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(54) MEMS-BASED SENSOR FOR AN AEROSOL DELIVERY DEVICE

(57) An aerosol delivery device is provided that in-
cludes a housing, microelectromechanical sys-
tems-based (MEMS-based) sensor and microprocessor.
The MEMS-based sensor is within the housing and con-
figured to detect a pressure on the MEMS-based sensor
caused by airflow through at least a portion of the hous-

ing. The MEMS-based sensor is configured to convert
the pressure to an electrical signal, and output the elec-
trical signal. The microprocessor is configured to receive
the electrical signal from the MEMS-based sensor, and
control operation of at least one functional element of the
aerosol delivery device based thereon.
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Description

[0001] The present disclosure is a divisional applica-
tion and relates to the subject matter disclosed in Euro-
pean patent application No. 15 797 773.7 of November
11, 2015, which is incorporated herein by reference in its
entirety and for all purposes.

TECHNOLOGICAL FIELD

[0002] The present disclosure relates to aerosol deliv-
ery devices such as smoking articles, and more particu-
larly to aerosol delivery devices that may utilize electri-
cally generated heat for the production of aerosol (e.g.,
smoking articles commonly referred to as electronic cig-
arettes). The smoking articles may be configured to heat
an aerosol precursor, which may incorporate materials
that may be made or derived from, or otherwise incorpo-
rate tobacco, the precursor being capable of forming an
inhalable substance for human consumption.

BACKGROUND

[0003] Many smoking devices have been proposed
through the years as improvements upon, or alternatives
to, smoking products that require combusting tobacco
for use. Many of those devices purportedly have been
designed to provide the sensations associated with cig-
arette, cigar or pipe smoking, but without delivering con-
siderable quantities of incomplete combustion and pyrol-
ysis products that result from the burning of tobacco. To
this end, there have been proposed numerous smoking
products, flavor generators and medicinal inhalers that
utilize electrical energy to vaporize or heat a volatile ma-
terial, or attempt to provide the sensations of cigarette,
cigar or pipe smoking without burning tobacco to a sig-
nificant degree. See, for example, the various alternative
smoking articles, aerosol delivery devices and heat gen-
erating sources set forth in the background art described
in U.S. Pat. No. 7,726,320 to Robinson et al., U.S. Pat.
App. Pub. No. 2013/0255702 to Griffith Jr. et al., and U.S.
Pat. App. Pub. No. 2014/0096781 to Sears et al., all of
which are incorporated herein by reference in their en-
tireties. See also, for example, the various types of smok-
ing articles, aerosol delivery devices and electrically-
powered heat generating sources referenced by brand
name and commercial source in U.S. Pat. App. Ser. No.
14/170,838 to Bless et al., filed February 3, 2014, which
is incorporated herein by reference in its entirety.
[0004] It would be desirable to provide a smoking arti-
cle that employs heat produced by electrical energy to
provide the sensations of cigarette, cigar, or pipe smok-
ing, that does so without combusting or pyrolyzing tobac-
co to any significant degree, that does so without the
need of a combustion heat source, and that does so with-
out necessarily delivering considerable quantities of in-
complete combustion and pyrolysis products. Further,
advances with respect to manufacturing electronic smok-

ing articles would be desirable.

BRIEF SUMMARY

[0005] The present disclosure relates to aerosol deliv-
ery devices, methods of forming such devices, and ele-
ments of such devices. According to one aspect of ex-
ample implementations of the present disclosure, an aer-
osol delivery device is provided. The aerosol delivery de-
vice includes a housing, microelectromechanical sys-
tems-based (MEMS-based) sensor and microprocessor.
The MEMS-based sensor is within the housing and con-
figured to detect a pressure on the MEMS-based sensor
caused by airflow through at least a portion of the hous-
ing. The MEMS-based sensor is configured to convert
the pressure to an electrical signal, and output the elec-
trical signal.
[0006] The microprocessor is configured to receive the
electrical signal from the MEMS-based sensor, and con-
trol operation of at least one functional element of the
aerosol delivery device based thereon. This may include,
for example, the microprocessor being configured to con-
trol the operation of a heater, fluid-delivery member, sen-
sory-feedback member or any combination thereof.
[0007] In some examples, the MEMS-based sensor
may be configured to convert the pressure to the electri-
cal signal that varies with a corresponding variation in
the pressure relative to an ambient pressure on the
MEMS-based sensor. In these examples, the corre-
sponding variation may be caused by variation in the air-
flow such as a variation in the rate of airflow.
[0008] In some examples, the MEMS-based sensor
may be a MEMS microphone including a die with a mi-
cromachined, pressure-sensitive diaphragm and a back-
plate that form a variable capacitor. In these examples,
in an instance in which an input voltage is applied to the
variable capacitor, the pressure causes movement of the
diaphragm and thereby a change in a capacitance of the
variable capacitor. The change in capacitance causes a
change in an output voltage across the variable capaci-
tor. And the MEMS microphone is configured to output
the output voltage or a digital representation thereof as
the electrical signal.
[0009] In some examples, the MEMS-based sensor
may be a MEMS pressure sensor including a die with a
micromachined, pressure-sensitive diaphragm, and one
or more piezoresistors disposed on the diaphragm. In
these examples, in an instance in which an input voltage
is applied to the piezoresistor(s), the pressure causes
movement of the diaphragm and thereby a change in a
resistance of the piezoresistor(s). The change in resist-
ance causes a change in an output voltage across the
piezoresistor(s). And the MEMS pressure sensor is con-
figured to output the output voltage or a digital represen-
tation thereof as the electrical signal.
[0010] In some further examples, the MEMS micro-
phone or MEMS pressure sensor further comprises an-
other die wire bonded to the die and including a bias
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generator circuit configured to bias the variable capacitor
or piezoresistor(s) with the input voltage. In another as-
pect of example implementations, a method is provided
for controlling operation of an aerosol delivery device in-
cluding a MEMS-based sensor within a housing of the
aerosol delivery device. The features, functions and ad-
vantages discussed herein may be achieved independ-
ently in various example implementations or may be com-
bined in yet other example implementations further de-
tails of which may be seen with reference to the following
description and drawings.
[0011] The present disclosure thus includes, without
limitation, the following example implementations:

Example Implementation 1: An aerosol delivery
device comprising a housing; a microelectrome-
chanical systems-based (MEMS-based) sensor
within the housing and configured to detect a pres-
sure on the MEMS-based sensor caused by airflow
through at least a portion of the housing, the MEMS-
based sensor being configured to convert the pres-
sure to an electrical signal, and output the electrical
signal; and a microprocessor configured to receive
the electrical signal from the MEMS-based sensor,
and control operation of at least one functional ele-
ment of the aerosol delivery device based thereon.
Example Implementation 2: The aerosol delivery
device of any preceding or subsequent example em-
bodiment, or combinations thereof, wherein the
MEMS-based sensor being configured to convert the
pressure includes being configured to convert the
pressure to the electrical signal that varies with a
corresponding variation in the pressure relative to
an ambient pressure on the MEMS-based sensor,
the corresponding variation being caused by varia-
tion in the airflow.
Example Implementation 3: The aerosol delivery
device of any preceding or subsequent example em-
bodiment, or combinations thereof, wherein the cor-
responding variation in the pressure is caused by
variation in a rate of the airflow.
Example Implementation 4: The aerosol delivery
device of any preceding or subsequent example em-
bodiment, or combinations thereof, wherein the
MEMS-based sensor is a MEMS microphone includ-
ing a die with a micromachined, pressure-sensitive
diaphragm and a backplate that form a variable ca-
pacitor; wherein in an instance in which an input volt-
age is applied to the variable capacitor, the pressure
causes movement of the diaphragm and thereby a
change in a capacitance of the variable capacitor,
the change in capacitance causing a change in an
output voltage across the variable capacitor, the out-
put voltage or a digital representation thereof being
output by the MEMS microphone as the electrical
signal.
Example Implementation 5: The aerosol delivery
device of any preceding or subsequent example em-

bodiment, or combinations thereof, wherein the
MEMS microphone further comprises another die
wire bonded to the die and including a bias generator
circuit configured to bias the variable capacitor with
the input voltage.
Example Implementation 6: The aerosol delivery
device of any preceding or subsequent example em-
bodiment, or combinations thereof, wherein the
MEMS-based sensor is a MEMS pressure sensor
including a die with a micromachined, pressure-sen-
sitive diaphragm, and one or more piezoresistors dis-
posed on the diaphragm, wherein in an instance in
which an input voltage is applied to the one or more
piezoresistors, the pressure causes movement of
the diaphragm and thereby a change in a resistance
of the one or more piezoresistors, the change in re-
sistance causing a change in an output voltage
across the one or more piezoresistors, the output
voltage or a digital representation thereof being out-
put by the MEMS pressure sensor as the electrical
signal.
Example Implementation 7: The aerosol delivery
device of any preceding or subsequent example em-
bodiment, or combinations thereof, wherein the
MEMS pressure sensor further comprises another
die wire bonded to the die and including a bias gen-
erator circuit configured to bias the one or more pi-
ezoresistors with the input voltage.
Example Implementation 8: The aerosol delivery
device of any preceding or subsequent example em-
bodiment, or combinations thereof, wherein the mi-
croprocessor being configured to control the opera-
tion of at least one functional element includes being
configured to control the operation of a heater, fluid-
delivery member, sensory-feedback member or any
combination thereof.
Example Implementation 9: A method for control-
ling operation of an aerosol delivery device including
a microelectromechanical systems-based (MEMS-
based) sensor within a housing thereof, the method
comprising detecting an pressure on the MEMS-
based sensor caused by airflow through at least a
portion of the housing, the MEMS-based sensor con-
verting the pressure to an electrical signal; and con-
trolling operation of at least one functional element
of the aerosol delivery device based on the electrical
signal.
Example Implementation 10: The method of any
preceding or subsequent example embodiment, or
combinations thereof, wherein the MEMS-based
sensor converting the pressure includes converting
the pressure to the electrical signal that varies with
a corresponding variation in the pressure relative to
an ambient pressure on the MEMS-based sensor,
the corresponding variation being caused by varia-
tion in the airflow.
Example Implementation 11: The method delivery
device of any preceding or subsequent example em-
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bodiment, or combinations thereof, wherein the cor-
responding variation in the pressure is caused by
variation in a rate of the airflow.
Example Implementation 12: The method of any
preceding or subsequent example embodiment, or
combinations thereof, wherein the MEMS-based
sensor is a MEMS microphone including a die with
a micromachined, pressure-sensitive diaphragm
and a backplate that form a variable capacitor, and
wherein in an instance in which an input voltage is
applied to the variable capacitor, the pressure caus-
es movement of the diaphragm and thereby a
change in a capacitance of the variable capacitor,
the change in capacitance causing a change in an
output voltage across the variable capacitor, the
MEMS microphone outputting the output voltage or
a digital representation thereof as the electrical sig-
nal.
Example Implementation 13: The method of any
preceding or subsequent example embodiment, or
combinations thereof, wherein the MEMS-based
sensor is a MEMS pressure sensor including a die
with a micromachined, pressure-sensitive dia-
phragm, and one or more piezoresistors disposed
on the diaphragm, wherein in an instance in which
an input voltage is applied to the one or more pie-
zoresistors, the pressure causes movement of the
diaphragm and thereby a change in a resistance of
the one or more piezoresistors, the change in resist-
ance causing a change in an output voltage across
the one or more piezoresistors, the MEMS pressure
sensor outputting the output voltage or a digital rep-
resentation thereof as the electrical signal.
Example Implementation 14: The method of any
preceding or subsequent example embodiment, or
combinations thereof, wherein controlling the oper-
ation of at least one functional element includes con-
trolling the operation of a heater, fluid-delivery mem-
ber, sensory-feedback member or any combination
thereof.

[0012] This Summary is provided merely for purposes
of summarizing some example embodiments so as to
provide a basic understanding of some aspects of the
disclosure. Accordingly, it will be appreciated that the
above described example embodiments are merely ex-
amples and should not be construed to narrow the scope
or spirit of the disclosure in any way. In this regard, these
and other features, aspects, and advantages of the dis-
closure will be apparent from a reading of the following
detailed description together with the accompanying
drawings, which are briefly described below. The inven-
tion includes any combination of two, three, four, or more
of the above-noted embodiments as well as combina-
tions of any two, three, four, or more features or elements
set forth in this disclosure, regardless of whether such
features or elements are expressly combined in a specific
embodiment description herein. This disclosure is intend-

ed to be read holistically such that any separable features
or elements of the disclosed invention, in any of its var-
ious aspects and embodiments, should be viewed as in-
tended to be combinable unless the context clearly dic-
tates otherwise.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0013] Having thus described the disclosure in the fore-
going general terms, reference will now be made to the
accompanying drawings, which are not necessarily
drawn to scale, and wherein:

FIG. 1 is a partially cut-away view of an aerosol de-
livery device comprising a cartridge and a control
body including a variety of elements that may be uti-
lized in an aerosol delivery device according to var-
ious example implementations of the present disclo-
sure;
FIG. 2 schematically illustrates a MEMS-based sen-
sor for use in an aerosol delivery device according
to example implementations;
FIGS. 3 and 4 schematically illustrate microma-
chined sensors for a MEMS-based sensor in the form
of a MEMS microphone and MEMS pressure sensor,
respectively, in accordance with some example im-
plementations; and
FIG. 5 illustrates various operations in a method of
controlling operation of an aerosol delivery device
including a MEMS-based sensor within a housing
thereof, according to example implementations.

DETAILED DESCRIPTION

[0014] The present disclosure will now be described
more fully hereinafter with reference to example imple-
mentations thereof. These example implementations are
described so that this disclosure will be thorough and
complete, and will fully convey the scope of the disclosure
to those skilled in the art. Indeed, the disclosure may be
embodied in many different forms and should not be con-
strued as limited to the implementations set forth herein;
rather, these implementations are provided so that this
disclosure will satisfy applicable legal requirements. As
used in the specification and the appended claims, the
singular forms "a," "an," "the" and the like include plural
referents unless the context clearly dictates otherwise.
[0015] As described hereinafter, example implemen-
tations of the present disclosure relate to aerosol delivery
systems. Aerosol delivery systems according to the
present disclosure use electrical energy to heat a mate-
rial (preferably without combusting the material to any
significant degree) to form an inhalable substance; and
components of such systems have the form of articles
most preferably are sufficiently compact to be considered
hand-held devices. That is, use of components of pre-
ferred aerosol delivery systems does not result in the
production of smoke in the sense that aerosol results
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principally from by-products of combustion or pyrolysis
of tobacco, but rather, use of those preferred systems
results in the production of vapors resulting from volatil-
ization or vaporization of certain components incorporat-
ed therein. In some example implementations, compo-
nents of aerosol delivery systems may be characterized
as electronic cigarettes, and those electronic cigarettes
most preferably incorporate tobacco and/or components
derived from tobacco, and hence deliver tobacco derived
components in aerosol form.
[0016] Aerosol generating pieces of certain preferred
aerosol delivery systems may provide many of the sen-
sations (e.g., inhalation and exhalation rituals, types of
tastes or flavors, organoleptic effects, physical feel, use
rituals, visual cues such as those provided by visible aer-
osol, and the like) of smoking a cigarette, cigar or pipe
that is employed by lighting and burning tobacco (and
hence inhaling tobacco smoke), without any substantial
degree of combustion of any component thereof. For ex-
ample, the user of an aerosol generating piece of the
present disclosure can hold and use that piece much like
a smoker employs a traditional type of smoking article,
draw on one end of that piece for inhalation of aerosol
produced by that piece, take or draw puffs at selected
intervals of time, and the like.
[0017] Aerosol delivery systems of the present disclo-
sure also can be characterized as being vapor-producing
articles or medicament delivery articles. Thus, such arti-
cles or devices can be adapted so as to provide one or
more substances (e.g., flavors and/or pharmaceutical ac-
tive ingredients) in an inhalable form or state. For exam-
ple, inhalable substances can be substantially in the form
of a vapor (i.e., a substance that is in the gas phase at a
temperature lower than its critical point). Alternatively,
inhalable substances can be in the form of an aerosol
(i.e., a suspension of fine solid particles or liquid droplets
in a gas). For purposes of simplicity, the term "aerosol"
as used herein is meant to include vapors, gases and
aerosols of a form or type suitable for human inhalation,
whether or not visible, and whether or not of a form that
might be considered to be smoke-like.
[0018] Aerosol delivery systems of the present disclo-
sure generally include a number of components provided
within an outer body or shell, which may be referred to
as a housing. The overall design of the outer body or
shell can vary, and the format or configuration of the outer
body that can define the overall size and shape of the
aerosol delivery device can vary. Typically, an elongated
body resembling the shape of a cigarette or cigar can be
a formed from a single, unitary housing or the elongated
housing can be formed of two or more separable bodies.
For example, an aerosol delivery device can comprise
an elongated shell or body that can be substantially tu-
bular in shape and, as such, resemble the shape of a
conventional cigarette or cigar. In one example, all of the
components of the aerosol delivery device are contained
within one housing. Alternatively, an aerosol delivery de-
vice can comprise two or more housings that are joined

and are separable. For example, an aerosol delivery de-
vice can possess at one end a control body comprising
a housing containing one or more reusable components
(e.g., a rechargeable battery and various electronics for
controlling the operation of that article), and at the other
end and removably attached thereto an outer body or
shell containing a disposable portion (e.g., a disposable
flavor-containing cartridge).
[0019] Aerosol delivery systems of the present disclo-
sure most preferably comprise some combination of a
power source (i.e., an electrical power source), at least
one control component (e.g., means for actuating, con-
trolling, regulating and ceasing power for heat genera-
tion, such as by controlling electrical current flow the pow-
er source to other components of the article - e.g., a mi-
croprocessor, individually or as part of a microcontroller),
a heater or heat generation member (e.g., an electrical
resistance heating element or other component, which
alone or in combination with one or more further elements
may be commonly referred to as an "atomizer"), an aer-
osol precursor composition (e.g., commonly a liquid ca-
pable of yielding an aerosol upon application of sufficient
heat, such as ingredients commonly referred to as
"smoke juice," "e-liquid" and "e-juice"), and a mouthend
region or tip for allowing draw upon the aerosol delivery
device for aerosol inhalation (e.g., a defined airflow path
through the article such that aerosol generated can be
withdrawn therefrom upon draw).
[0020] More specific formats, configurations and ar-
rangements of components within the aerosol delivery
systems of the present disclosure will be evident in light
of the further disclosure provided hereinafter. Addition-
ally, the selection and arrangement of various aerosol
delivery system components can be appreciated upon
consideration of the commercially available electronic
aerosol delivery devices, such as those representative
products referenced in background art section of the
present disclosure.
[0021] In various examples, an aerosol delivery device
can comprise a reservoir configured to retain the aerosol
precursor composition. The reservoir particularly can be
formed of a porous material (e.g., a fibrous material) and
thus may be referred to as a porous substrate (e.g., a
fibrous substrate).
[0022] A fibrous substrate useful as a reservoir in an
aerosol delivery device can be a woven or nonwoven
material formed of a plurality of fibers or filaments and
can be formed of one or both of natural fibers and syn-
thetic fibers. For example, a fibrous substrate may com-
prise a fiberglass material. In particular examples, a cel-
lulose acetate material can be used. In other example
implementations, a carbon material can be used. A res-
ervoir may be substantially in the form of a container and
may include a fibrous material included therein.
[0023] One example implementation of an aerosol de-
livery device 100 according to the present disclosure is
provided in FIG. 1. As seen in the cut-away view illus-
trated therein, the aerosol delivery device can comprise
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a control body 102 and a cartridge 104 that can be per-
manently or detachably aligned in a functioning relation-
ship. Engagement of the control body and the cartridge
can be press fit (as illustrated), threaded, interference fit,
magnetic or the like. In particular, connection compo-
nents, such as further described herein may be used.
For example, the control body may include a coupler that
is adapted to engage a connector on the cartridge.
[0024] In specific example implementations, one or
both of the control body 102 and the cartridge 104 may
be referred to as being disposable or as being reusable.
For example, the control body may have a replaceable
battery or a rechargeable battery and thus may be com-
bined with any type of recharging technology, including
connection to a typical electrical outlet, connection to a
car charger (i.e., cigarette lighter receptacle), and con-
nection to a computer, such as through a universal serial
bus (USB) cable. For example, an adaptor including a
USB connector at one end and a control body connector
at an opposing end is disclosed in U.S. Pat. App. Pub.
No. 2014/0261495 to Novak et al., which is incorporated
herein by reference in its entirety. Further, in some ex-
amples the cartridge may comprise a single-use car-
tridge, as disclosed in U.S. Pat. App. Pub. No.
2014/0060555 to Chang et al., which is incorporated
herein by reference in its entirety.
[0025] As illustrated in FIG. 1, the control body 102 can
be formed of a control body shell 106 that can include a
control component 108 (e.g., a microprocessor, individ-
ually or as part of a microcontroller), a flow sensor 110,
a battery 112 and a light-emitting diode (LED) 114, and
such components can be variably aligned. Further indi-
cators (e.g., a haptic feedback component, an audio
feedback component, or the like) can be included in ad-
dition to or as an alternative to the LED. The cartridge
104 can be formed of a cartridge shell 116 enclosing a
reservoir 118 that is in fluid communication with a liquid
transport element 120 adapted to wick or otherwise trans-
port an aerosol precursor composition stored in the res-
ervoir housing to a heater 122 (sometimes referred to as
a heating element). In some example, a valve may be
positioned between the reservoir and heater, and con-
figured to control an amount of aerosol precursor com-
position passed or delivered from the reservoir to the
heater.
[0026] Various examples of materials configured to
produce heat when electrical current is applied there-
through may be employed to form the heater 122. The
heater in these examples may be resistive heating ele-
ment such as a wire coil. Example materials from which
the wire coil may be formed include Kanthal (FeCrAl),
Nichrome, Molybdenum disilicide (MoSi2), molybdenum
silicide (MoSi), Molybdenum disilicide doped with Alumi-
num (Mo(Si,Al)2), graphite and graphite-based materials
(e.g., carbon-based foams and yarns) and ceramics
(e.g., positive or negative temperature coefficient ceram-
ics). Example implementations of heaters or heating
members useful in aerosol delivery devices according to

the present disclosure are further described below, and
can be incorporated into devices such as illustrated in
FIG. 1 as described herein.
[0027] An opening 124 may be present in the cartridge
shell 116 (e.g., at the mouthend) to allow for egress of
formed aerosol from the cartridge 104. Such components
are representative of the components that may be
present in a cartridge and are not intended to limit the
scope of cartridge components that are encompassed
by the present disclosure.
[0028] The cartridge 104 also may include one or more
electronic components 126, which may include an inte-
grated circuit, a memory component, a sensor, or the
like. The electronic components may be adapted to com-
municate with the control component 108 and/or with an
external device by wired or wireless means. The elec-
tronic components may be positioned anywhere within
the cartridge or a base 128 thereof.
[0029] Although the control component 108 and the
flow sensor 110 are illustrated separately, it is understood
that the control component and the flow sensor may be
combined as an electronic circuit board with the air flow
sensor attached directly thereto. Further, the electronic
circuit board may be positioned horizontally relative the
illustration of FIG. 1 in that the electronic circuit board
can be lengthwise parallel to the central axis of the control
body. In some examples, the air flow sensor may com-
prise its own circuit board or other base element to which
it can be attached. In some examples, a flexible circuit
board may be utilized. A flexible circuit board may be
configured into a variety of shapes, include substantially
tubular shapes. In some examples, a flexible circuit board
may be combined with, layered onto, or form part or all
of a heater substrate as further described below.
[0030] The control body 102 and the cartridge 104 may
include components adapted to facilitate a fluid engage-
ment therebetween. As illustrated in FIG. 1, the control
body can include a coupler 130 having a cavity 132 there-
in. The base 128 of the cartridge can be adapted to en-
gage the coupler and can include a projection 134 adapt-
ed to fit within the cavity. Such engagement can facilitate
a stable connection between the control body and the
cartridge as well as establish an electrical connection
between the battery 112 and control component 108 in
the control body and the heater 122 in the cartridge. Fur-
ther, the control body shell 106 can include an air intake
136, which may be a notch in the shell where it connects
to the coupler that allows for passage of ambient air
around the coupler and into the shell where it then passes
through the cavity 132 of the coupler and into the car-
tridge through the projection 134.
[0031] A coupler and a base useful according to the
present disclosure are described in U.S. Pat. App. Pub.
No. 2014/0261495 to Novak et al., which is incorporated
herein by reference in its entirety. For example, the cou-
pler 130 as seen in FIG. 1 may define an outer periphery
138 configured to mate with an inner periphery 140 of
the base 128. In one example the inner periphery of the
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base may define a radius that is substantially equal to,
or slightly greater than, a radius of the outer periphery of
the coupler. Further, the coupler may define one or more
protrusions 142 at the outer periphery configured to en-
gage one or more recesses 144 defined at the inner pe-
riphery of the base. However, various other examples of
structures, shapes and components may be employed
to couple the base to the coupler. In some examples the
connection between the base of the cartridge 104 and
the coupler of the control body 102 may be substantially
permanent, whereas in other examples the connection
therebetween may be releasable such that, for example,
the control body may be reused with one or more addi-
tional cartridges that may be disposable and/or refillable.
[0032] The aerosol delivery device 100 may be sub-
stantially rod-like or substantially tubular shaped or sub-
stantially cylindrically shaped in some examples. In other
examples, further shapes and dimensions are encom-
passed - e.g., a rectangular or triangular cross-section,
multifaceted shapes, or the like.
[0033] The reservoir 118 illustrated in FIG. 1 can be a
container or can be a fibrous reservoir, as presently de-
scribed. For example, the reservoir can comprise one or
more layers of nonwoven fibers substantially formed into
the shape of a tube encircling the interior of the cartridge
shell 116, in this example. An aerosol precursor compo-
sition can be retained in the reservoir. Liquid compo-
nents, for example, can be sorptively retained by the res-
ervoir. The reservoir can be in fluid connection with the
liquid transport element 120. The liquid transport element
can transport the aerosol precursor composition stored
in the reservoir via capillary action to the heater 122 that
is in the form of a metal wire coil in this example. As such,
the heater is in a heating arrangement with the liquid
transport element. Example implementations of reser-
voirs and transport elements useful in aerosol delivery
devices according to the present disclosure are further
described below, and such reservoirs and/or transport
elements can be incorporated into devices such as illus-
trated in FIG. 1 as described herein. In particular, specific
combinations of heating members and transport ele-
ments as further described below may be incorporated
into devices such as illustrated in FIG. 1 as described
herein.
[0034] In use, when a user draws on the aerosol de-
livery device 100, airflow is detected by the flow sensor
110, and the heater 122 is activated to vaporize the com-
ponents for the aerosol precursor composition. Drawing
upon the mouthend of the aerosol delivery device causes
ambient air to enter the air intake 136 and pass through
the cavity 132 in the coupler 130 and the central opening
in the projection 134 of the base 128. In the cartridge
104, the drawn air combines with the formed vapor to
form an aerosol. The aerosol is whisked, aspirated or
otherwise drawn away from the heater and out the open-
ing 124 in the mouthend of the aerosol delivery device.
[0035] The various components of an aerosol delivery
device according to the present disclosure can be chosen

from components described in the art and commercially
available. Examples of batteries that can be used accord-
ing to the disclosure are described in U.S. Pat. App. Pub.
No. 2010/0028766 to Peckerar et al., which is incorpo-
rated herein by reference in its entirety.
[0036] The aerosol delivery device 100 can incorpo-
rate the sensor 110 or another sensor or detector for
control of supply of electric power to the heater 122 when
aerosol generation is desired (e.g., upon draw during
use). As such, for example, there is provided a manner
or method for turning off the power supply to the heater
when the aerosol delivery device is not be drawn upon
during use, and for turning on the power supply to actuate
or trigger the generation of heat by the heater during
draw. Additional representative types of sensing or de-
tection mechanisms, structure and configuration thereof,
components thereof, and general methods of operation
thereof, are described in U.S. Pat. No. 5,261,424 to Sprin-
kel, Jr., U.S. Pat. No. 5,372,148 to McCafferty et al., and
PCT Pat. App. Pub. No. WO 2010/003480 to Flick, all of
which are incorporated herein by reference in their en-
tireties.
[0037] The aerosol delivery device 100 most prefera-
bly incorporates the control component 108 or another
control mechanism for controlling the amount of electric
power to the heater 122 during draw. Representative
types of electronic components, structure and configu-
ration thereof, features thereof, and general methods of
operation thereof, are described in U.S. Pat. No.
4,735,217 to Gerth et al., U.S. Pat. No. 4,947,874 to
Brooks et al., U.S. Pat. No. 5,372,148 to McCafferty et
al., U.S. Pat. No. 6,040,560 to Fleischhauer et al., U.S.
Pat. No. 7,040,314 to Nguyen et al., U.S. Pat. No.
8,205,622 to Pan, U.S. Pat. App. Pub. No. 2009/0230117
to Fernando et al., U.S. Pat. App. Pub. No. 2014/0060554
to Collet et al., U.S. Pat. App. Pub. No. 2014/0270727 to
Ampolini et al., and U.S. Pat. App. Ser. No. 14/209,191
to Henry et al., filed March 13, 2014, all of which are
incorporated herein by reference in their entireties.
[0038] Representative types of substrates, reservoirs
or other components for supporting the aerosol precursor
are described in U.S. Pat. No. 8,528,569 to Newton, U.S.
Pat. App. Pub. No. 2014/0261487 to Chapman et al.,
U.S. Pat. App. Ser. No. 14/011,992 to Davis et al., filed
August 28, 2013, and U.S. Pat. App. Ser. No. 14/170,838
to Bless et al., filed February 3, 2014, all of which are
incorporated herein by reference in their entireties. Ad-
ditionally, various wicking materials, and the configura-
tion and operation of those wicking materials within cer-
tain types of electronic cigarettes, are set forth in U.S.
Pat. App. Pub. No. 2014/0209105 to Sears et al., which
is incorporated herein by reference in its entirety.
[0039] The aerosol precursor composition, also re-
ferred to as a vapor precursor composition, may com-
prise a variety of components including, by way of exam-
ple, a polyhydric alcohol (e.g., glycerin, propylene glycol
or a mixture thereof), nicotine, tobacco, tobacco extract
and/or flavorants. Various components that may be in-
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cluded in the aerosol precursor composition are de-
scribed in U.S. Pat. No. 7,726,320 to Robinson et al.,
which is incorporated herein by reference in its entirety.
Additional representative types of aerosol precursor
compositions are set forth in U.S. Pat. No. 4,793,365 to
Sensabaugh, Jr. et al., U.S. Pat. No. 5,101,839 to Jakob
et al., U.S. Pat. No. 6,779,531 to Biggs et al., U.S. Pat.
App. Pub. No. 2013/0008457 to Zheng et al., and Chem-
ical and Biological Studies on New Cigarette Prototypes
that Heat Instead of Burn Tobacco, R. J. Reynolds To-
bacco Company Monograph (1988), all of which are in-
corporated herein by reference in their entireties.
[0040] Additional representative types of components
that yield visual cues or indicators may be employed in
the aerosol delivery device 100, such as LEDs and re-
lated components, vibratory elements and the like. Ex-
amples of suitable LED components, and the configura-
tions and uses thereof, are described in U.S. Pat. No.
5,154,192 to Sprinkel et al., U.S. Pat. No. 8,499,766 to
Newton, U.S. Pat. No. 8,539,959 to Scatterday, and U.S.
Pat. App. Ser. No. 14/173,266 to Sears et al., filed Feb-
ruary 5, 2014, all of which are incorporated herein by
reference in their entireties.
[0041] Yet other features, controls or components that
can be incorporated into aerosol delivery devices of the
present disclosure are described in U.S. Pat. No.
5,967,148 to Harris et al., U.S. Pat. No. 5,934,289 to Wat-
kins et al., U.S. Pat. No. 5,954,979 to Counts et al., U.S.
Pat. No. 6,040,560 to Fleischhauer et al., U.S. Pat. No.
8,365,742 to Hon, U.S. Pat. No. 8,402,976 to Fernando
et al., U.S. Pat. App. Pub. No. 2010/0163063 to Fernando
et al., U.S. Pat. App. Pub. No. 2013/0192623 to Tucker
et al., U.S. Pat. App. Pub. No. 2013/0298905 to Leven
et al., U.S. Pat. App. Pub. No. 2013/0180553 to Kim et
al., U.S. Pat. App. Pub. No. 2014/0000638 to Sebastian
et al., U.S. Pat. App. Pub. No. 2014/0261495 to Novak
et al., and U.S. Pat. App. Pub. No. 2014/0261408 to De-
Piano et al., all of which are incorporated herein by ref-
erence in their entireties.
[0042] Briefly returning to FIG. 1, in some examples,
the flow sensor 110 may be implemented by a microe-
lectromechanical systems-based (MEMS-based) sensor
such as a MEMS microphone or MEMS pressure sensor
within a housing of the aerosol delivery device 100, such
as the housing of the control body 102 or cartridge 104,
or a single housing comprising control components and
cartridge components. The MEMS-based sensor may be
configured to detect a pressure on the MEMS-based sen-
sor caused by airflow through at least a portion of the
housing, convert the pressure to an electrical signal, and
output the electrical signal. The control component 108
(e.g., microprocessor) may be configured to receive the
electrical signal from the MEMS-based sensor, and con-
trol operation of at least one functional element of the
aerosol delivery device based thereon. Such control can
be achieved through implementation of one or more con-
trol algorithms utilizing program code instructions. Exam-
ples of suitable control may include the microprocessor

being configured to control the operation of a heater, fluid-
delivery member, sensory-feedback member or any
combination thereof.
[0043] In some examples, the MEMS-based sensor
may function similar to an on/off switch. In these exam-
ples, the electrical signal output by the MEMS-based sen-
sor may be a bilevel signal in which the absence of or a
zero level electrical signal may indicate an "off state, and
a positive electrical signal indicates an "on" state.
[0044] In other examples, the MEMS-based sensor
may be configured to convert the pressure to the electri-
cal signal that varies with a corresponding variation in
the pressure relative to an ambient pressure on the
MEMS-based sensor. In these examples, the corre-
sponding variation may be caused by variation in the air-
flow such as a variation in the rate of airflow.
[0045] FIG. 2 illustrates a MEMS-based sensor 200
that in some examples may correspond to a flow sensor
such as the flow sensor 110 of FIG. 1. As shown, the
MEMS-based sensor may include a (first) die 202 with a
micromachined sensor 204. As also shown, the MEMS-
based sensor may in some examples include another
(second) die 206 wire bonded to the first die and including
a bias generator circuit 208 configured to bias the mi-
cromachined sensor with an input voltage. In these ex-
amples, in an instance in which an input voltage is applied
to the micromachined sensor, the pressure causes
movement of the diaphragm and thereby a change in an
electrical property of the micromachined sensor. The
change in the electrical property causes a change in an
output voltage across the micromachined sensor. This
output voltage may be output by the MEMS-based sensor
as the electrical signal. Or in some examples, the MEMS-
based sensor (e.g. on the second die) may include an
appropriate analog-to-digital converter (ADC) or other
circuitry configured to convert the output voltage to a dig-
ital representation, which the MEMS-based sensor may
then output as the electrical signal.
[0046] In some examples, the MEMS-based sensor
200 may be a MEMS microphone. FIG. 3 schematically
illustrates a micromachined sensor 304 for a MEMS mi-
crophone, which in some examples may correspond to
the micromachined sensor 204 of FIG. 2. As shown, the
micromachined sensor of the MEMS microphone may
include a micromachined, pressure-sensitive diaphragm
306a and a backplate 306b that form a variable capacitor
306. In these examples, in an instance in which an input
voltage is applied to the variable capacitor, the pressure
causes movement of the diaphragm and thereby a
change in a capacitance of the variable capacitor. The
change in capacitance causes a change in the output
voltage across the variable capacitor. The MEMS micro-
phone may then output the output voltage or a digital
representation of the output voltage as the electrical sig-
nal.
[0047] As will be appreciated, MEMS microphones are
often utilized for audio applications in mobile telephones
and hearing aids to capture audio for subsequent repli-
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cation and output by speaker. These applications typi-
cally desire high fidelity of the audio output; and conse-
quently, the MEMS microphone often includes a more
complex bias generator circuit and additional circuitry
such as various audio-grade filtering and amplification
stages to more accurately capture and replicate audio.
In the context of an aerosol delivery device, however,
this additional circuitry may not be useful. In some ex-
amples, then, the MEMS microphone may include sim-
plified versions of one or more of these components, or
may not include them altogether. That is, the MEMS-
based sensor 200 including the dies 202, 206 may be
packaged in an integrated circuit package 210 with a
more simplified bias generator circuit, less filtering and/or
simpler, non-linear amplification, and may still be useful
in many applications of an aerosol delivery device such
as that described herein.
[0048] In some examples, the MEMS-based sensor
200 may be a MEMS pressure sensor. FIG. 4 schemat-
ically illustrates a micromachined sensor 404 for a MEMS
pressure sensor, which in some examples may corre-
spond to the micromachined sensor 204 of FIG. 2. As
shown, the micromachined sensor of the MEMS pressure
sensor may include a micromachined, pressure-sensi-
tive diaphragm 406, and one or more piezoresistors 408
disposed on the diaphragm. In these examples, in an
instance in which an input voltage is applied to the pie-
zoresistor(s), the pressure causes movement of the di-
aphragm and thereby a change in a resistance of the
piezoresistor(s). The change in resistance causes a
change in the output voltage across the piezoresistor(s).
The MEMS pressure sensor may then output the output
voltage or a digital representation of the output voltage
as the electrical signal.
[0049] Returning again to FIG. 1, the electrical signal
output from the flow sensor 108, and more particularly in
some examples the MEMS-based sensor (e.g., MEMS
microphone, MEMS pressure sensor), can be used by
one or more control elements of the aerosol delivery de-
vice to control the operation of the device. Such operation
can encompass a variety of functional elements of the
device, such as the heater 122, a fluid-delivery member,
a sensory-feedback member and the like.
[0050] For example, the electrical signal from the
flex/bend sensor can be used by a microprocessor to
control opening and closing of a valve between the res-
ervoir 118 and heater 122. For example, as the draw on
the device 100 increases and the electrical signal output
by the sensor correspondingly changes, the opening of
the valve can be increased to allow for a greater volume
of aerosol precursor composition to pass from the reser-
voir to heater. In some examples in which a sensory feed-
back member is used (e.g., a LED or a vibratory element),
an increased draw on the device can signal the micro-
processor to cause a different lighting pattern by the LED
or cause a different vibration pattern by the vibratory el-
ement.
[0051] In some examples, the electrical signal output

from the flow sensor 108 can be coupled with control
electronics of the device 100 to alter the profile of a heat-
ing element in the device, such as the heater 122. In
particular, the heating profile can be caused to change
in real time relative to the airflow rate caused by the mag-
nitude of the draw on the device.
[0052] FIG. 5 illustrates various operations in a method
500 of controlling operation of an aerosol delivery device
including a MEMS-based sensor (e.g., MEMS micro-
phone, MEMS pressure sensor). As shown at block 502,
the method may include detecting a pressure on the
MEMS-based sensor caused by airflow through at least
a portion of the housing, with the MEMS-based sensor
converting the pressure to an electrical signal. In some
examples, the MEMS-based sensor converting the pres-
sure includes converting the pressure to the electrical
signal that varies with a corresponding variation in the
pressure relative to an ambient pressure on the MEMS-
based sensor, the corresponding variation being caused
by variation in the airflow such as a variation in the rate
of the airflow.
[0053] As explained above with respect to FIG. 3, in
some examples the MEMS-based sensor may be a
MEMS microphone including a micromachined sensor
304 having a micromachined, pressure-sensitive dia-
phragm 306a and a backplate 306b that form a variable
capacitor 306. In these examples, in an instance in which
an input voltage is applied to the variable capacitor, the
pressure causes movement of the diaphragm and there-
by a change in a capacitance of the variable capacitor.
The change in capacitance causes a change in an output
voltage across the variable capacitor. And the MEMS
microphone outputs the output voltage or a digital repre-
sentation thereof as the electrical signal.
[0054] As explained above with respect to FIG. 4, in
some examples the MEMS-based sensor may be a
MEMS pressure sensor including a micromachined sen-
sor 404 having a micromachined, pressure-sensitive di-
aphragm 406, and one or more piezoresistors 408 dis-
posed on the diaphragm. In these examples, in an in-
stance in which an input voltage is applied to the piezore-
sistor(s), the pressure causes movement of the dia-
phragm and thereby a change in a resistance of the pi-
ezoresistor(s). The change in resistance causes a
change in an output voltage across the piezoresistor(s).
And the MEMS pressure sensor outputs the output volt-
age or a digital representation thereof as the electrical
signal.
[0055] Regardless of the particular construction of the
MEMS-based sensor, the method may include control-
ling operation of at least one functional element of the
aerosol delivery device based on the electrical signal
from the MEMS-based sensor, as shown at block 504.
This may include, for example, controlling the operation
of a heater, fluid-delivery member, sensory-feedback
member or any combination thereof.
[0056] As a more particular example use of a variable
electrical signal from the MEMS-based sensor, airflow
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rate through an aerosol delivery device can be detected
with the MEMS-based sensor upon draw on the device
by a user, and such airflow rate can be continuously de-
tected for the duration of the draw. The MEMS-based
sensor can output a signal that can vary based upon the
airflow rate. The variable signal output from the MEMS-
based sensor can be input by the microprocessor into a
control algorithm to make the defined calculations based
thereon and determine the requisite parameters for one
or more properties of electrical current supplied to the
heater relative to the output signal from the MEMS-based
sensor. The microprocessor then directs electrical cur-
rent flow to the heater with the requisite parameters to
define heater function based upon the real time airflow
rate through the device. In this manner, heater function
can be continuously controlled and altered as necessary
relative to the airflow rate through the device.
[0057] The foregoing description of use of the article
can be applied to the various example implementations
described herein through minor modifications, which can
be apparent to the person of skill in the art in light of the
further disclosure provided herein. The above description
of use, however, is not intended to limit the use of the
article but is provided to comply with all necessary re-
quirements of disclosure of the present disclosure. Any
of the elements shown in the article illustrated in FIG. 1
or as otherwise described above may be included in an
aerosol delivery device according to the present disclo-
sure.
[0058] Many modifications and other implementations
of the disclosure set forth herein will come to mind to one
skilled in the art to which these disclosure pertain having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it
is to be understood that the disclosure are not to be limited
to the specific implementations disclosed and that mod-
ifications and other implementations are intended to be
included within the scope of the appended claims. More-
over, although the foregoing descriptions and the asso-
ciated drawings describe example implementations in
the context of certain example combinations of elements
and/or functions, it should be appreciated that different
combinations of elements and/or functions may be pro-
vided by alternative implementations without departing
from the scope of the appended claims. In this regard,
for example, different combinations of elements and/or
functions than those explicitly described above are also
contemplated as may be set forth in some of the append-
ed claims. Although specific terms are employed herein,
they are used in a generic and descriptive sense only
and not for purposes of limitation.

Claims

1. An aerosol delivery device comprising:

a housing;

a microelectromechanical systems-based
(MEMS-based) sensor within the housing and
configured to detect a pressure on the MEMS-
based sensor caused by airflow through at least
a portion of the housing, the MEMS-based sen-
sor being configured to convert the pressure to
an electrical signal, and output the electrical sig-
nal; and
a microprocessor configured to receive the elec-
trical signal from the MEMS-based sensor, and
control operation of at least one functional ele-
ment of the aerosol delivery device based ther-
eon.

2. The aerosol delivery device of Claim 1, wherein the
MEMS-based sensor being configured to convert the
pressure includes being configured to convert the
pressure to the electrical signal that varies with a
corresponding variation in the pressure relative to
an ambient pressure on the MEMS-based sensor,
the corresponding variation being caused by varia-
tion in the airflow.

3. The aerosol delivery device of Claim 2, wherein the
corresponding variation in the pressure is caused by
variation in a rate of the airflow.

4. The aerosol delivery device of any one of Claims 1
to 3, wherein the MEMS-based sensor is a MEMS
microphone including:

a die with a micromachined, pressure-sensitive
diaphragm and a backplate that form a variable
capacitor;
wherein in an instance in which an input voltage
is applied to the variable capacitor, the pressure
causes movement of the diaphragm and thereby
a change in a capacitance of the variable capac-
itor, the change in capacitance causing a
change in an output voltage across the variable
capacitor, the output voltage or a digital repre-
sentation thereof being output by the MEMS mi-
crophone as the electrical signal.

5. The aerosol delivery device of Claim 4, wherein the
MEMS microphone further comprises another die
wire bonded to the die and including a bias generator
circuit configured to bias the variable capacitor with
the input voltage.

6. The aerosol delivery device of any one of Claims 1
to 5, wherein the MEMS-based sensor is a MEMS
pressure sensor including:

a die with a micromachined, pressure-sensitive
diaphragm, and one or more piezoresistors dis-
posed on the diaphragm,
wherein in an instance in which an input voltage
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is applied to the one or more piezoresistors, the
pressure causes movement of the diaphragm
and thereby a change in a resistance of the one
or more piezoresistors, the change in resistance
causing a change in an output voltage across
the one or more piezoresistors, the output volt-
age or a digital representation thereof being out-
put by the MEMS pressure sensor as the elec-
trical signal.

7. The aerosol delivery device of Claim 6, wherein the
MEMS pressure sensor further comprises another
die wire bonded to the die and including a bias gen-
erator circuit configured to bias the one or more pi-
ezoresistors with the input voltage.

8. The aerosol delivery device of any one of Claims 1
to 7, wherein the microprocessor being configured
to control the operation of at least one functional el-
ement includes being configured to control the op-
eration of a heater, fluid-delivery member, sensory-
feedback member or any combination thereof.

9. A method for controlling operation of an aerosol de-
livery device including a microelectromechanical
systems-based (MEMS-based) sensor within a
housing thereof, the method comprising:

detecting an pressure on the MEMS-based sen-
sor caused by airflow through at least a portion
of the housing, the MEMS-based sensor con-
verting the pressure to an electrical signal; and
controlling operation of at least one functional
element of the aerosol delivery device based on
the electrical signal.

10. The method of Claim 9, wherein the MEMS-based
sensor converting the pressure includes converting
the pressure to the electrical signal that varies with
a corresponding variation in the pressure relative to
an ambient pressure on the MEMS-based sensor,
the corresponding variation being caused by varia-
tion in the airflow.

11. The method delivery device of Claim 10, wherein the
corresponding variation in the pressure is caused by
variation in a rate of the airflow.

12. The method of any one of Claims 9 to 11, wherein
the MEMS-based sensor is a MEMS microphone in-
cluding a die with a micromachined, pressure-sen-
sitive diaphragm and a backplate that form a variable
capacitor, and
wherein in an instance in which an input voltage is
applied to the variable capacitor, the pressure caus-
es movement of the diaphragm and thereby a
change in a capacitance of the variable capacitor,
the change in capacitance causing a change in an

output voltage across the variable capacitor, the
MEMS microphone outputting the output voltage or
a digital representation thereof as the electrical sig-
nal.

13. The method of any one of Claims 9 to 12, wherein
the MEMS-based sensor is a MEMS pressure sen-
sor including a die with a micromachined, pressure-
sensitive diaphragm, and one or more piezoresistors
disposed on the diaphragm,
wherein in an instance in which an input voltage is
applied to the one or more piezoresistors, the pres-
sure causes movement of the diaphragm and there-
by a change in a resistance of the one or more pie-
zoresistors, the change in resistance causing a
change in an output voltage across the one or more
piezoresistors, the MEMS pressure sensor output-
ting the output voltage or a digital representation
thereof as the electrical signal.

14. The method of any one of Claims 9 to 13, wherein
controlling the operation of at least one functional
element includes controlling the operation of a heat-
er, fluid-delivery member, sensory-feedback mem-
ber or any combination thereof.
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