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attachable with the vaporizer assembly, a battery assembly that is selectively attachable with the vaporizer assembly, and a cartridge
configured to store liquid in a reservoir, the cartridge being selectively attachable with the vaporizer assembly such that liquid stored
within the reservoir is in fluid communication with the vaporizer assembly. The vaporizer cartridge system is configured such that when
the cartridge and the mouthpiece are attached to the vaporizer assembly, the cartridge fits within the mouthpiece.
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VAPORIZER CARTRIDGE SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provisional patent application serial no.
62/737,722, filed on September 27, 2018, the contents of which are incorporated herein by

reference in their entirety.

BACKGROUND

[0002] The vaping industry has progressed rapidly over a relatively short period of time. Not
least due to this popularity, vaping devices have proliferated; however, in many respects this
popularity has diminished the quality of the vaping devices themselves. The challenges of
creating a device with high quality, detachable and replaceable parts, e.g., where some parts
may be retained and others easily and simply swapped for a newer version, extend to the

composition of the device.

[0003] Many devices tend to be both of comparatively high cost and also disposable, e.g.,
when a user consumes the vaporizing liquid, he simply throws the entire assembly away.
Similar behaviors may apply to other parts, such as but not limited to, the cartridge holding the
vaporizing liquid, the heating element, the battery, and the various bushings and gaskets

holding the assembly together.

[0004] Therefore, there exists a need for a renewable vaporizer cartridge system, fitted
together with selectively detachable parts, of which many of the parts may be retained when

others wear out or are consumed.

BRIEF SUMMARY

[0005] The disclosure describes a vaporizer cartridge system. In one embodiment a vaporizer
cartridge system is disclosed comprising a vaporizer assembly comprising a vaporizer body, a
heating element selectively attachable with the vaporizer body, an insulator bushing selectively
attachable with the vaporizer body, a center conductor selectively attachable with the insulator
bushing and the vaporizer body, a lock ring located between grooves in the vaporizer body and
grooves in the center conductor, a first seal between the vaporizer body and a reservoir, and a
second seal between the vaporizer body and the heating element. The vaporizer cartridge
system additionally comprises a mouthpiece selectively attachable with the vaporizer assembly,

a battery assembly that is selectively attachable with the vaporizer assembly, and a cartridge
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configured to store liquid in a reservoir, the cartridge being selectively attachable with the
vaporizer assembly such that liquid stored within the reservoir is in fluid communication with
the vaporizer assembly, wherein the vaporizer cartridge system is configured such that when
the cartridge and the mouthpiece are attached to the vaporizer assembly, the cartridge

fits within the mouthpiece.

[0006] In another embodiment, a method of using a vaporizer cartridge system is disclosed,
the method comprising providing a vaporizer cartridge system, including a vaporizer assembly
comprising a vaporizer body, a heating element selectively attachable with the vaporizer body,
an insulator bushing selectively attachable with the vaporizer body, a center conductor
selectively attachable with the insulator bushing and the vaporizer body, a lock ring located
between grooves in the vaporizer body and grooves in the center conductor, a first seal between
the vaporizer body and a reservoir, and a second seal between the vaporizer body and the
heating element. The vaporizer cartridge system additionally comprises providing a mouthpiece
that is selectively attachable with the vaporizer assembly, a battery assembly that is selectively
attachable with the vaporizer assembly, and a cartridge configured to store liquid in a reservoir,
the cartridge being selectively attachable with the vaporizer assembly such that liquid stored
within the reservoir is in fluid communication with the vaporizer assembly, wherein the
vaporizer cartridge system is configured such that when the cartridge and the mouthpiece are
attached to the vaporizer assembly, the cartridge fits within the mouthpiece. The method of
using a vaporizer cartridge system additionally comprises drawing fresh air into the vaporizer
cartridge system by creating a suction on an end of the mouthpiece and partially vaporizing at

least a portion of the liquid using the heating element.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0007] To easily identify the discussion of any particular element or act, the most significant
digit or digits in a reference number refer to the figure number in which that element is first

introduced.

[0008] FIG. 1 illustrates a side section view of a representative vaporizer cartridge system 100

in accordance with one embodiment.

[0009] FIG. 2 illustrates a side section view of the vaporizer cartridge system 200 in

accordance with one embodiment.
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[0010] FIG. 3 illustrates a side section view of a vaporizer assembly 300 in accordance with

one embodiment.

[0011] FIG. 4 illustrates a side section view showing fluid flow through the vaporizer

assembly 400 in accordance with one embodiment.

[0012] FIG. 5 illustrates an exploded side section view of the vaporizer assembly 500 in

accordance with one embodiment.

[0013] FIG. 6 illustrates a side section view of a vaporizer body 600 in accordance with one

embodiment.

[0014] FIG. 7 illustrates a section view of the heating element 700 in accordance with one

embodiment.

[0015] FIG. 8 illustrates a section view of a center conductor, insulator bushing, and lock ring

800 in accordance with one embodiment.

[0016] FIG. 9 illustrates a side view of a cartridge of the vaporizer cartridge system 900 in

accordance with one embodiment.

[0017] FIG. 10 illustrates a side view of a mouthpiece of the vaporizer cartridge system 1000

in accordance with one embodiment.

[0018] FIG. 11 illustrates a side view of a vaporizer cartridge assembly 1100 in accordance

with one embodiment.

[0019] FIG. 12 illustrates an exploded side section view of a cartridge cap 1200 in accordance

with one embodiment.

[0020] FIG. 13 illustrates a side section view of a representative vaporizer cartridge system

1300 in accordance with one embodiment.

[0021] FIG. 14 illustrates a side section view of a battery assembly 1400 in accordance with

one embodiment.

[0022] FIG. 15 illustrates a partial side section view of a vaporizer cartridge system 1500 in

accordance with one embodiment.

[0023] FIG. 16 illustrates a partial side section view of a vaporizer cartridge system 1600 in

accordance with one embodiment.

DETAILED DESCRIPTION
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[0024] "Battery assembly" refers to a selectively attachable component of the vaporizer
assembly including a battery unit and battery cover.

[0025] "Battery cover” refers to a physical covering for the battery. Both the battery and
battery cover are part of the battery assembly.

[0026] "Cap" refers to a removable covering, fitted onto the end of the cartridge to plug the
outlet of the cartridge to prevent the exit of liquid.

[0027] "Cartridge" refers to a selectively attachable component of the vaporizer assembly,

fitting within the mouthpiece, containing vaporable liquid.
[0028] "Cartridge reservoir” refers to the interior, liquid-storage cavity within the cartridge.

[0029] "Center conductor” refers to an electrically conducting selectively attachable

component of the vaporizer assembly.

[0030] "Center conductor cavity" refers to a spacing extending through the center of the center
conductor and providing a fluid connection between the battery assembly, the plurality of air
holes in the center conductor, and the heating element.

[0031] "Exhaust air cavity" refers to a pocket containing air between the heating element and
the vaporizer body.

[0032] "First center conductor surface” refers to a physical area on the center conductor
contacting a positive contact on the battery assembly.

[0033] "First o-ring" refers to a flexible gasket-like component forming at least in part the first

seal between the vaporizer body and the cartridge.
[0034] '"First seal” refers to a sealed connection.

[0035] "Fresh air intake holes" refers to openings within the vaporizer body allowing for an

exterior air source to flow into the vaporizer assembly.
[0036] "Heating coil" refers to a device used to heat the heating element.

[0037] "Heating element” refers to a selectively detachable component of the vaporizer
assembly that provides heat to vaporize liquid and transfer liquid from a reservoir to the heating

coil.

[0038] "Heating element cavity" refers to a space within the heating element body in fluid

communication with a plurality of fresh air intake holes in the vaporizer body.

[0039] "Heating element exhaust passage" refers to a passageway through the heating element
body in fluid communication with the heating element cavity.
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[0040] "Insulator bushing" refers to a selectively attachable component electrically isolating

certain surfaces of the vaporizer assembly.
[0041] "Liquid" refers to a vaporizable fluid substance located within the cartridge reservoir.

[0042] "Liquid contact surface" refers to an area of the heating element in contact with the

liquid inside the reservoir.

[0043] "Lock ring" refers to a component located between the groove in the center conductor

and the groove in the vaporizer body.

[0044] "Mouthpiece" refers to a selectively attachable component of the vaporizer assembly

through which a user draws vapor created by liquid being exposed to a heating element.

[0045] "Negative heating coil lead" refers to an electrical lead on the heating coil, in contact

with the vaporizer body.

[0046] "Plurality of air holes" refers to multiple opening through the wall of the center
conductor, in fluid communication with the center conductor cavity and the cavity between the

fresh air intake holes, the center conductor, the insulator bushing, and the lock ring.

[0047] "Plurality of exhaust holes" refers to multiple openings in the vaporizer body in fluid

communication with the exhaust air cavity and the mouthpiece.

[0048] "Plurality of fresh air intake holes" refers to multiple openings in the vaporizer body in

fluid communication with the air passage in the center conductor cavity.

[0049] "Positive heating coil lead" refers to an electrical lead on the heating coil, in contact

with the center conductor.
[0050] "Reservoir” refers to the interior space within the cartridge comprising a liquid.

[0051] "Second center conductor surface” refers to a physical area on the center conductor

contacting a heating element.

[0052] "Second o-ring" refers to a flexible gasket-like component forming at least in part the

second seal between the vaporizer body and the heating element.
[0053] "Second seal” refers to a sealed connection.

[0054] "Third center conductor surface” refers to a physical area on the center conductor

contacting an insulator bushing.

[0055] "Vaporizer" refers to a component of the vaporizer assembly responsible for creating

vapor by exposing a vaporable liquid to a heating element.
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[0056] "Vaporizer assembly" refers to a collection of vaporizing components, comprising at
least one of a vaporizer body, heating element, insulator bushing, center conductor, lock ring,

first seal, and second seal.

[0057] "Vaporizer body" refers to the central physical component of the vaporizer assembly,
connecting to the center conductor via a lock ring, the insulator bushing, the heating element

and the cartridge.

[0058] "Vaporizer cartridge system" refers to a system including a selectively attachable
vaporizer assembly, a selectively attachable battery assembly, a selectively attachable

mouthpiece, and a selectively attachable cartridge.

[0059] To meet the challenges of a flexible vaping device with selectively detachable and
attachable components, a vaporizer cartridge system is disclosed. The main components of the
device fit together via threads, bushings, lock rings, seals and contacts. Therefore, common
replaceable vaping device parts such as a battery, mouthpiece, liquid-storing cartridge, and
cartridge cap may be easily snapped loose or unscrewed from connecting parts and replaced
without disposing of the entire assembly. The user may partially disassemble the vaporizer
cartridge system, replace a replaceable part, and then reassemble the system. In various
embodiments, the detachability of these components may not sacrifice the overall device
performance, such as delivering vapor to users in a way users have come to expect. The ability
to replace parts of a vaporizer cartridge system may allow for greater customization of an
individual's vaping device and potentially reduced overall cost of the device since a user may
not need to purchase an entirely new device when the vaporizing liquid is depleted, or when any

individual component, such as a heating element or battery, wears out, or becomes obsolete.

[0060] Referring to FIG. 1, a side section view of a representative vaporizer cartridge system
100 1s illustrated according to an embodiment. A representative vaporizer cartridge system
includes a vaporizer assembly 102, a cartridge 104, and a mouthpiece 106 in a connected
assembly. The vaporizer assembly 102 may selectively attach to a battery, and the cartridge 104
and mouthpiece 106 may selectively attach to the vaporizer assembly 102. The cartridge 104
includes a reservoir configured to store a liquid (e.g., vaping liquid) and may be selectively
attached to the vaporizer assembly 102 such that the reservoir is in fluid communication with
the vaporizer assembly 102. The cartridge 104 may be removed from the vaporizer assembly

102 when the oil is consumed. During storage, shipment, or when removed from the vaporizer
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assembly 102, an opening of the cartridge 104 may be closed with a removable device, such as

the cap 108 as shown, to prevent spilling.

[0061] The liquid contained in the cartridge may be any vaporizable vaping fluid a user would
use in a vaping device, including but not limited to oils and other fluids creating vapors or

aerosols upon contact with heat or a heating element.

[0062] Referring to FIG. 2, a side section view of the vaporizer cartridge system 200
illustrates that the mouthpiece 206 may attach to the vaporizer assembly 202 over the cartridge
204, leaving a vapor passageway between an external surface of the cartridge 204 and an

internal surface of the mouthpiece 206.

[0063] The mouthpiece of the vaporizer assembly may be of any material that would function
in this service. In exemplary embodiments, the material may be non-allergic to human contact,
able to withstand contact with heat, vapors and human saliva, e.g., when a user draws vapor
from it, and of sufficient pliancy to have threads cut into it to screw onto another section of the
vaporizer assembly. In other embodiments, the mouthpiece may have a snap connection or a 1/4

turn connection. Most plastics and non-allergic metals may suffice.

[0064] The cartridge may be of any non-reactive material able to store oils and other liquids
capable of vaporizing when in contact with heat or a heating element. The cartridge may also be
sufficiently pliable to have grooves cut into its lip or open end to allow a cap or similar

enclosure to prevent spillage from the cartridge outlet.

[0065] FIG. 3 shows a side section view of a vaporizer assembly 300 in an assembled state
according to an embodiment. The vaporizer assembly includes a vaporizer body 302, which is
the main body of the vaporizer assembly that all of the other vaporizer assembly parts are
installed into or onto. A heating element 304 absorbs the liquid from the cartridge reservoir,
transfers the liquid from the cartridge to the heating coil 322, causes the liquid medium to
vaporize on the heating coil, and provides a path for the vapor to be transferred away from the
heating coil. A center conductor 306 completes the circuit from the positive contact on the
battery to the heating element 304 coil, provides a pathway for fresh air to reach the heating
coil, and provides part of the locking mechanism, which holds the parts within the vaporizer
assembly together. An insulator bushing 308 prevents electrical shorting between the positive
and negative circuit within the vaporizer assembly, and creates an airtight seal to direct the flow
of fresh air through the correct passages within the vaporizer assembly. A lock ring 310 fits

with its lock ring grooves 316 between grooves in the vaporizer body 302 and the center
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conductor 306 to lock the parts of the vaporizer assembly together and to create an airtight seal
to direct the flow of fresh air through the correct passages within the vaporizer assembly. In one
embodiment, a first o-ring 312 creates a first seal 320 between the vaporizer body 302 and the
cartridge reservoir, while a second o-ring 314 creates a second seal 318 between the vaporizer

body 302 and the ceramic heating element 304.

[0066] The vaporizer body may comprise a non-reactive material, typically but not necessarily
metallic. In an embodiment, the vaporizer body is able to withstand temperatures of
approximately 315 to 450 degrees Fahrenheit (157 to 232 degrees Celsius), typically from the

heating element and/or heating coil operating inside.

[0067] The heating element for the vaporizer assembly may be able to withstand electrically
stimulated temperature of up to 450 degrees Fahrenheit (232 degrees Celsius). The heating
element may be of a porous, high-tempered material (e.g., ceramic) for the purpose of
absorbing a vaporizing liquid. The porous material may also be of varying porosity to control
the flow of liquid within it and to prevent leakage of the liquid into unwanted areas (e.g., more
porous to encourage the flow of liquid and less porous to discourage the flow of liquid). The
heating element may also be coated in certain areas to prevent leakage, or to control the

absorption of liquid.

[0068] The center conductor may be made of an electrically conductive, non-reactive
tempered material able to be punctured and carved in a variety of ways, including but not
limited to hole drilling, thread carving and boring (e.g., to create an air passage). A metallic
material may typically suffice for creating the center conductor in a machining, molding, die-

casting or similar forming process known to those skilled in the art.

[0069] The insulator bushing fitting onto the center conductor may be made of a non-
electrically conductive, non-reactive material able to be cylindrically or otherwise bored in a
size-customized manner. A plastic or ceramic material may typically suffice for creating the
insulator bushing in a machining, molding, die-casting or similar forming process known to

those skilled in the art.

[0070] The lock ring located within the grooves between the vaporizer body and center
conductor serves a locking purpose and a gasket-like purpose and may be made of high-
temperature plastic, silicone or similar material for forming an effective seal next to or between

two components.
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[0071] The O-rings (e.g., first o-ring and second o-ring) may be made of rubber, or, more
specifically, elastic polymers, or elastomers. These polymers are cured, often through
vulcanization, resulting in a strong, durable and more elastic rubber. Other O-ring materials
may include PTFE, Nitrile (Buna), Neoprene, EPDM Rubber and Fluorocarbon (Viton).
Silicone and Kalrez® O-ring materials are also widely used, especially in high temperature

applications such as this disclosure.

[0072] FIG. 4, a side section view showing fluid flow through the vaporizer assembly 400,
illustrates the path of flow of air and liquid medium throughout the vaporizer assembly. Fresh
air flow 402 shows the path of fresh air entering the vaporizer body. One of the fresh air intake
holes 404 indicates the air intake hole in the vaporizer body. A cavity 406 indicates such a
space between the vaporizer body, the center conductor, the insulator bushing, the lock ring. A
plurality of air holes 408 indicates air holes in the center conductor. A center conductor cavity
410 indicates a hole that extends all the way through the centerline of the center conductor. Air
combines in this passageway from the battery and from outside the vaporizer assembly at the
fresh air flow 402 and is transferred to the heating element cavity 414 by way of the heating

element 426.

[0073] A battery assembly air source 412 indicates where air enters the vaporizer assembly
from the battery assembly. The purpose of this is so that suction from the mouthpiece can
actuate a battery that has a suction switch mechanism. Fresh air enters the heating element
cavity 414 where the air picks up vaporized liquid and passes through to the heating element
exhaust passage 416. An exhaust air cavity 418 indicates a cavity between the ceramic heating
element 426 and the vaporizer body where air and vapor can escape through a plurality of
exhaust holes 420 in the vaporizer body. A flow path to exterior 422 indicates a flow path when
the mouthpiece and cartridge are attached to the vaporizer assembly. The air travels in this
direction via the flow path between the mouthpiece and the cartridge where it exits through the
air hole in the mouthpiece. A surface 424 represents the surface of the heating element 426
material that comes in contact with the liquid inside the cartridge reservoir. The liquid may
permeate (i.e., soak) into the surface. This surface may be curved as shown, or flat. It is shown

curved to create more surface area for better absorption of the liquid medium.

[0074] In an embodiment, the intake and other holes (i.e., fresh air intake holes, plurality of
air holes, plurality of fresh air intake holes) serving various purposes described above may be

bored into the respective components within the vaporizer assembly, e.g., the vaporizer body



WO 2020/069432 PCT/US2019/053641

and center conductor, by use of a commercial or other drilling device known to those skilled in

the art for forming passages into machined, die-cast or otherwise molded components.

[0075] FIG. 5 illustrates an exploded side section view of the vaporizer assembly 500, the
structure of the vaporizer body 504 that enables rapid assembly and disassembly. The first o-
ring 502, vaporizer body 504, second o-ring 506, heating element 508, lock ring 510, insulator
bushing 512, and center conductor 514 assemble concentrically and in series, to for example,

facilitate serviceability.

[0076] Referring to FIG. 6, a side section view of a vaporizer body 600 is illustrated in an
embodiment. The battery attachment threads 602 indicate threads where the battery attaches. A
battery abutment surface 604 indicates the surface against which the battery butts up. The
mouthpiece threads 606 indicate threads onto which the mouthpiece screws. A mouthpiece
abutment 608 indicates a tapered surface that mates up to a corresponding tapered surface on
the edge of the mouthpiece. This may create an airtight seal so that suction from the air hole in
the mouthpiece may be drawn through the vaporizer assembly. An o-ring groove 610 indicates a

groove for the first o-ring 502.

[0077] A cartridge abutment 612 indicates a surface to which the cartridge abuts when it is
attached to the vaporizer assembly. A flow medium director 614 indicates a curved surface that
directs the flow of the liquid medium from inside the reservoir to the ceramic heating element.
This curved surface may allow for this area to be easily cleaned. It may also assist in relieving
surface tension in the liquid medium so that as little as possible is wasted and may allow for a
more thorough emptying of the liquid medium before the cartridge is replaced, or refilled. An
inner o-ring sealing surface 616 indicates a surface against which the inner O-ring seals. A
heating element centering surface 618 indicates surfaces that help center the ceramic heating
element within the vaporizer body. A mouthpiece guide 620 indicates an area that helps guide
the mouthpiece onto the vaporizer body when attaching the mouthpiece and also provides for a
void between the mouthpiece and the vaporizer body to allow vapor to travel down toward the
air hole end of the mouthpiece. An internal groove 622 indicates an internal groove around the
inside of the vaporizer body for the lock ring to engage holding the assembly together, e.g.,
lock ring 310. The fresh air intake holes 624 indicate air intake holes on the vaporizer body. A
plurality of exhaust holes 626 indicate exhaust holes in the vaporizer body from which air and

vapor escape to be drawn through the mouthpiece around the cartridge and out of the
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mouthpiece hole. A flat surface 628 indicates a flat surface on the outside of the vaporizer

body, explained in greater detail in FIG. 13 below.

[0078] Referring to FIG. 7, a section view of the heating element 700 shows the inner
workings of one embodiment of heating element, which may be made of a porous ceramic
material. It may allow the liquid medium to be absorbed at the cartridge reservoir and to be
transferred through the ceramic to the heating element where it is vaporized. A heating coil 702
may be a heat resistant metal coil embedded into the material surrounding the air passageway.
Fresh air flow 704 represents a location where fresh air enters the heating element. An air exit
706 shows where air and vapor exit the heating element. Air leaving heating element 708 shows
where air and vapor leave the heating element and flow through the cross hole to leave the
heating element. A negative heating coil lead 710 represents the negative lead of the heating
coil, embedded in the material and coming out of the side of the heating element. A negative
lead connection to vaporizer body 712 indicates a point at which the negative lead is bent over
and laid next to the large diameter of the centering contact 726 of the heating element. A
negative lead connection 714 indicates where the negative lead is bent over and laid parallel to
the centerline of the part on the outside of the part where it will contact the inner bore of the

vaporizer body and complete the circuit.

[0079] A positive heating coil lead bend 716 and positive heating coil lead 718 show where
the positive lead of the heating coil bends over and rests against the bottom of the heating
element. The positive heating coil lead 718 may be cut short enough to where it will not be able
to contact the inner border of the vaporizer body creating a short circuit. The center conductor
comes in contact with this positive lead to complete the circuit. A surface 720 represents the
surface of the heating element material that comes in contact with the liquid inside the cartridge
reservoir. The liquid may soak into the surface. This surface may be curved as shown, or flat. It
is shown curved to create more surface area for better absorption of the liquid medium. The
second seal 722 indicates an area that seals against the second o-ring. A centering element 724
indicates an area that contacts the inner bore of the vaporizer body and centers the two parts
along the same centerline. A recessed area 728 indicates an area that is recessed and creates a
void between the ceramic heating element and vaporizer body creating an exhaust air cavity for
the air and vapor to circulate and escape through the plurality of exhaust holes in the vaporizer

body.

11
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[0080] FIG. 8, a section view of a center conductor, insulator bushing, and lock ring 800
shows the center conductor 802, the insulator bushing 816 and the lock ring 818. An air passage
804 indicates the main air passage through the center of the center conductor. This passage is
also where air may enter from the battery to actuate a suction switch on the battery assembly. A
plurality of air holes 806 indicates air holes through the sides of the center conductor 802 that
allow air to pass from the outside to the inside of the center conductor 802. A groove in the
center conductor 808 indicates where the lock ring 818 engages. The surface has a smaller
diameter than the inner diameter of the lock ring 818. A third center conductor surface 8§10
indicates a surface that contacts the insulator bushing 816 and may prevent the insulator
bushing 816 from sliding off the end of the center conductor 802 when the vaporizer assembly
is assembled. A first center conductor surface 812 indicates a surface that contacts the positive
contact on the battery. A second center conductor surface 814 indicates a surface that contacts
the ceramic heating element. The surface may also complete the circuit between the center

conductor 802 and the positive lead on the ceramic heating element.

[0081] Referring to the insulator bushing 816 and lock ring 818, a lock ring outer surface 820
is the outer surface of the lock ring 818 that engages the groove in the vaporizer body. A lock
ring inner surface 822 represents the inner surface of the lock ring that engages with the groove
in the center conductor. One non-limiting method for assembling the vaporizer assembly is as
follows. A first o-ring is placed over the O-ring groove on the outside of the vaporizer body. A
second o-ring is slipped over the end of the ceramic heating element. The negative heating coil
lead folds down the side of the heating element and the heating element slides into the bore in
the vaporizer body. The insulator bushing 816 slides over the outside of the center conductor
802 until it contacts the third center conductor surface 810. The lock ring 818 slides over the
outside of the center conductor 802 and slides until it drops into the groove in the center
conductor 808, an interference fit. Clearance exists between the inner diameter of the lock ring
818 and the outer diameter of the groove in the center conductor 808, allowing the lock ring
818 to be compressed when it is attached to the center conductor 802. This allows the lock ring
818 to be compressed and pressed into the end of the bore of the vaporizer body. When the
center conductor 802, insulator bushing 816, and lock ring 818 assembly presses into the end of
the vaporizer body and reaches the point where the lock ring 818 and the groove on the inside
of the vaporizer body align, the lock ring 818 expands into the groove in the vaporizer body,

thereby locking the entire vaporizer assembly in place. When this occurs, compression on the

12



WO 2020/069432 PCT/US2019/053641

second o-ring between the ceramic heating element and the vaporizer body may create a liquid

tight seal.

[0082] FIG. 9, a side view of a cartridge of the vaporizer cartridge system 900, shows an
exemplary cartridge for holding the liquid medium according to one embodiment. The cartridge
may be constructed from one or more materials, for example food grade materials such as
HDPE or another material. The cartridge may be selectively attached onto the vaporizer
assembly such that it is in fluid communication, and covered with the mouthpiece. A clearance
between the outside of the cartridge in the inside of the mouthpiece allows air and vapor to
travel around the cartridge from the vaporizer assembly to the air hole in the mouthpiece.
Liquid 902 indicates a cavity inside a reservoir 910 where the liquid medium is stored. Liquid
may exit the cavity via an outlet of the cartridge. The groove 904 represents an O-ring groove
that helps hold the cartridge on to the vaporizer assembly. It also creates a liquid tight first seal
between the cartridge and the vaporizer body. An outer surface 906 represents a surface
contacting the cartridge abutment 612 surface in FIG. 6, keeping the cartridge positioned
against the vaporizer body and trapping the cartridge between the cartridge abutment 612 in

FIG. 6 and a mouthpiece surface 1012.

[0083] A bump 908 represents a protrusion on the end of the cartridge. It may be any shape,
e.g., for utility or ornamental purposes. The number of raised bumps may vary between
embodiments from about one bump to about twenty bumps, for example 2 bumps, 3 bumps, 4
bumps, 5 bumps, 6 bumps, 10 bumps, 15 bumps, or any other number of bumps in that range.
Each bump may also contact the surface shown by the mouthpiece surface 1012. This may
create a void between the mouthpiece surface 1012 and the outer surface of the cartridge. This
configuration may also allow air and vapor to circulate around the outside of the cartridge
inside the mouthpiece and may prevent the cartridge from blocking the vapor intake 1006 in the

mouthpiece.

[0084] In some embodiments, the cartridge may not include additional structures aside from a
cap and O-ring in order to minimize cost. In some embodiments, the cartridge may include one
or more visual visible markers (e.g., a visible bump, line, or other visible structure) on an

exterior or interior surface, the visual visible markers corresponding with liquid fill volumes.

[0085] In some embodiments, the cartridge may be supplied with a closure to hold in the
liquid. In an embodiment, this closure may be a foil or plastic closure. In an embodiment, the

closure is punctured or cut prior to installing the cartridge in the vaporizer cartridge system. In
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another embodiment, the closure on the cartridge is not punctured or torn by a device on the

vaporizer cartridge system.

[0086] FIG. 10, a side view of a mouthpiece of the vaporizer cartridge system 1000 according
to an embodiment, illustrates the mouthpiece that fits over the cartridge, located within the
mouthpiece cavity 1002, and secures to the vaporizer. The mouthpiece comprises a mouthpiece
end 1004 through which vapor passes through a vapor intake 1006. A mouthpiece surface 1012
comprises a surface within the mouthpiece where the cartridge typically includes a protruding

bump 908 (see above) allowing air flow between the cartridge and mouthpiece.

[0087] A set of vaporizer threads 1008 match the corresponding mouthpiece threads 606 on
the vaporizer assembly described in FIG. 6 above allowing the mouthpiece to screw onto the
vaporizer body. A vaporizer body abutment 1010 forms a connection with the mouthpiece
abutment 608 described above and illustrated under FIG. 6 where the mouthpiece and vaporizer

body meet when the mouthpiece as shown screws onto the vaporizer assembly.

[0088] FIG. 11, a vaporizer cartridge assembly 1100 according to an embodiment, shows the
cartridge 1102 and a cap 1104 for plugging the cartridge reservoir 1106. The cap 1104 may be
configured to physically plug an outlet 1108 of liquid from the cartridge 1102. The cap 1104
may also facilitate storage and shipment of the cartridge refill. The cap 1104 may have any
shape and may also have a flat surface that allows the vaporizer cartridge assembly 1100 to rest
on (e.g., stand upright) on a flat surface. Any part of the cap 1104 may form at least part of a

grasping portion to enable removal of the cap from the cartridge.

[0089] FIG. 12, an exploded side section view of a cartridge cap 1200, shows an exploded
view of the cap. A cap body 1202 indicates the extent of the cap. The first o-ring 1204 is an O-
ring to seal the cap body to the cartridge. In some embodiments, the first o-ring 1204 may be
substituted for a raised rib that may be molded into the cap body in place of the groove 1208 to
seal the cap body to the cartridge.

[0090] An emblem 1206 is an optional decal or appliqué. This emblem 1206 may show the
contents of the cartridge reservoir to which the plug attaches. The emblem 1206 may also show

company logos, the variety of liquid medium, etc.

[0091] A groove 1208 is an O-ring groove. A surface 1210 indicates a surface for the outer
surface 906 to contact and position the cartridge reservoir and the assembly together. A liquid
contact surface 1212 indicates a flat surface that will be exposed to the liquid inside the

cartridge reservoir, flat for ease of cleaning when the cap is removed from the cartridge
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reservoir. A surface 1214 is a flat surface on the body, allowing the cartridge to be placed on a
flat surface with the cartridge reservoir facing upward and preventing the cartridge refill
assembly from rolling around on a table or other flat surface. The edge of the flat surface may

have any shape, for example any design such as a logo outline or any type of polygon, etc.

[0092] A handle surface 1216 indicates a radius or fillet that is to provide a good feel in the
hands while pulling the cap off of the cartridge reservoir. A flat surface 1218 indicates where an
emblem 1206 may be applied. A cap interior 1220 shows a space within the cap body 1202
allowing for a consistent wall thickness for injection molding. An emblem center 1222 shows
the unsupported center part of the emblem 1206. The emblem 1206 covers this and makes the
flat surface 1218 appear flat.

[0093] The cap may be of any non-reactive material, e.g., lightweight metal or molded plastic,
able to be molded or die-cast into a shape suitable for plugging the outlet end of the cartridge

holding liquid, as with the groove 1208.

[0094] FIG. 13, a side section view of a representative vaporizer cartridge system 1300
according to one embodiment, shows the complete vaporizer device with the battery attached.
The vaporizer assembly 1302 indicates the vaporizer assembly with the cartridge and
mouthpiece attached. A battery assembly 1304 includes the battery. A flat surface 1306 mirrors
the flat surface 628 discussed above under FIG. 6. This surface may represent an ornamental
design element as well as functional and may provide one or more of the following benefits:
mimicking the band often found on cigars; setting with stones, having a decal applied, or being
engraved; providing a place to hold while unscrewing the battery; and, providing a place to hold
while unscrewing the mouthpiece. A battery interface 1308 shows the interface and seam
between the vaporizer assembly and the battery assembly 1304. A mouthpiece interface 1310
shows the interface and seam between the vaporizer assembly and the mouthpiece. A battery
holding area 1312 shows where one may hold the battery, e.g., in one hand, while holding the
flat surface 1306 in the other hand to unscrew the battery. A mouthpiece holding area 1314
shows where one may hold the mouthpiece in one hand and the vaporizer body in the other

hand at the flat surface 1306 to unscrew the mouthpiece.

[0095] FIG. 14 shows a side section view of a battery assembly 1400 according to one
embodiment. The battery assembly may include a battery, a suction switch mechanism, a
charging connector, and any electronics needed for battery related process and recharging the

battery. A battery 1402 with a modular battery cover 1404 is shown. The battery cover allows a
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user to match it to the mouthpiece and change out the mouthpiece and the battery cover without
having to replace the entire unit, e.g., to change the look of the vaporizer cartridge system, or
for easier serviceability. The battery cover 1404 may be made out of one or more of a variety of
materials, including precious metals. The battery threads 1406 show the threads attaching the
battery assembly to the vaporizer assembly. Reasons for having a battery cover and separate
battery unit may include, but are not limited to: a user wanting to keep the battery cover 1404
and yet desiring an updated battery 1402 because the current battery unit may be obsolete. A
user may also change the battery cover 1404 without changing the battery 1402.

[0096] The battery assembly comprises a battery powering the vaporizer assembly. In an
embodiment, the battery may supply about 3.0 V - 12.0 V, but is not limited thereto. The
battery may have leads (positive and negative) adapted to be exposed to the center conductor
and the vaporizer body. The battery 1402 or battery cover 1404 may be made of any moldable
material able to accommodate cut-in threads for attaching the battery assembly to the vaporizer

assembly.

[0097] The battery cover may be of any durable material, e.g., rubber, non-reactive metal,
plastic, ceramic, etc., suitable for sliding over the battery assembly. As noted above, the cover
material may be particularly durable as a user may choose to retain the battery cover when

acquiring or replacing a new battery unit.

[0098] The battery may be a rechargeable battery that is chargeable using the charging
connector. Typically, the charging connector is a USB type connector. In an embodiment, the
rechargeable battery may be charged without removing the battery assembly from the vaporizer
cartridge system. In another embodiment, the battery assembly is removed from the vaporizer
cartridge system for recharging. In yet an additional embodiment, the battery is removed from

the battery assembly for recharging in an external charging device.

[0099] In some embodiments, the battery and/or battery assembly, may include functionality
to communicate with a smartphone, tablet, or computer through Bluetooth or some other
wireless, or wired protocol to allow control through an app on the smartphone, tablet, or
computer. Examples of functionality that may be accessed through an app include, but are not
limited to, parental controls, adjusting heat settings for the heating element, presets for different
types and brands of vaporizing liquid, checking battery life, device usage data, and device

diagnostics.
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[0100] In some embodiment, the battery and/or battery assembly may also allow the user to
adjust some functionality and settings without connecting to an external device. This may be
accessed through a button or buttons on the battery and/or battery assembly and may also
include an LED indicator or a display for user feedback from the battery. The ability to control
functions on the battery without the use of a smartphone, tablet, or computer may be useful to
users who prefer to use the device without sharing personal information or using advanced

features.

[0101] Referring to FIG. 15, a partial side section view of a vaporizer cartridge system 1500
according to an embodiment is shown, illustrating how the components described above fit
together. With the vaporizer assembly and cartridge 1508 now fitted together, the first taper
1506 and second taper (shown on FIG. 10 as vaporizer body abutment 1010) form a seal with
the mouthpiece, allowing air to be drawn through a first hole 1502, past the heating coil and
picking up vapor and passing out of a second hole 1504. The first taper 1506 and second taper
create the seal allowing air to be drawn around the cartridge 1508 and out the end of the
mouthpiece. The vaporizer assembly additionally comprises battery assembly threads 1512 and
external threads 1510, allowing the battery assembly and mouthpiece to screw onto the
vaporizer assembly.

[0102] Referring to FIG. 16, a partial side section view of a vaporizer cartridge system 1600
according to an embodiment, illustrates an air flow 1602 through the vaporizer assembly,
around the cartridge, and out the mouthpiece 1604.

[0103] While illustrative embodiments have been illustrated and described, it will be
appreciated that various changes can be made therein without departing from the spirit and
scope of the invention. In particular, aspects from various embodiments may be incorporated

into other embodiments.
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CLAIMS
What is claimed is:

1. A vaporizer cartridge system, comprising:
a vaporizer assembly comprising:
a vaporizer body;
a heating element selectively attachable with the vaporizer body;
an insulator bushing selectively attachable with the vaporizer body;
a center conductor selectively attachable with the insulator bushing and a lock
ring;
the lock ring located between grooves in the vaporizer body and grooves in the
center conductor;
a first seal between the vaporizer body and a cartridge; and
a second seal between the vaporizer body and the heating element;
a mouthpiece that is selectively attachable with the vaporizer assembly;
a battery assembly including a battery, the battery assembly selectively attachable with
the vaporizer assembly; and
a cartridge including a reservoir, the cartridge configured to store a liquid in the
reservoir, the cartridge being selectively attachable with the vaporizer assembly such that the
liquid stored within the reservoir is in fluid communication with the vaporizer
assembly, wherein the vaporizer cartridge system is configured such that when the cartridge and

the mouthpiece are attached to the vaporizer assembly, the cartridge fits within the mouthpiece.

2. The vaporizer cartridge system of claim 1, wherein the vaporizer body comprises:

a plurality of fresh air intake holes;

an exhaust air cavity inside of the vaporizer body, dimensioned to accept the heating
element, the insulator bushing, the center conductor, and the lock ring; and

a plurality of exhaust holes in the vaporizer body, wherein the plurality of exhaust holes

are in fluid communication with the exhaust air cavity and the mouthpiece.

3. The vaporizer cartridge system of claim 1, wherein the center conductor comprises:

a center conductor cavity;
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a plurality of air holes through a wall of the center conductor, wherein the plurality of
air holes are in fluid communication with the center conductor cavity and a space between the
plurality of air holes, the center conductor, the insulator bushing, and the lock ring;

a groove in the center conductor for engaging the lock ring;

a first center conductor surface that contacts a positive contact on the battery assembly;

a second center conductor surface that contacts the heating element; and

a third center conductor surface that contacts the insulator bushing.

4. The vaporizer cartridge system of claim 1, wherein the heating element comprises:

a heating element body;

a heating element cavity in fluid communication with a plurality of fresh air intake holes
in the vaporizer body;

a heating coil surrounding the heating element cavity, the heating coil comprising a
positive heating coil lead in contact with the center conductor, and a negative heating coil lead
in contact with the vaporizer body;

a liquid contact surface in contact with the liquid inside the reservoir;

a heating element exhaust passage through the heating element body and in fluid
communication with the heating element cavity and a plurality of exhaust holes in the vaporizer

body.

5. The vaporizer cartridge system of claim 4, wherein the heating element includes a porous
ceramic material allowing the liquid to permeate into the heating element body allowing

vaporization of at least a portion of the liquid by the heating coil.

6. The vaporizer cartridge system of claim 1, wherein the first seal and the second seal

comprise an o-ring.

7. The vaporizer cartridge system of claim 1, wherein the battery assembly includes a

rechargeable battery, a suction switch mechanism, and a charging connector.

8. The vaporizer cartridge system of claim 1, further comprising a cap configured to removably

plug an outlet for the liquid of the cartridge.
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9. The vaporizer cartridge system of claim 1, with the proviso that the vaporizer cartridge
system does not include a cutting device or a puncturing device for at least partially opening or

removing a closure on the cartridge.

10. The vaporizer cartridge system of claim 1, wherein the cartridge includes one or more
visible markers on an exterior or interior surface, wherein the visual markers correspond to

liquid fill volumes, and the visible markers include at least one of a bump and a line.

11. The vaporizer cartridge system of claim 1, wherein the battery assembly comprises a battery

COVver.

12. A method of using a vaporizer cartridge system, the method comprising:
providing a vaporizer cartridge system including:
a vaporizer assembly comprising:
a vaporizer body;
a heating element selectively attachable with the vaporizer body;
an insulator bushing selectively attachable with the vaporizer body;
a center conductor selectively attachable with the insulator bushing and a
lock ring;
the lock ring located between grooves in the vaporizer body and grooves
in the center conductor;
a first seal between the vaporizer body and a cartridge; and
a second seal between the vaporizer body and the heating element;
a mouthpiece that is selectively attachable with the vaporizer assembly;
a battery assembly including a battery, the battery assembly selectively attachable
with the vaporizer assembly; and
the cartridge including a reservoir, the cartridge configured to store a liquid in the
reservoir, the cartridge being selectively attachable with the vaporizer assembly such
that the liquid stored within the reservoir is in fluid communication with the vaporizer
assembly, wherein the vaporizer cartridge system is configured such that when
the cartridge and the mouthpiece are attached to the vaporizer assembly, the cartridge
fits within the mouthpiece;
drawing fresh air into the vaporizer cartridge system by creating a suction on an end of

the mouthpiece; and

20



WO 2020/069432 PCT/US2019/053641

partially vaporizing at least a portion of the liquid using the heating element.

13. The method of claim 12, wherein the vaporizer body comprises:

a plurality of fresh air intake holes;

an exhaust air cavity inside of the vaporizer body, dimensioned to accept the heating
element, the insulator bushing, the center conductor, and the lock ring; and

a plurality of exhaust holes in the vaporizer body, wherein the plurality of exhaust holes

are in fluid communication with the exhaust air cavity and the mouthpiece.

14. The method of claim 12, wherein the center conductor comprises:

a center conductor cavity;

a plurality of air holes through a wall of the center conductor, wherein the plurality of
air holes are in fluid communication with the center conductor cavity and a space between the
plurality of air holes, the center conductor, the insulator bushing, and the lock ring;

a groove in the center conductor for engaging the lock ring;

a first center conductor surface that contacts a positive contact on the battery assembly;

a second center conductor surface that contacts the heating element; and

a third center conductor surface that contacts the insulator bushing.

15. The method of claim 12, wherein the heating element comprises:

a heating element body;

a heating element cavity in fluid communication with a plurality of fresh air intake holes
in the vaporizer body;

a heating coil surrounding the heating element cavity, the heating coil comprising a
positive heating coil lead in contact with the center conductor, and a negative heating coil lead
in contact with the vaporizer body;

a liquid contact surface in contact with the liquid inside the reservoir;

a heating element exhaust passage through the heating element body and in fluid
communication with the heating element cavity and a plurality of exhaust holes in the vaporizer

body.

16. The method of claim 12, wherein the battery assembly includes a rechargeable battery, a

suction switch mechanism, and a charging connector.
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17. The method of claim 12, further comprising a cap configured to removably plug an outlet

for the liquid of the cartridge.

18. The method of claim 12, with the proviso that the method does not include using a cutting
device or a puncturing device, on the vaporizer cartridge system, for at least partially opening

or removing a closure on the cartridge.

19. The method of claim 12, further comprising:

at least partially disassembling the vaporizer cartridge system;

replacing at least one of: the battery; the battery assembly, the cartridge; the liquid; the
heating element; the mouthpiece, and the vaporizer body; and

reassembling the vaporizer cartridge system.

20. A method comprising:
at least partially disassembling a vaporizer cartridge system, the vaporizer
cartridge system including:
a vaporizer assembly comprising:
a vaporizer body;
a heating element selectively attachable with the vaporizer body;
an insulator bushing selectively attachable with the vaporizer body;
a center conductor selectively attachable with the insulator bushing
and a lock ring;
the lock ring located between grooves in the vaporizer body and
grooves in the center conductor;
a first seal between the vaporizer body and a cartridge; and
a second seal between the vaporizer body and the heating element;
a mouthpiece that is selectively attachable with the vaporizer assembly;
a battery assembly including a battery, the battery assembly selectively
attachable with the vaporizer assembly; and
the cartridge including a reservoir, the cartridge configured to store a
liquid in the reservoir, the cartridge being selectively attachable with the
vaporizer assembly such that the liquid stored within the reservoir is in fluid

communication with the vaporizer assembly, wherein the vaporizer cartridge
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system is configured such that when the cartridge and the mouthpiece are

attached to the vaporizer assembly, the cartridge fits within the mouthpiece;

replacing at least one of: the battery; the battery assembly; the cartridge; the
liquid; the heating element; the mouthpiece, and the vaporizer body; and

reassembling the vaporizer cartridge system.

23



PCT/US2019/053641

WO 2020/069432

1/16

001

A

1 "Old

SRR

S
&
R
&
N\
R

SN

A RN R

R A R S

RO //z,.,

R

R RS

VSRR

SRRSO 2

77

%
7

R

7

£
SR s s ST

s

RTINS

AN




PCT/US2019/053641

WO 2020/069432

2/16

¢'9ld

907 70¢ 0¢

PR R SRR RS SRERRRINN QAR SRS

A £ L EUA A R RL ORI SUTTCRRAR R L OTONNN

00¢



PCT/US2019/053641

WO 2020/069432

3/16

€9ld

80¢
90¢

O AN g
R

e,

o

P
%
B

4

oo

00€



PCT/US2019/053641

WO 2020/069432

4/16

00r

7 "old

9y

flreebovarhovirhbovichons.

.I; ey
1

//m
H

3

........... //

o

»
3

2%
H
3
i
H
H

3
]




WO 2020/069432 PCT/US2019/053641

5/16

500

S \/\%},,,ﬂﬂu«aﬂu«u«ﬂ%

gy””,””””””»””” ;
9/ %
e omiissonssesssh

504

506

508

512 510

gy

(R
it T
i %
550
S 23
i %
i 2
bx 3
i
Frivtoy
ek
Sy

S
Iy
SR

=
=
LN

S

3

R
XX

SERERNES
f\&i%

FIG.5



PCT/US2019/053641

WO 2020/069432

6/16

009

719

9 "9Id




PCT/US2019/053641

WO 2020/069432

7/16

00/ \»

0cL

4 9ld

/.

S

T B T I O
N X1

~A 0L




PCT/US2019/053641

WO 2020/069432

8/16

8 "9Id

—

U

(8

0¢8

008

018

(18

- }()8



WO 2020/069432

9/16

910
|

902

\

PCT/US2019/053641

FIG. 9



PCT/US2019/053641

WO 2020/069432

10/16

0001

oL "9ld

7001

8001




PCT/US2019/053641

WO 2020/069432

11/16

00L1

9011

“z
s
i

Y

SRR ERRAR A AR

SRR R R R LR R TR

Ll "Old

A%Z%//ww%n%bv%/um/% SR
R

EER R

ot

B8 AN




WO 2020/069432

1206

1214

1218

12/16

" M222 1220

FIG. 12

PCT/US2019/053641

/ 1200




WO 2020/069432

1300

1308 1306 1310 1314

13/16

1304

1302

PCT/US2019/053641

FIG. 13



PCT/US2019/053641

WO 2020/069432

14/16

1400

1402

1404

FIG. 14



PCT/US2019/053641

WO 2020/069432

15/16

Gl "9ld

8
\

R R R R

804l

705l




PCT/US2019/053641

WO 2020/069432

16/16

0091

91 "9Id

.ﬂ.&.;ﬂﬂﬂ.ﬂﬂﬂ;/?//u A A A R R ey
o
e
D T 3
R T A R R .

NI

P 3
IR

R




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2019/053641

A. CLASSIFICATION OF SUBIECT MATTER
IPC(8) - A61M 15/06; A24F 47/00; A61M 11/00; A61M

CPC- A61M 15/06; A24F 47/00; A61M 11/00; A61M

11/04; A61M 15/00; A61M 16/00 (2019.01)
11/04; A61M 15/00; A61M 16/00 (2019.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 29/825; 128/202; 128/203; 131/273; 131/328; 131/329 (keyword delimited)

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2013/0087160 A1 (GHERGHE) 11 April 2013 (11.04.2013) entire document 1-20
A US 2014/0041655 A1 (GRENCO SCIENCE, INC) 13 February 2014 (13.02.2014) entire 1-20
document
A US 2015/0020829 A1 (LI) 22 January 2015 (22.01.2015) entire document 1-20
A US 2017/0035115 A1 (MONSEES et al) 09 February 2017 (09.02.2017) entire document 1-20
A — | KR 200470845 Y1 (SUN) 16 January 2014 (14-01-2014) machine translation 1-20

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E" earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“p” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apEllqatlon but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

18 November 2019

Date of mailing of the international search report

03DEC 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 5§71-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report

