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charge-equalization operations

(57)  Conventionally, the drive means are suitable for
generating charge-equalization or reset operations,
then address operations and then sustain operations:
the invention relates to division of the reset operations
into two successive steps:

O a metastable space charge-generation step P1;
O an accelerated charge-generation end step P2 dur-

Plasma display device provided with drive means suitable for carrying out rapid

ing which the system operates in the mode with
weak discharges between the electrodes E1, E2,
serving at least for addressing.

Thanks to this division, the reset operations may be
shortened and the luminous performance of the panel
and/or the manufacturing yields of plasma panels may
be improved.
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Description

[0001] The invention relates to a display device com-
prising a plasma panel, of the AC type with memory ef-
fect, having intersecting electrodes serving at least for
addressing, the said device being optionally provided
with coplanar electrodes serving at least for sustaining,
and with means for driving this panel that are suitable
for carrying out charge-equalization (or reset), address
and sustain operations in the discharge regions of this
panel.

[0002] An AC plasma display panel (PDP) with mem-
ory effect generally comprises two parallel plates leav-
ing a space containing a discharge gas between them;
between the plates, generally on the internal faces of
these plates, a panel such as this has several arrays of
electrodes:

- generally two arrays of intersecting electrodes,
each placed on a different plate, and therefore non-
coplanar, and serving for addressing the discharg-
es, at the intersections of which electrodes, in the
space between the plates, light discharge regions
are defined; and

- atleast two arrays of parallel coplanar electrodes,
placed on the same plate and serving for sustaining
the discharges; these arrays are covered with a di-
electric layer, especially for providing a memory ef-
fect; this dielectric layer is itself covered with a pro-
tective and secondary-electron-emitting layer, gen-
erally based on magnesia.

[0003] Each electrode of a sustain array forms, with
an electrode of the other sustain array, a pair of elec-
trodes that define between them a succession of light
discharge regions, generally distributed along a row of
discharge regions of the panel.

[0004] The light discharge regions form a two-dimen-
sional matrix on the panel; each region is capable of
emitting light so that the matrix displays the image to be
displayed.

[0005] In general, one of the arrays of coplanar elec-
trodes serves both for addressing and for sustaining. In
this particular case, that array of electrodes will be called
hereafter Y, the second array of coplanar electrodes be-
ing called X and the array of address electrodes orthog-
onal to Y and X, and placed on the other plate, will be
called A. The arrays of electrodes X and Y therefore sup-
ply rows of discharge regions, whereas the array of elec-
trodes A, serving only for addressing, supplies columns
of discharge regions.

[0006] The adjacent discharge regions, at least those
that emit different colours, are generally bounded by
barrier ribs; these ribs generally serve as spacers be-
tween the plates.

[0007] The walls of the light discharge regions are in
general partly coated with phosphors sensitive to the ul-
traviolet radiation coming from the light discharges; ad-
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jacent discharge regions are provided with phosphors
emitting different primary colours, in such a way that the
combination of three adjacent regions forms a picture
element or pixel.

[0008] In practice, these phosphors cover the sloping
walls of the barrier ribs and the plate bearing these ribs,
which is generally the plate bearing the array of elec-
trodes serving only for addressing; the address elec-
trodes are therefore covered with phosphors.

[0009] Whenthe plasma panelisin operation, in order
to display an image a succession of display or subdis-
play operations is carried out using the matrix of dis-
charge regions; each subdisplay operation generally
comprises the following steps:

- firstly, a selective address step, the purpose of
which is to modify the electrical charges on the di-
electric layer in each of the discharge regions to be
activated, by applying at least one voltage pulse be-
tween the intersecting address electrodes in these
regions;

- secondly, a non-selective sustain step during which
a succession of voltage pulses is applied between
the electrodes of the sustain pairs so as to cause a
succession of light discharges only in the discharge
regions that had been activated beforehand.

[0010] After a subdisplay operation, the discharge re-
gions may be in very different internal electrical voltage
states, especially depending on whether or not these re-
gions have been activated during this subdisplay oper-
ation; other factors contribute to this dispersion in the
internal voltage states, such as the nature of the phos-
phors corresponding to these regions, the inevitable
fluctuations in the dimensional characteristics of these
discharge regions and the fluctuations in surface com-
positions of the walls of these regions, which are asso-
ciated with the panel fabrication processes.

[0011] In order to make the internal voltage state the
same for all the discharge regions to be addressed,
most of the address steps are preceded by a step of
equalizing these regions, the aim especially being to re-
set all the discharge regions to be addressed to the
same internal voltage state, whether or not they had
been activated during the preceding subdisplay opera-
tion; this reset step conventionally comprises an electri-
cal charge-forming or priming operation followed by a
charge adjusting operation, also called a charge erase
operation, after which, ideally, the internal voltages with-
in each discharge region are close to the ignition thresh-
olds between address electrodes and between sustain
electrodes.

[0012] For each pair of address or sustain electrodes
of a discharge region, it is possible to associate an ex-
ternal voltage applied between these electrodes and an
internal voltage in the gas space separating the materi-
als that cover these electrodes. The internal voltage
generally differs from the external voltage because of
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the surface charges that are on the surface of the insu-
lating materials covering the electrodes, at the interface
between these dielectric materials and the gas in the
discharge region.

[0013] These surface charges result, on the one
hand, from a capacitive effect owing to the dielectric
properties of the materials that define the discharge re-
gions and, on the other hand, from an accumulation of
what are called "memory" charges produced by the pre-
vious discharges in the gas of these discharge regions.
[0014] The internal ignition threshold of a discharge
region in a given direction corresponds to an internal
voltage limit value along this direction, above which the
gas ionizes in this region. This value depends on the
characteristics of the gas in this region, on those of the
materials in contact with the gas in this region, and on
the geometry of the electrodes passing over this region
outside of this region.

[0015] Inthe particular case described above of three
arrays of electrodes X, Y, A, six internal threshold values
are generally associated with each discharge region:

* aninternal threshold V| v forignition between an-
ode X and cathode Y; -

e an internal threshold V|; yx for ignition between
cathode X and anode Y;

* aninternal threshold V|1 x, forignition between an-
ode X and cathode A;

* an internal threshold V|3 px for ignition between
cathode X and anode A; -

e aninternal threshold V|1 v, forignition between an-
ode Y and cathode A; and

* an internal threshold V| Ay for ignition between
cathode Y and anode A.

[0016] The terms "anode" and "cathode" are relative
to the internal potentials in the gas of a discharge region
near the electrodes passing over this region: an elec-
trode is said to be an anode relative to another electrode
if the potential in the gas near it is greater than that near
the other electrode, this other electrode then being ca-
thodic.

[0017] The next two internal thresholds have the
same value because they characterize discharges in co-
planar mode, which are generated by electrodes carried
by the same plate and placed generally symmetrically
one with respect to the other:

[0018] V|1 xy = Vit yx denoted by V|1 s.

[0019] H0\7vever, the next two internal thresholds,
which characterize the discharges in matrix mode and
are therefore between two different plates, are different
depending on whether the electrode in question acts as
an anode or as a cathode:

Vit xa = Vir_ya, denoted by Vip p ¢,
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Vit ax = Vir_ay, denoted by Vi 5 5.

[0020] This is because, when the column address
electrode A acts as cathode, since the secondary emis-
sion from the phosphor carrying it is less than that from
the magnesia on the surface of the dielectric covering
the row electrode X or Y, the discharges are produced
at higher voltages than when its acts as an anode.
[0021] In general:

- during a charge-forming or priming operation, each
electrode Y serving both for addressing and sus-
taining is an anode relative to the other two elec-
trodes X and A;

- during a charge-adjusting or erase operation, each
electrode Y serving both for addressing and sus-
taining is a cathode relative to the other two elec-
trodes X and A.

[0022] These operations are generally carried out by
applying a slowly increasing potential difference, on the
one hand, between the two coplanar sustain electrodes
and, on the other hand, between the two matrix elec-
trodes for addressing all the discharge regions of a
group to be addressed; documents FR 2 417 848
(THOMSON-1978) and US 5 745 086 (PLASMACO-
1998) thus describe the application of ramp voltage sig-
nals to the electrode or to the electrodes serving both
for addressing and for sustaining during application of
a constant voltage signal to the other, only address or
only sustain, electrodes.

[0023] Patent US 5 745 086 shows that the reset op-
erations for the regions of a panel are thus carried out
advantageously, in each region, without a strong dis-
charge but with a series of so-called "weak" discharges
between the electrodes when the slope of the ramp sig-
nal applied does not exceed 10 V/us. These "weak" dis-
charges compensate for the increase in external voltage
applied to the electrodes by surface discharges being
deposited on the walls of the regions supplied by these
electrodes, and since there is no "strong" discharge the
internal voltage in the gas of these regions therefore re-
mains equal to or slightly below the internal ignition
threshold defined above.

[0024] The known advantages of resetting by weak
discharges, also called "positive resistance" resetting,
are that they allow precise adjustment of the internal
electrical voltages within the discharge regions by pro-
ducing a weak light emission. Precise adjustment is es-
sential with respect to performance and to efficiency of
the subsequent address operation. Limiting this light
emission is essential for the contrast performance of the
display device.

[0025] The maximum slope of the ramp signal produc-
ing weak discharges in a discharge region is dependent
in particular on the characteristics of the materials cov-
ering the cathode of this region, especially on the sec-
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ondary emission coefficient of these materials and on
the quantity of space charge and of the metastable ele-
ments in the gas in this region. The slope values com-
monly used do not exceed 5 V/us for the priming oper-
ation in which the Y electrode acts as anode relative to
the X and A electrodes. Since the total amplitude of the
ramp typically covers 200 V, the duration of the priming
operation therefore reaches several tens of microsec-
onds. This duration represents wasted time as regards
the other operations to be carried out during a scan or
subscan, namely the address and sustain operations,
thereby limiting the performance of the display device,
especially as regards its emission maximum. In addi-
tion, certain panels may be rejected at the end of the
production line as they exhibit operating defects asso-
ciated with the existence of strong discharges during the
priming ramp, with standard ramp values, which further
increases the production costs of the panels.

[0026] It is an objective of the invention to limit these
drawbacks; it is also an objective of the invention to
shorten the duration of these discharge region reset op-
erations without reducing the efficiency thereof, that is
to say while still maintaining the level of equalization of
the various discharge regions.

[0027] For this purpose, the subject of the invention
is a display device comprising:

- anAC plasma panel with memory effect, comprising
two plates, leaving a space containing a discharge
gas between them, and two arrays of intersecting
electrodes serving at least for addressing, at the in-
tersections of which, in the space between the
plates, light discharge regions are defined;

- drive means suitable for applying, to the said elec-
trodes, voltage signals suitable for carrying out op-
erations intended to equalize the charges in or reset
the said discharge regions;

characterized in that the said drive means are de-
signed so that, during specific operations of resetting a
group of discharge regions,

if each discharge region of the panel has an ex-
ternal matrix ignition threshold voltage (Vg1 gogq) be-
tween the electrodes serving at least for addréssing and
intersecting the said region, if Min[Vgr gog4] and Max
[Ver e2e4] are respectively the minimum value and the
maximum value of the matrix ignition voltage (Vg1 g2g+)
of the regions of the said group, B

the potential difference Vo4 applied between the
electrodes serving at least for addressing and intersect-
ing the said regions of this group increases as soon as
Veop1 has exceeded the value 1.1 x Max[Ver gopq] dur-
ing the said reset operation, with what is called an end-
of-operation slope that is steeper than the maximum
slope of the growth of Vg,g4 during the instants when
VEog, is between Min[Ver gopq] and Max[Ver gopql-
[0028] The invention therefore corresponds to case 1
or the 1st embodiment described in further detail below.
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[0029] The subject of the invention is also, according
to the same principle, a display device comprising:

- anAC plasma panel with memory effect, comprising
two plates leaving a space containing a discharge
gas between them, two arrays of intersecting elec-
trodes serving at least for addressing, at the inter-
sections of which, in the space between the plates,
light discharge regions are defined, at least two ar-
rays of electrodes serving at least for sustaining and
placed so that one of the electrodes of each of these
arrays passes over each discharge region;

- drive means suitable for applying, to the said elec-
trodes, voltage signals suitable for carrying out re-
set operations intended to equalize the charges in
or reset the said discharge regions,

characterized in that the said drive means are de-
signed so that, during specific operations of resetting a
group of discharge regions,

if each discharge region of the panel has an ex-
ternal matrix ignition threshold voltage (Vg ga2eaq) be-
tween the electrodes serving at least for add_ressing and
intersecting the said region, if Min[Vgt gaseaq] @nd MaX
[VET EA2EA1] are respectively the minimum value and
the maximum value of the matrix ignition voltage
(VET EA2EA1) Of the regions of the said group, if each
discﬁarge region of the panel has an external coplanar
ignition threshold voltage (Vgt gsoes1) between the
electrodes serving at least for s_ustaining and passing
over the said region and if Min[Vgt ggoes¢] @and Max
[Vet Esoesq] are respectively the minimum value and
the maximum value of the coplanar ignition voltage
(VeT_Es2es1) of the regions of the said group,

- either the potential difference Vgpaoga1, applied be-
tween the electrodes serving at least for addressing
and intersecting the said regions of this group does
not exceed the value Min[Vet gaoeaq] while the po-
tential difference Vgg,es1 applied between the elec-
trodes serving at least for sustaining and passing
over the said regions of this group does not exceed
the value Max[Vgt gsops¢] @and increases with what
is called a positive_end-of-operation slope as soon
as the potential difference Vg goe51 applied between
these electrodes serving at least for sustaining has
exceeded the value Max[Vgr gsopsil s

- orthe potential difference VEA_2EA1 applied between
the electrodes serving at least for addressing and
intersecting the said regions of this group increas-
es, as soon as the potential difference Vggoeg1 ap-
plied between the electrodes serving at least for
sustaining and passing over the said regions has
exceeded the value Max[Vgr gsopgq], With what is
called a positive end-of—oper_ation slope, which is
steeper than the maximum slope for growth of
VEeazeaq during the instants when Vegopg, is be-
tween Min[Ver ggoes] and Max[Ver gsoesil:
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[0030] The invention therefore corresponds, either to
case 2 or the 2nd embodiment described in greater detail
below, or to case 3 or the 3 embodiment described in
greater detail below.

[0031] Ingeneral, the drive means are suitable for fur-
thermore carrying out:

- selective address operations for selectively activat-
ing or deactivating discharge regions; they are car-
ried out by applying voltage pulses between the
electrodes serving at least for addressing;

- non-selective sustain operations for initiating dis-
charges only in the preactivated discharge regions
of the panel; they are carried out by applying voltage
pulses between the electrodes serving at least for
sustaining.

[0032] Such a panelis said to have a "memory effect"
because, during sustain periods, discharges are gener-
ated only in those regions that were activated before-
hand; for this purpose, in each discharge region, at least
one of the electrodes serving at least for sustaining is
coated with a dielectric layer which is itself covered with
a protective and secondary-electron-emitting layer.
[0033] Thedielectric layer provides the memory effect
which, during the sustain operations, makes it possible
to initiate discharges only in the activated regions; the
protective layer is generally based on magnesia and has
a high secondary electron emission coefficient, higher
than the secondary electron emission coefficient of the
material that coats, in each discharge region, one of the
electrodes serving at least for addressing, this material
generally being a phosphor.

[0034] Preferably, the drive means are designed so
that, during the said specific charge-equalization or re-
set operations, in each of the regions of the said group,
the electrode covered with the protective layer serves
as anode; the specific reset operations are then charge-
forming or priming operations; in this case there is there-
fore no charge adjustment or erase operation, in which,
in contrast, this electrode covered with the protective
layer generally acts as cathode.

[0035] Each reset operation generally relates to a
group of rows of discharge regions of the panel, or even
all of the rows; these operations are generally initiated
before a selective address operation.

[0036] The term "matrix ignition" is understood to
mean the initiation of discharges between electrodes
serving at least for addressing and the term "coplanar
ignition" is understood to mean the initiation of discharg-
es between electrodes serving at least for sustaining.
[0037] If the panel comprises arrays of coplanar elec-
trodes carried by the same plate, these electrodes serve
atleast for sustaining; the other plate then generally car-
ries an array of electrodes serving mainly for address-
ing, or even in addition for initiating sustain discharges;
in this case, one of the arrays of electrodes serving at
least for addressing is preferably merged with one of the
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arrays of electrodes serving at least for sustaining, and
forms one of the arrays of coplanar electrodes; it is
therefore this array of electrodes that acts as anode dur-
ing the priming operations. Conventional coplanar plas-
ma panels of the prior art are then used.

[0038] If the panel does not have arrays of coplanar
electrodes, the sustain operations are generally carried
out by applying voltage pulses between electrodes serv-
ing also for addressing; the panel then generally has two
arrays of electrodes, one on each plate; as a variant, the
sustain operations could be carried out by applying a
radiofrequency field in the discharge regions, in which
case the electrodes of the array serve only for address-
ing.

[0039] By virtue of the invention, itis possible to short-
en the period needed for the reset operations, to devote
additional time to the sustain operations and thus im-
prove the luminous performance of the panel.

[0040] By virtue of the invention, it is possible to sub-
stantially improve the manufacturing yields of plasma
panels by reducing the amount of scrap.

[0041] Preferably, the end-of-operation slope for in-
creasing the potential difference between the electrodes
serving at least for addressing is greater than 5 V/us.
[0042] Thus, as soon as all the matrix ignition thresh-
olds in case 1 have been exceeded, and as soon as all
the coplanar ignition thresholds in case 2 or case 3 have
been exceeded, the reset operations take place much
more rapidly than in the prior art, without at all losing out
on the quality of these operations and without any risk
of strong discharges that may prejudice the contrast;
more time may therefore be devoted to the other drive
operations, especially the sustain operation, thereby
making it possible to improve the display performance,
especially in the case of video image display.

[0043] Preferably, the end-of-operation slope for in-
creasing the potential difference between the electrodes
serving at least for addressing is greater than 10V/us.
The performance of the device and the advantages of
the invention are even further improved.

[0044] Preferably, in case 2 or case 3, while Vggoegy
is between Min[Ver gspesq] and Max[Ver gspesq] dur-
ing the said reset 6perations, the potenti_al difference
VEesoest applied between the electrodes serving at least
for sustaining increases with what is called a start-of-
operation slope that is greater than 5 V/us, preferably
greater than 10 V/us. The performance of the device and
the advantages of the invention are improved even fur-
ther.

[0045] Preferably, during each of the said specific re-
set operations, the potential difference (Vgogs;
Veasea1) applied between the electrodes serving at
least for addressing is uniform and strictly increasing
when Min[Ver gog4] < Veggt < Max[Ver gogq], or when
Min[Ver_eazeat] < Veazear <Max[Ver gazeasl- The ex-
pression "uniform and strictly increasing" is understood
to mean a non-zero increase. Preferably, this increase
is linear with time; this is therefore achieved with linear
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voltage ramps applied to one of the arrays of electrodes,
this being easier to implement.

[0046] Preferably, in case 2 or 3, during each of the
said specific reset operations, the potential difference
(Vesoes) applied between the electrodes serving at
least for sustaining is uniform and strictly increasing
when Min[Ver gsoestl < Veszest < Max[Ver eszesil:
[0047] The expression "uniform and strictly increas-
ing" is understood to mean a non-zero increase. Pref-
erably, this increase is linear with time; this is therefore
implemented with linear voltage ramps applied to one
of the arrays of electrodes, this being simpler to imple-
ment.

[0048] Given below is a summary of the principles up-
on which the invention applied to priming operations is
based:

* To obtain a weak discharge mode with the highest
possible slope value between two electrodes serv-
ing for addressing, E1 and E2, or EA1 and EA2, E1
or EA1 acting as cathode, the initial level for condi-
tioning the discharge regions is raised before a
steep-slope signal is applied between these elec-
trodes.

* The invention therefore relates to two successive
steps within one and the same reset operation:

o a step P1 of generating metastable space
charges obtained by discharges;

0 an accelerated charge-generation end step
P2, corresponding to making all these charges
the same, during which the system operates in
the mode in which there are weak discharges
between the electrodes serving at least for ad-
dressing, E1 and E2, or between EA1 and EA2,
with the highest possible slope, generally
greater than 10 V/us.

* The invention may apply to plasma panels having
various cell or discharge-region structures, for ex-
ample those of the "ACM", "ACC" or "ACC3E" type.

* Incase 1, applicable to any type of "ACM"-type ma-
trix panel with two electrodes E1, E2 per cell, or
ACC panel with 3 electrodes or more per cell (in-
cluding EA1 and EA2), step P1 consists in applying
a gently sloping ramp for a time long enough to gen-
erate discharges between the two electrodes E1
and E2 (or alternatively EA1 and EA2), whatever
the previous state of the cells. This gentle slope val-
ue corresponds in fact to the slopes normally used
in the prior art, namely less than 10 V/us. The E1-E2
(or alternatively EA1-EA2) discharges thus pro-
duced serve both for conditioning the cell and for
part of equalization of the voltage internal to the cell,
between the electrodes E1 and E2 (or alternatively
EA1 and EA2).

* Incases 2 and 3, applicable to coplanar panels of
the "ACC" type, which comprise at least three elec-
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trodes EA1, EA2 = ES2, ES1 per cell, step P1 con-
sists in applying a ramp of steeper slope than in the
prior art, generally greater than 10 V/us, between
the coplanar electrodes of the cell, ES1 acting as
cathode being covered with a material having a sec-
ondary emission coefficient greater than that cov-
ering EA1, and ES2 which may be EA2 (the stand-
ard "ACC" case: EA1: column, EA2 = ES2 = "scan/
sustain" row, ES1 = "common" row). The ES1-ES2
coplanar discharges thus produced serve both for
conditioning the cell and for part of the equalization
of the internal voltage between ES1 and ES2. Cas-
es 2 and 3 are distinguished as follows:

o Case 2: no discharge is generated between
EA1 and EA2 during step P1, the ignition volt-
age not being internally exceeded between
these electrodes. This may be achieved with
various signals between EA1 and EA2 (con-
stant signal, ramp signal or other signals) pro-
vided that the ignition threshold is not exceed-
ed. During this step P1, the weak coplanar dis-
charges are initiated and the weak matrix dis-
charges are prevented, the amplitude of the
ramp signal applied matrix-wise not exceeding
the matrix threshold voltage at any instant.

o Case 3: matrix discharges are generated be-
tween EA1 and EA2 during step P1 simultane-
ously with the coplanar discharges between
ES1 and ES2. In this case, the slope of the sig-
nal between EA1 and EA2 must be small in or-
der to allow operation in weak-discharge mode,
until a sufficient level of conditioning of the cell
has been reached. In this case, the slope of the
signal between EA1 and EA2 is less than that
between ES1 and ES2.

Step P2 is characterized by the application of a
ramp signal with a higher slope than in the prior art,
generally greater than 10 V/us, between EA1 and
EA2. At this stage, it is of little importance what hap-
pens between the other electrodes.

Steps P1 and P2 may optionally be separated by a
period without any discharge in the cell (for example
if the voltages applied temporarily cease to in-
crease). This period must not exceed 20 ps in order
for the conditioning effect created during P1 to still
be active in P2.

The embodiments described are derived from these
general principles and from the conditions under
which discharges are generated between elec-
trodes specific to each cell of the panel, since they
are tied:

o to the ignition thresholds that vary according
to the cells;

o to the state of the surface memory charges
dependent on the history of the cell (previously
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lit or unlit).

[0049] The invention will be more clearly understood
on reading the description that follows, given by way of
non-limiting example and with reference to the append-
ed drawings in which:

- Figure 1 describes a timing diagram for applying po-
tential differences between the electrodes of a ma-
trix panel during a charge creation operation ac-
cording to a first embodiment of the invention;

- Figure 2 describes a timing diagram for applying po-
tential differences between the address electrodes
and between the sustain electrodes of a coplanar
panel during a charge creation operation according
to a second embodiment of the invention;

- Figure 3 describes a timing diagram for applying po-
tential differences between the address electrodes
and between the sustain electrodes of a coplanar
panel during a charge creation operation according
to a third embodiment of the invention;

- Figure 4 is a general timing diagram for applying
voltage to the three arrays of electrodes of a con-
ventional coplanar panel during a charge creation
operation, in order to illustrate, according to the de-
tailed example given in the description, the benefit
of the invention compared with the timing diagrams
of the prior art;

- Figures 5 to 7 describe the strong discharges that
unfortunately are obtained when voltages are ap-
plied to the three arrays of electrodes according to
a rapid timing diagram, but fall outside the scope
defined by the invention; and

- Figure 8 illustrates the advantage afforded by the
invention, namely the absence of strong discharges
when voltages are applied to the three arrays of
electrodes according to a rapid timing diagram.

[0050] Various general embodiments of the invention
will now be described; the first embodiment applies to
matrix-type plasma panels that have only two arrays of
electrodes E1, E2, one on each plate, which serve both
for addressing and for sustaining the discharges; the
other embodiments apply to coplanar-type plasma pan-
els which have two arrays of sustain electrodes ES1,
ES2 on the same plate, called the coplanar plate, and
two arrays of address electrodes EA1 on the plate,
called the address plate, opposite the coplanar plate
and EA2 on the coplanar plate. These other embodi-
ments apply to conventional coplanar panels in which
an array of coplanar electrodes serves both for address-
ing and for sustaining, which means that EA2 then merg-
es with ES2.

[0051] The sustain electrodes, E2 or ES1 and ES2,
are coated with a dielectric layer which is itself covered
with a material such as magnesia, having a high sec-
ondary electron emission coefficient, and in any case
higher than the material covering the electrodes E1 or
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EA1 of the address plate; the material covering the elec-
trodes E1 or EA1 is generally a phosphor; by extension,
the plate bearing these electrodes and the magnesia
layer is termed the sustain plate, or coplanar plate in the
case of coplanar panels.

[0052] A matrix panel comprises a large number of
discharge regions; after an image scan or subscan,
each region of the panel has an external ignition thresh-
old voltage, Vgt gogq in the case of a charge creation
operation where E2, on the sustain plate, acts as anode.
The minimum value of the ignition voltage of all the re-
gions of the panel is denoted by Min[Vgt gog4] and the
maximum value of the ignition voltage of all the regions
of the panel is denoted by Max[Vet gogql-

[0053] A coplanar panel comprise% a large number of
discharge regions; after an image scan or subscan,
each region of the panel has an external matrix ignition
threshold voltage Vet gaoeaq, @nd an external coplanar
ignition threshold voltage VET Es2Ests this being so in
the case of a charge creation operation in which EA2
and ES2 on the coplanar plate act as anodes. The min-
imum value of the matrix ignition voltage and of the co-
planar ignition voltage of all the regions of the panel are
denoted by Min[Ver gasea1]l @and Min[Vet ggopsq] re-
spectively and the maximum value of the matrix ignition
voltage and of the coplanar ignition voltage of all the re-
gions of the panel are denoted by Max[Vet gaseaq] @nd
Max[Vet gsopsq] respectively. B

[0054] 'All the embodiments of the invention present-
ed below relate to charge-creation or priming opera-
tions; according to an essential feature of the invention,
each of these operations comprises a step P1 called the
charge-creation and conditioning start step, of duration
11, followed by a step P2 called the accelerated charge-
creation end step, of duration 12, the time separating the
end of the first step and the start of the second step nec-
essarily not exceeding 20 us if it is desired to derive full
benefit from the conditioning of the discharge regions in
the second step P2.

[0055] In Figure 1, which describes the charge-crea-
tion or priming operations of a matrix panel, the following
external voltages between the electrodes E2 (anode)
and E1 (cathode) may therefore be distinguished in suc-
cession:

- VEoe1 p1 st at the start of step P1;
- Veoe1 p1 No at the end of step P1;
- VE2E1_p2_ST at the start of step P2; and
- VE2E1:p2:ND at the end of step P2.

[0056] In Figures 2 and 3, which describe the charge-
creation or priming operations of coplanar panels, the
following external voltages between the address elec-
trodes EA2 (anode) and EA1 (cathode) on the one hand
and between the sustain electrodes ES2 (anode) and
ES1 (cathode) on the other may therefore be distin-
guished in succession:
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= VEAZEA1_P1_ST and VESZES1_P1_ST at the start of
step P1;

- Vea2ea1_p1_np @nd Vegoesq p1_np at the end of
step P1;

- Veazeatr p2_st a@nd Vesoesq pp st at the start of
step P2; and

- Vea2ea1_p2_np @nd Vegoesq po np at the end of
step P2.

[0057] To simplify the description, identical references
are used in the various embodiments for the elements
that fulfil the same functions.

1st embodiment: the case of a matrix or coplanar
panel

[0058] Referring to Figure 1, the two steps P1 and P2
are defined as follows:

= Vezeq1 p1_sT < Min[Ver gopq]; thus, at the start of
step P1, the discharge ignition threshold is not ex-
ceeded in any of the cells of the panel, whatever
their charge state resulting from the operations dur-
ing the preceding scans or subscans; preferably,
Veze1 p1_s720.9XMin[Vet gop4], sothat weak dis-
charges start to be initiated in regions of the panel
right from the start of the conditioning step P1;

= VEze1 p1_ND > Max[Ver goeq]; thus, the discharge
ignition threshold is exceeded in each cell of the
panel after the conditioning step P1, whatever their
charge state resulting from the preceding opera-
tions, so as to create an initial conditioning state;
preferably, Veogq pq np £ 1.1 X Max[Ver gopqls 8O
as not to unnecessarily extend the period P1 of slow
potential increase and to engage as soon as possi-
ble the period P2 of rapid potential increase;

= Veze1 p2_sT = VE2e1_p1_nps SO that the two steps
P1 and P2 link together without a transition; and

- VEezeq p2 np is defined in the same way as in the
prior art, namely so as to obtain, at the end of step
P2, the desired priming level in all the discharge re-
gions of the panel.

[0059] During step P1, the rate of increase of the po-
tential Vo4 between the electrodes, or the instantane-
ous value of the slope dVgg4/dt, is in accordance with
the prior art, thatis to say itis less than 5 V/us throughout
the duration t1 of this step; in contrast, according to the
invention, during step P2, the rate of increase in the po-
tential Vg, between the electrodes, or the instantane-
ous value of the slope dVg,g4/dt, is substantially greater
than in the prior art throughout the duration t2 of this
step, preferably greater than 10 V/us.

[0060] In general, according to the invention, the po-
tential between the electrodes therefore increases
much more rapidly at the end of the charge creation pe-
riod, during step P2, than at the start of this period, dur-
ing step P1; the time for the priming operations is there-
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fore very considerably reduced, without losing any of the
quality of these operations.

2nd embodiment: the case of a coplanar panel

[0061] Referring to Figure 2, the two steps P1 and P2
are defined as follows:

= Veszest_p1_sT < Min[Ver gsoesil; thus, at the start
of P1, the coplanar discharge ignition threshold is
not exceeded in any of the cells of the panel what-
ever their charge state resulting from the preceding
operations; preferably, Vegoes1 pq st = 0.9 X Min
[VeT Esoesq], so that weak coplanar discharges
start to be initiated in regions of the panel right from
the start of step P1;

- Veszes1_p1-ND > Max[Ver gsoesql, thus, at the
end of step P1, the coplanar discharge ignition
threshold is exceeded in each cell of the panel,
whatever their charge state resulting from the pre-
ceding operations, so as to create an initial condi-
tioning state; preferably, Vegopst pq np= 1-XMax
[VET ES2ES1]), SO a@s notto unnecessarily extend the
peri5d P1 and to engage as soon as possible the
period P2;

- Veazeat_p1 < Min[Ver_gazeaql, which means that,
at each instant t of the conditioning step P1, the po-
tential difference between the address electrodes
Veasear pq 18 kept below Min[Ver gaoeaql, so that
no matrix discharge is generated inthe panel during
this step; it will be noted that this inequality is satis-
fied for any instant of P1, knowing that Vet gaseaq
may vary during P1 depending on the charges cre-
ated near the electrodes;

= Veazea1_p2 st <Min[Ver gazeasls thus, at the start
of step P2, the matrix discharge ignition threshold
is not exceeded in any of the cells of the panel,
whatever their charge state resulting from the pre-
ceding operations; preferably, Veaopat p2 s7= 0.9
X Min[Ver gasea 1], S0 that weak matrix discharg-
es start to be initiated in regions of the panel right
from the start of step P2; and

- VEa2ea1 p2 np is defined in the same way as in the
prior art,_na?nely so as to obtain the desired priming
level in all the discharge regions of the panel.

[0062] During step P1, the rate of increase of the po-
tential Vggopsq between the sustain electrodes, or the
instantaneous value of the slope dVggogg4/dt is sub-
stantially higher than in the prior art, preferably greater
than 10 V/us; during this step P1, the rate of increase
of the potential Vgpzgaq may be zero, low or high, pro-
vided that this potential remains less than Min
(VeT EA2EA1]-

[0063] During step P2, the rate of increase of the po-
tential Veaopaq between the address electrodes, or the
instantaneous value of the slope dVgpaoea4/dt, is sub-
stantially greater than in the prior art, preferably greater
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than 10 V/us; during this step P2, the rate of increase
of the potential Vggoeg1 may be zero, low or high.
[0064] In general, according to the invention, the
charge creation operation is carried out by exceeding
all the coplanar discharge thresholds before starting to
exceed the first matrix discharge threshold, in such a
way that the gas is conditioned before the matrix dis-
charges are started; this is advantageous because the
coplanar discharges take place on the material having
a high secondary electron emission coefficient, which
coats the electrodes of the coplanar plate, thereby mak-
ing it possible to generate weak coplanar discharges
ES1-ES2 with a steep slope during step P1; the condi-
tioning thus achieved during this step P1 then makes it
possible to generate, during step P2, weak matrix dis-
charges EA1-EA2 with a gentler slope than in the prior
art, despite the generally mediocre secondary emission
properties of the material, in general a phosphor, which
coats the electrodes of the address plate, this material
being used here as cathode; by virtue of the invention,
the time for the priming operations can thus be very con-
siderably reduced and correct operation can be
achieved with panels having poor phosphor secondary
emission properties without in any way losing out on the
quality of these operations.

3rd embodiment: the case of a coplanar panel

[0065] This embodiment differs from the previous one
in that limited matrix discharges are "tolerated" during
the coplanar conditioning period.

[0066] Referring to Figure 3, the two steps P1 and P2
are defined as follows:

- VEesoest p1_sT< Min[Vet gsoestl and
VEA2EA1_P1_ST<MIn[VET_EA2EA1]; thUS, at the Start

of step P1, the coplanar or matrix discharge ignition
threshold is not exceeded in any of the cells of the
panel whatever their charge state resulting from the
preceding operations; preferably, VegopstpqsT 2
0.9XxMin[Vergsoest]  andlor  Veazear_p1 st
0.9xMin[VeT gaoeaqls SO that coplanar or matrix dis-
charges start to be initiated right from the start of
step P1;

- Vessest pinp > Max[Ver gspes1]  and
Veazeat_p1_ND > Min[Ver gazeadl; thus, at the end
of step P1, the coplanar discharge ignition threshold
is exceeded in each cell of the panel whatever the
charge state resulting from the preceding opera-
tions, and also the matrix discharge ignition thresh-
old in all or some of these cells, so as to create an
initial conditioning state;

- Veazeat_p2_ np is defined in the same way as in the
prior art, namely so as to obtain the desired priming
level in all the discharge regions of the panel.

[0067] During step P1, the rate of increase of the po-
tential Vegopgq between the sustain electrodes, or the
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instantaneous value of the slope dVggogg4/dt, is sub-
stantially greater than in the prior art, preferably greater
than 10 V/us; during this step P1, the rate of increase
of the potential Vgpopa4 iS in accordance with the prior
art, that is to say less than 5 V/us.

[0068] During step P2, the rate of increase of the po-
tential Vgpopaq between the address electrodes or the
instantaneous value of the slope dVgpaoea4/dt, is sub-
stantially greater than in the prior art, preferably greater
than 10 V/us; during this step P2, the rate of increase
of the potential Vggopg1 may be zero, low or high.
[0069] By virtue of the invention, the time for the prim-
ing operations can thus be very considerably reduced
or correct operation can be achieved with panels having
poor phosphor secondary emission properties, without
in any way losing out on the quality of these operations.

4th embodiment: the case of a coplanar or matrix
panel

[0070] This embodiment provides for the conditioning
generated during P1 to be carried out in all or some of
the cells by means of a strong discharge, and in the oth-
er cells by means of weak discharges. This is not the
preferred embodiment, unless the strong discharge is a
sustain discharge.

5th embodiment: the case of a coplanar or matrix
panel

[0071] The fifth embodiment adds to the four preced-
ing embodiments the possibility of including, between
steps P1 and P2, a period without any discharge in all
or some of the cells, this period not exceeding a time of
20 us so that the conditioning effect of P1 is still active
at the start of the discharges during P2. The practical
use of a period without discharge is known in the prior
art and will not be described here in detail: the internal
voltages must be kept below the ignition thresholds.
[0072] The various embodiments described above by
way of non-limiting illustration of the invention make it
possible, during the panel reset operations, for the rate
of increase of the potentials applied between the elec-
trodes to be increased compared with the prior art; the
invention therefore makes it possible:

* either to reduce the time allocated to the priming
operation and to use it for addressing or sustaining,
thereby allowing the fidelity or the peak luminance
of the panel to be improved;

* or to increase the efficiency of panel manufacture
by not rejecting panels that have strong discharges
during the priming with a standard slope.

[0073] Finally, it is obvious to those skilled in the art
to apply the invention to other possible cases in which
ramp signals are used for driving plasma panels, without
departing from the scope of the claims appended here-
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to.

Example of the invention and comparative examples

[0074] Using the same coplanar-type plasma panel
having three arrays of electrodes, comprising two copla-
nar electrodes X and Y on the front plate and an elec-
trode A on the rear plate for addressing, various types
of charge-equalization or reset signals will be applied
and their impact on the discharges during applications
of these signals will be evaluated.

[0075] Such a coplanar panel is known from the prior
art and described in the introduction of the present doc-
ument, with the same references X, Y and A for the elec-
trodes.

[0076] Figure 4 shows the timing diagrams for the
voltage signals applied to the various electrodes X, Y
and A of the panel during a priming operation: a linear
voltage ramp characterized by a ramp peak level VpY,
here 400 V, is applied to the sustain and address elec-
trodes Y (corresponding to the electrodes EA2 coinci-
dent here with ES2 of the general embodiments de-
scribed above); over this time, a constant signal VpX is
applied to the X electrode serving only for sustaining (of-
ten called the "common" electrode) and a constant sig-
nal V, = 0 is applied to the address electrode A located
on the other plate. These signals are used to illustrate
the response of a panel to an excessively steep ramp
with and without the use of the invention.

[0077] During each priming operation, the intensity of
the strong discharges Dg which may occur accidentally
and are crippling in normal use, is recorded using a pho-
tosensitive sensor placed in front of a group of discharge
regions of the screen.

[0078] The recordings obtained correspond to Fig-
ures 5 to 7; all these recordings are produced under the
same priming operation conditions, especially applica-
tion of the linear ramp signal, except for the value of the
constant bias signal V,x of the coplanar electrode X:

- Figure 5: Vpx =+ 100 V: the internal ignition thresh-
old between the electrodes serving at least for sus-
taining, Y and X, is then reached later than the in-
ternal ignition threshold between the address elec-
trodes Y and A; matrix discharges are therefore giv-
en preference; many strong discharges Dg due to
an excessively high slope value in the absence of
prior conditioning of the cells are observed;

- Figure 8: V= - 120 V: the internal ignition thresh-
old between the address electrodes Y and A is then
reached later than the internal ignition threshold be-
tween the electrodes serving at least for sustaining,
Y and X; the initiation of coplanar discharges is
therefore given preference; the figure shows the ab-
sence of strong discharges Dg thanks to the prior
conditioning of the cells by weak coplanar discharg-
es; such a configuration illustrates the invention.
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[0079] Figures 6 and 7 correspond to intermediate sit-
uations, in which VX is equal to 0 V and - 80 V respec-
tively, and in which an unacceptable residual of strong
discharges Dg is observed.

[0080] During each priming operation, the potential
difference between the electrodes serving at least for
sustaining, Y and X, and the potential difference be-
tween the address electrodes Y and A therefore in-
crease with the same linear slope and a situation similar
to one of the cases shown in Figure 2, corresponding to
the 2nd general embodiment of the invention described
above, occurs; according to the invention as illustrated
by Figure 8, the priming operation therefore starts with
afirst step P1, in which the coplanar discharges are giv-
en sufficient preference, by negatively biasing the co-
planar electrode X relative to the address electrode A
sufficiency; above a certain voltage level between the
address electrodes Y and A, matrix discharges are in-
evitably produced because the matrix ignition thresh-
olds are exceeded, without this time generating strong
discharges because the discharge regions have been
"conditioned" beforehand by coplanar discharges. The
respective bias voltages on X and A therefore determine
step P1, which is characterized by only coplanar dis-
charges creating an initial conditioning state of each cell.
The intermediate situations shown in Figures 6 and 7
correspond to a simultaneous activation of the coplanar
and matrix discharges in certain cells. Since the slope
applied between Y and A is as high as that applied be-
tween Y and X, the insufficient conditioning results in
strong discharges. To prevent the strong discharges Dg,
a solution according to the invention would apply a gen-
tler initial slope between the electrodes Y and A, as in
the third general embodiment of the invention described
above.

Claims
1. Display device comprising:

- an AC plasma panel with memory effect, com-
prising two plates, leaving a space containing
a discharge gas between them, and two arrays
of intersecting electrodes (E2, E1) serving at
least for addressing, at the intersections of
which, in the space between the plates, light
discharge regions are defined;

- drive means suitable for applying, to the said
electrodes, voltage signals suitable for carrying
outoperations intended to equalize the charges
in or reset the said discharge regions;

characterized in that the said drive means
are designed so that, during specific operations of
resetting a group of discharge regions,

if each discharge region of the panel has an
external matrix ignition threshold voltage
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(VeT E2g1) between the electrodes serving at least
for addressing and intersecting the said region, if
Min[Ver gop4] and Max[Ver gogq] are respectively
the minimum value and the maximum value of the
matrix ignition voltage (Vg1 gop4) of the regions of
the said group, h

the potential difference Vg4 applied be-
tween the electrodes serving at least for addressing
and intersecting the said regions of this group in-
creases as soon as Vg has exceeded the value
1.1 xMax[Vgr gogq] during the said reset operation,
with what is called an end-of-operation slope that is
steeper than the maximum slope of the growth of
VEeog, during the instants when Vgog4 is between
Min[Ver_goe4] and Max[Ver gogq]-

Display device comprising:

- an AC plasma panel with memory effect, com-
prising two plates leaving a space containing a
discharge gas between them, two arrays of in-
tersecting electrodes (EA2, EA1) serving at
least for addressing, at the intersections of
which, in the space between the plates, light
discharge regions are defined, at least two ar-
rays of electrodes (ES2, ES1,) serving at least
for sustaining and placed so that one of the
electrodes (ES2, ES1) of each of these arrays
passes over each discharge region;

- drive means suitable for applying, to the said
electrodes (EA2, EA1, ES2, ES1), voltage sig-
nals suitable for carrying out reset operations
intended to equalize the charges in or reset the
said discharge regions,

characterized in that the said drive means
are designed so that, during specific operations of
resetting a group of discharge regions,

if each discharge region of the panel has an
external matrix ignition threshold voltage
(VET EA2EA1) between the electrodes (EA2, EA1)
servi_ng at least for addressing and intersecting the
said region, if Min[Vgr gaoeaq] and  Max
[VET EAZEA1] are respectively the minimum value
and the maximum value of the matrix ignition volt-
age (VeT easeaq) of the regions of the said group,
if each di§charge region of the panel has an external
coplanar ignition threshold voltage (Vet gsoest)
between the electrodes (ES2, ES1) serving_ at least
for sustaining and passing over the said region and
if Min[Ver eszese] and Max[Ver gspesq] are re-
spectively the minimum value and the maximum
value of the coplanar ignition voltage (Vg1 g50e51)
of the regions of the said group, -

- either the potential difference Vgaopaq applied
between the electrodes (EA2, EA1) serving at
least for addressing and intersecting the said
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regions of this group does not exceed the value
Min[Ver eaceaq] While the potential difference
Vesoest applied between the electrodes (ES2,
ES1) serving at least for sustaining and passing
over the said regions of this group does not ex-
ceed the value Max[Vgt gsopgq] and increases
with what is called a po_sitive end-of-operation
slope as soon as the potential difference
Vesog1 applied between these electrodes
(ES2, ES1) serving at least for sustaining has
exceeded the value Max[Vgr gsogsl,

- or the potential difference VE;\2EA1 applied be-
tween the electrodes (EA2, EA1) serving at
least for addressing and intersecting the said
regions of this group increases, as soon as the
potential difference Vggopgq applied between
the electrodes (ES2, ES1) serving at least for
sustaining and passing over the said regions
has exceeded the value Max[Vgr gsopsq], With
what is called a positive end-of-operation
slope, which is steeper than the maximum
slope for growth of Vg popa during the instants
when Vegoggy is between Min[Ver gsopgq] and

Max[Ver gsoesil-

Device according to Claim 1 or 2, characterized in
that the said end-of-operation slope for increasing
the potential difference between the electrodes
serving at least for addressing is greater than 5 V/

us.

Device according to Claim 3, characterized in that
the said end-of-operation slope for increasing the
potential difference between the electrodes serving
at least for addressing is greater than 10V/us.

Device according to any one of the preceding
claims when it depends on Claim 2, characterized
in that, when Vgg,eg4 is between Min[Ver ggoesq]
and MaX[Ver esoesql, the potential difference
VEsoEst applied between the electrodes serving at
least for sustaining increases with what is called a
start-of-operation slope that is greater than 5 V/us.

Device according to Claim 5, characterized in that
the said start-of-operation slope for increasing the
potential difference between the electrodes serving
at least for sustaining is greater than 10 V/us.

Device according to any one of the preceding
claims, characterized in that during each of the
said specific reset operations, the said potential dif-
ference (Veoeq; VEa2ea1) @pplied between the elec-
trodes serving at least for addressing is uniform and
strictly increasing when Min[Ver gopq] < Veggq <
Max[Ver_gog4], orwhen Min[Ver gazeat] < Vea2ea
< Max[Ver_gazeail:
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Device according to any one of the preceding
claims when it depends on Claim 2, characterized
in that, during each of the said specific charge-
equalization or reset operations, the said potential
difference (Vegopg1) applied between the elec-
trodes serving at least for sustaining is uniform and
strictly increasing when Min[Vet gsopsi] < Vesoest

<Max[Ver gsoestl-
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