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Glass fibre reinforced plastic substrate

TECHNICAL FIELD OF THE INVENTION

This invention relates to a substrate for use in a flat display device, and more par-
ticularly to a flexible substrate in which glass fibre reinforced plastic provides the
mechanical strength and thermal properties for use in the flat display device. This
invention further relates to a flat display device comprising such flexible substrate,
and a method for producing such flexible substrate.

BACKGROUND OF THE INVENTION

A liquid crystal display (LCD) technology is today one of the most commonly used
display technologies in computer monitors and in monitors for portable electronics,
e.g. portable information devices or the like. These flat display devices are most
popular in mobile telecommunication devices, laptops, personal computers and
television sets, etc. LCDs are advantageous in that they are thin and consume
relative little power. In LCDs, liquid crystal is typically sealed between a pair of
substrates each having an electrode formed thereon. The orientation of the liquid
crystal disposed between these electrodes is controlled by these electrodes in or-
der to achieve display.

An example of such display technologies is an active-matrix (AM) LCD which is a
thin and lightweight display device that realizes a high resolution with reduced
power dissipation. A plurality of pixels are provided in a matrix within the display
area. A silicon (Si) transistor structure is typically used to drive a plurality of pixels
on the AM LCD display in which a switching element such as the Si transistor is
provided for each pixel. Such transistor structures may be based on e.g. amor-
phous silicon (a-Si), low temperature polysilicon (LTPS) and continuous grain sili-
con (CGS) technologies. There are also other well known display technologies that
may use the same AM technology.

A crucial point of the AM LCD technology is high manufacturing costs of active
matrix (AM) backplanes which consist of a substrate with transistor structures and
conducting lines. To reduce size and weight of flat display devices there is a trend
to replace the conventional glass substrate of displays with a plastic substrate.
However, processing parameters related to formation Si transistors onto the sub-
strate, i.e. processing of the deposited Si thin film and thin film transistor (TFT)
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structures, is not optimal for plastic based substrates. It is possible to manufacture
AM backplanes onto plastic substrates, but the manufacturing process is very
challenging and therefore additional costs are expected.

There is also a trend to to produce flat displays that can be folded or rolled. A vari-
ety of these flexible display devices ranges from conformable and bendable dis-
plays to fully flexible displays. Glass is obviously too brittle material for flexible dis-
plays because it will easily break if it is made thin enough to be flexible. To make
such a flexible display by conventional manufacturing technologies that have been
applied to produce the LCD or electroluminescence (EL) displays, glass substrates
need to be replaced with elastic substrate materials that are deformable even at
room temperatures. Such materials, e.g. plastic and stainiess steel, have the right
mechanical durability but they do not have the low coefficient of thermal expansion
(CTE) of glass. When exposed to heat, the plastic or stainless steel substrate is
easily deformed or warped. Plastic materials also poorly resist the heat. Further,
the plastic material poorly resist the humidity and/or other chemicals that may be
absorbed into the substrate, affecting the dimensions of the substrate.

So, there are still a number of obstacles that must be overcome in order to use a
plastic substrate as a substrate for a flat display effectively. The plastic substrate
has the high coefficient of linear thermal expansion which means that it is difficult
to align electronic components with high precision onto such an easily expandable
substrate when increasing temperature. The processing parameters related to the
formation of silicon transistors onto the substrate are not optimal for plastic based
substrates. Therefore, the manufacturing process for display technologies using
plastic substrates is very challenging and therefore coupled with additional costs
does not make it a very competitive technology.

The plastic substrates require much lower processing temperatures, and the di-
mensional changes during various processing temperatures make it difficult to
align the various processes used in the manufacturing stage. Stainless steel has
been tested and found to be suitable for some applications, but so far optimal sub-
strate has not been found.

To make the size of the plastic substrate more stable by reducing the coefficient of
linear thermal expansion, it is possible to use substrate structures made of com-
posite materials and plastic substrates. As an example of prior art, a composite
material is made of filling a layer of glass fiber fabric (or mat) with a resin on top of
the plastic substrate. In prior art, the layer of the resin with fibers is then cured on
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the surface of the plastic substrate to form a glass fiber mat on top of the sub-
strate. It is typical that the plastic substrate includes a composite surface layer that
is formed by arranging linear or striped fibers in a resin so that the plurality of fi-
bers are in due order. In prior art the orientation of individual fibers is precisely de-
fined in order to increase the mechanical strength of the composite layer, and the
fibers are preferably aligned uniformly all over the plane. If the fiber bundles are
aligned in two perpendicular directions within the composite layer then the com-
posite layer forms a plane woven fabric on the surface of the plastic substrate in
prior art solutions.

However, such glass fiber reinforced substrates of prior art are made of plastic
substrates having on top a layer of composite material including glass fiber and
resin. This composite layer is used as a glass fiber mat on the surface of the plas-
tic substrate. This arrangement improves mechanical durability and thermal stabil-
ity of the plastic substrate. But still the manufacturing process is rather compli-
cated and therefore expensive, because it requires firstly to produce the glass fiber
reinforced mat by assemblying glass fiber fabric with the resin to form the mat and
curing the mat, and secondly to fasten the mat made of glass fiber and resin on
the surface of the plastic substrate.

The problems set forth above are overcome by providing a new type of substrate
for flexible display applications.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a glass fiber reinforced plastic substrate
which is transparent, have thermal stability close to glass and the durability of
plastic substrates. These features of the substrate are ideal for flexible display de-
vices. There is also provided a low cost, easy to use and fast manufacturing proc-
ess of such substrates.

In accordance with a first aspect of the invention the objects are achieved by pro-
viding a flexible substrate, which comprises glass fibres and binding material,
wherein said glass fibres is arranged to have random orientation.

In accordance with one embodiment of the invention there is provided a substrate,
wherein the binding material comprises soft thermoplastic polymer material.

Preferably a polyester having a similar refractive index as glass of the glass fiber is
provided.
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In accordance with a second embodiment of the invention there is provided a sub-
strate, wherein the binding material comprises soft precursor polymer material.

In accordance with a third embodiment of the invention there is provided a sub-
strate, wherein the binding material comprises soft monomer material that is po-
lymerized or crosslinked.

In accordance with one embodiment of the invention there is provided an appara-
tus comprising such a flexible substrate.

In accordance with a second aspect of the invention the objects are achieved by
providing a flexible display device, which comprises a flexible substrate having
glass fibres and binding material, wherein said glass fibres is arranged to have
random orientation.

In accordance with a first embodiment of the invention there is provided a flexible
display device comprising a flexible substrate, wherein said glass fibers and said
binding material is arranged to form a layer, and a relative content of said glass fi-
bers in said layer can be selected.

In accordance with a second embodiment of the invention there is provided a flexi-
ble display device comprising a flexible substrate, wherein said layer is arranged
to have a thickness of the substrate.

In accordance with a third embodiment of the invention there is provided a flexible
display device further comprising a plurality of transistors and a plurality of con-
ducting lines configured to form an integrated flexible electronic module with the
flexible substrate, wherein the plurality of conducting lines are arranged tfo inter-
connect the plurality of transistors within the flexible electronic module.

In accordance with one embodiment of the invention there is provided an appara-
tus comprising such a flexible display device.

In accordance with a third aspect of the invention there is provided a method of
producing a flexible substrate for a flexible display device, wherein the method
comprises steps of supplying glass fibers and binding material to form a layer
where glass fibres have random orientation and pressing said layer to a thickness
of the substrate.

In one preferred embodiment of the invention the glass fibers and/or binding mate-
rial are sprayed.
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In another preferred embodiment of the invention the step of pressing comprises
rolling by at least one roll the layer to the thickness of the substrate.

Preferably, rolling the layer in a form of a sheet to the thickness of the substrate.

In still another preferred embodiment of the invention after rolling the layer in a
form of a sheet to the thickness of the substrate, the sheet of layer having the
thickness of the substrate is rolled to a collecting reel.

In accordance with one embodiment of the invention the layer comprises the bind-
ing material that is soft thermoplastic polymer material, preferably polyester, and
has a similar refractive index as glass of the glass fiber.

In accordance with a second embodiment of the invention the layer comprises the
binding material that is precursor polymer material.

In accordance with a third embodiment of the invention the layer comprises the
binding material that is polymerizable solution of monomer material.

Preferable, the monomer material is polymerized or crosslinked by UV/IR radiation
after the step of supplying.

In accordance with one further embodiment of the invention there is provided a
method of producing a flexible display device comprising such a flexible display
device.

A benefit of the embodied invention provides a solution in which the glass fiber re-
inforced plastic substrate has better mechanical strength and thermal stability than
pure plastic substrate so that the substrate according to the invention is suitable
for flexible display devices. Further the substrate according to the invention is suit-
able for three dimensional displays.

Another benefit of the embodied invention provides a solution in which the glass
fiber reinforced plastic substrate is easier to manufacture and faster for volume
production than manufacturing of the mat made of glass fiber and resin and fas-
tening the mat on the surface of the plastic substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will be described in detail below, by way of exam-
ple only, with reference to the accompanying drawings, of which
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figure 1  depicts a block diagram of the method according to the invention, and

figure 2 depicts a schematic illustration of the manufacturing process according
to the invention,

fig 3 depicts a cross-sectional view of the flexible substrate according to the inven-
tion,

fig 4 depicts an exploded view of a flexible display device according to an em-
bodiment of the invention, and

fig 5 depicts an apparatus comprising an embodiment of the flexible display device
according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

An active matrix (AM) backplane has become an important issue today because
flexible AM displays are gaining their popularity among future display technology.
A substrate of such backplane has an important role. It must be conformable,
bendable and flexible and at the same time it has to be mechanically durable
enough to support the display. The ideal substrate for the AM backplane would
have glass-like transparency, glass-like thermal stability and plastic-like durability.
The answer is a glass fiber reinforced flexible plastic substrate. According to the
present invention there is provided a substrate made of a mixture of individual
glass fibres and binding material (glass fiber-binder blend). The glass fiber content
of the mixture is definable according to the needs of the substrate as explained
later.

The manufacturing costs of the AM backplanes, i.e. the substrate with the transis-
tor structures and conducting lines, for flat display devices may be relatively ex-
pensive. The manufacturing costs are even more expensive if plastic substrates
are used, since processing parameters related to the formation of Si transistors
onto the plastic based substrates are not optimal. Because of its poor thermal sta-
bility the plastic substrate requires much lower processing temperatures than glass
substrates having better thermal stability. For the same reason various process
temperatures cause dimensional changes to the plastic substrate and therefore it
would be difficult to align the various processes used during manufacturing of the
AM backplane. The answer is that the substrate of the AM backplane would be
manufactured of glass fiber reinforced flexible plastic substrate. According to the
present invention there is provided a method of manufacturing a flexible substrate
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composed of a mixture of individual glass fibres and binding material (glass fiber-
binder blend). The glass fiber content of the mixture is definable according to the
needs of the substrate as explained later. Preferably, an almost homogeneous
mixture of glass fibres and binding material, such as plastic or polymer, is formed.
Thickness and surface roughness of the substrate according to the invention is
controllable.

The basic idea of the invention is to create a glass fiber reinforced plastic sub-
strate, and more precisely, a mixture of glass fibers and binding material, where
the binding material is any suitable soft thermoplastic polymer material, used to
create flexible display devices. A refractive index of the thermoplastic polymer
should be similar to the refractive index of the glass that is used in the fibers. For
example polyester is often used with glass fibers. Other suitable soft thermoplastic
polymer materials are e.g. polymethyl methacrylate (PMMA), polycarbonate (PC),
polyethylene (PE), polystyrene (PS), etc. The formation of giass fibers as such is
well known for those skilled in the art.

An alternative approach is to replace the thermoplastic polymer with a precursor
polymer as a binder material. Still another alternative binding material is to replace
the thermoplastic polymer with a polymerizable solution of monomers (or similar)
that is then crosslinked or polymerized, e.g. by UV or IR radiation, after supplying,
e.g. spraying the glass fiber-binder blend.

The content of glass fibers in the substrate according to the invention is selectable
and it can be low or high or anything between. The relative content of glass fibers
and plastic material (i.e. binding material) in the substrate depend on the required
performance of the substrate, and it will be a compromise between certain pa-
rameters. If there is a need to increase thermal stability of the glass fiber rein-
forced plastic substrate according to the invention, the content of glass fibers
should be high, from 50 volume % up to 90 volume % or even higher. The higher
the content of glass fibers in the substrate, the better the thermal stability of the
substrate. If there is a need to increase mechanical durability of the glass fiber re-
inforced plastic substrate according to the invention, the content of glass fibers
should be lower, from 10 volume % to 50 volume % or even less than 10 volume
%. The lower the content of glass fibers in the substrate, the better the mechanical
durability of the substrate.

However, even with low content of glass fibres in the substrate, the glass fibers
constrict the thermal expansion of the substrate and provide better thermal stability
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than the pure plastic substrate and basically the same mechanical durability as the
pure plastic substrate. Respectively, if the relative content of glass fibers is very
high, e.g. more than 90 volume %, even the very low content of plastic material in
the substrate provides better mechanical durability than pure glass fiber substrate.
The reason for this is that even the low content of the plastic binding material hin-
ders the propagation of cracks in the substrate.

A flexible substrate according to the invention is usable in a variety of end prod-
ucts, such as computer monitors, portable electronic devices, laptops, personal
computers, television sets, PDAs, radio devices, and head up displays (HUD) for
implementations in motorcycle helmets, flight helmets or alike, and virtual reality
helmets to be used in computer games.

Fig 3 depicts a cross-sectional view of the flexible substrate according to the in-
vention. An individual glass fiber 2 is shown in a sketchy way inside an exemplary
flexible substrate layer 35 according to the invention. This exemplary substrate
layer 35 presented can be either before machining or after machining process.
Both the thermal and mechanical properties of the glass fiber reinforced plastic
substrate depend on orientation of the individual glass fibers 2, as well as dimen-
sions (length, thickness, etc) and shape (round, flat, etc) of the individual fibers 2.
For example, if glass fibers 2 having flat shape is used instead of fibers 2 having
round shape, denser packing of the glass fibers 2 is obtained and consequently
the relative amount of individual glass fibres 2 in the substrate 35 is higher. If
longer individual glass fibers 2 are used instead of shorter fibers 2 in the substrate
35, the thermal stability of the substrate 35 will increase. If shorter individual glass
fibers 2 are used in the substrate 35, the mechanical durability of the substrate 35
will increase. However, quite a similar flexible substrate can be generated from a
high content of short fibers compared to a lower content of long fibers. Also the
overlapping of the fibers is a key issue and it correlates to the thickness of the
substrate. The thickness of the individual glass fiber 2 is very small, typically equal
or less than 0,01 mm, and therefore it would be possible to form very thin sub-
strates 35 with a reasonably even distribution of fibers 2 within the substrate 35.
The thickness of the substrate 35 can be 0,1 mm or less. If the shape of individual
glass fibers 2 is more flat than round and the thickness of individual glass fibers 2
is small, the substrate 35 contains high relative amount of fibers and if pressed to
collapse the substrate 35 has very high density of glass fibers 2.

According to the invention random orientation of the individual glass fibers 2 is
provided in the mixture of glass fibres and binding material and consequently in
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the final substrate 40. The random orientation ensures that the properties are the
same along any direction of the substrate material 40. Preferably, an almost ho-
mogeneous mixture of glass fibres and binding material, such as plastic or poly-
mer, is formed. Thickness and surface roughness of the substrate 40 according to
the invention is controllable. There is also an additional possibility to use a very
thin plastic substrate as a carrier, e.g. a plastic film, onto which the glass fibers
and binding material is supplied, e.g. sprayed. So the fibers together with the soft
binder(s) is arranged to be bound onto a flexible carrier. Together with the carrier
film the mixture of the glass fibers and the soft binder form a new slightly thicker
substrate with fibers inside in this embodiment.

Fig 1 depicts a block diagram and fig 2 a schematic illustration of an embodiment
of a method of manufacturing a flexible substrate according to the invention. In the
following a spraying process is used as an example of the method to supply glass
fibers and binding material together. For example, if extremely good mechanical
properties are required, woven glass fibers can be used when supplying fibers and
binding material to form a mixture of glass fibers and binding material.

In step 102 there is formed a rough layer of substrate material 30 on the bottom
surface 61 by spraying a plurality of glass fibers and binding material 20 to the bot-
tom surface 61. Glass fibers and binding material 20 is sprayed from at least one
spray nozzle 10 and the glass fibers (and binder) are sprayed randomly. According
to an embodiment of the invention a blend of the glass fibers and the binding ma-
terial 20 is sprayed from one spray nozzle 10 simultaneously. According to another
embodiment of the invention the glass fibers and the binding material are sprayed
from same spray nozzle 10 to the bottom surface 61 alternately. According to still
another embodiment of the invention the glass fibers and the binding material are
sprayed from separate spray nozzles (not shown) to the bottom surface 61. Ac-
cording to a first embodiment in a first stage the binding material is sprayed from a
first spray nozzle, then in a second stage the glass fibers are sprayed from a sec-
ond spray nozzle, and roughlayer of substrate material 30 is formed on the botiom
surface 61. Here in the second stage individual glass fibers are injected into the
binding material so that they embed inside the binding material. According to a
second embodiment in a first stage the binding material is sprayed from a first
spray nozzle, in a second stage the glass fibers are sprayed from a second spray
nozzle, then in a third stage the binding material is sprayed from a third spray noz-
zle or from the first spray nozzle again, and finally the roughlayer of substrate ma-
terial 30 is formed on the bottom surface 61. In the spraying step 102, preferably,
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the length of the individual glass fibers is relatively short, e.g. order of tens of mm.
By spraying short individual fibers in random order to blend together with the
polymer binder there is achieved the substrate material having high mechanical
durability. The number of spraying stages or the number of spray nozzles is not
limited to any number described above.

The step of spraying 102 is implemented as a continuous process or alternatively
as a batch process. According to one embodiment of the invention the roughlayer
of substrate material 30 is formed on the bottom surface 61 in a form of a continu-
ous substrate material layer 30, i.e. as a sheet of substrate, by means of the mov-
ing production line. The production line comprises a conveyor belt type bottom sur-
face 61 which is kept in motion by drive wheels 60. Also the spraying nozzles 10
can be movable above the production line. Another possibility is that the sprayed
roughlayer of the substrate material 30 is formed as a batch process which means
that process is not continuous. After spraying (a blend of) the glass fibers and the
binding material 20 there is formed the roughlayer of substrate material 30 on the
bottom surface 61. According still another embodiment of the invention the glass
fibers and binding material are arranged to be bound onto a flexible film that is
placed on the bottom surface 61.

Then in step 104 of fig 1 the sprayed roughlayer of the substrate material 30 pro-
ceeds to a pressing stage 50, 52 wherein the substrate material layer 30 is pro-
vided with a well controlled thickness and surface roughness. The thickness of the
final substrate layer 40 or the sheet of layer is defined in the pressing stage 50, 52.
The thickness of the substrate 40 is a very important parameter of the substrate
because it determines many essential properties of the behaviour of the substrate
material 40, e.g. glass fiber density of the substrate as discussed earlier in this de-
scription. In case of continuous process the desired thickness of the substrate
sheet 40 can be controlled during the process by changing applied pressure to the
sheet 40 in the pressing step 50, 52. In other words, the thickness is arranged to
vary along the length of the substrate sheet 40 in such a way that the thickness of
the sheet 40 can be changed whenever changing the pressure in the pressing
step 50, 52. Consequently, the sheet 40 can be thicker and thinner and thicker
again, etc. according to the control of the pressure. The control can be based on
certain lengths of the sheet, or certain time periods. Also surface forming of the fi-
nal substrate layer 40 or layer sheet is controlled accurately in the pressing stage
50, 52. While using continuous process also surface forming can be changed dur-
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ing the process by controlling the pressure in the pressing step. The surface form-
ing can be also changed by changing the roller(s) 50, 52.

Fig 2 depicts an embodiment of the pressing step 104 in which a continuous proc-
ess is applied in the spraying and pressing stages. According to one embodiment
of the invention, in the pressing step 104, the sprayed roughlayer of the substrate
material 30 proceeds to at least one roll 50 which applies pressure to the rough-
substrate layer 30 against the bottom surface 61. This applied pressure packs the
glass fibers in the substrate material 40 to be closer to each other and defines a
desired thickness of the formed substrate material 40. Preferably, instead of one
roll 50 a pair of rolls 50, 52 is used and the sprayed roughlayer of the substrate
material 30 passes through the pair of rolls 50, 52, and the desired thickness of
the substrate material 40 is defined by the space between the rolls 50, 52. The
pair of rolls 50, 52 is assembled like batch-off rolls. Naturally the pressing step 104
can also be performed as a simple pressing with a pressing tool in a batch proc-
ess.

After pressing the roughlayer of substrate material 30 to a desired thickness and
surface roughness of the substrate material 40, there is a possibility in this stage —
if needed — to cure the substrate material 40 according to step 106 of fig 1. Vari-
ous known curing methods may be used in the production line, such as a heated
roll, UV/IR radiation, etc. This step 106 can also be bypassed.

According to still another embodiment of the invention there is provided the step of
108 of fig 1, in which the final substrate material 40, e.g. a substrate sheet, is
rolled, at the end of the continuous production line, to the collecting reel 70. If the
collecting reel is completed with the substrate material, a new collecting reel can
be changed to continue to roll the substrate sheet in the production line. By apply-
ing at least the steps 102, 104 and 108 depicted in fig 1, the manufacturing
method can be called as roll-to-roll spray manufacturing of the substrates.

The advantages of the spraying 102 and pressing steps 104 are that the sprayed
roughlayer of the substrate material 30 (i.e. glass fiber-binder blend) is pressed in
order to obtain the desired thickness of the final substrate material 40, as well as
the desired fiber content density of the final substrate material 40 and the desired
surface roughness of the final substrate material 40. The method of manufacturing
the flexible substrate according to the invention is simple, easy-to-use, low cost
and capable of fast volume production.
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An alternative approach to use thermoplastic polymers would be to use precursor
polymers, or polymerizable solutions of monomers (or similar), that are then
crosslinked or polymerized (e.g. by UV or IR) after the spraying step. This would
thus not require that the sprayed blend would be heated, and consequently the
substrate fabrication process might be done at lower temperatures.

As already mentioned spraying is not the only way to supply the glass fibers and
binding material together. However, spraying is preferable to achieve glass fibers
to have random orientation in the substrate. Preferably, relatively short individual
fibers are optimal for the spraying process. Relatively short fibers have dimensions
where individual fibers have length in order of tens of millimetres. Also the per-
centage of short fibers in the substrate must be selected right in order to have
good properties for flexibility. Further in order to ensure flexibility the binding mate-
rial must be a soft material.

Fig 4 depicts an exploded view of a flexible display device according to an em-
bodiment of the invention. The flexible display device 8 comprises a layer of the
flexible substrate 40 which is equipped with a plurality of transistors 3 and a plural-
ity of conducting lines 4, and a liquid crystal layer 5 facing each other. The plurality
of conducting lines 4 is arranged to interconnect the plurality of transistors 3. Ac-
cording to one embodiment of the invention the flexible substrate 40 forms a basis
for an active matrix backplane together with the plurality of transistors 3 and the
plurality of conducting lines 4 assembled onto the flexible substrate 40. The active
matrix backplane which is composed of the substrate 40 with the transistors 3 and
conducting lines 4 can be used as a backplane for control electronics e.g. in liquid
crystal display devices. The formation of Si transistor structures, e.g. processing of
deposited Si thin film and TFT structures, can be optimized onto the flexible sub-
strate 40 according to the invention. As discussed earlier this is achieved due to
high thermal stability and mechanical durability of the substrate 40 and this results
high suitability for thermal deformation. By attaching the liquid crystal layer 5 to the
flexible substrate layer 40 there is provided the flexible display device 8 according
to an embodiment of the invention. The attachment can be applied by any known
means, e.g. fastening, glueing, adhering, adsorbing, etc. According to an embodi-
ment of the invention the flexible display device 8 comprising the flexible substrate
40 with the transistors 3 and conducting lines 4 and the liquid crystal 5 is manufac-
tured to be in form of an flexible electronic module. The module is provided with
connecting means so that the plurality of conducting lines 4 inside the module can
be connected outside the module for control, input, output, power supply and other
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similar known purposes. By these connecting means the module can be con-
nected e.g. to the keyboard, joystick, microphone or other similar user input-output
devices.

The flexible display device 8 as well as the flexible electronic module are usable in
their various forms ranging from conformable/bendable displays to fully flexible
display devices. The flexible display device 8 according to the invention is usable
in a variety of portable or non-portable end products, such as computer monitors,
portable electronic devices, laptops, personal computers, television sets, PDAs,
radio devices, and head up displays (HUD) for implementations in motorcycle
helmets, flight helmets or alike, and virtual reality helmets to be used in computer
games. This same also applies to the flexible display device in the form of the
flexible electronic module.

Fig 5 depicts an apparatus comprising an embodiment of the flexible display de-
vice according to the invention. There is shown, as an example, a helmet 7
equipped with the flexible display device 8 according to the invention which display
devive 8 is attached or integrated to the helmet 7. In this example the flexible dis-
play device 8 is attached to the visor of the helmet 7. The attachment can be ap-
plied by any known means, e.g. fastening, glueing, adhering, adsorbing, etc. The
flexible display device 8, or alternatively the flexible module, is provided with con-
necting means so that the plurality of conducting lines 4 inside the madule can be
connected outside the module for control, input, output, power supply and other
similar known purposes. By these connecting means the module can be con-
nected e.g. to the keyboard, joystick, microphone or other similar user input-output
devices. Some head up display (HUD) implementations of the helmet 7 are motor-
cycle helmets, flight helmets or alike, and virtual reality helmets for computer
games. Other apparatuses that may comprise the flexible display device 8 accord-
ing to the invention can be portable or non-portable computer monitors, portable
electronic devices, laptops, personal computers, television sets, PDAs, radio de-
vices, etc.

While this invention has been described with reference to illustrative embodiments,
this description is not intended to be construed in a limiting sense. Various other
embodiments of the invention will be apparent to persons skilled in the art upon
reference to this description. It is therefore contemplated that the appended claims
will cover any such modifications of the embodiments as fall within the true scope
of the invention.
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Claims

1. A flexible substrate for a display, comprising glass fibres and binding mate-
rial, wherein said glass fibres is arranged to have random orientation.

2. The substrate of claim 1, comprising a plurality of individual fibers, wherein
at least some of the individual fibers are arranged to overlap each other.

3. The substrate of claim 1, comprising a plurality of individual fibers, wherein a
shape of the individual fibers and/or at least one dimension of the individual fibers
is selectable..

4. A substrate of any preceding claims, wherein said glass fibres and said bind-
ing material is arranged to form a mixture and a relative content of glass fibres in
said mixture is selectable.

5. A substrate of any preceding claims, wherein said glass fibres and said bind-
ing material is arranged to form a layer and said layer is arranged to have a thick-
ness of the substrate.

6.  The substrate of any of preceding claims, wherein said binding material com-
prises a soft thermoplastic polymer material.

7. The substrate of claim 6, wherein the thermoplastic polymer material, pref-
erably polyester, has a similar refractive index as glass of the glass fiber.

8.  The substrate of any of preceding claims 1-5, wherein the binding material
comprises a precursor polymer material that forms a soft binder upon polymeriza-
tion and/or chemical modification.

9.  The substrate of any of preceding claims 1-5, wherein, the binding material
comprises a monomer material that is polymerized or crosslinked and forms a soft
binder upon polymerization.

10. The substrate of any of preceding claims, wherein said glass fibers is ar-
ranged to be sprayed to have random orientation.

11.  The substrate of any of preceding claims, wherein said glass fibers and said
binding material are arranged to be bound onto a thin flexible plastic carrier.

12. An apparatus comprising the flexible substrate according to any of claims 1-
10.
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13. A flexible display device comprising a flexible substrate, wherein the flexible
substrate comprising glass fibres and binding material is arranged to have said
glass fibres in random orientation.

14. The flexible display device according to claim 13, wherein said glass fibers
and said binding material is arranged to form a layer and a relative content of said
glass fibres in said layer is selectable.

15. The flexible display device according to claim 13, wherein said glass fibers
and said binding material is arranged to form a layer that is arranged to have a
thickness of the substrate.

16. The flexible display device according to any of claims 13-15 further compris-
ing a plurality of transistors and a plurality of conducting lines configured to form
an integrated flexible electronic module with the flexible substrate, wherein the plu-
rality of conducting lines are arranged to interconnect the plurality of transistors
within the flexible electronic module.

17. The flexible display device according to claim 16, wherein the flexible module
is an active matrix backplane.

18. An apparatus comprising the flexible display device according to any of
claims 13-17.

19. A method of producing a flexible substrate for a flexible display device, the
method comprising steps of supplying glass fibers and binding material to form a
layer wherein glass fibres have random orientation and pressing said layer to a
thickness of the substrate.

20. The method of claim 19, wherein the step of supplying comprises controlling
relative amounts of glass fibers and binding material.

21. The method of claim 19 or 20, wherein supplying glass fibers and supplying
binding material is made in a desired order.

22. The method of claim 19 or 20, wherein supplying the glass fibers and binding
material simultaneously.

23. The method of claim any of claims 1-21, wherein first supplying the binding
material to form a binding material layer and then injecting the glass fibers into the
binding material layer.
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24. The method of any of claims 19-23, wherein spraying the binding material.

25. The method of any of claims 19-24, wherein spraying a plurality of individual
glass fibers in random orientation.

26. The method of any of claims 19-25, wherein the step of pressing comprises
rolling by at least one roll the layer to the thickness of the substrate.

27. The method of any of claims 19-26, wherein after pressing the layer the
method further comprises a step of rolling the layer having the thickness of the
substrate to a collecting reel.

28. The method of any of claims 19-27, wherein supplying the layer continuously
in a form of a layer sheet.

29. The method of any of claims 19-28, wherein in the step of pressing the thick-
ness of the layer or the layer sheet is continuously controllable.

30. The method of any of claims 19-29, wherein in the step of pressing a surface
roughness of the layer or the layer sheet is controllable.

31. The method of any of claims 19-30, wherein processing continuously the
layer in a form of a sheet through the steps of pressing and rolling, said steps be-
ing synchronized to the supplying step.

32. The method of any of claims 19-31, wherein the method further comprises a
step of curing the layer having the thickness of the substrate.

33. The method of any of claims 19-32, wherein the binding material comprises
soft thermoplastic, or precursor polymer material that forms a soft binder upon po-
lymerization and/or chemical modification.

34. The method of any of claims 19-32, wherein the binding material comprises
soft monomer materials that are crosslinked or polymerized and form a soft binder
upon polymerization.

35. A method of producing a flexible display device, wherein the display device

comprises the flexible substrate produced according to the steps of any of claims
19-34.
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36. The method according to claim 35, wherein the display device is integrated
into a electronic device.

37. The method according to claim 35, wherein the display device is integrated
into a helmet.

38. The method according to any of claims 19-25, wherein said glass fibers and
said binding material is bound onto a thin flexible plastic carrier.
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AMENDED CLAIMS
received by the International Bureau on 21 June 2007 (21.06.07)

1. A flexible substrate for a display, comprising glass fibres and a binding mate-
rial, wherein said glass fibres are arranged to have random orientation.

2. The substrate of claim 1, comprising a plurality of individual fibres, wherein
at least some of the individual fibres overlap each other.

3. The substrate of any preceding claims, wherein said glass fibres and said
binding material form a homogeneous layer.

4.  The substrate of any of preceding claims, wherein said binding material com-
prises a soft thermoplastic polymer material.

5. The substrate of claim 4, wherein the thermoplastic polymer material has a
similar refractive index to the glass fibres.

6. The substrate of claim 5, wherein the thermoplastic polymer material is poly-
ester.

7.  The substrate of any of preceding claims, wherein said glass fibres and said
binding material are bound onto a thin flexible plastic carrier.

8. An electronic device comprising the flexible substrate according to any of
claims 1-7.

9. A flexible display device comprising a flexible substrate, wherein the flexible
substrate comprising glass fibres and binding material is arranged to have said
glass fibres in random orientation.

10. The flexible display device according to claim 9 further comprising a plurality
of transistors and a plurality of conducting lines configured to form an integrated
flexible electronic module with the flexible substrate, wherein the plurality of con-
ducting lines are arranged to interconnect the plurality of transistors within the
flexible electronic module.

11. The flexible display device according to claim 10, wherein the flexible elec-
tronic module is an active matrix backplane.

12. An electronic device comprising the flexible display device according to any
of claims 9-11.

AMENDED SHEET (ARTICLE 19)
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13. A helmet comprising the flexible display device according to any of claims 9-
11.

14. A helmet modified to incorporate the flexible display device of claims 9-11.

15. A method of producing a flexible substrate for a flexible display device, the
method comprising steps of supplying glass fibres and binding material to form a
layer wherein glass fibres have random orientation.

16. The method of claim 15, wherein supplying the glass fibres and binding ma-
terial simultaneously to form a substarate.

17. The method of claim 15, wherein first supplying the binding material to form a
binding material layer and then injecting the glass fibres into the binding material
layer.

18. The method of claim 15, wherein a plurality of individual glass fibres are
sprayed onto the binding material layer.

19. The method according to any of claims 15-18, wherein said glass fibres and
said binding material is bound onto a thin flexible plastic carrier.

20. The method of any of claims 15-19, further comprising a pressing step-
wherein said substrate is rolled.

21. The method of claim 20, wherein the step of pressing is variable to provide a
non-uniform flexible substrate thickness.

22. The method according to claim 21, wherein said substrate is wound onto a
collecting reel.

23. The method of any of claims 15-22, wherein the method further comprises a
step of curing the layer.

24. The method of any of claims 15-23, wherein the binding material comprises
soft thermoplastic or precursor polymer material that forms a soft binder upon po-
lymerization and/or chemical modification.

25. The method of any of claims 15-24, wherein the binding material comprises

soft monomer materials that are crosslinked or polymerized and form a soft binder
upon polymerization or crosslinking.

AMENDED SHEET (ARTICLE 19)
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26. A method of producing a flexible display device, wherein the display device

comprises the flexible substrate produced according to the steps of any of claims
15-25.

AMENDED SHEET (ARTICLE 19)



WO 2007/147926 PCT/F12006/000226

1/3

102
SPRAYING GLASS FIBER j
AND BINDER MATERIAL

PRESSING SPRAYED FIBER-BINDER 104
BLEND MATERIAL |/
y
106
CURING PRESSED FIBER-BINDER y
BLEND MATERIAL

108
ROLLING THE SUBSTRATE SHEET M

TO COLLECTING REEL

FIG 1.



WO 2007/147926 PCT/F12006/000226

2/3

FIG 2.



PCT/F12006/000226

WO 2007/147926

3/3

Sj

N i
51’

s

4

L

4

7 .V\
b £
1\Ad ‘\ V: 4

i .
/.l.\»@*

(152

N

FIG 3.

FIG 5.



INTERNATIONAL SEARCH REPORT International application No.

PCT/FI12006/000226

A. CLASSIFICATION OF SUBJECT MATTER

See extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC8: GO2F, B32B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

DK, FI, NO, SE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2004-243 762 A (SUMITOMO BAKELITE CO) 02 September 2004 1-7,10,12-20, 22,
(02.09.2004), (abstracts).[online] EPOQUENET EPODOC & WPI. 24-28,31,35-37
Y US 4,886,701 A (EHNERT GERD et al.) 12 December 1989 (12.12.1989), | 1-7,10,12-20, 22,
(abstract).[online] EPOQUENET WPI; column 4 lines 4-20 and lines 41-62; | 24-28,31,35-37
column 5 lines 3-53; column 6 lines 3-51; figures 1-3.
Y US 5,403,654 A (MUTO AKIRA et al.) 04 April 1995 (04.04.1995), column | 1,13,19
3 line 64 - column 4 line 2.
Y JP 11-028 777 A (NIPPO SANGYO) 02 February 1999 (02.02.1999), 1,13,19
(abstract). [online] EPOQUENET EPODOQOC.
Y US 3,939,532 A (WIEGAND DONALD E) 24 February 1976 (24.02.1976), 1,13,19
(abstract). [online] EPOQUENET EPODOQOC.
Y US 3,889,035 A (JAKES JOHN HARRY) 10 June 1975 (10.06.1975), 1,13,19
(abstract). [online] EPOQUENET WPI.
Further documents are listed in the continuation of Box C. See patent family annex.
# Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L." document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"Q" document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
"P"  document published prior to the international filing date but later than being obvious to a person skilled in the art

the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search

22 February 2007 (22.02.2007)

Date of mailing of the international search report

20 March 2007 (20.03.2007)

Name and mailing address of the ISA/FL
National Board of Patents and Registration of Finland
P.O. Box 1160, FI-00101 HELSINKI, Finland

Facsimile No. +358 9 6939 5328

Authorized officer

Kenneth Gustafsson

Telephone No. +358 9 6939 500

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No.

Cambridge University Press, 1998,

ISBN 0-521-64854-8, pp. 140. table 16, refractive index.

PCT/F12006/000226

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2006/0146271 A1 (PENNAZ THOMAS J et al.) 06 July 2006 1-38

(06.07.2006), paragraph [31].
A JP 2003-033 991 A (SUMITOMO BAKELITE CO) 04 February 2003 1-38

(04.02.2003), (abstract). [online] EPOQUENET EPODOC & WPI.
Y Polymer Handbook, second edition, New York, John Wiley & Sons, 1975, 1,7

ISBN 0-471-09804-3, V-17, refractive index.
Y KLEINKNECHT, Konrad. Detectors for Particle Radiation. Cambridge: 1,7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/FI2006/000226

Patent document Publication Patent family Publication

cited in search report date members(s) date

JP 2004-243 762 A 02/09/2004 None

US 4,886,701 A 12/12/1989 MX 159961 A 17/10/1989
JP 63135550 A 07/06/1988
ZA 8706489 A 29/02/1988
TR 28650 A 27/12/1996
PT 85623 A 14/10/1988
CA 1330637 C 12/07/1994
BR 8704484 A 26/04/1988
AU 7770987 A 03/03/1988
AU 600514B B2 16/08/1990
AR 241164 A1 30/12/1991
IN 168986 A1 03/08/1991
ES 2027666T T3 16/06/1992
EP 0258684 A2 09/03/1988
DE 3774214D D1 05/12/1991
AT 69072T T 15/11/1991
DE 3704035 A1 03/03/1988

US 5,403,654 A 04/04/1995 EP 0370512 A2 30/05/1990
DE 68921428T T2 03/08/1995
DE 68921428D D1 06/04/1995
JP 2225533 A 07/09/1990

JP 11-028 777 A 02/02/1999 None

US 3,939,532 A 24/02/1976 US 4153488 A 08/05/1979
NL 7413728 A 22/04/1975
FR 2248361 A1 16/05/1975
BE 821267 A1 17/02/1975
DE 2448437 A1 30/04/1975
GB 1452365 A 13/10/1976
CA 1011542 A1 07/06/1977

US 3,889,035 A 10/06/1975 None

US 2006/0146271 A1 06/07/2006 WO 2006074180 A2 13/07/2006

Form PCT/ISA/210 (patent family annex) (April 2005)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/FI2006/000226
Patent document Publication Patent family Publication
cited in search report date members(s) date
JP 2003-033 991 A 04/02/2003 None

Form PCT/ISA/210 (patent family annex) (April 2005)




INTERNATIONAL SEARCH REPORT . L
International application No.

PCT/FI12006/000226

CLASSIFICATION OF SUBJECT MATTER

Int.Cl.
GO2F 1/1333 (2006.01)
B32B 17/04 (2006.01)

Form PCT/ISA/210 (Extra sheet) (April 2005)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - amend-body
	Page 20 - amend-body
	Page 21 - amend-body
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report

