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ELECTRONIC CIGARETTE WITH
ENCODED CARTRIDGE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE 10 RELATED
APPLICATIONS

This application is an application for reissue of U.S. Pat.
No. 9820509 issued on Nov. 21, 2017, entitled FLEC-

TRONIC CIGARETTE WITH ENCODED CARTRIDGE and
filed on Oct. 10, 2013 as U.S. application Ser. No. 14/051,

122, the disclosure of which is incorporated hervein by
reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to electronic cigarettes.
More specifically, the present invention relates to an elec-
tronic cigarette having a passive electric circuit in 1ts atom-
1zing cartridge, which 1s detected by a controller to deter-
mine the flavor and nicotine concentration of the atomizer
cartridge.

Description of the Related Art

Electronic cigarettes have become increasingly popular in
recent years. Electronic cigarettes emulate tobacco ciga-
rettes, but without the combustion of tobacco during use.
Rather than burning tobacco, a fluid 1s atomized within the
clectronic cigarette, which emulates the smoke produced 1n
a tobacco cigarette. The fluid may contain flavoring agents
such as tobacco flavor, menthol, fruits, herbs, and others, to
enhance the “smoking” experience of the electronic ciga-
rette. Nicotine 1s added to the atomization fluid at various
concentrations. The atomizing fluid 1s commonly referred to
a “e-liqud”.

Electronic cigarettes typically contain two sections, a
battery assembly and an atomizer cartridge. The battery
assembly 1s typically an eclongated tube, which has the
appearance of the tobacco roll 1n a conventional cigarette.
The atomizer cartridge typically has the appearance of the
filter portion of a conventional cigarette. The atomizing
cartridge contains the atomization fluid and atomizer, while
the battery assembly contains the bulk of the remaiming
components including a rechargeable battery. Thus, the
atomizer cartridge 1s the low-cost expendable portion, and
the battery assembly 1s higher cost, but 1s reusable. Some-
times the atomizer cartridge 1s refillable, to a certain degree.

During use, users regularly replace the atomizer cartridge
as the atomizing flmd 1s expended. Given that there are a
variety of flavors and nicotine concentration to select from,
users change both the flavor and concentration at will. This
pattern of change presents issues and opportunities for
enhancing the electronic cigarette experience. Thus, 1t can
be appreciated that there 1s a need 1n the art for an electronic
cigarette that enhances the user experience when selecting
various tlavors and nicotine concentration over time.

SUMMARY OF THE INVENTION

The need 1n the art 1s addressed by the apparatus of the
present mvention. The present mnvention teaches an elec-
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tronic cigarette that includes an atomizer cartridge and a
battery assembly. The atomizer cartridge includes an atom-
1zer coupled to a first terminal and a second terminal of a
cartridge interface. A passive two-terminal electrical circuit
1s coupled between the first terminal and a sensing terminal
of the cartridge interface. The battery assembly includes an
assembly interface with a first contact, a second contact, and
a sensing contact. The assembly interface 1s adapted to
engage the cartridge interface to supportively engage the
atomizer cartridge to the battery assembly while providing
clectrical continuity between corresponding terminals and
contacts. The battery assembly also includes an atomizer
drive circuit that 1s coupled between the second contact and
the first contact. It also includes a controller coupled to a
draw sensor, which activates the atomizer drive circuit in
response to negative pressure detected by the draw sensor. A
sensing circuit 1s coupled to the sensing contact and the
controller, and generates a parameter signal indicative of the
clectrical parameters of the passive two-terminal electrical
circuit. The battery assembly also includes a multi-color
light source coupled to the controller, such that the controller
activates the multi-color light source to produce discrete
colors of light corresponding to discrete values of the
parameter signal.

In a specific embodiment of the foregoing apparatus, the
sensing circuit 1s an analog to digital converter. In another
specific embodiment, the sensing circuit comprises a bridge
circuit. In another specific embodiment, the sensing circuit
comprises an inductance, capacitance, and resistance meter.

In a specific embodiment of the foregoing apparatus, the
passive two-terminal electrical circuit 1s a resistor. In a
refinement to this embodiment, discrete values of the resis-
tor correspond to discrete flavors of the atomizer cartridge.

In a specific embodiment of the foregoing apparatus, the
passive two-terminal electrical circuit includes a first resistor
and a second resistor. The first resistor indicates the flavor of
the atomizer cartridge, and the second resistor indicates
nicotine concentration of the atomizer cartridge. In a refine-
ment to this embodiment, the first resistor and second
resistor are wired 1n series. In another refinement, the first
resistor and second resistor are wired 1n parallel.

In a specific embodiment, the foregoing apparatus turther
includes a second passive two-terminal electrical circuit
disposed within the battery assembly, which 1s coupled
between the second contact and the sensing contact.

In a specific embodiment of the foregoing apparatus, the
passive two-terminal electrical circuit 1s a first resistor, and
the apparatus further includes a second resistor 1n the battery
assembly coupled between the sensing contact and the first
contact, thusly forming a voltage divider circuit with the first
resistor. Thusly, the sensing circuit 1s an analog to digital
circuit that outputs a digital word having a value correspond-
ing to the value of the first resistor.

In a specific embodiment of the foregoing apparatus, the
multi-colored light source comprises plural light emitting
diodes. In another specific embodiment, the multicolored
light source 1s comprised of a red-green-blue light emitting
diode.

In a specific embodiment, the foregoing apparatus further
includes an actuator coupled to the controller, and the
controller 1s responsive to actuation of the actuator to alter
the discrete colors of light that are produced corresponding
to the discrete values of the parameter signal. In a refinement
to this embodiment, the discrete colors of light are altered to
correspond with colors associated with each discrete flavor.
In another refinement, the controller alters the discrete colors
of light to be randomly selected upon each negative pressure
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detection by the draw sensor. In another refinement, the
discrete colors of light are altered to be amber for all of the
discrete values of the parameter signal. In another refine-
ment, the discrete colors of light are altered to be blue for all
of the discrete values of the parameter signal. In another
refinement, the discrete colors of light are altered to be
iactive for all of the discrete values of the parameter signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a system diagram according to an illustrative
embodiment of the present invention.

FIG. 2 1s a schematic diagram according to an illustrative
embodiment of the present invention.

FIGS. 3A, 3B, and 3C are a section view, end view, and
tip view drawing, respectively, of a battery assembly accord-

ing to an illustrative embodiment of the present imnvention.

FIGS. 4A, 4B, 4C, and 4D are a section view, end view,
mouthpiece view, and detailed view drawing, respectively,
of an atomizer cartridge according to an illustrative embodi-
ment of the present invention.

FIG. 5 1s a section view drawing of an electronic cigarette
according to an 1illustrative embodiment of the present
invention.

FIG. 6 1s a schematic diagram of a passive two-terminal
clectric circuit according to an illustrative embodiment of
the present ivention.

FIG. 7 1s a schematic diagram of a passive two-terminal
clectric circuit according to an illustrative embodiment of
the present invention.

FI1G. 8 15 a table showing the relationship of resistor value,
flavor, and nicotine concentration in an electronic cigarette
according to an 1llustrative embodiment of the present
invention.

FIG. 9 1s a system diagram according to an illustrative
embodiment of the present invention.

FIG. 10 1s a Smartphone APP display screen according to
an 1illustrative embodiment of the present invention.

FIG. 11 1s a Smartphone APP display screen according to
an 1llustrative embodiment of the present invention.

FIG. 12 1s a Smartphone APP display screen according to
an 1llustrative embodiment of the present invention.

DESCRIPTION OF THE INVENTION

Hlustrative embodiments and exemplary applications will
now be described with reference to the accompanying
drawings to disclose the advantageous teachings of the
present mvention.

While the present invention 1s described herein with
reference to illustrative embodiments for particular applica-
tions, 1t should be understood that the invention 1S not
limited thereto. Those having ordinary skill in the art and
access to the teachings provided herein will recognize
additional modifications, applications, and embodiments
within the scope hereol and additional fields 1n which the
present invention would be of significant utility.

In considering the detailled embodiments of the present
invention, 1t will be observed that the present invention
resides primarily 1 combinations of steps to accomplish
various methods or components to form various apparatus
and systems. Accordingly, the apparatus and system com-
ponents and method steps have been represented where
appropriate by conventional symbols 1n the drawings, show-
ing only those specific details that are pertinent to under-
standing the present invention so as not to obscure the
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disclosure with details that will be readily apparent to those
of ordinary skill in the art having the benefit of the disclo-
sures contained herein.

In this disclosure, relational terms such as first and
second, top and bottom, upper and lower, and the like may
be used solely to distinguish one entity or action from
another entity or action without necessarily requiring or
implying any actual such relationship or order between such
entities or actions. The terms “comprises,” “comprising,” or
any other variation thereof, are intended to cover a non-
exclusive inclusion, such that a process, method, article, or
apparatus that comprises a list of elements does not include
only those elements but may include other elements not
expressly listed or inherent to such process, method, article,
or apparatus. An element proceeded by “comprises a” does
not, without more constraints, preclude the existence of
additional identical elements 1n the process, method, article,
or apparatus that comprises the element.

The trends and usage of electronic cigarettes by users
generates a flow of information, which could be monitored,
processed, displayed, and accumulated to provide insightiul
information. This can be both current information, and prior
usage nformation. As electronic cigarettes are used, the
atomizer cartridge 1s replaced from time to time, and each
replacement may be different in terms of tlavor and nicotine
content. During the use of each cartridge, there will be a
finite number of pulls, each of specific duration. In addition,
the battery reserve will be gradually depleted and require
recharging from time to time. The present disclosure facili-
tates the gathering of such information by providing a
passive two-terminal electrical circuit within the atomizer
cartridge, which can be detected and measured by the battery
assembly. More particularly, a controller 1s incorporated 1n
the battery assembly to facilitate monitoring and gathering
of consumption information. The controller also executes
the functions of the electronic cigarette, such as detecting a
draw on the mouthpiece, activating the atomizer, and moni-
toring consumption. Once gathered, this information can be
used to extract usage trends for analysis and display.

An 1ssue with accumulation, analysis and display of
clectronic cigarette information 1s the limited user interface
of the typical electronic cigarette. While 1t would be possible
to 1ncorporate a more sophisticated user interface, such as a
graphic display, this 1s probably not cost eflective, nor
particularly convenient for the user. The present disclosure
teaches the use of a communications interface 1n the battery
assembly so that the internal controller can communicate
with an outside processor that has more complete user
interface capabilities. For example, a serial interface to a
personal computer. Thus, while the electronic cigarette 1s
coupled to a personal computer, the information can be
transierred, and then use for analysis and display. In another
embodiment, a wireless communications interface i1s pro-
vided 1n the battery assembly, and thusly, wireless commu-
nications 1s enabled. For example, a Bluetooth radio, which
communicates with a Smartphone running an application
program (“APP”), can be incorporated into the electronic
cigarette. With this embodiment, access to the information,
processing, and display 1s enabled as a portable functional-
ity.

Reference 1s directed to FIG. 1, which 1s a system diagram
according to an 1llustrative embodiment of the present
invention. The environment 1n which some of the illustrative
embodiments of the present invention operate 1s an elec-
tronic cigarette 2 which 1s Bluetooth enabled, communicat-
ing with a wireless computing device 4, such as a Smart-
phone, tablet computer, or personal computer.
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Communications 1s via the wireless 6 Bluetooth protocol.
The Smartphone 4 runs a application programs (hereinafter
“APP”) 8 which embodies the functionality described here-
inafter. Note that the electronic cigarette 1s comprised of an
atomizer cartridge 5 and a battery assembly 3.

Retference 1s directed to FIG. 2, which 1s a schematic
diagram of an electronic cigarette according to an illustrative
embodiment of the present invention. This embodiment
comprises circultry for an atomizer cartridge portion 10 and
a battery assembly portion 12. Note that the battery assem-
bly 12 1s reusable and the atomizer cartridge 10 1s dispos-
able. Therefore, the circuitry incorporated into the atomizer
10 1s kept to a bare minimum. This includes the atomizer 16
and a passive two-terminal electrical circuit 14, which are
connected to the battery assembly 12 through three terminal/
contact pairs 18/19, 20/21, and 22/23. In this embodiment,
the passive two-terminal electrical circuit 14 1s a resistor,
referred to here as R_,, (R-cartridge). Other discrete com-
ponents, such as inductors and capacitors could also be
employed, as well as networks of passive components. In
essence, that battery assembly 12 detects or measures the
parameter values of the passive two-terminal electrical cir-
cuit 14, and this information 1s correlated to the electronic
cigarette fluid (hereinafter e-liquid) that 1s vaporized by the
atomizer 16. Each discrete value of these parameters is
mapped to specific e-liquid. For example, a 470 ohm resistor
could be mapped to a menthol e-liquid cartridge that has low
nicotine concentration.

Note that the interface between the atomizer cartridge 10
and battery assembly 12 comprises three terminal/contact
pairs 18/19, 20/21/ and 22/23 in FIG. 2. A first pair 22/23 1s
connected to the common ground, which would likely be the
negative terminal of the power supply. Positive grounded
circuit designs could also be employed. The second terminal
20/21 1s the drive voltage to the atomizer 16, which has
power applied at the time a user draws a pull of vapor from
the atomizer cartridge 10. Note that the voltage potential at
this terminal 20/21 1s generally near the power supply
positive voltage as a pull 1s drawn, so 1t provides the supply
voltage to the atomizer cartridge 10. This supply voltage at
terminal 20/21 1s also connected to the resistor 14, and the
other end of the resistor 1s connected to terminal 18/19,
which 1s referred to as the sensing terminal, since this 1s the
reference point for the battery assembly 12 to measure the
clectrical parameter of the passive two-terminal electrical
circuit 14. Since the power at terminal 20/21 1s only present
during the draw of a pufl, which i1s when the atomizer 16 1s
energized, this 1s a time at which the parameters of the
passive two-terminal electrical circuit can be measured.

The circuitry within the battery assembly 12 1s coupled to
the atomizer cartridge through three contacts, labeled 19, 21,
and 23 1n FIG. 2, as was discussed above. In this embodi-
ment, the parameters of the cartridge resistor 14 are measure
by forming a voltage divider circuit with a reference resistor
(R,.p) 24 1n the battery assembly 12. This resistor 24 is
coupled between contact 19 and ground. Since the cartridge
resistor 14 1s drawn up to battery voltage through terminal
20/21 at the time a pufl 1s taken, the voltage divider
arrangement 1s perfected. An analog to digital converter
(heremaftter “ADC”) 36 senses the voltage at contact 19, and
this value 1s converted to a digital word, which 1s fed to a
central processing umt (heremaiter “CPU”) 38 for analysis
and subsequent actions. Since the value of R, .24 1s known,
as well as the supply voltage, the resistance parameter of R,
14 1s readily calculated. Note that this embodiment utilizes
a voltage divider and ADC 36 to measure the resistance
parameter. In other embodiments where reactive passive
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devices are employed, their respective parameters can be
measure using techniques that measure inductance and
capacitance using various types of LCR metering circuits, as
are known to those skilled in the art. In addition, tank
circuits can be used to oscillate and LR circuit to measure
reactive parameters, and bridge circuits can be used to
enhance accuracy of the parameter measurement 11 needed.
This 1s sometimes usetul where there are a great number of
mapped flavors and nicotine levels. In some embodiments,
that number can be fifty or more.

In the illustrative embodiment of FIG. 2, the battery
assembly 12 circuitry 1s based on an integrated device,
which provides a host of circuits, including the ADC 36, the
CPU 38, and USB controller 40, a range of mput and output
circuits 50 (heremafter I/O), memory 48, in the form of
RAM and Flash memory, a Bluetooth interface and radio 44,
as well of various other conventional controller circuitry.
This controller 34 1s a Texas Instruments, Inc. (Dallas, Tex.,
USA; www.ti.com) model CC2540F128 (or 256) 2.4 GHz
Bluetooth Low Energy System-on-Chip integrated control-
ler. This device fits a 6 mm square package with can fit into
and meet power constraints of an electronic cigarette. Very
little other peripheral circuitry 1s required. The atomizer 16
drive circuit 26 1s a suitable semiconductor switch device
that can switch approximately one ampere at four volts, and
which can be driven by a logical output 50 of the controller
34. In the Figure, a bipolar transistor 1s shown, but any
suitable switching device could be employed.

With respect to the other peripheral circuitry in FIG. 2, the
controller I/O circuits 50 are connected to a momentary
contact actuator 56 for accepting user inputs. It 1s also
coupled to a pressure sensor 34, which detects the negative
pressure within the battery assembly 12 at the time a user
draws a pull from the electronic cigarette. In addition a
red-green-blue, or red-green-blue-white, light emitting
diode (heremnafter RGB LED) 32, which functions as a
multi-color light source for outputting information to the
user, 1t coupled to the 1/0 circuits 50. The Bluetooth radio 44
1s couple to an antenna 46, which may be a trace on a host
circuit board (not shown). A USB interface connector 42 1s
disposed at the tip end of the battery assembly 12, which
services two functions. First, 1t provides an interface for
connecting USB power from another source to charge the
internal battery 30 of the battery assembly 12. Second, i1t
provides an additional serial interface to an external com-
puting device, such as a personal computer, to support all the
functions that are available using the Bluetooth interface 44.
The battery charging function 1s managed by a conventional
battery charging circuit 32.

Reference 1s directed to FIGS. 3A, 3B, and 3C, which are
a section view, end view, and tip view drawing, respectively
of a battery assembly 3 according to an illustrative embodi-
ment of the present invention. The battery assembly 3 1s an
clongated cylinder generally resembling the tobacco roll of
a conventional cigarette. The bulk of the internal volume 1s
filled with a lithium polymer battery 30, which provides
power to the assembled electronic cigarette. The primary
power consuming function 1s energizing the atomizer (not
shown), which draws about one ampere at the 3.7 volt
(nominal) battery voltage. In addition, the battery 30 powers
the controller 34 and related circuitry. This circuitry 1s
primarily located at the tip end, which 1s distal to the battery
assembly interface 15. At the tip end, there 1s located a USB
physical interface connector 42, an RGB LED 52, and a
momentary contact actuator 36, all of which are connected
to the processor printed circuit board 35. A translucent cap
58 engages the USB interface 42 with a friction {it, and 1s




US RE49,196 E

7

fabricated from a resilient and translucent material. This
enables light from the RGB LED 52 to pass to the exterior
for viewing by a user. The resilience enables the user to
actuate the actuator 536 while the cap 58 is in place on the tip
end of the battery assembly 3. A pressure sensor 34 1is
positioned near the controller circuit board. The pressure
sensor 34 1s a diaphragm type sensor that senses negative
pressure within the battery assembly that occurs when a user
draws a pull from the assembled electronic cigarette.

The battery assembly interface 135 provides an electrical
and supportive physical interface to the atomizer cartridge
(not shown). There are three electrical conductors 1n the
interface sleeve 22, which provides the electrical interface
for the common (ground) connection, and two central con-
tacts 18, 20. The central contacts 18, 20 connect to the
atomizer and the passive two-terminal electrical circuit, as
was discussed hereinbefore. The physical interface 15
includes a pair of non-symmetrical mwardly pointing bayo-
net pmns 17, which engage the atomizer cartridge (not
shown).

Reference 1s directed to FIGS. 4 A, 4B, 4C, and 4D, which
are a section view, end view, mouthpiece view, and detailed
view drawing, respectively, of an atomizer cartridge 5
according to an 1llustrative embodiment of the present
invention. The atomizer cartridge 3 has the general appear-
ance and proportions of a filter on a conventional tobacco
cigarette. An atomizer 16 1s disposed within and atomizing
chamber 60, which 1s coupled to a mouthpiece 70 by a
chimney 64. The chimney 64 1s sealed to the mouthpiece 70
using a resilient seal 68. The annular space 66 between the
chimney 64 and the atomizer cartridge 5 housing defines an
e-liquid reservoir. The e-liquid stored in the reservoir 66
enters the atomizing chamber 60 an atomizer 16 via a wick
62. While the atomizer coil 16 1s energized, it produces heat
that vaporizes the e-liquid to produce the desired vapor.

A cartridge intertace 27 provides for the electrical and
physical interface to the battery assembly (not shown). The
clectrical interface includes the outer metallic portion, or
terminal, 23, and two centrally located terminals 19, 21. The
outer terminal 23 1s the common ground that connects to the
atomizer 16, and the central terminals 19, 21 connect to the
atomizer 16 and the passive two-terminal electrical circuit
14, which 1s a pair of resistors wired in parallel in this
embodiment. A central passage 74 1s formed through the
cartridge interface 27, which serves to couple the negative
pressure of a draw to the battery assembly (not shown). A
pair of J-shaped bayonet groves 25 are formed on either side
of the interface 27, which serves to engage, align, and retain
the assembly interface (not shown) of the battery assembly
(not shown).

Reference 1s directed to FIG. 5, which 1s a section view
drawing of an electronic cigarette 2 according to an 1llus-
trative embodiment of the present invention. The electronic
cigarette 2 includes an atomizer cartridge 5 and a battery
assembly 3, which correspond to those discussed in FIG. 3
and FIG. 4. In FIG. 5, the atomizer cartridge 5 and battery
assembly 3 have been engaged together. Note that the
terminal and contact pairs 18/19, 20/21/ and 22/23 make
clectrical contact, while the bayonet pins 17 engage the
bayonet J-groves 25. Also note that the battery assembly
contacts 18 and 20 are resiliently mounted to compress as
the bayonet pins 17 ride over the J-groves 25, and maintain
an electrical connection. The translucent cap 38 1s engaged
with the USB connector 42, such that the RGB LED 52 light
passes through the translucent material. In operation, the
user draws a pull from the mouthpiece 70, which 1s pneu-
matically communicated through the chimney 64. The pres-
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sure sensor 54 senses the draw, and the controller circuitry
35 activates he atomizer 16, which vaporizes some of the
e-liquid for the desired vapor production. At the same time,
the controller circuitry 35 illuminates the RGB LED 1n a
color that corresponds to a user selection, which will be
more fully discussed heremafter.

Reference i1s directed to FIG. 6, which 1s a schematic
diagram of a passive two-terminal electric circuit 76 accord-
ing to an illustrative embodiment of the present invention. In
this illustrative embodiment, the passive two-terminal elec-
tric circuit 76 1s comprised of resistance parameters only.
More particularly, two resistors 78, 80 wired in series. The
value of the first resistor 78, which 1s the flavor indication
(R4.), 15 selected to correspond with the tlavor ot the e-liquid
in the atomizer cartridge. The value of the second resistor
80, which 1s the nicotine concentration indication (R, . ), 1s
selected to correspond with the concentration of nicotine 1n
the e-liquid 1n the atomizer cartridge.

Reference 1s directed to FIG. 7, which 1s a schematic
diagram of a passive two-terminal electric circuit 82 accord-
ing to an illustrative embodiment of the present invention. In
this illustrative embodiment, the passive two-terminal elec-
tric circuit 82 1s comprised of resistance parameters only.
More particularly, two resistors 84, 86 wired in parallel. The
value of the first resistor 84, which 1s the flavor indication
(R4.), 18 selected to correspond with the tlavor of the e-liquid
in the atomizer cartridge. The value of the second resistor
86, which 1s the nicotine concentration indication (R, . ), 1s
selected to correspond with the concentration of nicotine 1n
the e-liquid 1n the atomizer cartridge.

Reference 1s directed to FIG. 8, which 1s a table showing
the relationship of resistor value, flavor, and nicotine con-
centration 1n an electronic cigarette according to an 1llus-
trative embodiment of the present invention. This figure
illustrates component values for two embodiments of resis-
tive parameter passive two-terminal electrical circuits for

series and parallel wiring, which correspond to those 1llus-
trated in FIG. 6 and FIG. 7. Note that the table 1n FIG. 8 1s

divided into four sections, labeled 90, 92, 94, and 96.
Section 90 establishes the flavor and resistor (Rg,) value
correlation, which are 100 ohm for tobacco, 150 ohm for
menthol, 220 ohm for blueberry, 330 ohm for strawberry,
and 470 ohm for vanilla. Section 92 establishes the nicotine
concentration and resistor (R, ) value correlation, which are
1.0 kohm for no nicotine, 1.5 kohm for low nicotine con-
centration, and 2.2 kohm for high nicotine. Section 94 1s a
table of calculated values for the parallel and series networks
for the aforementioned resistors. The parallel calculated
values are on the top of each cell, and series calculated
values are at the bottom of each cell. Note that the resistor
values for both the parallel and series combinations result in
unique discrete network parameters for every possible com-
bination. This 1s significant, because it enables the sensing
circuit (not shown) to uniquely identily all of the possible
combinations of resistor values. More importantly, it enables
a manufacturer of such atomizer cartridges to assign the
flavor and nmicotine resistor values, and then produce what-
ever combinations of flavors and concentrations the market
may demand without having to alter components values on
an ad hoc basis. This table would be stored in the memory
of the controller (not shown) and 1s used as a reference to the
measure parameter value taken at each pufl, thereby inform-
ing the controller of the flavor and nmicotine concentration of
every pull. Finally, the table section 96 presents the corre-
sponding LED color assigned to each flavor, which in this
embodiment are amber for tobacco flavor, green for menthol
flavor, blue for blueberry flavor, red for strawberry flavor,
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and cream (ofl-white) for vanilla flavor. During operation,
when a particular flavor 1s 1dentified at the initial of each
puil, the controller 1lluminates the RGB LED 1n the corre-
sponding color.

Reference 1s directed to FIG. 9, which 1s a system diagram
according to an 1llustrative embodiment of the present
invention. An electronic cigarette 102, which 1s Bluetooth
enabled, communicates with a Smartphone 100. Communi-
cations 1s via the wireless 104 Bluetooth protocol. The
Smartphone 100 runs an application program (hereinaiter
“APP”), which embodies the functionality described herein.
The display and touch screen 106 of the Smartphone are
employed as the user interface for the APP. The APP
communicates with the electronic cigarette 102 and can read
the data that has been collected by the controller therein (not
shown). The APP can also control functionality of the
clectronic cigarette 102, to tailor the operation to the user’s
reference.

Reference 1s directed to FIG. 10, which 1s a Smartphone
APP display screen 106 according to an 1llustrative embodi-
ment of the present invention. The APP program of the
illustrative embodiment includes three display presenta-
tions, and this figure illustrates the *“Status” display 108
section. The Status 108 section presents the current operat-
ing status of the connected electronic cigarette. Note that the
first field 109 1s for date and time. That date and time data
in the electronic cigarette are synchronized from the network
time available 1n the Smartphone. It 1s useful to maintain
date and time 109 1n the electronic cigarette so that time
based activities can be monitored. The next field in the
Status display 108 1s the Flavor field 110, which presents the
current atomizer cartridge flavor, Menthol in this example.
This information 1s transierred to the APP from the control-
ler 1n the electronic cigarette, which obtained 1t by sensing
the passive two-terminal electrical circuit value 1n the most
recent pull taken by the user. Similarly, the next field 112
displays the Nicotine concentration value 112 for the most
recent puil, which 1s “Low” 1n thus example. Thus, the user
can confirm the current atomizer cartridge flavor and nico-
tine concentration through the Status display 108 of the APP
in their Smartphone 100. Note that wile nicotine concentra-
tions of “None”, “Low™, and “High” are discussed in the
illustrative embodiment, specific chemical concentration
could also be presented.

The next display field 1n FIG. 10 1s the Battery status field
114. This presents the remaining battery life, which 1s 67%
in this example. This field also calculates the number of
puils that the remaining battery life can sustain, which 1s 201
puils 1n this example. The calculation can be based on a
fixed determinate, such as 300 pulls for a fully charged
battery. Or, if use history has been accumulated, then the
number of pulls per battery charge can be more accurately
determined and presented. As was noted hereinbefore, atom-
1zer operations 1s the largest power drain on the battery. This
means that the duration of each pufl greatly influence the
number of pulls a battery can support. Some users will take
brief pulls, perhaps one second in duration. Other users may
draw longer puils, perhaps as long as three seconds. Thus the
battery life, 1n terms of the number of pulls, will be diflerent
by a factor of three between these two users. Thus, accu-
mulating usage information for each battery assembly
improves the prediction of expected life of the various
components.

The next display field 1n FI1G. 10 1s the Cartridge Life field
116, which shows 50% pulls remaiming 1n this example. This
field also calculates the number of puils estimated to remain
in the present atomizer cartridge, which 1s 45 pufls 1n this
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example. The calculation can be based on a fixed determi-
nate, such as 90 puils for a new atomizer cartridge. Or, 1f use
history has been accumulated, then the number of pulls per
cartridge can be more accurately determined and presented.
The duration of each pufl greatly influence the number of
pulls a single cartridge can provide. Some users will take
briel puils, perhaps one second in duration. Other users may
draw longer puils, perhaps as long as three seconds. Thus the
cartridge life, in terms of the number of pufls, will be
different by a factor of three between these two users. Thus,
accumulating usage information for each atomizer cartridge

improves the prediction of its expected life.
The last Status field 1n FIG. 10 1s the Color Selection field

118. In this illustrative embodiment, the user can select
between various implementations of the RGB LED display
operation on each pufl. This selection ca be made using the
actuator at the tip end of the electronic cigarette, or 1t can be
made 1n this field 118 of the APP. In the illustrative embodi-
ment, the choices offered are for the pull color to match the
flavor, for the pull colors to be generated randomly by the
controller, for the pull color to always be amber, for the puil
color to always be blue, or for the RGB LED to remain
inactive, 1n a so called stealth mode. Also, this field 118 also
informs the user what the currently selected color mode 1is.

Reterence 1s directed to FIG. 11, which 1s a Smartphone
APP display screen 106 according to an illustrative embodi-
ment of the present invention. In this figure, the Trends tab
120 has been selected, which causes the APP to present
historic usage mformation for review by the user. The first
field 1s the Cartridge History field 112, which tabulates a list
of cartridges utilized by the user in chronological order. A
scroll bar 1s provided to enable display of lists longer that the
screen 106 will allow. Note that this information 1s gathered
by the controller in the electronic cigarette and 1s transierred
to the APP when the Bluetooth link 1s made. This informa-
tion 1s mnsightiul to the user, but 1s also useful in determining
usage trends, targeted marking, automated ordering, and
usage transitioning encouragement.

The next field in the Trends 120 display of FIG. 11 1s the
Pull Average field 124. This field tabulates prior usage
information, and calculates trends, that have been trans-
ferred to the APP from a connected electronic cigarette.
Certain calculations are done within the APP so that the
information can be presented in fashion useful to the user.
The unit of information 1s the number of pulls per cartridge,
which 1s 57-pulls 1n this example. Next, 1s the number of
pulls per day, which 1s 31-puils in this example. Finally, the
average duration of each pull 1s presented, which 1s 2.3
seconds per pull 1n this example. Note that this information
1s calculated from raw data gathered by the electronic
cigarette. Thus, the cigarette records each pufl taken, the
time at which 1t 1s taken, and the duration of each, as well
as the flavor and nicotine concentration. With this data, all
of these “trends™ can be calculated.

The next field i the Trends 120 display of FIG. 11 1s that
24-Hour puils histogram 126. This 1s a graphical display of
the number of pulls taken during each hour of a 24-hour
period. With this information, the user can appreciate the
time-oi-day usages, and make adjustments to consumption i
desired. The final Trends 120 field 1s the Nicotine Estimate
areca 128. This field 128 lists the estimated nicotine con-
sumed each day, based on the nicotine concentration, num-
ber of pulls, and duration of pufls. With this information, the
user can estimate trends in nicotine consumption, and make
informed choices about cartridge nicotine strength, number
of puils to take, as well as pufl duration.
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Reference 1s directed to FIG. 12, which 1s a Smartphone
APP display screen 106 according to an illustrative embodi-
ment of the present invention. This figure illustrates the
user’s account information 130, which 1s for the 7’s® brand
ol electronic cigarettes 1n the illustrative embodiment. This
display provides user access to advanced services, including
access to their on-line account 132, A link to ordering
additional electronic cigarette supplies 134, and automatic
reordering feature 132, education resources 138, and a
product recommendation tool 140, all of which are hosted by
the supplier’s Internet web sight that 1s accessed through the
host Smartphone and APP.

Thus, the present mvention has been described herein
with reference to a particular embodiment for a particular
application. Those having ordinary skill 1n the art and access
to the present teachings will recognize additional modifica-
tions, applications and embodiments within the scope
thereof.

It 1s therefore mtended by the appended claims to cover
any and all such applications, modifications and embodi-
ments within the scope of the present invention.

What 1s claimed 1s:

1. An electronic cigarette apparatus, comprising;:
an atomizer cartridge, further comprising;

a cartridge interface having three electrical terminals,
consisting of a first terminal, a second terminal, and
a sensing terminal;

an atomizer coupled to said first terminal and a said
second terminal of a said cartridge interface;

a first resistor, coupled between said first terminal and
a said sensing terminal of said cartridge interface,
and

a battery assembly, further comprising;

an assembly interface having a first contact, a second
contact, and a sensing contact, and adapted to engage
said cartridge interface to supportively engage said
atomizer cartridge to said battery assembly while
providing electrical continuity between correspond-
ing terminals and contacts;

a second resistor disposed within said battery assembly
and coupled between said sensing contact and said
second contact, thusly forming a voltage divider
circuit with said first resistor;

an atomizer drive circuit coupled between said second
contact and said first contact;

a controller coupled to a draw sensor, and operable to
activate said atomizer drive circuit in response to
negative pressure detected by said draw sensor;

a sensing circuit coupled to said sensing contact and
said controller, which generates a parameter signal
indicative of a divided voltage at said sensing contact
that results from said voltage divider circuit formed
by said first resistor and said second resistor;

a multi-color light source coupled to said controller,
and wherein

said controller activates said multi-color light source to
produce discrete colors of light corresponding to
discrete values of said divided voltage.

2. The apparatus of claim 1, and wherein:

said sensing circuit 1s an analog to digital converter.

3. The apparatus of claim 1, and wherein:

said sensing circuit comprises a bridge circuit.

4. The apparatus of claim 1, and wherein:

said sensing circuit comprises an mnductance, capacitance,
and resistance meter.

5. The apparatus of claim 1, and wherein:

discrete values of said first resistor and said second
resistor correspond to discrete flavors of said atomizer
cartridge.
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6. The apparatus of claim 1, and wherein:

said first resistor indicates the flavor of said atomizer
cartridge, and said second resistor indicates nicotine
concentration of said atomizer cartridge.

7. The apparatus of claim 1, and wherein:

said sensing circuit 1s an analog to digital circuit that
outputs a digital word having a value corresponding to
the value of said divided voltage.

8. The apparatus of claim 1, and wherein:

satrd multi-colored light source comprises plural light
emitting diodes.

9. The apparatus of claim 1, and wherein:

said multicolored light source 1s comprised of a red-
green-blue light emitting diode.

10. The apparatus of claim 1, further comprising:

an actuator coupled to said controller, and wherein said
controller 1s responsive to actuation of said actuator to
alter said discrete colors of light that are produced
corresponding to said discrete values of said divided
voltage.

11. The apparatus of claim 10, and wherein:

said discrete colors of light are altered to correspond with
colors associated with each discrete tlavor.

12. The apparatus of claim 10, and wherein:

said controller alters said discrete colors of light to be
randomly selected upon each negative pressure detec-
tion by said draw sensor.

13. The apparatus of claim 10, and wherein: said discrete
colors of light are altered to be amber for all of said discrete
values of said divided voltage.

14. The apparatus of claim 10, and wherein: said discrete
colors of light are altered to be blue for all of said discrete
values of said divided voltage.

15. The apparatus of claim 10, and wherein:

said discrete colors of light are altered to be 1active for
all of said discrete values of said divided voltage.

16. An electronic cigarette apparatus, comprising:

an atomizer cartridge, comprising;

a cartridge interface having three electrical terminals,
consisting of a first terminal, a second terminal, and a
sensing terminal;

an atomizer coupled to the first terminal and the second
terminal of the cartridge interface; and

a first vesistor, coupled between the first terminal and the
sensing terminal of the cartridge interface, and

a battery assembly, comprising;

an assembly interface having a first contact, a second

contact, and a sensing contact, and the assembly inter-
Jace configured to couple with the cartridge interface in
order to engage the atomizer cartridge to the battery
assembly while providing electrical continuity between
corresponding terminals and contacts;

a second resistor disposed within the battery assembly
and coupled between the sensing contact and the
second contact, the second rvesistor forming a voltage
divider circuit with the first resistor,

an atomizer drive circuit coupled between the second
contact and the first contact;

a controller coupled to a draw sensor, the controller
configured to activate the atomizer drive circuit in
response to a negative pressure detected by the drvaw
Sensor;

a sensing circuit coupled to the sensing contact and the
controller, the sensing circuit configured to generate a
parameter signal indicative of a divided voltage at the
sensing contact that rvesults from the voltage divider
circuit formed by the first vesistor and the second
resistor.
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17. An electronic cigarette apparatus, comprising.

an atomizer cartridge, comprising:

a cartridge interface having a first terminal, a second
terminal, and a sensing terminal,;

an atomizer coupled to the first terminal and the second

terminal of the cartridge interface;

a first vesistor coupled between the first terminal and the
sensing terminal of the cartridge interface; and

a battery assembly, comprising:

an assembly interface having a first contact, a second
contact, and a sensing contact, the assembly interface
configured to engage with the cartridge interface to
supportively engage the atomizer cartridge with the
battery assembly while providing electrical continuity
between corresponding terminals and contacts;

a second vesistor disposed within the battery assembly,
the second rvesistor coupled between the sensing con-
tact and the second contact to form a voltage divider
circuit with the first vesistor;

an atomizer drive circuit coupled between the first contact
and the second contact;

a controller coupled to a draw sensor, the controller
configured to activate the atomizer drive circuit in
response to the dvaw sensor detecting a negative pres-
sure; and

a sensing circuit coupled to the sensing contact and the
controller, the sensing circuit configured detect, at the

sensing contact, a divided output from the voltage
divider circuit, and generate a parameter signal indica-

tive of the divided voltage.
18. The electronic cigarette apparatus of claim 17,

wherein the controller is further coupled to a wireless
interface and radio for communicating with an application

at a mobile device.
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19. The electronic cigarette apparatus of claim 18§,
wherein at least a portion of data collected by the controller
is sent to the application via the wireless interface and radio,
and wherein the application controls, based on at least the
portion of the data, one or more functionalities of the

apparatus.
20. The electronic cigarette apparatus of claim 19,

wherein the data includes one ov more of a flavor of the
atomizer cartridge, a nicotine content of the atomizer car-

tridge, a quantity of puffs associated with the atomizer
cartridge, and a duration of each puff associated with the

atomizer cartridge.

21. The electronic cigarette apparatus of claim 19,
wherein the data includes a first usage data associated with
a first atomizer cartridge currvently coupled with the appa-
ratus and/or a second usage data associated with a second
atomizer cartridge previously coupled with the apparatus.

22. The electronic cigarette apparatus of claim 19,
wherein the application includes a user interface displaying
at least a result of the application analyzing at least the
portion of the data.

23. The electronic cigarette apparatus of claim 18,
wherein the wireless interface and vadio operate in accor-
dance with a Bluetooth protocol or a Bluetooth Low Energy
(BLE) protocol.

24. The electronic cigarette apparatus of claim 17, further
COmprising:

a multi-color light source coupled with the controller, the
controller activating the multi-color light source to
produce one or more colors of light corresponding to
one ov movre values of the divided voltage.

25. The electronic cigarette apparatus of claim 24,

wherein each value of the divided voltage corresponds to a
flavor and/or a nicotine content of the atomizer cartridge.
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