rising pulses is applied
to the scan electrode during reset periods of all subfields
SF1-SF12 of the second frame.
[0110] As illustrated in FIG. 11, which is a diagram for
explaining in detail an area B of FIG. 10, a time period A
in the subfields SF1-SF12 of the second frame during
which one rising pulse of the second reset pulse RP2 is
applied, is shorter than a time period B in the subfields
SF1-SF12 of the first frame during which the rising pulse
of the first reset pulse RP1 is applied.
[0111] The number of rising pulses applied in all the
subfields SF1-SF12 of the second frame may range from
1 to 3 for each subfield of the second frame.
[0112] Since the rising pulses applied in the subfields
of the first frame has a luminance of about 0.1 cd/m2 per
pulse, flicker may occur due to luminance deviation when
an ON-cell and an OFF-cell are alternately varied to each
other such that the contrast characteristics may worsen.
[0113] Accordingly, a weak discharge is made to occur
several times by applying the second reset pulse RP2
including the 2 or 3 rising pulses having a luminance of
about 0.04 cd/m2 per pulse. As a result, several weak
discharges lower the level of dark image retention as
compared with one strong discharge, and the generation
of flicker due to luminance deviation is prevented.
[0114] (a) of FIG. 12 illustrates a prior art reset pulse
applied during the last subfield of a second frame and
the first subfield of a third frame next to the second frame.
[0115] As illustrated in (a) of FIG. 12, after applying a
second reset pulse illustrated in FIGs. 8 and 10 in the
second frame, one reset pulse is applied during the reset
period of the first subfield of the third frame next to the
second frame. In this case, it is difficult to vary a discharge
when there is a variation from the second frame being
an OFF-cell to the third frame being an ON-cell.
[0116] (b) of FIG. 12 illustrates a reset pulse according
to the sixth embodiment applied during the last subfield
of a second frame and the first subfield of a third frame
next to the second frame. As illustrated in (b) of FIG. 12,
a third reset pulse RP3 and a fourth reset pulse RP4 are
applied in the first subfield of the third frame.
[0117] The third reset pulse RP3 and the fourth reset
pulse RP4 each include a rising pulse.
[0118] The first peak voltage Vpeak1 of the third reset

9 10 



EP 1 956 578 A1

7

5

10

15

20

25

30

35

40

45

50

55

pulse RP3 is higher than the second peak voltage Vpeak2
of the fourth reset pulse RP4.
[0119] The difference (Vpeak1-Vpeak2) between the
first peak voltage Vpeak1 and the second peak voltage
Vpeak2 may be equal to or less than 100V.
[0120] As above, since the third reset pulse RP3 that
is higher than the fourth reset pulse RP4 by 100V or less
is applied, the unstableness of discharge is solved when
there is a variation from the second frame being an OFF-
cell to the third frame being an ON-cell.
[0121] A third reset pulse RP3 having a different form
from the third reset pulse RP3 illustrated in (b) of FIG. 12
may be applied. This will be described with reference to
(c) of FIG. 12.
[0122] As illustrated in (c) of FIG. 12, the third reset
pulse RP3 applied in the first subfield of the third frame
includes a square wave.
[0123] The voltage of the square wave is equal to the
second peak voltage Vpeak2 of the fourth reset pulse
RP4. The time period C during which the square wave
of the third reset pulse RP3 is applied, is shorter than the
time period D during which the rising pulse of the fourth
reset pulse RP4 is applied.
[0124] As above, since the third reset pulse RP3 is
applied during the time period C, that is shorter than the
time period D during which the fourth reset pulse RP4 is
applied, the unstableness of discharge is solved when
there is a variation from the second frame being an OFF-
cell to the third frame being an ON-cell.
[0125] As illustrated in FIG. 13, the driving method of
the plasma display apparatus according to the seventh
embodiment displays an image during a plurality of
frames, and each frame is divided into a plurality of sub-
fields, each having a respective different number of emis-
sion times. Each frame may for example be divided into
10 or 12 subfields, each having a respective different
number of emission times.
[0126] The driving method according to the seventh
embodiment is performed with each subfield being sub-
divided into a reset period for initializing the whole screen,
an address period for selecting cells to be discharged, a
sustain period for maintaining discharges of the selected
cells, and an erase period for erasing wall charges within
the discharged cells.
[0127] The driving method according to the seventh
embodiment applies a first reset pulse RP1 including a
rising pulse and a falling pulse to the scan electrode dur-
ing a reset period of each of subfields SF1-SF12 of a first
frame.
[0128] Then, in a case where a second frame succeed-
ing the first frame is an OFF-cell, a second reset pulse
RP2 including only a falling pulse instead of the first reset
pulse RP1 is applied to the scan electrode during a reset
period of at least one subfield (for example, a twelfth sub-
field SF12 in FIG. 13) of the second frame.
[0129] For example, if the first frame is an ON-cell, the
12 first reset pulses RP1 are applied in the 12 subfields
of the first frame, respectively, and the second frame is

an OFF-cell, an image retention pattern appears in the
second frame.
[0130] When there is a variation from the first frame
being the ON-cell to the second frame being the OFF-
cell, the second reset pulse RP2 starts to be applied from
the last subfield SF12 of the second frame.
[0131] In other words, if the second frame includes 12
subfields, the first reset pulse RP1 is applied in 11 sub-
fields of the second frame and the second reset pulse
RP2 is applied in the remaining one subfield.
[0132] Subsequently, if a third frame succeeding the
second frame is an OFF-cell, the first reset pulse RP1 is
applied in 10 subfields of the third frame and the second
reset pulse RP2 is applied in the remaining two subfields.
[0133] If subfields succeeding the third frame are in a
state of an OFF-cell, the number of second reset pulses
may increase by one each time there is a variation from
one frame to another frame.
[0134] As illustrated in FIG. 14, which is a diagram for
explaining in detail an area A of FIG. 13, the second reset
pulse RP2 applied instead of the first reset pulse RP1 in
at least one subfield of the second frame includes only
the falling pulse.
[0135] The falling pulse is maintained at a sustain volt-
age Vs, being a bias voltage, and gradually falls from the
sustain voltage Vs.
[0136] Since the second reset pulse RP2 including on-
ly the falling pulse has a luminance of about 0 cd/m2 per
pulse as compared with the first reset pulse RP1 having
a luminance of about 0.1 cd/m2 or more per pulse, the
application of the second reset pulse RP2 lowers the im-
age retention level when there is a variation from the first
frame being the ON-cell to the second frame being the
OFF-cell.
[0137] FIG. 15 is a diagram for explaining in detail a
driving waveform depending on the method of driving the
plasma display apparatus according to the seventh em-
bodiment.
[0138] As illustrated in (a) of FIG. 15, the second reset
pulse RP2 applied in at least one subfield of the second
frame is applied in reverse order from a subfield of the
highest gray level weight.
[0139] For example, if one frame includes 12 subfields
and a subsequent frame of a first frame being an ON-cell
is an OFF-cell, the second reset pulse RP2 is applied
during a reset period of a last subfield SF12 of the sub-
sequent frame.
[0140] If a subsequent frame of a frame being an OFF-
cell is an OFF-cell, the second reset pulse RP2 is applied
during a reset period of a last subfield SF12 of the sub-
sequent frame and an eleventh subfield SF11 in reverse
order from the last subfield SF12. Accordingly, the in-
creasing number of frames being an OFF-cell is propor-
tional to the increasing number of second reset pulses
RP2.
[0141] On the other hand, if a subsequent frame of a
frame being an OFF-cell is varied to an ON-cell, the first
reset pulse RP1 is applied in all subfields of the subse-
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quent frame.
[0142] Although frames being an OFF-cell are repeat-
ed constantly such that the number of first reset pulses
RP1 is reduced and the number of second reset pulses
RP2 increases when there is a variation from one frame
to another frame, at least one first reset pulses RP1 is
applied during one frame.
[0143] For example, in a case where second to fif-
teenth frames succeeding a first frame being an ON-cell
are constantly an OFF-cell, the first reset pulses RP1 is
applied in one subfield of an eleventh frame and the sec-
ond reset pulses RP2 is applied in the remaining 11 sub-
fields of the eleventh frame.
[0144] Subsequently, in a case where a twelfth frame
next to the eleventh frame is an OFF-cell, the second
reset pulses RP2 is not applied in all subfields of the
twelfth frame. In the same way as the eleventh frame,
the first reset pulses RP1 is applied in one subfield of the
twelfth frame and the second reset pulses RP2 is applied
in the remaining 11 subfields of the twelfth frame.
[0145] As above, since the second reset pulse RP2 is
applied in reverse order from a subfield of the highest
gray level weight, the generation of an erroneous dis-
charge is prevented and the time required to remove dark
image retention is reduced.
[0146] The second reset pulse RP2 may be applied in
other ways. An example of another way will be described
with reference to (b) of FIG. 15.
[0147] As illustrated in (b) of FIG. 15, the second reset
pulse RP2 applied in at least one subfield of the second
frame may be applied irrespective of the order of subfield
when there is a variation from one frame to another frame.
[0148] For example, if one frame includes 12 subfields
and a subsequent frame of a first frame being an ON-cell
is an OFF-cell, the second reset pulse RP2 may be ap-
plied during a reset period of a last subfield SF12 of the
subsequent frame, and the second reset pulse RP2 may
be applied during a reset period of a tenth subfield SF10
of the subsequent frame.
[0149] Subsequently, if a subsequent frame of a frame
being an OFF-cell is an OFF-cell, the second reset pulse
RP2 may be applied during a reset period of a third sub-
field SF3 of the subsequent frame. Accordingly, the in-
creasing number of frames being an OFF-cell is propor-
tional to the increasing number of second reset pulses
RP2.
[0150] On the other hand, when there is a variation
from a frame being an OFF-cell to a frame being an ON-
cell, the first reset pulse RP1 is applied in all subfields of
the frame being an ON-cell
[0151] Accordingly, the generation of an erroneous
discharge is prevented and time required to remove dark
image retention is reduced.
[0152] The foregoing embodiments and advantages
are merely exemplary and are not to be construed as
limiting the present invention. The present teaching can
be readily applied to other types of apparatuses. The
description of the foregoing embodiments is intended to

be illustrative, and not to limit the scope of the claims.
Many alternatives, modifications, and variations will be
apparent to those skilled in the art including but not limited
to, those specifically mentioned.

Claims

1. A method of driving a plasma display apparatus dis-
playing an image with one frame being time-divided
into a plurality of subfields, the method comprising:

applying a first reset pulse including a rising
pulse and a falling pulse to a scan electrode dur-
ing a reset period of a first subfield of the plurality
of subfields;
applying a second reset pulse including a rising
pulse and a falling pulse to the scan electrode
during a reset period of a turn-on subfield next
to a turn-off subfield in the remaining subfields
except the first subfield; and
applying a third reset pulse including a falling
pulse to the scan electrode during a reset period
of another subfield except the subfields during
which the first reset pulse and the second reset
pulse are applied.

2. The method of claim 1, further comprising applying
a first pre-reset pulse to the scan electrode prior to
the reset period of the first subfield, and applying a
second pre-reset pulse of a polarity opposite the po-
larity of the first pre-reset pulse to a sustain electrode
correspondingly to the first pre-reset pulse.

3. The method of claim 2, wherein the first subfield is
a subfield of the lowest gray level weight.

4. The method of claim 2 or 3, wherein the subfield
during which the second reset pulse is applied rang-
es from a fifth subfield to subfields succeeding the
fifth subfield in the plurality of subfields arranged in
an increasing order of gray level weight.

5. The method of any one of claims 2 to 4, wherein the
peak voltage of the rising pulse of the second reset
pulse is lower than the peak voltage of the rising
pulse of the first reset pulse.

6. The method of any one of claims 2 to 5, wherein the
first pre-reset pulse has a negative polarity.

7. The method of claim 6, wherein the first pre-reset
pulse is a falling pulse with gradually falling voltages.

8. The method of any one of claims 2 to 7, wherein the
falling pulse of the third reset pulse falls from a pre-
determined bias voltage.
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9. The method of claim 8, wherein the predetermined
bias voltage is substantially equal to a sustain volt-
age.

10. A method of driving a plasma display apparatus dis-
playing an image during a plurality of frames, the
method comprising:

applying a first reset pulse including a rising
pulse and a falling pulse to a scan electrode dur-
ing a reset period of a first frame of the plurality
of frames; and
applying a second reset pulse including a falling
pulse to the scan electrode during all reset pe-
riods of a second frame that succeeds the first
frame.

11. The method of claim 10, wherein the falling pulse of
the second reset pulse falls from a predetermined
bias voltage.

12. The method of claim 11, wherein the predetermined
bias voltage is substantially equal to a sustain volt-
age.

13. The method of any one of claims 10 to 12, further
comprising applying a third reset pulse and a fourth
reset pulse to the scan electrode during the reset
period of a first subfield of a third frame that succeeds
the second frame.

14. The method of claim 13, wherein the third reset pulse
and the fourth reset pulse each comprise a rising
pulse.

15. The method of claim 14, wherein the peak voltage
of the third reset pulse is higher than the peak voltage
of the fourth reset pulse.

16. The method of claim 15, wherein the difference be-
tween the peak voltage of the third reset pulse and
the peak voltage of the fourth reset pulse is equal to
or less than 100V.

17. The method of any one of claims 13 to 16, wherein
the third reset pulse comprises a square wave, and
the fourth reset pulse comprises a rising pulse.

18. The method of claim 17, wherein the time period dur-
ing which the square wave of the third reset pulse is
applied, is shorter than the time period during which
the rising pulse of the fourth reset pulse is applied.

19. A method of driving a plasma display apparatus dis-
playing an image during a plurality of frames, the
method comprising:

applying a first reset pulse including a rising

pulse and a falling pulse to a scan electrode dur-
ing a reset period of a first frame of the plurality
of frames; and
applying a second reset pulse including at least
two rising pulses to the scan electrode during all
reset periods of a second frame that succeeds
the first frame,
wherein the time period during which one rising
pulse of the second reset pulse is applied is
shorter than the time period during which the
rising pulse of the first reset pulse is applied.

20. The method of claim 19, wherein the number of rising
pulses of the second reset pulse ranges from 2 to 3
for each subfield.

21. The method of claim 19, further comprising applying
a third reset pulse and a fourth reset pulse to the
scan electrode during the reset period of a first sub-
field of a third frame that succeeds the second frame.

22. The method of claim 21, wherein the third reset pulse
and the fourth reset pulse each comprise a rising
pulse.

23. The method of claim 22, wherein the peak voltage
of the third reset pulse is higher than the peak voltage
of the fourth reset pulse.

24. The method of claim 23, wherein the difference be-
tween the peak voltage of the third reset pulse and
the peak voltage of the fourth reset pulse is equal to
or less than 100V.

25. The method of any one of claims 21 to 24, wherein
the third reset pulse comprises a square wave, and
the fourth reset pulse comprises a rising pulse.

26. The method of claim 25, wherein the time period dur-
ing which the square wave of the third reset pulse is
applied is shorter than a time period during which
the rising pulse of the fourth reset pulse is applied.

27. A method of driving a plasma display apparatus dis-
playing an image during a plurality of frames, the
method comprising:

applying a first reset pulse including a rising
pulse and a falling pulse to a scan electrode dur-
ing a reset period of a first frame of the plurality
of frames; and
applying a second reset pulse including a falling
pulse instead of the first reset pulse to the scan
electrode during a reset period of at least one
subfield of a second frame that succeeds the
first frame,
wherein the number of second reset pulses in-
creases each time there is a variation from one
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frame to another frame.

28. The method of claim 27, wherein the number of sec-
ond reset pulses increases by one each time there
is a variation from one frame to another frame.

29. The method of claim 28, wherein the second reset
pulse is first applied in a subfield of the highest gray
level weight.

30. The method of claim 29, wherein the first reset pulse
is applied in one or more subfields of one frame.

31. The method of any one of claims 27 to 30, wherein
the falling pulse of the second reset pulse falls from
a predetermined bias voltage.

32. The method of claim 31, wherein the predetermined
bias voltage is substantially equal to a sustain volt-
age.
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