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(57) ABSTRACT

According to the present invention there is provided a device
that may be worn by a person, or fitted to an apparatus for
monitoring, sensing or controlling one or more parameters
such as, but by no means limited to, moisture, temperature,
heart rate or respiration rate, or controlling various param-
eters of electronic functions. The device includes:

a) a flexible substrate that can be worn by a person or fitted
to an apparatus and, wherein the flexible substrate
requires disposal or replacement with a fresh flexible
substrate or requires maintenance that prevents continu-
ous use of the device; and

b) an electrical circuit having separate first and second
parts, wherein the first part is carried by the flexible
substrate and the first and second parts can be releasably
connected together to form an electrical connection and
disconnected to allow the parts to be reused or disposed
as desired, and wherein one or both of the first and
second parts includes any one or combination of a con-
troller for controlling a parameter, a monitor for moni-
toring a parameter or a sensor for sensing a parameter.
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FLEXIBLE ELECTRONIC DEVICE

FIELD AND BACKGROUND OF THE
INVENTION

[0001] The present invention relates to a device that may be
worn by a person or fitted to an apparatus and includes any
one or a combination of the following: a sensor for sensing or
measuring a parameter, a control interface for controlling a
parameter, or a monitoring interface for monitoring a param-
eter. The parameter may be any condition, property or state
including environmental or operating parameters, or vital
signs of life. In addition, the parameter may be any operating
parameter of an electronic device.

[0002] Forexample,in the situation where the device of the
present invention is in the form of a disposable diaper or
nappy, the device may include a sensor adapted for signalling
when the nappy or diaper requires changing.

[0003] According to another example, the device of the
present invention may be in the form of a singlet, vest, or
T-shirt including a sensor that is adapted for monitoring the
heart rate and/or respiration rate of a patient, athlete, or person
wearing the device.

[0004] According to another example, the device of the
present invention may be in the form of a textile including a
control interface with single or multiple switches or buttons
that control the function of an electronic device. In the case
where the electronic device is in the form of a radio or media
player, the control interface may be used for controlling an
operating parameter such as the volume of sound played by
the device.

[0005] According to yet another example, the device of the
present invention may be in the form of a belt including a
sensor that can be fitted to an apparatus. The sensor may be
adapted for use as either an impact or strain gauge for evalu-
ating the forces applied to the apparatus or recording the
amount of work performed by the apparatus.

[0006] There are a large number of devices presently avail-
able that are capable of sensing, controlling, or monitoring
various parameters such a moisture, strain, and heart rate or
the operating parameter of an electronic device. However, in
most cases the cost of manufacture ofthe devices requires that
the devices be reused a number of times.

SUMMARY OF THE INVENTION

[0007] One ofthe aims of the present invention is to provide
a device that includes an electrical circuit having any one or a
combination of a sensor, or monitor interface, or control
interface and where the electrical circuit has two or more parts
which a user can connect or disconnect to facilitate reuse or
disposal of the parts of the circuit as desired.

[0008] In particular, according to the present invention
there is provided a device that may be worn by a person, or
fitted to an apparatus for monitoring, sensing or controlling
one or more parameters such as, but by no means limited to,
moisture, temperature, heart rate or respiration rate, or con-
trolling various parameters of electronic functions. The
device includes:

[0009] a)aflexible substrate that can be worn by a person or
attached to an apparatus and, wherein the flexible substrate
requires disposal and replacement with a fresh flexible sub-
strate or requires maintenance that prevents continuous use of
the device; and
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[0010] b)an electrical circuit having separate first and sec-
ond parts, wherein the first part is carried by the flexible
substrate and the first and second parts can be connected
together to form an electrical connection and thereafter dis-
connected to allow the parts to be reused or disposed as
desired, and wherein one or both of the first and second parts
includes any one or combination of a controller for control-
ling a parameter, a monitor for monitoring a parameter or a
sensor for sensing a parameter.

[0011] An advantage provided by the present invention is
that it enables the interchangeability, assembly and re-assem-
bly of the first and second parts of the electrical circuit in a
“transient” manner. In particular, an advantage provide by the
first and second parts of the circuit being disconnectable is
that when the flexible substrate requires disposal or mainte-
nance such as washing, the second part can be disconnected
and reused once the flexible substrate has been substituted
with a fresh substrate. The electronic components included in
the first and second parts of the circuit can be configured to
suit particular applications and, therefore, whether the flex-
ible substrate will be washed or disposed.

[0012] Throughout this specification the terms “flexible” or
“flexible substrate” embrace any material that can change in
shape or configuration. It is ideal, but by no means mandatory
or compulsory that the change in shape or configuration can
be the result of incidental forces applied to the material and
that the changes in shape and configuration of the material are
not permanent or irreversible. Examples of flexible substrates
include but are by no means limited to: textile material and
non-textile material such as plastic and board material that
can flex without having drape properties traditionally pos-
sessed by textiles.

[0013] Although itis possible that the first part of the circuit
may be indirectly attached to flexible substrate, it is preferred
that the first part of the circuit be directly attached to the
flexible substrate.

[0014] TItis preferred that the first part of the circuit be able
to flex without retarding the flexibility of the flexible sub-
strate.

[0015] TItis also preferred that the first part of the circuit be
formed on or embedded in the flexible substrate using elec-
tronic circuit printing techniques and or textile processing
techniques which enable the incorporation of conductive
materials, such as conductive filaments and yarns, by knit-
ting, weaving, and layering, and/or combinations of these
techniques.

[0016] It is possible that the device may also include a
second substrate, preferably in the form of a second flexible
substrate and that the second part of the circuit be carried by
the second flexible substrate. During use, the first or second
substrate may require washing or substitution with a fresh
substrate. For example, in the situation where the first sub-
strate is due for washing or disposal, it is envisaged that the
second part of the circuit will include the more valuable
component of the electrical circuit.

[0017] It is preferred that the device be in the form of a
textile and that the flexible substrate on which the first part of
the circuit is carried be incorporated in the textile. In this
situation and when the first part of the circuit includes a
sensing element and/or control interface, an advantage pro-
vided by flexible substrate being incorporated into a textile or
garment is that the sensing element can sense parameters very
close to a person’s skin such as surface temperature, skin
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conductivity and moisture and/or provide an intimate monitor
interface and or control interface for controlling electronic
devices.

[0018] The term “textile or garment” embraces any form of
garment that may be worn by a person including jumpers,
sweaters, vests, pants, T-shirts, underwear, belts, gowns, per-
sonal flotation devices, safety apparel, nappies and diapers,
and any other form of textile such as that used during road
construction, sun shade or solar protection, and wrapping.
[0019] Although itis possible that the first and second parts
can be held together in electrical connection by any suitable
means including clips, clasps, Velcro™ and other co-operat-
ing male and female members, it is preferred that a releasable
conductive adhesive bond the first and second parts of the
circuit together.

[0020] The adhesive may also be used with one or a com-
bination of the other types of mechanisms mentioned in the
preceding paragraph for holding the first and second parts
together.

[0021] Any suitable adhesive that resists accidental sepa-
ration of the first and second parts of the circuit yet allows the
first and second parts to be manually separated would be
suitable. In other words, according to one preferred form of
the invention, it is envisaged that the adhesive provide a basis
for a transient electrical connection between the first and
second parts of the circuit.

[0022] TItis preferred that the first part of the circuit include
a first pair of contact surfaces and that the second part of the
circuit include a second pair of co-operating contact surfaces,
and that the first and second pairs of the contact surfaces can
be manually aligned and placed together to facilitate electri-
cal connection therebetween. It is also preferred that the first
and second parts be able to be manually disconnected so that
either one or both of the parts can be reused.

[0023] In the situation where an adhesive is at least in part
responsible for holding the first and second parts together in
electrical connection, it is preferred that the adhesive be
located between the first and second pairs of the contact
surfaces and that the adhesive preferably be an electrically
conductive adhesive so that an electrical path can be estab-
lished between the first and second pairs of contact surfaces.
[0024] It is preferred that the electrical contact surface of
each of the first or second part have a total surface area of
greater than or equal to 1 square millimetre.

[0025] In the situation where an adhesive is located
between the first and second pairs of contact surfaces when
the electrical connection is made, it is preferred that the
adhesive be pre-applied to one of the contact surfaces before
electrical connection and that a removable protective tab be
positioned to cover the adhesive on the contact surfaces and
prevent the adhesive from bonding to other objects. Inuse, the
protective tab can be removed just prior to the first and sec-
onds part being placed together to form the electrical connec-
tion and can be replaced over the contact surfaces when the
parts have been separated after use.

[0026] The electrical circuit may have any required elec-
tronic components including but not limited to:

[0027] an electrical power source for powering the cir-
cuit;
[0028] a processing unit for receiving information from

the controller, monitor or sensor on the parameter being
monitored, sensed or controlled and processing the
information using suitable techniques, such as by com-
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paring the information on the parameter to a pre-selected
value or set of values of the parameter;

[0029] a controller interface for allowing the on and off
operation of the power source or control another opera-
tional function of the device;

[0030] an output system for sending processed and/or
unprocessed signals and/or for signalling when informa-
tion on the parameter being controlled, monitored or
sensed equals, exceeds or is less than a pre-selected
value of the parameter being monitored, sensed or con-
trolled.

[0031] Preferably, the transmitter includes a suitable
antenna for transmitting a signal to a remote receiver that
informs a person that a selected condition or parameter
change has occurred and that action may be required. For
example, in the situation where the garment is a disposable
diaper and the electrical circuit has the capacity to transmit a
signal to a centralized care station or care manager who may
be caring for a number of persons, the device can then be used
to identify when and on which persons need their nappies
changed.

[0032] Inthe situation in which the flexible substrate forms
part of a disposable diaper, pad, incontinency sanitary prod-
uct or wound dressing, and the parameter being monitored,
sensed or controlled is moisture and the first part of the circuit
carried by the flexible substrate forms part of the garment and
can be disposed and the second part of the circuit can be
reused by removing it from the used garment and connecting
it to a fresh garment. In order to reduce overall costs, it is
envisaged that the second part which to be reused would be
designed to include the more expensive components of the
electrical circuit.

[0033] Inthe situation when the device is worn by a person
and includes a sensor, the sensor may be adapted for sensing
parameters such as, but by no means limited to, surface tem-
perature, heart rate or respiration rate. In the situation when
the device worn by a person includes a control interface in the
form of one or more switches, the switches may form part of
a media player and be used for controlling the volume or
selection of music played.

[0034] In the situation where in the device is fitted to an
apparatus or placed on an object, the sensor may sense one or
more parameters such as but by no means limited to strain,
temperature, moisture, light intensity, sound level, pressure
and impact forces.

BRIEF DESCRIPTION OF THE DRAWING

[0035] Two preferred embodiments of the present inven-
tion will now be described with reference to the accompany-
ing drawings, of which:

[0036] FIGS.1 and 2 illustrate perspective views of flexible
and rigid substrates respectively according to an embodiment
of'a device of the present invention wherein the substrates are
disconnected;

[0037] FIG. 3 illustrates a perspective of the flexible and
rigid substrates shown in FIGS. 1 and 2 connected together;
[0038] FIGS. 4 and 5 illustrates perspective views of two
flexible substrates that are disconnected according to an alter-
native embodiment of a device of the present invention; and
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[0039] FIG. 6 illustrates a perspective view of the two flex-
ible substrates shown in FIGS. 4 and 5 connected together.

DETAILED DESCRIPTION

[0040] Theembodiments of the invention shownin FIGS. 1
to 6 include a number of features in common and the same
reference numerals have been used to identify the same or
similar features on both embodiments.

[0041] The embodiments of the invention shown in the
Figures are described in the context of sensing moisture in
disposable diapers, pads and alike sanitary products that are
disposed or destroyed after use. However, it will be appreci-
ated that the present invention is able to be used in the wide
range of other applications such as protective or conventional
clothing and covers that can be fitted to apparatuses. In the
situation where the device of the invention forms part of a
garment such as pants, a jacket or a shirt, it is envisaged that
the device include electrical circuitry having at least two parts
and that at least one part of the circuit is mounted on or in
embedded in the textile material that makes up the garment.
When the garment requires washing, the electrical circuit can
be separated into parts such that only the washable compo-
nent remains on the garment during washing. The electrical
circuit may be adapted for sensing, monitoring or controlling
parameters such as temperature, strain, movement of the gar-
ment or the operation of a device.

[0042] With reference to the embodiment of the invention
shown in FIGS. 1 to 3, the device includes a flexible substrate
identified by reference numeral 10 that forms part of a diaper
and on which a first part 12 of an electrical circuit is embed-
ded and/or printed using suitable techniques and technology.
The first part 12 of the electrical circuit shown in FIG. 1
includes a conventional moisture sensor 11 for sensing bodily
excretion indicating when the diaper needs to be changed.
[0043] The flexible substrate 10 may be any suitable mate-
rial such as the liquid permeable material commonly used to
manufacture diapers. It will be appreciated that the first part
12 of'the electrical circuit need not be directly attached to the
flexible substrate as shown in the Figures. For example, it is
possible that the first part 12 of the electrical circuit carried by
the flexible substrate may be directly attached to a rigid sheet
which is bonded or laminated to the flexible substrate 10.
However, to avoid the device from impeding the person’s
movement or reducing the comfort of the garment, it is pre-
ferred that the first part 12 of the circuit be directly attached or
embedded in the flexible substrate 10 and not retard the flex-
ibility of the substrate 10.

[0044] The first part 12 of the electrical circuit also includes
two contact surfaces 13 in the form of electrodes for forming
an electrical connection with corresponding electrodes 14
formed on the underside of the rigid substrate 15 shown in
FIG. 2. The rigid substrate 15 houses the remaining compo-
nents of a second part 17 the electrical circuit including a
power source, logic chip and output transmitter for sending
signals to a receiver or a station of receivers operated by a
manager caring for a number of patients. The first and second
parts 12 and 17 of the electrical circuit form an operable
circuit for sensing, control or monitoring a parameter.
[0045] Although not shown in the Figures, an electrical
conductive adhesive is spread over the electrodes 13 and 14 of
either one or a combination of the rigid or flexible substrates
10 and 15. The adhesive may also be located on the regions of
the flexible substrate 10 adjacent to the electrodes and on the
underside of the rigid substrate 15. In addition, a protective
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cover not shown in the Figures may be placed over the adhe-
sive on either one or both of the substrates 10 and 15 to
prevent removal of adhesive and prevent contamination of the
adhesive by unwanted particles sticking to the adhesive.
[0046] An example of a suitable conductive adhesive is
electrical conductive tape sold under the trade name
ARclad™ 8001 by Adhesive Research, Inc. Glen Rock Pa.
17327.
[0047] In use, the protective cover is removed from the
flexible and rigid substrates 10 and 15 to expose the elec-
trodes 13 and 14. The rigid substrate 15 is then manually
placed on top of the flexible substrate 10 with the pairs of
electrodes 13 and 14 in alignment. The adhesive between the
substrates 10 and 15 and electrodes 13 and 14 will bond the
two substrates 10 and 15 together and is of sufficient strength
to prevent the substrates from inadvertently coming apart
during use. However, the strength of the adhesive is not so
strong so as to prevent the flexible and rigid substrates 10 and
15 from being manually separated without damaging the
electrodes 13 and 14.
[0048] Once the flexible substrate or diaper to which it is
fixed has beensoiled, it is envisaged that the second part of the
circuit, housed by the rigid substrate 15 is able to be separated
or removed from the flexible substrate 10 so that the rigid
housing can be reused by being fitted to a fresh diaper. The
flexible substrate 10 forming part of a diaper and first part 12
of the circuit can be disposed or washed. In order to reduce
costs, it is envisaged that the second part 17 of the circuit that
is intended to be reused includes the more costly components
of the electric circuit.
[0049] The second embodiment shown in the FIGS. 4 to 6
is substantially the same as the embodiment shown in FIGS.
1 to 3. The only substantial difference between the embodi-
ments is that the rigid substrate 15 of the embodiment shown
in FIGS. 1 to 3 has been substituted with a flexible substrate
16 which like the rigid substrate 15 of the first embodiment
includes all of the components of the circuit that are intended
to be reused. The substrates 10 and 16 are also bonded
together with the pairs of contact surfaces 13 and 14 in elec-
trical connection using a suitable adhesive.
[0050] A person skilled in the art of the present invention
will appreciate that many modifications and variations may
be made to the preferred embodiments described above with-
out departing from the spirit or scope of the present invention.
[0051] For example, the first part of the circuit mounted or
embedded in the flexible substrate may include, but is by no
means limited to, any one or combination of the following
electrical components:
[0052] a thermocouple for sensing temperature;
[0053] a strain gauge for monitoring movement or
impact forces;
[0054] alight or sound sensor;
[0055] aswitchorany other form of control interface that
allows adjustment; and
[0056] suitable couplings for sensing heart rate or respi-
ration rate of patient or athlete.

1. A device that may be worn by a person or fitted to an
apparatus for monitoring, sensing or controlling one or more
parameters such as, but by no means limited to, moisture,
temperature, heart rate, respiration rate, strain, movement,
light intensity, sound, pressure or impact forces, or an elec-
trical function, wherein the device includes:

a) a flexible substrate that can be worn by a person or

attached to an apparatus and, wherein the flexible sub-
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strate requires disposal or replacement with a fresh flex-
ible substrate or requires maintenance that prevents con-
tinuous use of the flexible substrate; and

b) an electrical circuit having separate first and second
parts and one or both of the first and second parts
includes any one or a combination of a controller for
controlling a parameter, a monitor for monitoring a
parameter or a sensor for sensing a parameter, wherein
the first part is carried by the flexible substrate and
includes a first pair of contact surfaces and the second
part includes a second pair of contact surfaces and the
first and second pairs of contact surfaces can be con-
nected together to form an electrical connection therebe-
tween and thereafter disconnected to allow the parts to
be reused or disposed as desired, and wherein an elec-
trical conductive adhesive is present on the contact sur-
faces of either one or both of the first and second pairs
and electrical current can be conducted therethrough
when the first and second pairs are connected.

2. The device according to claim 1, wherein the first part of

the circuit is directly attached to the flexible substrate.

3. The device according to claim 1, wherein the first part of
the circuit is able to flex such that both the flexible substrate
and the first part of the circuit is able to be flexed.

4. The device according to claim 1, wherein the first part of
the circuit includes printed circuitry that is formed on or
embedded in the flexible substrate.

5. The device according to claim 1, wherein the first part of
the circuit includes an electrical conductive material that is on
or embedded in the flexible substrate.

6. The device according to claim 5, wherein the conductive
material is a filament or yarn that has been woven, knitted or
incorporated in the flexible substrate by way of a layered
structure.

7. The device according to claim 1, wherein the second part
of the circuit is directly or indirectly connected to a second
flexible substrate.

8. The device according to claim 1, wherein the second part
of the circuit is housed by a rigid enclosure.

9. The device according to claim 1, wherein the second part
of the circuit is carried or supported on another flexible sub-
strate.

10. The device according to claim 1, wherein the first and
second parts are able to be manually connected and discon-
nected.

11. The device according to claim 10, wherein the first and
second parts are, in addition to the conductive adhesive, held
together in electrical connection by any one or a combination
of clips, clasps, Velcro™, any other co-operating male and
female members.

12. The device according to claim 11, wherein the adhesive
resists accidental separation of the first and second parts of the
circuit yet allows the first and second parts to be manually
separated.

13. The device according to claim 1, wherein, the first and
second pairs of the contact surfaces can be manually aligned
and placed together to facilitate electrical connection therebe-
tween.

14. The device according to claim 13, wherein an electrical
conductive adhesive is pre-applied to either one or both of the
first and second pairs of contact surfaces.
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15. The device according to claim 14, wherein a removable
protective tab is positioned to cover the adhesive on the con-
tact surfaces so as to prevent contamination thereof prior to
use.

16. The device according to claim 13, wherein the contact
surfaces of the first or second parts have a total surface area of
greater than or equal to 1 square millimetre.

17. The device according to claim 1, wherein the electrical
circuit includes any one or a combination of:

an electrical power source for powering the circuit;

a processing unit for receiving information from the con-
troller, monitor or sensor on the parameter being moni-
tored, sensed or controlled and for comparing the infor-
mation on the parameter to a pre-selected value or set of
values of the parameter;

a controller interface for allowing the on and off operation
of the power source or control another operational func-
tion of the device;

an output system for sending processed or unprocessed
signals or for signalling when information on the param-
eter being controlled, monitored or sensed equals,
exceeds or is less than a pre-selected value of the param-
eter being monitored, sensed or controlled.

18. The device according to claim 17, wherein the process-

ing unit is a processing chip or micro controller.

19. The device according to claim 17, wherein the control
interface is a switch.

20. The device according to claim 17, wherein the output
system includes either one or combination of: a transmitter
that transmits a signal to a receiver; or an indicator that emits
light and/or sound.

21. The device according to claim 18, wherein the output
system transmits a signal to a centralized station or care
manager who may be caring for one or any number of
patients.

22. The device according to claim 1, wherein the flexible
substrate on which the first part of the circuit is carried is
incorporated in, or forms part of, a garment or a textile for
making a garment.

23. The device according to claim 22, wherein the garment
is a disposable diaper, pad, incontinency sanitary product or
wound dressing, and the parameter being monitored, sensed
or controlled is moisture and the first part of the circuit carried
by the flexible substrate forms part of the garment and can be
disposed and the second part of the circuit can be reused by
removing it from the used garment and connecting it to a fresh
garment.

24. A device that may be worn by a person or fitted to an
apparatus for monitoring, sensing or controlling one or more
parameters such as, but by no means limited to, moisture,
temperature, heart rate, respiration rate, strain, movement,
light intensity, sound, pressure or impact forces, or an elec-
trical function, wherein the device includes:

a) a flexible substrate that can be worn by a person or
attached to an apparatus and, wherein the flexible sub-
strate requires disposal or replacement with a fresh flex-
ible substrate or requires maintenance that prevents con-
tinuous use of the flexible substrate; and

b) a first part of an electrical circuit that is connectable to a
second part of the electrical circuit, wherein the first part
is attached to the flexible substrate and the first part
includes a pair of contact surfaces for connection with a
co-operating pair of contact surfaces of the second part,
and wherein an electrical conductive adhesive is pre-
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applied to the contact surfaces of the first part such that
the first and second parts can be connected together to
form an electrical connection therebetween and thereaf-
ter disconnected to allow the first part of the circuit to be
disposed as desired together with the substrate.

25. The device according to claim 24, wherein the first part
ofthe circuit is able to flex such that both the flexible substrate
and the first part of the circuit is able to be flexed.

26. The device according to claim 24, wherein the first part
of the circuit includes printed circuitry that is formed on or
embedded in the flexible substrate.

27. The device according to claim 24, wherein the first part
of'the circuit includes an electrical conductive material that is
on or embedded in the flexible substrate.

28. The device according to claim 26, wherein the conduc-
tive material is a filament or yarn that has been woven, knitted
or incorporated in the flexible substrate by way of a layered
structure.

29. The device according to claim 24, wherein prior to
connection of the first and second parts a removable protec-
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tive tab is positioned to cover the adhesive on the contact
surfaces so as to prevent contamination thereof prior to use.

30. The device according to claim 24, wherein the contact
surfaces of the first part have a total surface area of greater
than or equal to 1 square millimetre.

31. The device according to claim 24, wherein the flexible
substrate on which the first part of the circuit is attached is
incorporated in, or forms part of, a garment or a textile for
making a garment.

32. The device according to claim 31, wherein the garment
is a disposable diaper, pad, incontinency sanitary product or
wound dressing, and the parameter being monitored, sensed
or controlled is moisture and the first part of the circuit carried
by the flexible substrate forms part of the garment and can be
disposed and the second part of the circuit can be reused by
removing it from the used garment and connecting it to a fresh
garment.
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