EP 1124 216 A2

Europdisches Patentamt

(19) 0’ European Patent Office
Office européen des brevets

(11) EP 1124 216 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
16.08.2001 Bulletin 2001/33

(21) Application number: 00127839.9

(22) Date of filing: 19.12.2000

(51) Intcl”: GO9G 3/28, GO9G 3/20

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE TR
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 10.02.2000 JP 2000033496

(71) Applicant: Pioneer Corporation
Meguro-ku, Tokyo (JP)

(72) Inventors:
¢ Suzuki, Masahiro, c/o Pioneer Corporation
Nakakoma-gun, Yamanashi (JP)
* Saegusa, Nobuhiko, c/o Pioneer Corporation
Nakakoma-gun, Yamanashi (JP)

(74) Representative:
Manitz, Finsterwald & Partner Gbr
P.O. Box 22 16 11
80506 Miinchen (DE)

(54) Method for driving display panel

(57) A method of driving a display panel that is ca-
pable of displaying pictures while suppressing the oc-
currence of pseudo contour without causing flicker even
when the vertical synchronization frequency of the input
video signal is low. When each of a plurality of light emit-
ting elements that constitute a display screen of the dis-
play panel are caused to emit light only for a light emit-
ting period corresponding to the luminance level of the

input video signal within the unit display period, with the
unit display period comprised of a first drive period of
the first half and a second drive period of the second
half, each of the light emitting elements is driven to emit
light continuously for a first part of the light emitting pe-
riod in the first drive period, and driven to emit light con-
tinuously for the remaining part of the light emitting pe-
riod in the second drive period.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method for
driving a display panel comprising light emitting ele-
ments, that have only two states, i.e. light emitting and
non-light emitting states, being arranged therein.

2. Description of Related Art

[0002] Recently, as the increase in screen size of dis-
play apparatuses, demands for display devices of a
smaller depth are growing. Plasma display panels of al-
ternating current discharge type are regarded as a
promising technology for thin display devices.

[0003] Insuch aplasmadisplay panel, since each dis-
charge cell that is an element of the display screen has
only two states: the states of light emitting and non-light
emitting, the sub-field method is employed for rendering
intermediate tones of luminance that correspond to an
input video signal.

[0004] The sub-field method divides the period of dis-
playing one field into a plurality of sub-fields, and
achieves a desired level of luminance by setting the dis-
charge cells in each sub-field to light emitting state or
an non-light emitting state. With the sub-field method,
in the case where a light emitting state in successive
sub-fields and a non light emitting state in successive
sub-fields interchange with each other between light
emission patterns of similar luminance levels, a so-
called problem of pseudo contour occurs. Thus meas-
ures are taken to prevent the sustained light emitting
state and the sustained non-light emitting state from in-
terchanging with each other between light emission pat-
terns of similar luminance levels.

[0005] However, inthe case where the input video sig-
nal has a low vertical synchronization frequency as in
the case of a PAL system television signal, for example,
the frequency may happen to be identical with the fre-
quency of switching between the sustained light emitting
state and the sustained non-light emitting state. When
such a television signal is supplied as the video signal,
there has been a problem that flicker is generated.

OBJECTS AND SUMMARY OF THE INVENTION

[0006] The presentinvention has been made to solve
such problems as described above, and an object of the
invention is to provide a method of driving a display pan-
el that is capable of displaying pictures while suppress-
ing the occurrence of pseudo contours without causing
flicker even when the vertical synchronization frequency
of the input video signal is low.

[0007] According to the display panel driving method
of the present invention, the display panel is driven to
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provide a toned display by causing each light emitting
element to emit light only for a period corresponding to
the luminance level of the input video signal, within the
unit display period, in the display panel having a display
screen constituted by a plurality of light emitting ele-
ments. The unit display period is made by a first drive
period of a first half and a second drive period of a sec-
ond half. In the first drive period, the light emitting ele-
ment is driven to emit light continuously for the first part
of the light emitting period and, in the second drive pe-
riod, the light emitting element is driven to emit light con-
tinuously for the remaining part of the light emitting pe-
riod.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a diagram schematically showing the
structure of a plasma display apparatus.

[0009] Fig. 2 shows anexample of light emission drive
format based on the sub-field method.

[0010] Fig. 3 shows an example of light emission drive
pattern.

[0011] Fig. 4 shows the structure of a plasma display
apparatus which drives a plasma display panel accord-
ing to the driving method of the present invention.
[0012] Fig. 5 shows the inner structure of a data con-
version circuit 30.

[0013] Fig. 6 shows the data conversion characteristic
of a first data conversion circuit 32.

[0014] Fig. 7 shows an example of data conversion
table based on the data conversion characteristic shown
in Fig. 6.

[0015] Fig. 8 shows an example of data conversion
table based on the data conversion characteristic shown
in Fig. 6.

[0016] Fig. 9 shows the inner structure of a tone mul-
tiplication processing circuit 33.

[0017] Fig. 10is adrawingfor explaining the operation
of an error diffusion processing circuit 330.

[0018] Fig. 11 shows the inner structure of a dither
processing circuit 350.

[0019] Fig. 12 shows the operation of a dither
processing circuit 350.

[0020] Fig. 13 shows a first data conversion table
used in a second data conversion circuit 34 when the
input video signal has a vertical synchronization fre-
quency that is not lower than a predetermined frequen-
cy, and a light emission drive pattern thereof.

[0021] Fig. 14 shows a second data conversion table
used in the second data conversion circuit 34 when the
input video signal has a vertical synchronization fre-
quency that is lower than the predetermined frequency,
and a light emission drive pattern thereof.

[0022] Fig. 15 shows an example of light emission
drive format (based on the selective erasure address
method) employed when the input video signal has a
vertical synchronization frequency that is not lower than
the predetermined frequency.
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[0023] Fig. 16 shows an example of light emission
drive format (based on the selective erasure address
method) employed when the input video signal has a
vertical synchronization frequency that is lower than the
predetermined frequency.

[0024] Fig. 17 shows the timing of applying various
drive pulses to PDP 10.

[0025] Fig. 18 shows another example of second data
conversion table used in the second data conversion cir-
cuit 34 when the input video signal has a vertical syn-
chronization frequency that is lower than the predeter-
mined frequency, and the light emission drive pattern
thereof.

[0026] Fig. 19 shows another example of light emis-
sion drive format (based on the selective erasure ad-
dress method) employed when the input video signal
has a vertical synchronization frequency that is lower
than the predetermined frequency.

[0027] Fig. 20 shows another example of second data
conversion table used in the second data conversion cir-
cuit 34 when the input video signal has a vertical syn-
chronization frequency that is lower than the predeter-
mined frequency, and the light emission drive pattern
thereof.

[0028] Fig. 21 shows an example of light emission
drive format (based on the selective writing address
method) employed when the input video signal has a
vertical synchronization frequency that is not lower than
the predetermined frequency.

[0029] Fig. 22 shows an example of light emission
drive format (based on the selective writing address
method) employed when the input video signal has a
vertical synchronization frequency that is lower than the
predetermined frequency.

[0030] Fig. 23 shows the first data conversion table
used in the second data conversion circuit 34 when driv-
ing according to the light emission drive format shown
in Fig. 21, and the light emission drive pattern thereof.
[0031] Fig. 24 shows the second data conversion ta-
ble used in the second data conversion circuit 34 when
driving according to the light emission drive format
shown in Fig. 22, and the light emission drive pattern
thereof.

[0032] Fig. 25 shows a variation of the light emission
drive format shown in Fig. 16.

[0033] Fig. 26 shows the second data conversion ta-
ble used in the second data conversion circuit 34 when
driving according to the light emission drive format
shown in Fig. 25, and the light emission drive pattern
thereof.

[0034] Fig. 27 shows a variation of the light emission
drive format shown in Fig. 22.

[0035] Fig. 28 shows the second data conversion ta-
ble used in the second data conversion circuit 34 when
driving according to the light emission drive format
shown in Fig. 27, and the light emission drive pattern
thereof.

[0036] Fig. 29 shows an example of light emission
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drive pattern employed when dividing one field into 13
sub-fields and driving a toned display based on the se-
lective erasure address method.

[0037] Fig. 30 shows an example of light emission
drive pattern employed when dividing one field into 13
sub-fields and driving a toned display based on the se-
lective writing address technique.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] Prior to a description of a preferred embodi-
ment of the present invention, a prior art method of driv-
ing a display panel will be described below with refer-
ence to the accompanying drawings.

[0039] Fig. 1 shows the schematic structure of a plas-
ma display apparatus which displays pictures with such
a plasma display panel.

[0040] In Fig. 1, PDP 10 which is the plasma display
panel has m column electrodes D4 through D, that
serve as data electrodes and n row electrodes X
through X, and row electrodes Y, through Y/, that cross
the column electrodes. A pair of Xand Y electrodes con-
stitute the row electrode corresponding to one line of the
screen. The column electrode D and the row electrodes
X, Y are formed on two glass substrates that are dis-
posed to oppose each other interposing a discharge
space which is filled with a discharge gas formed in be-
tween. Formed at the intersect of a row electrode and a
column electrode is a discharge cell that serves as a
display element for one pixel.

[0041] The discharge cell operates by making use of
electric discharge, and therefore has only two states of
light emitting and non-light emitting. That is, the dis-
charge cell can provide luminance of only two tones,
minimum luminance (non-light emitting) and maximum
luminance (light emitting). Therefore a drive device 100
drives the PDP 10, comprising the discharge cells ar-
ranged in a matrix, by the sub-field method to drive
toned display in order to render luminance of an inter-
mediate tone that corresponds to input video signal.
[0042] The sub-field method divides the display peri-
od of one field into, for example, eight sub-fields SF1
through SF8 as shown in Fig. 2. The number of times
light should be turned on in the sub-field is assigned to
each of the sub-fields SF1 through SF8. As a conse-
quence, light emission is carried out a number of times
that corresponding to the luminance level of the input
video signal in the display period of one field, by choos-
ing a proper combination of sub-fields where light is to
be emitted and sub-fields where light is not to be emitted
according to the input video signal. This causes an in-
termediate level of luminance to be perceived according
to the total number of times light is emitted in the display
period of one field.

[0043] Fig. 3 shows an example of the combination of
sub-fields where light is to be emitted and sub-fields
where light is not to be emitted (hereinafter referred to
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as a light emission drive pattern).

[0044] The drive device 100 selects one of nine dif-
ferent light emission drive patterns shown in Fig. 3, in
accordance with the input video signal. Accordingly, var-
ious drive pulses are applied to the column electrodes
D, and row electrodes X, Y of the PDP 10, to thereby
emit light the number of times shown in Fig. 2 only in the
sub-fields indicated by white circles in the light emission
drive pattern that has been selected.

[0045] According to the nine light emission drive pat-
terns shown in Fig. 3, pictures can be displayed with
nine levels of intermediate luminance having the follow-
ing proportions of luminance of light emitted.

{0, 1,7, 23,47, 82, 128, 185, 255}

[0046] At this time, in the light emission drive pattern
shown in Fig. 3, once a discharge cell is turned to an
non-light emitting state in one sub-field during the period
of one field, subsequent sub-fields are controlled so that
light is not emitted. That is, such a light emission drive
pattern is rejected in which the state of sub-fields in
which light is emitted occur successively (hereinafter re-
ferred to as the sustained light emitting state) as indi-
cated by the white circles and the state of sub-fields in
which light is not emitted occur successively (hereinafter
referred to as the sustained non-light emitting state) in-
terchange with each other between light emission pat-
terns of similar luminance levels in the period of one
field. This scheme suppresses the occurrence of pseu-
do contour that would take place in the boundary of two
picture regions where the sustained light emitting state
and the sustained non-light emitting state interchange
with each other.

[0047] In the light emission drive pattern as shown in
Fig. 3, the frequency of switching between the sustained
light emitting state and the sustained non-light emitting
state becomes equal to the vertical synchronization fre-
quency that determines the period of displaying one
field. As aresult, there is a possibility of flicker occurring
when the PAL system television signal wherein the ver-
tical synchronization frequency is limited to 50Hz is sup-
plied as the input video signal, as described previously.
[0048] Now a preferred embodiment of the presentin-
vention will be described below with reference to the ac-
companying drawings.

[0049] Fig. 4 schematically shows the structure of a
plasma display apparatus which drives a plasma display
panel according to the driving method of the present in-
vention.

[0050] In Fig. 4, when the vertical synchronization fre-
quency is detected from the input video signal, a sync
detection circuit 1 generates and supplies a vertical syn-
chronization detection signal V to a drive control circuit
2 and a vertical synchronization frequency detection cir-
cuit 3. When the horizontal synchronization signal is de-
tected from the input video signal, the sync detection
circuit 1 generates and supplies a horizontal synchroni-
zation detection signal H to the drive control circuit 2.
The vertical synchronization frequency detection circuit
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3 determines the vertical synchronization frequency of
the input video signal by measuring the frequency of the
vertical synchronization detection signal V, and supplies
a vertical synchronization frequency signal VF that rep-
resents the frequency to the drive control circuit 2 and
a data conversion circuit 30. An A/D converter 4 sam-
ples the input video signal thereby converting it into, for
example, 8-bit pixel data D for each pixel in accordance
with a clock signal supplied from the drive control circuit
2, and supplies the pixel data to the data conversion cir-
cuit 30.

[0051] Fig. 5 shows the inner structure of a data con-
version circuit 30.

[0052] In Fig. 5, a first data conversion circuit 32 sup-
plies a tone multiplication processing circuit 33 with con-
verted pixel data D4, that is generated by multiplying the
pixel data D by (14 X 16)/255 according to the conver-
sion characteristic shown in Fig. 6. In other words, the
first data conversion circuit 32 converts the pixel data D
that is capable of representing the levels of luminance
for 256 tones, from 0 to 255, with eight bits, into the con-
verted pixel data Dy, that is capable of representing the
levels of luminance for 255 tones, from 0 to 224, with
eight bits. Specifically, the first data conversion circuit
32 converts the pixel data D into the converted pixel data
Dy according to the conversion table shown in Fig. 7
and Fig. 8 based on the conversion characteristic shown
in Fig. 6. The conversion characteristic is determined in
accordance with the number of bits of the pixel data, the
number of bits compressed in a tone multiplication proc-
ess to be described later, and the number of displayed
tones.

[0053] Thus the data are converted in the first data
conversion circuit 32 in consideration of the number of
displayed tones and the number of bits compressed in
the tone multiplication, before carrying out the tone mul-
tiplication process that will be described later. With this
data conversion, the input pixel data D is divided into a
group of most significant bits (corresponding to multi-
toned pixel data) and a group of least significant bits (da-
ta to be discarded: error data), and the tone multiplica-
tion process is carried out according to this signal. This
makes it possible to prevent saturation of luminance
from occurring due to the tone multiplication process
and flattening of the display characteristic (that is, dis-
tortion of tone) that occurs when the display tone is not
on the bit boundary.

[0054] Fig. 9 shows the inner structure of the tone
multiplication processing circuit 33 that carries out the
tone multiplication process.

[0055] As shown in Fig. 9, the tone multiplication
processing circuit 33 is composed of an error diffusion
processing circuit 330 and a dither processing circuit
350.

[0056] A data separation circuit 331 of the error diffu-
sion processing circuit 330 separates the 8-bit convert-
ed pixel data D, supplied from the first data conversion
circuit 32 into error data consisting of the least signifi-
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cant two bits and display data consisting of the most sig-
nificant six bits. An adder 332 adds the error data, de-
layed output of a delay circuit 334 and multiplied output
of a coefficient multiplier 335, and supplies the sum to
a delay circuit 336. The delay circuit 336 sends the sum
supplied from the adder 332, with a delay time corre-
sponding to the period of one clock cycle of the pixel
data (hereinafter called the delay time D) being applied
thereto, as delayed addition signal AD, to the coefficient
multiplier 335 and the delay circuit 337. The coefficient
multiplier 335 multiplies the delayed addition signal AD,
by a predetermined coefficient K, (7/16, for example)
and sends the product to the adder 332. The delay cir-
cuit 337 sends the delayed addition signal AD, with an
additional delay time of (one horizontal scan period - de-
lay time D X 4) applied thereto, as delayed addition sig-
nal AD, to a delay circuit 338. The delay circuit 338
sends the delayed addition signal AD,, with further ad-
ditional delay time of the delay time D applied thereto,
as delayed addition signal AD; to a coefficient multiplier
339. The delay circuit 338 also sends the delayed addi-
tion signal AD,, with a delay time of the delay time D X
2 applied thereto, as delayed addition signal AD, to a
coefficient multiplier 340. The delay circuit 338 further
sends the delayed addition signal AD,, with a delay time
equal to the delay time D X 3 applied thereto, as a de-
layed addition signal ADj to a coefficient multiplier 341.
The coefficient multiplier 339 multiplies the delayed ad-
dition signal AD; by a predetermined coefficient K,
(3/16, for example) and sends the product to the adder
342. The coefficient multiplier 340 multiplies the delayed
addition signal AD, by a predetermined coefficient Ky
(5/16, for example) and sends the product to the adder
342. The coefficient multiplier 341 multiplies the delayed
addition signal ADg by a predetermined coefficient K,
(1/16, for example) and sends the product to the adder
342. The adder 342 adds up the products supplied from
the coefficient multipliers 339, 340 and 341 and sends
the sum to the delay circuit 334. The delay circuit 334
outputs the addition signal, with the delay time D applied
thereto, to the adder 332. The adder 332 adds the error
data, the delayed output from the delay circuit 334 and
the multiplication output from the coefficient multiplier
335, and sends it to an adder 333 a carry-out signal C,
having a logical value of 0 when there is no carry over
in the addition, or a logical value of 1 when there is carry
over in the addition. The adder 333 adds the carry-out
signal C,, to the display data comprising the most signif-
icant six bits of the converted pixel data Dy and outputs
the sum as the 6-bit error diffusion processed pixel data
ED.

[0057] Operation of the error diffusion processing cir-
cuit 330 having such a structure as described above will
now be described below.

[0058] To determine the error diffusion processed pix-
el data ED for a pixel G(j, k) of the PDP 10 as shown in
Fig. 10, for example, error data for each of a pixel G(j,
k-1) located at the left of the pixel G(j, k), a pixel G(j-1,
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k-1) located at the upper left of the pixel G(j, k), a pixel
G(j-1, k) located above the pixel G(j, k) and a pixel G(j-
1, k+1) located at the upper right of the pixel G(j, k), are
weighted by predetermined weighting factors K;
through K, as follows.

Error data for the pixel G(j, k-1): Delayed addition

signal AD,
Error data for the pixel G(j-1, k+1): Delayed addition
signal AD4
Error data for the pixel G(j-1, k): Delayed addition
signal AD,

Error data for the pixel G(j-1, k-1): Delayed addition
signal ADg

[0059] Then the least significant two bits of the con-
verted pixel data HDp, namely the error data of the pixel
G(j, k), is added to the sum obtained as described
above. The carry-out signal C, consisting of one bit thus
obtained is added to the most significant six bits of the
converted pixel data Dy, namely the display data of the
pixel G(j, k), with the result of addition being taken as
the error diffusion processed pixel data ED.

[0060] In the error diffusion processing circuit 330
having such a structure as described above, the most
significant six bits and the least significant two bits of
the converted pixel data D, are used as the display data
and the error data, respectively, and the error data
weighted by the corresponding weighting factors for the
peripheral pixels [G(], k-1), G(j-1, k+1), G(j-1, k), G(j-1,
k-1)] are added, with the result being reflected on the
display data. This operation causes the luminance cor-
responding to the least significant two bits at the pixel
G(j, k) to be represented alternatively by the peripheral
pixels, thereby making it possible to provide a toned rep-
resentation of luminance equivalent to 8-bit pixel data,
by using 6-bit display data which is lower than 8-bit dis-
play data.

[0061] Simply adding the coefficient of error diffusion
for each pixel may cause visual perception of noise
caused by the error diffusion pattern, resulting in dete-
riorated picture quality. To counter this problem, the er-
ror diffusion coefficients K, through K, to be assigned
to the four surrounding pixels may be changed from field
to field.

[0062] The dither processing circuit 350 applies dither
process to the error diffusion processed pixel data ED
supplied from the error diffusion processing circuit 330.
In the dither process, one intermediate display level is
represented by a plurality of adjacent pixels. For exam-
ple, to provide a toned display equivalent to that of eight
bits by using the pixel data of the most significant six
bits among the 8-bit pixel data, four vertically and hori-
zontally adjacent pixels are grouped as a set, and four
dither coefficients a through d of different values are
added to the pixel data of corresponding pixels of the
set. The dither process produces four different combi-
nations of intermediate display levels from the four pix-
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els. As a result, even when the pixel data comprises six
bits, a number of tone levels four times larger, namely
intermediate tones equivalent to those of eight bits, can
be represented.

[0063] However, when the dither coefficients a
through d of constant values are added to each pixel,
visual perception of noise caused by the dither pattern
may occur, resulting in deteriorated picture quality.
[0064] To counter this problem, in the dither process-
ing circuit 350, the dither coefficients a though d to be
assigned to the four pixels are changed from field to
field.

[0065] Fig. 11 shows the inner structure of the dither
processing circuit 350.

[0066] InFig. 11, a dither coefficient generation circuit
352 generates four dither coefficients a, b, ¢ and d for
the four adjacent pixels [G(j, k), G(j, k+1), G(j+1, k), G
(j+1, k+1)] as shownin Fig. 12 and sends the coefficients
successively to the adder 351. The dither coefficient
generation circuit 352 also changes the assignment of
the dither coefficients a through d, that are generated in
correspondence to the four pixels, from field to field as
shown in Fig. 12.

[0067] Specifically, the dither coefficients a through d
are generated cyclically and repetitively for the following
assignments and are supplied to the adder 351.

In the first field:

Pixel G(j, k): Dither coefficient a
Pixel G(j, k+1): Dither coefficient b
Pixel G(j+1, k): Dither coefficient ¢
Pixel G(j+1, k+1): Dither coefficient d

In the second field:

Pixel G(j, k): Dither coefficient b
Pixel G(j, k+1): Dither coefficient a
Pixel G(j+1, k): Dither coefficient d
Pixel G(j+1, k+1): Dither coefficient c

In the third field:

Pixel G(j, k): Dither coefficient d
Pixel G(j, k+1): Dither coefficient c
Pixel G(j+1, k): Dither coefficient b
Pixel G(j+1, k+1): Dither coefficient a

In the fourth field:

Pixel G(j, k): Dither coefficient ¢
Pixel G(j, k+1): Dither coefficient d
Pixel G(j+1, k): Dither coefficient a
Pixel G(j+1, k+1): Dither coefficient b

[0068] The dither coefficient generation circuit 352 re-
petitively carries out the above operation for the first field
through the fourth field. That is, when the operation of
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generating the dither coefficients for the fourth field is
completed, the operation is repeated from the first field.
[0069] The adder 351 adds the dither coefficients a
through d, that are assigned for each field as described
above, to the error diffusion processed pixel data ED of
the pixel G(j, k), pixel G(j, k+1), pixel G(j+1, k) and pixel
G(j+1, k+1), respectively, that are supplied from the er-
ror diffusion processing circuit 330, and supplies the
dither-added pixel data thus obtained to an upper bit ex-
traction circuit 353.

[0070] In the first field shown in Fig. 12, for example,
the following values are supplied successively to the up-
per bit extraction circuit 353 as the dither-added pixel
data.

Error diffusion processed pixel data ED correspond-
ing to pixel G(j, k) + dither coefficient a,

Error diffusion processed pixel data ED correspond-
ing to pixel G(j, k+1) + dither coefficient b,

Error diffusion processed pixel data ED correspond-
ing to pixel G(j+1, k) + dither coefficient c, and
Error diffusion processed pixel data ED correspond-
ing to pixel G(j+1, k+1) + dither coefficient d.

[0071] The upper bit extraction circuit 353 extracts the
four most significant bits of the dither-added pixel data,
and supplies the extracted data as the multi-toned pixel
data Dy to the second data conversion circuit 34 shown
in Fig. 5.

[0072] The second data conversion circuit 34 con-
verts the multi-toned pixel data Dg into 14-bit pixel drive
data GD in accordance with a conversion table that cor-
responds to the vertical synchronization frequency of
the input video signal indicated by the vertical synchro-
nization frequency signal VF. For example, when NTSC
system television signal having a vertical synchroniza-
tion frequency of 60Hz or higher is supplied as the input
video signal, the second data conversion circuit 34 con-
verts the multi-toned pixel data Dy into pixel drive data
GD in accordance with the first conversion table shown
in Fig. 13. When PAL system television signal having
vertical synchronization frequency lower than 60Hz is
supplied as the input video signal, on the other hand,
the multi-toned pixel data Ds is converted into pixel drive
data GD in accordance with the second conversion table
shown in Fig. 14.

[0073] A memory 5 shown in Fig. 4 stores the pixel
drive data GD successively written therein according to
the writing signal supplied from the drive control circuit
2. When the writing operation for the data of one picture
frame (n rows, m columns) has been completed, the pix-
el drive data GD4_,,,, of one screen frame are read suc-
cessively from the memory 5 at the same bit digit for one
line, and are sent to an address driver 6. In other words,
the pixel drive data bits GD144_,,, through GD144_,, in
the memory 5 are determined for each bit digit of the
pixel drive data GD4_,,, of one screen frame as follows.
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DB141.n,m: First bit of the pixel drive data GDy4_,
DB244_,m: Second bit of the pixel drive data GD4_,
DB344.nm: Third bit of the pixel drive data GD44_pp,
DB444_,m: Fourth bit of the pixel drive data GD4_,
DB54_,m: Fifth bit of the pixel drive data GD44_,
DB64_,m: Sixth bit of the pixel drive data GD44_n,
DB741.nm: Seventh bit of the pixel drive data
GD11—nm

DB844.nm: Eighth bit of the pixel drive data GD4_,
DB94_nm: Ninth bit of the pixel drive data GD44_y,
DB1044_,m: Tenth bit of the pixel drive data GD4_,

DB1141.,m: Eleventh bit of the pixel drive data
C':‘D11-nm
DB1244_,n: Twelfth bit of the pixel drive data
GD11—nm
DB1344_,n: Thirteenth bit of the pixel drive data
GI:)11-nm

DB1444_,m: Fourteenth bit of the pixel drive data

[0074] ThenDB14,_,, through DB14,,_,, are read off
successively line by line according to a read signal sup-
plied from the drive control circuit 2 and supplied to the
address driver 6.

[0075] The drive control circuit 2 employs a light emis-
sion drive format that corresponds to the vertical syn-
chronization frequency of the input video signal indicat-
ed by the vertical synchronization frequency signal VF.
According to the light emission drive format that is em-
ployed, the drive control circuit 2 generates various tim-
ing signals for the control of the address driver 6, a first
sustain driver 7 and a second sustain driver 8.

[0076] For example, when NTSC system television
signal having a vertical synchronization frequency of
60Hz or higher is supplied as the input video signal, the
drive control circuit 2 employs the light emission drive
format shown in Fig. 15. When a signal having vertical
synchronization frequency lower than 60Hz, such as a
PAL system television signal, is supplied as the input
video signal, on the other hand, the drive control circuit
2 employs the light emission drive format shown in Fig.
16.

[0077] In the light emission drive format shown in Fig.
15 and Fig. 16, the display period for one field (this in-
cludes also one frame hereinafter) is divided into 14 sub-
fields SF1 through SF 14. And in each sub-field, pixel
data writing process Wc where the pixel data is written
for each discharge cell of the PDP 10 thereby to set the
light emitting cells and non-light emitting cells, and light
emission sustaining process Ic where only the cells to
be light emitting are turned on to emit light repetitively
for the period shown in the drawing, are carried out.-
Also a total reset process Rc, where the amounts of
charges on the walls of all discharge cells of the PDP
10 are initialized, is carried out in the first sub-field SF1,
and erasure process E where charges on the walls of
all discharge cells are eliminated is carried out in the last
sub-field SF14.
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[0078] In the light emission drive format shown in Fig.
16, the sub-fields SF1, SF3, SF5, SF7, SF9, SF11 and
SF13 in the light emission drive format of Fig. 15 are
executed in the first half of one field, while SF2, SF4,
SF6, SF8, SF10, SF12 and SF14 are executed in the
second half of the field. At this time, the erasure process
E is carried out in the last sub-field SF13 of the first half,
and the total reset process Rc is carried out in the first
sub-field SF2 of the second half.

[0079] The address driver 6, the first sustain driver 7
and the second sustain driver 8 apply various drive puls-
es for achieving the processes described above to the
electrodes of the PDP 10 at the timing determined by a
timing signal supplied from the drive control circuit 2.
[0080] Fig. 17 shows the timing of various drive pulses
applied by the drivers to the column electrodes D and
the row electrodes X, Y in the total reset process Rc, the
pixel data writing process Wc, the light emission sus-
taining process Ic and the erasure process E.

[0081] First, in the total reset process Rc, the first sus-
tain driver 7 and the second sustain driver 8 apply such
reset pulses RPy and RPy as shown in Fig. 17 to the
row electrodes X, through X, and Y, through Y,,. As the
reset pulses RPy and RPy are applied, all discharge
cells of the PDP 10 discharge to be reset, so that a pre-
determined amount of charges deposit uniformly on the
wall of every discharge cell. Thus all the discharge cells
are reset to the light emitting cells.

[0082] In the pixel data writing process Wc, the ad-
dress driver 6 generates pixel data pulse group DP (for
one line), that has a voltage corresponding to the logical
value of the pixel drive data bit DB which has been sup-
plied from the memory 5, and applies the pulses to the
column electrode D,4_,,. In the pixel data writing process
Wc of the sub-field SF1, for example, the pixel drive data
bit DB1441.1,, that corresponds to the first row is read
from the memory 5. Accordingly the address driver 6
generates the pixel data pulse group DP consisting of
the pixel data pulses of m pieces corresponding to the
logical values of the DB144_4,,, and applies the pixel data
pulse group DP to the column electrodes D4_,,. Then as
the pixel drive data bit DB1,_,,, that corresponds to the
second line is read from the memory 5, the address driv-
er 6 generates the pixel data pulse group DP of m pieces
corresponding to the logical values of the DB1,,_,,, and
applies the pixel data pulse group DP to the column
electrodes D,_,,. Similarly in the pixel data writing proc-
ess Wc for the sub-field SF1, pixel data pulse group DP
corresponding to the first through nth lines are applied
successively to the column electrodes D,_,, thereafter.
The address driver 6 generates high voltage pixel data
pulses when the logical value of the pixel drive data bit
DB is "1", and generates low voltage pixel data pulses
(0 volts) when the logical value is "0".

[0083] Also in the pixel data writing process Wc, the
second sustaining driver 8 generates negative polarity
scan pulse SP as shown in Fig. 17 at the same timing
as the timing of applying the pixel data pulse group DP
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described above. The scan pulses are applied to the row
electrodes Y, through Y, successively. At this time,
electrical discharge (selective erasure discharge) oc-
curs only in the discharge cell located at the intersection
of the row to which the scan pulse SP is applied and the
column to which the pixel data pulse of high voltage is
applied, thereby selectively eliminating the charge re-
maining on the wall of the discharge cell. The discharge
cell that was initialized to the state of an light emitting
cell in the total reset process Rc is changed to the state
of an non-light emitting cell by this selective erasure dis-
charge. On the other hand, electrical discharge does not
occur in the discharge cells located on the column to
which the pixel data pulse of low voltage is applied, and
the discharge cell remains in the present state. Thus the
non-light emitting cells remain in the state of non-light
emitting cell, and the light emitting cells remain in the
state of light emitting cell.

[0084] In the light emission sustaining process Ic of
each sub-field, the first sustain driver 7 and the second
sustain driver 8 repetitively apply sustaining pulses IPy
and IPy of positive polarity to the row electrodes X
through X, and Y through Y/, alternately, as shown in
Fig. 17. Proportions of the length of periods during which
the sustaining pulse IP is kept being applied in the light
emission sustaining process Ic for the sub-fields SF1
through SF14 are set as follows.

SF1:
SF2:
SF3:
SF4:8

SF5: 10
SF6: 13
SF7: 16
SF8: 19
SF9: 22
SF10: 25
SF11: 28
SF12: 32
SF13: 35
SF14: 39

g w -

[0085] Sustained discharge is carried out in the dis-
charge cell where charges are formed on the wall there-
of, namely the light emitting cells, every time the sus-
taining pulses IPy and IPy are applied only. That s, only
the discharge cells that were set as light emitting cells
in the pixel data writing process Wc repeat to emit light
through the sustained discharge during the period de-
termined by the weighting factor of the sub-field de-
scribed above, thus sustaining the light emitting state.
The longer the time in which the light emitting state is
sustained, the brighter the display is perceived by the
human eyes.

[0086] In the erasure process E, the second sustain
driver 8 generates such an erasure pulse EP of negative
polarity as shown in Fig. 17 and applies the pulse to the
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row electrodes Y, through Y ,. Application of the erasure
pulse EP causes erasure discharge to occur in all dis-
charge cells of the PDP 10, so that the charges remain-
ing on the walls of all discharge cells disappear. That is,
the erasure discharge forces all the discharge cells of
the PDP 10 to turn into non-light emitting cells.

[0087] With the driving operation described above,
only the discharge cells that were set as light emitting
cells by the pixel data writing process Wc in each sub-
field repeat to emit light in the light emission sustaining
process Ic immediately after the process Wc during the
period determined by the weighting factor of the sub-
field as described above. Whether a discharge cell is
set as an light emitting cell or non-light emitting cell is
determined by the pixel drive data GD shown in Fig. 13
or Fig. 14.

[0088] The foregoing description can be summed as
follows. When a bit of the pixel drive data GD consisting
of first through fourteenth bits has logical value "1", se-
lective erasure discharge occurs in the pixel data writing
process Wc of the sub-field corresponding to the bit dig-
it. This selective erasure discharge sets the discharge
cell to the non-light emitting cell state. When a bit of the
pixel drive data GD has logical value "0", on the other
hand, selective erasure discharge does not occur in the
pixel data writing process Wc of the sub-field corre-
sponding to the bit digit. Thus discharge cells in the non-
light emitting cell state remain in the non-light emitting
cell state, and the discharge cells in the light emitting
cells state remain in the light emitting cell state. A dis-
charge cell can be changed from the non-light emitting
cell state to the light emitting cell state only by the total
reset process Rc.

[0089] The first through fourteenth bits of the pixel
drive data GD shown in Fig. 13 correspond to the sub-
fields SF1 through SF14 shown in Fig. 15, respectively.
[0090] Consequently, when driving according to the
light emission drive format shown in Fig. 15 by using the
pixel drive data GD shown in Fig. 13, all discharge cells
are first initialized as the light emitting cells in the sub-
field SF1. The light emitting cell state is maintained until
the selective erasure discharge occurs in the sub-fields
indicated by black circles in Fig. 13. In the light emission
sustaining process Ic for each of the sub-fields (indicat-
ed by white circles) that are present while the light emit-
ting cell state is maintained, light is emitted for a period
determined by the weighting factor of the sub-field. In
this driving operation, the number of times the state is
switched from the sustained light emitting state where
lightis emitted in consecutive sub-fields to the sustained
non-light emitting state where light is not emitted in con-
secutive sub-fields is one in the display period of one
field. Here, sum of the periods of time during which light
was emitted in the light emission sustaining process Ic
of the sub-fields SF1 through SF14 relates to the lumi-
nance.

[0091] The first through fourteenth bits of the pixel
drive data GD shown in Fig. 14 correspond to the sub-



15 EP 1 124 216 A2 16

fields SF1 through SF14 shown in Fig. 16 as follows,
respectively.

1st bit of GD: SF1
2nd bit of GD: SF3
3rd bit of GD: SF5
4th bit of GD: SF7
5th bit of GD: SF9
6th bit of GD: SF11
7th bit of GD: SF13
8th bit of GD: SF2
oth bit of GD: SF4
10th bit of GD: SF6
11th bit of GD: SF8
12th bit of GD: SF10
13th bit of GD: SF12
14t bit of GD: SF14

[0092] In the light emission drive format shown in Fig.
16, total reset process Rc is executed not only,in the
sub-field SF1 but also in the sub-field SF2.

[0093] Consequently, when driving according to the
light emission drive format shown in Fig. 16 by using the
pixel drive data GD shown in Fig. 14, the discharge cells
are first initialized as the light emitting cells in the sub-
field SF1. The light emitting cell state is maintained until
the selective erasure discharge occurs in the sub-fields
indicated by the black circles in Fig. 14. Then in the light
emission sustaining process Ic of each of the sub-fields
(indicated by white circles) that are present while the
light emitting cell state is maintained, light is emitted for
a period determined by the weighting factor of the sub-
field. After the selective erasure discharge has oc-
curred, the discharge cells turn to non-light emitting
cells. Then the discharge cells are initialized to light
emitting cells again in the sub-field SF2, and maintain
the light emitting cell state until the selective erasure dis-
charge occurs in the sub-fields indicated by the black
circles. Then in the light emission sustaining process Ic
for the sub-fields (indicated by the white circles) subse-
quent to the sub-field SF2 that are present while the light
emitting cell state is maintained, light is emitted for a
period determined by the weighting factor of the sub-
field. In this driving operation, the number of times the
state is switched, from the sustained light emitting state
where light is emitted in consecutive sub-fields to the
sustained non-light emitting state where light is not emit-
ted in consecutive sub-fields, is two at maximum in the
display period of one field. Here, sum of the periods of
time during which light was emitted in the light emission
sustaining process Ic of the sub-fields SF1 through
SF14 relates to the luminance of light emission in one
field.

[0094] As aresult, when driving the toned display ac-
cording to the light emission drive format shown in Fig.
15 or Fig. 16 by using the pixel drive data GD shown in
Fig. 13 or Fig. 14 as described above, pictures can be
displayed with intermediate tones of luminance of 15
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levels as follows.

{0: 1: 4: 9: 17: 27: 40: 56: 75: 97: 122: 150: 182: 217:
256}

[0095] Combination of such a driving operation with
15 tone levels and the multi-tone processing in the tone
multiplication processing circuit 33 described previously
makes it possible to achieve a visual effect equivalent
to 256 tone levels of luminance.

[0096] In the operation of toned display described
above, the selective erasure discharge to change the
state of the discharge cells is carried out only once in
the period from the time of executing the total reset proc-
ess Rc to the execution of the next total reset process
Rc as indicated by the black circles in Fig. 13 and Fig.
14. With this operation, the sub-fields in which light is
emitted continue (sustained light emitting state), while
sub-fields in which light is not emitted continue (sus-
tained non-light emitting state). There is no light emis-
sion drive pattern in which the sustained light emitting
state and the sustained non-light emitting state are
switched alternately. As a result, since no case occurs
where two picture regions wherein the sustained light
emitting state and the sustained non-light emitting state
are switched alternately in the period of one field appear
in one picture frame, occurrence of the pseudo contour
that would take place in the boundary of two picture re-
gions can be suppressed.

[0097] Also the present invention employs a toned
display operation as the display period of one field is
divided into the first drive period (SF1, SF3, SF5, SF7,
SF9, SF11, SF13) of the first half and the second drive
period (SF2, SF4, SF6, SF8, SF10, SF12, SF14) of the
second half as shown in Fig. 14 and Fig. 16. Meanwhile,
in the first drive period, light is emitted continuously for
a period of time corresponding to the luminance level
(first tone to fifteenth tone) of the input video signal, be-
ginning at the start of the first drive period. In the second
drive period, on the other hand, light is emitted contin-
uously for a period of time corresponding to the lumi-
nance level (first tone to fifteenth tone) of the input video
signal, beginning at the start of the second drive period.
With this driving operation, therefore, the number of
times the state is switched from the sustained light emit-
ting state where light is emitted in consecutive sub-fields
to the sustained non-light emitting state where light is
not emitted in consecutive sub-fields is two at maximum
in the display period of one field. Also the time interval
between the start of light emission in the first drive period
to the start of light emission in the second drive period
is about one half the display period of one field. There-
fore, since the frequency of switching between the sus-
tained light emitting state and the sustained non-light
emitting state is about twice the vertical synchronization
frequency that determines the display period of one
field, flicker does not occur even when the PAL system
television signal of which vertical synchronization fre-
quency is limited to 50Hz is supplied as the input video
signal.
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[0098] Inthe light emission drive pattern shown in Fig.
14, the selective erasure discharge is carried out only
once in the period from the execution of the total reset
process Rc to the next execution of the total reset proc-
ess Rc. However, when the amount of charges remain-
ing in the discharge cells is small, the selective erasure
discharge may not occur normally even when the scan
pulse SP and the high-voltage pixel data pulse are, for
example, applied simultaneously.

[0099] For this reason, the second conversion table
shownin Fig. 18 may be employed instead of that shown
in Fig. 14 for use in the second data conversion table
34, to thereby reliably cause the selective erasure dis-
charge. When the pixel drive data GD that are converted
in accordance with the second conversion table are
used, the selective erasure discharge occurs in two con-
secutive sub-fields as indicated by the black circles in
Fig. 18. With this operation, even when the charges on
the walls in the discharge cells cannot be eliminated nor-
mally by the first selective erasure discharge, the charg-
es on the walls can be eliminated normally by the sec-
ond selective erasure discharge.

[0100] Inthe light emission drive format shown in Fig.
16, the sub-fields SF1, SF3, SF5, SF7, SF9, SF11 and
SF13 are executed in the first half of one field while SF2,
SF4, SF6, SF8, SF10, SF12 and SF14 are executed in
the second half thereof, although the present invention
is not limited to this scheme.

[0101] Fig. 19 shows a variation of the light emission
drive format shown in Fig. 16 devised in consideration
of the facts described above.

[0102] Inthe light emission drive format shown in Fig.
19, sub-fields SF1, SF4, SF5, SF8, SF9, SF12 and
SF13 are executed successively in the first half of one
field while SF2, SF3, SF6, SF7, SF10, SF11 and SF14
are executed successively in the second half thereof.
[0103] Fig. 20 shows the second data conversion ta-
ble used in the second data conversion circuit 34 when
the light emission drive format shown in Fig. 19 is em-
ployed, and the light emission drive pattern thereof.
[0104] The embodiment described above is a case of
employing the so-called selective erasure address
method wherein all discharge cells are set to the light
emitting cell state by forming charges on the walls of all
discharge cells, and then the charges are eliminated se-
lectively according to the pixel data for the purpose of
writing the pixel data.

[0105] However, the present invention may also be
applied to a case of employing the so-called selective
writing address method wherein the charges are formed
on the wall selectively according to the pixel data for the
purpose of writing the pixel data.

[0106] Fig. 21 and Fig. 22 show the light emission
drive format used when employing the selective writing
address method. Fig. 23 shows the first data conversion
table used in the second data conversion circuit 34 when
the light emission drive format shown in Fig. 21 is em-
ployed, and the light emission drive pattern thereof. Fig.
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24 shows the second data conversion table used in the
second data conversion circuit 34 when the light emis-
sion drive format shown in Fig. 22 is employed, and the
light emission drive pattern thereof.

[0107] According to the light emission drive format
shown in Fig. 21, toned display is driven in the order of
sub-fields from SF14 to SF1, contrary to the case of the
light emission drive format shown in Fig. 15. In this case,
the total reset process Rc', where charges remaining on
walls of all the discharge cells are eliminated at the same
time thereby initializing all discharge cells to the non-
light emitting cell state, is carried out only in the first sub-
field SF14. Then the pixel data writing process Wc and
the light emission sustaining process Ic are carried out
in each sub-field. At this time, selective writing discharge
for forming charges on the wall occurs only in the pixel
data writing process Wc' of the sub-fields (indicated by
black circles) that correspond to digits having logical val-
ue of "1"in the pixel drive data GD shown in Fig. 23. The
discharge cells where the selective writing discharge
has occurred are set to light emitting cells. As a conse-
quence, in the light emission sustaining process Ic of
the sub-fields indicated by the black circles or white cir-
cles in Fig. 23, light is emitted for a period of time cor-
responding to the weighting factor of the sub-field.
[0108] In the light emission drive format shown in Fig.
22, sub-fields SF13, SF11, SF9, SF7, SF5, SF3 and SF1
are executed successively in the first half of one field
while SF14, SF12, SF10, SF8, SF6, SF4 and SF2 are
executed successively in the second half thereof. In this
case, the total reset process Rc' described above is car-
ried out similarly in the first sub-field SF13 of the first
half and in the first sub-field SF14 of the second half.
Then the pixel data writing process Wc' described above
and the light emission sustaining process Ic are carried
out in each sub-field. That is, only in the light emission
sustaining process Ic of the sub-fields marked with the
black circle and the white circle in Fig. 24, light is emitted
for a period of time corresponding to the weighting factor
of the sub-field. In this driving operation, switching from
the sustained non-light emitting state to the sustained
light emitting state is carried out twice in the display pe-
riod of one field, similarly to the light emission drive pat-
tern shown in Fig. 14.

[0109] Inthe case where there is no possibility of flick-
er occurring because of the vertical synchronization fre-
quency of the input video signal being equal to or higher
than the predetermined frequency (60Hz), the drive con-
trol circuit 2 controls the operation according to the light
emission drive format shown in Fig. 21 by using the pixel
drive data GD shown in Fig. 23. When there is a possi-
bility of flicker occurring because of the vertical synchro-
nization frequency of the input video signal being lower
than the predetermined frequency (60Hz), the drive con-
trol circuit 2 controls the operation according to the light
emission drive format shown in Fig. 22 by using the pixel
drive data GD shown in Fig. 24. Thatis, when the vertical
synchronization frequency of the input video signal is
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lower than the predetermined frequency (60Hz), switch-
ing from the sustained non-light emitting state to the sus-
tained light emitting state is carried out up to twice in the
display period of one field as shown in Fig. 24.

[0110] Inthe light emission drive format shown in Fig.
16, the sub-fields having odd numbers are executed in
the first half of one field and the sub-fields having even
numbers are executed in the second half, although this
order may be reverted.

[0111] Fig. 25 shows a variation of the light emission
drive format (selective erasure address) shown in Fig.
16 devised in consideration of the facts described
above.

[0112] In the light emission drive format shown in Fig.
25, the sub-fields SF2, SF4, SF6, SF8, SF10, SF12 and
SF14 wherein light is to be emitted a number of times
in proportions of [3: 8: 13: 19: 25: 32: 39] in the respec-
tive light emission sustaining process Ic are executed
successively in the first half of one field. In the second
half of the one field, the sub-fields SF1, SF3, SF5, SF7,
SF9, SF11 and SF13 wherein light is to be emitted a
number of times in proportions of [1: 5: 10: 16: 22: 28:
35] in the respective light emission sustaining process
Ic are executed successively.

[0113] Fig. 26 shows the second data conversion ta-
ble used in the second data conversion circuit 34 when
the light emission drive format shown in Fig. 25 is em-
ployed, and the light emission drive pattern thereof.
[0114] Fig. 27 shows a variation of the light emission
drive format (selective writing address) shown in Fig. 22.
[0115] In the light emission drive format shown in Fig.
27, the sub-fields SF14, SF12, SF10, SF8, SF6, SF4
and SF2 wherein light is to be emitted a number of times
in proportions of [39: 32: 25: 16: 13: 5: 3] in the respec-
tive light emission sustaining process Ic are executed
successively in the first half of one field. In the second
half of the one field, the sub-fields SF13, SF11, SF9,
SF7, SF5, SF3 and SF1 wherein light is to be emitted a
number of times in proportions of [35: 28: 22: 19: 10: 8:
1] in the respective light emission sustaining process Ic
are executed successively.

[0116] Fig. 28 shows the second data conversion ta-
ble used in the second data conversion circuit 34 when
the light emission drive format shown in Fig. 25 is em-
ployed, and the light emission drive pattern thereof.
[0117] While one field is divided into 14 sub-fields and
the PDP 10 is driven to provide a toned display in the
embodiment described above, the number of sub-fields
is not limited to 14.

[0118] Fig. 29 and Fig. 30 show examples of light
emission drive pattern employed in case one field is di-
vided into 13 sub-fields and the PDP 10 is driven to pro-
vide toned display.

[0119] Fig. 29 shows the light emission drive pattern
when the selective erasure address method is em-
ployed for writing the pixel data. In the light emission
drive pattern shown in Fig. 29, the sub-fields SF1, SF3,
SF5, SF7, SF9, SF11 and SF13 wherein light is to be
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emitted a number of times in proportions of [1: 5: 10: 16:
22: 28: 35] in the respective light emission sustaining
process Ic are executed successively in the first half of
one field. In the second half of the one field, the sub-
fields SF2, SF4, SF6, SF8, SF10 and SF12 wherein light
is to be emitted a number of times in proportions of [3:
8: 13: 19: 25: 32] in the respective light emission sus-
taining process Ic are executed successively.

[0120] Fig. 30 shows the light emission drive pattern
when the selective writing address method is employed
for writing the pixel data. In the light emission drive pat-
tern shown in Fig. 30, the sub-fields SF13, SF11, SF9,
SF7, SF5, SF3 and SF1 wherein light is to be emitted a
number of times in proportions of [35: 28: 22: 16: 10: 5:
1] in the respective light emission sustaining process Ic
are executed successively in the first half of one field.
In the second half of the one field, the sub-fields SF12,
SF10, SF8, SF6, SF4 and SF2 wherein light is to be
emitted a number of times in proportions of [32: 25: 19:
13: 8: 3] in the respective light emission sustaining proc-
ess Ic are executed successively.

[0121] According to the present invention, as de-
scribed in detail above, the frequency of switching from
the sustained non-light emitting state to the sustained
light emitting state (or from the sustained light emitting
state to the sustained non-light emitting state) in the dis-
play period of one field can be set higher than the vertical
synchronization frequency. As a consequence, pictures
in which pseudo contour is suppressed can be displayed
without causing flicker even when the PAL system tele-
vision signal wherein the vertical synchronization fre-
quency is limited to 50Hz is supplied.

Claims

1. A display panel drive method for driving toned dis-
play of a display panel having a display screen
formed from a plurality of light emitting elements by
causing each of said light emitting elements to emit
light for a light emission period that corresponds to
the luminance level of the input video signal in the
unit display period;

wherein said unit display period comprises a
first drive period of a first half and a second drive
period of a second half, and wherein each of said
light emitting elements is caused to emit light con-
tinuously during a first part of said light emission pe-
riod in said first drive period, and caused to emit light
continuously during a remaining part of said light
emission period in said second drive period.

2. Adisplay panel drive method as described in claim
1 wherein time interval between the start of emitting
lightin said first drive period and the start of emitting
light in said second drive period is about one half of
said unit display period.
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A display panel drive method as described in claim
1 wherein said unit display period is divided into a
plurality of divided display periods with all of said
light emitting elements being initialized to either the
light emitting cell state or an non-light emitting cell
state, only during one of said divided display period
that comes first in the first drive period;

a state of each of said light emitting elements
is changed, in one of said divided display peri-
ods in said first drive period, from the non-light
emitting cell state to an light emitting cell state
or from the light emitting cell state to an non-
light emitting cell state in accordance with said
input video signal;

only those among said light emitting elements
that are in the light emitting cell state are
caused to emit light for a period of time deter-
mined by a weighting factor of said divided dis-
play period, in each of said divided display pe-
riods in said first drive period;

all of said light emitting elements are initialized
to either the light emitting cell state or an non-
light emitting cell state, only during the first di-
vided display period in the second drive period;
a state of each of said light emitting elements
is changed, in one of said divided display peri-
ods in said second drive period, from the non-
light emitting cell state to an light emitting cell
state or from the light emitting cell state to an
non-light emitting cell state in accordance with
said input video signal; and

only those among said light emitting elements
that are in the light emitting cell state are
caused to emit light for a period of time deter-
mined by the weighting factor of said divided
display period, in each of said divided display
periods in said second drive period.

A display panel drive method for driving toned dis-
play of a display panel, having a display screen
formed from a plurality of light emitting elements, by
causing each of said light emitting elements to emit
light for a light emission period that corresponds to
the luminance level of the input video signal in the
unit display period; comprising

a first drive sequence for causing each of said
light emitting elements to emit light continuous-
ly during said light emission period within said
unit display period; and

a second drive sequence, in which said unit dis-
play period comprises a first drive period of a
first half and a second drive period of a second
half, for causing each of said light emitting ele-
ments to emit light continuously during a first
part of said light emission period in said first
drive period, and to emit light continuously dur-
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ing a remaining part of said light emission pe-
riod in said second drive period;

wherein either said first drive sequence or said
second drive sequence is selectively executed
according to the vertical synchronization fre-
quency of said input video signal.

A display panel drive method as described in claim
4 wherein the time interval between the start of emit-
ting light in said first drive period and the start of
emitting light in said second drive period is about
one half of said unit display period.

A display panel drive method as described in claim
4 wherein said first drive sequence is executed
when the vertical synchronization frequency of said
input video signal is equal to or higher than a pre-
determined frequency, while said second drive se-
quence is executed when the vertical synchroniza-
tion frequency of said input video signal is lower
than said predetermined frequency.

A display panel drive method as described in claim
4 wherein said unit display period is divided into a
plurality of divided display periods, with all of said
light emitting elements being initialized to either a
light emitting cell state or a non-light emitting cell
state, only during the first divided display period in
said first drive period;

a state of each of said light emitting elements
is changed, in one of said divided display peri-
ods in said first drive period, from the non-light
emitting cell state to the light emitting cell state
or from the light emitting cell state to the non-
light emitting cell state in accordance with said
input video signal;

only those among said light emitting elements
that are in the light emitting cell state are
caused to emit light for a period of time deter-
mined by the weighting factor of said divided
display period, in each of said divided display
periods in said first drive period;

all of said light emitting elements are initialized
to either the light emitting cell state or the non-
light emitting cell state, only during the first di-
vided display period in said second drive peri-
od;

the state of said light emitting elements is
changed, in one of said divided display periods
in said second drive period, from the non-light
emitting cell state to the light emitting cell state
or from the light emitting cell state to the non-
light emitting cell state in accordance with said
input video signal; and

only those among said light emitting elements
that are in the light emitting cell state are
caused to emit light for a period of time deter-
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mined by the weighting factor of said divided
display period, in each of said divided display
periods in said second drive period.

24

emitting elements are caused to emitlightin the
sub-field that is disposed at the second position
during either one of the first drive period and
the second drive period, in addition to the sub-

8. A method for driving a display panel having a dis- 5
play screen formed from a plurality of light emitting
elements; wherein

fields in which light is emitted for the third tone,
for the fourth tone; said light emitting elements
are caused to emit light in the last sub-field dur-

adisplay period of one field of input video signal

ing the other one of the first drive period and
the second drive period, in addition to the sub-

comprises N sub-fields that are allocated toa 170 fields in which light is emitted for the (N-1)st
first drive period of a first half of said display tone, for the Nth tone; and said light emitting
period of one field and a second drive period of elements are caused to emit light in the last
a second half thereof, so as to provide display sub-field during either one of the first drive pe-
with N+1 intermediate levels of luminance from riod and the second drive period, in addition to
the first through (N+1)st tones; 15 the sub-fields in which light is emitted for the

in the case where said number N is an even
number,

Nth tone, for the (N+1)st tone.

said light emitting elements are not caused to
emit light in any of said sub-fields for said first
tone; said light emitting elements are causedto 20

9. A method for driving a display panel having a dis-
play screen formed from a plurality of light emitting
elements; wherein

emit light only in the first sub-field during either
one of said first drive period and said second
drive period for the second tone; said light emit-
ting elements are caused to emit light only in

with the display period of one field of input video
signal being divided into N sub-fields that are
allocated to a first drive period of the first half

the first sub-field during the other one of said 25 of said display period of one field and a second
first drive period and said second drive period, drive period of the second half, so as to provide
in addition to the sub-fields in which light is display with N+1 intermediate levels of lumi-
emitted for the second tone, for the third tone; nance from the first through (N+1)st tones;
said light emitting elements are caused to emit in the case where said number N is an even
light only in the sub-field that is disposed at the 30 number,

second position during either one of said first said light emitting elements are not caused to
drive period and said second drive period, in emit light in any of said sub-fields for said first
addition to the sub-fields in which light is emit- tone; said light emitting elements are caused to
ted for the third tone, for the fourth tone; said emit light only in the last sub-field during either
light emitting elements are caused to emit light 35 one of the first drive period and the second
in the last sub-field during either one of said first drive period for the second tone; said light emit-
drive period and the second drive period, in ad- ting elements are caused to emit light only in
dition to the sub-fields in which light is emitted the last sub-field during the other one of the first
for the (N-1)st tone, for the Nth tone; and said drive period and the second drive period, in ad-
light emitting elements are caused to emit light 40 dition to the sub-fields in which light is emitted
in the last sub-field during the other one of the for the second tone, for the third tone; said light
first drive period and the second drive period, emitting elements are caused to emit light only
in addition to the sub-fields in which light is in the sub-field that is disposed immediately be-
emitted for the Nth tone, for the (N+1)st tone; fore the last sub-field during either one of the
while 45 first drive period and the second drive period,
in the case where said number N is an odd in addition to the sub-fields in which light is
number, emitted for the third tone, for the fourth tone;
said light emitting elements are not caused to said light emitting elements are caused to emit
emit light in any of said sub-fields for said first light in the first sub-field during either one of the
tone; said light emitting elements are causedto 50 first drive period and the second drive period,
emit light only in the first sub-field during either in addition to the sub-fields in which light is
one of the first drive period and the second emitted for the (N-1)st tone, for the Nth tone;
drive period for the second tone; said light emit- and said light emitting elements are caused to
ting elements are caused to emit light only in emit light in the first sub-field during the other
the first sub-field during the other one of the first 55 one of the first drive period and the second

drive period and the second drive period, in ad-
dition to the sub-fields in which light is emitted
for the second tone, for the third tone; said light

13

drive period, in addition to the sub-fields in
which light is emitted for the Nth tone, for the
(N+1)st tone; while
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in the case where said number N is an odd
number,
said light emitting elements are not caused to
emit light in any of said sub-fields for said first
tone; said light emitting elements are causedto 5
emit light only in the last sub-field during either
one of the first drive period and the second
drive period for the second tone; said light emit-
ting elements are caused to emit light only in
the last sub-field during the other one of the first 70
drive period and the second drive period, in ad-
dition to the sub-fields in which light is emitted
for the second tone, for the third tone; said light
emitting elements are caused to emit light in the
sub-field that is disposed immediately before 15
the last sub-field during either one of the first
drive period and the second drive period, in ad-
dition to the sub-fields in which light is emitted
for the third tone, for the fourth tone; said light
emitting elements are caused to emit lightinthe 20
first sub-field during the other one of the first
drive period and the second drive period, in ad-
dition to the sub-fields in which light is emitted
for the (N-1)st tone, for the Nth tone; and said
light emitting elements are caused to emit light 25
in the first sub-field during either one of the first
drive period and the second drive period, in ad-
dition to the sub-fields in which light is emitted
for the Nth tone, for the (N+1)st tone.
30
10. A method for driving a display panel having a dis-
play screen formed from a plurality of light emitting
elements; wherein

with the display period of one field of input video 35
signal comprises N sub-fields so as to provide
display with N+1 intermediate levels of lumi-
nance from the first tone through the (N+1)st
tone;

said light emitting elements are caused to emit 40
light in the other one of the sub-field in addition

to the sub-fields in which light is emitted for the
(n-1)st tone, for the nth tone (1<n<N+1), while
time interval between the start of emitting light

in the sub-fields in which light is emitted for the 45
(n-1)st tone or the sub-fields in which light is
emitted for the (n+1)st tone and the start of
emitting light in the sub-fields where light is
emitted for the mth tone (2<m<N) is about one

half the length of the display period of one field. 50

55

14
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FIG. 2
; 1 FIELD
SF1 SF3
{vsng SF4 _SF5  SF6 SF7 SF8
V V V V V
6{16 | 24 | 35 46 57 70
FIG. 3
LIGHT EMISSION DRIVE PATTERN
ToNE |IN 1 FIELD LUMI-
SF SF SF SF SF SF SF oF|NANCE
i 2 3 4 5 6 7 8
1 0
2 O 1
3 [O O 7
4 |[O O O 23
5 1O O O O 47
6 |[O O O O O 82
7 O O O O O O 128
g |[O O O O O O O 185
9 |O O O O O O O Of 255

O : LIGHT EMISSION

16




EP 1 124 216 A2

Q wqwqg .- Xq] L
L -
Uy .
Ty L-ux
H3AIHA | “ HIAIHQ
NIVLSNS m _ NIVLSNS
anNod3s w . 1SHI4
X N»
wm LA S 0¢ b
~— AT T ) ) )
1IN2HID yal WNDIS
HIAIHGQ Ss3Haav K = AHOW3W _8 zo_mmmﬁwm ¢ .mm>z%\w O3dIn
N 4 \ \ L)ﬁ
9
LINDHID
NOILD3L13q
JA NOILYZINOHHONAS
 H A
LINOHID T0HINOD 3AHA | I

v 'Ol

{

¢

dA

LINOHIO NOILO313a
AON3INO3H4
NOILYZINOHHONAS

TVOILH3A

17



EP 1 124 216 A2

ao vivd
JAIHa 13XId

3A

TYNDIS

AON3IND3HAS
NOILVZINOHHONAS
TVOILH3A

|

11INJHID

NOISHIANOD
vivad dNOJ3S

)
Ve

1INOHID

| ONISS3I00Hd |, LINJHID
NoILYOIdILINI -] NOISHIANOD
Sa Sl Ha ]| viva skl

—— 4 v1iva 13XId

) )
(2 4%

&l
o

¢ Ol

18



EP 1 124 216 A2

FIG. 6
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FIG. 7

D Dy D Dy

LUMINANCE LUMINANCE LUMINANCE LUMINANCE
LEVEL 0 ~ 7 |teveL 0 ~ 7 |lieveL 0~ 7 |eveL 0~ 7

0 00000000 0 00000000 64 01000000 56 00111000
1 00000001 0 00000000 65 01000001 57 00111001
2 00000010 1 00000001 66 01000010 57 00111001
3 00000011 2 00000010 67 01000011 58 00111010
4 00000100 3 00000011 68 . | 01000100 59 00111011
5 00000101 4 00000100 69 01000101 60 00111100
6 00000110 5 00000101 70 01000110 61 - | 00111101
7 00000111 6 00000110 71 01000111 62 00111110
8 00001000 7 00000111 72 01001000 63 00111111
9 00001001 7 00000111 73 01001001 64 01000000
10 00001010 8 00001000 74 01001010 65 01000001
" 00001011 9 00001001 75 01001011 65 01000001

12 00001100 10 00001010 76 01001100 66 01000010
13 00001101 1 00001011 77 01001101 67 01000011
14 00001110 12 00001100 78 01001110 68 01000100
15 00001111 13 00001101 79 01001111 69 01000101
16 00010000 14 00001110 80 01010000 70 01000110
17 00010001 14 00001110 81 01010001 7 01000111
18 00010010 15 00001111 82 01010010 72 01001000
19 00010011 16 00010000 83 01010011 72 01001000
20 00010100 17 00010001 84 01010100 73 01001001
21 00010101 18 00010010 85 01010101 74 01001010
22 00010110 19 00010011 86 01010110 75 01001011
23 00010111 20 00010100 87 01010111 76 01001100
24 00011000 21 00010101 88 01011000 77 01001101
25 00011001 21 00010101 89 01011001 77 01001101
26 00011010 22 00010110 90 01011010 78 01001110
27 00011011 23 00010111 91 01011011 79 01001111
28 00011100 24 00011000 92 01011100 80 01010000
29 00011101 25 00011001 93 01011101 81 01010001
30 00011110 26 00011010 94 01011110 82 01010010
31 | 00011111 27 00011011 95 01011111 83 01010011
32 00100000 28 00011100 96 01100000 84 01010100
33 00100001 28 00011100 97 01100001 85 01010101
34 00100010 29 00011101 g8 01100010 86 01010110
35 00100011 30 00011110 99 01100011 86 01010110
36 00100100 31 00011111 100 01100100 87 . | 01010111
37 00100101 32 00100000 | 101 01100101 88 01011000
38 00100110 33 00100001 102 01100110 89 01011001
39 00100111 34 00100010 103 01100111 90 01011010
40 00101000 35 00100011 104 01101000 91 01011011
41 00101001 36 00100100 105 01101001 92 01011100
42 00101010 36 00100100 106 01101010 93 01011101
43 00101011 37 00100101 107 01101011 93 01011101
44 00101100 38 00100110 108 01101100 94 01011110
45 00101101 39 00100111 109 01101101 95 01011111
46 00101110 40 00101000 || 110 01101110 96 01100000
47 00101111 4 00101001 111 01101111 97 01100001
48 00110000 42 00101010 || 112 01110000 98 01100010
49 00110001 43 00101011 13 01110001 99 01100011
50 00110010 43 00101011 114 01110010 100 01100100
51 00110011 44 00101100 115 01110011 101 01100101
52 00110100 45 00101101 118 01110100 101 01100101
53 00110101 46 00101110 17 01110101 102 01100110
54 00110110 47 00101111 118 01110110 103 01100111
55 00110111 48 00110000 || 119 01110111 104 01101000
56 00111000 49 00110001 120 01111000 105 01101001
57 00111001 50 00110010 121 01111001 106 01101010
58 00111010 50 00110010 122 01111010 | 107 01101011
59 00111011 51 00110011 123 01111011 108 01101100
60 00111100 52 00110100 || 124 01111100 108 01101100
61 00111101 53 00110101 125 01111101 109 01101101
62 00111110 54 00110110 126 01111110 110 01101110
63 00111111 55 00110111 127 01111119 11 01101111
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FIG. 8
D Dy D D

LUMINANCE LUMINANCE LUMINANCE LUMINANCE
LEVEL 0 ~ 7 |EvEL 0 ~ 7 |l eveL 0~ 7 |[eveL 0~ 7

128 10000000 112 01110000 | 192 11000000 168 10101000
129 10000001 13 01110001 193 11000001 169 10101001
130 10000010 114 01110010 194 11000010 170 10101010
131 10000011 115 01110011 195 11000011 171 10101011
132 10000100 115 01110011 196 11000100 172 10101100
133 10000101 116 01110100 197 11000101 173 10101101
134 10000110 117 01110101 198 11000110 173 10101101
135 10000111 118 01110110 199 11000111 174 10101110
136 10001000 119 01110111 200 11001000 175 10101111
137 10001001 120 01111000 201 11001001 176 10110000
138 10001010 121 01111001 202 11001010 177 10110001
139 10001011 122 01111010 203 11001011 178 10110010
140 10001100 122 01111010 204 11001100 179 10110011
14 10001101 123 01111011 205 11001101 180 10110100
142 10001110 124 01111100 206 11001110 180 10110100
143 10001111 125 01111101 207 11001111 181 10110101
144 10010000 126 01111110 208 11010000 182 10110110
145 10010001 127 0111 1111 209 11010001 183 10110111
146 10010010 128 10000000 210 11010010 184 10111000
147 10010011 129 10000001 211 11010011 185 10111001
148 10010100 130 10000010 212 11010100 186 10111010
149 10010101 130 10000010 213 11010101 187 10111011
150 10010110 131 10000011 214 11010110 187 10111011
151 10010111 132 10000100 215 11010111 188 10111100
152 10011000 133 10000101 216 11011000 189 10111101
163 10011001 134 10000110 217 11011001 190 10111110
154 10011010 135 10000111 218 11011010 191 10111111
155 10011011 136 10001000 219 11011011 192 11000000
166 - | 10011100 137 10001001 220 11011100 193 11000001
157 10011101 137 10001001 221 11011101 194 11000010
158 10011110 138 10001010 222 11011110 195 11000011
159 10011111 139 10001011 223 11011111 195 11000011
160 10100000 140 10001100 224 11100000 196 11000100
161 10100001 141 10001101 225 11100001 197 11000101
162 10100010 142 10001110 226 11100010 198 11000110
163 10100011 143 10001111 227 11100011 199 11000111
164 10100100 144 10010000 228 11100100 200 11001000
165 10100101 144 10010000 229 11100101 201 11001001
166 10100110 145 10010001 230 11100110 202 11001010
167 10100111 146 10010010 231 11100111 202 11001010
168 10101000 147 10010011 232 11101000 203 11001011
169 10101001 148 10010100 233 11101001 204 11001100
170 10101010 149 10010101 234 11101010 205 11001101
171 10101011 150 10010110 235 11101011 206 11001110
172 10101100 151 10010111 236 11101100 207 11001111
173 10101101 151 10010111 237 11101101 208 11010000
174 10101110 152 10011000 238 11101110 209 11010001
175 10101111 153 10011001 239 1101111 209 | 11010001
176 10110000 154 10011010 240 1111 0000 210 11010010
177 10110001 155 10011011 241 1111 0001 211 11010011
178 10110010 156 10011100 242 11110010 212 11010100
179 10110011 157 10011101 243 11110011 213 11010101
180 10110100 158 10011110 244 11110100 214 11010110
181 10110101 158 10011110 245 11110101 215 11010111
182 10110110 1569 10011111 246 11110110 216 11011000
183 10110111 160 10010000 247 1111 0111 216 11011000
184 10111000 161 10100001 248 1111 1000 217 11011001
185 10111001 162 10100010 249 11111001 218 11011010
186 10111010 163 10100011 250 11111010 219 11011011
187 10111011 164 10100100 251 11111011 220 11011100
188 10111100 165 10100101 252 1111 1100 221 11011101
189 10111101 166 10100110 253 | 11111101 222 11011110
190 10111110 166 10100110 |- 254 11111110 223 11011111
191 10111111 167 10100111 255 mm 224 11100000
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FIG. 10
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FIG. 13

[SELECTIVE ERASURE]
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BLACK CIRCLE: SELECTIVE ERASURE DISCHARGE

WHITE CIRCLE: LIGHT EMISSION



FIG. 14

[SELECTIVE ERASURE]
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BLACK CIRCLE: SELECTIVE ERASURE DISCHARGE

WHITE CIRCLE: LIGHT EMISSION
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FIG. 17
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FIG. 18

[SELECTIVE ERASURE]
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BLACK CIRCLE: SELECTIVE ERASURE DISCHARGE

WHITE CIRCLE: LIGHT EMISSION
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FIG. 20

[SELECTIVE ERASURE]
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BLACK CIRCLE: SELECTIVE ERASURE DISCHARGE

WHITE CIRCLE: LIGHT EMISSION
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FIG. 23

[SELECTIVE WRITING]
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+ LIGHT EMISSION

BLACK CIRCLE: SELECTIVE WRITING DISCHARGE
WHITE CIRCLE: LIGHT EMISSION
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FIG. 24

[SELECTIVE WRITING]
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+ LIGHT EMISSION

BLACK CIRCLE: SELECTIVE WRITING DISCHARGE
WHITE CIRCLE: LIGHT EMISSION
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FIG. 26

[SELECTIVE ERASURE]
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BLACK CIRCLE: SELECTIVE ERASURE DISCHARGE

WHITE CIRCLE: LIGHT EMISSION
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FIG. 28

[SELECTIVE WRITING]

EP 1 124 216 A2

(]

w
ggéggo—em:as,?,ﬁ;,ﬁ_@%gﬁ
—SZ0 o

n [ N NoNoNoNoNoNoNoNoNONONONG

& e - @ @00000000O0O0
= &w 000000000
S e ©0000000
= So @@ 0000
w e @000
T B it
3 S L 3 JONONONONONONONONONONO)
8%{"5, | N JoNoNONONONONONONO
=0 Lo ©@00000000
LT G 000000
S5 o @0 000

A ® O

B o

o~ 00000000 OO0 O o

PNo oo~ 0000 0O © O O O
u_g VMo ooocoo+~ 0o oo oo oo o
Opb-| Flo oo o000~ —~0 o0 oo o o
§§ Slo oo oo 0000~~~ 0 0 oo
0| oloco cccocoocoocooco~--o0o
Esowoooooooooocoo—-—
2 O e e r-rococococoooooo o
=SS ©lo o o 0o~ 00 0 o0 o o o o
88 WO O©O O O © O v~ ~v O O O © O o o
EE o oo 0o o000 o0 -~~~ 0 0O O O
22 wo o o oo 0000 o0+~ -o0 o0 o
§§ o o 0o oo 000000 O -~ v O
ag -looooo oo 0o oo oo o o -

g|lE8z588fF5&88z558¢8¢2

© O O O OO0 0O v+ v = «
% - N O+ LwoOoN~NO @ NN ® T W
—

40

+ LIGHT EMISSION

BLACK CIRCLE: SELECTIVE WRITING DISCHARGE
WHITE CIRCLE: LIGHT EMISSION
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FIG. 29

[SELECTIVE ERASURE]
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FIG. 30

[SELECTIVE WRITING]
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