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(54) HEARING DEVICE

(57) Various embodiments of a hearing device and a
system including such device are disclosed. The device
includes an enclosure having a front housing and a rear
housing. The enclosure further includes an isolator dis-
posed between the front housing and the rear housing.
The isolator includes abody, a first sleevedisposedat the
first end of the body, and a second sleeve disposed at the
secondendof thebody.Asecondendof the front housing
is connected to the first sleeve of the isolator and a
second end of the rear housing is connected to the
second sleeve of the isolator. The hearing device further
includes a first sensor disposed in the front housing, a
second sensor disposed in the rear housing, and a re-
ceiver disposed at least partially within the body of the
isolator.
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Description

BACKGROUND

[0001] Hearing devices that are disposed in an ear of a
wearer or inserted into an opening of an ear canal of the
wearer typically include a housing or shell with electronic
components such as a receiver (i.e., speaker) disposed
within the housing. The receiver is adapted to provide
acoustic information in the form of acoustic energy to the
wearer’s ear canal from a controller either disposedwith-
in the housing of the hearing device or connected to the
hearing device by a wired or wireless connection. This
acoustic information can include music or speech from a
recording or other source. In hearing devices such as
hearing assistance devices, the acoustic information
provided to the wearer can include ambient sounds such
as speech from a person or persons that are speaking in
proximity to the wearer. Such speech can be amplified so
that the wearer can better hear the speaker. Some hear-
ing devices also include a microphone disposed within
the housing. Themicrophone can be utilized to detect the
wearer’s voice and provide a microphone signal to the
receiver,which in turnprovidesacoustic energy to theear
that includes an amplified version of the wearer’s voice.

SUMMARY

[0002] In general, the present disclosure provides var-
ious embodiments of a hearing device and a system that
includes such device. The hearing device can include an
enclosure having a front housing and a rear housing. The
enclosure further includes an isolator disposed between
the front and rear housings. The isolator can include a
body, a first sleeve disposed at a first end of the body and
a second sleeve disposed at a second end of the body.
The first sleeve can be connected to the front housing,
and the second sleeve can be connected to the rear
housing. The device can further include a first sensor
disposed in the front housing, a second sensor disposed
in the rear housing, and a receiver disposed at least
partially within the body of the isolator. In one or more
embodiments, the isolator can be adapted to reduce
vibrations caused by the receiver that can affect a signal
produced by at least one of the first sensor or second
sensor. Further, at least one of the first sensor or second
sensor can include a microphone.
[0003] In oneaspect, the present disclosure provides a
hearing device that includes an enclosure extending
along an enclosure axis. The enclosure includes a front
housing that extends along the enclosure axis between a
first end and a second end and includes an opening
disposed in the first end, a rear housing that extends
along the enclosure axis between a first end and a
second end, and an isolator disposed between the front
housing and the rear housing. The isolator includes a
body that extends along the enclosure axis between a
first end and a second end, a first sleeve disposed at the

first end of the body, and a second sleeve disposed at the
second end of the body. The second end of the front
housing is connected to the first sleeveof the isolator, and
the second end of the rear housing is connected to the
second sleeve of the isolator. The hearing device further
includes a first sensor disposed in the front housing, a
second sensor disposed in the rear housing, and a re-
ceiver disposed at least partially within the body of the
isolator.
[0004] In another aspect, the present disclosure pro-
vides a hearing device system that includes a hearing
device, a hearing module, and a cable that connects the
hearing device to the hearing module. The hearing de-
vice includes an enclosure extending along an enclosure
axis. The enclosure includes a front housing that extends
along the enclosure axis between a first end and a
second end and includes an opening disposed in the first
end, a rear housing that extends along the enclosure axis
between a first end and a second end, and an isolator
disposed between the front housing and the rear hous-
ing. The isolator includes a body that extends along the
enclosure axis between a first end and a second end, a
first sleeve disposed at the first end of the body, and a
second sleeve disposed at the second end of the body.
The second end of the front housing is connected to the
first sleeve of the isolator, and the second end of the rear
housing is connected to the second sleeve of the isolator.
The hearing device further includes a first sensor dis-
posed in the front housing, a second sensor disposed in
the rearhousing, anda receiverdisposedat least partially
within the body of the isolator. Further, the hearing mod-
ule is adapted to be disposed between an ear and a skull
of awearer, where the hearingmodule includes amodule
housing and electronic components disposed within the
module housing.
[0005] In another aspect, the present disclosure pro-
vides a method that includes forming a body of an iso-
lator, disposing a first sleeve at a first end of the body, and
disposing a second sleeve at a second end of the body.
The method further includes disposing a first sensor
within a front housing, where the front housing includes
a first end, a second end, and an opening disposed in the
first end; disposing a second sensor within a rear hous-
ing, where the rear housing includes a first end and a
second end; and disposing a receiver at least partially
within the body of the isolator. The method further in-
cludes connecting the second end of the front housing to
thefirst sleeve; andconnecting thesecondendof the rear
housing to the second sleeve, where the front housing,
the isolator, and the rear housingdefineanenclosure that
extends along an enclosure axis.
[0006] All headings provided herein are for the conve-
nience of the reader and should not be used to limit the
meaning of any text that follows the heading, unless so
specified.
[0007] The terms "comprises" and variations thereof
donot havea limitingmeaningwhere these termsappear
in the description and claims. Such terms will be under-
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stood to imply the inclusion of a stated step or element or
group of steps or elements but not the exclusion of any
other step or element or group of steps or elements. The
term "consisting of’ means "including," and is limited to
whatever follows the phrase "consisting of." Thus, the
phrase "consisting of’ indicates that the listed elements
are required or mandatory and that no other elements
may be present. The term "consisting essentially of"
means including any elements listed after the phrase
and is limited to other elements that do not interfere with
or contribute to the activity or action specified in the
disclosure for the listed elements. Thus, the phrase "con-
sisting essentially of’ indicates that the listed elements
are required or mandatory, but that other elements are
optional and may or may not be present depending upon
whether or not they materially affect the activity or action
of the listed elements.
[0008] In this application, terms such as "a," "an," and
"the" are not intended to refer to only a singular entity but
include thegeneral classofwhichaspecificexamplemay
be used for having Illustration. The terms "a," "an," and
"the" are used interchangeably with the term "at least
one." The phrases "at least one of" and "comprises at
least one of" followed by a list refers to any one of the
items in the list and any combination of two ormore items
in the list.
[0009] As used herein, the term "or" is generally em-
ployed in its usual sense including "and/or" unless the
content clearly dictates otherwise.
[0010] The term "and/or" means one or all of the listed
elements or a combination of any twoormore of the listed
elements.
[0011] As used herein in connection with a measured
quantity, the term "about" refers to that variation in the
measured quantity as would be expected by the skilled
artisan making the measurement and exercising a level
of care commensurate with the objective of themeasure-
ment and the precision of the measuring equipment
used. Herein, "up to" a number (e.g., up to 50) includes
the number (e.g., 50).
[0012] Also herein, the recitations of numerical ranges
by endpoints include all numbers subsumed within that
rangeaswell as theendpoints (e.g., 1 to 5 includes 1, 1.5,
2, 2.75, 3, 3.80, 4, 5, etc.).
[0013] These and other aspects of the present disclo-
sure will be apparent from the detailed description below.
In no event, however, should the above summaries be
construed as limitations on the claimed subject matter,
which subject matter is defined solely by the attached
claims, as may be amended during prosecution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Throughout the specification, reference is
made to the appended drawings, where like reference
numerals designate like elements, and wherein:

FIG. 1 is a schematic perspective view of one em-

bodiment of a hearing device system that includes a
hearing device and a hearing module connected to
the hearing device by a cable.
FIG. 2 is a schematic perspective view of the hearing
device of FIG. 1.
FIG. 3 is a schematic cross-section view of the
hearing device of FIG. 1.
FIG. 4 is a side perspective view of a front housing of
an enclosure of the hearing device of FIG. 1.
FIG. 5 is a schematic rear perspective view of the
front housing of FIG. 4.
FIG. 6 is a schematic perspective view of an isolator
of the hearing device of FIG. 1.
FIG. 7 is an exploded view of the isolator of FIG. 6.
FIG. 8 is a schematic diagram of the hearing device
system of FIG. 1.
FIG. 9 is a schematic cross-section view of another
embodiment of a hearing device that can be utilized
with the hearing device system of FIG. 1.
FIG. 10 is a flowchart of a method of forming the
hearing device of FIG. 1.

DETAILED DESCRIPTION

[0015] In general, the present disclosure provides var-
ious embodiments of a hearing device and a system that
includes such device. The hearing device can include an
enclosure having a front housing and a rear housing. The
enclosure further includes an isolator disposed between
the front and rear housings. The isolator can include a
body, a first sleeve disposed at a first end of the body and
a second sleeve disposed at a second end of the body.
The front housing can be connected to the front housing,
and the second sleeve can be connected to the rear
housing. The device can further include a first sensor
disposed in the front housing, a second sensor disposed
in the rear housing, and a receiver disposed at least
partially within the body of the isolator. In one or more
embodiments, the isolator can be adapted to reduce
vibrations caused by the receiver that can affect a signal
produced by at least one of the first sensor or second
sensor. Further, at least one of the first sensor or second
sensor can include a microphone.
[0016] Currently available in-ear hearing devices that
include a microphone disposed within a housing of the
device and directed toward an ear canal of the wearer
have themicrophone disposed in a planarmanner on top
of a receiver also disposed within the housing. Such
configuration can, however, require larger custom ear-
buds that can make it difficult to fit ear canals of various
wearers. Further, vibrations from the receiver can be
picked up by the microphone, thereby reducing a signal
to noise ratio of the microphone signal. These receiver
vibrations can either be directly from the receiver and/or
from thehousing that vibrates in response to the receiver.
[0017] One or more embodiments of hearing devices
described herein can exhibit various advantages over
known hearing devices. For example, the isolator that is
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disposed between the front and rear housings can re-
duce vibrations from the receiver and the enclosure.
Such vibration reduction can enable placement of the
first sensor suchasamicrophone inside the front housing
without an increase in noise in themicrophone signal that
can be caused by vibration of the receiver. Further, such
reduced vibrations can also enable placement of the
second sensor such as a second microphone inside
the rear housing without an increase in noise in the
microphone signal of the second microphone.
[0018] The isolator can include the body, the first
sleeve disposed at the first end of the body, and the
second sleeve disposed at the second end of the body.
In one or more embodiments, at least one of the first or
second sleeves canbeover-moldedonto thebody,which
canenhance robustnessof the isolator and theenclosure
of the device and increase manufacturability of the de-
vice. Further, additional functionalities of the hearing
device can be enhanced by this reduction of receiver
vibration as the first sensor can be placed forward of the
receiver and thus further into the ear canal. For example,
circuitry disposedwithin the hearing device or connected
to the device by a wired or wireless connection can per-
form, e.g., active noise cancellation, self-fit testing, heart-
beat monitoring, heartbeat variability monitoring, occlu-
sion suppression, respiration rate monitoring, wheezing
detection/monitoring, etc., based upon acoustic informa-
tion provided by the first sensor. Further, the first sensor
canbeutilized to detect otoacoustic emissions, disorders
of the canal and tympanic membrane such as partially or
fully wax-blocked ear canal, damage to the tympanic
membrane, or canal tissue inflammation. In one or more
embodiments,windnoisecanbedetectedat both thefirst
sensor andsecond sensor, andacontroller of thehearing
device system can be utilized to alternate between the
first and second sensors to enhance performance of the
system by selecting the sensor that is experiencing the
lowest level ofwindnoise. In embodimentswhere the first
and second sensors are microphones, a third micro-
phone disposed on or in a housing of a hearing module
of the system can provide a three-microphone system
that can provide enhanced directional performance.
Further, one or both of the first and second sensors
can be utilized to assist the wearer in finding the hearing
device.
[0019] In one ormore embodimentswhere at least one
of the first or second sensors are microphones, a micro-
phone disposed on or within the module housing of the
hearing module may no longer be required, thereby
eliminating microphone ports in the housing. With a
sealed cable port, the module housing would not have
any access points for ingress of moisture and/or debris,
thereby potentially providing a waterproof module hous-
ing. For example, the hearing device can include a mi-
crophone disposed in the rear housing of the device such
that it is outward facing. Suchoutward facingmicrophone
may eliminate the need for a microphone disposed on or
within the hearing module of the system and thus can

serve as the system’s sole microphone. Further, direc-
tionality of soundwaves that are detected by the outward
facingmicrophone can be determined based upon pinna
cues.
[0020] Embodiments of the disclosure are defined in
the claims; however, herein there is provided a non-
exhaustive listing of non-limiting examples. Any one or
moreof the featuresof theseexamplesmaybe combined
with any one or more features of another example, em-
bodiment, or aspect described herein.
[0021] ExampleEx1. A hearing device that includes an
enclosure extending along an enclosure axis. The en-
closure includes a front housing that extends along the
enclosure axis between a first end and a second end and
includes an opening disposed in the first end, a rear
housing that extends along the enclosure axis between
a first end and a second end, and an isolator disposed
between the front housing and the rear housing. The
isolator includes a body that extends along the enclosure
axis between a first end and a second end, a first sleeve
disposed at the first end of the body, and a second sleeve
disposed at the second end of the body. The second end
of the front housing is connected to the first sleeve of the
isolator, and the second end of the rear housing is con-
nected to the second sleeve of the isolator. The hearing
device further includes a first sensor disposed in the front
housing, a second sensor disposed in the rear housing,
and a receiver disposed at least partially within the body
of the isolator.
[0022] Example Ex2. The device of Ex1, further includ-
ing an acoustic port that extends through the first end of
the isolator body between the receiver and the opening
disposed in the first end of the front housing, where the
acoustic port acoustically connects the receiver to the
opening.
[0023] Example Ex3. The device of any one of Ex1-
Ex2, further including a first sensor port that extends
between the first sensor and the opening disposed in
the first end of the front housing, where the first sensor
port operatively connects the first sensor to the opening.
[0024] ExampleEx4. The device of Ex3, where an inlet
of thefirst sensor port definesaplane that is orthogonal to
the enclosure axis,where adistancebetweenanoutlet of
the acoustic port and the plane is no greater than 1.2mm
as measured in a direction parallel to the enclosure axis.
[0025] ExampleEx5. The device of Ex3, where the first
sensor further includes amanifold that extends along the
enclosure axis and defines a portion of the first sensor
port.
[0026] Example Ex6. The device of Ex3, further includ-
ing a second sensor port that extends between the sec-
ond sensor and an opening disposed adjacent to the first
end of the rear housing, where the second sensor port
operatively connects the second sensor to the opening.
[0027] Example Ex7. The device of any one of Ex1-
Ex6, where the isolator body includes a ledge disposed
proximate to the first end, where the first sleeve is dis-
posed on the ledge.
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[0028] Example Ex8. The device of Ex1, where the
isolator body includes an elastomeric material.
[0029] Example Ex9. The device of any one of Ex1-
Ex8, where the first sleeve of the isolator includes a rib
that extends in a direction away from the first end of the
body, where the rib is adapted to be inserted into the
second end of the front housing.
[0030] Example Ex10. The device of Ex9, where the
first sleeve of the isolator further includes a ledge that
extends from the rib to a perimeter of the first sleeve,
where an end surface of the second end of the front
housing is adapted to engage the ledge.
[0031] Example Ex11. The device of any one of Ex1-
Ex10, where the second sleeve of the isolator further
includes a rib that extends in a direction away from the
second end of the body, where the rib is adapted to be
inserted into the second end of the rear housing.
[0032] Example Ex12. The device of Ex11, where the
second sleeve of the isolator further includes a ledge that
extends from the rib to a perimeter of the second sleeve,
where an end surface of the second end of the rear
housing is adapted to engage the ledge.
[0033] Example Ex13. The device of any one of Ex1-
Ex12, where at least one of the first sensor or the second
sensor includes a microphone.
[0034] Example Ex14. A hearing device system that
includes a hearing device, a hearingmodule, and a cable
that connects the hearing device to the hearing module.
The hearing device includes an enclosure extending
along an enclosure axis. The enclosure includes a front
housing that extends along the enclosure axis between a
first end and a second end and includes an opening
disposed in the first end, a rear housing that extends
along the enclosure axis between a first end and a
second end, and an isolator disposed between the front
housing and the rear housing. The isolator includes a
body that extends along the enclosure axis between a
first end and a second end, a first sleeve disposed at the
first end of the body, and a second sleeve disposed at the
second end of the body. The second end of the front
housing is connected to the first sleeveof the isolator, and
the second end of the rear housing is connected to the
second sleeve of the isolator. The hearing device further
includes a first sensor disposed in the front housing, a
second sensor disposed in the rear housing, and a re-
ceiver disposed at least partially within the body of the
isolator. Further, the hearing module is adapted to be
disposed between an ear and a skull of a wearer, where
the hearingmodule includes amodule housing and elec-
tronic components disposed within the module housing.
[0035] Example Ex15. The system of Ex14, where the
electronic components of the hearing module include a
controller that is operatively connected to the hearing
device.
[0036] Example Ex16. The system of Ex15, where the
controller is adapted to direct a noise canceling signal to
the receiver of the hearing device that is based upon a
noise signal received from the first sensor of the hearing

device, where the receiver is adapted to direct a noise
cancelingacousticwave intoanear canal of thewearer of
the hearing device that is basedupon thenoise canceling
signal from the controller.
[0037] Example Ex17. The system of Ex15, where the
controller is adapted to determine a fit of the hearing
device in an ear canal of the wearer based upon a feed-
back signal from the first sensor of the hearing device in
response to a fit-test acoustic wave directed into the ear
canal by the receiver.
[0038] Example Ex18. The system of Ex15, where the
controller is adapted to measure a pulse rate of the
wearer based upon a pulse signal received from the first
sensor of the hearing device, where the pulse signal is
based upon a pulse detected by the first sensor.
[0039] Example Ex19. The system of Ex15, where the
controller is adapted tomeasureanocclusionvalueof the
hearing device in an ear canal of the wearer based upon
an occlusion signal received from the first sensor of the
hearing device in response to an acoustic wave directed
into the ear canal by the receiver and detected by the first
sensor.
[0040] Example Ex20. The system of any one of Ex14-
Ex19, where the electronic components of the hearing
module include a microphone, where each of the first
sensor and second sensor includes a microphone.
[0041] Example Ex21. A method that includes forming
a body of an isolator, disposing a first sleeve at a first end
of the body, and disposing a second sleeve at a second
end of the body. Themethod further includes disposing a
first sensorwithina fronthousing,where the fronthousing
includes a first end, a second end, and an opening
disposed in the first end; disposing a second sensor
within a rear housing, where the rear housing includes
a first end and a second end; and disposing a receiver at
least partially within the body of the isolator. The method
further includes connecting the second end of the front
housing to the first sleeve; and connecting the second
end of the rear housing to the second sleeve, where the
front housing, the isolator, and the rear housing define an
enclosure that extends along an enclosure axis.
[0042] FIG. 1 is a schematic perspective view of one
embodiment of a hearing device system 10. The system
10 includes a hearing device 12, a hearing module 14,
and a cable 16 that connects the hearing device to the
hearingmodule. The hearingmodule 14 is adapted to be
disposed between an ear and a skull of a wearer. As is
further described herein, the hearingmodule 14 includes
a module housing 18 and electronic components (elec-
tronic components 20 of FIG. 8) disposed within the
module housing.
[0043] The hearing device 12 can include any suitable
device that canprovide acoustic energy to awearer using
any suitable technique or techniques, e.g., by directing
sound into the ear of the wearer, bone conduction, im-
plants, etc. See, e.g., one or more embodiments of
hearing devices described in U.S. Patent Application
No. 18/121,317, field March 14, 2023, and entitled
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HEARING DEVICE; and U.S. Patent Application No.
18/121,325, fieldMarch 14, 2023, and entitledHEARING
DEVICE. In one or more embodiments, the hearing de-
vice 12 can include over-the-ear or in-ear headphones,
an earpiece, etc. Further, in one or more embodiments,
the system 10 can include a hearing assistance device
such as behind-the-ear (BTE), in-the-ear (ITE), in-the-
canal (ITC), or completely-in-the-canal (CIC) type hear-
ing devices. It is understood that behind-the-ear type
hearing devices can reside substantially behind the ear
or over the ear. Such devices can include receivers
associated with an electronics portion of the behind-
the-ear device, or receivers disposed in the ear canal
of the user. Such devices are also known as receiver-in-
the-canal (RIC) or receiver-in-the-ear (RITE) hearing
devices.
[0044] As shown in FIGS. 2‑8, the hearing device 12
includes an enclosure 22 that extends along an enclo-
sure axis 2. The enclosure 22 includes a front housing 24
and a rear housing 26. The front housing 24 extends
along the enclosure axis 2 between a first end 28 and a
second end 30. Further, the rear housing 26 extends
along the enclosure axis 2 between a first end 32 and
a second end 34. The front housing 24 includes an open-
ing 50 disposed in the first end 28.
[0045] The enclosure 22 of the device 12 also includes
an isolator 36 disposed between the front housing 24 and
the rear housing 26. The isolator 36 includes a body 38
that extends along the enclosure axis 2 between a first
end 40 and a second end 42. The isolator 36 further
includesafirst sleeve44disposedat thefirst end40of the
body 38 and a second sleeve 46 disposed at the second
end 42 of the body. The second end 30 of the front
housing 24 is connected to the first sleeve 44 of the
isolator 36, and the second end 34 of the rear housing
26 is connected to the second sleeve 46 of the isolator.
[0046] Any suitable electronic components can be dis-
posed within the enclosure 22. As shown in FIG. 3, the
hearing device 12 includes a first sensor 100 disposed in
the front housing24, a secondsensor102disposed in the
rear housing 26, and a receiver 104 disposed at least
partially within the body 38 of the isolator 36. In one or
more embodiments, at least one of the first sensor 100 or
second sensor 102 includes a microphone (referred to
herein as first microphone 100 and/or second micro-
phone 102). Although depicted as including the first
and second sensors 100, 102 and the receiver 104, in
one or more embodiments, one or more additional com-
ponents and/or circuitry can be disposed at least partially
within or on the enclosure 22, e.g., at least one of a
sensor, controller, amplifier, filter, Giant Magneto Resis-
tance sensor, switch, or outward facing microphone.
[0047] The device 12 further includes an acoustic port
48 that extends through the first end 40 of the isolator
body 38 between the receiver 104 and the opening 50
disposed in the first end 28 of the front housing 24. The
acoustic port 48 acoustically connects the receiver 104 to
the opening 50, i.e., the acoustic port is adapted to direct

acoustic energy between the receiver and the opening.
[0048] Further, the device 12 includes a first sensor
port 52 that extends between the first sensor 100 and the
opening 50 disposed in the first end 28 of the front
housing 24. In one ormore embodiments, the first sensor
port 52 can operatively connect the first sensor 100 to the
opening 50. For example, in one or more embodiments,
the first sensor port 52 can acoustically connect the first
sensor 100 to the opening 50. Further, the device 12
includes a second sensor port 106 that extends between
an inlet 112of the second sensor 102andanopening108
disposed adjacent to the first end 32 of the rear housing
26. The second sensor port 106 operatively connects the
second sensor 102 to the opening 108. For example, in
one or more embodiments, the second sensor port 106
acoustically connects thesecondsensor102 to theopen-
ing 108.
[0049] The front housing 24 of the enclosure 22 ex-
tends along the enclosure axis 2 between the first end 28
and thesecondend30.The front housing24can takeany
suitable shape and have any suitable dimensions. In one
or more embodiments, the front housing 24 is sized such
that at least a portion of its first end 28 can be disposed
withinanopeningof theear canal of thewearer.Asshown
inFIG.4, the fronthousing24can includeafirst portion58
and a second portion 60. The first portion 58 can be
adapted to be at least partially disposed within the open-
ing of the ear canal, and the second portion 60 can be
adapted to be connected to the isolator 36.
[0050] In one or more embodiments, the hearing de-
vice 12 can include an earbud 62 (FIG. 1) connected to
the first end 28of the front housing 24. The earbud62 can
take any suitable shape and having any suitable dimen-
sions. In one or more embodiments, the earbud 62 is
integral with the front housing 24, i.e., formed as a single
part with the front housing during the manufacturing
process. In one or more embodiments, the earbud 62
can be manufactured separately from the front housing
24 and connected to the front housing using any suitable
technique. The earbud 62 includes an opening 66 that is
aligned along the enclosure axis 2 with the opening 50 in
the first end 28 of the front housing 24.
[0051] The front housing 24 can include one or more
flanges 64 (FIG. 4) that are adapted to retain the earbud
62. Further, each flange 64 can take any suitable shape
and have any suitable dimensions. In one or more em-
bodiments, at least one of the flanges 64 can be a con-
centric flange.
[0052] As shown in FIGS. 4‑5, the front housing 24 can
also include a slot 54 that is disposed in an inner surface
56 of the front housing. The slot 54 is adapted to receive
the first sensor 100 and can take any suitable shape and
have any suitable dimensions. In one or more embodi-
ments, the slot 54 extends in a direction parallel to the
enclosure axis 2.
[0053] The front housing 24 can include any suitable
material, e.g., at least one of a polymeric material, me-
tallic material, or non-metallic inorganic material. Suita-
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ble polymeric materials include thermoplastic polymers
(e.g., thermoplastic polyurethanes, thermoplastic elas-
tomers), thermoset polymers, photopolymers, etc. In one
or more embodiments, the front housing 24 can include
the samematerial as the rear housing 26. Further, in one
or more embodiments, the front housing 24 can include
the same material as the material of the body 38 of the
isolator 36. Further, the front housing 24 can be manu-
factured utilizing any suitable technique, e.g., molding,
injectionmolding, 3Dprinting, die-casting,metal injection
molding, sintering, stamping, casting, etc.
[0054] Asmentioned herein, the rear housing 26 of the
enclosure22extendsalong theenclosureaxis2between
the first end 32 and the second end 34. The rear housing
26 can take any suitable shape have any suitable dimen-
sions. Further, the rear housing 26 can include any
suitable material, e.g., at least one of a polymeric materi-
al, metallic material, or non-metallic inorganic material.
Suitable polymeric materials include thermoplastic poly-
mers (e.g., thermoplastic polyurethanes, thermoplastic
elastomers), thermoset polymers, photopolymers, etc. In
one or more embodiments, the rear housing 26 can
include the same material as the front housing 24.
Further, in one or more embodiments, the rear housing
26 can include the same material as the material of the
body 38 of the isolator 36. Further, the rear housing 26
can be manufactured utilizing any suitable technique,
e.g., molding, injection molding, 3D printing, die-casting,
metal injectionmolding, sintering, stamping, casting, etc.
[0055] The device 12 can include a connector port 68
(FIG. 3) disposed in the first end 32 of the rear housing 26
that extends between the first end and the second sensor
102 disposedwithin the rear housing. The connector port
68 can be adapted to receive an end 70 of the cable 16
(FIG. 1) that connects the hearing device 12 to the hear-
ing module 14 such that the cable can connect the first
and second sensors 100, 102, the receiver 104, and any
other circuitry disposed on or within the enclosure 22 to
circuitry 20 disposed within the hearing module 14.
[0056] The front housing 24 and the rear housing 26
canbeconnectedusinganysuitable technique toprovide
the enclosure 22. For example, the isolator 36 can be
disposed between the front housing 24 and the rear
housing 26, where the front housing and the rear housing
are connected to the isolator. The second end 30 of the
front housing 24 and the second end 34 of the rear
housing 26 are connected to the isolator 36 using any
suitable technique, e.g., bonding, adhering including
adhesive bonding and adhesive tapes, welding, fric-
tion-fitting, snap fitting, etc. The front and rear housings
24, 26 can be connected to any suitable portion or por-
tions of the isolator 36. In one ormore embodiments, one
or both of the front housing 24and rear housing26 canbe
removably connected to the isolator 36 such that front
and rear housings can be replaced. Such removable
connection between the front and rear housings 24, 26
and the isolator 36 can provide amodular hearing device
12.

[0057] The isolator 36 includes the body 38, the first
sleeve 44 disposed at the first end 40 of the body, and the
second sleeve 46 disposed at the second end 42 of the
body. Although depicted as including first and second
sleeves 44, 46, the isolator 36 can include one sleeve
disposed at either the first end 40 or second end 42. In
one or more embodiments, the isolator 36 can have no
sleeves (see, e.g., isolator 236 of hearing device 212 of
FIG. 9).
[0058] The second end 30 of the front housing 24 can
be connected to the first sleeve 44 of the isolator 36 using
any suitable technique, e.g., bonding, adhering including
adhesive bonding and adhesive tapes, welding, friction-
fitting, snap fitting, etc. Further, the second end 34 of the
rear housing 26 can be connected to the second sleeve
46 of the isolator 36 using any suitable technique, e.g.,
the same techniques described herein regarding con-
necting the front housing 24 to the first sleeve 44.
[0059] The body 38 of the isolator 36 can take any
suitable shape and have any suitable dimensions.
Further, the body 38 can include any suitable material,
e.g., the same materials described herein regarding the
front and rear housings 24, 26. In one or more embodi-
ments, thebody38of the isolator 36 includeselastomeric
material, e.g., silicone, neoprene, isoprene, ethylene
propylene diene monomer rubber (EPDM), etc. In one
or more embodiments, the body 38 includes the same
material as at least one of the front housing 24 or the rear
housing 26. The body 38 can bemanufactured using any
suitable technique, e.g., molding, injection molding, 3D
printing, die-casting, metal injection molding, sintering,
stamping, casting, etc.
[0060] The body 38 of the isolator 36 can exhibit any
desirable hardness value. In one or more embodiments,
thehardness valueof thebody38 is at least 20durometer
Shore 00. In one or more embodiments, the hardness
value of the body 38 is no greater than 80 durometer
Shore A. In one or more embodiments, the hardness
value of the body 38 is at least 10 durometer Shore D. In
one or more embodiments, the hardness value of the
body 38 is no greater than 100 durometer Shore D.
Further, the sleeves 44, 46 of the isolator 36 can exhibit
any desirable hardness value. In one or more embodi-
ments, thehardness valueof eachof thesleeves44, 46 is
at least 20 durometer Shore 00. In one or more embodi-
ments, thehardness valueof eachof thesleeves44, 46 is
no greater than 80 durometer Shore A. In one or more
embodiments, the hardness value of each of the sleeves
44, 46 is at least 10 durometer Shore D. In one or more
embodiments, the hardness value of each of the sleeves
44, 46 is no greater than 100 durometer Shore D. In one
or more embodiments, the hardness value of each of the
sleeves 44, 46 of the isolator 36 is greater than the
hardness value of the body 38 of the isolator 36. In
one or more embodiments, the hardness value of each
of the sleeves 44, 46 of the isolator 36 is less than the
hardness value of the body 38 of the isolator 36. The first
and second sleeves 44, 46 can have the same hardness
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value or different hardness values.
[0061] The first sleeve 44 of the isolator 36 can be
connected to any suitable portion or portions of the body
38. For example, the isolator body 38 can include a ledge
72 (FIG. 7) disposed proximate to the first end 40, where
the first sleeve 44 is disposed on or engaged with the
ledge. Further, for example, the isolator body 38 can
include a ledge 73 disposed proximate to the second
end 42, wherein the second sleeve 46 is disposed on or
engagedwith the ledge. The first and second sleeves 44,
46 can be connected to the body 38 using any suitable
technique, e.g., bonding, adhering including adhesive
bonding and adhesive tapes, welding, friction-fitting,
snap fitting, etc. In one or more embodiments, at least
oneof the first sleeve44or secondsleeve46canbeover-
molded onto one ormore portions of the body 38. Each of
the sleeves 44, 46 can be a unitary component or include
two or more portions.
[0062] The first sleeve 44 can include a rib 74 (FIG. 7)
that extends inadirectionaway from thefirst end40of the
body 38. The rib 74 can be adapted to be inserted into the
second end 30 of the front housing 24. Further, the
second sleeve 46 can include a rib 76 that extends in a
direction away from the second end 42 of the body 38,
where the rib is adapted to be inserted into the second
end 34 of the rear housing 26. Each of the ribs 74, 76 can
take any suitable shape. In one or more embodiments,
the second end 30 of the front housing 24 can include a
slot 78 (FIG. 3) that is adapted to receive the rib 74 of the
first sleeve 44. Further, in one or more embodiments, the
secondend34of the rear housing26can includeaslot 80
that is adapted to receive the rib 76 of the second sleeve
46.
[0063] The first sleeve 44 of the isolator 36 can also
include a ledge 82 (FIG. 7) that extends from the rib 74 to
a perimeter 84 of the first sleeve. Further, the second
sleeve 46 can also include a ledge 86 that extends from
the rib 76 to a perimeter 88 of the second sleeve. An end
surface 90 (FIG. 3) of the second end 30 of the front
housing 24 is adapted to engage the ledge 82 of the first
sleeve 44 when the front housing is connected to the
isolator 36. Further, an end surface 92 of the second end
34 of the rear housing 26 is adapted to engage the ledge
86 of the second sleeve 46 when the rear housing is
connected to the isolator 36.
[0064] Although the isolator 36 is depicted as including
the first and second sleeves 44, 46, in one or more
embodiments, the isolator can include only the body
38 disposed between the front housing 24 and the rear
housing 26. For example, FIG. 9 is a schematic cross-
section view of another embodiment of a hearing device
212. All design considerations and possibilities de-
scribed herein regarding the hearing device 12 of FIGS.
1‑8 apply equally to the hearing device 212 of FIG. 9. The
hearing device 212 includes an enclosure 222 that has a
front housing224anda rear housing226.Thedevice212
also includes an isolator 236 disposed between the front
housing 224 and the rear housing 226. The isolator 236

includes a body 238.
[0065] One difference between the hearing device 212
of FIG. 9 and the hearing device 12 of FIGS. 1‑8 is that a
second end 230 of the front housing 224 and a second
end 234 of the rear housing 226 are connected to the
body 238 of the isolator 236 and not to a sleeve (e.g., first
and second sleeves 44, 46). Any suitable technique can
be utilized to connect the front and rear housings 224,
226 to the body 238. The isolator body 238 can take any
suitable shape and have any suitable dimensions, e.g.,
the same shape and dimensions described herein re-
garding the isolator body 38 of isolator 36 of FIGS. 1‑8.
Further, the isolator body 238 can include any suitable
material, e.g., the same materials described herein re-
garding the isolator body 38 of isolator 36.
[0066] Returning to FIG. 3, the first sensor 100 is
disposed within the front housing 24. The first sensor
100 can be disposed in any suitable location within the
front housing 24. In one or more embodiments, the first
sensor 100 is disposed within the slot 54 disposed in the
front housing 24.
[0067] The first sensor 100 can include any suitable
sensor or sensors e.g., at least one of a temperature,
optical, or tactile sensor. In one or more embodiments,
the first sensor 100 is at least one microphone, e.g., a
MEMS microphone, an electret condenser microphone,
co-joined microphone sets, etc. The first sensor 100 is
operatively connected to the opening 50 of the front
housing 24 by the first sensor port 52. In embodiments
where thefirst sensor100 includesamicrophone, thefirst
sensor port 52 can be an acoustic port that acoustically
connects the microphone and the opening 50 using any
suitable technique. Further, the first sensor port 52 can
take any suitable shape and have any suitable dimen-
sions. In one or more embodiments, the first sensor 100
can include a manifold 95 that extends along the enclo-
sureaxis 2anddefinesaportionof theacoustic port 48. In
one ormore embodiments, the first sensor port 52 can be
nano-coated to resist debris and moisture ingress.
[0068] The second sensor 102 can also include any
suitable sensor or sensors e.g., at least one of a tem-
perature, optical, or tactile sensor. In one or more embo-
diments, the second sensor 102 is at least one micro-
phone, e.g., aMEMSmicrophone, an electret condenser
microphone, co-joined microphone sets, etc. In one or
more embodiments, each of the first and second sensors
100, 102 includes a microphone.
[0069] The second sensor 102 is operatively con-
nected to the opening 108 disposed adjacent to the first
end 32 of the rear housing 26 by the second sensor port
106 that extends between the inlet 112 of the second
sensor and the opening. In embodiments where the
second sensor 102 includes a microphone, the second
sensor port 106 can be an acoustic port that acoustically
connects themicrophone and the opening 108 using any
suitable technique. Further, the second sensor port 106
can take any suitable shape and have any suitable di-
mensions. In one or more embodiments, the second
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sensor port 106 can be nano-coated to resist debris and
moisture ingress.
[0070] The opening 108 of the second sensor port 106
can take any suitable shape and have any suitable di-
mensions. Further, the opening 108 can be disposed in
any suitable portion or portions of the rear housing 26. As
shown in FIG. 2, the opening 108 is disposed in a side
surface 31 of the rear housing 26 and the first end 32 of
the rear housing. In one ormore embodiments, the open-
ing 108 can be disposed entirely within the side surface
31 of the rear housing 26 or entirely within the first end 32
of the rear housing. In one or more embodiments, the
opening 108 can extend through the rear housing 26 to
one or more additional side surfaces of the rear housing.
[0071] The second sensor port 106 can be a vented
port that remains acoustically open to an ambient envir-
onment of the hearing device 12. The hearing device 12
can include a valve that can at least partially occlude the
second sensor port 106 such that acoustic energy from
the ambient environment is at least partially obstructed
from reaching the second sensor 102. Any suitable valve
can be utilized to at least partially occlude the second
sensorport 106.Further, thevalvecanbedisposed inany
suitable location relative to thesecondsensorport 106. In
one or more embodiments, the valve can be disposed
within the second sensor port 106. Such valve can be
adapted to prevent ingress of fluid or debris into the
second sensor port 106and toan interior of the enclosure
22 of the hearing device 12.
[0072] Disposed at least partially within the body 38 of
the isolator 36 is the receiver 104. The receiver 104 can
be disposed in any suitable locationwithin the body 38. In
one or more embodiments, at least a portion of the
receiver 104 can be disposed in the front housing 24
or the rear housing 26. In one or more embodiments, a
first portion of the receiver 104 can be disposed in the
front housing 24 and a second portion can be disposed in
the rear housing 26.
[0073] The receiver 104 can include any suitable re-
ceiver or receivers, e.g., a balanced armature speaker,
dynamic driver speaker, piezo electric speaker, etc. The
receiver 104 is acoustically connected to the opening 50
in the front housing 24 by the acoustic port 48 that
extends through the isolator body 38 between the recei-
verand theopening.Ascanbeseen inFIG.6, thebody38
of the isolator 36 includes an opening 94 that forms a
portion of the acoustic port 48. In one or more embodi-
ments, the acoustic port 48 can be provided by a tube or
other structure that is inserted through the opening 94 of
the body 38 of the isolator 36. The acoustic port 48 can
take any suitable shape and have any suitable dimen-
sions.
[0074] As can be seen, e.g., in FIG. 3, an inlet 96 of the
first sensor port 52 defines a plane 4 that is orthogonal to
the enclosure axis 2. An outlet 98 of the acoustic port 48
can be any suitable distance from the plane 4. In one or
moreembodiments, thedistancebetween theoutlet 98of
the acoustic port 48 and the plane 4 is no greater than 1.2

mm as measured in a direction parallel to the enclosure
axis 2. In one or more embodiments, the outlet 98 of the
acoustic port 48 is parallel to the inlet 96 of the micro-
phone port 52, i.e., in the same plane 4 as the inlet of the
microphone port.
[0075] Returning to FIG. 1, the hearing module 14 can
be adapted to be disposed between the ear and the skull
of the wearer. The hearing module 14 includes the mod-
ule housing 18 and electronic components 20 (FIG. 8)
disposedwithin themodule housing. The electronic com-
ponents 20 of the hearing module 14 can include any
suitable electronic component or circuitry, e.g., at least
oneofa controller, an integratedcircuit, apowersource, a
microphone, or a speaker (i.e., receiver). In one or more
embodiments, the electronic components 20 of the hear-
ing module 14 include a controller 21 that is operatively
connected to the hearing device 12 using any suitable
technique, e.g., by the cable 16. In one or more embodi-
ments, the electronic components 20 of the hearing
module 14 can be electrically connected to the hearing
device 12 by the cable 16. Further, in one or more
embodiments, the electronic components 20 can be
connected to the hearing device 12 by a wireless con-
nection using any suitable wireless technique.
[0076] In one or more embodiments, the controller 21
of the hearingmodule 14 can be adapted to direct a noise
canceling signal to the receiver 104 of the hearing device
12 that is baseduponanoisesignal received from thefirst
sensor 100 of the hearing device. The receiver 104 is
adapted todirect anoisecancelingacousticwave into the
ear canal of the wearer that is based upon this noise
canceling signal from the controller 21. Further, in one or
more embodiments, the controller 21 can be adapted to
determine the fit of the hearing device 12 in the ear canal
of the wearer based on a feedback signal from the first
sensor 100 of the hearing device 12 in response to a fit-
test acoustic wave directed into the ear canal by the
receiver 104. In one ormore embodiments, the controller
21 isadapted tomeasureapulse rateof thewearerbased
on a pulse signal received from the first sensor 100 of the
hearing device 12. The pulse signal is based on a pulse
detected by the first sensor 100 using any suitable tech-
nique, e.g., one or more of the techniques described in
U.S. Patent Publication No. 2020/0268265 A1, entitled
INTEGRATION OF SENSOR-BASED CARDIOVASCU-
LAR MEASURES INTO PHYSICAL BENEFIT MEA-
SURE RELATED TO HEARING INSTRUMENT USE.
In one or more embodiments, the controller 21 can be
adapted to detect the wearer’s voice utilizing at least one
of thefirst sensor 100or secondsensor102andprovidea
signal representative of such voice to the wearer using
any suitable technique, e.g., one or more of the techni-
ques described in U.S. Patent Nos. 9,699,573, entitled
HEARING ASSISTANCE SYSTEM WITH OWN VOICE
DETECTION; and 9,042,586, entitled METHOD AND
APPARATUS FOROWN-VOICE SENSING IN AHEAR-
ING ASSISTANCE DEVICE. In one or more embodi-
ments, the controller 21 is adapted to measure an occlu-
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sion value of the hearing device 12 in the ear canal based
on an occlusion signal received from at least one of the
first sensor 100 or second sensor 102 of the hearing
device in response to an acoustic wave directed into
the ear canal by the receiver 104 and detected by the
first sensor using any suitable technique, e.g., one or
more of the techniques described in U.S. Patent Applica-
tion No. 63/286,780, entitled HEARING DEVICE AND
METHOD OF USING SAME. In one or more embodi-
ments, the controller 21 is adapted to detect one or more
respiratory sounds of the wearer based on a respiratory
signal received fromat least one of the first sensor 100 or
second sensor 102 using any suitable technique, e.g.,
one or more of the techniques described in U.S. Patent
Application No. 63/295,071, entitled EAR-WEARABLE
DEVICES AND METHODS FOR RESPIRATORY CON-
DITION DETECTION AND MONITORING. Further, in
one or more embodiments, the controller 21 can be
adapted to measure at least one of heartbeat variability,
respiration rate, otoacoustic emissions, damage to the
tympanic membrane, or canal tissue inflammation utiliz-
ing at least one of the first sensor 100 or second sensor
102. Further, in one ormore embodiments, one or both of
the first and second sensors 100, 102 along with the
controller 21 can be utilized for feedback detection and
suppression using any suitable technique.
[0077] The electronic components 20 of the hearing
module 14 can further include one ormoremicrophones.
In embodiments where the first and second sensors 100,
102 are microphones, the microphone of the hearing
module 14 can provide a three-microphone system that
can provide enhanced direction performance of the hear-
ing device system 10.
[0078] Any suitable technique can be utilized to form
the various embodiments of hearing devices described
herein. For example, FIG. 10 is a flowchart of one embo-
diment of amethod 300 of forming the hearing device 12.
Although described regarding the hearing device 12 of
FIGS. 1‑8, the method 300 can be utilized to form any
suitable hearing device.
[0079] At 302, the body 38 of the isolator 36 can be
formed using any suitable technique, e.g., molding. The
first sleeve44canbedisposedat the first end40 thebody
38 of the isolator 36 at 304 using any suitable technique,
e.g., the first sleeve can be over-molded onto the body of
the isolator. Although not shown, in one or more embodi-
ments, the opening 94 can be disposed through the body
38 of the isolator 36 using any suitable technique. At 306,
the second sleeve 46 can be disposed at the second end
42 of the body 38 of the isolator 36 using any suitable
technique, e.g., the second sleeve can be over-molded
onto the body of the isolator. In one or more embodi-
ments, the first and second sleeves 44, 46 can be over-
moldedonto thebody38of the isolator 36simultaneously
or in separate steps.
[0080] At 308, the first sensor 100 can be disposed
within the front housing 24 (e.g., at least partially within
the slot 54 formed in the inner surface 56 of the front

housing) at 308 using any suitable technique. Further, at
310, the second sensor 102 can be disposed within the
rear housing 26 using any suitable technique. At 312, the
receiver 104 can be disposed at least partially within the
body 38 of the isolator 36 using any suitable technique.
The second end 30 of the front housing 24 can be con-
nected to the first sleeve 44 of the isolator 36 at 314 using
any suitable technique. For example, in one or more
embodiments, the end surface 90 of the front housing
24 canbe adhered to at least one of the rib 74or the ledge
of the first sleeve44usingany suitableadhesive. Further,
at 316, the second end 34 of the rear housing 26 can be
connected to the second sleeve 46 of the isolator 36
using a suitable technique. For example, in one or more
embodiments, the end surface92of the secondend34 of
the rear housing 26 can be adhered to at least one of the
rib 76 or the ledge 86 of the second sleeve 46 using any
suitable adhesive.
[0081] All references and publications cited herein are
expressly incorporated herein by reference in their en-
tirety into this disclosure, except to the extent they may
directly contradict this disclosure. Illustrative embodi-
ments of this disclosure are discussed and reference
has been made to possible variations within the scope
of this disclosure. These and other variations and mod-
ifications in thedisclosurewill beapparent to thoseskilled
in the art without departing from the scope of the dis-
closure, and it should be understood that this disclosure
is not limited to the illustrative embodiments set forth
herein. Accordingly, the disclosure is to be limited only
by the claims provided below.

Claims

1. A hearing device comprising:

an enclosure extending along an enclosure axis
and comprising:

a front housing that extends along the en-
closure axis between a first end and a sec-
ond end and comprising an opening dis-
posed in the first end;
a rear housing that extends along the en-
closure axis between a first end and a sec-
ond end; and
an isolator disposed between the front
housing and the rear housing, wherein the
isolator comprises a body that extends
along the enclosure axis between a first
end and a second end, a first sleeve dis-
posed at the first end of the body, and a
second sleeve disposed at the second end
of the body, wherein the second end of the
front housing is connected to the first sleeve
of the isolator and thesecondendof the rear
housing is connected to the second sleeve
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of the isolator;

a first sensor disposed in the front housing;
a second sensor disposed in the rear housing;
and
a receiver disposed at least partially within the
body of the isolator.

2. The device of claim 1, further comprising an acoustic
port that extends through the first end of the isolator
bodybetween the receiver and theopeningdisposed
in the first end of the front housing, wherein the
acoustic port acoustically connects the receiver to
the opening.

3. The device of any one of claims 1‑2, further compris-
ing a first sensor port that extends between the first
sensor and the opening disposed in the first end of
the front housing, wherein the first sensor port op-
eratively connects the first sensor to the opening.

4. The device of claim 3, further comprising a second
sensor port that extends between an inlet of the
second sensor and an opening disposed adjacent
to the first end of the rear housing, wherein the
second sensor port operatively connects the second
sensor to the opening.

5. The device of any one of claims 1‑4, wherein the
isolator body comprises an elastomeric material.

6. The device of any one of claims 1‑5, wherein the first
sleeveof the isolator comprisesa rib that extends ina
direction away from the first end of the body, wherein
the rib is adapted to be inserted into the second end
of the front housing.

7. The device of any one of claims 1‑6, wherein the
second sleeve of the isolator comprises a rib that
extends in a direction away from the second end of
the body, wherein the rib is adapted to be inserted
into the second end of the rear housing.

8. The device of any one of claims 1‑7, wherein at least
one of the first sensor or the second sensor com-
prises a microphone.

9. A hearing device system comprising:
a hearing device comprising:

an enclosure extending along an enclosure axis
and comprising:

a front housing that extends along the en-
closure axis between a first end and a sec-
ond end and comprises an opening dis-
posed in the first end;
a rear housing that extends along the en-

closure axis between a first end and a sec-
ond end; and
an isolator disposed between the front
housing and the rear housing,

wherein the isolator comprises a body that ex-
tends along the enclosure axis between a first
end and a second end, a first sleeve disposed at
the first end of the body, and a second sleeve
disposed at the second end of the body, wherein
the secondendof the front housing is connected
to the first sleeve of the isolator and
the second end of the rear housing is connected
to the second sleeve of the isolator;
a first sensor disposed in the front housing;
a second sensor disposed in the rear housing;
and
a receiver disposed at least partially within the
body of the isolator;
a hearing module adapted to be disposed be-
tweenanear anda skull of awearer, wherein the
hearing module comprises a module housing
and electronic components disposed within
the module housing; and
a cable that connects the hearing device to the
hearing module.

10. The system of claim 9, wherein the electronic com-
ponents of the hearingmodule comprise a controller
that is operatively connected to the hearing device.

11. The system of claim 10, wherein the controller is
adapted to direct a noise canceling signal to the
receiver of the hearing device that is based upon a
noise signal received from the first sensor of the
hearing device, wherein the receiver is adapted to
direct a noise canceling acoustic wave into an ear
canal of the wearer of the hearing device that is
based upon the noise canceling signal from the
controller.

12. The system of any one of claims 10‑11, wherein the
controller is adapted to determine a fit of the hearing
device in an ear canal of the wearer based upon a
feedback signal from the first sensor of the hearing
device in response to a fit-test acoustic wave direc-
ted into the ear canal by the receiver.

13. The system of any one of claims 10‑12, wherein the
controller is adapted to measure a pulse rate of the
wearer based upon a pulse signal received from the
first sensor of the hearing device, wherein the pulse
signal is based upon a pulse detected by the first
sensor.

14. The system of any one of claims 10‑13, wherein the
controller is adapted to measure an occlusion value
of the hearing device in an ear canal of the wearer
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based upon an occlusion signal received from the
first sensor of the hearing device in response to an
acoustic wave directed into the ear canal by the
receiver and detected by the first sensor.

15. The system of any one of claims 9‑14, wherein the
electronic components of the hearing module com-
prise a microphone, wherein each of the first sensor
and second sensor comprises a microphone.
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