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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 present
on a circuit substrate, wherein each pixel comprises an
electroluminescent element, typically of organic semi-
conductor material. The electroluminescent elements
are connected to circuitry in the substrate, for example
drive circuitry that includes supply lines and matrix ad-
dressing circuitry that includes addressing (row) and sig-
nal (column) lines. These lines are generally formed by
thin-film conductor layers in the substrate. The circuit
substrate also includes addressing and drive elements
(typically thin-film transistors, hereafter termed "TFT"s)
for each pixel.

[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-2 347 017, published PCT patent ap-
plication WO-A1-99/43031, published European patent
applications EP-A-0 895 219, EP-A-1 096 568, and EP-
A-1 102 317, the whole contents of which are hereby
incorporated herein as reference material.

[0004] EP-A-1096 568 discloses an active matrix elec-
troluminescent display comprising a substrate, first elec-
trodes formed on the substrate, a light emitting layer
formed on the first electrode, a second electrode formed
on the light emitting layer and a physical barrier partition-
ing the pixels comprising conductive material and elec-
trically connected to the second electrode.

[0005] 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.

[0006] Itis an aim of the present invention to enhance
the capabilities and/or performance of active-matrix elec-
troluminescent display devices, in a manner that is com-
patible with the basic device structure, its layout and its
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electronics.

[0007] According to one aspect of the present inven-
tion, there is provided an active-matrix electrolumines-
centdisplay device having the features set outin Claim 1.
[0008] In accordance with the invention, the physical
barriers between pixels are used to provide interconnec-
tions between afirst circuit element of the circuit substrate
and a second circuit element that is connected at the top
of the barrier. Thus, these pixel barriers are partly (pos-
sibly even predominantly) of electrically-conductive ma-
terial (typically metal) which provides the interconnec-
tion, while also being insulated at least at the sides of the
barriers adjacent to the electroluminescent elements.
[0009] Much versatility is possible in accordance with
the invention. Various layout features can be adopted for
the pixel barriers, depending on the circuit elements be-
ing interconnected. Thus, the conductive barrier material
may provide interconnections that are localised to, for
example, individual pixels or groups of pixels, or inter-
connections that may be located outside the pixel array.
Thus, each un-insulated top connection area may itself
be localised as part of a connection pattern along the top
ofthe barriers, and/or the interconnecting conductive bar-
rier material may be localised in, for example, separately
insulated lengths of the barriers.

[0010] The first and second circuit elements may take
a variety of forms, depending on the particular improve-
ment or enhancement or adaptation being made. Typi-
cally, the first circuit element of the circuit substrate may
be one or more thin-film elements of the group compris-
ing: a conductor layer; an electrode connection; a supply
line; an addressing line; a signal line; a thin-film transistor;
a thin-film capacitor. The second circuit element may be
another such thin-film element in the circuit substrate
and/or, for example, an electrode connection of the elec-
troluminescent element of a respective pixel or an added
component such as a sensor.

[0011] Thelastpossibility permits various forms of sen-
sor array to be integrated together with the array of pixels.
The sensor array may be integrated within the circuit sub-
strate. However, the sensor array may be supported on
top of the barriers and over the pixel array. This provides
a compact layout and is particularly suitable for direct
pen input and/or finger-print sensing. The sensor array
may even share matrix addressing circuitry of the pixel
array in the circuit substrate. This simplifies the integra-
tion of the sensor array with the pixel array. Sharing may
be achieved in a manner similar to that disclosed in, for
example, United States patents US-A-5,386,543 and

US-A-5,838,308 (Philips refs: PHB33816 and
PHB33715).
[0012] As well as using the barriers to provide inter-

connections in accordance with the present invention,
the barriers (or at least other separately insulated lengths
of the barriers) may serve different functions. They may
be used to form, for example, a component such as a
capacitor or inductor or transformer and/or to back-up or
replace thin-film conductor lines of the circuit substrate.
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These back-up or replacement lines may be, for example
an address line, a signal line or a supply line.

[0013] 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.

[0014] 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 circuit diagram for four pixel areas of
an active-matrix electroluminescent display device
which can be provided with interconnections in ac-
cordance with the invention;

Figure 2 is a cross-sectional view of part of the pixel
array and circuit substrate of one embodiment of
such a device, showing one example of a conductive
barrier construction for forming interconnections to
a TFT source or drain line in accordance with the
invention;

Figure 3 is a cross-sectional view of part of the pixel
array and circuit substrate of a similar embodiment
of such a device, showing another example of a con-
ductive barrier construction for forming interconnec-
tions to a TFT gate line in accordance with the in-
vention;

Figure 4 is a cross-sectional view of the interconnec-
tion part of such an embodiment as that of Figure 2
or Figure 3, showing an example of a modified con-
ductive barrier construction that uses a metal coating
for forming interconnections in accordance with the
invention;

Figure 5 is a cross-sectional view of part of such a
device such as that of Figure 2 or Figure 3, showing
interconnections in accordance with the invention for
a pressure sensor integrated with the electrolumi-
nescent device;

Figure 6 is a cross-sectional view of part of such a
device such as that of Figure 2 or Figure 3, showing
interconnections in accordance with the invention for
a capacitance sensor integrated with the electrolu-
minescent device;

Figure 7 is a cross-sectional view of part of such a
device such as that of Figure 2 or Figure 3, showing
interconnections in accordance with the invention for
a direct input sensor integrated with the electrolumi-
nescent device;

Figure 8 is a cross-sectional view of part of such a
device such as that of Figure 2 or Figure 3, showing
interconnections in accordance with the invention
between upper and lower electrodes of adjacent pix-
els or sub-pixels;

Figure 9 is a plan view of four pixel areas showing a
specific example of layout features for a particular
embodiment of a device in accordance with the in-
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vention, with side-by-side conductive barriers;
Figure 10 is a cross-sectional view through the side-
by-side barriers of Figure 9, taken on the line X-X of
Figure 9;

Figure 11 is a plan view of another example of layout
features for a particular embodiment of a device in
accordance with the invention, with transverse con-
ductive barriers;

Figure 12 is a sectional view of a device part with yet
another example of a conductive barrier construction
for forming interconnections in accordance with the
invention;

Figures 13 to 16 are sectional views of a device part
such as that of Figure 2 or Figure 3 at stages in its
manufacture with one particular embodiment in ac-
cordance with the invention; and

Figure 17 is a sectional view a device part at the
insulation stage, illustrating a modification in the in-
sulation of the conductive barrier interconnections
that is also in accordance with the present invention.

[0015] 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

[0016] The active-matrix electroluminescent display
device of each of the Figures 1 to 4 embodiments com-
prises an array of pixels 200 on a circuit substrate 100
with matrix addressing circuitry. Physical barriers 210 are
present between atleast some of the neighbouring pixels
in at least one direction of the array. At least some of
these barriers 210 are constructed with conductive bar-
rier material 240 that is used as an interconnection in
accordance with the present invention. Apart from this
special construction and use of the barriers 210 in ac-
cordance with the present invention, the display may be
constructed using known device technologies and circuit
technologies, for example as in the background referenc-
es cited hereinbefore.

[0017] The matrix addressing circuitry comprises
transverse sets of addressing (row) and signal (column)
lines 150 and 160, respectively, as illustrated in Figure
1. An addressing element T2 (typically a thin-film tran-
sistor, hereafter termed "TFT") is incorporated at each
interception of these lines 150 and 160. It should be un-
derstood that Figure 1 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.
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[0018] Each pixel 200 comprises a current-driven elec-
troluminescent element 25 (21,22,23), typically a light-
emitting diode (LED) of organic semiconductor material.
The LED 25 is connected in series with a drive element
T1 (typically a TFT) between two voltage supply lines
140 and 230 of the array. These two supply lines are
typically a power supply line 140 (with voltage Vdd) and
a ground line 230 (also termed "return line"). Light emis-
sion from the LED 25 is controlled by the current flow
through the LED 25, as altered by its respective drive
TFT T1.

[0019] Each row of pixels is addressed in turn in a
frame period by means of a selection signal that is applied
to the relevant 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
currentthrough 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 volt-
age on the associated capacitor Ch. In the specific ex-
ample of Figure 1, T1 is shown as a P-channel TFT,
whereas T2 is shown as an N-channel TFT.

[0020] This circuitry can be constructed with known
thin-film technology. The substrate 100 may have an in-
sulating glass base 10 on which an insulating surface-
buffer layer 11, for example, of silicon dioxide is depos-
ited. The thin-film circuitry is built up on the layer 11 in
known manner.

[0021] Figures 2 and 3 show TFT examples Tm and
Tg, each comprising: an active semiconductor layer 1
(typically of polysilicon); a gate dielectric layer 2 (typically
of silicon dioxide); a gate electrode 5 (typically of alumin-
ium or polysilicon); and metal electrodes 3 and 4 (typically
of aluminium) which contact 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 the electrodes 3, 4 and 5 may form, for example,
interconnections between the elements T1, T2, Ch and
LED 25, and/or at least part of the conductor lines 140,
150 and 160, depending on the circuit function provided
by the particular TFT (for example, the drive element T1
or the addressing element T2 or another TFT of the circuit
substrate). The holding capacitor Ch may be formed sim-
ilarly, in known manner, as a thin-film structure inside the
circuit substrate 100.

[0022] The LED 25 typically comprises a light-emitting
organic semiconductor material 22 between alower elec-
trode 21 and an upper electrode 23. In a preferred par-
ticular embodiment, semiconducting conjugated poly-
mers may be used for the electroluminescent material
22.ForaLED thatemitsits light 250 through the substrate
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100, the lower electrode 21 may be an anode of indium
tin oxide (ITO), and the upper electrode 23 may be a
cathode comprising, for example, calcium and alumini-
um. Figures 2 and 3 illustrate a LED construction in which
the lower electrode 21 is formed as a thin film in the circuit
substrate 100. The subsequently-deposited organic
semiconductor material 22 contacts this thin-film elec-
trode layer 21 atawindow 12ain a planar insulating layer
12 (for example of silicon nitride) that extends over the
thin-film structure of the substrate 100.

[0023] As in known devices, the devices 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);

¢ 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;

e 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).

[0024] Whatever their specific use in these known
ways, at least some insulated portions of the physical
barriers 210 in embodiments of the present invention are
constructed and used in a special manner. Thus, the pixel
barriers 210 of Figures 2 to 4 comprise metal 240 (or
other electrically-conductive material 240) that is insulat-
ed from the LEDs 25 and that provides aninterconnection
between a first circuit element of the circuit substrate 100
and a second circuit element of the device. These circuit
elements are connected at un-insulated bottom and top
connection areas 240b, 240t of the conductive barrier
material 240.

[0025] The first and second circuit elements may take
a variety of forms, depending on the particular improve-
ment or enhancement or adaptation being made. Typi-
cally, the first circuit element of the circuit substrate 100
may be one or more thin-film elements of the group com-
prising: a conductor layer and/or an electrode connection
4,5, 6; asupply line 140; an addressing line 150; a signal
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line 160; a thin-film transistor T1, T2, Tm, Tg; a thin-film
capacitor Ch. The second circuit element may be another
such thin-film element in the circuit substrate 100 and/or,
for example, an electrode connection of the LED 25 of a
respective pixel or an added component such as a sen-
SOr.

[0026] Figures 2 to 4 show the un-insulated top con-
nection area 240t, but without any specific second circuit
element (upper circuit element 400) connected thereto.
Particular examples of a second circuit element are de-
scribed below with reference to Figures 5 to 8. However,
it should readily be understood that the present invention
can be applied to the interconnection of a wide variety of
upper circuit elements 400 to circuitry in the circuit sub-
strate 100 by means of such pixel barriers 210 in accord-
ance with the invention.

[0027] In the embodiment of Figure 2, the first circuit
element is an extension of the source and/or drain elec-
trode of TFT Tm. It may form a signal (column) line 160,
for example, of the substrate circuitry when Tmis T2, or
a drive line 140 when Tm is T1. In the embodiment of
Figure 3, the first circuit element is an extension of the
gate electrode 5 of TFT Tg. It may form an addressing
(row) line 150, for example, of the substrate circuitry when
Tgis T2.

[0028] Figures 2 and 3 show the bottom connection of
the conductive barrier material 240 to the first circuit el-
ement 4,5 at connection windows 12b in the intermediate
insulating layer 12. However, it should be understood
that these windows 12b may often not be in the same
plane as the TFT Tm, Tg. In particular, there is generally
insufficient space between the source and drain elec-
trodes 3 and 4 of TFT Tg to accommodate a window 12b.
Thus, the window 12b is depicted in broken outline in
Figure 3 to indicate its location outside the plane of the
drawing paper.

[0029] The pixel barriers 210 in the embodiments of
Figures 2 to 4 are predominantly of electrically-conduc-
tive material 240, 240x, preferably metal for very low re-
sistivity (for example aluminium or copper or nickel or
silver). The barriers 210 of Figures 2 and 3 comprise a
bulk or core of the conductive material that provides the
interconnection 240 and that has an insulating coating
40 on its sides and on its top (except where the top con-
nection area 240t is exposed). The barrier 210 of Figure
4 comprises a bulk or core of conductive material 240x
that has an insulating coating 40x on its sides and on its
top. The conductive material that provides the intercon-
nection 240 in Figure 4 is a metal coating that extends
on the insulating coating 40x. An insulating coating 40
extends on the sides and on the top of the metal coating
240, except where the top connection area 240t is ex-
posed. This structure of Figure 4 is more versatile than
that of Figures 2 and 3. It permits the metal core 240x to
be used for another purpose, for example, to back-up or
even replace the lines 140, 150 or 160, so reducing their
line resistance. The interconnection metal coating 240
may even be localised to specific locations along the bar-
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rier 210 where these interconnections are required, for
example at individual pixels or sub-pixels.

Embodiments of Figures 5 to 7 with Sensor Arrays

[0030] In each of the embodiments of Figures 5 to 7,
an array of sensors 400s is integrated together with the
array of pixels 200. The sensors 400s provide the second
circuitelements 400 that are connected by the conductive
barrier material 240 to the first circuit element of the circuit
substrate 100. A variety of sensor arrays may be inte-
grated with the display in accordance with the invention.
Thus, the sensing array may have, for example, a short-
circuit touch input, or a pressure input, or a capacitance
input, or a light-pen input.

[0031] For individual interconnections from a two-di-
mensional sensor array, the conductive barrier material
240 is generally split up into respective insulated lengths
in the barriers 210, corresponding to the individual sen-
sors 400s.

[0032] In this integrated sensor situation, the first cir-
cuit element may be, for example, a source/drain 4 or
gate 5 of a TFT in the substrate 100. Preferably, the first
circuit element is part of matrix addressing circuitry for
both the array of pixels 200 and the array of sensors
200s. Thus, the first circuit element may be the source/
drain line 4, 160 of TFT T2 for pixel addressing.

[0033] In each of the embodiments of Figures 5 to 7,
the sensing capability is provided at the front of the dis-
play, through which the light 250 is emitted. The sensor
array is supported on top of the barriers 210 and over
the pixel array. An insulating planarising layer 412 is
present over the pixel array, with a thickness that extends
to the top of the barriers 210 to support the sensor array
over the pixel array. Although Figures 5 to 8 illustrate an
interconnecting metal-core structure as in Figures 2 and
3, modifications are possible using, for example, an in-
terconnecting metal-coating structure as in Figure 4.
[0034] The Figure 5 embodimentillustrates a pressure
sensor structure comprising a compressible layer 422 of
dielectric or highly resistive material. This compressible
layer is stacked between a transparent upper electrode
layer 423 of, for example, ITO and the underlying con-
ductive barrier material 240 and insulating planarising
layer 412. The upper electrode layer 423 is coated with
a protective layer 440. When pressure 500 is applied to
this stack, the spacing between the electrode layer 423
and the conductive barrier material changes causing ei-
ther a measurable change in capacitance across the di-
electric or a reduction in resistance across the highly re-
sistive material. This is a most advantageous embodi-
ment, in that the electrode layer 423 also provides ESD
protection for the circuit inputs.

[0035] Figure 6 illustrates a capacitive sensor, for ex-
ample a finger-print sensor. An array of electrode pads
421 of ITO or metal are connected at the top of the cor-
responding array of conductive barrier material 240 to
form one plate of a respective capacitor having thereon
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a capacitor dielectric layer 430. The other plate of the
capacitor is formed by a finger or other object to be
sensed, when placed on the dielectric layer 430.
[0036] Figure 7 illustrates a direct input sensor having
electrode pads 424 of ITO that are connected at the top
of the corresponding array of conductive barrier material
240. The direct input may be a current or voltage input
from, for example, a wired pen that touches the pads
424. Alternatively, the direct input may simply be a short-
circuit by an (un-wired) conductive pen between neigh-
bouring pads 424, for example between a pad 424 con-
nected to a row conductor 150 and a pad 424 connected
to a column conductor 160. Current flow resulting from
such a short-circuit can be measured at the periphery of
the display to determine which pixel was shorted.

Embodiment of Figure 8 with Pixel or Sub-Pixel Inter-
connect

[0037] The second circuit element in the embodiment
of Figure 8 is an upper electrode 23 of the LED 25, which
is connected by the conductive barrier material 240 to a
thin-film element of the circuit substrate 100. Such an
interconnection permits the integration of circuitry to both
electrodes 21 and 23 of the given LED 25.

[0038] However, in the particular embodiment depict-
ed in Figure 8, the bottom connection of the conductive
barrier material 240 is to a thin-film element that forms
the lower electrode of a neighbouring LED 25. Such a
construction can be adopted for a display each pixel of
which comprises, for example, side-by-side sub-pixels
with the barriers 210 there-between. In this case, the con-
ductive barrier material 240 connects the upper electrode
23 of one sub-pixel 200b to the lower electrode 21 of an
adjacent sub-pixel 200a.

Layout Embodiments of Figures 9 and 10 and of Figure
11

[0039] A wide variety of layout configurations are pos-
sible for the interconnect barrier material 240 in devices
in accordance with the invention. Advantageously, the
interconnect barrier material 240 may be combined in a
composite layout with other sections of barrier 21 Ox be-
tween the pixels.

[0040] Figures9and 10illustrate one composite layout
in which the conductive barrier material 240x of the ad-
ditional barrier sections 210x may back up or even re-
place the drive supply lines 140 of the substrate 100. The
matrix thin-film circuit area is designated as 120 in Figure
9. In this particular example, the insulated lengths of the
interconnect barrier material 240 extend parallel to the
additional barrier lines 210x, 140..

[0041] Figure 11 illustrates another composite layout
in which the additional barrier sections 210x (240x, 40x)
are transverse to the interconnect barrier material 240.
In this case, the conductive barrier material 240x of the
additional barrier sections 210x may back up or even
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replace the lines 140 or 150 or 160 of the substrate 100.
Alternatively, the conductive barrier material 240x of the
additional barrier sections 210x may form transverse in-
terconnects for a direct-input sensor array such as that
of Figure 7.

Modified Barrier Embodiment of Figure 12

[0042] Inthe embodiments of Figures 2to 8 and Figure
10, barriers 210 and 210x are shown as being predom-
inantly of conductive material 240 and 240x. Figure 12
shows a modified embodiment wherein the barrier 210
is predominantly of insulating material 244. In this case,
vias 244b are etched or milled through the insulating ma-
terial 244 to the circuit element 4, 5 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.

[0043] The metal coating 240 of the barrier 210 may
be formed simultaneously with a main part 23a of the
upper electrode 23 of the LED 25, in a self-aligned man-
ner. Thus, a layer of metal may be deposited simultane-
ously for the metal coating 240 and electrode 23 which
are separated by a shadow-masking effect of an over-
hang shape in the side of the barrier 210, as illustrated
in Figure 12. This is one possible process embodiment
for forming barrier interconnects 210, 240 in accordance
with the presentinvention. Figures 14 to 17 illustrate other
process embodiments for barrier interconnects 210, 240
that are predominantly of metal.

Process Embodiment of Figures 13 to 16

[0044] Apart from constructing and using its barriers
210 with interconnection material 240, the active-matrix
electroluminescentdisplay of adevice in accordance with
the present invention may be constructed using known
device technologies and circuit technologies, for exam-
ple as in the cited background references.

[0045] Figures 13 to 16 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. Connection windows (such as vias 12a,
12b, 12x etc.) are opened in the layer 12 in known man-
ner, for example by photolithographic masking and etch-
ing. However, in order to manufacture a device in accord-
ance with the present invention, the pattern of these vias
include the vias 12b, 12x that expose elements 4, 5, 150,
etc. for bottom connection with the conductive barrier ma-
terial 240, 240x. The resulting structure is illustrated in
Figure 13. This stage is common regardless of whether
the barriers 210 are predominantly of conductive material
as in Figures 2 to 8 and Figure 10 or predominantly of
insulating material as in Figure 12.

[0046] The formation of barriers 210 predominantly of
insulating material has been described above with refer-
ence to Figure 12. Suitable process steps for barriers
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210 predominantly of conductive material (as in Figures
2to 8 and Figure 10) will now be described with reference
to Figures 14 to 16.

[0047] In this case, electrically-conductive material for
the barriers 210 is deposited on the insulating layer 12
atleastin its vias 12a, 12b, 12x etc. The desired lengths
and layout pattern for the barriers 210 is obtained using
known masking techniques. Figure 14 illustrates an em-
bodiment in which at least the bulk 240 of the conductive
barrier material (for example, copper 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, 12x etc, the barrier layout pattern is defined with a
photolithographic mask, and then the bulk 240 of the con-
ductive barrier material is plated to the desired thickness.
The resulting structure is illustrated in Figure 14.
[0048] 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. Thereaf-
terthe manufacture is continued in known manner to form
the LEDs 25. Thus, for example, conjugate polymer ma-
terials 22 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. The upper electrode material 23 is de-
posited on the layer 22. The resulting structure is illus-
trated in Figure 15.

[0049] Thereafter, inthe case of the sensors of Figures
5 to 7, a layer of planarising material 412’ is put down
over the LEDs 25. This layer 412" may be etched back
to expose the insulating coating 40 at the top of the bar-
riers 210. This exposed top part of the insulating coating
40 may then be etched away to form the un-insulated top
connection area 240t of the barrier 210, as illustrated in
Figure 16. The sensor structure is then provided on top
of this connection area 240t and planarising layer 412.

Modified Process Embodiment of Figure 17

[0050] 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 lengths
and layout pattern of the deposited aluminium can be
defined using known photolithographic masking and
etching techniques. Figure 17 shows the photolithically-
defined etchant-mask 44 retained on the top of the alu-
minium barrier pattern 240.

[0051] Then,ananodicinsulating coating of aluminium
oxide is formed on at least the sides of the aluminium
barrier material 240 using known anodisation tech-
nigues. Thus, no extra mask is needed to define the lay-
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out for this coating 40.

[0052] As illustrated in Figure 17, the mask 44 can be
retained during this anodisation, in areas where it is de-
sired to protect and form the un-insulated top connection
area 240t. In these areas, the anodic coating is formed
at only the sides of the aluminium barrier pattern 240.
The mask 44 may be removed before this anodisation,
from areas where the anodic coating is required at both
the sides and top of the aluminium barrier pattern 240.
Alternatively, the mask 44 of an insulating polymer or,
for example, silicon dioxide or nitride may be retained in
these areas where insulation is desired over the top of
the barrier 210(240,40) in the manufactured device.
[0053] 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, forexample
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. Furthermore, it should be noted
that line resistance can be significantly reduced by using
conductive barrier material 240,240x to replace or to back
up a conductor line (for example, 140, 150 or 160) of the
circuit substrate 10. Thus, along a given line, the con-
ductive barrier material 240 can have a cross-sectional
areathat is at least twice (possibly even an order of mag-
nitude) larger than that of a typical conductor layer in the
circuit substrate 100 (for example, a source/drain line 4,6
(140,160) of TFT Tm, or a gate line 5 (150) of TFT Tg).
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 TFT
conductor layer in the circuit substrate 100. In a specific
example Z may be between 2pum and 5pm 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 TFT conductor layer. In a specific example Y may
be 20pm as compared with 10pwm for y.

Claims

1. An active-matrix electroluminescent display device
comprising: a circuit substrate on which an array of
pixels is present with physical barriers between at
least some of the neighbouring pixels in at least one
direction of the array; each pixel comprising an elec-
troluminescent element; the circuit substrate com-
prising circuitry to which the electroluminescent el-
ements are connected; the physical barriers com-
prising conductive material that serves as an inter-
connection between a first circuit element of the cir-
cuit substrate and a second circuit element of the
device; which conductive barrier materialis insulated
at least at the sides of the barriers adjacent to the
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electroluminescent elements and has top and bot-
tom connection areas that are un-insulated where
the first and second circuit elements are connected
to the conductive barrier material.

Adevice according to Claim 1, wherein the first circuit
element of the circuit substrate is at least one thin-
film element of a group comprising: a conductor lay-
er; an electrode connection; a supply line; an ad-
dressing line; a signal line; a thin-film transistor; a
thin-film capacitor.

A device according to Claim 1, wherein the second
circuit element is an upper electrode of the electro-
luminescent element, and the first circuit element is
at least one thin-film element of the circuit substrate.

A device according to Claim 3, wherein each pixel
comprises side-by-side sub-pixels with the barriers
there-between and with the conductive barrier ma-
terial connecting the upper electrode of one sub-pixel
tothe lower electrode of an adjacent sub-pixel, which
lower and upper electrodes form the firstand second
circuit elements.

A device according to Claim 1 or Claim 2, wherein
an array of sensors is integrated together with the
array of pixels, and the sensors provide the second
circuit elements that are connected by the conduc-
tive barrier material to the first circuit element of the
circuit substrate.

A device according to any one of the preceding
Claims, wherein an array of sensors is integrated
together with the array of pixels, the circuit substrate
comprises matrix addressing circuitry for both the
array of pixels and the array of sensors, and the con-
ductive barrier material connects sensors of the ar-
ray to the matrix addressing circuitry.

A device according to Claim 5 or Claim 6, wherein
the sensor array is supported on top of the barriers
and over the pixel array.

A device according to Claim 7, wherein a planarising
layer is present over the pixel array with a thickness
that extends to the top of the barriers to support the
sensor array over the pixel array.

A device according to any one of the preceding
Claims, wherein insulated lengths of the barriers are
predominantly of the conductive barrier material
(and preferably comprising metal).

A device according to any one of the preceding
Claims, wherein the barrier comprises a metal core
which provides the conductive barrier material that
is connected with the first circuit element and that
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has an insulating coating on at least its sides.

A device according to any one of Claims 1 to 9,
wherein the barrier comprises a metal coating which
provides the conductive barrier material that is con-
nected with the first circuit element and that has an
insulating coating on at least its sides.

A device according to any one of Claims 1 to 8,
wherein the physical barrier is predominantly of in-
sulating material through which vias extend for con-
nection with the circuit element in the circuit sub-
strate, and wherein a metal coating that provides the
conductive barrier material extends on top of the
physical barrier and in the vias through the physical
barrier.

A device according to any one of the preceding
Claims, wherein the electroluminescent element is
a current-driven light-emitting diode of organic sem-
iconductor material.

A device according to any one of the preceding
Claims, wherein, under the conductive barrier mate-
rial, connection windows are present in an interme-
diate insulating layer on the circuit substrate to permit
connection to the first circuit element.

A method of manufacturing an active-matrix electro-
luminescent display device according to any one of
the preceding Claims, including the steps of:

(a) forming the physical barriers with electrically-
conductive material that is deposited on elec-
trode connections to the first circuit element of
the circuit substrate and with insulation at least
at the sides of the physical barriers adjacent to
the pixel areas, the physical barriers having an
un-insulated top connection area to the conduc-
tive barrier material at the top of the barriers;
(b) providing at least part of the electrolumines-
cent elements in the pixel areas in between the
physical barriers; and

(c) providing the second circuit element in con-
nection with the conductive barrier material at
the un-insulated top connection area of the bar-
riers.

A method according to Claim 15, wherein the insu-
lation comprises an insulating coating that is depos-
ited on at least the sides and top of the conductive
barrier material and that is subsequently etched from
the top connection area.

A method according to Claim 15, wherein the con-
ductive barrier material comprises aluminium, and
the insulation comprises an insulating coating that
is formed on the sides of the aluminium barrier ma-
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terial by anodisation, while masking the top connec-
tion area against anodisation.

A method according to Claim 15, wherein the step
(a) involves forming the physical barrier predomi-
nantly of insulating material through which vias are
formed for connection with the circuit element at the
connection windows on the circuit substrate, and
wherein the electrically-conductive material is de-
posited as a conductive coating on top of the physical
barrier and in the vias through the physical barrier.

A method according to Claim 18, 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 Display-Einrichtung mit ak-
tiver Matrix, die Folgendes umfasst: ein Schaltungs-
substrat, auf dem sich eine Anordnung aus Pixeln
befindet, mit physikalischen Barrieren zwischen zu-
mindest einigen der benachbarten Pixel in zumin-
dest einer Richtung der Anordnung; wobei jedes Pi-
xel ein elektrolumineszierendes Element umfasst;
wobei das Schaltungssubstrat Schaltungen um-
fasst, an die die elektrolumineszierenden Elemente
angeschlossen sind; wobei die physikalischen Bar-
rieren leitfahiges Material umfassen, das als Ver-
drahtung zwischen einem ersten Schaltungsele-
ment des Schaltungssubstrats und einem zweiten
Schaltungselement der Einrichtung dient, welches
leitfahige Barrierenmaterial zumindestan den Seiten
der Barrieren neben den elektrolumineszierenden
Elementen isoliert ist und oberste und unterste An-
schlussgebiete aufweist, die dort, wo die ersten und
zweiten Schaltungselemente mit dem leitféahigen
Barrierenmaterial verbunden sind, nicht isoliert sind.

Einrichtung nach Anspruch 1, bei der das erste
Schaltungselement des Schaltungssubstrats zumin-
dest ein Dinnfilmelement aus einer Gruppe ist, die
Folgendes umfasst: eine Leiterschicht, einen Elek-
trodenanschluss, eine Zufiihrleitung, eine Adresslei-
tung, eine Signalleitung, einen Dinnfilmtransistor,
einen Dinnfilmkondensator.

Einrichtung nach Anspruch 1, bei der das zweite
Schaltungselement eine obere Elektrode des elek-
trolumineszierenden Elements und das erste Schal-
tungselement zumindest ein Dinnfilmelement des
Schaltungssubstrats ist

Einrichtung nach Anspruch 3, bei der jedes Pixel Sei-
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te an Seite Teilpixel mit dazwischen den Barrieren
umfasst und wobei das leitfahige Barrierenmaterial
die obere Elektrode eines Teilpixels mit der unteren
Elektrode eines benachbarten Teilpixels verbindet,
wobei die unteren und oberen Elektroden die ersten
und zweiten Schaltungselemente bilden.

Einrichtung nach Anspruch 1 oder Anspruch 2, bei
der eine Anordnung aus Sensoren zusammen mit
der Anordnung aus Pixeln integriert ist und die Sen-
soren die zweiten Schaltungselemente verschaffen,
die durch das leitfahige Barrierenmaterial mit dem
ersten Schaltungselement des Schaltungssubstrats
verbunden sind.

Einrichtung nach einem der vorhergehenden An-
spriiche, bei der eine Anordnung aus Sensoren zu-
sammen mit der Anordnung aus Pixeln integriert ist,
das Schaltungssubstrat Matrixadressierungsschal-
tungen sowohl firr die Anordnung aus Pixeln als auch
fur die Anordnung aus Sensoren umfasst und das
leitfahige Barrierenmaterial Sensoren der Anord-
nung mit den Matrixadressierungsschaltungen ver-
bindet.

Einrichtung nach Anspruch 5 oder Anspruch 6, bei
der die Sensoranordnung oben auf den Barrieren
und Uber der Pixelanordnung unterstutzt ist.

Einrichtung nach Anspruch 7, bei der eine Planari-
sierungsschicht Uber der Pixelanordnung vorhan-
den ist, mit einer Dicke, die sich bis zum oberen Ende
der Barrieren erstreckt, um die Sensoranordnung
Uber der Pixelanordnung zu unterstitzen.

Einrichtung nach einem der vorhergehenden An-
spriche, bei derisolierte Ladngen der Barrieren tber-
wiegend aus dem leitfahigen Barrierenmaterial sind
(und vorzugsweise Metall umfassen).

Einrichtung nach einem der vorhergehenden An-
spriiche, bei der die Barriere einen Metallkern um-
fasst, der das leitfahige Barrierenmaterial verschafft,
das mit dem ersten Schaltungselement verbunden
ist und das zumindest auf seinen Seiten eine Isolier-
beschichtung aufweist.

Einrichtung nach einem der Anspriiche 1 bis 9, bei
der die Barriere eine Metallbeschichtung umfasst,
die das leitfahige Barrierenmaterial verschafft, das
mit dem ersten Schaltungselement verbunden ist
und das zumindest auf seinen Seiten eine Isolierbe-
schichtung aufweist.

Einrichtung nach einem der Anspriche 1 bis 8, bei
der die physikalische Barriere iberwiegend aus Iso-
liermaterial ist, durch das hindurch Vias verlaufen,
zum Anschluss an das Schaltungselement in dem
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Schaltungssubstrat, und bei der eine Metallbe-
schichtung, die das leitfahige Barrierenmaterial ver-
schafft, sich oben auf der physikalischen Barriere
und in den Vias durch die physikalische Barriere hin-
durch erstreckt.

Einrichtung nach einem der vorhergehenden An-
spriiche, bei der das elektrolumineszierende Ele-
ment eine stromgesteuerte Leuchtdiode aus organi-
schem Halbleitermaterial ist.

Einrichtung nach einem der vorhergehenden An-
sprliche, bei der unter dem leitfahigen Barrierenma-
terial Anschlussfenster in einer Zwischen-Isolier-
schicht auf dem Schaltungssubstrat vorhanden sind,
um einen Anschluss an das erste Schaltungsele-
ment zu erlauben.

Verfahren zum Herstellen einer elektrolumineszie-
renden Display-Einrichtung mit aktiver Matrix nach
einem der vorhergehenden Anspruche, das die fol-
genden Schritte enthalt:

(a) Bilden der physikalischen Barrieren mit elek-
trisch leitfahigem Material, das auf Elektroden-
anschlissen fur das erste Schaltungselement
des Schaltungssubstrats deponiert wird, und mit
Isolation zumindest an den Seiten der physika-
lischen Barrieren neben den Pixelgebieten, wo-
bei die physikalischen Barrieren ein nicht iso-
liertes oberstes Anschlussgebiet fiir das leitfa-
hige Barrierenmaterial auf dem oberen Ende der
Barrieren aufweisen;

(b) Verschaffen zumindest eines Teils der elek-
trolumineszierenden Elemente in den Pixelge-
bieten zwischen den physikalischen Barrieren
und

(c) Verschaffen des zweiten Schaltungsele-
ments in Verbindung mit dem leitfahigen Barrie-
renmaterial bei dem nicht isolierten obersten
Anschlussgebiet der Barrieren.

Verfahren nach Anspruch 15, bei dem die Isolation
eine Isolierbeschichtung umfasst, die zumindest auf
den Seiten und dem oberen Ende des leitfahigen
Barrierenmaterials deponiert wird und die anschlie-
3end von dem obersten Anschlussgebiet aus geéatzt
wird.

Verfahren nach Anspruch 15, bei dem das leitfahige
Barrierenmaterial Aluminium umfasst und die Isola-
tion eine Isolierbeschichtung umfasst, die mittels An-
odisierung an den Seiten des Aluminiumbarrieren-
materials gebildet wird, wobei das obere An-
schlusssgebiet gegen Anodisierung maskiert wird.

Verfahren nach Anspruch 15, bei dem der Schritt (a)
Bilden der physikalischen Barriere Uberwiegend aus
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Isoliermaterial, durch die hindurch Vias zum An-
schluss an das Schaltungselement bei den An-
schlussfenstern auf dem Schaltungssubstrat gebil-
det werden, beinhaltet und bei dem das elektrisch
leitfahige Material oben auf der physikalischen Bar-
riere und in den durch die physikalische Barriere ver-
laufenden Vias als leitfahige Beschichtung deponiert
wird.

Verfahren nach Anspruch 19, bei dem die leitféahige
Beschichtung fir die physikalische Barriere und eine
obere Elektrode des elektrolumineszierenden Ele-
mentes gleichzeitig deponiert werden und durch ei-
nen Schattenmaskierungseffekt einer Uberhang-
form auf der Seite der physikalischen Barriere ge-
trennt werden.

Revendications

Dispositif d’affichage électroluminescent a matrice
active comprenant: un substrat de circuit sur lequel
un réseau de pixels est présent avec des barriéres
physiques entre au moins quelques-uns des pixels
voisins dans au moins une direction du réseau; cha-
que pixel comprenant un élément électrolumines-
cent; le substrat de circuit comprenant des circuits
auxquels les éléments électroluminescents sont
connectés; les barriéres physiques comprenant du
matériau conducteur qui fait office d’'une intercon-
nexion entre un premier élément de circuit du subs-
trat de circuit et un deuxiéme élément de circuit du
dispositif; lequel matériau conducteur de barriére est
isolé au moins des cOtés des barriéres qui sont ad-
jacents aux éléments électroluminescents et pré-
sente des zones de connexion supérieures et infé-
rieures qui sont non isolées ou le premier et le
deuxiéme élément de circuit sont connectés au ma-
tériau conducteur de barriére.

Dispositif selon la revendication 1, dans lequel le pre-
mier élément de circuit du substrat de circuit est au
moins un élément a film mince d’un groupe compre-
nant: une couche conductrice; une connexion d’élec-
trode; une ligne d’alimentation; une ligne d’adressa-
ge; une ligne de signal; un transistor a film mince;
un condensateur a film mince.

Dispositif selon la revendication 1, dans lequel le
deuxiéme élément de circuit est une électrode su-
périeure de I'élément électroluminescent et le pre-
mier élément de circuit est au moins un élément a
film mince du substrat de circuit.

Dispositif selon la revendication 3, dans lequel cha-
que pixel comprend des sous-pixels I'un placé a coté
de l'autre avec les barriéres au milieu de ceux-ci et
avec le matériau conducteur de barriére connectant
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I'électrode supérieure d’'un sous-pixel a I'électrode
inférieure d’'un sous-pixel adjacent, lesquelles élec-
trodes inférieures et supérieures constituent le pre-
mier et le deuxiéme élément de circuit.

Dispositif selon la revendication 1 ou selon la reven-
dication 2, dans lequel un réseau de capteurs est
intégré en combinaison avec le réseau de pixels et
les capteurs fournissent les deuxiémes éléments de
circuit qui sont connectés par le matériau conducteur
de barriére au premier élément de circuit du substrat
de circuit.

Dispositif selon 'une quelconque des revendications
précédentes 1 a 5, dans lequel un réseau de cap-
teurs est intégré en combinaison avec le réseau de
pixels, le substrat de circuit comprend des circuits
d’adressage par matrice pour le réseau de pixels
aussi bien que pour le réseau de capteurs et le ma-
tériau conducteur de barriére connecte les capteurs
du réseau aux circuits d’adressage par matrice.

Dispositif selon la revendication 5 ou selon la reven-
dication 6, dans lequel le réseau de capteurs est
appuyé en haut des barriéres et par-dessus le ré-
seau de pixels.

Dispositif selon la revendication 7, dans lequel une
couche d’aplanissement est présente par-dessus le
réseau de pixels avec une épaisseur quis’'étend vers
le cbté supérieur des barrieres pour appuyer le ré-
seau de capteurs par-dessus le réseau de pixels.

Dispositif selon 'une quelconque des revendications
précédentes 1 a 8, dans lequel les longueurs isolées
des barrieres sont d'une maniére prédominante
constituées du matériau conducteur de barriere (et
comprenant de préférence du métal).

Dispositif selon 'une quelconque des revendications
précédentes 1 a9, dans lequel la barriére comprend
un noyau en métal qui fournit le matériau conducteur
de barriére qui est connecté au premier élément de
circuit et qui présente une couche de revétement
isolante au moins de ses cotés.

Dispositif selon 'une quelconque des revendications
précédentes 1 a9, dans lequel la barriére comprend
une couche de revétement en métal qui fournit le
matériau conducteur de barriére qui est connecté au
premier élément de circuit et qui présente une cou-
che de revétement isolante d’au moins ses cotés.

Dispositif selon 'une quelconque des revendications
précédentes 1 a 8, dans lequel la barriére physique
est d’'une maniére prédominante constituée de ma-
tériau isolant a travers laquelle s’étendent des pas-
sages pour étre connectés al'élémentde circuitdans
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le substrat de circuit et dans lequel une couche de
revétement en métal qui fournit le matériau conduc-
teur de barriére s’étend en haut de la barriére phy-
sique et dans les passages a travers la barriére phy-
sique.

Dispositif selon 'une quelconque des revendications
précédentes 1 a 12, dans lequel I'élément électrolu-
minescent est une diode électroluminescente exci-
tée par courant qui est constituée de matériau semi-
conducteur organique.

Dispositif selon 'une quelconque des revendications
précédentes 1 a 13, dans lequel, sous le matériau
conducteur de barriére, des fenétres de connexion
sont présentes dans une couche isolante intermé-
diaire sur le substrat de circuit pour permettre la con-
nexion au premier élément de circuit.

Procédé de fabrication d'un dispositif d’affichage
électroluminescent a matrice active selon'une quel-
conque des revendications précédentes 1 a 14, qui
comprend les étapes consistant a:

(a) former les barriéres physiques avec du ma-
tériau électriquement conducteur qui estdéposé
sur les connexions d’électrode au premier élé-
ment de circuit du substrat de circuit et avec une
isolation au moins des c6tés des barrieres phy-
siques qui sont adjacents aux zones de pixel,
les barriéres physiques ayant une zone de con-
nexion supérieure non isolée au matériau con-
ducteur de barriere du c6té supérieur des bar-
rieres;

(b) fournir au moins une partie des éléments
électroluminescents dans les zones de pixel au
milieu d’entre les barriéres physiques; et

(c) fournir le deuxieme élément de circuit en rap-
port avec le matériau conducteur de barriere a
I'endroit de lazone de connexion supérieure non
isolée des barriéres.

Procédé selon la revendication 15, dans lequel I'iso-
lation comprend une couche de revétement isolante
qui est déposée sur au moins les cbtés et le coté
supérieur du matériau conducteur de barriere et qui
est ensuite décapée a partir de la zone de connexion
supérieure.

Procédé selon la revendication 15, dans lequel le
matériau conducteur de barriére comprend de I'alu-
minium et I'isolation comprend une couche de revé-
tement isolante qui est formée sur les cotés du ma-
tériau de barriere en aluminium par anodisation alors
que la zone de connexion supérieure est masquée
contre I'anodisation.

Procédé selon la revendication 15, dans lequel I'éta-
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pe (a) implique la formation de la barriere physique
qui est d’'une maniére prédominante constituée de
matériau isolant a travers laquelle des passages
sont formés pour étre connectés a I'élément de cir-
cuital’endroit des fenétres de connexion sur le subs-
trat de circuit et dans lequel le matériau électrique-
ment conducteur est déposé en tant qu'une couche
de revétement conductrice en haut de la barriere
physique et dans les passages a travers la barriére
physique.

Procédé selon la revendication 18, dans lequel la
couche de revétement conductrice pour la barriére
physique et une électrode supérieure de I'élément
électroluminescent sont déposées simultanément et
sont séparées par un effet de masque d’'ombre d’'une
forme en porte-a-faux du co6té de la barriere physi-
que.
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