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(57) ABSTRACT

A flat panel display device including at least one display
module in the form of a matrix of pixels formed by active
media enclosed between two sets of conductors, where the
display module has a front side by which it is to be exposed to
viewers and an opposite back side where an electronic control
circuit is located, and includes two sets of electrical conduc-
tors extending along two intersecting axes respectively to
define a two-dimensional array of junctions forming said
pixels, each of the conductors of at least one set of conductors
being bent to extend from the front side to the opposite back
side of the display module.
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DISPLAY MODULE AND TILED DISPLAY
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/084,939, which is a U.S. National
Phase Application under 35 U.S.C. 371 of PCT International
Application No. PCT/IL.2006/001308, which has an interna-
tional filing date of Nov. 14, 2006, and which claims the
benefit of priority from U.S. Provisional Patent Application
No. 60/736,006, filed on Nov. 14, 2005.

FIELD OF THE INVENTION

[0002] The present invention is generally in the field of flat
panel displays and relates to tiled flat displays of arbitrary size
and high resolution.

BACKGROUND OF THE INVENTION

[0003] Existing flat displays are of different types including
those utilizing the so-called “passive matrix” formed by an
active medium (e.g. electro-light-modulating, such as liquid
crystal, or electro-luminescent structure) enclosed between
two sets of electrodes, and “active matrix” configuration
formed by an active medium adjacent to electrodes and tran-
sistor-based arrangements. Known flat panel displays may be
configured either with large size, or configured to provide
high resolution of a displayed image. However, a display
having both large size and high resolution is difficult to
obtain.

[0004] FIG. 1 graphically shows (in logarithmic coordi-
nates) a relation between the resolution and display size for
modern displays of different types, namely plasma display,
LCD display, LCD TV display, CRT display, and LED bill-
boards display. Here, resolution is measured in pixels/inch,
and display size is measured in inches as square root of the
display area Each dot represents these two parameters, the
resolution and size, for the respective display. It is seen that
none of these displays has both large size and high resolution.
[0005] The known Liquid Crystal, Electroluminescent and
Plasma Displays on solid or film substrates cannot practically
be made very large and provide sufficiently high resolution at
the same time. One reason for this is that long narrow trans-
parent conductive tracks on an ITO base (typically used in
such displays) have excessively high electrical resistance
(R=pl/h, where p is the specific resistance of the used con-
ductive film (ITO), 1 is the length of the track and h is its
width). Billboards (BB) based on discrete Light Emitted
Diodes (LEDs) can be made of an arbitrary large size but do
not allow high resolution. The highest achievable resolution
for displays of this type is 2 pixels/inch.

[0006] Tiled displays are comprised of multiple display
modules. Each of these display modules may be configured as
LCD, Electroluminescent, Plasma or other type display based
on solid or flexible film substrate. Generally, the modular
approach provides for as large as desired size of the entire
display structure. However, since transparent conducting
tracks (electrodes) on upper and lower substrates of the dis-
play matrix have to be connected to the control circuits of the
display, each part of the tiled display has an inactive zone on
at least two adjacent sides. This is schematically illustrated in
FIGS. 2A and 2B showing contacting zones near two adjacent
sides of a passive matrix display. FIG. 2B is a cross section of
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FIG. 2A taken along line A-A. As shown, the display device
includes a front (transparent) substrate 1, a spaced-apart par-
allel rare substrate 2, flexible cables 3 connecting conductive
tracks 5 forming the display matrix, and a controller circuit 4.
A contact pad 6 of the conductive track 5 is connected to a
contact pad 7 of the flexible cable 2 by conductive glue 8 (e.g.
Z-conductor).

[0007] Thus, any tiled display, and especially that consist-
ing of more than four parts (modules), will practically provide
a defective image. There will always be a grid superimposed
on the main image, with the step size and the line width
defined by the constituent display size and inactive zone
width, respectively. FIG. 3 exemplifies a typical grid defect of
a tiled display. As a result, tiled displays can be of no more
than twice the size of normal displays without producing
defective images.

SUMMARY OF THE INVENTION

[0008] There is a need in the art for a large-size high-
resolution flat panel display device, that is easy to fabricate
and is cost effective.

[0009] The present invention solves the above problem by
providing a novel flat panel display structure that can be used
as a basic block (module) in a multi-module display structure.
This is achieved by moving a contacting zone (a zone where
the conductive tracks of a matrix display module are brought
into contact with the conductive tracks of cables supplying
power and control signals from controller circuits) from the
front side of a display module to its back side.

[0010] According to one broad aspect of the invention,
there is provided a flat panel display device comprising at
least one display module in the form of a matrix of pixels
formed by active media enclosed between two sets of con-
ductors, the display module having a front side by which it is
to be exposed to viewers and an opposite back side where an
electronic control circuit is located, and comprising two sets
ofelectrical conductors extending along two intersecting axes
respectively to define a two-dimensional array of junctions
forming said pixels on the front side of the display device,
each of the conductors of at least one set of conductors being
bent to extend from the front side to the opposite back side of
the display module.

[0011] In some embodiments of the invention, the display
device includes a substrate defining the front and back side of
the display module and carrying the conductors of the display
module. The substrate may for example be common for at
least some of the display modules, and/or the display module
substrates are attached to one another.

[0012] The substrate may be a solid body. One of the two
sets of conductors may be configured as a pattern of conduc-
tive tracks on the dielectric substrate.

[0013] Alternatively, the substrate may be flexible, for
example in the form of a woven structure formed by dielectric
threads. The conductors of both sets of conductors may be
previously stretched elastic threads. The conductors of both
sets of conductors and the dielectric threads may interlace
together to form a woven structure like a fabric. In some other
embodiments, the dielectric threads are interlaced to form a
woven fabric and the conductors of both sets of conductors
are located on said fabric in an interlacing or non-interlacing
fashion.

[0014] Each conductor is in electrical contact with a contact
pad at the back side of the respective display module.
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[0015] The conductors of the display module may be bent
around a side surface of the substrate in case the substrate is
used. Alternatively, when the conductors are woven into fab-
ric and no substrate is used, the conductors are at one end
thereofbent to pass along the back side of the display module.

[0016] The active media is applied to regions of the junc-
tions, thereby forming light emitting or light modulating pix-
els. This can be implemented by locating the active media on
the conductors of at least one set of conductors. In some other
embodiments, the active media is partially located on the
conductors of at least one ofthe two sets of conductors, and/or
in the vicinities of the junctions. Also, the configuration may
be such that the active media is located on the conductors of
one set, and an additional layer of a substantially transparent
electrically conductive material is located over the active
media in the vicinity of the junctions to thereby ensure an
electrical contact between the active media and the conduc-
tors within the junctions. In yet other embodiments, this can
be achieved by locating a layer of the active media between
the conductors of the two sets. The active media may be of at
least three different types capable of emitting or modulating
light of at least three different wavelengths, respectively.

[0017] The display device may include an array of the
display modules attached to one another to form a multi-
module display device. The conductors of the display mod-
ules may be located on the common substrate, or the sub-
strates of the display modules may be attached to one another.
In the multi-module device, such parameters as a distance
between the conductors, a thickness of the conductors, a
distance between the extremely located conductor of each set
and a close and parallel thereto edge of the front side of the
display module, and a distance between said display modules,
are selected to provide equally distanced pixels along each of
said two axes within the entire multi-module display device.

[0018] The conductors of all pairs of the sets of conductors
of the display modules may be interwoven with additional
dielectric threads into acommon for all modules fabric. Alter-
natively, the adjacent display modules may be bonded or
sewed with dielectric thread, or may be connected with pre-
viously stretched elastic threads or bands.

[0019] In some embodiments of the invention, the front
sides of the display modules are glued by transparent glue to
a transparent substrate. The transparent substrate may be
solid or flexible, or may have a combination of solid and
flexible regions. A grid (preferably black grid) may be
inserted between the display modules and the transparent
substrate. The grid pitches are substantially equal to the pixel
pitches along the corresponding axes.

[0020] Each of the display modules includes its own con-
troller circuit. The display modules may be divided into
groups. In this case, controlling of information input to the
controller circuits of the display modules of the same group is
effected via a matrix technique, and control of each group is
effected by a separate controller unit.

[0021] The active media includes at least one electrolumi-
nescent or electro-light-modulating material. The electrolu-
minescent material(s) may include at least one of the follow-
ing: inorganic phosphors, layers of semiconductor materials
forming inorganic LEDs, small molecular or polymer organic
luminophore, polymer LED structure. In some embodiments
the active media may include at least one of the following
materials: electrophoretics, gyricons, electrochromic materi-
als, liquid crystals, e-inks.
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[0022] According to another broad aspect of the invention,
there is provided a flat panel display device comprising a one-
or two-dimensional array of display modules attached to one
another, each of the display modules being in the form of a
matrix of pixels formed by active media enclosed between
two sets of conductors, the display module having a front side
by which it is to be exposed to viewers and an opposite back
side where an electronic control circuit is located, and com-
prising two sets of electrical conductors extending along two
intersecting axes respectively to define a two-dimensional
array of junctions forming said pixels on the front side of the
display device, each of the conductors of at least one set of
conductors being bent to extend from the front side to the
opposite back side of the display module.

[0023] According to yet another aspect of the invention,
there is provided a method for use in fabricating a display
module for a multi-module flat panel display device in the
form of a matrix of pixels formed by active media enclosed
between two sets of conductors, the method comprising bend-
ing each of the conductors of at least one set of conductors in
at least one end thereof and extending the bent conductor
from a front side of the display module by which it is to be
exposed to viewers to an opposite back side of the display
module to be connected to an electronic control circuit,
thereby enabling as large as desired number of the display
modules in the display device with substantially high pixel
density within the entire display device.

[0024] According to yet a further aspect of the invention,
there is provided a method for manufacturing a multi-module
flat panel display device in the form of a matrix of pixels
formed by active media enclosed between two sets of con-
ductors, to obtain as large as desired size and high pixel
density of the display device, the method comprising bending
each of the conductors of at least one set of conductors in at
least one end thereof and extending the bent conductor from
a front side of the respective display module by which it is to
be exposed to viewers to an opposite back side of said display
module to be connected on said back side to an electronic
control circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In order to understand the invention and to see how
it may be carried out in practice, preferred embodiments will
now be described, by way of non-limiting examples only,
with reference to the accompanying drawings, in which:

[0026] FIG. 1 graphically shows a relation between the
resolution and the display size for modem displays of the
following types: plasma display, LCD display, LCD TV dis-
play, CRT display, and LED Billboard display;

[0027] FIGS. 2A and 2B illustrate schematically a typical
matrix display configuration showing contacting zones near
two adjacent sides of the matrix display;

[0028] FIG. 3 exemplifies an image on a tiled display, dem-
onstrating a typical grid defect of conventional displays;

[0029] FIGS. 4A and 4B illustrate schematically a tiled
display device according to an example of the present inven-
tion;

[0030] FIGS. 4C-4E illustrate an example of the display
module device according to the invention utilizing connec-
tion of the conductors to a control circuit using a conductive
pattern;
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[0031] FIGS. 4F-4H show yet another example of the dis-
play module device utilizing connection of the conductors to
a control circuit using a conductive pattern and through going
openings in the substrate;

[0032] FIGS. 5A and 5B show two examples of the back
side of a display module of the present invention;

[0033] FIG. 6 shows more specifically a junction formed at
the overlapping region between the X- and Y-sets conductors
in the display device of the present invention;

[0034] FIGS. 7A to 7C exemplify the configuration of a
color display module of the present invention;

[0035] FIGS. 7D to 7F exemplify the configuration of the
display module in which conductors of both sets are strips
arranged to form an array of OLEDs;

[0036] FIGS. 8A and 8B exemplify woven-type display
structures of the present invention where the conductors of
the two sets are interlaced (interconnected);

[0037] FIG. 9 shows another example of a woven structure
of a display module of the present invention in which the
conductors of two sets are not interconnected;

[0038] FIG. 10 exemplifies a technique of the present for
assembling multiple display modules of FIG. 9 in the tiled
display by interleaving all the conductors of all pairs of the
sets of conductors of display modules into a fabric with addi-
tional dielectric threads;

[0039] FIG. 11 illustrates a multi-module display device of
the present invention where the display modules are glued to
a transparent substrate;

[0040] FIG. 12 illustrates yet other example of a multi-
module display device of the present invention utilizing a grid
between a transparent substrate and the display modules car-
ried by said substrate; and

[0041] FIG. 13 exemplifies a matrix scheme of display
controlling.

DETAILED DESCRIPTION OF THE INVENTION

[0042] Reference is made to FIGS. 4A and 4B schemati-
cally illustrating a tiled display device 100 according to an
example of the present invention. As shown in FIG. 4A, the
display device is formed by multiple tiles (subdisplays)--four
such subdisplays 101 A-101D in the present example. Gener-
ally, the subdisplay of the present invention is configured as a
passive matrix display including two sets of electrical con-
ductors (termed X- and Y-sets) extending along two intersect-
ing axes, respectively, and active media. The active media and
the conductors are arranged to define together the subdisplay
body. The X- and Y-sets of conductors define a two dimen-
sional array of junctions. For example, such a subdisplay
body may be carried on a substrate, solid or flexible.

[0043] In the present example, the device 100 includes a
substrate 104 carrying conductors 105 from Y-set of conduc-
tors, conductors 102 from X-set of conductors, and electro-
luminescent or electro-light-modulating media 103. Also, in
the present example, the active medium 103 is deposited in
the vicinity of the junctions. The active media material 103
applied at the areas of junctions form light emitting or light
modulating pixels. Inthe present example, the arrangement of
conductors is such that each junction presents the subdisplay
pixel. As will be exemplified below with reference to FIGS.
7A-7C, the arrangement may be such that the pixel is defined
by several junctions formed by overlap between several con-
ductors of one set with one or more conductors of the other
set.
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[0044] It should be noted, although not specifically shown,
that the subdisplay configuration may be such that the active
media is a layer enclosed between the bottom set of conduc-
tors (e.g. X-set), located on top of the substrate, and the top set
of conductors.

[0045] Such parameters as a thickness of the conductors, a
distance between the pixels, a distance from the extremely
located conductor of each set and the parallel thereto edge of
the subdisplay body (e.g. substrate), and a distance between
adjacent subdisplays are chosen such that the pixels are
placed substantially uniformly over the entire tiled display,
namely such that pixels of the entire tiled display are equally
distanced from one another, forming a pattern (two-dimen-
sional array) of pixels arranged equidistantly in each direc-
tion. As shown in FIG. 4B, which is a cross section of FIG. 4A
taken along line B-B, each conductor extends from a front
surface 106A of the substrate 104 (by which the display
device is exposed to a viewer) to a back side 106B of the
respective subdisplay body. In other words, each conductor
has its at least one end portion (end portions 102' of the
conductors 102 being seen in the figure) which is bent on the
border of the subdisplay body (substrate 104 in the present
example) to the back side thereof.

[0046] One of the two sets of conductors can be made as a
pattern of conductive tracks on the dielectric substrate 104.
Each conductor of the set is in electrical contact with a contact
pad on the back side of the substrate, by a conductive pattern
on the side facet of the substrate, or via appropriately pro-
vided openings through the substrate.

[0047] Reference is made to FIGS. 4C-4E exemplifying a
display module in which active media 103 is a layer enclosed
between first and second sets of conductors 105 and 105,
located on a substrate 104. The conductors of the first set 105
are metal wires having bent portions (not shown) extending
around the side of the solid substrate 104. The conductors of
the second set are in the form of a pattern of conductive tracks
102 on the dielectric substrate 104. Each conductor of the
second set 102 is in electrical contact with one conductive
track from a conductive pattern 123' on the side facet of the
substrate and successively with one conductive track from
conductive pattern 123" .on the back side of the substrate 104.
The controller 120 is located on the back side of the substrate
104.

[0048] FIGS. 4F-4H exemplify a somewhat similar display
module in which active media 103 is a layer enclosed between
first and second sets of conductors 105 and 105, located on a
substrate 104, where the first set conductors 105 are metal
wires bent around the side of the solid dielectric substrate 104
and the second set is a pattern of conductive tracks 102 on the
substrate 104. In this example, each conductor of the second
set 102 is in electrical contact with conductive material filling
entirely or partly an opening 127, which is in electrical con-
tact with one conductive track from a conductive pattern
123"on the back side of the substrate 104. A controller 120 is
located on the back side of the substrate 104.

[0049] As indicated above, the active media material(s)
may include an electroluminescent or electro-light-modulat-
ing material. More specifically, the device is used with elec-
troluminescent materials and is therefore described below
with respect to this application. But it should be understood
that the invention is not limited to this example.

[0050] It should also be noted, although not specifically
shown, that the display modules may be provided with con-
nectors for mechanical connecting the adjacent display mod-
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ules to one another. These connectors, for example, may be in
the form of textile fasteners, or may be adhesive tapes.
[0051] In some embodiments of the invention, the elec-
troluminescent material is settled on the conductors of at least
one set of conductors 102 and 105. For example, the conduc-
tors of one set are in the form of an electrically conductive
core (e.g. of a substantially circular cross section) coated with
an electroluminescent material, while the conductors of the
other set are regular electrically conductive wires or strips.
Also, an additional layer of transparent conductive material
may be used being located over the electroluminescent mate-
rial either along the conductor (that one in the form of a
conducting core coated with the electroluminescent material)
or in the vicinity of the junction(s) to ensure an electric
contact or to change the electrical field configuration between
the electrodes (conductors) and the electroluminescent mate-
rial. The conductors of both sets of conductors 102 and 105
may be in the form of conductive filaments or flat yarns.
[0052] Reference is made to FIGS. 5A and 5B exemplify-
ing the back side 106B of the display module. In the example
of FIG. 5A, end portions 102' and 105' of both conductors’
sets 102 and 105 are bent to the back side of the display
module, and are connected there to a controller circuit 120 of
the display module. In the present example, this connection is
implemented via additional conductors 121 being separate
wires, but it should be understood that conductors 121 may be
constituted by a part of the conductive pattern or the end
portions of the X- or Y-set conductors. In the example of F1G.
5B, a connection between the bent end portions of the con-
ductors and the display module controller circuit 120 is
implemented using additional dielectric spacers 122 between
conductors 121' associated with the end portions 102' and
conductors 121" associated with the end portions 105'. Here,
the conductors 121" present a pattern of separate conductors,
while the conductors 121" are either wires or the end portions
of the Y-set conductors.

[0053] FIG. 6 exemplifies a junction formed at the overlap-
ping region between the X- and Y-sets conductors C.sub.X
and C.sub.Y. The conductor (or conductive fiber) C.sub.Y
includes a strong core 107, which can be metal (e.g. copper,
nickel) or dielectric (e.g. polyether, polyamide), an electri-
cally conductive layer 108 functioning as a cathode (e.g.
copper, nickel, silver, gold which may be covered or doped
with e.g. Ca, Ba, Mg), an active medium material layer 109,
and a transparent conductive layer 110 serving as an anode.
For example, all these layers may form a light emitting diode
(LED), and thus when appropriate voltage is applied to the
conductor C.sub.X and the conductive layer 108, the active
medium layer 109 emits light in all directions around the
conductive fiber C.sub.Y. The latter may have any suitable
cross-section geometry, particularly it may be rectangular
(strip-like conductor) or circular (wire-like conductor). In
another example, the layers structure of such conductor
C.sub.Y may be as follows: core 107 is made of metal (e.g.
copper, nickel) of about 20 .mu.m diameter, coated with a thin
electrically insulating layer 108 of about 1 .mu.m thickness,
on which a thin film (less than 1 .mu.m thickness) of active
medium material 109 (e.g. ZnS appropriately doped to pro-
vide a desired color of luminescence) is placed, and a trans-
parent conductive layer 110 thereabove.

[0054] Reference is made to FIGS. 7A to 7C showing
another example of the configuration of a display module of
the present invention. FIG. 7A shows a front view of the
display module. FIG. 7B shows a section view being a section
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of FIG. 7A taken along line C-C, and FIG. 7C shows a section
of'the Y-set conductor 105, used in this display module. The
X-set conductor 102 is in the form of a strip.

[0055] As shown in FIG. 7C, each conductive fiber of the
Y-set 105 includes a conductive core (e.g. copper, nickel or
metallized plastic) 107 of about 10-20 .mu.m diameter cov-
ered with an electroluminescent material layer 103 of less
than 1 .mu.m thickness. In the present example, as seen in
FIG. 7A, the Y-set conductors are formed by three groups of
two conductive fibers 105R, 105G and 105B formed by three
types of electroluminescent materials, emitting light of dif-
ferent wavelengths in, respectively, red, green and blue spec-
tral ranges. As shown in FIGS. 7A and 7B, a transparent
conductor 130 (conductive polymer) is used above the con-
ductors 105R, 105G and 105B to ensure the electric contact
between the surface of the electroluminescent material layer
103 and the conductors’ set 102, deposited on a dielectric
substrate 104. A so-obtained color pixel 132 is shown in FIG.
7A. It should be understood that although in the present
example of FIG. 7A each color subpixel is constituted by two
adjacent conductors carrying the same color electrolumines-
cent material, the number as well as size of conductors for
different colors may be different.

[0056] Forexample, the conductors 105 may be configured
as described above, namely include a metal core (e.g. copper,
nickel) of about 20 .mu.m diameter, coated with a thin elec-
trically insulating layer of about 1 .mu.m thickness, on which
a thin film (less than 1 .mu.m thickness) of active medium
material (e.g. ZnS appropriately doped to provide a desired
color of luminescence) is placed, and a transparent conduc-
tive layer thereabove. The electrically conducting strips 102
may have about 220 .mu.m width, about 5-10 .mu.m thick-
ness, and may be arranged with a gap between them of about
80 .mu.m. In this example, in order to obtain a display module
for a tiled display with 300 .mu.m/pixel it is sufficient to use
a distance between the adjacent conductors 105 of about 20
.mu.m, and a gap between the conductors 105 of different
pixels of about 80 .mu.m. Evidently, for such parameters, the
display modules can be arranged in such a way that the
distance between adjacent pixels in the entire display will be
of' 80 .mu.m with a pitch 300 .mu.m/pixel.

[0057] As indicated above, the display module (subdis-
play) of the present invention, in either of its implementations
as exemplified herein, is configured with predetermined val-
ues of such parameters as a thickness of the conductors in
each set, a distance between the pixels, and a distance from
the extremely located column or row of pixels and the parallel
thereto edge of the subdisplay body.

[0058] Considering the example of FIG. 7A, thicknesses
t.sub.1 and t.sub.2 of the conductors in each set, distances
p-sub.1 and p.sub.2 between the pixels along the two direc-
tions, and distances h.sub.1 and h.sub.2 from the extremely
located column or row of pixels and the parallel thereto edge
of the substrate 104, are selected to ensure the equally dis-
tanced pixels of all the subdisplays along the respective axis.
Preferably, the distance h.sub.1 and h.sub2 from the
extremely located column or row of pixels in the subdisplay
and the parallel thereto edge of said subdisplay body satisfies
the following conditions: h.sub.1<p.sub.1/2, h.sub.2<p.sub.2/
2, h.sub.1.gtoreq.t.sub.1, h.sub.2.gtoreq.t.sub2 (in the
present example h.sub.1=t.sub.1) thereby ensuring that
p-sub.1 and p.sub.2 are the distances between the adjacent
pixels for all the subdisplays along the respective axis. In the
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example shown in FIG. 7A, one of the edges 160 of subdis-
play body is shown by dashed line.

[0059] In the above-described example of FIGS. 7A-7C,
the conductors of one set 105 are wires, while the conductors
of'the other set are strips. The conductors 102 may be simple
metal strips, while the conductors 105 may be metal-core
wires coated with active media (e.g. with dielectric coating
and further vacuum coating with thin film electroluminescent
material e.g. inorganic phosphors). The wires 105 are located
above the strips 102. This can be implemented by winding the
wires 105 (e.g. simultaneously winding all the wires using an
array of bobbins) around the substrate (subdisplay body) 104
on which the strips 102 are previously provided (e.g. printed),
and then cutting off parts of the wires 105 on the back side of
the substrate.

[0060] It should be understood that a subdisplay of the
present invention can be manufactured with the strip-like
conductors in both sets. In this connection, reference is made
to FIGS. 7D-7F illustrating a display device including two
sets of conducting strips 102 and 105 mounted on a dielectric
substrate 104. FIG. 7E is a cross section of FIG. 7D taken
along line E-E, showing that the conductors 102 of one set
have bent end portions 102' extending from the front side of
the display module to its back side. FIG. 7F shows more
specifically the layer structure of the strips 102 and 105. In the
present example, active medium 103 is in the form of a stack
of various materials layers, some of these layers (one part of
the stack) being deposited on the conductors 102 of one set
and the other layers (the other part of the stack)--on the
conductors 105 of the other set. When the conductors of two
sets are arranged to form junctions, the two parts of the stacks
face each other thus forming the complete stack of the active
medium.

[0061] As anexample, organic light emitting diodes can be
used as the active media between the conductive strips 102
and 105. This can be implemented using the principles of
organic light-emitting diodes (OLEDs) made up of multiple
functional layers. This is disclosed for example in US patent
publication No. 2005/0218797. The conductors of the first
and second sets may for example be configured as follows:
[0062] The first set conductor 102 includes a “cathode”
layer 102A (electrically conductive foil made of suitable
metal (e.g., Ni, Cu, Ag or Au) and a layer 102B composed of
an alkaline earth metal, such as cesium, calcium or barium.
The provision of this layer is associated with obtaining a
desired working function of the cathode. A layer 102C of
light-emitting substance is located on top of the alkaline earth
metal 102B. The light-emitting substance may, for example,
contain a light-emitting organic polymer such as poly(p-phe-
nylvinylene) (PPV) or a substituted PPV such as dialcoxy-
substituted PPV. Polypyrrole, polythiophene, polyaniline and
substituted and/or doped derivatives of these polymers may
also be used as light-emitting substances, or other suitable
light-emitting polymers such as poly[2-(6-cyano-6-methyl-
heptyloxy)-1,4-phenylene (CN-PPP), poly[9,9-dihexyl fluo-
renyl-2,7-diyl], poly[9,9-di-(2-ethylhexyl)-fluoreny-1-2,7-
diyl] or poly[9,9-dioctyl fluorenyl-2,7-diyl].

[0063] The second set conductor 105 includes a transparent
polymer film 105A with embedded wires (metal regions)
which are not specifically shown, coated with a transparent,
electrically conductive layer 105B of ITO and further coated
with a hole-conducting layer 105C containing for example, a
conductive polymer, a conductive oligomer or an amine. The
materials may possibly have substituents and/or dopings. A
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suitable material may comprise a tertiary amine, a tertiary
aromatic amine, a polymer containing arylamine, an oligoth-
iophene, a polythiophene, an oligopyrrole, a polypyrrole, an
oligophenylene vinylene, a phenylene vinylene polymer, a
vinylcarbazole oligomer, a vinylcarbazole polymer, a fluo-
rine oligomer, a fluorine polymer, a phenylene acetylene oli-
gomer, a phenylene acetylene polymer, an oligophenylene, a
polyphenylene, an acetylene oligomer, a polyacetylene, a
phthalocyanine or a porphyrin. Polyethylene dioxythiophene
(PDOT), N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)benzi-
dine (TPD), 4,4'-bis(carbazole-9-yl)biphenyl (CBP) or N,N'-
di-[(1-naphthyl)-N,N'-diph-enyl]-(1,1'-biphenyl)-4,4'-di-
amine (.alpha.-NPD) are preferably used as hole-conducting
materials. Either one of conductors 102 and 105, or both of
them, may carry the electroluminescent material layer. In the
present example, the electroluminescent layer is formed on
the conductors 102 only.

[0064] The conductor strips of the first and second sets are
located one above the other and clamped by heating (e.g. up
to 80.degree. C.) and then bent around the substrate. It should
be noted that the conductors of any of the sets of conductors
may be implemented in a common lowermost polymer film,
which can be wound around the substrate.

[0065] Then, the conductors of the display module are con-
nected to the control circuit. When all the display modules are
attached to one another, the so-obtained display device body
is packaged being sealed between two substrates (e.g. glass
plates). The control circuits of all the display modules are
connectable to a common controller e.g. forming matrix
method of controlling.

[0066] Inthe above-described examples, the conductors of
both sets of conductors 102 and 105 are mounted on the solid
substrate. It should be noted that in those examples adjacent
display modules may be connected with previously stretched
elastic threads or bands. Spacers may be provided between
the adjacent display modules. The dimensions of such spacers
may be adjusted to ensure equal distance between the adja-
cent pixels of tiled display.

[0067] Insome other embodiments, the conductors of both
sets may be weaved to form a fabric, or the conductors of both
sets together with dielectric threads may be weaved to form a
fabric, or the conductors of both sets and previously stretched
elastic threads may be weaved to form a fabric. More specifi-
cally, the subdisplay module of the present invention may be
a woven structure, having a flexible woven body (substrate)
carrying the two sets of conductors, or may be configured
such that the interlacing conductors form the woven structure
defining the subdisplay body. The conductors of both sets,
while overlapping to define junctions, may or may not be
interlaced. Adjacent display modules may be bonded or
sewed sewn with a dielectric thread.

[0068] FIGS. 8A and 8B exemplify in a self-explanatory
manner some woven structures formed by two sets of threads
presenting the interlaced conductors of two sets 105 and 102.

[0069] FIG. 8B is a cross section of FIG. 8A taken along
line D-D.
[0070] FIG. 9 shows a woven structure of a display module

including conductors 105 and 102 and additional dielectric
threads 133 and 134. Here, the Y-set conductors 105 and the
X-set conductors 102 by themselves do not interlace, and the
woven structure is formed by the dielectric threads and con-
ductors all together. In other words, the interlacing dielectric
threads and both sets of conductors form the woven structure
serving as the subdisplay body (flexible substrate). Some of
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the dielectric threads can be formed by previously stretched
elastic threads. This reduces the size of an unused space
between the pixels.

[0071] FIG. 10 exemplifies how multiple display modules
(those of FIG. 9 in the present example) can be assembled in
the tiled display by interleaving all the conductors of all pairs
of'the sets of conductors of display modules into a fabric with
additional dielectric threads. In this example, four display
modules are shown, each is formed by two sets of conductors
105 and 102, which are interweaved together with dielectric
threads 133', 134", 133" and 134" into a fabric thus forming
the entire tiled display device. The end portions of all the
conductors are bent to the back side.

[0072] Insomeembodiments oftheinvention, front sides of
the display modules (by which they are exposed to viewers)
are glued (by transparent glue) to a transparent solid or flex-
ible substrate. Also, in some embodiments of the invention, a
certain grid (mesh) may be inserted between the display mod-
ules and this transparent substrate. The grid pitches are pref-
erably equal to the pixel pitches in corresponding directions.
The grid is substantially light blocking, e.g. black. Such a grid
may serve as ruler for assembling the display module(s).
[0073] FIG. 11 illustrates a multi-module display device in
which modules, generally at 101, are glued to a transparent
substrate 116 (e.g. glass) by transparent glue. Display module
controllers, generally at 120, are located on the back sides of
the display modules. For repairs, transparent glue may be
used which can be removed (e.g. by heating).

[0074] FIG. 12 exemplifies a somewhat similar multi-mod-
ule display device differing from the above example in that a
grid 117 is placed between a transparent substrate 116 (glass)
and those sides of display modules 101 by which they face the
substrate. The grid 117 is formed by fibers (e.g. black nylon
mesh) that mask the boundaries between the modules (sub-
displays), and serves as a ruler assisting in keeping an equal
distance between the pixels during the tiled display assem-
bling. Being black, the grid increases the contrast of the
image.

[0075] The display modules have their own controllers, and
controlling of information input to the controllers may be
effected via any suitable matrix method. The latter is known
per se and therefore need not be described in detail, except to
note it that consists of selectively addressing the pixels using
common row and column electronic blocks. In some other
embodiments, the display modules are divided into several
groups, and the controlling of information input to the con-
trollers of the display modules of the same group is effected
via a matrix method while control of each group is effected by
a separate controller.

[0076] FIG. 13 exemplifies a matrix scheme of display
controlling. As shown, row and column controllers 140A and
140B are provided, being associated with the subdisplay con-
trollers 120.

[0077] Thus, the present invention provides a simple and
feasible solution for flat panel display configuration, achiev-
ing both the desirably large size of the entire tiled display
together with high resolution. The display device of the
present invention, in which the conductors of each set are
extended to the back side of the display device by bending,
can be used as a basic block for configuring a multi-module
tiled display device. Preferably, the present invention utilizes
electroluminescent material as an active medium. The present
invention also provides for configuring a colored display
device. Preferably, the display device of the present invention
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utilizes electrically conductive thin wires or strips thus facili-
tating their bending to the back side of the device and reduc-
ing the spaces between the display modules.

[0078] Those skilled in the art will readily appreciate that
various modifications and changes can be applied to the
embodiments of the invention as hereinbefore described
without departing from its scope defined in and by the
appended claims.

What is claimed is:

1. A flat panel display device formed by a plurality of
display modules wherein each of said display modules com-
prises a fabric,

wherein said fabric comprises two sets of electrically con-

ductive fibers extending along two intersecting axes
respectively defining a two-dimensional array of junc-
tions,
wherein said array of junctions and active media located in
a vicinity of said junctions form a matrix of pixels,

wherein each of said display modules comprises a front
side by which it is to be exposed to viewers and an
opposite back side where an electronic control circuit is
located,

wherein each of the fibers of at least one of said two sets is

a single piece conductor with at least one end bent and
extending from the front side to the opposite back side of
the display module, thereby defining corresponding
edge of the display module, and

wherein said two sets of fibers are formed by a plurality of

groups of fibers containing at least one fiber and the
pixels are formed by junctions of the groups of said two
sets of fibers.

2. The display device according to claim 1, wherein the
display module further comprises a substrate carrying said
fabric.

3. The display device according to claim 1, wherein said
electrically conductive fibers are woven in the fabric.

4. The display device according to claim 1, wherein a
distance between the electrically conductive fibers, a thick-
ness of the electrically conductive fibers, a distance between
the extremely located electrically conductive fiber of each set
and a close and parallel thereto edge of the front side of the
display module, and a distance between said display modules,
are selected to provide equally distanced pixels along each of
said two axes within the entire flat panel display device.

5. The display device according to claim 1, wherein each
electrically conductive fibers is in electrical contact with a
contact pad on said back side of the respective display mod-
ule.

6. The display device according to claim 1, wherein said
active media is located on the electrically conductive fibers of
at least one said set of electrically conductive fibers.

7. The display device according to claim 1, wherein said
active media is located on the electrically conductive fibers of
one of said two set of electrically conductive fibers, and an
additional layer of a substantially transparent electrically
conductive material is located over said active media in the
vicinity of the junctions to thereby ensure an electric contact
between the active media and the electrically conductive
fibers within said junctions.

8. The display device according to claim 1, wherein said
active media comprises active media of at least two different
types capable of emitting or modulating light of at least two
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different wavelengths, respectively, the different types of the
active media being located at different junctions, respectively
forming different subpixels.

9. The display device according to claim 1, wherein the
electrically conductive fibers of at least one of said two sets of
electrically conductive fibers are configured as flat yarn.

10. The display device according to claim 1, wherein said
fabric is formed by dielectric threads woven with the electri-
cally conductive fibers of said two sets of electrically conduc-
tive fibers.

11. The display device according to claim 1, wherein said
fabric is formed by previously stretched elastic threads woven
with the electrically conductive fibers of said two sets of
electrically conductive fibers.

12. The display device according to claim 10, wherein the
electrically conductive fibers of said two sets of electrically
conductive fibers are interlaced with the dielectric threads,
while the electrically conductive fibers are arranged in a non-
interlacing fashion between them.

13. The display device according to claim 1, wherein said
electrically conductive fibers of said plurality of display mod-
ules are interwoven with additional dielectric threads into a
common for all modules fabric.

14. The display device according to claim 1, wherein the
adjacent display modules are bonded or sewed with dielectric
thread.

15. The display device according to claim 1, wherein the
adjacent display modules are connected with previously
stretched elastic threads or bands.
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16. The display device according to claim 1, wherein the
front sides of the display modules are glued by a transparent
glue to a common transparent substrate

17. The display device according to claim 15, wherein the
transparent substrate is solid or flexible, or has a combination
of'solid and flexible regions.

18. The display device according to claim 16, comprising a
grid inserted between the display modules and said transpar-
ent substrate.

19. The display device according to claim 17, wherein said
grid is black.

20. The display device according to claim 1, wherein each
of the display modules comprises its own controller circuit,
all the display modules being divided into one or more groups
each including one or more modules, control of information
input to the controller circuits of the display modules of the
same group being effected via a matrix technique, and control
of'each group being effected by a separate controller unit.

21. The display device according to claim 1, wherein said
active media comprises at least one electroluminescent or
electro-light-modulating material.

22. The display device according to claim 20, wherein said
at least one electroluminescent material includes at least one
of the following:

inorganic phosphors, layers of semiconductor materials

forming inorganic LEDs, small molecular or polymer
organic luminophore, polymer LED structure.
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