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(57)  Theinvention relates to a method for controlling
a plasma display panel (PDP), wherein each field is di-
vided into a plurality of subfields. Each subfield period
comprises an addressing period during which charges
are created in the cells of the PDP which must generate
light during the corresponding subfield. This generation
of light is obtained by a sustain voltage during the re-
maining of the subfield.

SUBFIELD 1

SUBFIELD 2

Method for controlling a plasma display panel and display apparatus using this method

According to the invention, each cell generates light
only in addressed successive subfields, starting from
the first subfield, the erasing (E;) during each subfield
being limited to cells for which no light must be gener-
ated during the corresponding subfield and the remain-
ing subfield(s) of the same field.

Preferably, during each subfield, addressing (A)
and erasing (E4) are simultaneous.
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Description

[0001] The invention relates to a method for control-
ling a plasma display panel and to a display apparatus
using this method.

[0002] Plasma display panels (PDPs) used for image
reproduction, such as for display of television images,
are either of the AC type or of the DC type. For simpli-
fication purpose, AC type will be only described here. A
PDP comprises a transparent front plate, to which is as-
sociated afirst set of parallel electrodes, and a back sub-
strate, associated with a second set of parallel elec-
trodes, perpendicular to the first set. The interval be-
tween the front and back plates is separated in cells con-
taining a gas, for instance a mixture of Xenon and Neon,
which, when selectively and properly excited by voltag-
es applied to electrodes, produce ultraviolet (UV) light
and this UV light excites phosphors deposited on walls
of the cell and generate visible light.

[0003] PDPs are good solutions for the display of im-
ages, because they are flat and can be realized with an
area which is greater than the areas of current displays
such as cathode-ray tubes (CRTs) and liquid crystal dis-
plays (LCDs). Although the quality of pictures is quite
satisfactory, the contrast may be improved. Moreover,
in certain circumstances, moving pictures present un-
pleasant blurred contours.

[0004] The low contrast comes from the undesirable
emission of light during periods which do not correspond
to the controlled excitation of the gas in each cell.
[0005] In fact, the control of a current PDP is realized
in the following way:

[0006] Atthe beginning of each field is realized a prim-
ing of the cells, the goal of which is to generate charges
on the walls of all the cells; in this case, the cells already
presenting charges do not change of state and the cells
which have no charges accumulate charges.

[0007] Afterwards, all the cells are erased in order to
eliminate these wall charges. It is to be noted that the
succession of priming and erasing is necessary in order
to eliminate the wall charges. In fact, if the priming did
not take place before the erasing, cells presenting no
charges would accumulate wall charges during erasing.
[0008] After erasing, the cells which must emit light
are addressed. The addressing is an operation similar
to priming, i.e. charges are created on the walls of cells.
However, this addressing has a shorter duration than
priming and is, of course, selective. For instance, the
duration of priming is about 15 us and the duration of
addressing is generally less than 3 us.

[0009] For priming, erasing and addressing, voltages
are created between the front and the back faces and
the pulses are of the DC type.

[0010] After the addressing period, a sustain voltage
is applied to the addressed cells. This sustain voltage is
an alternative current (AC) at a high frequency, gener-
ally comprised between 100 and 500 kHz. This sustain
voltage may be applied either between a front and a
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back electrodes or between two parallel electrodes on
one side of the panel.

[0011] It is only during this sustain period, that the
cells emit useful light.

[0012] During the priming and the erasing periods, all
the cells emit light. This light is undesirable for the cells
which are not selected. This explains the relatively poor
contrast obtained with plasma display panels.

[0013] Each field is divided into, for instance, sub-
fields having lengths which decrease from the first to the
last subfield. Each cell emits light during subfields which
are selected in such a way that the luminance of a pixel
corresponds to the addition of the times of active sub-
fields.

[0014] As represented on figure 1, the length of the
sustain period in each subfield is such that the first sub-
field corresponds to the least significant bit (LSB) and
the last subfield corresponds to the most significant bit
(MSB). Therefore, if the duration of the sustain period
of this subfield is 1, the durations of the subsequent sub-
fields are respectively 2, 4, 8, 16, 32, 64 and 128, cor-
responding, respectively to the second, third, fourth,
fifth, sixth, seventh and eighth subfields. Therefore, it is
possible to obtain 256 levels of luminance, each lumi-
nance being expressed by a number of 8 bits.

[0015] This distribution of light generation with time
may, in certain circumstances, create defects as ex-
plained with figure 2.

[0016] On figure 2, four successive pixels a, b, ¢ and
d of the same line have been represented. These pixels
are represented in abscissa and the time is in ordinate.
[0017] In this simplified example, each field (or frame)
has four bits, i.e. four subfields for which the sustain pe-
riod is, respectively, 1, 2, 4 and 8. During the first field
(F4), the luminance of pixels a and b is 8; this means
that only the fourth subfield emits light and the first three
subfields remain dark. The pixels ¢ and d have the lu-
minance 7 during this same field F,. Therefore, the first
three subfields are active and the last subfield corre-
sponds to no emission of light because 7 = 0111. It is
supposed that, during the second field F,, there is a
movement such that pixels a and b keep the luminance
8 and pixel ¢ has its luminance increased from 7 to 8
and the luminance of pixel d remains at value 7. In these
circumstances, the eye e of the viewer follows the move-
ment of the moving contour, when the luminance de-
creases from 8 to 7. This following movement is repre-
sented by the oblique lines 10, 12, 14 on figure 2. The
oblique line 10 corresponds to a black line and the lu-
minance increases from this line 10 to the parallel lines
respectively 12 and 14. Of course, the eye does not see
ablack line, but arelatively dark or blurred contour which
is quite unpleasant.

[0018] The invention eliminates the drawbacks men-
tioned herein above, i.e. it increases the contrast and it
prevents blurring due to certain moving images as de-
scribed with figure 2.

[0019] According to the invention, during each sub-
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field, the erasing is limited to the cells for which no emis-
sion is necessary in the corresponding subfield and for
the subsequent subfields in the same field. In other
words, the invention provides a selective erasing and
not an erasing for all the cells. Therefore, the emission
of unnecessary light due to erasing is limited and the
contrast is improved.

[0020] Moreover, when the luminance increases the
distribution of the light according to the time increases
regularly from the first subfield to the last subfield. In
other words, when the luminance increases of one unit,
the number of successive subfields which are active in-
creases of one. Therefore, the blurring appearing with
the embodiment described with figures 1 and 2 is pre-
vented, because the generation of light is, in the inven-
tion, always beginning with the first subfield(s).

[0021] Advantageously, the addressing is simultane-
ous to the erasing. Therefore, the duration of the control
part of each subfield is reduced.

[0022] In an embodiment, all the subfields have the
same duration. Therefore, the control of the PDP is sim-
plified.

[0023] Other features and advantages of the inven-

tion will appear with the description of certain of its em-
bodiments, this description being made in relation with
the herein-appended drawings, wherein:

figure 1, already described, corresponds to the con-
trol of a conventional plasma display panel,

figure 2, also already described, is a diagram show-
ing some properties of a conventional PDP,

figure 3 is also a diagram explaining the operation
of a conventional PDP,

figure 4 is a diagram similar to the diagram of figure
3 showing the operation of a PDP according to the
invention,

figure 5 is a diagram similar to figure 1 explaining
also the operation of the PDP according to the in-
vention,

figure 6 and figure 7 are diagrams similar to the di-
agram of figure 5 but for two other embodiments of
the invention,

figure 8 is a schematic drawing showing one cell of
a PDP with its associated electrodes and also con-
trol means for the electrodes,

figure 9 and figure 10 are schematic drawings ex-
plaining the operation of the PDP according the in-
vention,

figure 11 is a drawing showing some elements of a
cell for an embodiment of the invention,

figure 12 is a diagram showing some control signals
for the embodiment of figure 11,

figure 13 is a diagram similar to figure 2, showing
advantages of the invention with respect to prior art,
and

figure 14 is a diagram used for explaining further
aspect of the invention.
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[0024] Figure 4 shows clearly the difference between
the invention and the prior art as represented on figure 3.
[0025] As shown on the diagram of figure 3, at the be-
ginning of the first subfield, i.e. at the beginning of sub-
field 1, all the cells, which constitute capacitors, are
loaded with control signals such that all the cells have
the same charges. This operation is called priming P.
After the priming, in subfield 1, all the cells are dis-
charged. This operation, which consists in applying con-
trol signals in the reverse direction of the control signal
for priming P, is called erasing E. The erasing operation
E is realized at the beginning of all the subsequent sub-
fields: 2, 3, etc.

[0026] After erasing E, also during each subfield, the
cells which must be lit (generate light) are loaded or ad-
dressed A. During the remaining time of the subfield, an
AC voltage is applied in order that the addressed cells
maintain their generation of light during this remaining
time of the subfield, as described with reference to figure
1.

[0027] According to the invention, in order to create
the required level of luminance for each cell, the cells
are lit during successive subfield(s) starting from sub-
field 1 and, if they must not produce maximum lumi-
nance, they are extinguished during the last subfield(s).
With this embodiment, erasing E, is necessary only for
the cells which must not generate light during the current
subfield and the subsequent subfield(s). It is therefore
possible to perform simultaneously erasing E, for such
selected cells, and addressing A for the other cells of
the PDP.

[0028] This property is shown on figure 4 where E,
and A are represented by the same time segment.
[0029] It must be noted here that, although the time
spent for erasing and addressing may be reduced com-
pared to prior art, the fact that it is possible for each pixel
or cell to generate light only during successive subfields
starting from subfield 1, may reduce (compared to prior
art) the total number of luminance or grey levels which
itis possible to generate. It is the reason why the design
of the control of the PDP must be such that it maximizes
the number of luminance levels. Herein below, several
embodiments will be described which achieve this max-
imization. However, even if the number of grey levels is
smaller than with the prior art, the PDP according to the
invention has important advantages which compensate
this drawback. One advantage is the improvement of
contrast of the image because the total duration of eras-
ing periods is much smaller in the PDP according to the
invention than in the conventional PDP. Moreover, as
will be explained hereinafter with reference to figure 13,
the generation of light only from subfield 1 and succes-
sive subfield(s) provides the advantage that no blurring
occurs, contrary to what happens with conventional
PDPs as explained above with figure 2.

[0030] In the embodiment shown on the diagram of
figure 5 which represents the control of one line, all the
subfields have the same duration. In this example, P
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means priming, E; means simultaneous erasing and ad-
dressing (for different cells) for subfield 1, and S, is the
sustain period for this subfield 1. More generally, E,
means the simultaneous erasing and addressing for
subfield n and S, means sustaining for this subfield n.

[0031] Compared to conventional PDPs, where the
duration of the sustain period increases (doubles) from
one subfield to the subsequent subfield, the control is
much simpler.

[0032] Figure 6 represents the control of the succes-
sive lines. In this example, the number of lines is 480
and the E4, E,, ... periods must be distributed in time in
such a way that no interference may happen between
the control of successive lines. In this example, the prim-
ing P is performed simultaneously for all the cells and
the E4, E,, E5 ... periods are contiguous from one line
to the subsequent line, without any overlapping. In other
words, each line begins with respect to the previous line,
after a delay which equals the duration of an E; period.
[0033] This delay from one line to the other entails a
"suspending" period SP; ... SP4gq between the end of
the priming P and the beginning of E4 period. This sus-
pending period SP, is maximum for the last line 480.
During this suspending period, no luminance signal is
generated. It is also to be noted that corresponding sus-
pending periods SP',, are provided at the end of each
line, i.e. between the end of the last erasing/addressing
period and the beginning of priming P for the next field.
This suspending period SP',, is maximum for the first line
and is equal to zero for the last line.

[0034] Inthe embodimentrepresented on figure 7, the
suspending periods are suppressed. In order to achieve
this goal, the priming periods for successive lines are
staggered, i.e. the priming periods are not simultane-
ous. More precisely, the priming P, period for line 2 ap-
pears immediately after the end of priming period Py,
with no delay between the end of P, and the beginning
of P,. In this embodiment, the erasing/addressing peri-
od for subfield 1 appears immediately after priming, with
no delay. As concerns the erasing/addressing periods
for the other subfields: subfield 2, subfield 3, etc., they
are staggered in such a way that for line n, this erasing/
addressing period begins when the erasing/addressing
period for line n - 1 finishes.

[0035] Figure 8 represents a cell of a PDP. Conven-
tionally, a plasma display panel comprises a front sub-
strate (not shown) which is transparent and a back sub-
strate (not shown). The back substrate is provided with
parallel ribs 13, 15 which constitute walls separating the
space between the front and the back substrates. This
space is filled with a mixture of gases such as Neon and
Xenon. An addressing electrode 16 is associated with
each space between two neighboring partition ribs 13,
15. In this example, the addressing, or line, electrode
16 is on the middle of the space separating ribs 13 and
15, on the front side.

[0036] To each cellis also associated a couple 18, 20
of electrodes on the backside. These electrodes are per-
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pendicular to the ribs. The electrode 20 is used for ad-
dressing and both electrodes 18 and 20 are used for the
application of the AC sustain voltage.

[0037] For priming, erasing and addressing, a DC
voltage is created between electrodes 16 and 20.
[0038] As shown on the schematic diagrams of fig-
ures 9 and 10, the cells C44, Cy45, etc. Cyq, Cy,, etc. are
disposed according to a matrix with lines |4, I,, I3, etc.
and columns, coly, col,, etc.

[0039] During the addressing/erasing period for line 1
and subfield n, an addressing pulse 30, is generated on
line 1 and, simultaneously, on each column is generated
either an erasing pulse 324, if the corresponding cell C,
must be erased, or no pulse (zero pulse 32,) is gener-
ated, if the corresponding cell C4, must generate light.
The erasing pulses are generated simultaneously with
the addressing pulses and have the same duration, i.e.
5 us.

[0040] The erasing pulse 32, of column col; sup-
presses the wall charges only on cell C4, because, dur-
ing its appearance, only line 1 is addressed and not the
other lines.

[0041] As described with reference to figure 8, each
column electrode coly, col, comprises two electrodes
18, 20. During the sustain period, an AC current is ap-
plied between these electrodes. The AC voltage is ap-
plied after the erasing/addressing pulse until the end of
the corresponding subfield. Only the non-erased cells
emit light. As shown on figure 10, cell C44, which has
been erased, remains black and cell C,,, which has
been addressed, generates light.

[0042] Itis to be noted that, with a duration of 5 us for
each addressing/erasing pulse, the total duration of ad-
dressing/ erasing is, for one frame (480 lines), 2.4 ms
for each subfield, i.e. 12 ms for each field if 5 subfields
are provided for 1 field. As in the NTSC standard the
duration of one field is 16.7 ms, the duration of the re-
maining sustain period is 4.7 ms for each field, i.e. 1 ms
for each subfield.

[0043] In order to optimize the sustain time, it is pref-
erable to use the embodiment represented on figure 7.
[0044] Moreover, the number of possible luminance
levels being limited, it is preferable to increase this
number. For this purpose, it is possible to use the con-
ventional double scan method according to which the
lines are divided in two sets. For instance, if there are
480 lines, the first set comprises lines 1-240 and the sec-
ond set comprises lines 241-480.

[0045] With this double scan method, the lines of the
two sets are addressed simultaneously. In other words,
line 1 is addressed simultaneously with line 241, line 2
is addressed simultaneously with line 242, ... and line
240 is addressed simultaneously with line 480.

[0046] In order to further increase the duration of the
sustain periods compared to the addressing/erasing pe-
riods, it is possible to address lines during overlapping
periods. In this embodiment, it is necessary to provide
several - for instance five - electrodes per column. As
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shown on figure 11, five electrodes correspond to col,
or col, of figure 9. The reference of these electrodes are
A to Ag.

[0047] For erasing the cell C44, a pulse 38 (figure 12)
of 5 us is applied to line 1 and, simultaneously, a pulse
39 of the same duration is applied to electrode A,.
[0048] In order to erase cell C,4 (the cell on the sec-
ond line and first column), line 2 is addressed with a
pulse 40 beginning 1 us after the beginning of the pulse
38 applied on line 1 and having also a duration of 5 us.
Simultaneously, a pulse 42 of duration 5 us is also ap-
plied on column electrode A, of column coly. If cell C,,
must not be lit, no pulse 42 is applied on electrode A,.
[0049] In spite of the simultaneous presence of pulse
40 online 2 and pulse 39 on electrode A, during an over-
lapping time of 4 us, cell C,4 is not erased because this
duration of 4 us is insufficient to erase a cell.

[0050] With this embodiment, the duration of address-
ing five lines is 9 us. Therefore, it is possible to divide
one field into nineteen subfields, because the total du-
ration of addressing is 4809 = 864 ps which is about
1/19 of the duration of 1 TV frame (1/60 s).

[0051] If simultaneously, double scan is used, one
field may be divided into 38 subfields. In other words, it
is possible to have 38 luminance levels for one color.
For three colors, this may amount to 114 levels.

[0052] In general, this number of luminance levels
would be sufficient. However, it is further possible to in-
crease this number of levels with conventional technol-
ogies used for picture compression of for improving the
quality of pictures transmitted by facsimile machines or
computer displays. These techniques are called dither-
ing and error diffusion methods; these methods are con-
ventionally used for personal computers (PCs) and
LCDs (Liquid Crystal Displays).

[0053] Figure 13 is a diagram similar to figure 2
wherein, during field F,, the pixels a and b have the lu-
minance level 8 and the pixels c and d have the level 7.
During the field F, pixels a and b keep their luminance
level 8, but pixel ¢ has the luminance 8 and pixel d keeps
the level 7.

[0054] It can be seen that no blurring occurs because
with the eye following the movement of pixel b, the eye
sees a smooth transition between luminance 8 and 7 as
shown by the inclined lines o, B and y. On line o, the eye
sees a luminance of value 8, and on line B, where the
eye sees the transition from 8 to 7 at each time, the lu-
minance is 7. On line v, the luminance remains 7.
[0055] In an embodiment, the duration of subfields is
modulated in order to perform a vy correction. Fig. 14
shows an example of a PDP wherein the luminance L
generated by the PDP varies, in function of the input sig-
nal |, according to curve 80 wherein, when the input sig-
nal grows linearly with the values: 1, 2, 3, 4, 5, 6, 7, the
PDP luminance has the values 1, 1+1=2, 1+1+2=4,
1+1+2+3=7, 1+1+2+3+4=11, 1+1+2+3+4+5=16,
1+1+2+3+4+5+6= 22.

[0056] Inthatcase in subfield 1, the sustain period will
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have duration to, and the sustain periods of subfields 2
to 7 will be respectively to, 2to, 3to, 4to, 5to and 6to.

Claims

1. Method for controlling a plasma display panel,
wherein each field is divided into a plurality of sub-
fields, each subfield period comprising an address-
ing period during which charges are created in the
cells of the PDP which must generate light during
the corresponding subfield, this generation of light
being obtained by a sustain voltage during the re-
maining of the subfield, characterized in that each
cell generates light only in addressed successive
subfields, starting from the first subfield, the erasing
during each subfield being limited to cells for which
no light must be generated during the correspond-
ing subfield and the remaining subfield(s) of the
same field.

2. Method according to claim 1, characterized in that,
during each subfield, addressing (A) and erasing
(E4) are simultaneous.

3. Method according to claim 1 or 2, characterized in
that the subfields have substantially the same du-
ration.

4. Method according to any of the previous claims,
characterized in that a priming (P4, P, ...) is per-
formed, during the first subfield of each field, and in
that, for each field, the priming of one line begins at
the end of the priming of the previous line.

5. Method according to any of claims 1-3, character-
ized in that a priming is performed during the first
subfield of each subfield and in that, for each field,
the primings of all lines are simultaneous.

6. Method according to any of the previous claims,
characterized in that the lines are divided into sets,
the first and the second sets being controlled simul-
taneously.

7. Method according to any of the previous claims,
characterized in that each column being controlled
by N electrodes (A;-A;), the addressing pulses
(38,40) of two successive lines have a duration of
T and the beginning of the pulse controlling the sec-
ond of the two successive lines follows the begin-
ning of the pulse controlling the previous line by a
duration of T/N, one line being associated to one of
the N column electrodes on which is applied simul-
taneously, if necessary, an erasing pulse simultane-
ous with the pulse on the corresponding line, the
number N being chosen in such a way that the over-
lapping period of an addressing pulse on one line
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and an erasing pulse on the column electrode cor-
responding to the previous line is insufficient to per-
form an erasing.

Method according to any of the previous claims,
characterized in that the duration of subfields is
modulated in order to perform a y correction.

Method according to any of the previous claims,
characterized in that the plasma display panel is of
the AC type.
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