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ABSTRACT

An electronic device for generating an aerosol which includes a power unit and an
evaporator unit. The evaporator unit comprises a heating system with a heating element. The
heating element comprises a dielectric substrate with at least one resistive layer area applied
thereon. The substrate is made of ceramic, and the at least one resistive layer area comprises
lines of different widths.
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AN ELECTRONIC DEVICE FOR GENERATING AEROSOL, AND A METHOD OF
GENERATING AEROSOL

This application is divided from Canadian Patent Application Serial No. 2,974,068 filed
on February 4, 2016.

Description

The present invention relates to an electronic device for generating an aerosol, and an
electronic cigarette in particular, comprising a power unit and an evaporator unit with a heating
system. A device for generating an aerosol according to the invention is used for administration
of substances in a form of aerosol! to the human respiratory tract, nicotine in particular.
Background

The phenomenon of smoking is known in the world for hundreds of years and more
recently the electric atomization Cigarette was invented. By eliminating the combustion method,
it is an alternative to a traditional cigarette. Moreover, thanks to the similarity in the way of
application and similarity in external appearance to a traditional cigarette it can help replace
smoking. Instead of tobacco in a solid form, nicotine liquid is most commonly used in the
electronic cigarette, for example based on glycol and glycerol. Nicotine liquid is heated, thereby
forming an aerosol which is subsequently inhaled by the smoker. Electronic cigarettes typically
consist of at least three basic elements. The first element is a power source storing energy in
any form, typically electricity. This may for example be a cylindrical battery that allows charge
and re-use of the apparatus. The second element is an electronic board for controlling the
functionality of the device. The third element is the heating system (otherwise evaporator or
atomizer). This system consists of a reservoir for storing nicotine liquid, and the heating system
responsible for heating the material to a temperature of evaporation.

For example from document US 2012/204889 [1] an electronic device for generating an
aerosol in the form of the electronic cigarette of the evaporator is known, wherein the heating
system comprises a heating element in the form of a resistance wire wound on the fluid
transporting element in the form of a wick.

A disadvantage of this known electronic cigarette is that the time of its production is
increased due to the difficulty of mounting a heating element in the form of a resistance wire. As
a result, it increases the unit cost of production of this type of cigarette Additionally a heater
from a resistive wire frequently fails because the carbon deposits formed on the heating element
of the smoked nicotine liquid prevent giving off heat by the heater, which in turn reduces the
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efficiency of evaporation, and eventually its burnout. It is possible to clean the heater, e.g. under
running water, but the method is very inconvenient from the point of view of the user of the
electronic cigarette.

These problems have been partly solved in the utility model application no. CN
203633510 [2]. This document discloses an electronic device for generating an aerosol in the
form of the electronic cigarette with a heating system (evaporator) containing a heater resistor in
the form of metallic, preferably stainless steel. Nicotine fluid is supplied to the surface of the
resistor element by using capillary force, wherein this element extends through a resistor. In
addition, the above metal resistor may be a hollow ceramic member with a through hole through
which the nicotine fluid transporting element passes. ‘

However, a disadvantage of this solution is that the heating element in the form of
metallic resistor is an expensive component, increasing the cost of manufacture of the cigarette.
Moreover, it is not dedicated to the conversion of electrical energy into heat. Its specific
structure (helical metal layer) also makes it difficult to lead a nicotine liquid transporting element
through it.

An electronic device for generating an aerosol is also known from the document no.
CN203841119 [3] which is in the form of the electronic cigarette with the evaporator unit
comprising a heating element in the form of a plate with a MMH heating resistor formed in thick-
film technology on a stainless steel and a cylindrical nicotine fluid transporting element due to
capillary force. This design also overcomes the disadvantages of the electronic cigarette with a
heating element in the form of resistance wire, but due to the fact that the heating element is a
MMH heating resistor, this type of electronic cigarette is expensive to produce. The high costs of
a heater resistor MMH are due to the fact that the production of a metal substrate is used, inter
alia, stainless steel. This material is very difficult in processing, and its use in the production of
small components, with a different shape than the plate in particular, for example to the tubular
elements, is very expensive, or impossible in the case of small diameters. In addition, the
production of MMH resistor is quite complicated, because the substrate must be isolated from
the resistive layer, and therefore require an additional manufacturing method, which will
increase the final cost of the heating system. In addition, production costs of MMH resistor for
applications in the electronic cigarette are rising due to the need to check the accuracy of the
application of an insulating layer. The occurrence of inaccuracies in the application of an
insulating layer can lead to short circuits, which could eventually lead to the failure of the control
system or failure of the power source of the electronic cigarette.
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Summary of the Invention

The present disclosure provides therefore an electronic device for generating an aerosol
comprising a power unit and an evaporator unit, wherein the evaporator unit comprises a heating
system with a heating element, wherein the heating element comprises a dielectric substrate with
at least one resistive layer area applied thereon, wherein the substrate is made of ceramic, and
the at least one resistive layer area comprises lines of different widths.

Preferably, the device substrate of the heating element has a substantially cylindrical
shape.

Preferably, the device substrate of the heating element is substantially plate-shaped.

Preferably, the device substrate of the heating element has a substantially prismatic
shape.

Preferably in the device, there is a fluid transporting element which is threaded through
the heating element.

Preferably in the device the fluid transporting element surrounds the heating element.

Preferably in the device the fluid transporting element is only in contact with the base.

The present disclosure also provides an evaporator unit for an electronic device for
generating an aerosol, wherein the evaporator unit comprises a heating element and a fluid
transporting element, wherein the heating element comprises a dielectric substrate with at least
one resistive layer area applied thereon, wherein the substrate is made of ceramic, and the at
least one resistive layer area comprises lines of different widths.

An advantage of the structure of the heating element of the electronic cigarette of the
present invention is primarily the facilitated maintenance (cleaning) of the heating element and its
replacement due to easily removable nicotine fluid transporting element from the heating element.
In addition, the electronic cigarette of the invention can be easier and cheaper to manufacture,
thanks to using a heating element formed in thick-film technology on ceramic substrate which
helps eliminate the electrical connections which are difficult to produce while necessary for some
heating elements. The cost of the electronic cigarette of the present invention can therefore lower,
due to the fact that small ceramic members forming the substrate of the heating element can be
produced by means of casting methods rather than machining as in the case of stainless steel (or
other metal).
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Furthermore, the heating element made with a thick film can be more resistant to formation
of carbon deposits, which can considerably increase the time of its lifespan as compared to
conventional a heater made of a resistance wire.

Brief Description of the Drawings

The electronic cigarette according to the invention is shown in the embodiment with
reference to the accompanying drawings, in which:

Fig. 1 shows a schematic diagram of the power unit of the electronic cigarette of the
present invention;

Fig. 2 shows a schematic diagram of the evaporator unit of the electronic cigarette of the
present invention;

3a
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Fig. 3 shows a top view of the heating element of the fluid transporting element
according to the first embodiment of the lamellar dielectric substrate;

Fig. 4 shows a perspective view of a heating element of the fluid transporting element
according to the first embodiment;

Fig. 5 shows a perspective view of a heating element of the fluid transporting element
according to another embodiment;

Fig. 6 shows a longitudinal sectional view of the electronic cigarette according to a
first embodiment of the lamellar heating element;

Fig. 7 shows a first embodiment of the cylindrical heating element with a fluid
transporting element of the second embodiment;

Fig. 8 shows another variation of the cylindrical heating element with a fluid
transporting element of the second embodiment;

Fig. 9 shows an electronic cigarette in the exploded form of the second embodiment
of the cylindrical heating element;

Detailed Description of the embodiment

One electronic cigarette according to the disclosure has a modular structure. Two
basic units of the electronic cigarette are: a power unit 1 and an evaporator unit 2.

As shown in FIG. 1, the power unit 1 comprises electric cell 3, the circuit board 4 with
an electrical circuit, the control element 5 controlling an operation of the electronic cigarette,
charging socket 6 of the electric cell and the information display 7. The power unit 1 is
arranged in the housing 8 (shown further in Fig. 6) aimed at protecting mechanical power unit
1 and provides adequate visual and aesthetic qualities.

Activating the electronic cigarette occurs when a smoker activates the control element
5, which is placed on the housing 8 of the power unit 1. This causes the activation of the
control system located on the circuit board 4 with an electric circuit. The purpose of the
control is to provide an electrical voltage the source of which is an electric cell 3, to the
heating element 11 located in the evaporator unit 2.

As shown in Fig. 2, the evaporator unit 2 has a mouthpiece 9, the nicotine liquid
reservoir 10, the heating element 11, the nicotine fluid transporting element 12 and inlets 13
disposed in the outer walls of the housing of the evaporator 14, the above-mentioned
elements of the evaporator are combined in a series so as to form the air path. The
evaporator unit 2 is placed in a housing 14 whose function is to mechanically protect the
evaporator unit 2, to provide the tightness of the entire system and preventing leakage of
nicotine liquid to the environment. The evaporator 14 housing can be made of a transparent
material or be provided with a window 15 of a material to visualize the fluid level of nicotine in
the reservoir 10. Moreover, the housing 14 of the evaporator provides the appropriate visual
and aesthetic qualities of the entire unit.
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The evaporator unit 2 is a unit, into which a nicotine liquid is poured. The heating
element 11 inside the evaporator unit 2 applies heat and converts a nicotine liquid into
aerosol, which the user then inhales through the electronic cigarette. The nicotine liquid is
delivered directly to the heater 11 by the nicotine fluid transporting element 12. The fluid
transporting element 12 has contact with the fluid reservoir 10 on one side. The nicotine
liquid reservoir 10 can be made as a single use or a rechargeable refillable use element. One
skilled in the art will appreciate that the evaporator unit 2, and the power supply 1 may be
also provided with other components than those exemplified or may not have some of these
components.

Figs. 3-5 and 7-8 show embodiments of a heating element 11 according to the
invention. In general, the heating element 11 comprises a substrate 11a having the form of a
plate or a cylindrical element of a material which is not electrically conductive with the applied
resistive layer 11b, serving as the heater. One skilled in the art will appreciate that a
substrate of dielectric material may be of any shape other than the substantially plate-shaped
or cylindrical, for example, substantially prismatic. One skilled in the art will appreciate that
the term "substantially” also includes such substrates shapes, which are similar to the shape
of specified known definition. A resistive layer 11b is applied on the substrate 11a by a thick-
film technique. Nicotine liquid is delivered to the surface of the heating element 11 by means
of the nicotine fluid transporting element 12 which advantageously may contact only with the
surface 11a. The purpose of the heater is to convert the supplied electric energy into thermal
energy (heat). The conversion of electric energy into heat is possible by the flow of electrical
current through resistive layer 11b deposited on the substrate 11, preferably ceramic, by a
thick-film technique. As a result of the flow of electrical current through resistive layer 11b,
the ceramic substrate 11 is heated to a high temperature. A contact of nicotine liquid with the
heated surface 11a of the substrate results in the conversion of nicotine liquid into aerosol.

The aerosol in a gaseous state, generated as a consequence of evaporation of
nicotine liquid is in the "air path" area that connects a mouthpiece 9 placed on top of the
electronic cigarette with the air inlets 13 located at the bottom thereof. Once a smoker
performs an action of taking a puff of air through the mouthpiece 9 the aerosol resulting from
evaporation of the nicotine liquid enters the lungs.

Information display 7 arranged at the power unit 1 is controlled by the electronic
circuit disposed on a circuit board 4, and can display the current state of the voltage level of
the electric cell 3, the number of puffs taken on a given day, etc.

An additional function of the electronic systems disposed on a circuit board 4 in the
power unit 1 is to limit the operating time of the heating element 11 during a single use, the
detection of a short circuit at the terminals of the external power supply unit 1, control of
charging of electric cell 3 from the external electric power source and forming the shape and
amplitude of the voltage applied to the element heater 11, depending on the level of voltage
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of the electric cell 3 so as to obtain optimal and uniform experience when using the electronic
cigarette.

Fig. 3 shows a first embodiment of a heating element 11 according to the invention.
The heating element 11 has a form of a plate consisting of a dielectric substrate 11 with the
applied resistive layer 11b in the thick film technology, through which the nicotine fluid
transporting element is threaded. The substrate 11a is made of a dielectric material, e.g.
ceramics. The advantage of this type of material is that for the production of these small
elements the foundry methods are used and not the machining methods, such as e.g. in the
case of stainless steel.

A resistive layer 11b is made of an electrically conductive material, with resistive
properties, which converts electrical energy into heat during the flow of electric current
through the element. A resistive layer may be continuous or form various patterns like
straight lines (of different widths) to more complex combinations (see Fig. 3). The resistance
value of the resistive layer depends on the used material to its implementation. The resistive
layer can be applied both on the internal and the external side of the substrate. Moreover,
there may be several area of separate resistive layer 11b on one substrate 11, which will
form separate heaters.

As indicated above, a capillary effect is used in the evaporator unit 1, which causes
the nicotine liquid to be transferred through the fluid transporting element 12 directly on the
hot surface of the heating element 11, thereby causing the generation of aerosol. The ends
of the fluid transporting element 12 are in the reservoir 10, and are in direct contact with the
nicotine liquid.

The fluid transporting element 12 due to the capillary effect becomes saturated over
the entire length and thereby transports the nicotine liquid to the surface of the heating
element 11, which is separated from the reservoir 10, preferably by means of seals. An
application of the nicotine fluid transporting element 12 while separating the heating element
11 from the fluid in the reservoir 10 allows for delivery of a suitable amount of fluid at a time.
The amount of fluid will be greater the greater the contact area of the nicotine fluid
transporting element 12 with the surface of the heating element 11. Evaporation of nicotine
liquid may be on the substrate surface 11a, or on the surface of the resistive layer 11b,
wherein the preferred one is where the fluid contacts a substrate layer because the chemical
reactions taking place there.

The nicotine fluid transporting element 12 in the electronic cigarette may be a string
ceramic, mesh, cotton, or other well- fluids transporting element. The fluid transporting
element 12 may be wound on the heating element 11 (see Fig. 8) or pass through it (see Fig.
3, 4, 5, and 7). As shown in Fig. 4, 5, 7, the number of passes through the heating element
11 may be 1, 2 or more. An example of string ceramics can be found e.g. here:
http://www.hangsenshop.eu/pl/51-sznurek-na-knoty-ekowool-silica. In Fig. 4, 5 and 7, 8 a
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resistive layer 11b is not shown for the sake of clarity, but one skilled in the art will appreciate
that it may take various shapes and may be disposed on an inner or outer layer of the
substrate.

FIG. 6 shows a longitudinal sectional view of the electronic cigarette with the heater
element 11 made as a resistive layer 11b applied on the ceramic substrate 11a according to
the first embodiment, i.e. with the heating element 11 in the form of a plate. The main
benefits of this approach include the elimination of the construction of the evaporator unit
electric cables used to connect the heating element 11 with the power source 3. The
connection of the heating element 11 to the power supply 3 is realized by applying a resistive
layer 11b on the ceramic substrate 11, which has outputs in the form of the power points 11¢c
applied on the substrate 11a, to which the power supply is connected. Power points 11c are
fixed, providing maximum durability by reducing the risk of damage during assembly and
disassembly of the heating element 11, relative to the solution which is used as an output
wiring.

So constructed heating element 11 having a suitable shape is placed in a socket 16
which provides an electrical connection between the heating element 11 located in the
evaporator unit 2 and the power source 3. The connection provides an easy and quick
installation of the heating element 11 in the electronic cigarette (it is of a so-called "quick
release coupling” kind), which has a significant impact on the reduction in production costs.
Reduction in production costs due to the short time of installation and fewer parts in the
evaporator unit 2. Due to the fact that the points of supply 11c are fixed, there is no need for
additional elements in the form of high temperature resistant wire shields or seals, which are
to ensure galvanic isolation between the plus and minus of the heating element 11. The
shape of the substrate 11a itself provides this separation of power.

An advantage of the heating element 11 according to the first embodiment of the
present invention is to maximally simplify for the user of the electronic cigarette perform such
tasks as cleaning, maintenance and replacement of the fluid transporting element nicotine.
The fluid transporting element 12 of liquid nicotine is replaceable, the operation is very
simple, and is reduced to pulling the heating element 11 out and to apply a new fluid
transporting element 12 thereon, or possibly threading it through the holes into the base 11a
of the heating element 11.

FIG. 9 shows an exploded view of the electronic cigarette according to a second
embodiment. In this embodiment, the heating element is in the form of the tubular element,
wherein a resistive layer 11b is deposited on the outer or inner side of the sleeve 11, or
simultaneously on both sides. As in the first embodiment, the evaporator unit uses a capillary
effect, which causes transfer of the nicotine liquid by the transporting element directly on the
hot outer surface of the cylindrical heater thereby forming an aerosol.
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The ends of the fluid transporting element 12 are located in a separate reservoir for
nicotine liquid 10, where they have direct contact with the nicotine liquid. Part of the nicotine
fluid transporting element 12 is outside the reservoir 10 in a direct contact with the outer
surface of the heating element 11. The ends of the fluid transporting element 12 due to
capillary effect transfer the nicotine liquid to the main part of the nicotine fluid transporting
element 12, and thus the nicotine liquid comes into contact with the surface the heating
element 11. After heating of the heating element 11 an aerosol will be generated.

By using a cylindrical heating element 11 and the fluid transporting element 12 with a
circular cross section, the contact surface of these elements is significantly increased. As a
result, a larger contact area will render the greater amount of aerosol due to the larger
amount of fluid supplied to the heating area.

Furthermore, as in the first embodiment so constructed heating element 11 having a
corresponding shape may be placed in a socket (not shown) which provides an electrical
connection between the heating element 11 placed in the evaporator unit and the power
supply 3. It is a kind of "quick release coupling". This coupling provides an easy and quick
installation of the heating element 11 in the electronic cigarette, which has a significant
impact on the reduction of production costs. Reduction of the production costs is due to the
short assembly time and fewer elements in the evaporator unit 2. Due to the fact that the
points of supply 11c are fixed, there is no need to use additional elements in the form of high
temperature resistant cable covers or seals that are designed to provide galvanic isolation
between plus and minus of the heating element 11. The shape of the substrate 11a itself
provides this separation of power.

The construction of the electronic cigarette of the second embodiment also allows in
some instances for easy replacement and maintenance of the heating element 11. When the
fluid reservoir 10 is removable, it can be removed if necessary together with the fluid
transporting element 12 mounted thereon and clean the heating element 11. The reservoir
10 with the fluid transporting element 12 are replaceable elements after all the nicotine liquid
is smoked up.

In another embodiment, the invention relates to a method of aerosol generation in an
electronic device. In the claimed method, evaporation of fluid is on the surface (heating
surface) due to a specific heating element, which increases the efficiency of aerosol
generation. The method comprises feeding a fluid through a fluid transporting element 12 to
the heater 11, wherein the fluid is heated by a heating element 11 consisting of a dielectric
substrate 11 with at least one resistive layer (11b) area applied thereon to a suitable
temperature so as the fed fluid passes into gaseous state while in contact with its surface.
One skilled in the art will appreciate that the temperature of the heating element necessary to
heat the fluid to a suitable temperature, thereby to produce an aerosol from the fluid
containing nicotine depends on several factors, including the contact surface of the fluid with
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the heating element, the rate of fluid delivery, and the materials from which the heating
element components are made of. Depending upon the fluid type, one skilled in the art will
know how to modify the parameters of the heating element and its power supply, so as to
obtain a suitable temperature to allow the transition of the fluid into an aerosol form.

The present invention is not only limited to an electronic device generating an aerosol
from the nicotine containing fiuid. One skilled in the art will recognize that the invention also
includes other electronic devices for generating an aerosol of fluid of any chemical
composition that is compatible with materials used for the fluid transporting element 12 and
in particular the materials used for the heating element 11.

In some embodiments the device may further comprise a protective layer arranged
over the heater to help protect against physical or chemical damage. For example, in some
implementations a glass layer may be provided over at least a part of the resistive layer
comprising the heater 11b.

In some embodiments the device may further comprise a temperature sensor
arranged to sense a temperature associated with the heater element 11, for example a
temperature sensor may be mounted on a side of the dielectric substrate opposite to the side
resistive layer 11b. Measurements from the temperature sensor may be used to control the
supply of power to the heater to help maintain the heater element at a desired temperature,
for example using conventional servo feedback techniques.

As already mentioned, the heater element may adopt any of a number of different
shapes, for example, the heater element may or may not include holes through which to
thread the fluid transporting element.

In order to address various issues and advance the art, this disclosure shows by way
of illustration various embodiments in which the claimed invention(s) may be practiced. The
advantages and features of the disciosure are of a representative sample of embodiments
only, and are not exhaustive and/or exclusive. They are presented only to assist in
understanding and to teach the claimed invention(s). It is to be understood that advantages,
embodiments, examples, functions, features, structures, and/or other aspects of the
disclosure are not to be considered limitations on the disclosure as defined by the claims or
limitations on equivalents to the claims, and that other embodiments may be utilised and
modifications may be made without departing from the scope of the claims. Various
embodiments may suitably comprise, consist of, or consist essentially of, various
combinations of the disclosed elements, components, features, parts, steps, means, etc.
other than those specifically described herein, and it will thus be appreciated that features of
the dependent claims may be combined with features of the independent claims in
combinations other than those explicitly set out in the claims. The disclosure may include
other inventions not presently claimed, but which may be claimed in future.
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THE EMODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An electronic device for generating an aerosol comprising a power unit and an evaporator
unit, wherein the evaporator unit comprises a heating system with a heating element, wherein the
heating element comprises a dielectric substrate with at least one resistive layer area applied
thereon, wherein the substrate is made of ceramic, and the at least one resistive layer area
comprises lines of different widths.

2. The electronic device according to claim 1, wherein the substrate has a substantially
cylindrical shape.

3. The electronic device according to claim 1, wherein the substrate is substantially flat.

4. The electronic device according to claim 1, wherein the substrate is substantially prism-
shaped.

5. The electronic device according to any one of claims 1 to 4, wherein the electronic device

further comprises a fluid transporting element.

6. The electronic device according to claim 5, wherein the fluid transporting element is

threaded through the heating element.

7. The electronic device according to claim 5, wherein the fluid transporting element
surrounds the heating element.

8. The electronic device according to claim 5, wherein the fluid transporting element is only
in contact with the substrate.

9. The electronic device according to any one of claims 5 to 8, wherein the fluid transporting
element comprises a string ceramic, mesh or cotton.

10. The electronic device according to any one of claims 1 to 19, wherein the resistive layer
area is applied on the dielectric substrate using a thick film technique.

11. The electronic device according to any one of claims 1 to 10, wherein the resistive layer

area is continuous.
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12. The electronic device according to any one of claims 1 to 10, wherein the resistive layer
area comprises separate resistive layer areas on one substrate to form separate heaters.

13. The electronic device according to any one of claims 1 to 12, wherein the resistive layer
area is applied both on an internal and an external side of the substrate.

14. The electronic device according to any one of claims 1 to 13, wherein the resistive layer
area comprises power points on the dielectric substrate for connecting the heating element to a
power supply.

15. The electronic device according to any one of claims 1 to 14, further comprising a socket
and the heating element is placed in the socket to connect the heating element to a power supply.

16. The electronic device according to any one of claims 1 to 15, wherein the heating element
is substantially tubular.

17. The electronic device according to any one of claims 1 to 16, further comprising a
protective layer arranged over the heating element.

18. The electronic device according to any one of claims 1 to 17, further comprising a
temperature sensor, wherein the electronic device is configured to control a supply of power to
the heating element to maintain the heating element at a desired temperature.

19. An evaporator unit for an electronic device for generating an aerosol, wherein the
evaporator unit comprises a heating element and a fluid transporting element, wherein the heating
element comprises a dielectric substrate with at least one resistive layer area applied thereon,
wherein the substrate is made of ceramic, and the at least one resistive layer area comprises
lines of different widths.

12
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