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VISIBILITY-ENHANCING DEVICE

FIELD OF INVENTION

The current application relates to high-visibility textiles or fabrics that include flexible and
conformable visible light strips for providing illumination that are also washable as part of the
textile or fabric. The washed garment remains functional after washing. In particular, the
current invention relates to garments that incorporate a flexible visible light illumination

device.

BACKGROUND

The listing or discussion of an apparently prior-published document in this specification
should not necessarily be taken as an acknowledgement that the document is part of the

state of the art or is common general knowledge.

Workers, commuters, children and exercisers may all have to venture outside in low-light
conditions for various reasons. However, venturing outside in such conditions can be
potentially dangerous because it may be difficult for others (e.g. a driver of a motor vehicle)
to distinguish the person when the light levels are low. This can lead to feelings of

discomfort, anxiety and danger in the person who has to venture outside.

In order to improve the visibility of people outside, light coloured clothing has been used to
help provide observers a greater chance of spotting a person outside in low-light conditions.
To help improve visibility further, passive reflective elements in apparel are also often used.
Light clothing and passive elements only really help to increase visibility when light from an
external visible light source, like street lighting or light from a vehicle’s headlamps, strikes

the person.

To improve safety for people having to venture outside in low-light conditions, various
garments have been developed that contain some sort of lighting device integrated into or
onto said garment. However, to date, these lighting devices have suffered from various
problems, such as being bulky and uncomfortable to wear, having to remove the lighting
device from the garment before washing, lack of shock resistance and a lack of resistance to
local (e.g. caused by the body of the wearer) or more general (e.g. the weather)

environmental conditions.
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Thus, there remains a need for a garment that is more comfortable and useable by an
individual who needs to operate in low-light conditions. Further, there is also a need for an
easy to maintain garment that does not require significant time to disassemble and
reassemble before and after washing, respectively. Yet further, there remains a need for
garments that integrate electronic component parts that are thin (e.g. a single layer of fabric),

but where the electronic components do not make the garment uncomfortable for the wearer.

SUMMARY OF INVENTION

In a first aspect of the invention, there is provided a visibility-enhancing device comprising a
textile or fabric having an internal surface and an external surface and a flexible and
conformable visible light source apparatus attached to the textile or fabric, wherein the
visible light source apparatus comprises at least one visible light source that is positioned
towards the internal surface of the textile or fabric and/or is positioned to provide light at an
angle that is substantially perpendicular to the internal surface of the textile or fabric, at least
two conductive members having a first end and a second end, the first end is connected to
the at least one visible light source and the second end is adapted to connect to a power
source and at least one transparent polymer layer that encapsulates the entirety of the at

least one visible light source and at least part of the at least two conductive members.

In an embodiment of the invention, the visible light source may be selected from one or more
of the group consisting of a light emitting diode (LED), an organic light emitting diode (OLED)
and an electroluminescent material, optionally wherein the visible light source further
comprises an optical channelling device (e.g. an optical fibre). In particular embodiments of

the invention that may be mentioned herein the visible light source is an LED or and OLED.

In certain embodiments of the invention, the visible light source may be attached to the

textile or fabric by the at least one transparent polymer layer.

In further embodiments of the invention, the flexible and conformable visible light source
apparatus may further comprise at least one flexible substrate with at least one electrical
circuit thereon, where the at least one visible light source is attached to the at least one
flexible substrate through the at least one electrical circuit and the at least one electrical
circuit is connected to the at least two conductive members. |n certain embodiments, the at
least one visible light source may be attached to the at least one electrical circuit by an

isotropic conductive adhesive or by soldering. In still further embodiments, the at least one
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electrical circuit may comprise silver and/or copper. In still further embodiments, the at least

one electrical circuit is a printed electrical circuit or a lithographically etched electrical circuit.

In yet still further embodiments of the invention, the conductive members may be one or
more of the group selected from a wire, a conductive yarn, a screen-printed conductive path

and combinations thereof.

In further embodiments of the invention, the device may further comprise a power supply unit
and an electrical interconnect to connect the power supply unit to the visible light source
apparatus. For example, the electrical interconnect may comprise a first flexible
interconnect component that is attached to the textile or fabric and to the second end of the

at least two conductive members.

In still further embodiments, the electrical interconnect may further comprise a mechanical
coupling mechanism, optionally wherein the mechanical coupling mechanism comprises at
least one section containing at least one groove on the contact surface of the first housing
arranged to releasably bind to a complementary projection on the contact surface of the

second housing or vice versa.

In yet still further embodiments of the invention:

€)) the power supply unit may comprise a battery and a DC-DC boost converter;
and/or

(b) the power supply unit may further comprise a switching module adapted to
control a number of lighting modes of the visible light source; and/or

(© the power supply unit may further comprise an ambient light detector adapted
to control the brightness of the visible light source based upon the ambient light conditions,
optionally wherein one or more of the lighting modes of the switching module is controlled
fully or in part by the ambient light detector; and/or

(d) a proximity sensor to control the brightness depending on the closeness to an
object; and/or

(e) a sound detector to control the brightness depending on the ambient volume;
and/or

® a temperature sensor to control the brightness depending on the temperature.

In yet still further embodiments, the textile and/or fabric may be formed into a garment or a
bag. For example, when the textile and/or fabric is formed into a garment, the garment is

selected from shorts, socks, T-shirts, trousers, leggings, shirts, and caps.
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In certain embodiments, the flexible and conformable visible light source apparatus may

have a thickness that is from 350 ym to 600 um (e.g. from 400 ym to 500 pm).

In certain embodiments, the flexible and conformable visible light source apparatus may
have a bending radius of from 5 mm to 10 mm (e.g. from 5.5 mm to 8 mm). In additional or
alternative embodiments, when the flexible and conformable visible light source apparatus
has more than one visible light source, the distance between the visible light sources is at

least 1 cm (e.g. from 1 cm to 50 cm, such as from 1.5 cm to 10 cm).

In yet still further embodiments, the at least one transparent polymer layer may be a
transparent material selected from one or more of the group consisting of TPU, a silicone-
based polymer, a plasma-treated textile substrate and a water repellent textile substrate,
optionally wherein the at least one transparent polymer layer may be a material selected

from one or more of the group consisting of TPU and a silicone-based polymer.

In yet still further embodiments, when the at least one visible light source is positioned to
provide light towards the textile or fabric, an opening in the fabric or textile may align with the

at least one visible light source.

In still further embodiments, the flexible substrate may be made from one or more of the

group selected from polyethylene naphthalate, polyethylene terephthalate, polyimide.

In yet still further embodiments, the device of the current invention may be washed at least
up to 30 times (e.g. at least up to 50 times, such as at least up to 100 times) without
affecting the function of the flexible and conformable visible light source apparatus attached

to the textile or garment.

In yet further embodiments, the at least two conductive members may be electrically
insulated across their entire length, except at a first portion adjacent to and including the first
end and a second portion adjacent to and including the second end, both of which are
uninsulated and the first portions of the at least two conductive members are fully

encapsulated by the at least one transparent polymer layer.

In embodiments of the invention where the device forms or is part of a garment, then the
flexible and conformable visible light source apparatus may be located at any position in said

garment. For example, the flexible and conformable visible light source apparatus might not
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restrict the movement of a wearer of a garment and/or cause the wearer any discomfort (e.g.

due to the thinness of the device).

Yet further aspects and embodiments of the current invention are disclosed in the following

numbered clauses.

1. A visibility-enhancing device comprising:
a textile or fabric having an internal surface and an external surface; and
a flexible and conformable visible light source apparatus attached to the textile or
fabric, wherein the visible light source apparatus comprises:
at least one visible light source that is positioned towards the internal surface
of the textile or fabric and/or is positioned to provide light at an angle that is
substantially perpendicular to the internal surface of the textile or fabric;
at least two conductive members having a first end and a second end, the
first end is connected to the at least one visible light source and the second
end is adapted to connect to a power source; and
at least one transparent polymer layer that encapsulates the entirety of the at
least one visible light source and at least part of the at least two conductive

members.

2. The device according to Clause 1, wherein the visible light source is selected from
one or more of the group consisting of a light emitting diode (LED), an organic light emitting
diode (OLED) and an electroluminescent material, optionally wherein the visible light source

further comprises an optical channelling device (e.g. an optical fibre).

3. The device according to Clause 1 or Clause 2, wherein the visible light source is

attached to the textile or fabric by the at least one transparent polymer layer.

4 The device according to any one of the preceding clauses, wherein the flexible and
conformable visible light source apparatus further comprises at least one flexible substrate
with at least one electrical circuit thereon, where the at least one visible light source is
attached to the at least one flexible substrate through the at least one electrical circuit and
the at least one electrical circuit is connected to the at least two conductive members,
optionally wherein:

€)) the at least one visible light source is attached to the at least one electrical

circuit by an isotropic conductive adhesive; and/or

(b) the at least one electrical circuit comprises silver and/or copper; and/or
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(© the at least one electrical circuit is a printed electrical circuit or a

lithographically etched electrical circuit.

5. The device according to any one of the preceding clauses, wherein the conductive
members may be one or more of the group selected from a wire, a conductive yarn, a

screen-printed conductive path (e.g. a conductive paste) and combinations thereof.

6. The device according to any one of the preceding clauses, wherein the device further
comprises a power supply unit and an electrical interconnect to connect the power supply

unit to the visible light source apparatus.

7. The device according to Clause 6, wherein the power supply unit comprises a battery

and a DC-DC boost converter.

8. The device according to Clause 7, wherein the power supply unit further comprises a

switching module adapted to control a number of lighting modes of the visible light source.

9. The device according to Clause 7 or Clause 8, wherein the power supply unit further
comprises an ambient light detector adapted to control the brightness of the visible light
source based upon the ambient light conditions, optionally wherein one or more of the
lighting modes of the switching module is controlled fully or in part by the ambient light

detector.

10. The device according to any one of the preceding clauses, wherein the textile or
fabric is formed into a garment or a bag, optionally wherein when the textile or fabric is
formed into a garment, the garment is selected from shorts, socks, T-shirts, trousers,

leggings, shirts, and caps.

11. The device according to any one of the preceding clauses, wherein the flexible and

conformable visible light source apparatus has a thickness that is from 350 um to 600 um.

12. The device according to clause 11, wherein the flexible and conformable visible light

source apparatus has a bending radius from 5 mm to 10 mm.

13. The device according to clause 11, wherein when the flexible and conformable visible
light source apparatus has more than one visible light source, the distance between the

visible light sources is at least 1 cm.
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14. The device according to any one of the preceding clauses, wherein the at least one
transparent polymer layer is a material selected from one or more of the group consisting of
TPU, a silicone-based polymer, a plasma-treated textile substrate and a water repellent
textile substrate, optionally wherein the at least one transparent polymer layer is a material

selected from one or more of the group consisting of TPU and a silicone-based polymer.

15. The device according to any one of the preceding clauses, wherein, when the at least
one visible light source is positioned to provide light towards the textile or fabric, an opening

in the fabric or textile aligns with the at least one visible light source.

16. The device according to any one of Clauses 4 to 15, wherein the flexible substrate is
made from one or more of the group selected from polyethylene naphthalate, polyethylene

terephthalate, polyimide.

17. The device of any one of the preceding clauses, wherein the device is capable of
being washed at least up to 30 times (e.g. at least up to 50 times, such as at least up to 100
times) without affecting the function of the flexible and conformable visible light source

apparatus attached to the textile or garment.

DRAWINGS

Some embodiments of the present invention are described more fully hereinafter with
reference to the accompanying drawings. In the drawing figures, dimensions may be
exaggerated for clarity of illustration. Like reference numerals refer to like elements

throughout.

Fig. 1 schematically depicts an embodiment of the device of the current invention.

Fig. 2A schematically depicts an embodiment of a further device of the current invention.

Fig. 2B schematically depicts an embodiment of yet a further device of the current invention.
Fig. 2C depicts a substrate 170 that may be used in embodiments of the current invention.
Fig. 3 schematically depicts a flexible interconnect component that may be used in an
embodiment of the current invention.

Fig. 4 depicts a connection portion that may be used in embodiments of the current invention.
Fig. 5 depicts an electronic circuit schematic of an embodied device according to the current
invention.

Fig. 6 depicts a full device according to the current invention in schematic form.
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Fig. 7 depicts the electrical circuits used within the power module of an embodiment of the
invention, though not shown in connection.

Fig. 8 describes the physical system architecture and interaction of these components in an
embodiment of the current invention.

Fig. 9 depicts the lighting module of an embodiment of the current invention.

Fig. 10 discloses a T-shirt and shorts according to embodiments of the current invention.

Fig. 11 depicts a long-sleeved shirt 1300 according to an embodiment of the current

invention.

DESCRIPTION

The subject matter of the current invention seeks to solve one or more of the problems
described hereinbefore with regard to conventional solutions to the issues faced by people

who have to venture outside in low-light conditions.

In the following detailed description, only certain embodiments of the present invention have
been shown and described, simply by way of illustration. As those skilled in the art would
realise, the described embodiments may preferably be modified in various different ways, all
without departing from the spirit or scope of the present invention. Accordingly, the drawings
and description are to be regarded as illustrative in nature and not restrictive. In addition,
when an element is referred to as being "on" another element, it can be directly on the
another element or be indirectly on the another element with one or more intervening
elements interposed therebetween. Also, when an element is referred to as being
"connected to" another element, it can be directly connected to the another element or be
indirectly connected to the another element with one or more intervening elements

interposed therebetween. Hereinafter, like reference numerals refer to like elements.

An important prerequisite for electronics-in-garments is unobtrusive integration. This means
that the original textile properties should be preserved even when the electronic functionality
has been added to the garment. This means that the electronics have to be very thin and
flexible to allow unobtrusive integration. In addition, the garments should withstand routine
use and cleaning. This may include hand- or machine-washing and waterless washing

(such as dry cleaning, self-washing garments etc...)

Given this, and as depicted in Fig. 1, the present invention seeks to provide a visibility-

enhancing device 100 comprising:
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a textile or fabric 110 having an internal surface 111 and an external surface 112;
and
a flexible and conformable visible light source 120 apparatus attached to the textile or
fabric 110, wherein the visible light source apparatus 120 comprises:
at least one visible light source 130 that is positioned towards the internal
surface of the textile or fabric (depicted) and/or is positioned to provide light at an
angle that is substantially perpendicular (not depicted) to the internal surface of the
textile or fabric;
at least two conductive members 140 having a first end 141 and a second
end 142, the first end is connected to the at least one visible light source and
the second end is adapted to connect to a power source 150; and
at least one transparent polymer layer 160 that encapsulates the entirety of
the at least one visible light source and at least part of the at least two

conductive members.

The visible light source 130 may be positioned to provide light towards the textile or fabric. In
this embodiment, as discussed in more detail below, the textile or fabric may contain a hole
that is aligned with the light source to enable light 113 to shine through the textile without
impediment, but this is optional, as the light will still penetrate the textile or fabric and provide
illumination. Alternatively or (when there is more than one visible light source) additionally,
the visible light source 130 may be positioned to provide light at an angle that is substantially
perpendicular to the textile or fabric, which may provide the desired visibility enhancement in

an aesthetically pleasing manner, while shining through the textile or fabric.

Advantages associated with this device include the reduced thickness of the device, which
results in improved comfort to the wearer of a garment that incorporates said device. Thatis,
the wearer does not feel any impediment on their range of movements or in the feel of the
garment caused by the device. A further advantage of the device as described in more
detail below is the fact the resulting device is washable (e.g. machine washable) multiple
times, while still being capable of providing illumination following the washing cycle. Thus,

the device provided herein provides a combination of both comfort and durability.

The textile or fabric 110 may be of any suitable material. For example, when the textile or
fabric is in the form of a garment, the textile or garment may be made of one or more of any
suitable natural or synthetic material (such as nylon, polyester, cotton, rayon,

leather, flax, wool, ramie, silk, fur, polyesters, bamboo, jute, hemp, elastane, flannel or
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blends thereof. These materials may be in the form of woven, knit, non-woven or fibre like

structures.

The flexible and conformable visible light source apparatus 120 may be attached to the
textile or fabric 110 in any suitable manner. For example, the visible light source apparatus
120 may be attached by the use of adhesives, stitching, ultrasonic welding or heat-bonding
via the transparent polymer layer 160 to the textile or fabric 110. The visible light source 130
may be selected from one or more of the group consisting of a light emitting diode (LED), an
organic light emitting diode (OLED) and an electroluminescent material. The at least one
transparent polymer layer is a material selected from one or more of the group consisting of
TPU, a silicone-based polymer, a plasma-treated textile substrate and a water repellent

textile substrate (e.g. TPU and/or a silicone-based polymer).

In certain embodiments, the visible light source apparatus 120 may further comprise an

optical channelling device (e.g. an optical fibre) to provide additional lighting effects.

When used for illumination purposes, the “visible light source” operates at wavelength visible
to the human eye (i.e. from 495-570 nm). In certain embodiments that may be mentioned

herein, the visible light source 130 may have a dominant wavelength of 527 nm.

As depicted in Fig. 2A, the flexible and conformable visible light source apparatus 120 of the
device 100 may further comprise at least one flexible substrate 170 (e.g. the flexible
substrate is made from one or more of the group selected from polyethylene naphthalate,
polyethylene terephthalate and polyimide) with at least one electrical circuit thereon, where
the at least one visible light source 130 (depicted as two visible light sources in this
embodiment) is attached to the at least one flexible substrate through the at least one
electrical circuit (e.g. the attachment may be by use of an isotropic conductive adhesive or
by soldering) and the at least one electrical circuit is connected to the at least two conductive
members 140 (e.g. the at least two conductive members 140 may be one or more of the
group selected from a wire, a conductive yarn, a screen-printed conductive path (e.g. a
conductive paste) and combinations thereof). In certain embodiments, the at least one
electrical circuit may comprise silver and/or copper. It will be appreciated that in all aspects
and embodiments mentioned herein, the flexible substrate and the electrical circuit thereon

are fully encapsulated within the at least one polymer layer.

When used herein, the term “electrical circuit” may relate to a printed circuit (e.g. a screen-

printed circuit) or by lithographic etched circuit (e.g. a lithographically etched copper circuit).
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Fig. 2A also depicts the use of an electrical interconnect 300, 400 to connect the power
source 150 (e.g. a power supply unit) to the visible light source apparatus, such that the
power source is easily detached from the garment and/or textile. As shown, second ends
142 of the conductive members 140 interface with the interconnect portion 300 attached to
the garment 110. In order to reduce the exposure of the conductive members 140, the
majority (or all, as described below) of the wiring that is not encapsulated within the polymer
layer 160 may be encapsulated, for example through the use of an additional polymeric
component 180 (which may be of the same material described in respect of the polymer
layer 160) to help protect the conductive members 140 from exposure to the environment.
Alternatively or additionally, the exposed wires may be surrounded by an additional textile
layer, so as to provide additional comfort to the wearer, while also providing electrical
insulation. It will be understood that a portion of the conductive members 140 are left
unencapsulated so as to enable engagement into the interconnect portion 300, though any
remaining exposed wiring is covered (e.g. as described above) once the connection to the
interconnection portion 300 has been established. The power source 150 also further
comprises an interconnect portion 400 to enable transfer of power from the power source to

the flexible and conformable visible light source apparatus 120.

For the avoidance of doubt, when the device is worn as part of a garment, the at least one
visible light source is positioned to provide light towards the textile or fabric and away from
the body of the wearer or is positioned to provide light at an angle that is substantially

perpendicular to the textile or fabric. The former is discussed in more detail in Figure 2B.

Fig. 2B depicts a further embodiment of the flexible and conformable visible light source
apparatus 120, when attached to a garment 110, where the visible light source 130 faces
away from the body of a wearer. As shown, the flexible substrate 170 (e.g. a PEN substrate)
is attached to the visible light source 130 by way of a silver conduction pad 190, with the
visible light source 130 being bonded to the surface of the conduction pad 190 by an
isotropic conductive adhesive. |n addition, the silver conduction pad 190 of this embodiment
is in conductive contact with the conductive member 140. As shown, the flexible and
conformable visible light source apparatus 120 is encapsulated in a number of layers of
encapsulating polymer (160a-d). Although not necessary, a hole 110a can be cut into the
fabric 110 to enhance the light emitted from the visible light source to the outside world
(combinations of visible light sources covered and visible light sources that are exposed by
holes 110a are contemplated). Further, to enhance the bonding of the visible light source

apparatus 120 to the fabric, an additional polymer layer (e.g. made of the same materials
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previously described for polymer layer 160) may be used. In this embodiment, the polymeric
layer 110b is heat-bonded to the fabric 110 and the visible light source apparatus 120 is then
heat-bonded to the polymeric layer 110b. It will be appreciated, that a single layer of
unbroken polymer may be heat-bonded, with a hole then being cut through the fabric to
generate hole 110a. Alternatively, hole 110a may be generated first, followed by heat
bonding two separate polymer layers 110b to either side of hole 110a. In certain cases, the
hole 110a may be sealed with a different material, such as a transparent TPU or silicone. In
certain embodiments, a combination of visible light sources facing away from the body is
also contemplated, where some of the visible light sources are covered by the original
material, some are exposed by holes 110a and some are exposed by holes 110a, but which
holes are sealed with a different material (e.g. TPU or silicone). Further, it will be
appreciated that the component layers of 120a may be inverted so that the visible light
source 130 faces towards the wearers skin instead. In this arrangement, hole 110a may be

absent.

It will be appreciated that the arrangement in Fig. 2B can be adapted so that the visible light
source 130 directs its light in a substantially perpendicular manner to the textile or fabric.
That is, the light from the visible light source 130 is directed between the textile or fabric and,
when worn, a body of the user. This may result in a more aesthetically pleasing light being
provided by the device. In this arrangement, there may be no holes in the fabric or textile, or
there may be multiple holes if that is desired to enhance the aesthetic properties of the light

shining through the textile or fabric.

In order to reduce the size of the device, and ensure a suitable bending radius (e.g. from 5
mm to 10 mm), the flexible visible light source is kept as thin as possible (e.g. from 350 um
to 600 um). To accomplish this, the flexible substrate 170, polymer layers 160b-d and
polymer layers 110b may have a thickness of 75 um, while polymer layer 160a may have a
thickness of 160 um. This arrangement may provide the visible light source (e.g. an LED or
an OLED) with impact protection and enable the flexible and conformable visible light source
apparatus to survive washing. For example, such a garment may be capable of being
washed at least up to 30 times (e.g. at least up to 50 times, such as at least up to 100 times)
without affecting the function of the flexible and conformabile visible light source apparatus
attached to the textile or garment. It will also be appreciated that the thickness of the device

is minimised in such a way that user comfort is enhanced.

Fig. 2C depicts a flexible substrate 170 according to an embodiment of the current invention.

Flexible substrate 170 may be made from one or more of the group selected from
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polyethylene naphthalate, polyethylene terephthalate and polyimide. An electrical circuit
depicted schematically by 190 is applied to the surface (e.g. by printing the circuitry or by
lithographically patterning a circuit), where the circuitry may comprise silver and/or copper
and then the visible light source 130 (not shown) is attached to the flexible substrate (e.g. by
use of an isotropic conductive adhesive or by soldering, optionally followed by underfilling of
the visible light source. The flexible substrate is then die cut or patterned (e.g. by laser
cutting) to provide the final form factor shown, which uses a lobstered shape to engage with
the first ends 141 of the two conductive members 140. It will be appreciated that any other
suitable means of engaging the conductive members 140 may be used. As shown, the first
ends 141 of the two conductive members 140 subsequently are placed into conductive

contact with the electrical trace 190 to enable illumination of the visible light source.

The flexible and conformable visible light source apparatus may have a thickness that is
from 350 uym to 600 pm. In addition, the flexible and conformable visible light source
apparatus may have a bending radius of from 5 mm to 10 mm. When the flexible and
conformable visible light source apparatus has a thickness that is from 350 ym to 600 um,
the device may be particularly comfortable to wear as part of a thin garment (e.g. a single-
layer t-shirt, shirt etc), this comfort may be further improved when the flexible and
conformable visible light source apparatus also has a bending radius of from 5 mm to 10 mm.
In certain embodiments, when there is more than one visible light source, it may be useful to
ensure that there is a minimum separation between the visible light sources (e.g. LEDS)
used as part of the flexible and conformable visible light source apparatus is at least 1 cm

(e.g. from 1 cm to 10 cm).

When used herein, “LED” refers to all types of LEDs unless specifically specified otherwise,
for example a conventional LED and an OLED. As an example where “LED” is restricted in
meaning, when the phrase “the group consisting of a neon light source, a light emitting diode
(LED), an organic light emitting diode (OLED) and an electroluminescent material” is used it
will be understood that “LED” relates to all types of LED except for OLEDs. When used
herein, “OLED” refers to all kinds of OLEDs.

In certain aspects and embodiments of the invention, the total thickness of the visibility-
enhancing device may be from 700 um to 2 mm. It will be appreciated that the lower range
may be particularly suitable for use in athletics wear, while the higher end of the range may
be suitable for use in the manufacture of a garment/device where a thick layer of fabric may
be useful (e.g. a jacket). Particular thicknesses that may be mentioned herein include, but

are not limited to from 700 um to 1,500 pm, such as from 800 pum to 1,500 pm.
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The electrical interconnect may be any suitable electrical interconnect, provided that the
interconnect is capable of enabling power to be transferred from a power source to the
visible light source(s), such that illumination of the visible light sources is accomplished. For
example, this may relate to a standard plug and socket arrangement, a releasable snap-fit
connector with male and female component parts, or conductively connectable (and
releasable) metal rivets. Alternatively, the electrical interconnect may contain a flexible
arrangement comprising an electrical contact surface adapted to be attached to a power

source with a complementary electrical contact surface.

Fig. 3 helps to illustrate a suitable arrangement of a flexible interconnection component that
may be used as part of a garment or textile/fabric 110, which may be placed on the inner or
on the external surface of the textile or fabric. In Fig. 3, the flexible connection component
300 comprises a number of flexible layers (510-530) that are bonded to a layer of fabric 110,
which may be the body the garment by way of a polymeric layer 560 (e.g. made from a
thermoplastic polyurethane) that acts as a barrier material to insulate the electrical
components of the flexible interconnection component 300 from environmental factors (e.g.
sweat and body fluids from the body of the wearer), while helping to insulate the wearer from
the electrical current produced by the device in operation. In this embodiment, the flexible
interconnection component 300 contains a flexible base layer 510 (e.g. made from
poly(ethylene 2,6-naphthalene dicarboxylate); PEN) onto which is bonded a flexible layer of
silver 520 (e.g. a screen-printed layer of silver), which provides the conductive and/or data
connectivity in this embodiment. The silver (or copper) layer 520 is in direct conducting
contact with a male snap-fit conductive member 320, that is arranged to reversibly mate with
a female snap-fit conductive member (not shown), as well as two or more conductive wires
140 that extend laterally from the surface of the silver layer 520. As shown, the male
member 320 is situated in a hole through two layers of the a flexible interconnection
component 300, an electrically insulating layer 530 (e.g. made from a thermoplastic
polyurethane) and a first contact surface layer 310, which may be made of any of the
materials described above. To help protect the conductive wires 140, a further layer of an
insulating polymer 570 may be laid on top of it to encapsulate and protect it and the silver
layer 520 from environmental factors (the encapsulating being achieved in combination with
the other insulating layers 530 and 560. It will be appreciated that the wire 140 may be
encapsulated in an insulating material over its entire length, except for the terminus, which is
in conductive contact with an electrical device or sensor as described herein. In certain
embodiments, the first flexible interconnection component may also be encased in a

covering of fabric attached to the layer of fabric 110 to form a pocket suitable to house the
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first flexible component and the second component. This arrangement is advantageous

when the second component incorporates a power supply unit.

Fig. 3 depicts the base layer 510 and silver (or copper) layer 520 that may be used to
distribute electricity from the flexible interconnection component 300 to the flexible light
apparatus 120 (e.g. in the embodiment of Fig. 1-2B). As shown, the base layer and
conductive layering are cut into a defined shape to enable the distribution of power through
multiple conductive members 140. The construction and shaping of these layers may be
conducted using the techniques discussed in respect of the flexible substrate 170

hereinbefore.

While the female snap-fit member is not shown, it will be appreciated that this may be
housed on an interconnection component that contains additional electrical components,
such as a power supply unit, and may be rigid or flexible. It will be appreciated that any
suitable interconnection arrangement may be used herein. The primary purpose of the
interconnection arrangement is to provide a coupling that enables power from a removable

power supply unit to be supplied to the visibility-enhancing device of the current invention.

The power supply unit may be any suitable power supply unit that can connect to the lighting
module attached to the textile/fabric or garment. In certain embodiments, the power supply
unit may comprise a battery and a DC-DC boost converter. In further embodiments, the
power supply unit may further comprise a switching module adapted to control a number of
lighting modes of the visible light source. In yet further embodiments, the power supply unit
may further comprise an ambient light detector adapted to control the brightness of the
visible light source based upon the ambient light conditions (e.g. wherein one or more of the
lighting modes of the switching module is controlled fully or in part by the ambient light

detector).

Alternatively or additionally, the brightness of the device may also be controlled by:
€)) a proximity sensor to control the brightness depending on the closeness to an
object; and/or
(© a sound detector to control the brightness depending on the ambient volume;
and/or

(d) a temperature sensor to control the brightness depending on the temperature.
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It will be appreciated that the mode selector may make use of none, one or a combination of
the above sensors and the light detector (e.g. light dependant resistor) to control the

brightness of the visible light sources.

In an embodiment of the invention, the power supply unit may have a housing that encloses
a battery (e.g. a rechargeable Li-ion battery), a switch and a printed circuit board (PCB) that
houses the relevant electronics to operate the various component parts of the power supply
unit depicted and described above. The housing contains a second interconnect member
adapted to connect to the interconnect member attached to the fabric (e.g. of a garment). In
addition the power supply unit may also contain a USB port, which may be used to charge
the battery, when said battery is a rechargeable battery. It will be appreciated that in certain
embodiments that a USB port may be absent and alternative means of recharging the

battery may be incorporated, such as wireless recharging means or apparatus.

Figs. 5 to 8 describe the arrangement of an embodiment of the entire integrated device 100

as and how the device 100 may be used.

Fig. 5 depicts the device 100 as an electronic circuit schematic. As shown, the device 100
requires the presence of a detachable power module 150 that is connected to the wiring of
the lighting module 810 by an electrical interconnect 300/400. As depicted, the battery
module may contain a battery 720 (e.g. a rechargeable Li-ion battery operating at around 3.7
Volts) and a DC-DC Boost Converter 820 (e.g. to step-up the voltage from 3.7 Volts to 24
Volts). In this embodiment, the lighting module contains several lighting source strips
integrated into a textile (not shown) containing the following either LEDs or OLEDs that are
encapsulated in a flexible polymer (not shown), as discussed in more detail hereinafter. In
certain embodiments of the invention, the battery module may further contain all of the
power and driving electronics necessary to operate the device, as illustrated in Figs. 6 and 7.

To help protect the visible light sources 130, a current-limiting resistor may be added.

Fig. 6 depicts a full system 600 according to the current invention in schematic form. As
depicted, the power supply unit 601 contains a USB connector 602 a power module 603
(which contains a battery, a DC-DC converter, switching module, automatic light sensor and
electronics to drive these components on a printed circuit board) and an interconnect 604 to
contact the interconnector (606; i.e. contact pads) on a garment 605 (though this may be any
other object made from a fabric or a textile). The garment 605 contains an interconnect 606
to interface with the interconnect 604 of the power supply unit and the (e.g. the

interconnections described herein, or any other suitable interconnector), components 607 to
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transfer the electrical current from said interconnect 606 to a conductive yarn 608 (this may
also be a wire or a printed conductive path (e.g. a conductive paste)) to one or more lighting
strips 609, which lighting strips 609 comprise a circuit module interconnection 610 and a

lighting module 611.

Fig. 7 more clearly depicts the electrical circuits used within the power module of an
embodiment of the invention, though not shown in connection, whereas Fig. 8 describes the

physical system architecture and interaction of these components.

Fig. 8 depicts a power module according to an embodiment of the current invention. The
Power module 800 can be separated into four entities by their main function: charging 801,
mode selector 802, DC-DC converter 803 and detachable interconnection 804. The main
function of the charging part of the power module 800 is charging the battery 805 of the
lighting system by means of a USB connector 806 and providing the user with feedback by
means of a charging indicator LED 807, all connected by a charging interface/circuit 808.
While the device depicted here uses a separate USB connector 806 to achieve the charging,
it is contemplated that the interconnect system, as described in more detail herein can also
achieve the same effect. In addition, it is contemplated that the power module could also

make use of swappable batteries (e.g. alkaline batteries).

When the power module 800 is plugged into an USB wall-mount adaptor or USB port, power
will be drained from the attached power source in order to charge the internal battery 805 of
the power module. The charging interface will regulate the current and voltage levels to
charge the battery 805 (e.g. any rechargeable battery, such as a Li poly battery and a Li-ion
battery). The power module 800 will monitor the power level of the battery to ensure proper
charging and the charging interface 808 will also drive an indicator LED providing the user
with visual feedback about the charging status of the battery (e.g. red while charging,
green/off when full). A voltage comparator 809 is implemented into the power module to
warn the user that the battery only has 20% charge left by lighting up a red LED 811 (i.e. a

battery low indicator).

In order to control the lighting system, the battery module may also contain a mode selector
802 that is responsible for setting the desired lighting mode of the lighting apparatus. The
mode selector 802 comprises a tactile switch 812, light mode selector circuitry 813, current
regulating resistors for 50% (814) and 100% (815) brightness settings, a light dependent
resistor 816 and a pulse generator circuit 817. These components can be used to select any

one of the following modes, in the order presented.



10

15

20

25

30

35

WO 2016/122400 PCT/SG2015/050515
18

- Off

- 50% brightness setting

- 100% brightness setting

- Automatic brightness (by light dependent resistor; LDR)

- “Breathing” Animation with automatic brightness (by LDR and pulse

generator)

By default, the system will be on the “Off state”. This means that no light will be produced by
the system. By pressing the tactile switch, the selector will move forward one mode per click.
As noted above, attached to the mode selector are different sub systems to create the
different modes. An ambient light sensor in the form of an LDR is used in the last 2 modes
to allow the system to respond to the environmental lighting conditions. A pulse generator
may be incorporated to generate a varying breathing-like animation that can be used in the
last mode. The mode selector selects one or more of the sub-systems (as required) and

electrically connects them to the DC-DC converter 803.

The main function of the DC-DC converter 803 is to scale the voltage level of the battery up
to a higher potential in order to drive the lighting modules. This is needed to compensate for
voltage drops over the circuit on the garment that connects the lighting modules to the power
module. The DC-DC converter may be set to the required current based on input from the

mode selector.

A voltage comparator 809 is included in the power module to measure the battery’s charge
level. When the battery charge gets below 20%, a red LED will light up 811, notifying the

user that the system should be charged again.

A re-attachable interconnection 804 is the bridge between the power module and the
garment. It makes an electrical interconnection, allowing power to flow from the power
module’s DC-DC converter 803 to interconnect component attached to the power module.
As discussed in more detail hereinbefore, the interconnect may be made using
interconnection components on the power module and the garment, which allowed the
connection to be made and broken in easily. This allows the power module and garment to

be bonded for use and separated for charging and washing with little difficulty.

Alternatively or additionally, the brightness of the device may also be controlled by:
€)) a proximity sensor to control the brightness depending on the closeness to an

object; and/or
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(© a sound detector to control the brightness depending on the ambient volume;
and/or

(d) a temperature sensor to control the brightness depending on the temperature.

It will be appreciated that the mode selector may make use of none, one or a combination of
the above sensors and the light detector (e.g. light dependant resistor) to control the

brightness of the visible light sources.

The garment or textile/fabric component can be split into two main sub-systems: the lighting
system and the other half of the re-attachable interconnection. As shown in Fig. 9, the
lighting system can contain three lighting modules, the modules provide visual lighting at
several locations on the garment or textile/fabric. Each lighting module is a strip with several
light emitters 905 (in the embodiment shown, LEDs or OLEDs). The re-attachable
interconnection 901 is the bridge between the power module and the garment. The
interconnection that forms part of the lighting module makes an electrical interconnection
with the corresponding component on the power module, allowing power to flow from the
connector pads to the individual lighting modules to light them. As is discussed in more detail
hereinbefore, the connection can be made and broken easily, allowing the power module

and garment (or textile/fabric) to be bonded for use and separated for charging and washing.

As discussed herein, the textile or fabric may be in the form of a garment or other object
made from such materials (e.g. a bag). When the textile or fabric is in the form of a garment,
the garment may be any wearable object, such as shorts, socks, T-shirts, trousers, leggings,

shirts and caps.

Fig. 9 depicts the lighting module of an embodiment of the current invention. The lighting
module has been substantially describe hereinbefore. The lighting module 900 comprises
landing pads 901 for the conductive yarn on a textile to interface with the electrical
components on the lighting module, which landing pads are connected (e.g. by electrical

traces) to one or more current limiting resistors for LEDs (902-904) and multiple LEDs (905).

Fig. 10 discloses a T-shirt 1100, shorts 1200 and Fig. 11 depicts a long-sleeved shirt 1300
according to embodiments of the current invention, depicting an integrated lighting system in
a garment. As shown in these figures, there are lights 1120, which may be one or more of
light emitting diodes (LEDs), organic light emitting diodes or an electroluminescent material,
that are attached to the front, back and/or sides of the garment to provide illumination. The

lights are connected by some form of wiring (not shown) to a power supply unit 1130, which
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provides power and may perform additional functions as discussed in more detail below. In
addition to the lights 1120, the garments may also contain passive reflective strips 1140 to
reflect light from the beam of a vehicle and may help make a wearer more visible in low-light

conditions.

The embodiments of Figs. 10 and 11 relate to sports garments with unobtrusive integrated
electronics in accordance with the embodiments of the invention disclosed hereinbefore. In
these garments, one or more flexible lighting apparatus 120 are embedded into the garment,
drastically increasing the visibility of the wearer while performing running exercises,
especially in a dim environment. The one or more flexible lighting apparatus 120 contain light
engine elements 130 (LED) according to a pre-defined pattern, color and shape. A separate
electronics module can be attached and detached from the garment, which incorporates the
driving electronics, rechargeable battery and a switch which is the main interface for the user
to select the desired lighting mode (on and off / breathing animation / set brightness /

automatic brightness).

It will be appreciated that while the current invention may be integrated into sportswear,
embodiments of the current invention may also relate to the use of the integrated lighting
system in any fabric or textile. In particular, the lighting system may be integrated into any

type of garment.
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Claims

1. A visibility-enhancing device comprising:
a textile or fabric having an internal surface and an external surface; and
a flexible and conformable visible light source apparatus attached to the textile or
fabric, wherein the visible light source apparatus comprises:
at least one visible light source that is positioned towards the internal surface
of the textile or fabric and/or is positioned to provide light at an angle that is
substantially perpendicular to the internal surface of the textile or fabric;
at least two conductive members having a first end and a second end, where
the first end is connected to the at least one visible light source and the
second end is adapted to connect to a power source; and
at least one transparent polymer layer that encapsulates the entirety of the at
least one visible light source and at least part of the at least two conductive

members.

2. The device according to Claim 1, wherein the visible light source is selected from one
or more of the group consisting of a light emitting diode (LED), an organic light emitting
diode (OLED) and an electroluminescent material, optionally wherein the visible light source

further comprises an optical channelling device (e.g. an optical fibre).

3. The device according to Claim 1 or Claim 2, wherein the visible light source is

attached to the textile or fabric by the at least one transparent polymer layer.

4 The device according to any one of the preceding claims, wherein the flexible and
conformable visible light source apparatus further comprises at least one flexible substrate
with at least one electrical circuit thereon, where the at least one visible light source is
attached to the at least one flexible substrate through the at least one electrical circuit and
the at least one electrical circuit is connected to the at least two conductive members,
optionally wherein:

€)) the at least one visible light source is attached to the at least one electrical

circuit by an isotropic conductive adhesive; and/or
(b) the at least one electrical circuit comprises silver and/or copper; and/or
(© the at least one electrical circuit is a printed electrical circuit or a

lithographically etched electrical circuit.
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5. The device according to any one of the preceding claims, wherein the conductive
members may be one or more of the group selected from a wire, a conductive yarn, a

screen-printed conductive path and combinations thereof.

6. The device according to any one of the preceding claims, wherein the device further
comprises a power supply unit and an electrical interconnect to connect the power supply

unit to the visible light source apparatus.

7. The device according to Claim 6, wherein the power supply unit comprises a battery

and a DC-DC boost converter.

8. The device according to Claim 7, wherein the power supply unit further comprises a

switching module adapted to control a number of lighting modes of the visible light source.

9. The device according to Claims 6 to 8, wherein the power supply unit further
comprises:

€)) an ambient light detector adapted to control the brightness of the visible light
source based upon the ambient light conditions, optionally wherein one or more of the
lighting modes of the switching module is controlled fully or in part by the ambient light
detector; and/or

(b) a proximity sensor to control the brightness depending on the closeness to an
object; and/or

(© a sound detector to control the brightness depending on the ambient volume;
and/or

(d) a temperature sensor to control the brightness depending on the temperature.

10. The device according to any one of the preceding claims, wherein the textile or fabric
is formed into a garment or a bag, optionally wherein when the textile or fabric is formed into
a garment, the garment is selected from shorts, socks, T-shirts, trousers, leggings, shirts,

and caps.

11. The device according to any one of the preceding claims, wherein the flexible and

conformable visible light source apparatus has a thickness that is from 350 pum to 600 um.

12. The device according to Claim 11, wherein the flexible and conformable visible light

source apparatus has a thickness that is from 400 ym to 500 um.
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13. The device according to Claim 11 or Claim 12, wherein:

€)) the flexible and conformable visible light source apparatus has a bending
radius of from 5 mm to 10 mm; and/or

(b) the flexible and conformable visible light source apparatus has more than one

visible light source, the distance between the visible light sources is at least 1 cm.

14. The device according to any one of the preceding claims, wherein the at least one
transparent polymer layer is a material selected from one or more of the group consisting of
TPU, a silicone-based polymer, a plasma-treated textile substrate and a water repellent
textile substrate, optionally wherein the at least one transparent polymer layer is a material

selected from one or more of the group consisting of TPU and a silicone-based polymer.

15. The device according to any one of the preceding claims, wherein when the at least
one visible light source is positioned towards the inner surface of the textile or fabric, an

opening in the fabric or textile aligns with the at least one visible light source.

16. The device according to any one of Claims 4 to 15, wherein the flexible substrate is
made from one or more of the group selected from polyethylene naphthalate, polyethylene

terephthalate, polyimide.

17. The device of any one of the preceding claims, wherein the device is capable of
being washed at least up to 30 times (e.g. at least up to 50 times, such as at least up to 100
times) without affecting the function of the flexible and conformable visible light source

apparatus attached to the textile or garment.

18. The device of any one of the preceding claims, wherein the at least two conductive
members are electrically insulated across their entire length, except at a first portion
adjacent to and including the first end and a second portion adjacent to and including the
second end, both of which are uninsulated and the first portions of the at least two

conductive members are fully encapsulated by the at least one transparent polymer layer.

19. The device of any one of Claims 10 to 18, wherein the device is part of a garment ,
then flexible and conformable visible light source apparatus is located at any position in a

garment.
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20. The device of Claim 19, wherein the flexible and conformable visible light source
apparatus does not restrict the movement of a wearer of a garment and/or cause the wearer

any discomfort.
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