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FIG. 1

(57) Abstract: There is provided an e-vapor device including a housing shell (120) configured to receive a supply packet (108) con-
taining a pre-vapor formulation, a mouthpiece secured to an end of the housing shell (120), a puncture device (110) within the hous -
ing shell (120), and a heater structure within the housing shell (120) and arranged to be in thermal contact with the pre-vapor formu-
lation. The mouthpiece is configured to transition from a protracted position to a retracted position. The puncture device (110) is
contigured to pierce the supply packet (108) to release the pre-vapor formulation when the mouthpiece transitions to the retracted
position. The heater structure is contigured to vaporize the pre-vapor formulation to generate a vapor.
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E-VAPOR DEVICE INCLUDING PUNCTURE DEVICE AND SEALED PACKET OF
PRE-VAPOR FORMULATION

Field of the Invention

The present disclosure relates to electronic vapor devices including sealed
containers of pre-vapor formulations.

Background

Electronic vapor devices are electrically-powered articles configured to heat a pre-
vapor formulation for the purpose of producing a vapor. Electronic vapor devices may
also be referred to as e-vapor devices or e-vaping devices. Generally, an e-vapor device
includes a reservoir configured to hold the pre-vapor formulation, a wick that is arranged
in communication with the pre-vapor formulation, a heating element that is arranged in
thermal proximity to the wick, and a power source configured to supply electricity to the
heating element. The heating element may be in a form of a relatively thin wire that is
coiled a plurality of times around the wick. When a current is supplied to the heating
element during the operation of the e-vapor device, the wire undergoes resistive heating
to vaporize the pre-vapor formulation in the wick to produce a vapor.

Some e-vapor devices include a first section coupled to a second section via a
threaded connection. The first section may be a replaceable cartridge, and the second
section may be a reusable structure. The threaded connection may be a combination of
a male threaded member on the first section and a female threaded receiver on the
second section (or vice versa). The first section may include an outer tube (or housing)
extending in a longitudinal direction and an inner tube within the outer tube. The inner
tube may be coaxially positioned within the outer tube. The second section may also
include the outer tube (or housing) extending in a longitudinal direction. The e-vapor
device may include a central air passage defined in part by the inner tube and an
upstream seal. The reservoir may be configured to optionally include a storage medium
that is operable to store the pre-vapor formulation therein. The reservoir may be
contained in an outer annulus between the outer tube and the inner tube. The outer
annulus is sealed by the seal at an upstream end and by a stopper at a downstream end
so as to prevent leakage of the pre-vapor formulation from the reservoir. During
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assembly, the reservoir, pre-vapor formulation, wick, and heating element may be
contained in fluidic communication with each other in the replaceable first section in a
ready-to-use state, and the power source may be contained in the reusable second
section. When the e-vapor device is in use, the first section may be discarded as a whole
and replaced when the pre-vapor formulation therein has been depleted, while the second
section may be recharged as needed and reused.

Brief Description of Drawings

FIG. 1 is an exploded view of a vaporizer assembly of an e-vapor device according
to an example embodiment.

FIG. 2 is a perspective view of the vaporizer assembly of FIG. 1 when assembled
and when the mouthpiece is in a protracted position.

FIG. 3 is a cross-sectional view of the vaporizer assembly of FIG. 2, taken along
line 3-3.

FIG. 4 is a perspective view of the vaporizer assembly of FIG. 1 when assembled
and when the mouthpiece is in a retracted position.

FIG. 5 is a cross-sectional view of the vaporizer assembly of FIG. 4, taken along
line 5-5.

FIG. 6 is an exploded view of a vaporizer assembly of an e-vapor device according
to another example embodiment.

FIG. 7 is a perspective view of the vaporizer assembly of FIG. 6 when assembled
and when the mouthpiece is in a protracted position.

FIG. 8 is a cross-sectional view of the vaporizer assembly of FIG. 7, taken along
line 8-8.

FIG. 9 is a perspective view of the vaporizer assembly of FIG. 6 when assembled
and when the mouthpiece is in a retracted position.

FIG. 10 is a cross-sectional view of the vaporizer assembly of FIG. 9, taken along
line 10-10.

Summary of the Invention

An e-vapor device according to the present invention may include a housing shell
configured to receive a supply packet containing a pre-vapor formulation, a mouthpiece
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secured to an end of the housing shell, a puncture device within the housing shell, and a
heater structure within the housing shell and arranged to be in thermal contact with the
pre-vapor formulation. The mouthpiece is configured to transition from a protracted
position to a retracted position. The puncture device is configured to pierce the supply
packet to release the pre-vapor formulation when the mouthpiece transitions to the
retracted position. The heater structure is configured to vaporize the pre-vapor
formulation to generate a vapor.

The supply packet may be hermetically-sealed. The supply packet may have an
annular form. The supply packet may have accordion sidewalls that are configured to
collapse when the mouthpiece transitions to the retracted position.

The mouthpiece may be configured to transition irreversibly to the retracted
position.

The mouthpiece may have a plunger portion that is configured to slide into the
housing shell during the transition to the retracted position. The plunger portion may be
configured to lock in place when the retracted position is reached. The mouthpiece may
be configured to compress the supply packet and discharge the pre-vapor formulation
therefrom when the mouthpiece transitions to the retracted position.

The puncture device may be in a form of a plurality of puncture pins. Each of the
plurality of puncture pins may include a base portion and a pointed portion on the base
portion. The pointed portion is configured to pierce the supply packet. The base portion
is configured to halt a penetration of the pointed portion into the supply packet and to
support the supply packet after being pierced by the pointed portion. Alternatively, the
puncture device may be in a form of a porous plate with a plurality of pointed protrusions
on a surface of the porous place facing the supply packet.

The e-vapor device may additionally include a spring positioned between the
mouthpiece and the supply packet. The mouthpiece is configured to compress the spring
when transitioning to the retracted position so as to provide a stored energy that yields a
compressive force on the supply packet. The compressive force may push the supply
packet against the puncture device to pierce the supply packet and to discharge the pre-
vapor formulation from the supply packet. The e-vapor device may further include a
diffuser plate positioned between the spring and the supply packet. The diffuser plate is
configured to distribute the compressive force over a surface of the diffuser plate.

The present invention also provides a method of improving a shelflife of a pre-
vapor formulation for an e-vapor device. The method may include arranging a supply
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packet within a housing shell of the e-vapor device so as to be between a mouthpiece
that is secured to an end of the housing shell and a puncture device within the housing
shell. The supply packet contains the pre-vapor formulation. The mouthpiece is
configured to transition from a protracted position to a retracted position. The puncture
device is configured to pierce the supply packet to release the pre-vapor formulation when
the mouthpiece transitions to the retracted position.

The method may also include forming the supply packet into an annular form prior
to the arranging step. The method may include hermetically sealing the pre-vapor
formulation within the supply packet prior to the arranging. The hermetically sealing step
may include heat sealing the pre-vapor formulation within a polymer-coated metal foil.
The method may also include pressing the mouthpiece to transition from the protracted
position to the retracted position to activate the e-vapor device. The method may further
include squeezing the supply packet with a stored energy provided by a compression of
a spring so as to discharge the pre-vapor formulation based on a deformation of the
supply packet caused by a decompression of the spring.

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.

Detailed Description

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, etc. may be

used herein to describe various elements, regions, layers or sections, these elements,
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regions, layers, or sections should not be limited by these terms. These terms are only
used to distinguish one element, region, layer, or section from another element, region,
layer, or section. Therefore, a first element, region, layer, or section discussed below
could be termed a second element, 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 one or more other elements or features 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 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, or elements, but do
not preclude the presence or addition of one or more other features, integers, steps,
operations, elements, or groups thereof.

Example embodiments are described herein with reference to cross-sectional
illustrations that are schematic illustrations of idealized embodiments (or 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,
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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 an exploded view of a vaporizer assembly of an e-vapor device according
to an example embodiment. Referring to FIG. 1, the vaporizer assembly of the e-vapor
device includes a housing shell 120 that is configured to receive and house a supply
packet 108. The supply packet 108 contains a pre-vapor formulation. A 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, water, beads, solvents, active ingredients,
ethanol, plant extracts, natural or artificial flavors, vapor formers such as glycerine and
propylene glycol, and combinations thereof. The supply packet 108 is hermetically-
sealed so as to isolate the pre-vapor formulation therein from other internal elements and
ambient air until the e-vapor device is activated for vaping by an adult vaper.

The supply packet 108 may have a shape that corresponds to an inner surface of
the housing shell 120 to improve the utilization of space within the housing shell 120. in
an example embodiment, when the housing shell 120 resembles a cylindrical tube, the
supply packet 108 may have a cylindrical body or a disc-like body. In such an
embodiment, the supply packet 108 has an outer diameter that is less than an inner
diameter of the housing shell 120 as well as an outer sidewall that corresponds to the
inner sidewall of the housing shell 120. For instance, the supply packet 108 may have
an annular form. Such an annular form may have an opening that is configured to permit
another internal element (for example, chimney 116) of the e-vapor device to extend
therethrough. In addition to the form of the supply packet 108 shown in the figures, it
should be understood that the supply packet 108 may be alternatively shaped to resemble
a torus.

The shape of the supply packet 108 can be varied as needed to correspond to the
shape of the housing shell 120. Therefore, if the housing shell 120 has a shape
resembling a polygon, then the supply packet 108 may be dimensioned accordingly to
correspond to such a polygon so as to enhance the fit therein and, therefore, the space
utilization within the housing shell 120. Alternatively, the supply packet 108 may just be
provided with a versatile form that is conducive to manipulation in order to facilitate an
insertion amongst the earlier-arranged elements within the housing shell 120 (rather than
manufacturing the supply packet 108 to be specifically shaped to accommodate earlier-
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arranged elements, to correspond to the shape of the housing shell 120, or both). In this
regard, the supply packet 108 may be a pouch-like or bladder-type receptacle that is filled
with the pre-vapor formulation and sealed prior to being manipulated and arranged within
the vaporizer assembly of the e-vapor device.

The supply packet 108 is a collapsible structure that is designed to be punctured
and compressed to release the pre-vapor formulation therefrom when the e-vapor device
is activated. As a result, it may be beneficial for the supply packet 108 to be formed of a
thin and flexible material that, when punctured and compressed, allows the supply packet
108 to be collapsed to a relatively flat form to enhance the amount of the pre-vapor
formulation that is released therefrom. In addition, the supply packet 108 may be
provided with preformed folding lines (for example, in the form of grooves) to facilitate the
deformation of the supply packet 108 in a more predictable and efficient manner when
compressed.

The supply packet 108 may also be formed of a suitable food grade barrier that is
heat-sealable. Such a food grade barrier may be a laminate structure including one or
both of metal and plastic films. For instance, the laminate structure may be a metal film
(for example, aluminum) that is sandwiched between two plastic films (for example,
polyethylene, polypropylene, acrylic). One or more of the plastic films may also be a
halogenated film (for example, poly-chloro-tri-fluoro-ethylene (PCTFE) film), although
example embodiments are not limited thereto. The flexible material of the supply packet
108 is designed to be durable enough to withstand inadvertent puncturing when the
vaporizer assembly undergoes ordinary movement during the course of assembly,
packaging, transporting, and so forth.

A mouthpiece is secured to an end of the housing shell 120. The mouthpiece is
configured to transition from a protracted position to a retracted position to activate the e-
vapor device. The mouthpiece may be formed of a polymer selected from the group
consisting of low density polyethylene, high density polyethylene, polypropylene,
polyvinylchloride, polyetheretherketone (PEEK), and combinations thereof, although
other suitable materials may also be used. In an example embodiment, the mouthpiece
may include a mouthpiece collar 102 and a mouthpiece plunger 104. The mouthpiece
plunger 104 includes a base section and a protruding section that extends from the base
section. The mouthpiece collar 102 includes a first opening, an opposing second opening

(that is smaller than the first opening), and an internal lip around the second opening. For

Date Regue/Date Received 2023-04-26



10

15

20

25

30

P/75524.WO01
-8-
instance, the internal lip may be an orthogonal transition point between the first opening
and the second opening of the mouthpiece collar 102.

The diameter of the base section of the mouthpiece plunger 104 corresponds to
the first opening of the mouthpiece collar 102, while the diameter of the protruding section
of the mouthpiece plunger 104 corresponds to the diameter of the smaller, opposing
second opening of the mouthpiece collar 102. As a result, when the mouthpiece plunger
104 is inserted into the first opening of the mouthpiece collar 102 during assembly, the
protruding section of the mouthpiece plunger 104 will pass through the opposing second
opening of the mouthpiece collar 102, while the base section of the mouthpiece plunger
104 will not pass through the opposing second opening of the mouthpiece collar 102 (due
to at least the internal lip within the mouthpiece collar 102 which acts as a stopper). The
base section of the mouthpiece plunger 104 may abut against the internal lip of the
mouthpiece collar 102 when the mouthpiece is in the protracted position.

The mouthpiece collar 102 may be inserted within the housing shell 120 and
retained via a friction fit. Alternatively, an adhesive or a welding process (for example,
ultrasonic welding) may be used to join the outer sidewall of the mouthpiece collar 102 to
the inner sidewall of the housing shell 120. In an example embodiment, the entire outer
sidewall of the mouthpiece collar 102 may interface with a corresponding end segment of
the inner sidewall of the housing shell 120. In such an arrangement, the exposed rim of
the mouthpiece collar 102 may be flush or substantially even with the corresponding end
of the housing shell 120.

The mouthpiece plunger 104 includes at least one outlet to allow the vapor
generated within the e-vapor device to exit from the mouthpiece. In a single outlet
embodiment, the outlet for the vapor may be coaxial with the central longitudinal axis of
the e-vapor device. However, rather than being coaxial, the outlet may be off-axis relative
to the central longitudinal axis. For instance, the outlet may be offset so as to be parallel
to (rather than coinciding with) the central longitudinal axis or may be angled relative to
the central longitudinal axis.

Although the mouthpiece plunger 104 is illustrated in the figures as having one
outlet on the end face of the protruding section, it should be understood that a plurality of
outlets (for example, 2, 4, 6, 8) may also be provided. In a non-limiting embodiment
involving a plurality of outlets, the outlets may be arranged so as to be parallel to each
other. One of the outlets may also be coaxial with the central longitudinal axis of the e-
vapor device, while the other outlets may be off-axis, evenly spaced around the central
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outlet, and optionally angled. Alternatively, all of the plurality of outlets may be arranged
so as to be off-axis. The off-axis outlets may be angled to form a diverging arrangement
that radiates the exiting vapor outward from the mouthpiece.

The size, shape, and position of each of the plurality of outlets on the end face of
the protruding section of the mouthpiece plunger 104 may vary depending on the desired
properties of the exiting vapor. For example, the size of each of the plurality of outlets
may be the same or different. In a non-limiting embodiment involving outlets of two
different sizes, the differently-sized outlets may be alternately arranged with each other.
Additionally, the shape of the opening portion of each of the outlets may vary depending
on the orientation of the channel portion of each of the outlets. For instance, when an
outlet is coaxial or parallel to the central longitudinal axis of the e-vapor device, the
opening portion may be circular. On the other hand, when the outlet is angled relative to
the central longitudinal axis, the opening portion may be elliptical or oval-shaped.

The outlets may be angled such that droplets of unvaporized pre-vapor formulation
will impact the inner surfaces thereof so as to be broken apart, removed from the exiting
vapor, or both. In an example embodiment, the outlets may be angled between about 5
to about 60 degrees with respect to the central longitudinal axis of the e-vapor device so
as to remove droplets of unvaporized pre-vapor formulation and to more completely
distribute the vapor. Each outlet may have a diameter of about 0.015 inches to about
0.090 inches (for example, about 0.020 inches to about 0.040 inches or about 0.028
inches to about 0.038 inches). The number, angle, and size of the outlets can be adjusted
as needed to obtain the desired resistance to draw (RTD) of the e-vapor device.

A gasket 106 is arranged within the housing shell 120 so as to be between the
mouthpiece and the supply packet 108. The e-vapor device is designed such that the
base section of the mouthpiece plunger 104 will press against and axially displace the
gasket 106 within the housing shell 120 when the mouthpiece transitions from the
protracted position to the retracted position. The gasket 106 is configured to form a seal
that precludes leakage of the pre-vapor formulation from the mouthpiece when the e-
vapor device is activated. In this regard, the outer sidewall of the gasket 106 is configured
to interface with the inner sidewall of the housing shell 120 so as to form a substantially
liquid-tight seal. The gasket 106 may also help to distribute the force exerted on the
supply packet 108 more evenly when the mouthpiece plunger 104 is depressed to
transition the mouthpiece to the retracted position. Furthermore, the gasket 106 may
include an opening that is configured to permit another internal element (for example,
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chimney 116) of the e-vapor device to extend therethrough. In such an embodiment, the
inner sidewall of the gasket 106 is configured to interface with the outer sidewall of such
an element so as to form a substantially liquid-tight seal.

A puncture device 110 is arranged within the housing shell 120 so as to be adjacent
to the supply packet 108. The puncture device 110 is configured to pierce the supply
packet 108 to release the pre-vapor formulation therein when the mouthpiece transitions
to the retracted position. The puncture device 110 may be in a form of a plurality of
puncture pins. The puncture pins may be oriented so as to be parallel to the longitudinal
axis of the e-vapor device. Additionally, the puncture pins may be evenly spaced from
each other along the inner sidewall of the housing shell 120. Each of the plurality of
puncture pins may include a base portion and a pointed portion on the base portion. The
pointed portion of each of the puncture pins is configured to pierce the supply packet 108
when the e-vapor device is activated. The base portion of each of the puncture pins is
configured to halt a penetration of the pointed portion into the supply packet 108 and to
support the supply packet 108 after being pierced by the pointed portion. In this regard,
the base portion of each of the puncture pins may be an orthogonal surface (relative to
the surface of the pointed portion) that functions as a stopper in connection with the
piercing of the supply packet 108.

Although the puncture device 110 is shown as being in a form of three puncture
pins, it should be understood that example embodiments are not limited thereto. For
instance, the puncture device 110 may be in a form of four, five, six, or more puncture
pins. Furthemmore, the puncture pins may be connected to each other via one or more
wires to allow the puncture device 110 to be wrapped around one or more internal
elements (for example, one or more of outer absorbent material 112, inner absorbent
material 114, and chimney 116) prior to being inserted into the housing shell 120.

Alternatively, the puncture device 110 may be in a form of a porous plate with a
plurality of pointed protrusions on a surface of the porous place facing the supply packet
108. The porous plate may be a perforated sheet or a grid-like structure. The porous
plate may include an opening that is configured to permit another internal element (for
example, chimney 116) of the e-vapor device to extend therethrough. The porous plate
may be supported by an internal ledge within the housing shell 120. In another non-
limiting embodiment, the puncture device 110 may also include legs secured to an
underside of the porous plate such that the legs are configured to brace against a bottom
of the vaporizer assembly 100.
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A heater structure is disposed within the housing shell 120 and arranged to be in
thermal contact with the pre-vapor formulation during vaping. In particular, the heater
structure is configured to vaporize the pre-vapor formulation to generate a vapor during
vaping. The chimney 116 is configured to direct the generated vapor to the one or more
outlets of the mouthpiece during vaping. An end of the chimney 116 (that will be adjacent
to the mouthpiece) is inserted into a chimney collar 118. The chimney 116 may include
a through-hole, wherein a wick is arranged to extend through opposing sidewalls of the
chimney 116. The heater structure is positioned in thermal proximity to the wick and is
designed to undergo resistive heating when a voltage is applied. Although not specifically
labeled in the drawings, it should be understood that the heater structure may include a
heating wire, crimps, supply wire, solder, and other associated elements. The e-vapor
device may also include at least one air inlet that is configured to deliver air to the central
air passage within the chimney 116.

An inner absorbent material 114 is wrapped around the chimney 116 so as to
contact the wick. In an example embodiment, the inner absorbent material 114 may be
a high-density gauze. An outer absorbent material 112 is wrapped around the inner
absorbent material 114. In an example embodiment, the outer absorbent material 112
may be a low-density gauze. During the operation of the e-vapor device, the outer
absorbent material 112 and the inner absorbent material 114 may be moistened (for
example, saturated) with the pre-vapor formulation from the supply packet 108.
Therefore, outer absorbent material 112 and the inner absorbent material 114 (along with
the annular space between the chimney 116 and the housing shell 120) may act as a
reservoir for the pre-vapor formulation. From the reservoir, the pre-vapor formulation is
drawn into the wick (which extends through the chimney 116) and is heated by the heater
structure within the chimney 116 during vaping to generate a vapor.

The wick may be constructed of a fibrous and flexible material. In an example
embodiment, the wick may include at least one filament having a capacity to draw a pre-
vapor formulation into the wick via capillary action due to the absorptive nature of the at
least one filament. In another instance, the wick may include a bundle of filaments (for
example, glass or ceramic filaments) having a capacity to draw a pre-vapor formulation
into the wick via capillary action as a result of the interstitial spacing between the
filaments. In another instance, the wick may include a bundle comprising a group of
windings of filaments (for example, three of such windings).
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The wick may extend through opposing openings in the sidewall of the chimney
116 such that the end portions of the wick are in contact with the pre-vapor formulation in
the reservoir. The filaments of the wick may be generally aligned in a direction transverse
to the longitudinal direction of the e-vapor device, although example embodiments are
not limited thereto. The wick may include filaments having a cross-section that is
generally cross-shaped, clover-shaped, Y-shaped, or in any other suitable shape. The
capillary properties of the wick, combined with the properties of the pre-vapor formulation,
can be tailored to ensure that the wick will be adequately wet in the appropriate area of
the heater structure to avoid overheating. The wick (along with one or both of the outer
absorbent material 112 and the inner absorbent material 114) may be constructed from
an alumina ceramic. Alternatively, the wick may include glass fibers, while one or both of
the outer absorbent material 112 and the inner absorbent material 114 may include a
cellulosic material or polyethylene terephthalate.

The heater structure may be a loop-type arrangement (for example, helix)
surrounding the wick. Examples of suitable electrically resistive materials for the heater
structure include titanium, zirconium, tantalum, and metals from the platinum group.
Examples of suitable metal alloys include nickel-, cobalt-, chromium-, aluminum-,
titanium-, zirconium-, hafnium-, niobium-, molybdenum-, tantalum-, tungsten-, tin-,
gallium-, manganese-, and iron-containing alloys (for example, stainless steel). In
addition, super-alloys based on nickel, iron, and cobalt may also be suitable. In an
example embodiment, the heater structure may include nickel aluminides, a material with
a layer of alumina on the surface, iron aluminides, 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. In a non-limiting embodiment, the
heater structure comprises at least one material selected from the group consisting of
stainless steel, copper, copper alloys, nickel-chromium alloys, super-alloys, and
combinations thereof. In another non-limiting embodiment, the heater structure includes
nickel-chromium alloys or iron-chromium alloys. Furthermore, the heater structure may
include a ceramic portion having an electrically resistive layer on an outside surface
thereof. A higher resistivity for the heater structure lowers the current draw or load on the
power supply (for example, battery).

The heater structure may directly heat the pre-vapor formulation in the wick by
thermal conduction. Alternatively, the heat from the heater structure may be indirectly
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conducted to the pre-vapor formulation by means of a heat conductive element or the
heater structure may transfer the heat to the incoming ambient air that is drawn through
the e-vapor device during use, which in turn heats the pre-vapor formulation by
convection.

When assembled, the vaporizer assembly 100 will be connected to a battery
assembly. In particular, a power supply in the battery assembly is configured to be
operably connected to the heater structure in the vaporizer assembly 100 to apply a
voltage across the heater structure. The power supply may include a battery arranged
such that the anode is downstream from the cathode. A battery anode connector may
contact the downstream end of the battery. The heater structure may be connected to
the battery by two spaced apart electrical leads. The connection between the end
portions of the heater structure and the electrical leads are relatively conductive and
temperature resistant, while the heater structure is relatively resistive so that heat
generation occurs primarily along the heater structure and not at the contacts.

The battery may be a lithium-ion battery or one of its variants (for example, a
lithium-ion polymer battery). The battery may also be a nickel-metal hydride battery, a
nickel-cadmium battery, a lithium-manganese battery, a lithium-cobalt battery, or a fuel
cell. When vaping, the e-vapor device is usable until the energy in the power supply is
depleted, after which the power supply will need to be replaced. Alternatively, the power
supply may be rechargeable and include circuitry allowing the battery to be chargeable
by an external charging device. In this rechargeable embodiment, the circuitry, when
charged, provides power for a desired or pre-determined number of puffs, after which the
circuitry must be re-connected to an external charging device.

The e-vapor device may also include control circuitry including a puff sensor. The
puff sensor is configured to sense an air pressure drop and to initiate the application of a
voltage from the power supply to the heater structure. The control circuitry may include
a heater activation light that is configured to glow when the heater structure is activated.
The heater activation light may include an LED and may be arranged at an upstream end
of the e-vapor device so that the heater activation light takes on the appearance of a
burning coal during a puff. Additionally, the heater activation light can be arranged to be
visible to the adult vaper. Furthermore, the heater activation light can be utilized for e-
vapor system diagnostics. The heater activation light can also be configured such that

the adult vaper can activate, deactivate, or activate and deactivate the heater activation
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light for privacy, such that, if desired, the heater activation light would not activate during
vaping.

When the puff sensor detects a puff by an adult vaper, the control circuitry may
automatically supply power to the heater structure with a maximum, time-period limiter.
Alternatively, the control circuitry may include a manually-operable switch for an adult
vaper to initiate a puff. The time-period of the supply of electric current to the heater
structure may be pre-set depending on the amount of pre-vapor formulation desired to be
vaporized, and the control circuitry may be programmable for this purpose. The control
circuitry may continue to supply power to the heater structure as long as the puff sensor
detects a pressure drop.

When activated, the heater structure may heat a portion of the wick surrounded by
the heater structure for less than about 10 seconds (for example, less than about 7
seconds). The power cycle (or maximum puff length) can range from about 2 seconds to
about 10 seconds (for example, about 3 seconds to about 9 seconds, about 4 seconds to
about 8 seconds, or about 5 seconds to about 7 seconds).

A fibrous material (for example, cotton, polyethylene, polyester, rayon, and
combinations thereof) may be used to form one or more of the outer absorbent material
112, the inner absorbent material 114, and the wick. The fibers of the fibrous material
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).
Also, the fibers may be sized to be irrespirable and can have a cross-section with a Y
shape, cross shape, clover shape, or any other suitable shape. Additionally, instead of a
fibrous material, a sintered material, a porous material, or a foamed material may be used.
Furthermore, it should be understood that one or both of the outer absorbent material 112
and the inner absorbent material 114 may be omitted so that the reservoir can be provided
as a relatively vacant space for holding the pre-vapor formulation.

The pre-vapor formulation has a boiling point suitable for use in the e-vapor device.
In particular, if the boiling point is too high, then the heater structure may not be able to
adequately vaporize the pre-vapor formulation in the wick. Conversely, if the boiling point
is too low, then the pre-vapor formulation may prematurely vaporize without the heater
structure even being activated. In an example embodiment, the pre-vapor formulation
may be a tobacco-containing material including volatile tobacco flavor compounds which
are released from the pre-vapor formulation upon heating. The pre-vapor formulation
may also be a tobacco flavor containing material, a nicotine-containing material, or both.
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Alternatively, or in addition thereto, the pre-vapor formulation may include a non-tobacco
material.

FIG. 2 is a perspective view of the vaporizer assembly of FIG. 1 when assembled
and when the mouthpiece is in a protracted position. Referring to FIG. 2, the mouthpiece
collar 102 may be inserted into the housing shell 120 such that only the rim of the
mouthpiece collar 102 is visible. The mouthpiece plunger 104 may protrude outward
through the mouthpiece collar 102 such that the base section of the mouthpiece plunger
104 abuts against the internal lip of the mouthpiece collar 102. The internal lip of the
mouthpiece collar 102 functions as a stopper for the mouthpiece plunger 104. As aresult,
under ordinary circumstances, the mouthpiece plunger 104 cannot be protracted so as to
be separated from the mouthpiece collar 102. Instead, the mouthpiece plunger 104, when
assembled, is configured to remain in the protracted position until it is pressed to activate
the e-vapor device. |n addition, it should be understood that the vaporizer assembly 100
will be connected to a battery assembly prior to activation and vaping. The connection
may be a threaded connection, a bayonet connection, a snap-fit connection, or a
magnetic connection, although example embodiments are not limited thereto.

FIG. 3 is a cross-sectional view of the vaporizer assembly of FIG. 2, taken along
line 3-3. Referring to FIG. 3, the illustration of the chimney collar 118 and various other
elements (for example, wick, heating wire) have been omitted to provide a clearer view
of the internal structure and mechanism of the vaporizer assembly 100. When the
vaporizer assembly 100 is assembled, the interior of the housing shell 120 is filled with
elements such that the mouthpiece plunger 104 protrudes outward through the
mouthpiece collar 102. In particular, the supply packet 108 may be arranged between
the mouthpiece plunger 104 and the puncture device 110 such that the mouthpiece
plunger 104 cannot move inward without pressing the supply packet 108 against the
puncture device 110, which would result in the piercing of the supply packet 108 and the
release of the pre-vapor formulation therein.

The mouthpiece plunger 104 is configured to slide through the mouthpiece collar
102 and into the housing shell 120 during the transition to the retracted position. The
mouthpiece is configured to transition irreversibly from the protracted position to the
retracted position. In an example embodiment, when pressed inward by an adult vaper,
the mouthpiece plunger 104 is configured to lock in place when the retracted position is
reached. For instance, the side surface of the base section of the mouthpiece plunger
104 may be provided with angled teeth, while the inner sidewall of the mouthpiece collar

Date Regue/Date Received 2023-04-26



10

15

20

25

30

P/75524.WO01
-16 -

102 may be provided with a pawl or corresponding recesses so as to form a ratchet
arrangement. Conversely, the inner sidewall of the mouthpiece collar 102 may be
provided with angled teeth, while the side surface of the base section of the mouthpiece
plunger 104 may be provided with a pawl or corresponding recesses so as to form a
ratchet arrangement. The angled teeth may be right-angled teeth which are oriented such
that the angled side facilitates a retraction of the mouthpiece plunger 104 through the
mouthpiece collar 102 and into the housing shell 120, while the perpendicular side
precludes a protraction of the mouthpiece plunger 104 after a retraction has occurred.
Therefore, the mouthpiece plunger 104 may be configured to undergo a one-way
incremental retraction through the mouthpiece collar 102 and into the housing shell 120.
The incremental movement of the mouthpiece plunger 104 to the retracted position may
also be accompanied by one or more audible clicks.

FIG. 4 is a perspective view of the vaporizer assembly of FIG. 1 when assembled
and when the mouthpiece is in a retracted position. Referring to FIG. 4, the end face of
the protruding section of the mouthpiece plunger 104 may be flush (or substantially flush)
with the rim of the mouthpiece collar 102 when the mouthpiece is in the retracted position.
The mouthpiece plunger 104 is also configured to lock in place (for example, via a ratchet
arrangement) so as to preclude a return to the protracted position once the retracted
position has been reached. The locking of the mouthpiece plunger 104 may be
accompanied by a distinct audible sound (for example, click) so as to notify an adult vaper
that the retracted position has been reached and that further pressing is unnecessary.

FIG. 5 is a cross-sectional view of the vaporizer assembly of FIG. 4, taken along
line 5-5. Referring to FIG. 5, the mouthpiece is configured to compress the supply packet
108 and discharge the pre-vapor formulation therefrom when the mouthpiece transitions
to the retracted position. In particular, the e-vapor device is activated when an adult vaper
presses the mouthpiece plunger 104 into the mouthpiece collar 102, thereby transitioning
the mouthpiece from the protracted position to the retracted position. By transitioning the
mouthpiece to the retracted positon, the mouthpiece plunger 104 will, in effect, push the
supply packet 108 into the puncture device 110 so as to pierce the supply packet 108
while squeezing the pre-vapor formulation therefrom. In an example embodiment, the
supply packet 108 may have accordion sidewalls that are configured to collapse during
the release of the pre-vapor formulation when the mouthpiece transitions to the retracted
position. The pre-vapor formulation that is released from the pierced supply packet 108
will be absorbed by the outer absorbent material 112 and the inner absorbent material
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114 as well as the wick which is in fluidic communication therewith. During vaping, as
the pre-vapor formulation in the wick is heated by the heater structure to generate a vapor,
more pre-vapor formulation in the outer absorbent material 112 and the inner absorbent
material 114 will be drawn into the wick via capillary action until the supply of pre-vapor
formulation is depleted or otherwise insufficient to adequately saturate the wick.

FIG. 6 is an exploded view of a vaporizer assembly of an e-vapor device according
to another example embodiment. With the exception of the spring 205, the elements of
the vaporizer assembly of FIG. 6 may be as described in connection with the elements of
the vaporizer assembly of FIG. 1. In particular, the mouthpiece collar 202 of FIG. 6 may
correspond to the mouthpiece collar 102 of FIG. 1. The mouthpiece plunger 204 of FIG.
6 may correspond to the mouthpiece plunger 104 of FIG. 1. The gasket 206 of FIG. 6
may correspond to the gasket 106 of FIG. 1. The supply packet 208 of FIG. 6 may
correspond to the supply packet 108 of FIG. 1. The puncture device 210 of FIG. 6 may
correspond to the puncture device 110 of FIG. 1. The outer absorbent material 212 of
FIG. 6 may correspond to the outer absorbent material 112 of FIG. 1. The inner absorbent
material 214 of FIG. 6 may correspond to the inner absorbent material 114 of FIG. 1. The
chimney 216 of FIG. 6 may correspond to the chimney 116 of FIG. 1. The chimney collar
218 of FIG. 6 may correspond to the chimney collar 118 of FIG. 1. The housing shell 220
of FIG. 6 may correspond to the housing shell 120 of FIG. 1. The gasket 222 of FIG. 6
may correspond to the gasket 122 of FIG. 1. The anode/cathode 224 of FIG. 6 may
correspond to the anode/cathode 124 of FIG. 1.

The spring 205 has an outer diameter that is more than the outer diameter of the
chimney 216 but less than the inner diameter of the housing shell 220. In an example
embodiment, the spring 205 may have an outer diameter that is between about 80% and
about 95% of the inner diameter of the housing shell 220. In such an instance, the spring
205 can be compressed freely without abrading against the inner sidewall of the housing
shell 220 (or at least without encountering an undesirable level of friction from the inner
sidewall of the housing shell 220). Although the spring 205 in FIG. 6 is illustrated as
having open ends, it should be understood that example embodiments are not limited
thereto. For instance, the ends of the spring 205 may be closed and square, closed and
ground, or double closed. In addition, the outer diameter, wire diameter, wire material,
free length, and number of coils of the spring 205 may be selected such that the spring
constant will be of an appropriate magnitude to allow the spring 205 to experience a
compression during activation of the e-vapor device followed by an expansion that causes
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the pre-vapor formulation to be squeezed from the pierced supply packet 208. In a non-
limiting embodiment, the spring 205 may have a spring constant ranging from about 0.1
to about 0.4 Newtons per millimeter.

When the vaporizer assembly of FIG. 6 is assembled, the spring 205 will be
positioned between the mouthpiece and the supply packet 208. The mouthpiece is
configured to compress the spring 205 when transitioning to the retracted position so as
to provide a stored energy that yields a compressive force on the supply packet 208. In
particular, the compressive force from the spring 205 will push the supply packet 208
against the puncture device 210 to pierce the supply packet 208 and to discharge the pre-
vapor formulation from the supply packet 208.

A diffuser plate may be positioned between the spring 205 and the supply packet
208. The diffuser plate is configured to distribute the compressive force from the spring
205 over a surface of the diffuser plate so that a more even pressure can be applied to
the supply packet 208 to squeeze the pre-vapor formulation therefrom. At least one of
the diffuser plate and the mouthpiece plunger 204 may be provided with a recess (for
example, annular recess) to receive the spring 205 in order to help hold the spring 205 in
place, regardless of the orientation of the vaporizer assembly. In an example
embodiment, the diffuser plate may be in the form of the gasket 206 shown in FIG. 6. The
gasket 206 is configured to shift or slide in an axial direction along an inner sidewall of
the housing shell 220 so as to push against the supply packet 208 (in response to the
subsequent expansion of the compressed spring 205 following the retraction of the
mouthpiece plunger 204 into the mouthpiece collar 202). The gasket 206 is also
configured to form a seal that precludes a leakage of the pre-vapor formulation from the
mouthpiece. In this regard, the outer sidewall of the gasket 206 is configured to interface
with the inner sidewall of the housing shell 220 so as to form a substantially liquid-tight
seal.

FIG. 7 is a perspective view of the vaporizer assembly of FIG. 6 when assembled
and when the mouthpiece is in a protracted position. FIG. 8 is a cross-sectional view of
the vaporizer assembly of FIG. 7, taken along line 8-8. With the exception of the presence
of the spring 205, the vaporizer assembly 200 of FIGS. 7-8 may be as described in
connection with the vaporizer assembly 100 of FIGS. 2-3. Also, referring to FIG. 8, the
illustration of the chimney collar 218 and various other elements (for example, wick,
heating wire) have been omitted to provide a clearer view of the internal structure and
mechanism of the vaporizer assembly 200. When the vaporizer assembly 200 is
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assembled, the spring 205 therein will be uncompressed until an adult vaper presses the
mouthpiece plunger 204 into the mouthpiece collar 202 to activate the e-vapor device.
Alternatively, it is possible for the vaporizer assembly 200 to be assembled such that the
spring 205 is already slightly compressed (for example, compressed less than 5% of its
free length). In such an embodiment where the vaporizer assembly 200 is assembled
such that the spring 205 is already slightly compressed prior to activation of the e-vapor
device, the level of stored energy from the slight compression should be relatively low so
as to be inadequate to cause the supply packet 208 to be prematurely pierced by the
puncture device 210.

FIG. 9 is a perspective view of the vaporizer assembly of FIG. 6 when assembled
and when the mouthpiece is in a retracted position. FIG. 10 is a cross-sectional view of
the vaporizer assembly of FIG. 9, taken along line 10-10. Referring to FIGS. 9-10, the
mouthpiece is configured to compress the spring 205 when an adult vaper presses the
mouthpiece plunger 204 into the mouthpiece collar 202 to activate the e-vapor device.
An audible click may be produced when the mouthpiece plunger 204 locks in place (for
example, via a ratchet arrangement), thereby indicating that the mouthpiece has properly
transitioned to the retracted position. Because the mouthpiece plunger 204 is locked in
place in the retracted position (and, thus, immobilized), the compressed spring 205 will
expand against and push the supply packet 208 into the puncture device 210, thereby
causing the pre-vapor formulation to be squeezed from the pierced supply packet 208.

The supply packet 208 may be pierced during the compression of the spring 205
or when the spring 205 expands against the retracted mouthpiece plunger 204. In the
latter situation, the material of the supply packet 208 may be designed to be sufficiently
strong to briefly withstand the force associated with the compression of the spring 205 as
the mouthpiece plunger 204 is being retracted (for example, supply packet 208 designed
to maintain its structural integrity for between about 0.2 and about 0.8 seconds before
succumbing to the puncture device 210). |n either case, the implementation of the spring
205 permits the mouthpiece plunger 204 to be instantly retracted while allowing the pre-
vapor formulation to be released from the supply packet 208 in a more controlled manner.
The pre-vapor formulation that is released from the supply packet 208 will be absorbed
by the outer absorbent material 212 and the inner absorbent material 214 as well as the
wick which is in fluidic communication therewith. During vaping, as the pre-vapor
formulation in the wick is heated by the heater structure to generate a vapor, more pre-
vapor formulation in the outer absorbent material 212 and the inner absorbent material
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214 will be drawn into the wick via capillary action until the supply of pre-vapor formulation
is depleted or otherwise insufficient to adequately saturate the wick.

A method of improving a shelf-life of a pre-vapor formulation for an e-vapor device
may include arranging a supply packet within a housing shell of the e-vapor device so as
to be between a mouthpiece that is secured to an end of the housing shell and a puncture
device within the housing shell. The supply packet contains the pre-vapor formulation.
The mouthpiece is configured to transition from a protracted position to a retracted
position. The puncture device is configured to pierce the supply packet to release the
pre-vapor formulation when the mouthpiece transitions to the retracted position.

The method may also include forming the supply packet into an annular form prior
to the arranging step. In addition, the method may include hermetically sealing the pre-
vapor formulation within the supply packet prior to the arranging. The hermetically sealing
step may include heat sealing the pre-vapor formulation within a polymer-coated metal
foil. The method may also include pressing the mouthpiece to transition from the
protracted position to the retracted position to activate the e-vapor device. The method
may further include squeezing the supply packet with a stored energy provided by a
compression of a spring so as to discharge the pre-vapor formulation based on a
deformation of the supply packet caused by a decompression of the spring.

While a number of 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. An e-vapor device, comprising:

a housing shell configured to receive and house a supply packet containing a pre-vapor
formulation completely;

a mouthpiece secured to an end of the housing shell, the mouthpiece configured to be
pressed inward to transition from a protracted position to a retracted position with
respect to the housing shell;

a puncture device within the housing shell, the puncture device configured to pierce the supply
packet to release the pre-vapor formulation when the mouthpiece transitions to the
retracted position; and

a heater structure within the housing shell and arranged to be in thermal contact with the pre-
vapor formulation, the heater structure configured to vaporize the pre-vapor
formulation to generate a vapor,

wherein the mouthpiece is configured to transition irreversibly to the retracted position.

2. The e-vapor device of claim 1, wherein the supply packet has an annular form.
3. The e-vapor device of claim 1 or 2, wherein the supply packet is hermetically-sealed.
4. The e-vapor device of any one of claims 1 to 3, wherein the mouthpiece has a plunger portion

that is configured to slide into the housing shell during the transition to the retracted position.

5. The e-vapor device of claim 4, wherein the plunger portion is configured to lock in place when

the retracted position is reached.

6. The e-vapor device of any one of claims 1 to 5, wherein the mouthpiece is configured to
compress the supply packet and discharge the pre-vapor formulation therefrom when the
mouthpiece fransitions to the retracted position.

7. The e-vapor device of any one of claims 1 to 6, wherein the supply packet has accordion

sidewalls that are configured to collapse when the mouthpiece transitions to the retracted
position.
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The e-vapor device of any one of claims 1 to 7, wherein the puncture device is in a form of a
plurality of puncture pins, each of the plurality of puncture pins including a base portion and
a pointed portion on the base portion, the pointed portion configured to pierce the supply
packet, the base portion configured to halt a penetration of the pointed portion into the supply
packet and to support the supply packet after being pierced by the pointed portion.

The e-vapor device of any one of claims 1 to 8, wherein the puncture device is in a form of a
porous plate with a plurality of pointed protrusions on a surface of the porous place facing the

supply packet.

The e-vapor device of any one of claims 1 to 9, further comprising:

a spring positioned between the mouthpiece and the supply packet, the mouthpiece
configured to compress the spring when transitioning to the retracted position so as to provide
a stored energy that yields a compressive force on the supply packet.

The e-vapor device of claim 10, wherein the compressive force pushes the supply packet
against the puncture device to pierce the supply packet and to discharge the pre-vapor
formulation from the supply packet.

The e-vapor device of claim 10 or 11, further comprising:
a diffuser plate positioned between the spring and the supply packet, the diffuser plate
configured to distribute the compressive force over a surface of the diffuser plate.

A method of improving a shelf-life of a pre-vapor formulation for an e-vapor device, the method
comprising:

arranging a supply packet completely within a housing shell of the e-vapor device so as to be
between a mouthpiece secured to an end of the housing shell and a puncture device within
the housing shell, the supply packet containing the pre-vapor formulation, the mouthpiece
configured to be pressed inward to transition from a protracted position to a retracted position
with respect to the housing shell, the puncture device configured to pierce the supply packet
to release the pre-vapor formulation when the mouthpiece transitions to the retracted position.

Date Recue/Date Received 2023-04-26



14.

15.

16.

17.

18.

23

The method of claim 13, further comprising:
forming the supply packet into an annular form prior to the arranging.

The method of claim 13 or 14, further comprising:
hermetically sealing the pre-vapor formulation within the supply packet prior to the arranging.

The method of claim 15, wherein the hermetically sealing includes heat sealing the pre-vapor
formulation within a polymer-coated metal foil.

The method of any one of claims 13 to 16, further comprising:
pressing the mouthpiece to transition from the protracted position to the retracted position to
activate the e-vapor device.

The method of claim 17, further comprising:
squeezing the supply packet with a stored energy provided by a compression of a spring so
as to discharge the pre-vapor formulation based on a deformation of the supply packet caused

by a decompression of the spring.
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