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Description

[0001] This invention relates to active-matrix electro-
luminescent display devices, particularly but not exclu-
sively using light-emitting diodes of semiconducting con-
jugated polymer or other organic semiconductor materi-
als. The invention also relates to methods of manufac-
turing such devices.

[0002] Such active-matrix electroluminescent display
devices are known, comprising an array of pixels that is
present on a circuit substrate, wherein each pixel com-
prises a current-driven electroluminescent element, typ-
ically of organic semiconductor material.

[0003] In many such arrays, physical barriers of insu-
lating material are present between neighbouring pixels
in at least one direction of the array. Examples of such
barriers are given in published United Kingdom patent
application GB-A-2347017, published PCT patent appli-
cation WO-A1-99/43031, published European patent ap-
plications EP-A-0 895 219, EP-A-1 096 568, and EP-A-
1102 317.

[0004] Such barriers are sometimes termed "walls",
"partitions", "banks", "ribs", "separators", or "dams", for
example. As can be seen from the cited references, they
may serve several functions. They may be used in man-
ufacture to define electroluminescent layers and/or elec-
trode layers of the individual pixels and/or of columns of
pixels. Thus, for example, the barriers prevent pixel over-
flow of conjugate polymer materials that may be ink-jet
printed for red, green and blue pixels of a colour display
or spin-coated for a monochrome display. The barriers
in the manufactured device can provide a well-defined
optical separation of pixels. They may also carry or com-
prise conductive material (such as upper electrode ma-
terial of the electroluminescent element), as auxiliary wir-
ing for reducing the resistance of (and hence the voltage
drops across) the common upper electrode of the elec-
troluminescent elements.

[0005] Each electroluminescent element of an active-
matrix display device is connected in series with a drive
element (typically a thin-film transistor, hereafter termed
"TFT") between two voltage supply lines of the array.
These two supply lines are typically a power supply line
and a ground line (also termed "return line"). Light emis-
sion from the electroluminescent element, typically a
LED, is controlled by the current flow therethrough, as
altered by its respective drive element TFT. The supply
line to which the electroluminescent elements are con-
nected by their series drive elements may be termed the
"drive supply line" or "drive line" or "current drive line" of
the pixels. Voltage drops along these two supply lines
can result in incorrect drive currents for individual pixels.
This can lead to a decrease in emission intensity (i.e.
fading of the image) from pixels in the centre of the dis-
play. Indeed, with large-area displays, the effect may be
so bad that no emission occurs at the centre, so limiting
the acceptable display size.

[0006] Several measures have been proposedinorder
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to reduce such voltage drops and/or their effects for a
row of pixels. Thus, it is known from published United
States patent application US-A1-2001/0007413 to re-
duce voltage drops along the line by tapering the width
of the line. Published PCT patent applications WO-
A1-01/01383 and WO-A1-01/01384 adopt a different ap-
proach in which error values are generated to correct the
drive signals for each pixel.

[0007] European Patent Application Publication
Number EP 0862156 A1 discloses a matrix type display
device having a structure in which an optical material is
selectively arranged at predetermined positions on a dis-
play substrate.

[0008] It is an aim of the present invention to reduce
such voltage drops along the drive supply line, and to do
so in a manner that does not significantly complicate the
device structure, its layout and its electronics.

[0009] According to one aspect of the present inven-
tion, there is provided an active-matrix electrolumines-
cent display device with the features of Claim 1.

[0010] In accordance with the invention, the physical
barriers between pixels are partly and/or predominantly
of electrically-conductive material (typically metal) that is
insulated from the electroluminescent elements and that
provides at least a part of the drive supply line. This con-
ductive barrier material may form a conductive core of
the barrier. It is connected into the circuit substrate, to
electrode connections for the respective drive elements,
via contact windows (hereinafter termed "vias") between
the pixel barriers and the drive elements in the substrate.
Thus, the problem of line resistance and associated volt-
age drop is transferred from within the circuit substrate
(where it is severely constrained) to the much freer en-
vironment of the pixel barriers on the substrate (where
the conductive barrier material can provide much lower
resistance).

[0011] By this means, the electrical resistance along
the drive supply line (and consequential voltage drops)
can be significantly reduced, as compared with a con-
ductor layer within the circuit substrate, for example a
thin-film electrode line of the drive element. Thus, along
this drive line, the conductive barrier material has a cross-
sectional area thatis typically larger (for example, at least
twice as large as, or even at least an order of magnitude
larger) than that of a thin conductor layer in the circuit
substrate. As such, the resistance (even of long lines)
can be low, and very large electroluminescent displays
can be constructed in accordance with the invention.
Even with smaller displays, the image quality can be im-
proved by use of the conductive barrier material in ac-
cordance with the present invention.

[0012] By providing one via per pixel, continuous bar-
rier lines of conductive material on the circuit substrate
can be usedtoreplace the drive lines that were previously
incorporated within the circuit substrate. This permits an
increase in pixel aperture. The conductive barrier line
itself may simply overlap with a column or row conductor
line of the array. Alternatively, lines (or individual lengths)
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of the conductive barrier material may be used to back-
up corresponding lengths of a drive line of the circuit sub-
strate. This alternative provides greater choice in the
number and location of the vias.

[0013] Thedesign of such a device structure in accord-
ance with the invention may also be optimised to include
a smoothing capacitor between the two voltage supply
lines of the electroluminescent element. The insulation
of the conductive barrier material from the electrolumi-
nescent elements can form a capacitor dielectric of this
smoothing capacitor. This insulation may be in the form
of a coating on the sides and top of the conductive barrier
material. Typically, the said further supply line (for the
upper electrode of the electroluminescent element) may
extend on this insulating coating over the top of the con-
ductive barrier material. Thus, a smoothing capacitor for
the power supply can be readily realized between the
drive line that comprises the conductive barrier material
and the further supply line that comprises upper elec-
trodes of the electroluminescent elements.

[0014] It is advantageous for the physical barriers to
extend as a network of conductive barrier material be-
tween pixels in both row and column directions of the
array. Such a network of conductive barrier material can
serve to reduce resistance between drive line areas
across the array. It can also provide a design option in
determining the capacitance value of the smoothing ca-
pacitor for the power supply to the electroluminescent
elements.

[0015] However, the physical barriers may extend be-
tween pixels in just one direction of the array, for example
in a column or row direction. In this case, additional in-
sulated barriers of conductive barrier, material may be
provided in the transverse direction for a different pur-
pose, for example to back-up a row or columnline. These
additional insulated barriers may even be constructed to
form an additional component, for example a holding ca-
pacitor at each pixel.

[0016] According to another aspect of the present in-
vention, there are also provided advantageous methods
of manufacturing such an active-matrix electrolumines-
cent display device in accordance with the first aspect.
The method may include the steps of:

(a) opening contact windows in the intermediate in-
sulating layer on the circuit substrate to expose elec-
trode connections for respective drive elements of
at least some of the pixels;

(b) forming the physical barriers from electrically-
conductive material deposited on the insulating layer
at least in the contact windows of the electrode con-
nections

(c) providing the electroluminescent elements in the
pixel areas in between the physical barriers,
wherein the conductive barrier material is provided
by depositing electrically-conductive material at
least for connection at the contact windows of the
intermediate insulating layer
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(d) opening contact windows in the intermediate in-
sulating layer in the pixel areas between the physical
barriers and wherein the electroluminescent ele-
ments are provided in the further windows and have
a lower electrode connection to the drive element.

[0017] Various processes may advantageously be
used to deposit and form the barrier material(s) and to
insulate the conductive barrier material.

[0018] Various advantageous features and feature-
combinations in accordance with the present invention
are set out in the appended Claims. These and others
are illustrated in embodiments of the invention that are
now described, by way of example, with reference to the
accompanying diagrammatic drawings, in which:

Figure 1 is a cross-sectional view of part of a pixel
array and circuit substrate of an active-matrix elec-
troluminescent display device (that has conductive
barriers forming at least part of a drive line) as one
particular embodiment of the invention;

Figure 2 is a plan view of four pixel areas (showing
a specific example of layout features for the conduc-
tive barriers of such a device in accordance with the
invention), the cross-section of Figure 1 being taken
on the line I-I of Figure 2;

Figure 3 is circuit diagram for four such pixel areas
of such a device in accordance with the invention;
Figure 4 is a cross-sectional view, through a holding
capacitor, of part of a pixel array and circuit substrate
in the same and/or another embodiment of the ac-
tive-matrix display device in accordance with the in-
vention;

Figure 5is a planview similar to Figure 2, but showing
an example of a network layout feature for the con-
ductive barriers of the drive line of a further device
embodiment in accordance with the invention;
Figures 6 and 7 are plan views similar to Figure 2,
showing two examples of different layout features
for the conductive barriers of other devices in ac-
cordance with the invention, with back-up for row
conductors as well as the drive line;

Figures 8 and 9 are circuit diagrams for two modified
pixel-drive configurations of a pixel area of two fur-
ther devices in accordance with the invention;
Figures 10 to 12 are sectional views of a device part
such as that of Figure 1 at stages in its manufacture
with one particular embodiment in accordance with
the invention;

Figure 13 is a sectional view a device part at the
Figure 12 stage, illustrating a modification in the in-
sulation of the conductive barriers of the drive line
thatis also in accordance with the present invention;
Figure 14 is a sectional view of another embodiment
of a conductive barrier construction using a metal
coating to form at least part of the drive line in ac-
cordance with the invention;

Figure 15 is a cross-sectional view through side-by-
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side barriers, each with conductive barrier material
that may be used in different embodiments of the
invention;

Figure 16 is a plan view of transverse multiple barrier
layout features that may be used in different embod-
iments of the invention; and

Figure 17 is a cross-sectional view of a barrier em-
bodiment with multiple conductive parts that may be
used in different embodiments of the invention.

[0019] It should be noted that all the Figures are dia-
grammatic. Relative dimensions and proportions of parts
of these Figures have been shown exaggerated or re-
duced in size, for the sake of clarity and convenience in
the drawings. The same reference signs are generally
used to refer to corresponding or similar features in mod-
ified and different embodiments.

Embodiments of Figures 1 to 4

[0020] The active-matrix electroluminescent display
device of Figure 1 comprises an array of pixels 200 on a
circuit substrate 100. Each pixel 200 comprises a current-
driven electroluminescent element 25 (21,22,23) that is
connected to a supply line 140,240 by a current-control-
ling series drive element T1 (1-5) in the circuit substrate
100. This series element T1, typically a TFT, controls the
current through the electroluminescent element 25
(21,22,23). As described below, the display can be very
large in area due to the construction of these current drive
lines 140,240 using conductive barrier material 240 in
accordance with the present invention. Apart from this
construction of the drive supply lines 140,240 in accord-
ance with the present invention, the display may be con-
structed using known device technologies and circuit
technologies, for example as in the background referenc-
es cited hereinbefore.

[0021] Thus, the electroluminescent element 25 typi-
cally comprises a light-emitting diode (LED) of organic
semiconductor material 22 between a lower electrode 21
and an upper electrode 23. In a preferred particular em-
bodiment, semiconducting conjugated polymers may be
used for the electroluminescent material 22. For a LED
that emits its light 250 through the substrate 100, the
lower electrode 21 may be an anode of indium tin oxide
(ITO), and the upper electrode 23 may be a cathode com-
prising, for example, calcium and aluminium. Figure 1
illustrates a LED construction in which the lower elec-
trode 21 is formed as a thin film in the circuit substrate
100. The subsequently-deposited organic semiconduc-
tor material 22 contacts this thin-film electrode layer 21
at a window 12a in a planar insulating layer 12 (for ex-
ample of silicon nitride) that extends over the thin-film
structure of the substrate 100.

[0022] As illustrated in Figures 1 and 3, the LED 25
and its drive element T1 are connected in series between
a pair of voltage supply lines 140,240 and 230. The line
140,240 (to/from which the drive elements T1 control the
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LED connection, and hence the current flow) is termed
the drive line. The other line 230 is connected directly to
the LED 25. Thus, in the particular embodiment of Figure
1, the line 230 is formed as a common extension of the
upper electrodes 23 of the pixels 200. In the circuit con-
figuration of Figure 3, the line 230 is grounded and so
forms areturn line, whereas voltage Vdd is applied to the
line 140,240 as a power supply line.

[0023] The series drive element T1 typically comprises
a TFT that is formed as part of a thin-film circuit within
the substrate 100. The substrate 100 may have an insu-
lating glass base 10 on which an insulating surface-buffer
layer 11, for example, of silicon dioxide is deposited. The
thin-film circuitry is built up on the layer 11 in known man-
ner. Thus, in addition to TFT T1, the circuit substrate 100
typically includes other drive and matrix addressing cir-
cuitry, for example with thin-film elements T2, Ch, 140,
150 and 160 as illustrated in Figure 3. It should be un-
derstood that Figure 3 depicts, by way of example, one
specific pixel circuit configuration. Other pixel circuit con-
figurations are known for active matrix electrolumines-
centdisplay devices. It should readily be understood that
the present invention may be applied to the pixel barriers
of such a device regardless of the specific pixel circuit
configuration of the device.

[0024] As illustrated in Figure 3, the pixel circuit com-
prises addressing TFTs T2 between transverse sets of
row (addressing) conductors 150 and column (data) con-
ductors 160, all of which are formed in the substrate 100.
Each row of pixels is addressed in turn in a frame period
by means of a selection signal that is applied to the rel-
evant row conductor 150 (and hence to the gate of the
addressing TFTs T2 of the pixels of that row). This signal
turns on the addressing TFT T2, so loading the pixels of
that row with respective data signals from the column
conductors 160. These data signals are applied to the
gate of the individual drive TFT T1 of the respective pixel.
In order to hold the resulting conductive state of the drive
TFT T1, this data signal is maintained on its gate 5 by a
holding capacitor Ch that is coupled between this gate 5
and the drive line 140,240. Thus, the drive current
through the LED 25 of each pixel 200 is controlled by the
driving TFT T1 based on a drive signal applied during
the preceding address period and stored as a voltage on
the associated capacitor Ch. In the specific example of
Figure 3, T1 is shown as a P-channel TFT, whereas T2
is shown as an N-channel TFT.

[0025] This circuitry can be constructed with known
thin-film technology.

[0026] Figure 1 illustrates the P-channel TFT T1 com-
prising: an active semiconductor layer 1 (typically of poly-
silicon); a gate dielectric layer 2 (typically of silicon diox-
ide); a gate electrode 5 (typically of aluminium or polysil-
icon); and metal electrodes 3 and 4 (typically of alumin-
ium) which contact P-type doped source and drain re-
gions of the semiconductor layer 1 through windows (vi-
as) in the over-lying insulating layer(s) 2 and 8. Exten-
sions of these metal electrodes 3 and 4 at the upper level
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form an interconnection between TFT electrode 3 and
the lower electrode 21 of the LED and form at least a
connection area 140 of the drive line 140,240. In a par-
ticular layout embodiment (such as that of Figure 2), this
extension of the metal electrodes 4 of a row may form a
continuous line 140 for that row. Figure 1 illustrates also
a section through the address lines 150, which may be,
for example, of aluminium or polysilicon and which may
be formed from the same layer as the TFT gates 5.
[0027] The holding capacitor Ch may be formed simi-
larly, in known manner, as a thin-film structure inside the
circuit substrate 100. Thus, Figure 4 illustrates such a
capacitor Ch that comprises a thin-film conductor plate
155 on a thin-film dielectric 2 on a thin-film conductive
plate 105.

[0028] As in known devices, the device(s) of Figures
1 to 4 in accordance with the present invention include
physical barriers 210, between at least some of the neigh-
bouring pixels in at least one direction of the array. These
barriers 210 may also be termed "walls", "partitions",
"banks", "ribs", "separators", or "dams", for example. De-
pending on the particular device embodiment and its
manufacture, they may be used in known manner, for
example:

* to separate and prevent overflow of a polymer solu-
tion between the respective areas of the individual
pixels 200 and/or columns of pixels 200, during the
provision of semiconducting polymer layers 22;

» to provide a self-patterning ability on the substrate
surface in the definition of the semiconducting poly-
mer or other electroluminescent layers 22 for the in-
dividual pixels 200 and/or for columns of pixels 200
(and possibly even a self-separation of individual
electrodes for the pixels, for example an individual
bottom layer of the upper electrodes 23);

e toactas a spacer for a mask over the substrate sur-
face during the deposition of at least an organic sem-
iconductor material 22 and/or electrode material;

» toformopaque barriers 210 for a well-defined optical
separation of the pixels 200 in the array, when light
250 is emitted through the top (instead of, or as well
as, the bottom substrate 100).

[0029] Whatever their specific use in these known
ways, the physical barriers 210 in an embodiment of the
present invention are constructed and used in a special
manner. Thus, the pixel barriers 210 which are provided
in accordance with the present invention are predomi-
nantly of electrically-conductive material 240 that is in-
sulated from the LEDs 25 and that provides at least a
part of the drive line 140,240. The barriers 210 comprise
abulk or core of conductive material 240 that is preferably
metal (for very low resistivity, for example aluminium or
copper or nickel or silver). Contact windows 12b are
present in the intermediate insulating layer 12 between
the barriers 210 and the substrate circuitry. The conduc-
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tive barrier material 240 is connected to the electrode
connections 4,140 for respective drive elements T1 of at
least some of the pixels 200 at the vias provided by these
windows 12b. As illustrated in Figure 1, its source and
drain electrodes connect the main current path of the
current-controlling drive TFT T1 between the conductive
barrier material 240 of the drive line and the lower elec-
trode 21 of the LED 25.

[0030] Thesedrive line connections (and/or composite
nature of the drive line 140,240) with the conductive bar-
rier material 240 serve to decrease voltage drops along
the line 140,240 as it extends across the array. As a re-
sult, the displays can be made very large in area, for
example at least a metre (i.e. over 30 inches) wide. Be-
fore the advent of the present invention, it was difficult
(perhaps even impossible) to make very large active-ma-
trix electroluminescent displays due to voltage errors
along the drive lines when conducting current in the con-
ducting light-emitting state. However, the present inven-
tion can also be used with advantage in smaller displays,
to improve their image quality.

[0031] Thus, along the line 140,240, the conductive
barrier material 240 has a cross-sectional area that is at
least twice (possibly even an order of magnitude) larger
than that of the conductor layer that provides the elec-
trode connection 4, 140to the drive element T1. Typically,
the conductive barrier material 240 may have a thickness
Z that is a factor of two or more (for example at least five
times) larger than the thickness z of this conductor layer
140 in the circuit substrate 100. In a specific example, Z
may be between 2pm and 5um as compared with 0.5um
or less for z. Typically, the conductive barrier material
240 may have a line width Y that is the same width (or
even at least twice as large) as the line width y of the
conductor layer 140. In a specific example, Y may be
20p.m as compared with 10pm for y.

[0032] It is important to note a further feature that is
present in this device structure, for reducing the effect of
voltage variations on the supply lines 230 and 140,240.
Thus, a smoothing capacitor Cs is formed between the
drive line 140,240 (that comprises the conductive barrier
material 240) and the further supply line 230 (that is as-
sociated with the upper electrodes 23 of the LEDs 25).
As illustrated in Figure 1, the sides and top of the con-
ductive barrier material 240 are coated with an insulating
layer 40. The thickness and dielectric properties of this
insulating coating 40 can be chosen to form a capacitor
dielectric of the smoothing capacitor Cs. The other plate
ofthe capacitor Cs is formed by the supply line 230 (com-
prising and/or connecting the LED upper electrodes 23),
that extends on this insulating coating 40 over the top of
the conductive barrier material 240. Typically, this insu-
lating coating 40 may be of silicon dioxide or nitride or of
aluminium oxide and have a thickness in the range of
10nm (nanometres) to 0.5um (micrometres).
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Layout Embodiment of Figure 2

[0033] In the specific layout example of Figure 2, the
extensions of the TFT electrodes 4 of a pixel row form a
continuous line 140 for that row. This line 140 extends
parallel to barriers 210(240,40). These barriers 210
(shown in broken outline in Figure 2) extend parallel to
the address (row) conductors 150 of the substrate 100.
[0034] Asillustrated in Figure 2, when the barriers 210
(240,40) extend parallel to one or more lines (such as
lines 140 and 150 in Figure 2), these lines may be fully
overlapped by the barriers 120. Indeed the width Y of the
barriers 210 (240,40) of Figure 2 is so large as to overlap
both the lines 140 and 150. Nonetheless, the thin-film
pixel circuitry of Figure 3 may encroach somewhat into
the pixel area as illustrated by the hatched circuit area
120.

[0035] The conductive barrier material 240 is connect-
ed at the vias 12b to a node of the drive element T1 and
one plate of the holding capacitor Ch. Figure 2 illustrates
an embodiment in which each pixel 200 has a respective
via 12b between the conductive barrier material 240 and
the electrode connection 140,4 for the respective drive
element T1 of the pixel.

[0036] Inthe Figures 1 and 2 illustration, at least most
of the drive element T1 is located below the conductive
barrier material 240. The width Y and length of the con-
ductive barrier material 240 permits at least most of the
holding capacitor Ch to be located below the conductive
barrier material 240, for example in the Figures 2 and 4
illustration. The drive element T1 of each pixel may have
its respective electrode 4 located at a/the via 12b and/or
the respective capacitor plate 155 may be located at a/the
via 12b.

[0037] Each barrier 210(240,40) of the Figure 2 layout
may extend across the whole array. Thus, it may form a
continuous supply line of the conductive barrier material
240 that is connected to electrode connections 4,140 for
the respective drive elements T1 of the respective pixels
200. In this case, it may parallel the line 140. However,
if the line resistance of the conductive barrier material
240 is itself sufficiently low, it can simply replace the sub-
strate conductor line 140. Thus, it is not necessary for
the extension 140 of the TFT electrodes 4 to form a con-
tinuous line, and an increase in pixel aperture can be
achieved by omitting lengths of the line 140 in most of
the pixel area.

Layout Embodiment of Figure 5

[0038] The specific layout example of Figure 5 is a
modification of that of Figure 2. In this modification, the
barriers 210(240,40) extend in both row and column di-
rections of the array. Thus, in this particular embodiment,
the barriers 210(240,40) are interconnected between pix-
els to form a network of conductive barrier material 240
in both the row and column directions.

[0039] There are several potential advantages in
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adopting such a network of the conductive barrier mate-
rial 240, as compared with separate parallel lines. Thus,
the network of conductive barrier material 240 is effec-
tively an apertured sheet conductor, in which the resist-
ance between any two points is lower than in the Figure
2layout. Itcan also provide a design option in determining
the capacitance value of the smoothing capacitor Cs for
the power supply to the LEDs 25.

Layout Embodiments of Figures 6 and 7

[0040] Reduction of voltage drops along the address-
ing (row) lines 150 is also desirable in large arrays. Fig-
ures 6 and 7 illustrate how additional barriers 210c that
are of the same construction as barriers 210 (i.e. pre-
dominantly of the conductive barrier material 240) may
be used for this purpose. The specific layout examples
of Figures 6 and 7 are given as modifications of that of
Figure 2. In each case, the pixel barriers 210 that provide
at least the low-resistance part 240 of the drive line
140,240 are also retained in the device.

[0041] The additional barriers 210c of conductive ma-
terial 240 extend parallel to the row conductors 150, as
shown in Figures 6 and 7. They are connected at addi-
tional vias 12c in the intermediate insulating layer 12 to
the row conductors 150 in the circuit substrate 100 to
reduce voltage drops along the row conductors 150. As
such, these additional barriers 210c back-up parts of the
row lines 150 to reduce their resistance. They are insu-
lated from the barriers 210 that form at least part of the
drive line 140,240.

[0042] In the Figure 6 modification, the additional bar-
riers 210c that back-up the row lines 150 extend parallel
tothe barriers 210 that provide at least the low-resistance
part 240 of the drive line 140,240. Thus, these barriers
210 and 210c both extend in the same direction between
pixels 200 of the array.

[0043] In the Figure 7 modification, the barriers 210
extend parallel to the column conductors 160. They pro-
vide a continuous low-resistance drive line 240 replacing
the line 140, as in Figure 8. Such a modification could be
made to the display devices of Figures 1 to 4 without
including additional barriers 210c for the row lines 150.
However, Figure 7 illustrates a layout that includes the
additional barriers 210c to back-up the row lines 150. In
this embodiment, the additional barriers 210c extend
transverse to the barriers 210 of the drive line 140,240.
Thus, barriers 210 extend in one direction of the array,
and barriers 210c extend in the transverse direction. The
barriers 120 and 120c thus form a network between pixels
of the array. However, unlike Figure 5, the conductive
barrier material 240 in the transverse direction (barriers
210c) of the network is insulated from that in the other
direction (barriers 210).

Circuit Embodiment of Figure 8

[0044] As mentioned above with respect to Figure 2,
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the extensions 140 of the TFT electrodes 4 need not form
acontinuous line, when the barrier 210(240,40) itself pro-
vides a continuous line of the conductive barrier material
240. Thus, the continuous line of the conductive barrier
material 240 may replace the line 140 of the circuit sub-
strate 100. Such a scenario is illustrated in the circuit
diagram of Figure 8. The continuous line of the conduc-
tive barrier material 240 is connected to the electrode
connections 140 for the respective drive element T1 and
holding capacitor Ch of all the respective pixels 200 of a
row. Each of the pixels 200 is provided with a respective
via 12b between its electrode connection 140 and the
conductive barrier material 240.

Circuit Embodiment of Figure 9

[0045] In the embodiments so far described with ref-
erence to Figures 1 to 8, the line 230 is grounded and so
forms a return line, whereas voltage Vdd is applied to the
line 140,240 as a power supply line. Figure 9 illustrates
an alternative configuration in which line 140,240 (that
comprises the conductive barrier material 240) is ground-
ed and so forms the return line. In this case, the drive
voltage Vdd is applied to line 230 (that comprises or is
connected to the upper electrode 23 of the LED 25). Thus,
the line 230 is now the power supply line.

[0046] Furthermore, the upper electrode 23 of the LED
25is now of anode material, whereas the lower electrode
23 is now formed of cathode material. Such a display
may, for example, emit its light 250 through the top sur-
face rather than through the substrate 100. The light-
emitting layer 22 may be of, for example, molecular (small
molecule) organic semiconductor material, or it may be
of a semiconducting polymer.

[0047] However, as in the previous embodiments, the
conductive barrier material 240 forms part of the drive
line, i.e. the line to which the LED 25 is connected via
the drive element T1

Process Embodiment of Figures 10 to 12

[0048] Apart from the construction of the drive lines
140,240, an active-matrix electroluminescent display de-
vice in accordance with the present invention may be
constructed using known device technologies and circuit
technologies, for example as in the cited background ref-
erences.

[0049] Figures 10 to 12 illustrate novel process steps
in a particular manufacturing embodiment. The thin-film
circuit substrate 100 with its upper planar insulating layer
12 (for example, of silicon nitride) is manufactured in
known manner. Contact windows (such as vias 12a, 12b,
12c etc.) are opened in the layer 12 in known manner,
for example by photolithographic masking and etching.
However, in order to manufacture a device in accordance
with the present invention, the pattern of these vias in-
clude the vias 12b that expose electrode connections
140,4 of respective drive elements T1 for at least some
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of the pixels 200. The resulting structure is illustrated in
Figure 10.

[0050] Thereafter electrically-conductive material for
the barriers 210 is deposited on the insulating layer 12
at least in its vias 12a, 12b, 12c etc. The desired layout
for the barriers 210 (for example, as in Figures 2, 5, 6,
or7) is obtained using known masking techniques. Figure
11 illustrates an embodiment in which at least the bulk
240b of the conductive barrier material (for example, cop-
per or nickel or silver) is deposited by plating. In this case,
a thin seed layer 240a of, for example, copper or nickel
or silver is first deposited over the insulating layer 12 and
its vias 12a, 12b, 12c etc, the barrier layout pattern is
defined with a photolithographic mask, and then the bulk
240b of the conductive barrier material is plated to the
desired thickness Z. The resulting structure is illustrated
in Figure 11.

[0051] Then, using CVD (chemical vapour deposition),
insulating material (for example silicon dioxide or silicon
nitride) is deposited for the insulating coating 40. The
deposited material is left on the sides and top of the con-
ductive barrier material by patterning using known pho-
tolithographic masking and etching techniques. The re-
sulting structure is illustrated in Figure 12.

[0052] Thereafter the manufacture is continued in
known manner. Thus, for example, conjugate polymer
materials may be ink-jet printed or spin-coated for the
pixels 200. The barriers 240,40 with their insulating coat-
ing 40 can be used in known manner to prevent polymer
overflow from the pixel areas in between the physical
barriers 240,40. Thereafter the upper electrode material
23, 230 can be deposited.

Modified Process Embodiment of Figure 13

[0053] This embodiment uses an anodisation treat-
ment (instead of deposition) to provide the insulating
coating 40 atleast at the sides of the barriers 210 adjacent
to the pixel areas. Typically, the conductive barrier ma-
terial 240 may comprise aluminium. The desired layout
pattern of the deposited aluminium (for example, as in
Figures 2, 5, 6, or 7) can be defined using known photo-
lithographic masking and etching techniques. Figure 13
shows the photolithically-defined etchant-mask 44 re-
tained on the top of the aluminium barrier pattern 240.
[0054] Then,ananodicinsulating coating of aluminium
oxide is formed on at least the sides of the aluminium
barrier material 240 using known anodisation tech-
niques. Thus, no extra mask is needed to define the lay-
out for this coating 40.

[0055] If the mask 44 is removed before this anodisa-
tion, the anodic coating is formed at both the sides and
top of the aluminium barrier pattern 240. However, Figure
13illustrates an example in which the mask 44 is retained
during this anodisation, so that the anodic coating is
formed at only the sides of the aluminium barrier pattern
240. Indevices having the supply line 230 extending over
the top of the barrier 210(240,40), then the mask 44 of
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an insulating polymer or, for example, silicon dioxide or
nitride may be retained in the manufactured device.

Alternative Conductive Barrier Embodiment of Figure 14

[0056] In the embodiments so far described, the bar-
riers 210 are shown as being predominantly of conduc-
tive material 240. Figure 14 shows a modified embodi-
ment wherein the barrier 210 is predominantly of insulat-
ing material 244. In this case, vias 244b are etched or
milled through the insulating material 244 to the electrode
area 140,4 of TFT T1 in the circuit substrate 100. A metal
coating 240 provides the conductive barrier material that
extends on top of the insulating barrier 210 and in the
vias 244b therethrough. This metal coating 240 backs up
or replaces the thin-film drive supply line 140.

[0057] The circuit substrate 100 can be formed with its
planarlayer 12 and vias 12a and 12b as described above
with reference to Figure 10. The insulating bulk material
244 of the Figure 14 is then formed thereon with its via
244b. Then the metal coating 240 of this barrier 210 may
be formed simultaneously with a main part of the upper
electrode 23 of the LED 25, in a self-aligned manner.
Thus, a layer of metal may be deposited simultaneously
for the metal coating 240 and electrode 23 which are
separated by a shadow-masking effect of an overhang
shape inthe side of the barrier 210, asiillustrated in Figure
14.

Multi-conductor Barrier Embodiments of Figure 15

[0058] Figure 15 illustrates a composite of two side-
by-side barriers 210 and 210x, each comprising a metal
core 240, 240x insulated with a respective coating 40,
40x. This side-by-side multi-conductor barrier structure
210,21 x can be designed and used in a variety of ways.
[0059] In one form, for example, the metal cores 240
and 240x may form (or back up) parallel drive and ad-
dressing lines 140 and 150 respectively, for example as
a cross-section of the side-by-side barrier lines 140 and
150 of Figure 6.

[0060] Inanotherform, forexample, one of the barriers
210x may be divided into insulated portions that provide
an additional component, for example a capacitor as de-
scribed below with reference to Figure 17.

Multi-conductor barrier embodiments of Figures 16 and
17

[0061] The Figure 16 embodiment is similar to that of
Figure 7, in having insulated barrier lengths 210c that
extend transverse to the drive-line barriers 210, 140.
These transverse barriers 210c may back up tlines 150,
as described already with respect to Figure 7. However,
they may be constructed and used for other purposes.

[0062] Thus, for example, the transverse barriers 210c
may themselves have a multi-conductor structure, such
as that of Figure 17. This barrier embodiment comprises
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ametal core 240c as the main conductive barrier material
that is connected with the circuit element such as 4 or 5
etc. in the substrate 100 and that has an insulating coat-
ing 40c on thereon. However the embodiment of Figure
17 additionally comprises a metal coating 240d that is
present on the insulating coating 40c, over the top and
sides of the core 240c. This metal coating 240d is con-
nected to another circuit element of, for example, the
substrate 100 such as element 6,5,4, etc.

[0063] This barrier structure of Figure 17 is more ver-
satile than that previously described. It permits the metal
core 240c and metal coating 240d to be used for different
purposes, for example, to back-up or even replace dif-
ferent lines 140, 150 or 160, so reducing their line resist-
ance. The metal coating 240d may serve as a co-axial
shield for the signal on the core line 240c. Alternatively,
the metal coating 240d may be localised to specific lo-
cations along the barrier 210c where particular connec-
tions or components are required, for example at individ-
ual pixels or sub-pixels.

[0064] Instead of shielding, this multi-conductor struc-
ture 240c, 240d for the barrier 210c might be used to
overlap two lines; for example, a back-up or replacement
barrier line 140 (including core 240c) with a back-up or
replacement barrier line 150 (including coating 240d). In
this case, however, the thickness and dielectric proper-
ties of the insulating coating 40c need to be chosen to
reduce parasitic capacitance and coupling between
these lines 140 and 150.

[0065] Of particular importance is an embodiment in
which the multi-conductor structure 240c, 240d of Figure
17 is designed to form a capacitor with a capacitor die-
lectric 40c. Thus, separate and/or insulated lengths of
the metal core 240c, insulating coating 40c and metal
coating 240d may together form a capacitor connected
between the substrate circuit elements 4, 5, etc.

[0066] Such a capacitor may be designed to provide,
for example, the individual holding capacitor Ch for each
respective pixel 200 which is connected between the sup-
ply line 140 (main electrode line 4 of TFT T1) and the
gate line 5 of TFT T2 (and main electrode line 3 of TFT
T1). Figure 16 illustrates a suitable pixel layout with this
holding-capacitor barrier 210c, Ch.

[0067] The Figure 17 capacitor structure (240c, 40c,
240d) of Figure 17 may even be connected between the
lines 230 and 240 to form a smoothing capacitor, either
instead of or in addition to that provide by the structure
240, 40, 230 in Figure 1, for example.

[0068] In the embodiments described so far, the con-
ductive barrier material 240 is a thick opaque metal, for
example, aluminium, copper, nickel or silver. However,
other conductive materials 240 may be used, for example
a metal silicide or (less advantageously) a degenerately-
doped polysilicon both of which may be surface-oxidised
to form the insulating coating 40. If transparent barriers
210 are required, then ITO may be used for the conduc-
tive barrier material 240.

[0069] From reading the present disclosure, other var-
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iations and modifications will be apparent to persons
skilled in the art. Such variations and modifications may
involve equivalent and other features which are already
known in the art (for example in the cited background
references) and which may be used instead of or in ad-
dition to features already described herein.

[0070] Although Claims have been formulated in this
Application to particular combinations of features, it
should be understood that the scope of the disclosure of
the present invention also includes any novel feature or
any novel combination of features disclosed herein either
explicitly or implicitly or any generalisation thereof,
whether or not it relates to the same invention as pres-
ently claimed in any Claim and whether or not it mitigates
any or all of the same technical problems as does the
present invention.

Claims

1. An active-matrix electroluminescent display device
comprising a substrate (100) on which an array of
pixels (200) is present with physical barriers (210)
between neighbouring pixels in at least one direction
of the array, wherein each pixel (200) comprises a
current-driven electroluminescent element (25;
LED) that is connected to a supply line (140,240) by
a series drive element (T1) in the substrate, and
wherein the physical barriers are partly of electrical-
ly-conductive material (240) that is insulated (40)
from the electroluminescent elements (25; LED) and
that provides at least a part (240) of the supply line
(140,240), which conductive barrier material (240)
is connected to respective drive elements (T1) of at
least some of the pixels (200) at contact windows
(12b) in an intermediate insulating layer (12) be-
tween the barriers (210) and the drive elements (T1),
and wherein the electroluminescent element (25,
LED has a lower electrode connection (21) to the
drive element (T1), characterised in that the elec-
troluminescent element (25, LED) is present in a fur-
ther window (12a) in the intermediate insulating layer
(12).

2. Adevice according to Claim 1, wherein an insulating
coating (40) extends on the sides and top of the con-
ductive barrier material (240), and a further supply
line (230) comprises upper electrodes (23) of the
electroluminescent elements (25; LED) and extends
on the insulating coating (40) over the top of the con-
ductive barrier material (240).

3. Adevice according to Claim 2, wherein the insulating
coating (40) forms a capacitor dielectric of a smooth-
ing capacitor (Cs) between the drive supply line
(140,240) that comprises the conductive barrier ma-
terial and the further supply line (230) that comprises
the upper electrodes of the electroluminescent ele-

10

15

20

25

30

35

40

45

50

55

10.

11.

ments.

A device according to any one of the preceding
Claims, wherein each pixel (200) has a respective
contact window (12b) between the conductive bar-
rier material (240) and an electrode connection
(4,140) for the respective drive element (T1) of the
pixel.

A device according to any one of the preceding
Claims, wherein the drive element (T1) of each pixel
has a respective electrode (4) located at the contact
window (12b) where itis connected to the conductive
barrier material (240).

A device according to any one of Claims 1 to 4,
wherein each pixel (200) comprises a holding capac-
itor (Ch) for holding the drive element (T1) in a given
conduction state, and the conductive barrier material
(140) is connected at the contact window (12b) to a
node of the drive element (T1) and one plate of the
holding capacitor (Ch).

A device according to Claim 6, wherein the holding
capacitors are formed by respective insulated
lengths of additional barriers (210c) that extend
transverse to the supply-line barriers (201) and that
comprise a metal coating (230) on a dielectric coat-
ing (40) on a metal core (240).

A device according to any one of the preceding
Claims, wherein, along the drive supply line
(140,240), the conductive barrier material (240) has
a cross-sectional area that is at least twice as large
as (or even at least an order of magnitude larger
than) that of a conductor layer (140) that provides
the electrode connection to the drive element (T1).

A device according to any one of the preceding
Claims, wherein, along the drive supply line
(140,240), the conductive barrier material (240) has
a thickness (Z) that is at least twice as large as (or
even at least 5 times larger than) that (z) of a con-
ductor layer (140) that provides the electrode con-
nection to the drive element (T1).

A device according to any one of the preceding
Claims, wherein the physical barriers (210) are pre-
dominantly of the conductive barrier material (and
preferably comprising metal).

A device as claimed in any one of the preceding
Claims, wherein the physical barriers (210) extend
across the whole array as a continuous supply line
of the conductive barrier material (240) that is con-
nected to electrode connections (4,140) for the re-
spective drive elements of the respective pixels.
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A device according to any one of the preceding
Claims, wherein the physical barriers (210) between
pixels (200) extend as a network of conductive bar-
rier material (240) in both row and column directions
of the array.

A device according to any one of the preceding
Claims, wherein the drive element (T1) is a thin film
transistor having source and drain electrodes (3, 4)
that connect the main current path of the transistor
between the conductive barrier material (240) and a
lower electrode (21) of the electroluminescent ele-
ment (25, LED).

A device according to any one of the preceding
Claims, wherein the drive elements (T1) of the pixels
are connected to row and column conductors (150,
160) of the substrate (100) that extend across the
array for addressing respective pixels (200), and the
supply lines (140,240) comprising the barriers (210)
extend parallel to the row and/or column conductors
(150, 160).

A device according to any one of the preceding
Claims, wherein the drive elements (T1) of the pixels
are connected to row and column conductors (150,
160) of the circuit substrate (100) that extend across
the array for addressing respective pixels (200), and
additional barriers (210c) of conductive material
(240) extend parallel to the row conductors (150),
are insulated from the barriers (210) that form atleast
part of the drive supply line (140,240), and are con-
nected at contact windows (12c) in the intermediate
insulating layer (12) to the row conductors (150) in
the substrate to reduce voltage drops along the row
conductors (150).

A device according to any one of the preceding
Claims, wherein each electroluminescent element
(25) comprises a light emitting diode (LED) of organic
semiconductor material between upper and lower
electrodes (23, 21).

A method of manufacturing an active matrix electro-
luminescent display device including the steps of:

(a) opening contact windows (12b) in the inter-
mediate insulating layer (12) on the substrate
(100) to expose electrode connections (4,140)
for respective drive elements (T1) of at least
some of the pixels;

(b) forming the physical barriers (210) from elec-
trically-conductive material (240) deposited on
the insulating layer (12) at least in the contact
windows (12b) of the electrode connections;
(c) providing the electroluminescent elements
(25,LED) in the pixel areas in between the phys-
ical barriers (210),
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18.

19.

20.

21,

22,

18

wherein the conductive barrier material is pro-
vided by depositing electrically-conductive ma-
terial at least for connection at the contact win-
dows of the intermediate insulating layer, and
characterised by further comprising the step
of:

(d) opening contact windows (12a) in the inter-
mediate insulating layer (12) in the pixel areas
between the physical barriers, and wherein the
electroluminescent elements (25) are provided
in the further windows (12a) and have a lower
electrode connection (21) to the drive element
(T1).

A method according to Claim 17, wherein the step
(b) involves forming the physical barrier as a core of
the electrically-conductive material, and depositing
an insulating coating on a least the sides of this con-
ductive barrier material.

A method according to claim 18 wherein at least the
bulk (240b) of the conductive barrier material (240)
is deposited by plating.

A method according to Claim 18, wherein the con-
ductive barrier material (240) comprises aluminium,
and the insulating coating (40) is formed on at least
the sides of the aluminium barrier material by ano-
disation.

A method according to Claim 17, wherein the step
(b) involves forming the physical barrier predomi-
nantly of insulating material through which vias ex-
tend for connection with the circuit element at the
contact windows of the intermediate insulating layer,
and wherein the electrically-conductive material is
deposited as a conductive coating on top of the phys-
ical barrier and in the vias through the physical bar-
rier.

A method according to Claim 21, wherein the con-
ductive coating for the physical barrier and an upper
electrode of the electroluminescent element are de-
posited simultaneously and are separated by a shad-
ow-masking effect of an overhang shape in the side
of the physical barrier.

Patentanspriiche

1.

Elektrolumineszierende Anzeigevorrichtung mit ak-
tiver Matrix mit einem Substrat (100), auf dem eine
Bildpunktmatrix (200) mit physischen Barrieren
(210) zwischen benachbarten Bildpunkten in minde-
stens einer Richtung der Matrix, wobei jeder Bild-
punkt (200) ein stromgesteuertes elektrolumineszie-
rendes Bauelement (25, LED) umfasst, das durch
ein in Reihe geschaltetes Ansteuerungselement
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(T1) in dem Substrat mit einer Versorgungsleitung
(140, 240) verbunden ist, und wobei die physischen
Barrieren teilweise aus elektrisch leitendem Material
(240) bestehen, das von den elektrolumineszieren-
den Bauelementen (25, LED) isoliert ist (40) und zu-
mindest einen Teil (240) der Versorgungsleitung
(140, 240) bildet, wobei das leitende Barrieremate-
rial (240) mitentsprechenden Ansteuerungselemen-
ten (T1) von zumindest einigen der Bildpunkte (200)
in Kontaktfenstern (12b) in einer isolierenden Zwi-
schenschicht (12) zwischen den Barrieren (210) und
den Ansteuerungselementen (T 1) verbunden ist und
wobei das elektrolumineszierende Bauelement (25,
LED) einen unteren Elektrodenanschluss (21) zum
Ansteuerungselement (T1) aufweist,

dadurch gekennzeichnet, dass das elektrolumi-
neszierende Bauelement (25, LED) in einem weite-
ren Fenster (12a) in der isolierenden Zwischen-
schicht vorliegt.

Vorrichtung nach Anspruch 1, wobei sich eine iso-
lierende Beschichtung (40) uber die Seiten und die
Spitze des leitenden Barrierematerials (240) er-
streckt und eine weitere Versorgungsleitung (230)
obere Elektroden (23) der elektrolumineszierenden
Bauelemente (25, LED) umfasst und auf der isolie-
renden Beschichtung (40) tber die Spitze des lei-
tenden Barrierematerials (240) verlauft.

Vorrichtung nach Anspruch 2, wobei die isolierende
Beschichtung (40) ein Kondensatordielektrikum ei-
nes Glattungskondensators (Cs) zwischen der An-
steuerungsversorgungsleitung (140, 240), die das
leitende Barrierematerial umfasst, und der weiteren
Versorgungsleitung (230) bildet, die die oberen Elek-
troden der elektrolumineszierenden Bauelemente
umfasst.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei jeder Bildpunkt (200) ein entspre-
chendes Kontaktfenster (12b) zwischen dem leiten-
den Barrierematerial (240) und einem Elektroden-
anschluss (4, 140) fiir das entsprechende Ansteue-
rungselement (T1) des Bildpunktes aufweist.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei das Ansteuerungselement (T1) je-
des Bildpunktes eine entsprechende Elektrode (4)
aufweist, die sich an dem Kontaktfenster (12b) be-
findet, wo sie mit dem leitenden Barrierematerial
(240) verbunden ist.

Vorrichtung nach einem der Anspriiche 1 bis 4, wo-
bei jeder Bildpunkt (200) einen Haltekondensator
(Ch) zum Halten des Ansteuerungselements (T1) in
einem gegebenen Leitungszustand umfasstund das
leitende Barrierematerial (140) an dem Kontaktfen-
ster (12b) mit einem Knotenpunkt des Ansteue-
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12,

13.

20

rungselements (T1) und einer Platte des Haltekon-
densators (Ch) verbunden ist.

Vorrichtung nach Anspruch 6, wobei die Haltekon-
densatoren durch entsprechende isolierte Léangen
von zuséatzlichen Barrieren (210c) gebildet werden,
die quer zu den Versorgungsleitungsbarrieren (201)
verlaufen und eine Metallbeschichtung (230) auf ei-
ner dielektrischen Beschichtung (40) auf einem Me-
tallkern (240) umfassen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei das leitende Barrierematerial (240)
entlang der Ansteuerungsversorgungsleitung (140,
240) eine Querschnittsflache aufweist, die minde-
stens doppelt so grof3 wie (oder sogar mindestens
eine GréRenordnung groRer als) diejenige einer Lei-
terschicht (140) ist, die den Elektrodenanschluss
zum Ansteuerungselement (T1) bildet.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei das leitende Barrierematerial (240)
entlang der Ansteuerungsversorgungsleitung (140,
240) eine Dicke (Z) hat, die mindestens doppelt so
groR (oder sogar mindestens finfmal so groR) wie
diejenige (z) einer Leiterschicht (140) ist, die den
Elektrodenanschluss zum Ansteuerungselement
(T1) schafft.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die physischen Barrieren (210) vor-
wiegend aus dem leitenden Barrierematerial (und
vorzugsweise mit Metall) bestehen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die physischen Barrieren (210) Gber
die gesamte Matrix als eine durchgehende Versor-
gungsleitung aus dem leitenden Barrierematerial
(240) verlaufen, die mit den Elektrodenanschliissen
(4, 140) fur die entsprechenden Ansteuerungsele-
mente der entsprechenden Bildpunkte verbunden
ist.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die physischen Barrieren (210) zwi-
schen den Bildpunkten (200) wie ein Netz aus lei-
tendem Barrierematerial (240) sowohl in Zeilen- aus
auch in Spaltenrichtung der Matrix verlaufen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei das Ansteuerungselement (T1) ein
Dinnschichttransistor mit Source- und Drain-Elek-
troden (3, 4) ist, die den Hauptstrompfad des Tran-
sistors zwischen dem leitenden Barrierematerial
(240) und einer unteren Elektrode (21) des elektro-
lumineszierenden Bauelements (25, LED) verbin-
den.
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Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Ansteuerungselemente (T1) der
Bildpunkte mit den Zeilen- und Spaltenleitungen
(150, 160) des Substrats (100) verbunden sind, die
zur Adressierung der entsprechenden Bildpunkte
(200) Uber die Matrix verlaufen, und wobei die Ver-
sorgungsleitungen (140, 240) mit den Barrieren
(210) parallel zu den Zeilen- und/oder Spaltenleitun-
gen (150, 160) verlaufen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Ansteuerungselemente (T1) der
Bildpunkte mit den Zeilen- und Spaltenleitungen
(150, 160) des Substrats (100) verbunden sind, die
zur Adressierung der entsprechenden Bildpunkte
(200) Gber die Matrix verlaufen, und wobei zusatzli-
che Barrieren (210c) aus leitendem Material (240)
parallel zu den Zeilenleitungen (150) verlaufen, von
den Barrieren (210) isoliert sind, die zumindest einen
Teil der Ansteuerungsversorgungsleitung (140, 240)
bilden, und an den Kontaktfenstern (12c) in der iso-
lierenden Zwischenschicht (12) mit den Zeilenleitun-
gen (150) in dem Substrat verbunden sind, um Span-
nungsabfalle entlang der Zeilenleitungen (150) zu
reduzieren.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei jedes elektrolumineszierende Bau-
element (25) eine Leuchtdiode (LED) aus organi-
schem Halbleitermaterial zwischen den oberen und
unteren Elektroden (23, 21) umfasst.

Verfahren zur Herstellung einer elektrolumineszie-
renden Anzeigevorrichtung mit aktiver Matrix, das
die folgenden Schritte umfasst:

(a) Offnen von Kontaktfenstern (12b) in der iso-
lierenden Zwischenschicht (12) auf dem Sub-
strat (100) zum Freilegen von Elektrodenan-
schliissen (4, 140) fir die entsprechenden An-
steuerungselemente (T1) von zumindest eini-
gen der Bildpunkte,

(b) Bilden von physischen Barrieren (210) aus
elektrisch leitendem Material (240), das auf der
isolierenden Schicht (12) zumindest in den Kon-
taktfenstern (12b) der Elektrodenanschlisse
abgeschieden wird,

(c) Schaffen von elektrolumineszierenden Bau-
elementen (25, LED) in den Bildpunktbereichen
zwischen den physischen Barrieren (210),
wobei das leitende Barrierematerial durch Ab-
scheiden von elektrisch leitendem Material zu-
mindest fiir den Anschluss an den Kontaktfen-
stern der isolierenden Zwischenschicht gebildet
wird,

und dadurch gekennzeichnet, dass es ferner
den folgenden Schritt umfasst:

(d) Offnen von Kontaktfenstern (12a) in der iso-
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18.

19.

20.

21,

22,

22

lierenden Zwischenschicht (12) in den Bild-
punktbereichen zwischen den physischen Bar-
rieren, und wobei die elektrolumineszierenden
Bauelemente (25) in den zusatzlichen Fenstern
(12a) geschaffen werden und einen unteren
Elektrodenanschluss (21) zu dm Ansteuerungs-
element (T1) aufweisen.

Verfahren nach Anspruch 17, wobei der Schritt (b)
das Bilden der physischen Barriere als Kern des
elektrisch leitenden Materials und das Abscheiden
einer isolierenden Beschichtung auf zumindest den
Seiten dieses leitenden Barrierematerials beinhal-
tet.

Verfahren nach Anspruch 18, wobei zumindest der
Grofiteil (240b) des leitenden Barrierematerials
(240) durch Plattieren abgeschieden wird.

Verfahren nach Anspruch 18, wobei das leitende
Barrierematerial (240) Aluminium enthalt und die
isolierende Beschichtung (40) zumindest auf den
Seiten des Aluminium-Barrierematerials durch An-
odisieren gebildet wird.

Verfahren nach Anspruch 17, wobei der Schritt (b)
das Bilden der physischen Barriere vorwiegend aus
isolierendem Material beinhaltet, durch das Durch-
kontaktierungen zum Anschluss des Schaltungsele-
ments an den Kontaktfestern der isolierenden Zwi-
schenschicht verlaufen, und wobei das elektrisch lei-
tende Material als leitende Beschichtung oben auf
der physischen Barriere und in den Durchkontaktie-
rungen durch die physische Barriere abgeschieden
wird.

Verfahren nach Anspruch 21, wobei die leitende Be-
schichtung fiur die physische Barriere und die obere
Elektrode des elektrolumineszierenden Bauele-
ments gleichzeitig abgeschieden werden und durch
den Lochmaskeneffekt einer iberhdngenden Form
in der Seite der physischen Barriere getrennt wer-
den.

Revendications

Dispositif d’affichage électroluminescent a matrice
active comprenant un substrat (100) sur lequel se
trouve une matrice de pixels (200) avec des barrieres
physiques (210) entre des pixels voisins dans au
moins une direction de la matrice, dans lequel cha-
que pixel (200) comprend un élément électrolumi-
nescent activé par un courant (25 ; LED) qui estrelié
a une ligne d’alimentation (140, 240) par un élément
d’activation en série (T1) dans le substrat, et dans
lequel les barriéres physiques sont partiellement
constituées d’'un matériau conducteur d’électricité
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(240) qui estisolé (40) des éléments électrolumines-
cents (25 ; LED) et qui fournit au moins une partie
(240) de la ligne d’alimentation (140, 240), ledit ma-
tériau barriére conducteur (240) étant relié aux élé-
ments d’activation respectifs (T1) d’au moins une
partie des pixels (200) dans des fenétres de contact
(12b) d’une couche isolante intermédiaire (12) entre
les barrieres (210) et les éléments d’activation (T1),
et dans lequel I'élément électroluminescent (25,
LED) a une liaison d’électrode inférieure (21) avec
I'élément d’activation (T1),

caractérisé en ce que I'élément électroluminescent
(25, LED) se trouve dans une autre fenétre (12a) de
la couche isolante intermédiaire (12).

Dispositif selon la revendication 1, dans lequel un
revétement isolant (40) s’étend sur les c6tés et sur
la partie supérieure du matériau barriére conducteur
(240), et une autre ligne d’alimentation (230) com-
prend des électrodes supérieures (23) des éléments
électroluminescents (25 ; LED) et s’étend sur le re-
vétement isolant (40) sur la partie supérieure du ma-
tériau barriere conducteur (240).

Dispositif selon la revendication 2, dans lequel le re-
vétement isolant (40) forme un diélectrique de con-
densateur d’'un condensateur de filtrage (Cs) entre
la ligne d’alimentation d’activation (140, 240) qui
comprend le matériau barriere conducteur et I'autre
ligne d’alimentation (230) qui comprend les électro-
des supérieures des éléments électroluminescents.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel chaque pixel (200) possé-
de une fenétre de contact respective (12b) entre le
matériau barriére conducteur (240) et une liaison
d’électrode (4, 140) pour I'élément d’activation res-
pectif (T1) du pixel.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel I'élément d’activation (T1)
de chaque pixel posséde une électrode respective
(4) située dans la fenétre de contact (12b) ou il est
relié au matériau barriere conducteur (240).

Dispositif selon 'une quelconque des revendications
1 a 4, dans lequel chaque pixel (200) comprend un
condensateur de maintien (Ch) destiné a maintenir
I’élément d’activation (T1) dans un état de conduc-
tion donné, et le matériau barriére conducteur (140)
est relié dans la fenétre de contact (12b) a un noeud
deI'élément d’activation (T1) eta une plaque du con-
densateur de maintien (Ch).

Dispositif selon la revendication 6, dans lequel les
condensateurs de maintien sont formés par des lon-
gueurs isolées respectives de barriéres supplémen-
taires (210c) qui s’étendent perpendiculairement
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aux barriéres de lignes d’alimentation (210) et qui
comprennent un revétement métallique (230) appli-
qué sur un revétement diélectrique (40) appliqué sur
un noyau meétallique (240).

Dispositif selon 'une quelconque des revendications
précédentes dans lequel, le long de la ligne d’ali-
mentation d’activation (140, 240), le matériau bar-
riere conducteur (240) a une surface de section
transversale qui est au moins deux fois supérieure
(voire supérieure d’au moins un ordre de grandeur)
a celle d’'une couche conductrice (140) qui fournit la
liaison d’électrode avec I'élément d’activation (T1).

Dispositif selon 'une quelconque des revendications
précédentes dans lequel, le long de la ligne d’ali-
mentation d’activation (140, 240), le matériau bar-
riere conducteur (240) a une épaisseur (Z) qui est
au moins deux fois supérieure (voire au moins 5 fois
supérieure) a celle (z) d’'une couche conductrice
(140) qui fournit la liaison d’électrode avec I'élément
d’activation (T1).

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel les barriéres physiques
(210) sont principalement constituées du matériau
barriere conducteur (et comprenant de préférence
un métal).

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel les barriéres physiques
(210) s’étendent a travers I'ensemble de la matrice
sous forme d’une ligne d’alimentation continue du
matériau barriere conducteur (240) qui est connec-
tée aux liaisons d’électrode (4, 140) pour les élé-
ments d’activation respectifs des pixels respectifs.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel les barriéres physiques
(210) entre les pixels (200) s’étendent sous la forme
d’un réseau de matériau barriére conducteur (240)
dans le sens des lignes et dans le sens des colonnes
de la matrice.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel I'élément d’activation (T1)
est un transistor a couche mince ayant des électro-
des de source et de drain (3, 4) qui relient le trajet
de courant principal du transistor entre le matériau
barriére conducteur (240) et une électrode inférieure
(21) de I'élément électroluminescent (25, LED).

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel les éléments d’activation
(T1) des pixels sontreliés a des conducteurs de ligne
etde colonne (150, 160) du substrat (100) qui s’éten-
dent a travers la matrice pour attaquer des pixels
respectifs (200), et les lignes d’alimentation (140,



15.

16.

17.

25

240) comprenant les barrieres (210) s’étendent pa-
rallelement aux conducteurs de ligne et/ou de colon-
ne (150, 160).

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel les éléments d’activation
(T1) des pixels sontreliés a des conducteurs de ligne
et de colonne (150, 160) du substrat de circuit (100)
qui s’étendent a travers la matrice pour attaquer des
pixels respectifs (200), et des barriéres supplémen-
taires (210c) d’'un matériau conducteur (240) s’éten-
dent parallélement aux conducteurs de ligne (150),
sont isolés des barriéres (210) qui forment au moins
une partie de la ligne d’alimentation d’activation
(140, 240), et sont reliés dans des fenétres de con-
tact (12c) de la couche isolante intermédiaire (12)
aux conducteurs de ligne (150) du substrat pour li-
miter les chutes de tension le long des conducteurs
de ligne (150).

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel chaque élément électro-
luminescent (25) comprend une diode électrolumi-
nescente (DEL) d’un matériau semi-conducteur or-
ganique entre des électrodes supérieure et inférieu-
re (23, 21).

Procédé de fabrication d'un dispositif d’affichage
électroluminescent a matrice active, comprenantles
étapes qui consistent a :

(a) ouvrir des fenétres de contact (12b) dans la
couche isolante intermédiaire (12) du substrat
(100) pour exposer les liaisons d’électrode (4,
140) des éléments d'activation respectifs (T1)
d’au moins une partie des pixels ;

(b) former les barrieres physiques (210) a partir
d’'un matériau conducteur d’électricité (240) dé-
posé sur la couche isolante (12) au moins dans
les fenétres de contact (12b) des liaisons
d’électrode ;

(c) fournir les éléments électroluminescents (25,
LED) dans les zones de pixels entre les barrie-
res physiques (210),

dans lequel le matériau barriere conducteur est
fourni par dépdét d’'un matériau conducteur
d’électricité au moins pour la liaison dans les
fenétres de contact de la couche isolante inter-
médiaire, et caractérisé en ce qu’il comprend
en outre I'étape consistant a :

(d) ouvrir des fenétres de contact (12a) dans la
couche isolante intermédiaire (12) dans les zo-
nes de pixels situées entre les barriéres physi-
ques, et dans lequel les éléments électrolumi-
nescents (25) sont fournis dans les autres fené-
tres (12a) et ont une liaison d’électrode inférieu-
re (21) avec I'élément d’activation (T1).
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Procédé selon larevendication 17, dans lequel I'éta-
pe (b) consiste a former la barriére physique en tant
que noyau du matériau conducteur d’électricité, et a
déposer un revétement isolant sur au moins les c6-
tés de ce matériau barriére conducteur.

Procédé selon la revendication 18, dans lequel au
moins la plus grande partie (240b) du matériau bar-
riere conducteur (240) est déposée par placage.

Procédé selon la revendication 18, dans lequel le
matériau barriere conducteur (240) comprend de
I'aluminium, et le revétement isolant (40) est formé
sur au moins les cotés de la barriere d’aluminium
par anodisation.

Procédé selon la revendication 17, dans lequel I'éta-
pe (b) consiste a former la barriére physique princi-
palement d’'un matériau isolant a travers s’étendent
lequel des trous d’interconnexion destinés a la
liaison avec I'élément de circuit dans les fenétres de
contact de la couche isolante intermédiaire, et dans
lequel le matériau conducteur d’électricité est dépo-
sé sous la forme d’'un revétement conducteur sur la
partie supérieure de la barriére physique et dans les
trous d’interconnexion a travers la barriére physique.

Procédé selon la revendication 21, dans lequel le
revétement conducteur de la barriere physique et
une électrode supérieure de I'élément électrolumi-
nescent sont déposés simultanément et sont sépa-
rés par un effet de masque perforé en surplomb dans
le coté de la barriére physique.
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