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(54) Plasma display and controlling device and method thereof

(57) The present invention relates to a plasma dis-
play, and a controller and driving method thereof. In the
driving method for sequentially driving a plasma display
by a plurality of subfields divided into first and second
subfield groups from one frame, a) it is determined wheth-
er at least one subfield to be turned on is included in one
subfield group among the first and second subfield

groups, b) a subfield turn-�on time control signal for con-
trolling a turn-�on time of the subfield to be turned on is
generated according to a determined result in a), and c)
the subfield is turned on at the turn-�on time corresponding
to the subfield turn-�on time control signal.
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Description

BACKGROUND OF THE INVENTION

�(a) Field of the Invention

�[0001] The present invention relates to a plasma dis-
play, and a controller and driving method thereof.

�(b) Description of the Related Art

�[0002] A plasma display uses a plasma display panel
(PDP) that uses plasma generated by a gas discharge
process to display characters or images. The PDP in-
cludes, depending on its size, more than several scores
to millions of pixels arranged in a matrix pattern.
�[0003] One frame time is 16.67ms (i.e. 1/60 second)
in a national television system committee (NTSC) meth-
od using a 60Hz frequency, and one frame time is 20ms
(i.e., 1/50 second) in a phase alternate line (PAL) method
using a 50Hz frequency.
�[0004] Since one frame time of 20ms is long enough
so that a person may perceive an image changing in the
PAL method, the person may see the screen flickering
every 20ms. That is, a flicker phenomenon may occur in
the PAL method.
�[0005] To prevent the flickering effect, one frame is
divided into first and second groups, and subfields having
greater weight values are separately applied to the two
groups.
�[0006] FIG. 1 shows a diagram representing subfield
arrangement of one frame in the conventional PAL meth-
od.
�[0007] As shown in FIG. 1, one frame in the plasma
display of the conventional PAL method includes first and
second groups, subfields SF1, SF3, SF5, and SF7 are
applied to the first group, and subfields SF2, SF4, SF6,
and SF8 are applied to the second group. That is, the
first and second groups are respectively divided into the
plurality of subfields respectively having different lumi-
nance weight values, and the respective subfields SF1
to SF8 include address periods A1 to A8 and sustain
periods S1 to S8.
�[0008] The address periods A1 to A8 are for selecting
turn-�on/off cells (i.e., cells to be turned on or off) in a
panel, and the sustain periods S1 to S8 are for causing
a discharge for displaying an image on the discharged
cells. Here, lengths of the sustain periods S1 to S8 cor-
respond to weight values of the respective subfields SF1
to SF8, and it is assumed that that the lengths of the
sustain periods S1 to S8 are respectively 1T, 2T, 4T, 8T,
16T, 32T, 64T, and 128T. In addition, a reset period (not
shown) for initializing a discharge cell may be provided
before the address periods A1 to A8.
�[0009] Here, a sum of weight values determines a
grayscale of the discharge cell to be turned on. As shown
in FIG. 1, subfields SF1 to SF8 are arranged in increasing
order of weight or in decreasing order of weight.

�[0010] In the PAL method shown in FIG. 1, a person
may perceive a change of image every 10ms since the
subfields having greater weight values are divided into
two groups, and therefore the flicker effect may be re-
duced.
�[0011] Changes of luminance according to the ar-
rangement of the subfields forming one frame in the con-
ventional PAL method shown in FIG. 1 are shown in FIG.
2.
�[0012] FIG. 2 shows a diagram representing the
changes of luminance in one frame in the conventional
PAL method.
�[0013] In FIG. 2, a one- �frame time is 20 ms, and 10ms
is respectively applied to the first and second groups. In
the first and second groups, since subfields SF1, SF3,
SF5, and SF7 and subfields SF2, SF4, SF6, and SF8 are
arranged from a low weight value subfield to a high weight
value subfield, the luminance is increased at latter sub-
fields of each group.
�[0014] In FIG. 2A, subfields in the first and second
groups are turned on. In addition, the plasma display may
express an image on the PDP by turning on subfield in
one of the first and second groups according to the gray-
scale of the image, which is shown in FIG. 2A and B.
That is, the subfield in the first group is turned on in FIG.
2B, and the subfield in the second group is turned on in
FIG. 2C.
�[0015] FIG. 3 shows a diagram representing a relation-
ship between a previous frame and a subsequent frame
of a frame that turns on the subfield in one of the two
groups.
�[0016] In FIG. 3A, the subfields in the first and second
groups are turned on to express an image in first and
third frames as shown in FIG. 2A, and the subfield in the
first group is turned on to express the image in a second
frame as shown in FIG. 2B. In FIG. 3A, the subfields in
the first and second groups are turned on to express an
image in the first and third frames, and the subfield in the
first group is turned on to express the image in the second
frame as shown in FIG. 2C.
�[0017] In FIG. 3A, since a sustain discharge is gener-
ated in the subfield of the first group and it is not generated
in the subfield of the second group in the second frame,
misfiring may be problematically generated in the first
group of the subsequent third frame. In FIG. 3B, a time
delay in generating the sustain discharge is generated
between the second group of the previous first frame and
the second group of the second frame since the sustain
discharge is not generated in the subfield of the first group
of the second frame, and therefore, the misfiring may be
problematically generated in the second group of the sec-
ond frame.
�[0018] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the invention and therefore it may
contain information that does not form the prior art that
is already known in this country to a person of ordinary
skilled in the art.
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SUMMARY OF THE INVENTION

�[0019] The present invention has been made in an ef-
fort to provide a plasma display for preventing a misfiring
operation, and a controller and driving method thereof.
�[0020] In an exemplary driving method for sequentially
driving a plasma display by a plurality of subfields divided
into first and second subfield groups from one frame, a)
it is determined whether at least one subfield to be turned
on is included in one subfield group among the first and
second subfield groups, b) a subfield turn-�on time control
signal for controlling a turn-�on time of the subfield to be
turned on is generated according to a determined result
in a), and c) the subfield is turned on at the turn-�on time
corresponding to the subfield turn-�on time control signal.
�[0021] In b), when it is determined in a) that the sub-
fields to be turned on are included in the first subfield
group, the subfield turn-�on time control signal for delaying
the turn-�on time of the subfield to be turned on by a pre-
determined time may be generated.
�[0022] In b), when it is determined in a) that the sub-
fields to be turned on are included in the second subfield
group, the subfield turn-�on time control signal for advanc-
ing the turn- �on time of the subfield to be turned on by a
predetermined time may be generated.
�[0023] In b), when it is determined in a) that the sub-
fields to be turned on are included in the first and second
subfield groups, the subfield turn-�on time control signal
for turning on the subfield without changing the turn-�on
time may be generated.
�[0024] An exemplary controller of a plasma display
driven by a plurality of subfields divided, according to a
vertical synchronization signal of a first frequency, into
first and second subfield groups from one frame includes
a subfield location controller and a subfield data gener-
ator. The subfield location controller generates a subfield
turn-�on time control signal for controlling a turn-�on time
of the subfield according to whether at least one subfield
value is included in the first subfield group, the second
subfield group, or both subfield groups. The subfield data
generator transmits the subfield value of the subfield to
be turned on to the subfield location controller to express
a grayscale for each frame according to the video signal,
controls the turn-�on time of the subfield according to the
subfield turn-�on time control signal, and transmits con-
trolled turn-�on time to the subfield location controller.
�[0025] An exemplary plasma display includes a plas-
ma display panel (PDP), a controller, and a driving circuit
unit. The PDP includes a first electrode, a second elec-
trode, and a third electrode in a direction crossing the
first and second electrodes. The controller divides a
frame, according to an externally input vertical synchro-
nization signal of a first frequency, into first and second
subfield groups respectively including a plurality of sub-
fields, and generates a subfield turn- �on time control sig-
nal varying according to whether the subfield to be turned
on is included in the subfield first group, the second sub-
field group, or both subfield groups, to express a gray-

scale for each frame according to an input video signal.
The driving circuit unit drives the first to third electrodes
according to a controlling operation of the controller to
change a turn-�on time of the subfield according to the
subfield turn-�on time control signal.
�[0026] The subfield turn- �on time control signal may de-
lay the turn-�on time when the subfields to be turned on
are included in the first subfield group, and it may ad-
vance the turn-�on time when the subfields to be turned
on are included in the second subfield group.
�[0027] The subfield turn-�on time control signal may
maintain the turn-�on time when the subfields to be turned
on are included in the first and second subfields groups.
�[0028] The first frequency may be a vertical synchro-
nization frequency of a phase alternate line (PAL) meth-
od.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0029]

FIG. 1 shows a diagram representing subfield ar-
rangement of one frame in a conventional PAL meth-
od.
FIGs. 2A to 2C show a diagram representing chang-
es of luminance in one frame in the conventional PAL
method.
FIGs. 3A to 3B show a diagram representing a rela-
tionship between a previous frame and a subsequent
frame of a frame that turns on a subfield in one of
two groups.
FIG. 4 shows a block diagram of a plasma display
according to an exemplary embodiment of the
present invention.
FIG. 5 shows a block diagram representing a con-
troller of a PDP according to the exemplary embod-
iment of the present invention.
FIG. 6 shows a diagram representing grayscales
when a subfield in a first group is turned on.
FIG. 7 shows a diagram representing a subfield turn-
on controlling operation of a subfield location con-
troller when a video signal having the grayscale
shown in FIG. 6 is input.
FIG. 8 shows a table representing grayscales when
the subfield in the second group according to the
exemplary embodiment of the present invention is
turned on.
FIG. 9 shows a diagram representing a subfield turn-
on controlling operation of a subfield location con-
troller when a video signal having the grayscale
shown in FIG. 8 is input.
FIG. 10 shows a flowchart representing a subfield
turn-�on time controlling operation of the controller
according to the exemplary embodiment of the
present invention.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

�[0030] In the following detailed description, only cer-
tain exemplary embodiments of the present invention
have been shown and described, simply by way of illus-
tration. As those skilled in the art would realize, the de-
scribed embodiments may be modified in various differ-
ent ways, all without departing from the spirit or scope of
the present invention. Accordingly, the drawings and de-
scription are to be regarded as illustrative in nature and
not restrictive. Like reference numerals designate like
elements throughout the specification.
�[0031] Throughout this specification and the claims
which follow, when it is described that an element is "cou-
pled" to another element, the element may be "directly
coupled" to the other element or "electrically coupled" to
the other element through a third element.
�[0032] In addition, wall charges mentioned in the fol-
lowing description mean charges formed and accumu-
lated on a wall (e.g., a dielectric layer) close to an elec-
trode of a discharge cell. A wall charge will be described
as being "formed" or "accumulated" on the electrode, al-
though the wall charges do not actually touch the elec-
trodes. Further, a wall voltage means a potential differ-
ence formed on the wall of the discharge cell by the wall
charge. Throughout this specification and the claims
which follow, unless explicitly described to the contrary,
the word "comprise", and variations such as "comprises"
or "comprising", will be understood to imply the inclusion
of stated elements but not the exclusion of any other el-
ements.
�[0033] A plasma display according to an exemplary
embodiment of the present invention, and a controller
and a driving method thereof will now be described with
reference to the figures.
�[0034] FIG. 4 shows a block diagram of the plasma
display according to the exemplary embodiment of the
present invention.
�[0035] As shown in FIG. 4, the plasma display accord-
ing to the exemplary embodiment of the present invention
includes a plasma display panel (PDP) 100, a controller
200, an address electrode driver 300, a scan electrode
driver 400, and a sustain electrode driver 500.
�[0036] The PDP 100 includes a plurality of address
electrodes A1 to Am extending in a column direction, and
a plurality of sustain and scan electrodes X1 to Xn and
Y1 to Yn in pairs extending in a row direction. The sustain
electrodes X1- �Xn are formed in respective correspond-
ence to the scan electrodes Y1 to Yn, and ends of the
sustain electrodes X1-�Xn are connected in common. In
addition, the PDP 100 includes a substrate (not shown)
having the sustain and scan electrodes X1- �Xn and Y1 to
Yn, and a substrate (not shown) having the address elec-
trodes A1-�Am. The two substrates are arranged to face
each other with a discharge space between them so that
the scan electrodes Y1 to Yn and the sustain electrodes
X1-�Xn may cross the address electrodes A1-�Am. Here,
discharge spaces provided at crossing regions of the ad-

dress electrodes and X and Y electrodes form discharge
cells. This formation of the plasma display panel 100 is
an example, and another formation of a panel for applying
driving waveforms that will be described may be applied
to the present invention.
�[0037] The controller 200 receives external video sig-
nals, and outputs an address driving control signal Sa, a
sustain electrode driving control signal Sx, and a scan
electrode driving control signal Sy. In addition, the con-
troller 200 divides a frame into a plurality of subfields,
and each subfield has a reset period, an address period,
and a sustain period in a temporal manner.
�[0038] After receiving the address driving control sig-
nal Sa from the controller 200, the address electrode driv-
er 300 applies a display data signal for selecting dis-
charge cells to be displayed to the respective address
electrodes A1-�Am.
�[0039] The scan electrode driver 400 receives the scan
electrode driving control signal Sy from the controller 200,
and applies the driving voltage to the scan electrode Y.
�[0040] The sustain electrode driver 500 receives the
sustain electrode driving control signal Sx from the con-
troller 200, and applies a driving voltage to the sustain
electrode X.
�[0041] FIG. 5 shows a block diagram representing the
controller of the PDP according to the exemplary embod-
iment of the present invention.
�[0042] As shown in FIG. 5, the controller 200 of the
PDP according to the exemplary embodiment of the
present invention includes a subfield data generator 220
and a subfield location controller 240.
�[0043] The subfield data generator 220 transmits a
control signal to the scan electrode driver 400 and the
sustain electrode driver 500 so that subfields SF1, SF3,
SF5, and SF7 in the first group and the subfields SF2,
SF4, SF6, and SF8 are turned on according to the gray-
scale for each frame.
�[0044] The subfield data generator 220 transmits in-
formation of the turned on subfield to the subfield location
controller 240, receives a subfield turn-�on timing control
signal generated by the subfield location controller 240,
and transmits a control signal for turning on the corre-
sponding subfield to the scan electrode driver 400 and
the sustain electrode driver 500.
�[0045] The subfield location controller 240 determines
whether information on the plurality of subfields received
from the subfield data generator 220 includes the sub-
fields of the first and second group, or whether it includes
the subfields SF1, SF3, SF5, and SF7 or SF2, SF4, SF6,
and SF8 of one of the two groups. According to a deter-
mined result, the subfield location controller 240 gener-
ates the subfield turn- �on timing control signal for delaying
a turn-�on time of the subfield by a predetermined time
when the input information includes the subfield in the
first group, and the subfield location controller 240 gen-
erates the subfield turn- �on timing control signal for ad-
vancing the turn-�on time of the subfield by the predeter-
mined time when the information includes the subfield in
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the second group, and transmits the subfield turn-�on tim-
ing control signals to the subfield data generator 220. In
addition, when the received information includes the sub-
fields in the first and second groups, the subfield location
controller 240 generates the subfield turn- �on timing con-
trol signal, but there is no change in the turn- �on time of
the subfield.
�[0046] The turn-�on time of the subfield that is controlled
by the subfield location controller 240 shown in FIG. 5
will now be described with reference to FIG. 6 to FIG. 9.
�[0047] FIG. 6 shows a diagram representing the gray-
scales when the subfield in the first group is turned on,
and FIG. 7 shows a diagram representing a subfield turn-
on controlling operation of the subfield location controller
240 when a video signal having the grayscale shown in
FIG. 6 is input.
�[0048] The grayscales shown in FIG. 6 correspond to
the second frame among the first and third frames shown
in FIG. 7, and it is assumed that the video signal having
the dark-�colored grayscales 1, 4, 5, 16, 17, 20, and 21
are turned on in the second frame.
�[0049] As shown in FIG. 7, the subfield data generator
220 informs the subfield location controller 240 of the
turned on subfields SF1, SF3, and SF5, and the subfield
location controller 240 delays the turn- �on time of the sub-
field by the predetermined time since the received infor-
mation of the subfields includes the subfield in the first
group.
�[0050] FIG. 8 shows a table representing grayscales
when the subfield in the second group according to the
exemplary embodiment of the present invention are
turned on, and FIG. 9 shows a diagram representing a
subfield turn-�on controlling operation of the subfield lo-
cation controller 240 when a video signal having the gray-
scale shown in FIG. 8 is input.
�[0051] The grayscales correspond to the second frame
among the first and third frames shown in FIG. 9, and
video signals having dark-�colored grayscales 2, 8, 10,
32, 34, 40, and 42 are turned on in the second frame.
�[0052] As shown in FIG. 9, the subfield data generator
220 informs the subfield location controller 240 of the
turned on subfields SF2, SF4, and SF6, and the subfield
location controller 240 advanced the turn- �on time of the
subfield by the predetermined time since the received
information of the subfields includes the subfields in the
second group.
�[0053] FIG. 10 shows a flowchart representing a sub-
field turn-�on time controlling operation of the controller
200 according to the exemplary embodiment of the
present invention.
�[0054] Firstly, the subfield data generator 220 receiv-
ing the video signal initializes the number N of frames in
step S602. In this case, the number N of frames is ex-
emplarily initialized to be 1 in FIG. 10, but another natural
number, a prime number, or a value with a predetermined
character (e.g. an alphabet) may be used. In addition, in
step S602, while the plasma display is turned on from a
standby state, the controller 200 may perform the subfield

turn-�on time control operation from the first frame gen-
erated by using the input video signal, and the subfield
data generator 220 may perform an initialization opera-
tion when the number of frames is increased to be higher
than a predetermined value since the video signal is con-
tinuously input.
�[0055] The subfield data generator 220 performing the
initialization operation in step S602 transmits a turn-�on
subfield value to the subfield location controller 240 ac-
cording to a grayscale to be expressed in a frame ac-
cording to the video signal, and the subfield location con-
troller 240 determines in step S604 whether the subfield
value includes the subfield in the first group and the sub-
field in the second group.
�[0056] When it is determined, according to a deter-
mined result in step S604, that the grayscale of the cor-
responding frame is expressed by the subfield in one of
the first and second groups, the subfield location control-
ler 240 determines in step S606 whether the received
subfield value includes the subfield in the first group.
�[0057] When it is determined, according to a deter-
mined result in step S606, that the received subfield value
includes the subfield in the first group, the subfield loca-
tion controller 240 generates the subfield turn- �on time
control signal for delaying the subfield turn-�on time by a
predetermined time, and transmits it to the subfield data
generator 220 in step S608. When it is determined that
the received subfield value does not include the subfield
in the first group, the subfield location controller 240 de-
termines that it include the subfield value includes the
subfield in the second group, generates the subfield turn-
on time control signal for advancing the subfield turn-�on
time by the predetermined time, and transmits it to the
subfield data generator 220 in step S610.
�[0058] In addition, in step S606, it may be established
to determine whether the received subfield value include
the subfield in the second group, and in this case, the
steps S608 and S610 are changed from each other.
�[0059] When it is determined, according to the deter-
mined result in step S604, that the subfields in the first
and second groups of the corresponding frame are
turned on, the subfield location controller 240 generates
the subfield turn- �on time control signal for turning on the
corresponding subfield without changing the turn-�on
time, and transmits it to the subfield data generator 220.
The subfield data generator 220 receiving the subfield
turn-�on time control signal in step S604, S608, or S610
transmits a control signal to the scan electrode driver 400
and the sustain electrode driver 500 so that the corre-
sponding subfield is turned on the controlled turn-�on time
in step S612.
�[0060] The subfield data generator 220 determining
the turn- �on time of the corresponding frame and trans-
mitting the control signal in step S612, increases the
number of frames in step S614, and performs the step
S604.
�[0061] As described above, in a frame where subfields
are divided into first and second groups respectively hav-
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ing different weight values, the subfield in one of the first
and second groups is turned on. Accordingly, misfiring
may be prevented, and the plasma display may be stably
driven.

Claims

1. A driving method for sequentially driving a plasma
display by a plurality of subfields divided into first and
second subfield groups from one frame, the driving
method comprising:�

a) determining whether at least one subfield to
be turned on is included in one subfield group
among the first and second subfield groups;
b) generating a subfield turn-�on time control sig-
nal for controlling a turn-�on time of the subfield
to be turned on, according to a determined result
in a); and
c) turning on the subfield at the turn- �on time cor-
responding to the subfield turn- �on time control
signal.

2. The driving method of claim 1, wherein, in b), when
it is determined in a) that the subfields to be turned
on are included in the first subfield group, the subfield
turn-�on time control signal for delaying the turn- �on
time of the subfield to be turned on by a predeter-
mined time is generated.

3. The driving method of claim 1, wherein, in b), when
it is determined in a) that the subfields to be turned
on are included in the second subfield group, the
subfield turn-�on time control signal for advancing the
turn-�on time of the subfield to be turned on by a pre-
determined time is generated.

4. The driving method according to one of claims 1 - 3,
wherein, in b), when it is determined in a) that the
subfields to be turned on are included in the first and
second subfield groups, the subfield turn- �on time
control signal for turning on the subfield without
changing the turn-�on time is generated.

5. A controller of a plasma display driven by a plurality
of subfields divided, according to a vertical synchro-
nization signal of a first frequency, into first and sec-
ond subfield groups from one frame, the controller
comprising: �

a subfield location controller for generating a
subfield turn- �on time control signal for control-
ling a turn-�on time of the subfield according to
whether at least one subfield value is included
in the first subfield group, the second subfield
group, or both subfield groups ; and
a subfield data generator for transmitting the

subfield value of the subfield to be turned on to
the subfield location controller to express a gray-
scale for each frame according to the video sig-
nal, controlling the turn- �on time of the subfield
according to the subfield turn-�on time control sig-
nal, and transmitting controlled turn-�on time to
the subfield location controller.

6. A plasma display comprising: �

a plasma display panel (PDP) comprising a first
electrode, a second electrode, and a third elec-
trode in a direction crossing the first and second
electrodes;
the controller of claim 5; and
a driving circuit unit for driving the first to third
electrodes according to a controlling operation
of the controller to change a turn-�on time of the
subfield according to the subfield turn- �on time
control signal.

7. The plasma display of claim 6, wherein the subfield
turn-�on time control signal delays the turn- �on time
when the subfields to be turned on are included in
the first subfield group, and it advances the turn-�on
time when the subfields to be turned on are included
in the second subfield group.

8. The plasma display of claim 6, wherein the subfield
turn-�on time control signal maintains the turn- �on time
when the subfields to be turned on are included in
the first and second subfields groups.

9. The plasma display of one of the claims 6 to 8, where-
in the first frequency is a vertical synchronization fre-
quency of a phase alternate line (PAL) method.

Amended claims in accordance with Rule 137 �(2)
EPC.

1. A driving method for sequentially driving a plasma
display by a plurality of subfields divided into first and
second subfield groups of one frame, characterised
in that the driving method comprises:�

a) determining whether the first and the second
group of subfields have on- �subfields;
b) if only the first group of subfields has at least
one on-�subfield, delaying the subfield turn- �on
time with respect to the beginning of the frame;
and/or
c) if only the second group of subfields has at
least one on-�subfield, advancing the subfield
turn-�on time with respect to the beginning of the
frame.

2. A controller of a plasma display driven by a plurality
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of subfields divided, according to a vertical synchro-
nization signal of a first frequency, into first and sec-
ond subfield groups of one frame, characterised in
that the controller is adapted to determine whether
the first and the second group of subfields of a frame
have on-�subfields;�
wherein if only the first group of subfields has at least
one on-�subfield, the controller is adapted to delay
the turn-�on time of the group of subfields with respect
to the beginning of the frame; and/or
wherein if only the second group of subfields has at
least one on-�subfield, the controller is adapted to ad-
vance the turn-�on time of the group of subfields with
respect to the beginning of the frame..

3. A plasma display comprising: �

a plasma display panel (PDP) comprising a first
electrode, a second electrode, and a third elec-
trode in a direction crossing the first and second
electrodes;
the controller of claim 2; and
a driving circuit unit for driving the first to third
electrodes according to a controlling operation
of the controller to change a turn-�on time of the
subfield according to the subfield turn-�on time
control signal.

4. The plasma display of claim 3, wherein the first
frequency is a vertical synchronization frequency of
a phase alternate line (PAL) method.
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