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HEATING ARRANGEMENTS FOR HUMIDIFICATION SYSTEMS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to humidification devices. More particularly,
the present invention relates to heating arrangements for use with respiratory

devices.

Description of the Related Art

Respiratory disorders deal with the inability of a sufferer to effect a sufficient
exchange of gases with the environment, leading to an imbalance of gases in the
sufferer. These disorders can arise as a pathological consequence of an obstruction of
the airway, insufficiency of the lungs in generating negative pressure, an irregularity
in the nervous function of the brain stem, or some other physiological complication.
Treatment of such disorders is diverse and depends on the particular respiratory
disorder being targeted. In the first instance, a constriction of the airway, otherwise
known as an obstructive apnea or a hypopnea (collectively referred to as obstructive
sleep apnea or OSA), can occur when the muscles that normally keep the airway
open in a patient relax during slumber to the extent that the airway is constrained or
completely closed off, a phenomenon often manifesting itself in the form of snoring.
When this occurs for a significant period of time, the patient’'s brain typically
recoghizes the threat of hypoxia and partially wakes the patient in order to open the
airway so that normal breathing may resume. The patient may be unaware of these
occurrences, which may occur as many as several hundred times per session of sleep.
This partial awakening may significantly reduce the quality of the patient’s sleep,
over time potentially leading to a variety of symptoms, including chronic fatigue,
elevated heart rate, elevated blood pressure, weight gain, headaches, irritability,

depression and anxiety.

Obstructive sleep apnea is commonly treated with the application of positive airway
pressure (PAP) therapy. PAP therapy involves delivering a flow of gas to a patient at a
therapeutic pressure above atmospheric pressure that will reduce the frequency
and/or duration of apneas, hypopneas, and/or flow limitations. This therapy is often
delivered by using a positive airway pressure device (PAP device) to propel a
pressurized stream of air through a conduit to a patient through an interface or mask
located on the face of the patient. The stream of air may be heated to near body
temperature. The stream of air may be humidified. The humidification may be
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performed by forcing the stream of air to travel through a respiratory humidifier
containing water and a heater for heating the water. In such a system, the heater
encourages the evaporation of the water, which in turn imbues the stream of air with
moisture and/or heat. This moisture and/or heat may help to ameliorate discomfort
that may arise from the use of unhumidified PAP therapy. Respiratory humidifiers
may also be used with other gas-based therapies, such as high flow therapy, and

may have similar therapeutic benefits when used with other gas-based therapies.

SUMMARY OF THE INVENTION
In some cases, when utilizing a respiratory therapy system involving the
administration of gases, it is desired to use a respiratory humidifier to heat and/or
humidify the gases being delivered to a patient. The respiratory humidifier may
comprise a humidification chamber comprising a resistive metallic heating plate and a
reservoir that may interface with the resistive metallic heating plate. The gas may
pass through the reservoir and/or humidification chamber. The resistive metallic
heating plate may be used to heat liquid contained in the reservoir to encourage
liquid entrainment in the gas flow. However, there may be difficulty in the industrial
use of some such resistive metallic heating plates. Many metals may be difficult
and/or expensive to mold into desired shapes. The price of the raw material used to
craft a resistive metallic heating plate may be high. The electrical and/or thermal
conductivity of the resistive metallic heating plate may not be ideal. A resistive
metallic heating plate, if used in a humidification chamber, may not blend seamlessly
with the rest of the humidification chamber, and may not be aesthetically pleasing to
a consumer. Accordingly, it is an object of the disclosure to provide an improved
heating system that might solve one or more of the above problems, or at least

provide the public with a useful choice.

Thus, in accordance with at least one of the embodiments disclosed herein, a
humidifier is disclosed. The humidifier may be a respiratory humidifier. The
humidifier may comprise a humidifier comprising:

a heater for heating a liquid in a reservoir that is part of or is received by the
humidifier;

wherein the heater is constructed from an electrically conductive plastic (ECP)
material and comprises a thermoconductive layer that is non-electrically conductive

at least partially covering the ECP material.
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In some embodiments, the humidifier comprises a chamber to receive a said
reservoir in use and the heater is located in or forms part of a wall or base of the

chamber to heat the water via a wall or base of the reservoir.
In some embodiments, the heater is over-moulded in a wall or base of the chamber.

In some embodiments, substantially all of the walls and base of the chamber is

formed from an ECP material.

In some embodiments, the humidifier comprises a said reservoir, and wherein the

heater is located in or forms part of the reservoir.
In some embodiments, the heater forms part of a wall or base of the reservoir.

In some embodiments, substantially all of the walls and base of the reservoir is
formed from an ECP material, such that the reservoir forms the heater. Thus, in
some embodiments, the humidifier comprises a reservoir for receiving water and
wherein the reservoir comprises a base and a wall or walls, and wherein the walls
and base are constructed from an electrically conductive plastic (ECP) material and
comprises a thermoconductive layer that is non-electrically conductive at least
partially covering the ECP material, the ECP material providing a heater to be

energized to heat water received by the reservoir.
In some embodiments, the heater is over-moulded in a wall or base of the reservoir.

In some embodiments, the thermoconductive layer comprises thermoconductive

structures to promote or effect heat transfer to the liquid in the reservaoir.

In some embodiments, the ECP material is over-moulded in a wall or base of the
reservoir, and the wall or base is formed from a thermoconductive material, the

thermoconductive material of the wall or base forming the thermoconductive layer.

In some embodiments, the heater is configured to promote differential heating of

liquid in the reservaoir.

In some embodiments, the thermoconductive structures are one or more of

thermoconductive fins, ridges, ribs, depressions, channels and/or fenestrations.
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In some embodiments, the heater comprises a biocompatible layer covering the

thermoconductive layer.
In some embodiments, the biocompatible layer is biocompatible and hydrophilic.

In some embodiments, the biocompatible layer is over-moulded to the

thermoconductive layer.

In some embodiments, the heater comprises a hydrophilic layer covering the

thermoconductive layer or a biocompatible layer of the heater.

In some embodiments, the hydrophilic layer is over-moulded to the

thermoconductive layer or the biocompatible layer.

In some embodiments, the thermoconductive layer is over-moulded to the ECP

material.

In some embodiments, the thermoconductive layer is biocompatible or hydrophilic or
biocompatible and hydrophilic.

In some embodiments, the thermoconductive layer substantially covers all of the ECP
material.

In some embodiments, the thickness of the ECP material varies or is irregular across
a width and/or length of the heater.

In some embodiments, the heater comprises sections of ECP material spaced apart

across a width and/or length of the heater.

In some embodiments, the heater comprises alternating sections of ECP material and
a further material that is either thermally conductive or thermally isolating.

In some embodiments, the ECP material is asymmetric or off center with respect to

the reservoir in use to create a differential heating of the liquid.

In some embodiments, the ECP material is formed as a serpentine track of ECP
material in or on a further material that is either thermally conductive or thermally

isolating.
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In some embodiments, the differential heating encourages the formation of
convection currents, eddies, and/or other turbulence-inducing phenomena in the

liquid.

BRIEF DESCRIPTION OF THE DRAWINGS
Certain features, aspects and advantages of specific embodiments and modifications
of the present invention will become apparent to those skilled in the art from the

detailed description herein having reference to the figures that follow, of which:

Figure 1 shows a schematic diagram of a respiratory therapy system.

Figure 2 illustrates a humidifier configuration in which a base of a chamber of the
humidifier has been overmoulded with an electrically conductive plastic material.
Figure 3 illustrates a humidifier configuration in which a base of a chamber of the
humidifier has overmoulded an electrically conductive plastic material.

Figure 4A illustrates a configuration for an electrically conductive plastic material.
Figure 4B illustrates a configuration for an electrically conductive plastic material.
Figure 4C illustrates a configuration for an electrically conductive plastic material.
Figure 4D illustrates a configuration for an electrically conductive plastic material.
Figure 4E illustrates a configuration for an electrically conductive plastic material.
Figure 4F illustrates a configuration for an electrically conductive plastic material.
Figure 4G illustrates a configuration with a biocompatible layer and/or hydrophillic
layer.

Figure 5A illustrates a humidifier configuration wherein the entire reservoir has been
constructed from an electrically conductive plastic material.

Figure 5B illustrates a humidifier configuration wherein a part of the reservoir has
been constructed from an electrically conductive plastic material.

Figure 5C illustrates a humidifier configuration wherein a part of the reservoir has
been constructed from an electrically conductive plastic material.

Figure 5D illustrates a humidifier configuration wherein a part of the reservoir has
been constructed from an electrically conductive plastic material.

Figure 5E illustrates a humidifier configuration wherein a part of the reservoir has
been constructed from an electrically conductive plastic material.

Figure 5F illustrates a humidifier configuration wherein a part of the reservoir has
been constructed from an electrically conductive plastic material.

Figure 5G illustrates a humidifier configuration wherein a part of the reservoir has
been constructed from an electrically conductive plastic material.

Figure 5H illustrates a humidifier with an ECP structure with macrostructures.
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Figure 5I illustrates a reservoir formed from ECP material to act as a heater for
heating water within the reservoir.

Figure 6 shows a schematic diagram of current pathways across a configuration for a
humidifier heater.

Figure 7 shows another schematic diagram of current pathways across a
configuration for a humidifier heater.

Figure 8A illustrates a side view of a configuration for a humidifier heater.

Figure 8B illustrates a perspective view of the humidifier heater of Figure 8A.

Figure 9A illustrates a side view of a configuration for a humidifier heater.

Figure 9B illustrates a perspective view of the heater of Figure 9A.

Figure 9C illustrates another perspective view of the heater of Figure 9A.

Figure 9D illustrates yet another perspective view of the heater of Figure 9A.

Figure 10 illustrates a configuration for a humidifier chamber.

Figure 11 illustrates an exploded view of a configuration for a humidifier.

Figure 12 illustrates a partially exploded view of the configuration of Figure 11.

Figure 13 illustrates a perspective view of a configuration for a humidifier.

Figure 14 shows a schematic diagram of current pathways across a configuration for
a humidifier heater.

Figure 15A shows a top view of a reservoir comprising internal vanes.

Figure 15B shows a top view of a reservoir and an insert adapted to be used with the
reservoir.

Figure 15C shows a perspective view of an insert adapted to be used with a reservoir.
Figures 16A, 16B illustrate a heated breathing tube with ECP material.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
Certain features, aspects and advantages of at least one of the configurations
disclosed herein include the realization that an electrically conductive plastic (ECP)
material may be used as a heater for assisting in the heating and/or humidification of
gases delivered by a respiratory therapy system. The ECP material may, for example,
be used in a respiratory humidifier to heat water contained in a reservoir such that
water vapour may be generated. The water vapour may join gases passing through

the respiratory humidifier and/or reservoir to provide humidified gases to a patient.

With reference to Figure 1, a configuration for a respiratory therapy system 100 is
shown. In the illustrated configuration, the respiratory therapy system 100 may
comprise a flow generator 101. The flow generator 101 may comprise a gas inlet 102
and a gas outlet 104. The flow generator may comprise a blower 106. The blower 106

may comprise a motor. The motor may comprise a stator and a rotor. The rotor may
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comprise a shaft. An impeller may be linked to the shaft. In use, the impeller may
rotate concurrently with the shaft to draw in gas from the gas inlet 102. The flow
generator 101 may comprise a user interface 108 which may comprise one or more
buttons, knobs, dials, switches, levers, touch screens, and/or displays so that a user
might view data related to the operation of the flow generator 101 or to other
components of the respiratory therapy system 100 or input operation parameters into
the flow generator 101 to control its operation or the operation of other components
of the respiratory therapy system 100. The flow generator 101 may pass gas through
the gas outlet 104 to a first conduit 110. The first conduit 110 may pass the gas to a
humidifier 112 that may entrain moisture in the gas to provide a humidified gas
stream. The humidifier 112 may comprise a humidifier inlet 116 and a humidifier
outlet 118. The humidifier 112 may comprise a reservoir 114 that may be filled with
water or some other humidifying agent (hereinafter referred to as water). In
illustrated embodiments the reservoir is a tub. In some embodiments the reservoir
may comprise a wicking material, or may be a wicking material to hold water by
capillary action. In some embodiments the reservoir may be a shallow dish or a plate
or surface on which a small amount of liquid may be placed to be evaporated. The
humidifier 112 may comprise a chamber (not shown). The chamber may serve as a
housing or support for the reservoir 114. The humidifier 112 may comprise a heater
113 that may be used to heat the water in the reservoir 114 to encourage water
vaporization and/or entrainment in the gas flow and/or increase the temperature of

gases passing through the humidifier 112.

The humidifier 112 may have a user interface 120 which may comprise one or more
buttons, knobs, dials, switches, levers, touch screens, and/or displays so that a user
might input operation parameters into the humidifier 112 to view data related to the
operation of the humidifier 112 or to other components of the respiratory therapy
system 100 or control the operation of the heater 113 and/or operation of other

aspects of the humidifier 112 or respiratory therapy system 100.

Gas may then pass from the humidifier outlet 118 to a second conduit (breathing
tube) 122. The second conduit 122 may comprise a conduit heater 122a that may be
used to add heat to gases passing through the second conduit 122. The conduit
heater may comprise one or more resistive wires located in, on, or around a wall of
the second conduit 122. For example, the conduit heater can take the form of a spiral
wound or other configuration of conductor through which current/voltage passes to
create heat. The heat may help to prevent the condensation of moisture entrained in
the gas stream along the walls of the second conduit 122. Alternatively, the conduit

122 might comprise or be formed from ECP material to provide heat, such as shown
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in Figure 16B, and to be described later. Optionally, it could be the combination of a
resistive wire(s) and a ECP material that provides heat. Gas passing through the
second conduit 122 may then enter a patient interface 124 that may pneumatically
link the respiratory therapy system 100 to the patient’s airway. The patient interface
124 may comprise a nasal mask, an oral mask, an oro-nasal mask, a full face mask,
a nasal pillows mask, a nasal cannula, an endotracheal tube, a combination of the

above or some other gas conveying system.

In the illustrated configuration, and as implied above, the respiratory therapy system
100 may operate as follows. Gas may be drawn into the flow generator 101 through
the gas inlet 102 due to the rotation of an impeller of the motor of the blower 106.
Gas may then be propelled out of the gas outlet 104 and along the first conduit 110.
The gas flow may enter the humidifier 112 through the humidifier inlet 116. Once in
the humidifier 112, the gas may pick up moisture while passing over the water in the
reservoir 114. The reservoir 114 may be heated by the heater 113, which may aid in
the humidification and/or heating of the gas passing through the respiratory
humidifier 112. The gas may leave the humidifier 112 through a humidifier outlet 118
and enter a second conduit 122, which optionally can have a heater 122a. Gas may
be passed from the second conduit 122 to the patient interface 124, where the gas
may be taken into the patient’s airways to aid in the treatment of respiratory

disorders.

The illustrated configuration should not be taken to be limiting; many other
configurations for the respiratory therapy system 100 are possible. In some
configurations, the flow generator 101 may, for example, comprise a source or
container of compressed gas (e.g. air). The container may comprise a valve that may
be adjusted to control the flow of gas leaving the container. In some configurations,
the flow generator 101 may use such a source of compressed gas and/or another gas
source in lieu of a blower 106. In some configurations, the blower 106 may be used
in conjunction with another gas source. In some configurations, the flow generator
101 may draw in atmospheric gases through the gas inlet 102. In some
configurations, the flow generator 101 may be adapted to both draw in atmospheric
gases through the gas inlet 102 and accept other gases (e.g. oxygen, nitric oxide,
carbon dioxide, etc) through the same gas inlet 102 or a different inlet. In some
configurations, the humidifier 112 can be integrated with the flow generator 101. In
some configurations, the humidifier 112 and the flow generator 101 may share a

housing 125.
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In some such configurations, only a single conduit extending between the flow
generator 101 and the patient interface 124 need be used to convey gases to a
patient. In some configurations, the flow generator 101 and the humidifier 112 may
have a single user interface located on either the flow generator 101 or the humidifier
112. In some configurations, the operation of the flow generator 101, of the
humidifier 112, or of other aspects of the respiratory therapy system 100 may be
controlled by a controller. The controller may comprise a microprocessor. The
controller may be located in or on the flow generator 101, the humidifier 112, or
other parts of the respiratory therapy system 100. In some configurations, multiple
controllers may be used. In some configurations, the operation of the flow generator
101, of the humidifier 112, or of other aspects of the respiratory therapy system 100
may be controlled wirelessly using a user interface located on a remote computing
device. In some configurations, the respiratory therapy system 100 may comprise
one or more sensors for detecting various characteristics of the gas, including
pressure, flow rate, temperature, absolute humidity, relative humidity, enthalpy,
oxygen concentration, and/or carbon dioxide concentration. Measurements obtained
using the one or more sensors may be utilized by the controller to facilitate open or
closed loop control of one or more components of the respiratory therapy system
100, including but not limited to the flow generator 101, the humidifier 112, the
heater 113 and/or the conduit heater of the second conduit 122.

In some configurations, there may be no user interface or a minimal user interface
for the flow generator 101, humidifier 112, or other aspects of the respiratory therapy
system 100. In some such configurations, the respiratory therapy system 100 may
utilize a sensor to determine if the patient is attempting to use the respiratory
therapy system 100. In such configurations, the respiratory therapy system may
automatically operate (e.g., the flow generator 101 may propel gases, the humidifier
112 may humidify gases, etc.) according to one or more predetermined parameters if
the sensor indicates that the patient is attempting to use the respiratory therapy

system 100.

The humidifier is described later with reference to the Figures. The humidifier can
utilize ECP materials. Attention is now given to the discussion of ECP materials. An
ECP material may comprise a synthetic or natural resin, a plastic, a polymer, a
composition of a resin, plastic, or polymer, or another material that is electrically
conductive and has plastic qualities or characteristics. In some configurations, the
ECP material may comprise a thermoplastic material, e.g., a material that becomes
moldable or pliable if the temperature of the material is raised to a particular

temperature and that returns to a solid, relatively firm state upon cooling. In some
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configurations, the ECP material may comprise a thermoset plastic or polymer, e.g., a
polymer or pre-polymer that during processing, transforms into a plastic or elastomer
by a crosslinking process. A thermoset cannot be melted and reshaped. Thermoset
resins may include phenolic resins, amino resins, polyester resins, silicon resins,
epoxy resins and polyurethanes. In some configurations, the ECP material may, for
example, comprise plastics or polymers that are intrinsically electrically conductive,
such as polyphenylene sulfides, polyacetylenes, polyanilines, polypyrroles,
polythiophenes, polyphenylenes, polyphenylene vinylenes (such as poly(p-phenylene
vinylene)), polyalkylthiophenes, polypyrenes, polyazulenes, polynaphthalenes,
polycarbazoles, polyindoles, polyazepines, polyethylenedioxythiophenes (such as
poly(3,4-ethylenedioxythiophene)), polymers comprising metal atoms, and polymer-
metal complexes. In some configurations, the ECP material may comprise an
electrically conductive additive or doping agent, such as carbon black, carbon fibers,
carbon nanotubes, graphite, graphene, stainless steel fibers, metal flakes or powders
(e.g. gold, silver, copper, etc), metal composites, organometallic complexes,
phthalocyanine salts, and polycyclic aromatic hydrocarbons. In some such
configurations, plastics or polymers that are not intrinsically electrically conductive
may be used. Preferably, the ECP material may be suitable for use as a resistive

heater.

With reference to Figures 4A-4G, an ECP structure 133 is shown. The ECP structure
133 may comprise an ECP material layer 140. In the illustrated configuration, the
ECP material layer 140 is the form of a film. However, the ECP material layer 140
may comprise other geometries, such as strands or blocks. In some configurations,
the ECP structure 133 may comprise a first supporting layer 134 and/or a second
supporting layer 135. The layer of ECP material 140 may be in physical
communication with the first or second supporting layers 134, 135. Alternatively, the
layer of ECP material 140 may be in physical communication with both the first and
second supporting layers 134, 135 so that the ECP layer 140 is substantially
sandwiched between the first and second supporting layers 134, 135. The first
supporting layer 134 and/or second supporting layer 135 may likewise be in the form
of films, or the first and/or second supporting layers 134, 135 may comprise other
geometries. The first and/or second supporting layers 134, 135 may comprise
thermally conductive and/or electrically insulative materials. The first and/or second
supporting layers 134, 135 may comprise thermoplastic and/or thermoset materials.
The layer of ECP material 140, first supporting layer 134, and/or second supporting
layer 135 may be bound together. The binding may be realized through the use of a
mechanical fastener, an adhesive, lamination, ultrasonic welding, or through the use

of some other binding process or device. In some configurations, the layer of ECP
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material 140, the first supporting layer 134, and/or the second supporting layers 135
may be a part of an apparatus, for example, a wall or base of a humidification
chamber, a wall or base of a reservoir, of another component of a humidifier, a
patient interface (for example, in or on an internal surface of a patient interface, the
internal surface being a surface upon which condensed water may be deposited in
use), a conduit 122 (for example, as a conduit heater 122a) or of some other

respiratory apparatus.

As demonstrated in Figure 4A, the ECP material layer 140 may be entirely
constructed from an ECP material. However, in some configurations, the ECP material
layer 140 may at least in part be constructed from another material. As shown in
Figure 4B, the ECP material layer 140 may be constructed from a section of an ECP
material and a section of another material, such that the ECP material is off center or
asymmetric to a center of the reservoir. As shown in Figure 4C, the ECP material
layer 140 may be constructed from a first section of ECP material and a second
section opposing the first section of another material, where the first section of ECP
material has an irregular thickness along the width and/or length of the ECP material
layer 140. In other words the thickness of the ECP material may vary or is irregular
over the length and/or width of the heater. As shown in Figure 4D, the ECP material
layer 140 may be constructed from alternating sections of an ECP material and one or
more other materials. In some embodiments the ECP material may be in sections
spaced apart over the width and/or length of the heater. As shown in Figure 4E, the
ECP material layer 140 may comprise a serpentine track of ECP material in or on
another material. Many other configurations may be imagined. The one or more other
materials of the embodiments of Figures 4B to 4E may be a thermally conductive
material, or may be thermally isolating, and may be electrically isolating. The
configurations shown in Figures 4B-4E may be useful for creating differential heating
in a body of water heated by the ECP structure 133, which may encourage the
formation of convection currents, eddies, and/or other turbulence-inducing
phenomena in the body of water such that efficient mixing and/or heating of the

water may be realized.

Additionally, in some configurations, and as shown in Figure 4F, the ECP material
layer 140 and/or other parts of the ECP structure 133 may interface with an electrical
structure (such as electrical terminals) 142 that may convey electrical and/or thermal
energy to the ECP structure 133 and/or ECP material layer 140. The electrical
terminals 142 may comprise metals (e.g. aluminum bars or other masses) or other
electrically conductive materials. The electrical terminals 142 may include contacts,

printed using conductive ink. The electrical terminals 142 may in turn receive
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electrical energy wirelessly or through a wired connection or electrical lead. The
electrical lead may come from a component of a respiratory therapy system, such as,
for example, a flow generator or a heated conduit of a respiratory therapy system.
In any of the configurations described herein, a biocompatible layer and/or a
hydrophilic layer (e.g. hydrophilic coating or treating) can be provided. For example,
as shown in Figure 4G, an ECP structure 133 or an ECP material 140 as described
earlier (e.g. of thermoset plastic or thermoplastic) can have a biocompatible layer
171 and/or a hydrophilic layer 172 on the ECP material layer 140. Such layers could
be provided to any of the configurations described herein. In some embodiments the
ECP material is covered by a layer that is both biocompatible and hydrophilic. Some
example biocompatible materials that may also be hydrophilic are Pebax®, Arnitel®
and PLA (Polylactic acid). Glass is also biocompatible and may be have hydrophilic
properties by surface texturing. Polyethylene terephthalate PET and PA66 are
example hydrophilic polymers with surface energy of 42 dynes/cm and 46dynes/cm

respectively.

In some embodiments the biocompatible layer may be over-moulded to the ECP
material of the heater. The hydrophilic layer may be over-moulded to the ECP
material and/or to the biocompatible layer. In some embodiments, the biocompatible
material is a thermally conductive material that is not electrically conductive. In
some embodiments, the reservoir and/or chamber is formed from a thermally
conductive electrically isolating material over-moulded to the heater constructed from
an electrically conductive plastic material according to any of the configurations
described herein, a portion of a base or wall of the chamber or reservoir forming a

thermally conductive electrically isolating biocompatible layer over the ECP material.

With reference to Figure 2, a humidifier 112 is shown. The humidifier 112 may
comprise a reservoir 114 that may in use hold water 130 or another humidification
agent (hereinafter referred to as water 130). The reservoir 114 may comprise a gas
inlet 116 and a gas outlet 118. The humidifier 112 may comprise a humidification
chamber 126 that may in use accommodate or otherwise define a space for the
placement of the reservoir 114. The reservoir may be placed in and removed from the
chamber. In other embodiments, the humidifier may removably receive the reservoir
on an open base, e.g. the humidifier may be without a chamber for receiving the
reservoir. In some configurations, the humidification chamber 126 may comprise a
gas inlet. The gas inlet of the humidification chamber 126 may pneumatically
interface with the gas inlet 116 of the reservoir 114. In some configurations, the
humidification chamber 126 may comprise a gas outlet. The gas outlet of the

humidification chamber 126 may pneumatically interface with the gas outlet 118 of
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the reservoir 114. Many different configurations of inlets and outlets for the
humidifier 112 may be possible. For example, in some configurations, the
humidification chamber 126 and the reservoir 114 may share a single conjoined gas
inlet that extends from an outer wall of the humidification chamber 126 to an inner
wall of the reservoir 114. In some configurations, the humidification chamber 126
and the reservoir 114 may share a single conjoined gas outlet that extends from an
inner wall of the reservoir 114 to an outer wall of the humidification chamber 126. In
some embodiments the chamber 126 forms a reservoir for holding water or other
humidification agent (e.g. in some embodiments the reservoir is built in to the

humidifier and is not removable from the humidifier in normal use).

In the illustrated configuration of Figure 2, the humidification chamber 126 comprises
a base 134. The base 134 may be overmoulded with an ECP material 140 or structure
133, or otherwise have an ECP material or structure 133 incorporated. The wall
and/or base of the chamber could also be made from ECP, as described later. In
some configurations, and as demonstrated in Figure 3, the base may overmould the
ECP structure 133. In other configurations, the ECP structure 133 may be secured to
the base 134 through the use of other methods, including but not limited to welding
(for example, ultrasonic or high frequency welding), the use of adhesives, or the use
of mechanical fastening arrangements (for example, hook-and-loop fasteners, screw
threading arrangements, bolts, etc). The ECP structure 133 may directly or indirectly
interface with an electrical connection 132. The electrical connection 132 may
include, for example, a wire or conductor that may be electrically linked to a battery,
a fuel cell, an AC power source or a DC power source. The electrical connection 132
may interface with the ECP layer 133 in a variety of ways. In some configurations,
the electrical connection 132 may include a wire that may protrude through the base
134 of the humidification chamber 126 or some other wall of the humidification
chamber 126 or opening in the humidification chamber 126 (for example, a gas inlet
or gas outlet of the humidification chamber 126) to interface with the ECP structure
133.

In some embodiments, the entire chamber may be constructed from an ECP material
140, e.g. the base and wall or walls may be formed from an ECP material 140, and
may comprise a biocompatible and/or hydrophilic layer 171, 172 as described earlier
with reference to Figure 4G. In such an embodiment the entire chamber acts as the
humidifier heater. In some embodiments at least a portion of the wall or base of the
chamber may be formed from a thermally conductive material and an ECP material
may be incorporated into the wall or base by over-moulding. In such an embodiment

the material of the wall or base forms a thermally conductive layer over the ECP
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material of the heater. In some embodiments the thermally conductive material is
electrically isolating. A biocompatible and/or hydrophilic later may be applied over
the thermally conductive material as described earlier. In some embodiments, the

thermally conductive material is biocompatible and/or hydrophilic.

In some configurations, no direct electrical connection 132 is necessary to supply the
ECP structure 133 with electrical energy. For example, the ECP structure 133 may
receive electrical energy wirelessly by inductive charging or resonant inductive
coupling. The ECP structure 133 may be energized using inductive electrical power
transfer technology. In some configurations, the technology may be similar to
technologies used for the Qi interface standard for charging mobile devices. In use,
the ECP structure 133 may receive electrical current from the electrical connection
132 or some other source of electricity. The ECP structure 133 converts the electrical
energy into thermal energy. The thermal energy is passed to the reservoir 114
containing water 130. In some configurations, the thermal energy generated may be
passed to the reservoir 114 through a thermally conductive element (such as a layer)
The thermally conductive element may be part of a base 128 or wall of the reservoir
114, may be part of the humidification chamber 126, or may be part of the ECP
structure 133. The thermally conductive element may be part of both the reservoir
114 and the humidification chamber 126, or may be part of both the reservoir 114
and the ECP structure 133, or may be part of both the humidification chamber 126
and the ECP structure 133, or may be part of the reservoir 114 and the humidification
chamber 126 and the ECP structure 133. Thermal energy may pass from the reservoir
114 to the water 130 in the reservoir 114 to heat the water. Water vapor may be
generated from the water 130 which then may join the flow of gases passing from
the gas inlet 116 to the gas outlet 118. In some configurations, the thermally
conductive element may not be present.

In some configurations, the reservoir 114 may be wholly constructed from a
thermally conductive material. Advantageously, the ECP structure 133 may be used
to quickly heat the water 130 while being easy to form into desired shapes using
conventional molding techniques. Additionally, the cost of the raw materials used to
form the ECP structure 133 may be less than the cost for other more conventional
materials usable for heating water 130 in respiratory humidification systems. The ECP
structure 133 and/or other components of the humidifier 122 may comprise or
interface with one or more thermistors, thermocouples, or other sensors or sensing
modules that may be used to help control operation of the humidifier 112 or other

parts of a respiratory therapy system 100.
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In some configurations, and as demonstrated in Figures 5A-5G, the reservoir 114
may be constructed at least in part from an ECP material 140 or structure 133 as
indicated in the figures. In some such configurations, the humidification chamber 126
need not comprise a heating material or separate ECP structure along the base 134
or walls of the humidification chamber 126. The electrical connection 132 may
interface directly with one or more sections of the reservoir 114. In other
configurations, electrical energy may be delivered to the reservoir 114 wirelessly as
similarly described elsewhere in this disclosure with reference to Figures 2 and 3. In
some configurations, and as illustrated in Figure 5A, the entire reservoir 114 may be
constructed from an ECP structure 133. However, in some configurations, only a part
of the reservoir 114 may be constructed from an ECP structure 133. In some
embodiments, the entire reservoir may be constructed from an ECP material 140,
e.g. the base and wall or walls may be formed from an ECP material 140, and may
comprise a biocompatible and/or hydrophilic layer 171, 172 as described earlier with
reference to Figure 4G. In such an embodiment the entire reservoir acts as the
humidifier heater. In some embodiments, at least a portion of outer surfaces of the
reservoir may be covered by a thermally insulating layer of material. The thermally
insulating layer preferably allows a user to pick up or handle the reservoir. As shown
in Figure 5B, the reservoir 114 may be constructed from a section of an ECP structure
133 or material 140 and a section of another material, such as a non-thermally
conductive and/or non-electrically conductive material, or a material that is thermally
conductive and non-electrically conductive (e.g. a material that is thermally
conductive and electrically insulating). In some embodiments at least a portion of
the wall or base of the reservoir may be formed from a thermally conductive material
and an ECP material may be incorporated into the wall or base by over-moulding. In
such an embodiment the material of the wall or base forms a thermally conductive
layer over the ECP material. In some embodiments the thermally conductive
material is electrically isolating. A biocompatible and/or hydrophilic later may be
applied over the thermally conductive material as described earlier. In some

embodiments, the thermally conductive material is biocompatible and/or hydrophilic.

A material layer that is thermally conductive may be formed from a material that is
not considered to be a good thermal conductor, but which is formed with a thickness
that is sufficiently thin in order to allow heat transfer through the thin layer from the
heater to the water in the reservoir. Thermal conductivity in plastic materials is
typically achieved by adding filler materials to the plastic material, for example
aluminum oxide and/or boron nitride. Preferably the thermally conductive material
has a thermal conductivity of 0.4 W/mK or greater, or a thermal conductivity of 1

W/mK or greater. Most preferably the material has a thermal conductivity 5 W/mK or
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greater. Preferably a material that is thermally conductive and electrically insulating
has a minimum electrical resistivity of 1MOhm.cm, or a resistivity in the range of 10?
to 10'® Ohm.cm. Some exemplary thermally conductive and electrically insulating
materials are D-series CoolPoly® plastics by Celanese, for example as set out in the

table below.

Coolpoly ® D-Series Thermally conductive and electrically insulating plastics

Thermal conductivity in
Material Reference W/ mK

Polypropylene D1202 5
Polyamide (PA66/6) D3612 6
Polyphenylene Sulfide D5110 2

Liquid Crystal Polymer D5502 1.46
Liquid Crystal Polymer D5506 10
Thermoplastic elastomer D8102 3

Thermoplastic elastomer D8104 1:31

As shown in Figure 5B, the reservoir 114 may be constructed from a section of an
ECP material or structure 133 and a section of another material, such as a
thermoplastic and/or thermoset material. The sections may be on opposite sides of
the reservoir 114. As shown in Figure 5C, the reservoir 114 may be constructed from
a first section of an ECP material 140 or structure 133 and a second section opposing
the first section of another material, where the first section has an irregular thickness
along the width and/or length of the first section. As shown in Figure 5D, the
reservoir 114 may be constructed from alternating sections of an ECP material 140 or
structure 133 and one or more other materials. As shown in Figure 5E, the base 128
of the reservoir 114 may be constructed from an ECP material 140 or structure 133.
As shown in Figures 5F and 5G, the base 128 of the reservoir 114 constructed from
the ECP material 140 or structure 133 may have an irregular thickness along the
width and/or length of the base 128. In some configurations, and particularly in the
configurations illustrated in Figures 5B, 5C, 5D, 5F, and 5G, differential heating of the
water 130 in the reservoir 114 may occur. The differential heating may encourage the
formation of convection currents, eddies, and/or other turbulence-inducing
phenomena in the body of water such that efficient mixing and/or heating of the
water 130 may be realized. The differential heating effect may be improved as the

contact area of the ECP structure 133 with the water 130 increases. For example, in
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some configurations, the humidifier configuration demonstrated in Figure 5G may be

more preferable than the humidifier configuration demonstrated in Figure 5F.

In some configurations, part or all of the ECP structure 133 may be constructed from
porous materials and/or may comprise microstructures or features, such as ridges,
ribs, depressions, channels and/or fenestrations, for example but without limitation.
The porous materials and/or microstructures or features may improve the contact
area between the ECP structure 133 and the water 130. Electrical current from an
electrical connection 132 or some other source of electricity may be fed into the
reservoir 114 at one or more points along, in, or on the reservoir comprising the ECP
structure 133. In some configurations, different levels of electrical energy may be
applied to different sections or portions of the ECP structure 133. In use, the
humidification chamber 126 may serve to electrically and/or thermally isolate the
reservoir 114. In some configurations, the humidification chamber 126 need not be
present. In some such configurations, the reservoir 114 (and electrical connection
132, if present) may comprise the entirety of the respiratory humidifier 112 (e.g. the

chamber 126 may not be present).

In another embodiment, as shown in Figure 5H, the humidifier 112 may contain an
ECP structure 133 in the form of a heat sink, comprising a plastic heater plate (ECP
material substrate) 140 with a thermoconductive (thermally conductive) layer 136.
The thermoconductive layer 136 may comprise visually pronounced
features/macrostructures which are observable to the unaided eye, such as
thermoconductive fins, ridges, ribs, depressions, channels and/or fenestrations, or
other thermoconductive structures, for example but without limitation. The shape of
these visually pronounced features form or function as a heat sink to improve the
contact area between the thermoconductive layer 136 and the water 130 and hence
effect more efficient heat transfer from the ECP material layer 140. The
thermoconductive layer 136 may be constructed from ECP material or any other
metallic or plastic material that is conductive to the transfer of thermal energy into
the water 130 in the reservoir 114. In some embodiments the thermoconductive
layer is non-electrically conducting, e.g. is thermally conductive and electrically
insulating. In some embodiments, the thermoconductive layer is over-moulded to
the ECP material of the heater. The thermoconductive layer can be a separate
component joined to the ECP material layer, or alternatively, the thermoconductive
layer 136 may be intregated with and/or be part of the ECP material layer. In
another variation, an ECP structure like any of those previously described could be
used in place of the ECP material layer. As described previously, the walls and base of

the reservoir may be formed from an ECP material 140 and with a layer of thermally
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conductive electrically isolating material 136 covering the ECP material, as illustrated
in Figure 5I. In some embodiments a biccompatible and/or hydrophilic layer or
layers may also be applied, or the thermoconductive layer 136 may be biocompatible

and/or hydrophilic.

In some configurations, if an electrical current is passed from point to point across a
heater comprising electrically conductive material and having a substantially uniform
shape and configuration, the current will follow a path of least resistance and may
travel along a line from the point of one electrical connection to the other. In this
situation, the heating might not be as efficient as desired. Therefore, in some
configurations, it may be desirable for the humidifier to be configured so that electric
current is spread substantially evenly across the heater to improve the efficiency of

the heater.

For example, as illustrated in Figures 6 to 13, the humidifier may comprise a heater
comprising an electrically conductive material, such as an ECP structure. In some
configurations, as demonstrated in Figures 7 and 8, the heater 150 may directly or
indirectly interface with an electrical structure 152. In some configurations, as
demonstrated in Figure 6 the electrical structure may comprise a pair of electrically
conducting members 151A, 151B extending across opposing sides of the heater 150.
For example, the electrically conducting members may be located on opposing
surfaces at opposing sides of the heater 150 or the electrically conducting members
may be located on the same surface but at opposing sides of the heater 150. In some
configurations, the electrically conducting members may be metallic members, such
as aluminium bars.

In some configurations, multiple electrically conducting members are positioned
across opposing sides of the heater 150. For example, two or more electrically
conducting members may be arranged in line to lie along a first side of the heater
150 and two or more electrically conducting members may be arranged in a line to lie
along a second side of the heater 150, the second side being located opposite the
first side. The electrically conducting members may be directly or indirectly
electrically connected to a power supply so that, in use, electric current may pass
along one electrically conducting member and through the heater 150 to the other
electrically conducting member. The electrically conducting members may be
electrically connected with the heater 150 and a power supply using any suitable
configuration. For example, the electrically conducting members may simply contact
the heater or may be printed with conductive ink, adhered, welded, overmoulded or

mechanically fastened to the heater 150.
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In some configurations, the heater 150 is supported by a pair of clamps 152 located
on opposite sides of the heater, as shown in Figure 7. Each clamp may comprise an
electrically conducting member, which may be a metal bar, or substantially the entire
clamp may form an electrically conducting member. Each electrically conducting
member may be positioned to lie along one side of the heater. In use, electric current
E may be caused to move through the heater 150 from one electrically conducting
member to the other, as shown in Figures 6 and 7. By positioning the electrically
conducting members to lie along the length or width of the heater, the current may
be substantially evenly spread across the heater. In some configurations, at least one
electrically conducting member may comprise a printed circuit board (PCB). The PCB
may have sensing functions and may comprise a thermistor, thermocouple, or other
sensors or sensing modules that may be used to help control operation of the

humidifier or other parts of a respiratory therapy system.

The humidifier heater 150 may comprise an electrically conductive material, such as
an ECP structure or a metal. In some configurations, as shown in Figures 8A to 14,
the heater 150 comprises a first edge 153 and a second edge 154. The second edge
154 may be viewed at approximately 90 degrees from the first edge 153 along the
same plane. The heater 150 also has a contoured first surface 155 that comprises a
pair of crests separated by a trough-like depression extending in one direction along
the heater 150. In this configuration, as demonstrated in Figures 8A, 8B, and 9A to
9D, the first surface 155 of the heater 150 has a substantially convex profile when
viewed from the first edge 153 and has a substantially concave profile when viewed
from the second edge 154. The second edge 154 has a minimum thickness at one
point or section to form a trough that extends across the heater 150 from the second
edge 154 to the opposing edge. The point or section at which the heater 150 is of a
minimum thickness may be located at a central region of the second edge 154.
Alternatively, the point or section of minimum thickness may be located off centre or
near one side of the second edge 154 to encourage differential heating. In effect, the
heater 150 may have a variable thickness along its length and/or width. In some
configurations, as shown in Figures 8A, 8B and 9A to 9D, the heater 150 is
substantially circular. However, it is envisaged that the heater 150 may be of any
suitable shape, including angled shapes, curved shapes, regular shapes, and irregular
shapes. The heater 150 may directly or indirectly interface with an electrical

connection configured to provide electrical energy to the heater 150.

In some configurations, as illustrated in Figures 8A, 8B and 9A to 9D, the heater 150

may comprise a pair of electrical connectors 160 to connect the heater 150 to an
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electrical connection. One electrical connector 160 may be connected to the heater
150 at opposing ends of the trough, as shown in Figures 8A and 8B. In some
configurations, the electrical connectors 160 may be connected to electrical
connections provided on the humidifier chamber 127 or reservoir 114. For example,
the base of the chamber 127 or reservoir 114 may comprise electrical connections,
such as electrical wires that are connected to a power supply. Alternatively, the base
of the chamber 127 or reservoir 114 may comprise any other form of electrical

connection that may be directly or indirectly connected to a power supply.

In some configurations, the electrical connectors 160 may comprise one or more
electrically conducting arms. The arms 160 may be integrally formed with the heater
150 or the arms 160 may be attached to the heater 150. The arms 160 may be
configured to connect the heater 150 to an electrical connection for supplying
electrical energy to the heater. For example, each arm 160 may comprise an
electrical contact 161 configured to connect with an electrical connection on the
chamber 127, reservoir 114 or other part or region of the humidifier. In some
configurations, the electrical contact 161 is provided at a distal end of each arm 160.
For example, each electrical contact may be located on an extension member that

projects from the distal end of each arm 160, as illustrated in Figures 9A to 13.

In some configurations, as shown in Figure 11, the electrical contact 161 on each arm
160 may be configured to connect with an electrical connection in the form of a
spring 157. Each spring 157 may be configured to connect to the heater 150 and to
also directly or indirectly connect to a power supply. The spring contacts 157 may
help to maintain the integrity of the electrical connections when the humidifier is
moved or is moving. In some configurations, the heater may form the base of the
reservoir and/or the base of the humidification chamber for a humidifier. For
example, as illustrated in Figures 11 to 13, the heater 150 may form the base of the
reservoir 114. The reservoir 114 comprises a continuous wall or walls configured to fit
between the electrically conducting arms 160 of the heater 150, as shown in Figure
11. The reservoir 114 may be held between the arms 160 of the heater, as
demonstrated in Figure 12. The reservoir 114 (with heater) may be fitted within the
humidifier chamber 127, as shown in Figure 13. In some configurations, the
chamber 127 comprises a continuous wall or walls having an inner surface or
surfaces on which recessed channels 126 are provided. The channels 126 are
positioned to correspond with the arms 160 of the heater, so that the reservoir 114
and heater 150 can be slid into the chamber 127 by sliding the arms 160 of the
heater along the channels 126. The projecting extension member of each arm 160

may extend beyond the outer periphery of the chamber 127, as demonstrated in
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Figure 13. In this configuration, the electrical contacts 161 provided on each
extension member may directly connect with an electrical connection or the electrical
contacts may connect with an electrical connection via spring contacts 157, as

described above.

In some configurations, each arm may comprise an electrical contact that connects
with an electrical connection provided within the respective channel of the chamber.
In such configurations, it may not be necessary for each arm to comprise a projecting
extension member at or near its distal end. In use, electrical energy may pass
through the heater from one electrical connector to another. In some configurations,
the electrical energy may pass through the heater along multiple pathways that are
spread substantially evenly across the heater, according to Pouillet’s law:

| {

Where:
p: electrical resistivity (Qm™)
{: length of the heater (m)

A: cross sectional area of the heater (mm?2)

In some configurations, each pathway of electric current E may form an arc between
the electrical connections, as shown in Figure 14, By passing electric current across a
significant area of the heater 150, the heater 150 is able to heat a body of water in
the reservoir 114 at a faster rate than if current was passed through the heater 150

along a line.

In some configurations, and as demonstrated in Figure 15A, the walls of the reservoir
114 may comprise vanes 144. When the reservoir 114 contains water and is being
heated, the vanes 144 may serve to direct water moving around in the reservoir 114
(e.g., due to convection currents arising from the heating of the reservoir 114). The
vanes 144 may then serve to create additional turbulence, vortices, and/or swirling in
the reservoir 114, which may improve the efficiency of heating and/or mixing the
water. In some configurations, the vanes 144 may be heated. For example, the vanes
144 may be constructed at least in part from an ECP material that may be heated
through the use of a power source and electrical connections similarly to those
described elsewhere in this disclosure. Heating the vanes 144 can further promote
the creation of turbulence, vortices and/or swirling in the reservoir 114 by

differentially heating water in the reservoir 114.
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In some configurations, and as shown in Figures 15B and 15C, the reservoir 114 may
comprise an insert 146 that may be removably located within the reservoir 114. The
insert 146 may comprise features 148. The features 148 may comprise orifices
and/or vanes 144, for example but without limitation. The orifices may have an
angular shape, a ‘teardrop’ shape, a curved shape, or some other shape, for example
but without limitation. Similarly, the insert 146 may be used to direct water moving
around in the reservoir 114 (e.g. due to convection currents arising from the heating
of the reservoir 114), which may create additional turbulence, vortices, and/or
swirling in the reservoir 114, which may improve the efficiency of heating and/or

mixing the water.

In some configurations, and with reference to Figure 16A and 16B, ECP material
might be provided to the second conduit 122 and/or the second conduit might be
formed in part or entirely from ECP material. The ECP material forms, replaces or
complements the conduit heater 122a. For example, ECP material forms part or all of
the second conduit 122 to provide the heater 122b function, as shown in Figure 16A.
The ECP material 140 forms the conduit 122, which is preferably a cylindrical cross
section, but is not limited to this shape or form. A biocompatible layer 171, and/or a
hydrophilic layer can also be provided. The ECP material can be energized as
previously described to create heat. The heat may help to prevent the condensation
of moisture entrained in the gas stream along the walls of the second conduit 122. As
shown in Figure 16B, a heater wire 122a may be provided in addition to complement
the heating functions of the ECP material. In yet another alternative, the ECP

material is in the form of a heater wire, and replaces the spiral heater conductor.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like, are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense, that is to say, in the

sense of “including, but not limited to.”

Unless the context clearly requires otherwise, throughout the description and claims,
the words ‘connect’, ‘connected’, ‘connecting’, ‘connects’, and the like, when used to
refer to electrical connections, should be interpreted to include any suitable form of
electrical connection where electrical energy is transferred from one electrically
conducting material to another. For example, the electrical connection may be a
direct physical connection, such as physical contact between two electrically
conducting materials, or the electrical connection may be a wireless connection, such

as that provided by inductive charging or resonant inductive coupling or any other
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suitable system of wirelessly transferring electrical energy between electrically

conducting materials.

Where, in the foregoing description reference has been made to integers or
components having known equivalents thereof, those integers are herein

incorporated as if individually set forth.

The invention may also be said broadly to consist in the parts, elements and features
referred to or indicated in the specification of the application, individually or
collectively, in any or all combinations of two or more of said parts, elements or

features.

Reference to any prior art in this specification is not, and should not be taken as, an
acknowledgement or any form of suggestion that that prior art forms part of the

common general knowledge in the field of endeavour in any country in the world.

Certain features, aspects and advantages of some configurations of the present
disclosure have been described with reference to use by a patient or user. However,
certain features, aspects and advantages of the use of the respiratory humidifier as
described may be advantageously practiced by other people on behalf of the patient,
including medical professionals, medical device dealers, or medical device providers.
Certain features, aspects and advantages of the methods and apparatus of the

present disclosure may be equally applied to usage by other people.

Additionally, certain features, aspects and advantages of some configurations of the
present disclosure have been described with reference to ECP structures and/or
materials. However, certain features, aspects and advantages of some configurations
of the present disclosure may be advantageously practiced with other materials
including metals or ceramics. Certain features, aspects and advantages of the
systems and/or apparatus of the present disclosure may equally be applied when
using structures and/or materials that are not ECP structures and/or materials.

Additionally, certain features, aspects and advantages of some configurations of the
present disclosure have pointed to the use of ECP structures and/or materials with
humidifiers, in some cases respiratory humidifiers for use with respiratory therapy
systems. However, certain features, aspects and advantages of some configurations
of the ECP structures and/or materials may be advantageously utilized with other
components of respiratory therapy systems (e.g. for a conduit heater of a respiratory

therapy system, etc), with nonmedical humidifiers or with other devices. Certain
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features, aspects and advantages of the present disclosure may equally be applied

when using the ECP structures and/or materials with other systems or devices.

Although the present disclosure has been described in terms of certain embodiments,
other embodiments apparent to those of ordinary skill in the art also are within the
scope of this disclosure. Thus, various changes and modifications may be made
without departing from the spirit and scope of the disclosure. For instance, various
components may be repositioned as desired. Moreover, not all of the features,
aspects and advantages are necessarily required to practice the present disclosure.
Accordingly, the scope of the present disclosure is intended to be defined only by the

claims that follow.
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WHAT IS CLAIMED IS:

1. A humidifier comprising:

a heater for heating a liquid in a reservoir that is part of or is received by the
humidifier;

wherein the heater is constructed from an electrically conductive plastic (ECP)
material and comprises a thermoconductive layer that is non-electrically conductive

at least partially covering the ECP material.

2. The humidifier of claim 1, wherein the humidifier comprises a chamber to
receive a said reservoir in use and the heater is located in or forms part of a wall or
base of the chamber to heat the water via a wall or base of the reservoir.

3. The humidifier of claim 2, wherein the heater is over-moulded in a wall or

base of the chamber.

4, The humidifier as claimed in claim 2, wherein substantially all of the walls and

base of the chamber is formed from an ECP material.

5. The humidifier of claim 1, further comprising a said reservoir, and wherein the

heater is located in or forms part of the reservoir.

6. The humidifier of claim 5, wherein the heater forms part of a wall or base of

the reservoir.

7 The humidifier as claimed in claim 6, wherein substantially all of the walls and
base of the reservoir is formed from an ECP material, such that the reservoir forms

the heater.

8. The humidifier of claim 6, wherein the heater is over-moulded in a wall or

base of the reservoir.

9, The humidifier of any one of claims 5 to 8, wherein the thermoconductive
layer comprises thermoconductive structures to promote or effect heat transfer to the

liquid in the reservoir.

10. A humidifier as claimed in claim 6, wherein the ECP material is over-moulded
in a wall or base of the reservoir, and the wall or base is formed from a
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thermoconductive material, the thermoconductive material of the wall or base

forming the thermoconductive layer.

11. The humidifier of claim 1, wherein the heater is configured to promote

differential heating of liquid in the reservoir.

12, The humidifier of claim 1, wherein the thermoconductive structures are one or
more of thermoconductive fins, ridges, ribs, depressions, channels and/or

fenestrations.

13 The humidifier of any one of claims 1 to 12, wherein the heater comprises a

biocompatible layer covering the thermoconductive layer.

14. The humidifier of claim 13, wherein the biocompatible layer is biocompatible

and hydrophilic.

15. The humidifier of claim 13, wherein the biocompatible layer is over-moulded
to the thermoconductive layer.

16. The humidifier of any one of claims 1 to 15, wherein the heater comprises a
hydrophilic layer covering the thermoconductive layer or a biocompatible layer of the

heater.

17.  The humidifier of claim 16, wherein the hydrophilic layer is over-moulded to

the thermoconductive layer or the biocompatible layer.

18. The humidifier of claim 1, wherein the thermoconductive layer is over-

moulded to the ECP material.

19.  The humidifier as claimed in claim 1, wherein the thermoconductive layer is
biocompatible or hydrophilic or biocompatible and hydrophilic.

20. The humidifier of claim 1, wherein the thermoconductive layer substantially

covers all of the ECP material.



