(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
03 January 2019 (03.01.2019)

(10) International Publication Number

WO 2019/002589 A1l

WIPO I PCT

(51) International Patent Classification:

A24F 47/00 (2006.01)
(21) International Application Number:
PCT/EP2018/067674
(22) International Filing Date:
29 June 2018 (29.06.2018)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
15/636,983 29 June 2017 (29.06.2017) Us

(71) Applicant: PHILIP MORRIS PRODUCTS S.A.
[CH/CH]; Quai Jeanrenaud 3, CH-2000 Neuchatel (CH).

(72) Imventors: DENDY, Charles L.; 601 East Jackson
Street, Richmond, Virginia 23219 (US). GARTHAFFN-
ER, Travis Martin; 601 East Jackson Street, Richmond,
Virginia 23219 (US).

(74) Agent: DOWLING, Ian; Reddie & Grose LLP, The White
Chapel Building, 10 Whitechapel High Street, London
Greater London E1 8QS (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: ELECTRONIC VAPING DEVICE WITH TUBULAR HEATING ELEMENT

\
72

FIG. 3

wo 20197002589 A1 | 0K 00 D AR

(57) Abstract: A cartridge (15) of an electronic vaping device (10) includes a reservoir (95) configured to store a pre-vapor formulation
and a heating element (85) contigured to heat the pre-vapor formulation. The heating element (85) includes a metal tube (315) having
a first end (300) and a second end (305). The metal tube (315) defines an opening (320) therethrough. The metal tube (315) includes a
sidewall (325) defining at least one spiral channel (310) extending substantially continuously along a portion of the metal tube (315).

[Continued on next page]



WO 2019/002589 A1 { I 1000000 RO

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

35

WO 2019/002589 PCT/EP2018/067674
-1 -

ELECTRONIC VAPING DEVICE WITH TUBULAR HEATING ELEMENT

The present disclosure relates to an electronic vaping or e-vaping device.

An e-vaping device includes a heating element which vaporizes a pre-vapor formulation to
produce a "vapor."

The e-vaping device includes a power supply, such as a rechargeable battery, arranged in
the device. The battery is electrically connected to the heating element, such that the heating
element heats to a temperature sufficient to convert a pre-vapor formulation to a vapor. The
vapor exits the e-vaping device through a mouthpiece including at least one outlet.

At least one example embodiment relates to a cartridge of an electronic vaping device.

In at least one example embodiment, a cartridge of an electronic vaping device comprises
a reservoir configured to store a pre-vapor formulation and a heating element configured to heat
the pre-vapor formulation. The heating element includes a metal tube having a first end and a
second end. The metal tube defines an opening therethrough. The metal tube includes a
sidewall defining at least one spiral channel extending substantially continuously along a portion
of the metal tube.

In at least one example embodiment, the spiral channel begins at a location about 0.5
millimetres to about 1.0 millimetres from the first end of the metal tube.

In at least one example embodiment, the spiral channel ends at a location about 0.5
millimetres to about 1.0 millimetres from at least one of the first end of the metal tube and the
second end of the metal tube.

In at least one example embodiment, the spiral channel includes about 2 to about 20 turns
around a circumference of the metal tube. Each turn is spaced from adjacent turns by about
0.05 millimetres to about 0.25 millimetres. Each turn is uniformly spaced from adjacent turns. In
some example embodiments, each turn is non-uniformly spaced from adjacent turns.

In at least one example embodiment, the spiral channel has a width ranging from about
0.1 millimetres to about 0.5 millimetres. The metal tube has a length ranging from about 3.0
millimetres to about 6.0 millimetres.

In at least one example embodiment, the spiral channel extends along about 2.0
millimetres to about 3.5 millimetres of a length of the metal tube. About 0.75 millimetres to
about 2.0 millimetres of the length of the metal tube does not include the spiral channel.

In at least one example embodiment, the metal tube has an inner diameter ranging from
about 0.1 millimetres to about 4.0 millimetres. The metal tube has a thickness ranging from
about 0.05 millimetres to about 0.25 millimetres.

In at least one example embodiment, the cartridge further comprises a wick that extends
through the opening in the metal tube, such that the metal tube surrounds at least a portion of

the wick.
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In at least one example embodiment, the cartridge further comprises a wick that at least
partially surrounds at least a portion of the metal tube.

In at least one example embodiment, the heating element has a resistance ranging from
about 2.5 ohms to about 4.5 ohms.

In at least one example embodiment, the metal tube is formed of at least one of stainless
steel and Nichrome.

At least one example embodiment relates to an electronic vaping device.

In at least one example embodiment, an electronic vaping device comprises a reservoir
configured to store a pre-vapor formulation, a heating element configured to heat the pre-vapor
formulation, and a power supply configured to supply power to the heating element. The
heating element includes a metal tube having a first end and a second end. The metal tube
defines an opening therethrough. The metal tube includes a sidewall defining at least one spiral
channel extending substantially continuously along a portion of the metal tube.

In at least one example embodiment, the spiral channel begins at a location about 0.5
millimetres to about 1.0 millimetres from at least one of the first end of the metal tube and the
second end of the metal tube. The spiral channel ends at a location about 0.5 millimetres to
about 1.0 millimetres from the first end of the metal tube.

In at least one example embodiment, the spiral channel includes about 2 to about 20 turns
around the metal tube. Each turn is spaced from adjacent turns by about 0.05 millimetres to
about 0.25 millimetres. Each turn is uniformly spaced from adjacent turns.

In at least one example embodiment, each turn is non-uniformly spaced from adjacent
turns.

In at least one example embodiment, the spiral channel has a width ranging from about
0.1 millimetres to about 0.5 millimetres. The metal tube has a length ranging from about 3.0
millimetres to about 6.0 millimetres.

In at least one example embodiment, the spiral channel extends along about 2.0
millimetres to about 3.5 millimetres of the length of the metal tube. About 0.75 millimetres to
about 2.0 millimetres of the length of the metal tube does not include the spiral channel.

The metal tube has an inner diameter ranging from about 0.1 millimetres to about 4.0
millimetres. The metal tube has a thickness ranging from about 0.05 millimetres to about 0.25
millimetres.

In at least one example embodiment, the electronic vaping device also includes a wick
that extends through the opening in the metal tube, such that the metal tube surrounds at least
a portion of the wick. A second portion of the wick extends into the reservoir.

In at least one example embodiment, the electronic vaping device also includes a wick

that at least partially surrounds at least a portion of the metal tube.
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The various features and advantages of the non-limiting embodiments herein may
become more apparent upon review of the detailed description in conjunction with the
accompanying drawings. The accompanying drawings are merely provided for illustrative
purposes and should not be interpreted to limit the scope of the claims. The accompanying
drawings are not to be considered as drawn to scale unless explicitly noted. For purposes of
clarity, various dimensions of the drawings may have been exaggerated.

FIG. 1 is a side view of an electronic vaping device according to at least one example
embodiment.

FIG. 2 is a cross-sectional view of the electronic vaping device of FIG. 1 along line II-ll
according to at least one example embodiment.

FIG. 3 is a perspective view of a heating element according to at least one example
embodiment.

FIG. 4 is a front view of a heating element according to at least one example embodiment.

FIG. 5 is a perspective view of a heating element assembly according to at least one
example embodiment.

FIG. 6 is an end view of a heating element assembly according to at least one example
embodiment.

Some detailed example embodiments are disclosed herein. However, specific structural
and functional details disclosed herein are merely representative for purposes of describing
example embodiments. Example embodiments may, however, be embodied in many alternate
forms and should not be construed as limited to only the example embodiments set forth herein.

Accordingly, while example embodiments are capable of various modifications and
alternative forms, example embodiments thereof are shown by way of example in the drawings
and will herein be described in detail. It should be understood, however, that there is no intent to
limit example embodiments to the particular forms disclosed, but to the contrary, example
embodiments are to cover all modifications, equivalents, and alternatives falling within the
scope of example embodiments. Like numbers refer to like elements throughout the description
of the figures.

It should be understood that when an element or layer is referred to as being "on,"

"connected to," "coupled to," or "covering" another element or layer, it may be directly on,
connected to, coupled to, or covering the other element or layer or intervening elements or
layers may be present. In contrast, when an element is referred to as being "directly on,"
"directly connected to," or "directly coupled to" another element or layer, there are no
intervening elements or layers present. Like numbers refer to like elements throughout the
specification.

It should be understood that, although the terms first, second, third, and so forth may be

used herein to describe various elements, components, regions, layers or sections, these
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elements, components, regions, layers, or sections should not be limited by these terms. These
terms are only used to distinguish one element, component, region, layer, or section from
another element, component, region, layer, or section. Therefore, a first element, component,
region, layer, or section discussed below could be termed a second element, component,

region, layer, or section without departing from the teachings of example embodiments.

Spatially relative terms (for example, "beneath," "below," "lower," "above," "upper,” and
the like) may be used herein for ease of description to describe one element or feature's
relationship to another element or feature as illustrated in the figures. It should be understood
that the spatially relative terms are intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as "below" or "beneath" other elements or
features would then be oriented "above" the other elements or features. Therefore, the term
"below" may encompass both an orientation of above and below. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

The terminology used herein is for the purpose of describing various example
embodiments only and is not intended to be limiting of example embodiments. As used herein,

the singular forms "a," "an," and "the" are intended to include the plural forms as well, unless the

context clearly indicates otherwise. It will be further understood that the terms "includes,"

"including," "comprises," and "comprising," when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, or components, but do not preclude
the presence or addition of one or more other features, integers, steps, operations, elements,
components, or groups thereof.

Example embodiments are described herein with reference to cross-sectional illustrations
that are schematic illustrations of idealized embodiments (and intermediate structures) of
example embodiments. As such, variations from the shapes of the illustrations as a result, for
example, of manufacturing techniques or tolerances, are to be expected. Therefore, example
embodiments should not be construed as limited to the shapes of regions illustrated herein but
are to include deviations in shapes that result, for example, from manufacturing.

Unless otherwise defined, all terms (including technical and scientific terms) used herein
have the same meaning as commonly understood by one of ordinary skill in the art to which
example embodiments belong. It will be further understood that terms, including those defined
in commonly used dictionaries, should be interpreted as having a meaning that is consistent
with their meaning in the context of the relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

FIG. 1 is a side view of an e-vaping device according to at least one example

embodiment.
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In at least one example embodiment, as shown in FIG. 1, an electronic vaping device (e-
vaping device) 10 may include a replaceable cartridge (or first section) 15 and a reusable
battery section (or second section) 20, which may be coupled together at a threaded connector
25. It should be appreciated that the connector 25 may be any type of connector, such as at
least one of a snug-fit, detent, clamp, bayonet, or clasp. An air inlet 55 extends through a
portion of the connector 25.

In at least one example embodiment, the connector 25 may be the connector described in
U.S. Application Serial No. 15/154,439, filed May 13, 2016, the entire contents of which is
incorporated herein by reference thereto. As described in U.S. Application Serial No.
15/154,439, the connector 25 may be formed by a deep drawn process.

In at least one example embodiment, the first section 15 may include a first housing 30
and the second section 20 may include a second housing 30'. The e-vaping device 10 includes
a mouth-end insert 35 at a first end 45.

In at least one example embodiment, the first housing 30 and the second housing 30’ may
have a generally cylindrical cross-section. In other example embodiments, the housings 30 and
30" may have a generally triangular cross-section along one or more of the first section 15 and
the second section 20. Furthermore, the housings 30 and 30’ may have the same or different
cross-section shape, or the same or different size. As discussed herein, the housings 30, 30'
may also be referred to as outer or main housings.

In at least one example embodiment, the e-vaping device 10 may include an end cap 40
at a second end 50 of the e-vaping device 10. The e-vaping device 10 also includes a light 60
between the end cap 40 and the first end 45 of the e-vaping device 10.

FIG. 2 is a cross-sectional view along line II-1l of the e-vaping device of FIG. 1.

In at least one example embodiment, as shown in FIG. 2, the first section 15 may include
a reservoir 95 configured to store a pre-vapor formulation and a vaporizer 80 that may vaporize
the pre-vapor formulation. The vaporizer 80 incudes a heating element 85 and a wick 90. The
wick 90 may draw the pre-vapor formulation from the reservoir 95. The e-vaping device 10 may
include the features set forth in at least one of U.S. Patent Application Publication No.
2013/0192623 to Tucker et al. filed January 31, 2013 and U.S. Patent Application Serial No.
15/135,930 to Holtz et al. filed April 22, 2016, the entire contents of each of which are
incorporated herein by reference thereto. In other example embodiments, the e-vaping device
may include the features set forth in at least one of U.S. Patent Application Serial No.
15/135,923 filed April 22, 2016, and U.S. Patent No. 9,289,014 issued March 22, 2016, the
entire contents of each of which is incorporated herein by this reference thereto.

In at least one example embodiment, the pre-vapor formulation is a material or
combination of materials that may be transformed into a vapor. For example, the pre-vapor

formulation may be at least one of a liquid, solid or gel formulation including, but not limited to,
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water, beads, solvents, active ingredients, ethanol, plant extracts, plant material (such as at
least one of tobacco and non-tobacco plant material), natural or artificial flavors, vapor formers
such as glycerin and propylene glycol, and combinations thereof.

In at least one example embodiment, the first section 15 may include the housing 30
extending in a longitudinal direction and an inner tube (or chimney) 70 coaxially positioned
within the housing 30.

In at least one example embodiment, a first connector piece 155 may include a male
threaded section for effecting the connection between the first section 15 and the second
section 20.

At an upstream end portion of the inner tube 70, a nose portion 245 of a gasket (or seal)
240 may be fitted into the inner tube 70; and an outer perimeter of the gasket 240 may provide
a seal with an interior surface of the housing 30. The gasket 240 may also include a central,
longitudinal air passage 235 in fluid communication with the inner tube 70 to define an inner
passage (also referred to as a central channel or central inner passage) 120. A transverse
channel 230 at a backside portion of the gasket 240 may intersect and communicate with the air
passage 235 of the gasket 240. This transverse channel 230 assures communication between
the air passage 235 and a space 250 defined between the gasket 240 and the first connector
piece 155.

In at least one example embodiment, the first connector piece 155 may include a male
threaded section for effecting the connection between the first section 15 and the second
section 20.

In at least one example embodiment, at least two air inlets 55 may be included in the
housing 30. Alternatively, a single air inlet 55 may be included in the housing 30. Such
arrangement allows for placement of the air inlet 55 close to the connector 25 without occlusion
by the presence of the first connector piece 155. This arrangement may also reinforce the area
of air inlets 55 to facilitate precise drilling of the air inlets 55.

In at least one example embodiment, the air inlets 55 may be provided in the connector 25
instead of in the housing 30. In other example embodiments, the connector 25 may not include
threaded portions.

In at least one example embodiment, the at least one air inlet 55 may be formed in the
housing 30, adjacent the connector 25 to minimize the chance of an adult vaper's fingers
occluding one of the ports and to control the resistance-to-draw (RTD) during vaping. In at least
one example embodiment, the air inlet 55 may be machined into the housing 30 with precision
tooling such that their diameters are closely controlled and replicated from one e-vaping device

10 to the next during manufacture.
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In at least one example embodiment, the air inlets 55 may be sized and configured such
that the e-vaping device 10 has a resistance-to-draw (RTD) in the range of from about 60
millimetres of water to about 150 millimetres of water.

In at least one example embodiment, a nose portion 110 of a gasket 65 may be fitted into
a first end portion 105 of the inner tube 70. An outer perimeter of the gasket 65 may provide a
substantially tight seal with an interior surface 125 of the housing 30. The gasket 65 may
include a central channel 115 disposed between the inner passage 120 of the inner tube 70 and
the interior of the mouth-end insert 35, which may transport the vapor from the inner passage
120 to the mouth-end insert 35. The mouth-end insert 35 includes at least two outlets 100,
which may be located off-axis from the longitudinal axis of the e-vaping device 10. The outlets
100 may be angled outwardly in relation to the longitudinal axis of the e-vaping device 10. The
outlets 100 may be substantially uniformly distributed about the perimeter of the mouth-end
insert 35 so as to substantially uniformly distribute vapor.

In at least one example embodiment, the space defined between the gasket 65, the
gasket 240, the housing 30, and the inner tube 70 may establish the confines of the reservoir
95. The reservoir 95 may contain a pre-vapor formulation, and optionally a storage medium (not
shown) configured to store the pre-vapor formulation therein. The storage medium may include
a winding of cotton gauze or other fibrous material about the inner tube 70.

In at least one example embodiment, the reservoir 95 may at least partially surround the
inner passage 120. The heating element 85 may extend transversely across the inner passage
120 between opposing portions of the reservoir 95. In some example embodiments, the heating
element 85 may extend parallel to a longitudinal axis of the inner passage 120.

In at least one example embodiment, the reservoir 95 may be sized and configured to
hold enough pre-vapor formulation such that the e-vaping device 10 may be configured for
vaping for at least about 200 seconds. Moreover, the e-vaping device 10 may be configured to
allow each puff to last a maximum of about 5 seconds.

In at least one example embodiment, the storage medium may be a fibrous material
including at least one of cotton, polyethylene, polyester, rayon and combinations thereof. The
fibers may have a diameter ranging in size from about 6 microns to about 15 microns (for
example, about 8 microns to about 12 microns or about 9 microns to about 11 microns). The
storage medium may be a sintered, porous or foamed material. Also, the fibers may be sized to
be irrespirable and may have a cross-section which has a Y-shape, cross shape, clover shape
or any other suitable shape. In at least one example embodiment, the reservoir 95 may include
a filled tank lacking any storage medium and containing only pre-vapor formulation.

During vaping, pre-vapor formulation may be transferred from at least one of the reservoir
95 or storage medium to the proximity of the heating element 85 via capillary action of the wick

90. The wick 90 may include at least a first end portion and a second end portion, which may
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extend into opposite sides of the reservoir 95. The heating element 85 may at least partially
surround a central portion of the wick 90 such that when the heating element 85 is activated, the
pre-vapor formulation in the central portion of the wick 90 may be vaporized by the heating
element 85 to form a vapor.

In at least one example embodiment, the wick 90 may include filaments (or threads)
having a capacity to draw the pre-vapor formulation. For example, the wick 90 may be a bundle
of glass (or ceramic) filaments, a bundle including a group of windings of glass filaments, and so
forth, all of which arrangements may be capable of drawing pre-vapor formulation via capillary
action by interstitial spacings between the filaments. The filaments may be generally aligned in
a direction perpendicular (transverse) to the longitudinal direction of the e-vaping device 10. In
at least one example embodiment, the wick 90 may include one to eight filament strands, each
strand comprising a plurality of glass filaments twisted together. The end portions of the wick
90 may be flexible and foldable into the confines of the reservoir 95. The filaments may have a
cross-section that is generally cross-shaped, clover-shaped, Y-shaped, or in any other suitable
shape.

In at least one example embodiment, the wick 90 may include any suitable material or
combination of materials. Examples of suitable materials may be, but not limited to, glass,
ceramic- or graphite-based materials. The wick 90 may have any suitable capillarity drawing
action to accommodate pre-vapor formulations having different physical properties such as
density, viscosity, surface tension and vapor pressure. The wick 90 may be non-conductive.

In at least one example embodiment, the heating element 85 may include a metal tube or
cylinder including a sidewall.

The heating element 85 may extend fully or partially along the length of the wick 90. In
some example embodiments, the heating element 85 may or may not be in contact with the
wick 90.

The inner tube 70 may include a pair of opposing slots, such that the wick 90 and the first
and second electrical leads 225, 225’ or ends of the heating element 85 may extend out from
the respective opposing slots. The provision of the opposing slots in the inner tube 70 may
facilitate placement of the heating element 85 and wick 90 into position within the inner tube 70
without impacting edges of the slots. In at least one example embodiment, the inner tube 70
may have a diameter of about 4 millimetres and each of the opposing slots may have major and
minor dimensions of about 2 millimetres by about 4 millimetres.

In at least one example embodiment, the first lead 225 is physically and electrically
connected to the male threaded connector piece 155. As shown, the male threaded first
connector piece 155 is a hollow cylinder with male threads on a portion of the outer lateral
surface. The connector piece is conductive, and may be formed or coated with a conductive

material. The second lead 225' is physically and electrically connected to a first conductive post
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130. The first conductive post 130 may be formed of a conductive material (for example,
stainless steel, copper, and so forth), and may have a T-shaped cross-section as shown in FIG.
2. The first conductive post 130 nests within the hollow portion of the first connector piece 155,
and is electrically insulated from the first connector piece 155 by an insulating shell 135. The
first conductive post 130 may be hollow as shown, and the hollow portion may be in fluid
communication with the air passage 120. Accordingly, the first connector piece 155 and the first
conductive post 130 form respective external electrical connections to the heating element 85.

In at least one example embodiment, the heating element 85 may heat pre-vapor
formulation in the wick 90 by thermal conduction. Alternatively, heat from the heating element
85 may be conducted to the pre-vapor formulation by means of a heat conductive element or
the heating element 85 may transfer heat to the incoming ambient air that is drawn through the
e-vaping device 10 during vaping, which in turn heats the pre-vapor formulation by convection.

It should be appreciated that, instead of using a wick 90, the heating element 85 may
include a porous material which incorporates a resistance heating element formed of a material
having a high electrical resistance capable of generating heat quickly.

As shown in FIG. 2, the second section 20 includes a power supply 145, a control circuit
185, and a sensor 190. As shown, the control circuit 185 and the sensor 190 are disposed in the
housing 30’. A female threaded second connector piece 160 forms a second end. As shown,
the second connector piece 160 has a hollow cylinder shape with threading on an inner lateral
surface. The inner diameter of the second connector piece 160 matches that of the outer
diameter of the first connector piece 155 such that the two connector pieces 155, 160 may be
threaded together to form the connector 25. Furthermore, the second connector piece 160, or
at least the other lateral surface is conductive, for example, formed of or including a conductive
material. As such, an electrical and physical connection occurs between the first and second
connector pieces 155, 160 when connected.

As shown, a first lead 165 electrically connects the second connector piece 160 to the
control circuit 185. A second lead 170 electrically connects the control circuit 185 to a first
terminal 180 of the power supply 145. A third lead 175 electrically connects a second terminal
140 of the power supply 145 to the power terminal of the control circuit 185 to provide power to
the control circuit 185. The second terminal 140 of the power supply 145 is also physically and
electrically connected to a second conductive post 150. The second conductive post 150 may
be formed of a conductive material (for example, stainless steel, copper, and so forth), and may
have a T-shaped cross-section as shown in FIG. 2. The second conductive post 150 nests
within the hollow portion of the second connector piece 160, and is electrically insulated from
the second connector piece 160 by a second insulating shell 215. The second conductive post
150 may also be hollow as shown. When the first and second connector pieces 155, 160 are

mated, the second conductive post 150 physically and electrically connects to the first
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conductive post 130. Also, the hollow portion of the second conductive post 150 may be in fluid
communication with the hollow portion of the first conductive post 130.

While the first section 15 has been shown and described as having the male connector
piece and the second section 20 has been shown and described as having the female
connector piece, an alternative embodiment includes the opposite where the first section 15 has
the female connector piece and the second section 20 has the male connector piece.

In at least one example embodiment, the power supply 145 includes a battery arranged in
the e-vaping device 10. The power supply 145 may be a Lithium-ion battery or one of its
variants, for example a Lithium-ion polymer battery. Alternatively, the power supply 145 may be
a nickel-metal hydride battery, a nickel cadmium battery, a lithium-manganese battery, a lithium-
cobalt battery or a fuel cell. The e-vaping device 10 may be vapable by an adult vaper until the
energy in the power supply 145 is depleted or in the case of lithium polymer battery, a minimum
voltage cut-off level is achieved.

In at least one example embodiment, the power supply 145 is rechargeable. The second
section 20 may include circuitry configured to allow the battery to be chargeable by an external
charging device. To recharge the e-vaping device 10, an USB charger or other suitable charger
assembly may be used as described below.

In at least one example embodiment, the sensor 190 is configured to generate an output
indicative of a magnitude and direction of airflow in the e-vaping device 10. The control circuit
185 receives the output of the sensor 190, and determines if (1) the direction of the airflow
indicates a draw on the mouth-end insert 8 (versus blowing) and (2) the magnitude of the draw
exceeds a threshold level. If these vaping conditions are met, the control circuit 185 electrically
connects the power supply 145 to the heating element 85; therefore, activating the heating
element 85. Namely, the control circuit 185 electrically connects the first and second leads 165,
170 (for example, by activating a heating element power control transistor forming part of the
control circuit 185) such that the heating element 85 becomes electrically connected to the
power supply 145. In an alternative embodiment, the sensor 190 may indicate a pressure drop,
and the control circuit 185 activates the heating element 85 in response thereto.

In at least one example embodiment, the control circuit 185 may also include a light 60,
which the control circuit 185 activates to glow when the heating element 85 is activated, when
the battery 145 is recharged, or both. The light 60 may include one or more light-emitting
diodes (LEDs). The LEDs may include one or more colors (for example, white, yellow, red,
green, blue, and so forth). Moreover, the light 60 may be arranged to be visible to an adult
vaper during vaping, and may be positioned between the first end 45 and the second end 50 of
the e-vaping device 10. In addition, the light 60 may be utilized for e-vaping system diagnostics

or to indicate that recharging is in progress. The light 60 may also be configured such that the
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adult vaper may activate, deactivate, or activate and deactivate the heating element activation
light 60 for privacy.

In at least one example embodiment, the control circuit 185 may include a time-period
limiter. In another example embodiment, the control circuit 185 may include a manually
operable switch for an adult vaper to initiate heating. The time-period of the electric current
supply to the heating element 85 may be set or pre-set depending on the amount of pre-vapor
formulation desired to be vaporized.

Next, operation of the e-vaping device to create a vapor will be described. For example,
air is drawn primarily into the first section 15 through the at least one air inlet 55 in response to a
draw on the mouth-end insert 35. The air passes through the air inlet 55, into the space 250,
through the transverse channel 230 into the air passage 235, into the inner passage 120, and
through the outlet 100 of the mouth-end insert 35. If the control circuit 185 detects the vaping
conditions discussed above, the control circuit 185 initiates power supply to the heating element
85, such that the heating element 85 heats pre-vapor formulation in the wick 90. The vapor and
air flowing through the inner passage 120 combine and exit the e-vaping device 10 via the outlet
100 of the mouth-end insert 35.

When activated, the heating element 85 may heat a portion of the wick 90 for less than
about 10 seconds.

In at least one example embodiment, the first section 15 may be replaceable. In other
words, once the pre-vapor formulation of the cartridge is depleted, only the first section 15 may
be replaced. An alternate arrangement may include an example embodiment where the entire
e-vaping device 10 may be disposed once the reservoir 95 is depleted. In at least one example
embodiment, the e-vaping device 10 may be a one-piece e-vaping device.

In at least one example embodiment, the e-vaping device 10 may be about 80 millimetres
to about 110 millimetres long and about 7 millimetres to about 8 millimetres in diameter. For
example, in one example embodiment, the e-vaping device 10 may be about 84 millimetres long
and may have a diameter of about 7.8 millimetres.

FIG. 3 is a perspective view of a heating element according to at least one example
embodiment.

In at least one example embodiment, as shown in FIG. 3, the heating element 85 has a
first end 300 and a second end 305. As discussed above, the heating element 85 is formed
from a metal tube or hollow cylinder 315 having an opening 320 extending through the tube 315
from the first end 300 to the second end 305. The metal tube 315 includes a side wall 325. At
least one channel 310 is laser etched or cut through the side wall 325. The channel 310 may
be a spiral channel that circumscribes the metal tube 315 one or more times.

In at least one example embodiment, the heating element 85 may be formed of any

suitable electrically resistive materials. Examples of suitable electrically resistive materials may
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include, but not limited to, copper, titanium, zirconium, tantalum and metals from the platinum
group. Examples of suitable metal alloys include, but not limited to, stainless steel, nickel,
cobalt, chromium, aluminum-titanium-zirconium, hafnium, niobium, molybdenum, tantalum,
tungsten, tin, gallium, manganese and iron-containing alloys, and super-alloys based on nickel,
iron, cobalt, stainless steel. For example, the heating element 85 may be formed of nickel
aluminide, a material with a layer of alumina on the surface, iron aluminide and other composite
materials, the electrically resistive material may optionally be embedded in, encapsulated or
coated with an insulating material or vice-versa, depending on the kinetics of energy transfer
and the external physicochemical properties required. The heating element 85 may include at
least one material selected from the group consisting of stainless steel, copper, copper alloys,
nickel-chromium alloys, super alloys and combinations thereof. In an example embodiment, the
heating element 85 may be formed of nickel-chromium alloys or iron-chromium alloys. In
another example embodiment, the heating element 85 may be a ceramic heating element
having an electrically resistive layer on an outside surface thereof.

In at least one example embodiment, the at least one spiral channel 310 extends
substantially continuously along a portion of a length of the metal tube 315. In other example
embodiments, the spiral channel 310 does not extend continuously along the entire length of
the metal tube 315. For example, the metal tube may include multiple spiral channels 310 (not
shown) each extending only partially along the length of the metal tube 315.

In at least one example embodiment, the spiral channel 310 includes multiple turns about
the circumference of the metal tube 315. Each turn extends a full 360 degrees about the metal
tube 315. In other example embodiments, the spiral channel 310 may include partial turns that
do not fully circumscribe the metal tube 315.

In at least one example embodiment, each turn is uniformly spaced from adjacent turns.
In some example embodiments, each turn is non-uniformly spaced from adjacent turns.

In at least one example embodiment, the heating element has a resistance ranging from
about 2.5 ohms to about 4.5 ohms (for example, about 3.0 ohms to about 4.0 ohms or about
3.25 ohms to about 3.75 ohms).

In at least one example embodiment, the metal tube is formed of at least one of stainless
steel and Nichrome.

FIG. 4 is a front view of a heating element according to at least one example embodiment.

In at least one example embodiment, the spiral channel 310 has a width W1 ranging from
about 0.1 millimetres to about 0.5 millimetres (for example, about 0.2 millimetres to about 0.4
millimetres or about 0.25 millimetres to about 0.35 millimetres). The metal tube 315 has a
length L1 ranging from about 3.0 millimetres to about 10.0 millimetres (for example, about 4.0
millimetres to about 9.0 millimetres, about 5.0 millimetres to about 8.0 millimetres, or about 6.0

millimetres to about 7.0 millimetres).
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In at least one example embodiment, the spiral channel 310 extends along about 2.0
millimetres to about 3.5 millimetres (for example, about 2.5 m to about 3.0 millimetres, or about
2.75 millimetres) of the length L1 of the metal tube 315. About 0.75 millimetres to about 2.0
millimetres (for example, about 1.0 millimetres to about 1.5 millimetres) of the length L1 of the
metal tube 315 does not include the spiral channel 310. Therefore, only a portion of the metal
tube 315 includes the spiral channel 310.

In at least one example embodiment, the spiral channel 310 begins at a location about 0.5
millimetres to about 1.0 millimetres from at least one of the first end 300 of the metal tube 315
and the second end 305 of the metal tube 315.

In at least one example embodiment, the spiral channel 310 ends at a location about 0.5
millimetres to about 1.0 millimetres from at least one of the first end 300 of the metal tube 315
and the second end 305 of the metal tube 315.

The spiral channel 310 may be closer to one end of the metal tube 315 than the other or
the spiral channel 310 may be a same distance from the first end 300 and the second end 305
of the metal tube 315.

In at least one example embodiment, the spiral channel 310 includes about 2 to about 20
(for example, about 4 to about 18, about 6 to about 16, or about 10 to about 14) turns around
the circumference of the metal tube 315. Each turn is spaced from adjacent turns by a width
W2 of about 0.05 millimetres to about 0.25 millimetres (for example, about 0.1 millimetres to
about 0.2 millimetres). Stated another way, the thickness of the spiral channel 310 ranges from
about 0.05 millimetres to about 0.25 millimetres (for example, about 0.1 millimetres to about 0.2
millimetres).

In at least one example embodiment, the metal tube 315 has a longitudinally extending
axis x. Each turn may be angled with respect to the axis x by about 5 degrees to about 90
degrees (for example, about 10 degrees to about 85 degrees, about 15 degrees to about 80
degrees, about 20 degrees to about 75 degrees, about 25 degrees to about 70 degrees, about
30 degrees to about 65 degrees, about 35 degrees to about 60 degrees, about 40 degrees to
about 55 degrees, or about 45 degrees to about 50 degrees).

FIG. 5 is a perspective view of a heating element assembly according to at least one
example embodiment.

In at least one example embodiment, the heating element 85 is the same as in FIGS. 2-4
except that the wick 90 is generally U-shaped.

FIG. 6 is an end view of a heating element assembly according to at least one example
embodiment.

In at least one example embodiment, the heating element 85 is the same as in FIGS. 2-5

except that the wick 90 surrounds the heating element 85. The wick 90 may be a tube of
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wicking material or a wicking material that is wrapped around at least a portion of the heating
element 85.

In at least one example embodiment, the metal tube 315 has an inner diameter D1
ranging from about 0.1 millimetres to about 4.0 millimetres (for example, about 0.5 millimetres to
about 3.5 millimetres, about 1.0 millimetres to about 3.0 millimetres, or about 1.5 millimetres to
about 2.5 millimetres). The metal tube has a thickness T1 ranging from about 0.05 millimetres
to about 0.25 millimetres (for example, about 0.1 millimetres to about 0.2 millimetres).

The heating assembly of FIG. 6 may be used with a cartridge or electronic vaping device
described in U.S. Application Serial No. 15/224,866, filed August 1, 2016 or U.S. Application
Serial No. 15/135,930, filed April 22, 2016, the entire contents of each of which are incorporated
herein by reference.

Example embodiments have been disclosed herein, it should be understood that other
variations may be possible. Such variations are not to be regarded as a departure from the
scope of the present disclosure, and all such modifications as would be obvious to one skilled in

the art are intended to be included within the scope of the following claims.
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Claims

1. A cartridge of an electronic vaping device comprising:
a reservoir configured to store a pre-vapor formulation; and
a heating element configured to heat the pre-vapor formulation, the heating element
including,
a metal tube having a first end and a second end, the metal tube defining an
opening therethrough, the metal tube including,
a sidewall defining at least one spiral channel extending substantially

continuously along a portion of the metal tube.

2. The cartridge of claim 1, wherein the spiral channel begins at a location about 0.5

millimetres to about 1.0 millimetres from the first end of the metal tube.

3. The cartridge of claim 1 or 2, wherein the spiral channel ends at a location about 0.5
millimetres to about 1.0 millimetres from at least one of the first end of the metal tube and the

second end of the metal tube.

4. The cartridge of claim 1, 2 or 3, wherein the spiral channel includes about 2 to about 20

turns around a circumference of the metal tube.

5. The cartridge of claim 4, wherein each turn is spaced from adjacent turns by about 0.05

millimetres to about 0.25 millimetres.

6. The cartridge of claim 4 or 5, wherein each turn is uniformly spaced from adjacent turns.
7. The cartridge of claim 4 or 5, wherein each turn is non-uniformly spaced from adjacent
turns.

8. The cartridge of any preceding claim, wherein the spiral channel has a width ranging

from about 0.1 millimetres to about 0.5 millimetres.

9. The cartridge of any preceding claim, wherein the metal tube has a length ranging from

about 3.0 millimetres to about 6.0 millimetres.
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10. The cartridge of any preceding claim, wherein the spiral channel extends along about
2.0 millimetres to about 3.5 millimetres of a length of the metal tube, and about 0.75 millimetres

to about 2.0 millimetres of the length of the metal tube does not include the spiral channel.

11. The cartridge of any preceding claim, wherein the metal tube has an inner diameter

ranging from about 0.1 millimetres to about 4.0 millimetres.

12. The cartridge of any preceding claim, wherein the metal tube has a thickness ranging

from about 0.05 millimetres to about 0.25 millimetres.

13. The cartridge of any preceding claim, further comprising,
a wick extending through the opening in the metal tube, such that the metal tube

surrounds at least a portion of the wick.

14. The cartridge of any preceding claim, further comprising,

a wick at least partially surrounding at least a portion of the metal tube.

15. The cartridge of any preceding claim, wherein the heating element has a resistance

ranging from about 2.5 ohms to about 4.5 ohms.

16. The cartridge of any preceding claim, wherein the metal tube is formed of at least one of

stainless steel and Nichrome.

17. An electronic vaping device comprising:
a reservoir configured to store a pre-vapor formulation; and
a heating element configured to heat the pre-vapor formulation, the heating element
including,
a metal tube having a first end and a second end, the metal tube defining an
opening therethrough, the metal tube including,
a sidewall defining at least one spiral channel extending substantially
continuously along a portion of the metal tube; and

a power supply configured to supply power to the heating element.

18. The electronic vaping device of claim 17, wherein the spiral channel begins at a location
about 0.5 millimetres to about 1.0 millimetres from at least one of the first end of the metal

tube and the second end of the metal tube.
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19. The electronic vaping device of claim 17 or 18, wherein the spiral channel ends at a

location about 0.5 millimetres to about 1.0 millimetres from the first end of the metal tube.

20. The electronic vaping device of claim 17, 18 or 19, wherein the spiral channel includes
about 2 to about 20 turns around the metal tube and wherein each turn is spaced from adjacent

turns by about 0.05 millimetres to about 0.25 millimetres.

21. The electronic vaping device of claim 20, wherein each turn is uniformly spaced from

adjacent turns.

22. The electronic vaping device of claim 20, wherein each turn is non-uniformly spaced

from adjacent turns.

23. The electronic vaping device of any of claims 17 to 22, wherein the spiral channel has a

width ranging from about 0.1 millimetres to about 0.5 millimetres.

24. The electronic vaping device of any of claims 17 to 23, wherein the metal tube has a

length ranging from about 3.0 millimetres to about 6.0 millimetres.

25. The electronic vaping device of any of claims 17 to 24, wherein the spiral channel
extends along about 2.0 millimetres to about 3.5 millimetres of the length of the metal tube, and
about 0.75 millimetres to about 2.0 millimetres of the length of the metal tube does not include

the spiral channel.

26. The electronic vaping device of any of claims 17 to 25, wherein the metal tube has an
inner diameter ranging from about 0.1 millimetres to about 4.0 millimetres and the metal tube

has a thickness ranging from about 0.05 millimetres to about 0.25 millimetres.

27. The electronic vaping device of any of claims 17 to 26, further comprising,
a wick extending through the opening in the metal tube, such that the metal tube
surrounds at least a portion of the wick, a second portion of the wick extending into the

reservoir.

28. The electronic vaping device of any of claims 17 to 27, further comprising,

a wick at least partially surrounding at least a portion of the metal tube.
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