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7) ABSTRACT

The invention concerns a panel comprising an electrolumi-
nescent organic layer and a photoconductive layer, having
sandwiched between said two layers, an intermediate layer
of electrodes electrically insulated from one another. The
cells of said panel are provided with memory effect which
makes them particularly simple to operate; preferably, dur-
ing the addressing phases, compensation operations are

14m

Appl. No.: 10/484,794 used. By using the openings in an intermediate opaque layer
or by using semi-transparent intermediate electrodes, it is
PCT Filed: Jul. 17, 2002 possible to adapt simply and economically, at each cell,
optical coupling between the electroluminescent layer and
PCT No.: PCT/FR02/02548 the photoconductive layer.
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IMAGE DISPLAY PANEL CONSISTING OF A
MATRIX OF MEMORY-EFFECT
ELECTROLUMINESCENT CELLS

[0001] The invention relates to an image display panel
formed from a matrix of electroluminescent cells having a
memory effect, comprising, with reference to FIG. 1:

[0002] an electroluminescent organic layer 13
capable of emitting light towards the front of the said
panel (light emission arrows in the figure);

[0003] to the front of this layer, a transparent front
layer 12 of electrodes;

[0004] to the rear of this layer, a photoconducting
layer 15, the said photoconducting layer itself being
inserted between an opaque rear layer 16 of elec-
trodes and an intermediate layer 14 of electrodes in
contact with the electroluminescent layer.

[0005] The photoconducting layer 15 is intended to pro-
vide the cells of the panel with a memory effect which will
be described later.

[0006] The panels of this type also include a substrate 11,
to the rear or to the front of the panel, for supporting all of
the layers described above; it is in general a sheet of glass
or of polymeric material.

[0007] The electrodes of this panel must be suitable for
being able to actuate and sustain the emission from the cells
of the panel, independently of one another; for this purpose,
each electrode of the front layer 12 serves a row Y of cells
and each electrode of the rear layer serves a column X of
cells; the electrodes may also have the reverse configuration,
namely front layer electrodes in columns and rear layer
electrodes in rows; the cells of the panel are therefore
located at the intersections of the row electrodes Y and
column electrodes X, and are thus arranged in a matrix.

[0008] The subject of the invention is an advantageous
arrangement of the electrodes of the intermediate layer.

[0009] To display on such a panel images partitioned into
a matrix of luminous dots, the electrodes of the various
layers are supplied so as to make an electrical current flow
through the cells of the panel corresponding to the luminous
dots of the said image; the electrical current which flows
between an electrode X and an electrode Y for supplying a
cell positioned at the intersection of these electrodes passes
through the electroluminescent layer 13 located at this
intersection; the cell thus excited by this current then emits
light towards the front face of the panel; the emission from
all of the excited cells of the panel forms the image to be
displayed.

[0010] Documents U.S. Pat. No. 4,035,774 (IBM), U.S.
Pat. No. 4,808,880 (CENT) and U.S. Pat. No. 6,188,175 B1
(CDT) disclose a panel of this type.

[0011] The electroluminescent organic layer 13 is divided
in general into three sublayers, namely an electrolumines-
cent central sublayer 13b inserted between a hole-transport-
ing sublayer 13¢ and an electron-transporting sublayer 13c.

[0012] The electrodes of the front layer 12 of electrodes,
in contact with the hole-transporting sublayer 13a, then
serve as anodes; this layer 12 of electrodes must be at least
partly transparent in order to let the light emitted by the
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electroluminescent layer 13 pass through it towards the front
of the panel; the electrodes of this layer are themselves
generally transparent and made of a mixed indium tin oxide
(ITO) or a conducting polymer such as polyethylene diox-
ythiophene (PDOT).

[0013] The electrodes of the intermediate layer 14 of
electrodes, in contact with the electron-transporting sublayer
13c, then serve as cathodes; this layer must be sufficiently
transparent to ensure optical coupling between the electrolu-
minescent central sublayer 135 and the photoconducting
layer 15; as described below, this optical coupling is nec-
essary for the operation of the panel; document U.S. Pat. No.
6,188,175 teaches that this layer may be made of a trans-
parent conducting material and that, if it is made of an
opaque conducting material, then it must be provided and
pierced with features suitable for letting the maximum
amount of light pass through it (column 5, rows 60-64).

[0014] The documents cited above also disclose configu-
rations in which the positions of the hole-injecting sublayer
13a and of the electron-injecting sublayer 13¢ are inverted
with respect to the electroluminescent central sublayer 13b;
the hole-injecting sublayer 13a is then in contact with the
electrodes of the intermediate layer 14, which become
anodes, and the electron-injecting sublayer 13c is then in
contact with the electrodes of the front layer 12, which then
serve as cathodes.

[0015] According to another variant, the front layer 12 of
electrodes may itself comprise several sublayers, including
a sublayer interfacial with the electroluminescent organic
layer 13 intended to improve the injection of holes (in the
anode case) or of electrons (in the cathode case).

[0016] The photoconducting layer 15 may, for example, be
made of amorphous silicon or of cadmium sulphide.

[0017] In the display panels of this type, the role of the
photoconducting layer 15 is to provide the cells of the panel
with a “memory” effect; each cell of the panel encompasses
a region of electroluminescent layer 13 and, opposite the
latter, a region of photoconducting layer 15 which acts as a
supply switch for the cell; as soon as a region of electrolu-
minescent layer 13 is excited by applying a suitable potential
to its terminals, the corresponding region of the photocon-
ducting layer 15 receives light emitted by the electrolumi-
nescent layer 13 through the electrodes of the intermediate
layer 14 and becomes conducting.

[0018] The various electrodes of the panel must be sup-
plied and driven so that, as long as a region of the photo-
conducting layer 15 is conducting, an electrical current
passes through the corresponding region of the electrolumi-
nescent layer 13 so that this region continues to emit light
and the corresponding region of the photoconducting layer
15 remains conducting; thus, when the switch, which cor-
responds to a region of photoconducting layer 15, passes
into the closed state, this switch remains in the closed state
and the cell continues to be excited; this switch must
therefore operate like a flip-flop so as to confer a “memory
effect” on the cells of the panel.

[0019] This memory effect therefore corresponds to each
cell of the panel operating in loop mode, as shown in FIG.
2: as long as an electroluminescent cell E, 5 emits light L5,
which acts via coupling R, ;5 on the corresponding region
C;s of the photoconducting layer 15, the flip-flop switch
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formed by this region C, 5 is closed and as long as this switch
C,5isclosed, the electroluminescent cell E, 5 emits light L 5.

[0020] The object of the invention is to provide a suitable
structure for the various layers of electrodes, especially the
intermediate layer of electrodes, and optionally a method of
driving these electrodes, which are simple and economic to
manufacture or to implement and which ensure that all the
cells of the panel operate with a memory effect.

[0021] The operation of each cell of the panel in loop
mode also relies on optical coupling R,; ;5 between the
electroluminescent layer 13 and the photoconducting layer
15; this coupling causes serious problems as it depends on
the structure of the panel and on the electroluminescent and
photoconducting materials: this is because the resistance of
the photoconducting region of a cell depends on the nature
of the photoconducting material, on the surface of this
region and on its thickness within the photoconducting layer
13; in addition, the surface of this region capable of passing
from the conducting state depends inter alia on the intensity
of emission of the electroluminescent cell, on the sensitivity
of the photoconducting material and on its level of absorp-
tion of the light emitted by the cell; the intensity of emission
of the electroluminescent cell itself depends on the thickness
of the electroluminescent layer and on the electrolumines-
cent material.

[0022] Furthermore, in the colour image display panels,
which comprise cells emitting various colours, the level of
illumination required so that the photoconducting region of
a cell passes into the conducting state will vary according to
the emission colour of this cell, because the photoconduct-
ing material has in general a sensitivity which differs accord-
ing to the colours; in this case, the optical coupling between
the electroluminescent layer 13 and the photoconducting
layer 15 also poses further problems.

[0023] The object of the invention is to provide a flexible
and economic solution to the problems of optical coupling
between the electroluminescent layer 13 and the photocon-
ducting layer 15 of the display panels of the aforementioned
type.

[0024] For the purpose of providing an easily drivable
panel with a memory effect, the subject of the invention is
an image display panel formed from a matrix of electrolu-
minescent cells having a memory effect, which are capable
of emitting light towards the front of the said panel, com-
prising:

[0025]

[0026] to the front of this layer, a transparent front
layer of electrodes;

[0027] to the rear of this layer, a photoconducting
layer for obtaining the said memory effect, the said
photoconducting layer itself being inserted between
an opaque rear layer of electrodes and an interme-
diate transparent or semi-transparent layer of inter-
mediate electrodes in contact with the electrolumi-
nescent layer,

[0028] characterized in that each cell is provided with
an intermediate electrode and in that the intermediate
electrodes of the various cells are electrically iso-
lated from one another.

an electroluminescent organic layer;
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[0029] All these layers are incorporated into the same
panel and on one and the same substrate.

[0030] The front and rear layers of electrodes are generally
discontinuous so as to form an array of conductors which
can be driven separately.

[0031] Each cell of the panel therefore comprises, between
an electrode of the front layer and an electrode of the rear
layer, a region of the electroluminescent organic layer, an
intermediate electrode and a region of the photoconducting
layer.

[0032] Each cell of the panel is then supplied between an
address and sustain electrode for the front or rear layer and
an electrode referred to as the data electrode for the other,
rear or front, layer.

[0033] Such a panel offers a memory effect which makes
it possible to drive it in a very simple and economic manner;
thus, preferably, this panel comprises supply and drive
means suitable:

[0034] for applying, in succession to each address
and sustain electrode, a signal referred to as the write
initiation signal V,_ during an address phase and for
applying, during the same time, a signal referred to
as the sustain signal V, to the other address and
sustain electrodes; and

[0035] during application of a write signal V_ to the
said address and sustain electrode, for simulta-
neously applying to the data electrodes a data signal
of value either V g, or V_, depending on whether it
is desired not to activate or to activate, respectively,
the cell located at the intersection of the data elec-
trode in question with the said address and sustain
electrode during the subsequent sustain phase of the
cells supplied via the said address and sustain elec-
trode.

[0036] If V1 is the voltage at the terminals of a cell of the
panel above which a cell in the non-activated state “OFF”
switches to the activated state “ON”, and if V|, is the voltage
for triggering the emission from that portion of the said
electroluminescent layer which corresponds to a cell, pref-
erably the supply and drive means are designed so that:

Vi-VnZViand V-V <V
V= Veu<Vp and V-V gV,

[0037] This thus results in the desired memory effect
which considerably simplifies the way in which the panel is
actuated and driven.

[0038] According to a variant of the invention, the supply
and drive means are suitable for simultaneously applying,
during each phase of addressing an address and sustain
electrode, a signal referred to as the compensation signal V.
to the various data electrodes, where V =V_g for the data
electrodes receiving a data signal V__ during the said address
phase, where V=V __ for the data electrodes receiving a data
signal V_g during the said address phase, the duration of
application of the said compensation signal V. being
approximately equal to the duration of application of the
data signal V_, or V_g.

[0039] The compensation signal is preferably applied
immediately after the write initiation signal.
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[0040] Thanks to this compensation signal, at each phase
during which an address and sustain electrode is being
addressed, the average of the signals sent to the data
electrodes is always identical to whatever the number of
cells to be activated or not activated which are supplied by
the said address and sustain electrode, that is to say whatever
the video content assigned to the said electrode; conse-
quently, the other electrodes, which are not in the addressing
but sustaining phase during this time, are not affected by the
video content of the electrode being addressed. This advan-
tageously provides very uniform distribution of the electrical
energy delivered by the means for supplying and driving
these electrodes during the sustain phase; thanks to this
selective compensation operation associated with each write
operation, the quality of the image displayed by the panel is
considerably improved.

[0041] During each phase of addressing an address and
substain electrode, before the write initiation signal, erase
signals Vi and Vp x are generally applied to the address
and sustain electrode and to the data electrodes, respectively;
it is suitable for the condition V-V x<V, to be chosen
s0 as to turn off all the cells which are supplied by the said
address and sustain electrode; generally, to simplify the
supply and drive means, the condition Vg =Vg =V is
chosen.

[0042] For the purpose of providing a flexible and eco-
nomic solution to the aforementioned optical coupling prob-
lems, the panel according to the invention comprises an
opaque layer lying between the electroluminescent layer and
the photoconducting layer which itself includes, within each
cell of the panel, a group of at least one optical coupling
aperture passing through this opaque layer; preferably, each
group is positioned approximately at the centre of a cell;
according to a variant, the opaque layer forms part of the
intermediate layer of electrodes.

[0043] The term “opaque layer” is understood to mean a
layer which does not let visible light pass through it; this
layer may be absorbent (black) or reflective (metal).

[0044] Thus, if the opaque layer is made of an insulating
material, it is via the holes in this layer that not only the light
but also the electrical current will pass from the electrolu-
minescent layer to the photoconducting layer through the
intermediate electrodes which therefore have to be transpar-
ent or semi-transparent; with the exception of these holes,
this opaque layer may be continuous since it is insulating
and there is no risk of the intermediate electrodes with which
it is in contact being short-circuited.

[0045] If the opaque layer is made of a conducting mate-
rial, it becomes an integral part of the intermediate elec-
trodes; it therefore can no longer be continuous since the
intermediate electrodes are, according to the invention,
electrically isolated from one another.

[0046] For the purpose of offering a flexible and economic
solution to the aforementioned optical coupling problems,
the intermediate layer of electrodes of the panel is semi-
transparent and has an optical density adapted to the nec-
essary optical coupling between the said electroluminescent
layer and the said photoconducting layer in order to obtain
the said memory effect.

[0047] The number and the area of the apertures in the
opaque layer or the optical density of the semi-transparent
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intermediate layer are simple and economic means for
adapting, within each cell, the optical coupling between the
electroluminescent layer and the photoconducting layer, and
thus for optimizing the operation of the panel, since this
optical coupling may be advantageously adjusted and
adapted according to the panels and according to the cells of
the same panel by choosing the number of apertures per
group and the area of these apertures; in short, these aper-
tures advantageously allow the excitation of the photocon-
ducting layer to be locally adapted.

[0048] Each group of apertures of a cell or each semi-
transparent intermediate electrode acts as a means of adapt-
ing the level of illumination of the photoconducting region
to the required level so that this region switches into the
conducting state.

[0049] When the panel comprises at least two groups of
electroluminescent cells capable of emitting light of differ-
ent colour, it is preferable, depending on the way in which
the optical coupling is adapted according to the invention:

[0050] cither for the density of apertures and/or the
sum of the areas of the apertures of a group of
apertures to differ according to the groups of cells of
different colour;

[0051] or for the optical density of the said interme-
diate layer to differ according to the groups of cells
of different colour.

[0052] Thanks to the invention, by adapting to the emis-
sion colour of a cell, the overall aperture of this cell, that is
to say the sum of the areas of the optical coupling apertures
of this cell and/or the density of these apertures, it is easy to
obtain the identical conductivity in the excited state for all
the photoconducting layer regions facing all the cells of the
panel, whatever their emission colour, and thus improve the
operation of the panel.

[0053] Preferably, facing each aperture of each group of
optical coupling apertures, the panel comprises an opaque
masking element positioned to the front of the electrolumi-
nescent layer.

[0054] Thanks to these opaque elements, each optical
coupling aperture in the intermediate opaque layer is masked
from the external ambient illumination of the panel and any
risk of ambient light entering the photoconducting layer is
limited; any risk of the panel malfunctioning in strong
ambient light is therefore limited; this is because the optical
coupling apertures for each cell, which are intended for
transferring light to the photoconducting layer provided that
this light comes from the electroluminescent layer, are thus
masked from a light source external to the panel.

[0055] Preferably, both photoconducting layer interfaces
are reflective, except preferably in the inter-cell regions
which correspond to the regions located between the inter-
mediate electrodes.

[0056] These reflective interfaces therefore act as a light-
guide for the light coming from the photoconducting layer
through the apertures according to the invention; this light
can then propagate so as to illuminate and excite a larger
area of photoconducting layer than in the prior art, thereby
advantageously reducing the electrical resistance of this
layer in the excited state and limiting the electrical losses;
this lightguide effect is particularly advantageous in the case
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of a photoconducting, especially an organic photoconduct-
ing, material having an index similar to that of the elec-
troluminescent organic material, being used.

[0057] The invention will be more clearly understood on
reading the description which follows, given by way of
non-limiting example and with reference to the figures:

[0058] FIG. 1, already described, is a schematic sectional
view of a cell of an electroluminescent display panel having
a memory, provided with a photoconducting layer according
to the prior art;

[0059] FIG. 2 describes the operation in loop mode of the
cells of this type of panel;

[0060] FIGS. 3 and 4 are schematic sectional views of a
cell of a display panel according to the invention, in a first
embodiment in which the electrodes of the intermediate
layer are transparent and partly masked by an opaque layer
pierced with holes;

[0061] FIGS. 5 and 6 are schematic sectional views of a
cell of a display panel according to the invention, in a second
embodiment in which the electrodes of the intermediate
layer are multilayer semi-transparent composites;

[0062] FIG. 7 shows, in a third embodiment of the inven-
tion, a top view of an intermediate layer formed in this case
from opaque electrodes pierced with holes for the passage of
the light within each cell

[0063] FIG. 8 shows, in a fourth embodiment of the
invention, a top view of an intermediate layer identical to
that of FIG. 7 except that the aperture of the holes of each
cell depends on the colour emitted by the cell;

[0064] FIG. 9 is a schematic sectional view along the axis
9-9 of a portion of a panel provided with the intermediate
layer of FIG. 7 in the third embodiment;

[0065] FIG. 10 is a schematic sectional view along the
axis 10-10 of a portion of panel provided with the interme-
diate layer of FIG. 8 in the fourth embodiment;

[0066] FIG. 11 is a schematic view identical to that of
FIG. 9 except that, in a fifth embodiment, the panel is here
provided on the front face with opaque masking elements
arranged facing each aperture hole of the intermediate layer;

[0067] FIGS. 12 and 13 are cross sections of the panel but
along the direction of the row electrodes and along the
direction of the column electrodes, respectively, these being
intended to illustrate one process for manufacturing the
panel according to the invention;

[0068] FIG. 14 shows the equivalent circuit of a group of
cells of the panel according to the invention,

[0069] FIG. 15 shows the potential differences applied to
the electrodes, according to the method of operation in FIG.
16; and

[0070] FIG. 16 shows voltage timing diagrams applied to
electrodes of the panel according to the invention, for
operating this panel.

[0071] The figures showing timing diagrams do not take
into account the scale of values so that certain details are
more clearly revealed, details which would not be clearly
revealed if the proportions had been respected.
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[0072] To simplify the description and demonstrate the
differences and advantages that the invention has over the
prior art, identical references will be used for the elements
which provide the same functions.

[0073] Various embodiments of the panel according to the
invention will be described below: one point common to all
the panels according to the invention is that each cell is
provided with an intermediate electrode and that the inter-
mediate electrodes of the various cells are electrically iso-
lated from one another; each cell therefore comprises,
between a terminal connected to an electrode of the front
layer and another terminal connected to an electrode of the
rear layer, a region of the electroluminescent organic layer,
an intermediate electrode and a region of the photoconduct-
ing layer; thus, all the intermediate electrodes are floating.

[0074] The memory effect that it is desired to obtain in
each cell of this panel is intended to be able to use a method
in which, for each row of cells of the panel in succession, the
cell passes via an address phase intended to ignite the cells
to be ignited in this row and then via a sustain phase intended
to maintain the cells of this row in the state in which the
preceding address phase has put or left them; while the cells
of a row are in the address phase, all the cells of the other
rows of the panel are in the sustain phase.

[0075] According to a conventional way of driving matrix
panels, the duration of the sustain phases makes it possible
to modulate the luminance of the cells of the panel and
especially to generate the grey levels needed for displaying
an image.

[0076] The implementation of a driving method using the
memory effect of the cells of the panel then passes via:

[0077] during the address phases, the application of
an ignition voltage V, only to the terminals of the
cells to be ignited;

[0078] during the sustain phases, the application of a
sustain voltage to all the cell terminals, which volt-
age may fluctuate but which must remain high
enough for the previously ignited cells to remain
ignited, and low enough not to risk igniting the cells
not previously ignited.

[0079] The address phase is therefore a selective phase; in
contrast, the sustain phase is not selective, thereby allowing
the same voltage to be applied to all the cells and consid-
erably simplifying the operation of the panel.

[0080] FIG. 14 shows the equivalent circuit of a number
of cells B, , B, ,, B, ,,; - .. of the panel according to the
invention, which are supplied via rows of electrodes Y,
Y, of the front layer 12 and columns of electrodes X, X,

of the rear layer 16.

[0081] Each cell of the panel may be electrically repre-
sented as a light-emitting diode 31 in series with a Zener
diode 32 having an intermediate electrode 6 as common
point:

[0082] the region of the electroluminescent layer 13
corresponding to this cell operates as a light-emitting
diode;

[0083] the corresponding region of the photoconduct-
ing layer 15 operates as a Zener diode because it is
optically coupled with the region of electrolumines-
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cent layer; the Zener effect shown is obtained by
combining the light emission threshold of the light-
emitting diode with the photoelectric characteristic
of the photoconducting material,

[0084] the corresponding region of the intermediate
layer 14 corresponds 1o the floating electrode 6.

[0085] We will now describe more specifically the
memory effect that it is desired to obtain when a method of
operation of the aforementioned type is applied to an elec-
troluminescent panel in which, according to the invention,
the intermediate electrodes of the various cells are electri-
cally isolated from one another and are floating.

[0086] FIG. 16 illustrates, according to this conventional
method of operation:

[0087] for a cell E, , a complete “address-n” phase,
with ignition of this cell which remains on for t>t,;

[0088] for a cell E,,, , of the next row “address-n+
17, a complete address phase, without ignition of this
cell which remains off for t>t,.

[0089] The three timing diagrams Y,, Y, ;, X, indicate
the voltages applied to the row electrodes Y., Y, and to the
column electrode X in order to obtain these sequences.

[0090] According to the invention and with reference to
FIG. 16, each address phase comprises an erase operation
Og, a write operation Oy, and a so-called compensation
operation O.

[0091] The bottom of FIG. 16 indicates the values of
potentials at the terminals of the cells E, , E ., ~ and the
state, ON or OFF, of these cells.

[0092] The panel according to the invention is provided
with supply and drive means suitable for being able to
deliver the following signals to the electrodes:

[0093] in the case of the row electrodes, either a
voltage V__, generally zero or close 1o zero, or a
voltage referred to as the write initiation voltage V,,
or a sustain voltage V_;

[0094] inthe case of the column electrodes, either the
voltage V, referred to as the activation data voltage,
or the voltage V_g referred to as the non-activation
data voltage.

[0095] The production of such supply means is within the
competence of a person skilled in the art and will not be
described here in detail.

[0096] To obtain the ON or OFF states indicated at the
bottom of FIG. 18, it is therefore necessary that, by applying
to the terminals of a cell as shown in FIG. 14:

[0097] a potential difference (V,-V,,) to a cell in the
OFF state, this cell switches to the ON state;

[0098] a potential difference (V-V,,) or (V-V ) to
a cell in the ON state, this cell remains in the ON
state; and

[0099] a potential difference (V,-V, g) or (V-V_ ) to
a cell in the OFF state, this cell remains in the OFF
state.

[0100] Denoting by Vi, the voltage to initiate emission
from the light-emitting diode 31 and V, the critical voltage
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of the Zener diode 32, FIG. 15 repeats these various values
of the potential by locating them with respect:

[0101] to the threshold voltage V, at the terminals of
the light-emitting diode 31 of the cell (FIG. 14),
below which this diode is off and above which it is
on;

[0102] to the threshold voltage V+V at the termi-
nals of a cell, above which a cell in the OFF state is
ignited and switches to the ON state.

[0103] To obtain the desired memory effect by means of
the panel according to the invention, the value of the voltage
Vg that can be applied to the column electrodes such as
must be chosen such that the voltage V-V _g applied to the
terminals of a cell is insufficient to ignite it, and therefore
that V,-V_g<Vp+V, and that the voltage V_-V_g does not
affect the on or off state of the cell, therefore that the
V<V e

[0104] The voltage V+V corresponds to a voltage Vi at
the terminals of a cell of the panel, above which a cell in the
OFF state is ignited and switches to the ON state.

[0105] During each write operation Oy, of a row Y, of the
panel, the average of the signals sent to the various columns
X1, ..., Xp, ... depends on the number of cells to be
activated or not to be activated in this row Y ; during this
write operation, all the other rows of the panel are in the
sustain phase and the activated cells of these rows are
supplied via the potential difference between the potential V,
applied to these rows and the potential V__ or V_g applied to
the column electrodes X; it may therefore be seen that the
potential difference at the terminals of the cells in the sustain
phase varies according to the columns to which they belong:
V.-V_,,or V-V g consequently, the light power emitted by
the cells of the other rows will vary depending on whether,
in the column to which they belong, the cell of the row Y,
is to be activated or not.

[0106] The compensation operation O_ which follows
each write operation makes it possible to avoid this draw-
back: as illustrated in FIG. 16, this operation consists in
applying a signal V g to the columns X receiving a data
signal V__ during the prior read operation Oy, or a signal
V_to the columns X receiving a data signal V ¢ during the
prior write operation Osy; if, furthermore, the duration of
application of this compensation signal is approximately
equal to the duration of application of the prior data signal
V,,0r Vg, it may be stated that, by integrating the duration
of a write operation with that of a compensation operation,
all the columns receive on average the same potential
whatever the row addressed and whatever the number of
cells to be activated or not activated in these rows, thereby
making it possible to avoid the aforementioned drawback;
these compensation operations which are integrated accord-
ing to the invention with the address phases make it possible
to ensure uniformity of emission of the non-addressed pixels
of the panel.

[0107] Before each write operation Oy, for a row Y, of the
panel, an erase operation O, is generally carried out, which
consists in applying erase signals Vg and Vg to the
address and sustain electrode and to the data electrodes
respectively; it is necessary to choose the condition V__-
Viex<Vp, 50 as to turn off all the cells which are supplied via
the said address and sustain electrode; in general, as illus-
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trated in FIG. 16, to simplify the supply and drive means,
the condition Vg =V x=V_, is chosen.

[0108] We have therefore just seen how the electrolumi-
nescent panel according to the invention may be advanta-
geously driven, in a very simple manner, by virtue of the
memory effect and preferably by adding a compensation
operation during the address phase.

[0109] Various embodiments of the panel according to the
invention based on different modes of optical coupling
between the electroluminescent layer and the photolumines-
cent layer will now be described.

[0110] Referring to FIG. 3, which relates to a first embodi-
ment, the electrodes of the intermediate conducting layer 14
are transparent and in this case partly masked by an inter-
mediate opaque layer 17 provided with apertures for passage
of the light, in this case a hole 1; this intermediate opaque
layer 17 lies between the intermediate conducting layer 14
and the photoconducting layer 15; each hole 1 for passage of
the light is positioned approximately at the centre of the
emitting surface of a cell; these holes are intended for optical
coupling between the electroluminescent layer 13 and the
photoconducting layer 15; in the embodiment shown here,
the substrate 11 is at the back of the panel.

[0111] FIG. 4 shows an embodiment identical to that in
FIG. 3, except that the substrate 11" is on the front face of
the panel; this panel therefore emits the images through the
substrate.

[0112] In general, by varying the number of holes per cell
and the size of these holes or apertures made in the opaque
intermediate layer 17, the excitation of the photoconducting
layer 15 within each cell of the panel, may be very easily
adapted locally, in order to obtain the desired memory effect;
each group of apertures specific to a cell provides the optical
coupling between the region of the electroluminescent layer
and the region of the photoconducting layer which are
specific to this cell; the optical coupling generated by a
group of apertures specific to a cell depends not only on the
area of these apertures or on the sum of the areas of the
apertures of a group, but also on the arrangement and the
shape of these apertures; the apertures of each group may
have any suitable shape, for example a circular, square,
elliptical or rectangular shape, or even one in the form of an
clongate slot.

[0113] According to a second embodiment, shown in FIG.
6, the intermediate conducting layer 14 of electrodes is
semi-transparent; it comprises a transparent conducting sub-
layer 144 of ITO (indium tin oxide) and a semi-transparent
sublayer 14b based on aluminium with a thickness adapted
to the desired optical density, generally between 10 and 100
nm; a film based on lithium fluoride with a mean thickness
of the order of 1 nm is generally applied to the interface
between this aluminium sublayer and the electron-injecting
sublayer 13c.

[0114] FIG. 5 shows an embodiment identical to that in
FIG. 6, except that the structure of the electroluminescent
layer is reversed; the electrodes of the front layer 12 are then
cathodes and those of the intermediate layer 14 are anodes;
for proper operation, the I'TO sublayer 14a is then directly in
contact with the hole-injecting sublayer 134 and the semi-
transparent sublayer 14b is shifted to the interface with the
photoconducting layer 15; no lithium fluoride film is then
necessary.
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[0115] In general, by varying the optical density of the
semi-transparent intermediate conducting layer 14, in this
case the thickness of the aluminium layer, the excitation of
the photoconducting layer 15 within each cell of the panel
may be very easily adapted locally, in order to obtain the
desired memory effect.

[0116] According to a third embodiment, shown in FIGS.
7 and 9, the electrodes of the intermediate layer 14' are
opaque and pierced with several apertures for passage of the
light within each cell; as shown in FIG. 7 in a front view of
the intermediate layer 14, this intermediate layer itself
comprises, within each cell E,, E, of the panel, a group 2 of
five optical coupling apertures passing through this opaque
layer, including for example the aperture 21 through which
the plane of section 9-9 corresponding to FIG. 9 passes; as
in the first embodiment, each group of apertures specific to
a cell provides the optical coupling between the region of the
electroluminescent layer and the region of the photocon-
ducting layer which are specific to this cell.

[0117] As shown in FIG. 9, the panel here is furthermore
provided in a conventional manner with a layer 18 for
enhancing the contrast, this layer comprising opaque bands
8 positioned between the cells; these opaque bands 8 may be
absorbent (black) or reflective.

[0118] When the opaque rear layer of electrodes is reflec-
tive, which is generally the case for enhancing the contrast,
it is advantageous to use reflective bands for the contrast-
enhancing layer 18 and to add, at the front face of the panel,
acircular polarizer whose function will be to stop all internal
reflections of ambient light.

[0119] As illustrated in FIG. 9, both interfaces of the
photoconducting layer 15 are in this case reflective; these
two interfaces correspond here to the surface of the rear
layer 16 of electrodes and to the surface of the intermediate
layer 14' of electrodes, both surfaces being in contact with
the photoconducting layer 15.

[0120] As depicted by the arrows in FIG. 9, these reflec-
tive interfaces then act as a lightguide for the light arriving
in the photoconducting layer 15 through the apertures 21
made in the layer 14' of intermediate electrodes; as this
figure illustrates, this light may then propagate so as to
illuminate and excite a large area of photoconducting layer,
thereby advantageously reducing the electrical resistance of
this layer in the excited state and limiting the electrical
losses.

[0121] Ascachcell E;, E, hasits intermediate electrode 6,
since the various intermediate electrodes 6 are electrically
isolated from one another, the intermediate layer 14 presents
discontinuities which form horizontal 3 and vertical § par-
allel bands of gaps in the layer 14 of intermediate electrodes
in “inter-cell” regions.

[0122] This thus results in a panel whose adjacent cells E,,
E, are optically isolated from one another so that, within the
lightguide formed by the photoconducting layer 15 and as
the absence of light reflection arrows in the dotted region D
of FIG. 9 illustrates, the light coming from a cell E; no
longer reaches the neighbouring cell E,; any risk of optical
coupling between adjacent cells of the panel is thus very
simply and economically limited.

[0123] In a fourth embodiment shown in FIGS. 8 and 10,
which relates to polychromatic display panels, the area of
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the optical coupling apertures 21, 21' is different in the case
of electroluminescent cells E;, E,' which emit different
colours; this arrangement makes it possible to adapt the
optical coupling specific to each cell to the emission colour
of this cell; it is then easy to obtain the same conductivity in
the excited state for all the regions of the photoconducting
layer 15 with regard to all the cells of the panel, whatever
their emission colour, and thus improve the operation of the
panel.

[0124] In a fifth embodiment of the invention, with refer-
ence to FIG. 11, the contrast-enhancing black matrix layer
18 comprises, apart from the contrast-enhancing opaque
bands 8, opaque masking elements 9 each placed opposite
each of the apertures 21 of the groups of optical coupling
apertures 2; these opaque masking elements 9 limit the risk
of ambient light entering the photoconducting layer 15 and
the risk of malfunction of the panel in ambient light which
would result therefrom.

[0125] To manufacture the electroluminescent display
panels according to the invention, layer deposition and
etching methods which are conventional for a person skilled
in the art of this type of panel are used; a process for
manufacturing such a panel will now be described with
reference to FIGS. 12 and 13 which are cross sections of the
panel in the direction of the row electrodes and in the
direction of the column electrodes, respectively.

[0126] A uniform aluminium layer is deposited on a
substrate 11, for example formed by a glass plate, by
sputtering or by vacuum evaporation (PVD) and then the
layer obtained is etched so as to form an array of parallel
electrodes or column electrodes X, X, ;; the opaque rear
layer 16 of electrodes is thus obtained.

[0127] Upon this layer 16 of electrodes is then deposited
a uniform layer of photoconducting material 15, for example
amorphous silicon by plasma-enhanced chemical vapour
deposition (PECVD), or an organic photoconducting mate-
rial, by chemical vapour deposition (CVD) or by spin
coating.

[0128] To manufacture a panel according to the first
embodiment described above, the intermediate opaque layer
17 is then applied, a uniform aluminium layer is deposited
as previously, and then the following are etched:

[0129] optical coupling apertures 1 to be made in this
layer, grouped by pixels, each group of apertures
being centred on the emitting area of a pixel;

[0130] inter-cell regions 3, § for electrically isolating,
according to the invention, the intermediate elec-
trodes of the adjacent cells and to optically isolate
the cells of the panel from one another.

[0131] A thin layer of mixed indium tin oxide (ITO) of
uniform thickness is then applied by vacuum sputtering; the
thickness and the deposition conditions are adapted in a
manner known per se in order to obtain a layer which has a
conductivity in the direction parallel to the planes of the
interfaces between the layers which is much lower than in
the transverse direction of the thickness; although the layer
is of uniform thickness, it is thus possible to electrically
isolate, according to the invention, the intermediate elec-
trodes of the adjacent cells, thereby allowing the method of
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driving the panel described above to be used; the layer
obtained corresponds to the intermediate layer 14 of elec-
trodes.

[0132] Next, an array of barrier ribs 19 intended to divide
the panel into rows of electroluminescent cells is formed: for
this purpose, a uniform layer of organic barrier-rib resin is
firstly deposited by spin coating and then this layer is etched
so as to form the array of resin barrier ribs 19 perpendicular
to the column electrodes; the thickness of this layer or the
height of the barrier ribs is substantially greater than the
thickness of the layers yet to be deposited, as shown in FIG.
13.

[0133] The organic layers intended to form rows of elec-
troluminescent cells are then deposited between the barrier
ribs 19: the electroluminescent organic layer 13 is thus
obtained.

[0134] Next, the transparent conducting layer 12 is depos-
ited, again between the barrier ribs, so as to form rows of
electrodes Y_, Y, ;: this layer preferably includes the cath-

ode and an ITO layer.

[0135] An image display panel according to the invention
is thus obtained.

1. Image display panel formed from a matrix of electrolu-
minescent cells having a memory effect, which are capable
of emitting light towards the front of the said panel, com-
prising:

an electroluminescent organic layer;

to the front of this layer, a transparent front layer of
electrodes;

to the rear of this layer, a photoconducting layer for
obtaining the said memory effect, the said photocon-
ducting layer itself being inserted between an opaque
rear layer of electrodes and an intermediate transparent
or semi-transparent layer of intermediate electrodes in
contact with the electroluminescent layer, wherein each
cell is provided with an intermediate electrode and in
that the intermediate electrodes of the various cells are
electrically isolated from one another.

2. Panel according to claim 1, wherein, with each cell of
the panel being supplied between an address and sustain
electrode for the said front or rear layer and an electrode
referred to as the data electrode for the other, rear or front,
layer, it comprises supply and drive means suitable:

for applying, in succession to each address and sustain
electrode, a signal referred to as the write initiation
signal V, during an address phase and for applying,
during the same time, a signal referred to as the sustain
signal V, to the other address and sustain electrodes;
and

during application of a write signal V, to the said address
and sustain electrode, for simultaneously applying to
the data electrodes a data signal of value either V g, or
V,, depending on whether it is desired not to activate
or to activate, respectively, the cell located at the
intersection of the data electrode in question with the
said address and sustain electrode during the subse-
quent sustain phase of the cells supplied via the said
address and sustain electrode.
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3. Panel according to claim 2, wherein, if V.. is the voltage
at the terminals of a cell of the panel above which a cell in
the non-activated state “OFF” switches to the activated state
“ON”, and if V is the voltage for triggering the emission
from that portion of the said electroluminescent layer which
corresponds to a cell, the said supply and drive means are
designed so that:

Vi-Von2Vrand V-V <V
Vo= Veu<Vp and V-V 5>V,

4. Panel according to, claim 2, wherein the said supply
and drive means are suitable for simultaneously applying,
during each phase of addressing an address and sustain
electrode, a signal referred to as the compensation signal V.
to the various data electrodes where V=V _g for the data
electrodes receiving a data signal V__ during the said address
phase, where V=V _, for the data electrodes receiving a data
signal V_g during the said address phase, the duration of
application of the said compensation signal V. being
approximately equal to the duration of application of the
data signal V_, or V_g.

5. Panel according to, claim 1, wherein it comprises an
opaque layer lying between the said electroluminescent
layer and the said photoconducting layer which itself
includes, within each cell of the panel, a group of at least one
optical coupling aperture passing through the said opaque
layer.

6. Panel according to claim 5, wherein each group of at
least one aperture is positioned approximately at the centre
of a cell.
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7. Panel according to, claim 5, wherein the said opaque
layer forms part of the said intermediate layer of electrodes.

8. Panel according to, claim 5, wherein it comprises at
least two groups of electroluminescent cells E,, E'; which
are capable of emitting light of a different colour and in that
the density of apertures and/or the sum of the areas of the
apertures of a group of apertures differ/differs depending on
the said groups of cells E;, E', of different colour.

9. Panel according to, claim 5, wherein it comprises,
facing each aperture of each group optical coupling aper-
tures, an opaque masking element positioned to the front of
the said electroluminescent layer.

10. Panel according to, claim 1, wherein the said inter-
mediate layer of electrodes is semi-transparent and has an
optical density adapted to the necessary optical coupling
between the said electroluminescent layer and the said
photoconducting layer in order to obtain the said memory
effect.

11. Panel according to claim 10, wherein it comprises at
least two groups of electroluminescent cells E,, E', capable
of emitting light of a different colour and in that the optical
density of the said intermediate layer differs depending on
the said groups of cells E;, E', of different colour.

12. Panel according to, claim 5, wherein the two inter-
faces of the photoconducting layer are reflective.
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