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(57) ABSTRACT

An auditory device is disclosed. The auditory device
includes a behind-the-ear element and an at least partially
in-ear element. The behind-the-ear element has a shell
shaped to fit behind an outer portion of an ear of a user. The
shell has first and second sides that are substantially parallel
to each other. The first side faces the outer portion of the ear,
and the second side faces a head of the user. The behind-
the-ear element also includes sound processing circuitry
within the shell. The behind-the-ear element further includes
an ear cushion switch operatively connected to the sound
processing circuitry. The ear cushion switch is located on the
first side of the shell. The at least partially in-ear element
includes a microphone, acoustic pickup pillow-pad, sensors,
receiver and a cushioned tip. The at least partially in-ear
element can include a closed ear detachable cushioned tip
and an open ear detachable cushioned tip.
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BEHIND-THE-EAR AUDITORY DEVICE

TECHNICAL FIELD

[0001] The present invention relates generally to auditory
devices. More specifically, the invention relates to a behind-
the-ear auditory device.

BACKGROUND

[0002] Behind-the-ear auditory devices, such as hearing
aids, headsets, or other audio monitors, are often uncom-
fortable to wear and difficult to adjust. These devices gen-
erally have a behind-the-ear element and an in-ear element.
The behind-the-ear element contains the majority of the
circuitry for such devices, including a microphone, switches,
and other sound processing circuitry. The switch or switches
required for adjusting the mode of the device are generally
on the top edge of the element. These switches are small and
difficult to operate, particularly for users who have arthritis
or otherwise lack finger dexterity.

[0003] Behind-the-ear auditory devices also generally
have an in-ear element that is one of two main types: it can
be closed ear, which means that it completely occludes the
auditory canal, or it can be open ear, which means that there
is an open path laterally from the ear drum to the concha of
the pinna. Both types of devices have advantages and
disadvantages. Open ear devices reduce the occlusion effect,
which is recognized as the hollowness of the wearer’s voice
or a plugged sensation that occurs when acoustic energy is
trapped in the ear canal. However, open ear devices have a
reduced gain available due to acoustic feedback. Conversely,
closed ear devices have less acoustic feedback and higher
gain possible, but increase the occlusion effect, if securely
seated in the cartilaginous portion of the ear drum and not
properly vented:

[0004] Inboth types of devices, the circuitry in the behind-
the-ear element is tuned to maximize the gain from the
single or dual microphones to give the best sound quality
possible for that device. Because of the acoustic differences,
both the open ear and closed ear auditory devices require
unique tuning for that type of in-ear element and present
distinct advantages and disadvantages.

[0005] Therefore, improvements are desirable.

SUMMARY

[0006] In accordance with the present disclosure, the
above and other problems are solved by the following:

[0007] In one aspect, an auditory device is disclosed. The
auditory device includes a behind-the-ear element and an at
least partially in-ear element. The behind-the-ear element
has a shell shaped to fit behind the pinna an outer portion of
an ear of a user. The shell has first and second sides that are
substantially parallel to each other. The first side is parallel
to faces the outer portion of the pinna, and the second side
is parallel to the head of the user. The behind-the-ear element
also includes sound processing circuitry within the shell.
The behind-the-ear element further includes an ear cushion
switch operatively connected to the sound processing cir-
cuitry. The ear cushion switch is located on the first side of
the shell. The at least partially in-ear canal element includes
a receiver, microphone with optional temperature and pulse
oximetry-heart rate sensor elements and a cushioned tip.
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[0008] According to another aspect, a configurable audi-
tory device is disclosed. The configurable auditory device
includes a behind-the-ear element and an at least partially
in-ear canal element. The behind-the-ear element has a shell
shaped to fit behind an outer portion of the pinna of a user.
The shell has first and second sides that are substantially
parallel to each other. The first side faces the outer portion
of the ear, and the second side faces a head of the user. The
behind-the-ear element also includes sound processing cir-
cuitry, control components, battery and additional micro-
phones for improved listening in noisy environments within
the shell. The at least partially in-ear canal element includes
a receiver, microphone, acoustic pickup cushion pillow and
optional sensor elements, a first detachable cushioned tip
having a first auditory characteristic, and a second detach-
able cushioned tip having a second auditory characteristic.

[0009] According to another aspect, a method of changing
a mode of an auditory device is disclosed. The method
includes placing an auditory device having an ear cushion
switch operatively connected to sound processing circuitry
behind an ear, the ear cushion switch facing an outer portion
of a pinna. The method further includes pressing the outer
portion of the pinna to activate the pinna/ear cushion switch.
The ear cushion switch can also be positioned on the spine
of the BTE co-located with the microphone ports and
trimmer or on the underside of the BTE.

[0010] According to a further aspect, a further method of
changing a mode of an auditory device is disclosed. The
method includes detaching a first cushioned tip having a first
configuration from an at least partially in-ear canal element
of an auditory device attachment options: threaded, push-on
flange, and snap fit requiring a special tool to remove
cushioned tip. The method further includes attaching a
second cushioned tip having a second configuration to the at
least partially in-ear canal element. The first configuration
and the second configuration provide different acoustical
characteristics.

[0011] According to another aspect, an at least partially
in-ear hearing aid is disclosed. The at least partially in-ear
hearing aid includes sound processing circuitry within a
shell. It also includes a receiver, microphone, acoustic
pickup pillow-cushions (note: one pillow cushion is for user
voice cellphone pickup and a second pillow-cushion to
laterally provide sufficient pressure against the cartilaginous
portion of the ear canal to make the bone conduction
function, and a body temperature sensor and or heart rate
pulse oximetry sensing. The receiver is operatively con-
nected to the sound processing circuitry, and resides within
an at least partially in-ear canal portion of the at least
partially in-ear hearing aid. The receiver is designed to
generate audio signals received from the sound processing
circuitry. The body temperature sensor is operatively con-
nected to the sound processing circuitry, and resides within
the at least partially in-ear portion of the at least partially
in-ear hearing aid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective view of an auditory device,
according to an embodiment of the present disclosure;

[0013] FIG. 1A is an illustration of the auditory device of
FIG. 1 during use, according to an embodiment of the
present disclosure;
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[0014] FIG. 1B is an illustration of another view of the
auditory device of FIG. 1A, according to an embodiment of
the present disclosure;

[0015] FIG. 1C is an illustration of the auditory device of
FIG. 1, according to an embodiment of the present disclo-
sure;

[0016] FIG. 1D is an illustration of the auditory device of
FIG. 1, according to an embodiment of the present disclo-
sure;

[0017] FIG. 2 is a cutaway view of the auditory device of
FIG. 1, according to an embodiment of the present disclo-
sure;

[0018] FIG. 3 is an exploded view of a behind-the-ear
element, according to an embodiment of the present disclo-
sure;

[0019] FIG. 4 is a cross-section view of a behind-the-ear
element, according to an embodiment of the present disclo-
sure;

[0020] FIG. 5 is an exploded view of a microphone
dampening system, according to an embodiment of the
present disclosure;

[0021] FIG. 6 is a view of a connective element, according
to an embodiment of the present disclosure;

[0022] FIG. 7 is a block diagram of sound processing
circuitry, according to an embodiment of the present disclo-
sure;

[0023] FIG. 8A s a functional diagram of the operation of
sound processing circuitry, according to an embodiment of
the present disclosure;

[0024] FIG. 8B is a functional diagram of a sound pro-
cessing interrupt, according to an embodiment of the present
disclosure;

[0025] FIG. 9 is a perspective view of an at least partially
in-ear element, according to an embodiment of the present
disclosure;

[0026] FIG. 10 is a perspective view of a cushioned tip
with an open ear configuration, according to an embodiment
of the present disclosure;

[0027] FIG. 11 is a perspective view of a cushioned tip
with a closed ear configuration, according to an embodiment
of the present disclosure;

[0028] FIG. 12 is a side view of an at least partially in-ear
element according to a further embodiment of the present
disclosure;

[0029] FIG. 13 is a top view of an auditory device accord-
ing to another embodiment of the present disclosure;

[0030] FIG. 14 is a side view of the auditory device of
FIG. 13;

[0031] FIG. 15 is another view of the auditory device of
FIG. 13;

[0032] FIG. 16 is a perspective view of the auditory device
of FIG. 13;

[0033] FIG. 17 is a perspective view of the auditory device
of FIG. 13;
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[0034] FIG. 18 is an exploded view of an auditory device
according to another embodiment f the present disclosure;

[0035] FIG. 19 is an exploded view of an auditory device
according to another embodiment;

[0036] FIG. 20 is a perspective view of an auditory device
with an open ear configuration; and

[0037] FIG. 21 is a perspective view of an auditory device
with a closed ear configuration.

DETAILED DESCRIPTION

[0038] Various embodiments of the present invention will
be described in detail with reference to the drawings,
wherein like reference numerals represent like parts and
assemblies throughout the several views. Reference to vari-
ous embodiments does not limit the scope of the invention,
which is limited only by the scope of the claims attached
hereto. Additionally, any examples set forth in this specifi-
cation are not intended to be limiting and merely set forth
some of the many possible embodiments for the claimed
invention.

[0039] Referring now to FIGS. 1A and 1B, an auditory
device 100 is shown. The auditory device 100 has a first
element 101. Preferably the first element is a behind-the-ear
element 102. The auditory device 100 also has a second
element 103. Preferably, the second element is an in-ear
canal element 104. The behind-the-ear element 102 is con-
nected to the in-ear canal element 104 by a third element
105. Preferably, the third element 105 is a molded, flexible
wire cable conduit 106. FIG. 1A illustrates the auditory
device 100 during use. The ear includes an eterral ear canal
197, a concha 198, and a pinna 199. FIG. 1B further
illustrates the auditory device 100 during use. The medial
aspect 196 of the pinna 199 is shown.

[0040] The behind-the-ear element 102 has an outer-pe-
riphery or shell 107 shaped to fit behind a portion of the ear
on the upper pinna of the user (medical aspect of the pinna).
FIGS. 1A and 1B illustrate the auditory device 100 in use.
The shell 107 has a first side 108 and a second side 109 (of
which only the top edge is visible in FIG. 1) substantially
parallel to each other, and the first side 108 facing the outer
portion of the ear and the second side 109 facing a head of
the user. Of course, the device 100 can be worn on either ear
with the first and second sides 108, 109 reversed. The shell
108 can be formed from plastic, metal, or any other suitable
material.

[0041] Preferably, the shell is waterproof or water resis-
tant. In the embodiment shown, the shell is formed of a
metal alloy and has a rubberized surface area that rests on
the ear of the user. This construction provides durability
while also providing a comfortable surface contacting the
user’s pinna/ear.

[0042] The shell 107 is sized to fit a typical user. The
behind-the-ear element 102 is between 0.5 inches and 3
inches long and between 0.25 inches and 2.5 inches tall.
Typically, the behind-the-ear element is 1.13 inches long and
0.83 inches tall. Devices of these dimensions are comfort-
able to most adult users; however, these dimensions can be
varied to account for children or other users with ears
smaller or larger.
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[0043] The behind-the-ear element 102 contains sound
processing circuitry within the shell 108 (shown and
described in connection with FIGS. 2 and 7, below). The
behind-the-ear element 102 includes a switch 110, which
includes an ear cushion switch 111 located on the first side
108 of the shell 107 and operatively connected to the sound
processing circuitry. The ear cushion switch 111 can be, for
example, a pushbutton switch, membrane switch, or other
mechanical pressure-activated switch, or alternating layers
of conductive rubber and insulated layers (reference the
z-rubber interconnects drawings this is important because
this technique has never been used as a switch. The ear
cushion switch 111 can also be of other suitable switches.
The switch 111 has an external surface that, in the embodi-
ment shown, is a substantially waterproof, depressible mem-
brane.

[0044] In another possible embodiment (not shown), the
behind-the-ear element has two ear cushion switches, one
each on opposite sides 108, 109 of the behind-the-ear
element 102, the first ear cushion switch in the first side 108
facing the head and the second ear cushion switch in the
second side 109 facing the outer portion of the ear. This
allows the auditory device 100 to be worn on either a right
ear or a left ear of the user while ensuring that one button is
facing the outer portion of that ear.

[0045] The behind-the-ear element 102 also has an audio
input/output port 112. The audio input/output port 112 can
accept an audio jack connected to an external device, for
example, a cellular telephone or an audio device such as a
compact disk, microdrive, or flash memory music player.
The audio input/output port 112 can also connect to an
external device such as a computer to operate as a data input
port. The port 112 can be used to reprogram the auditory
device to customize the sound characteristics to the user as
well as other internal options. The sound processing cir-
cuitry detects whether the audio input/output port is used as
a data or audio port based on a characteristic of the signal
sent to the port 112 from the external device.

[0046] The audio input/output port 112 shown in the
particular embodiment represented in FIG. 1 requires a
wired connection to an external device. However, other
electronic connections can be implemented as the port 112
consistent with the present disclosure and can be a wireless
port. For example, the port 112 can be an RF connection of
any number of protocols, including 802.11a/b/g or Blue-
tooth.

[0047] The behind-the-ear element 102 has a connector
114 including at least four conductive elements. Two ele-
ments are generally used for unidirectional electronic com-
munication from the behind-the-ear element 102 to the
in-ear element 104 in behind-the-ear auditory devices such
as the device 101 described. A connector 114 having four
conductive elements enables bidirectional electronic com-
munication between the behind-the-car element 102 and the
in-ear element 104.

[0048] Preferably, the connector 114 is covered by a strain
relief material that forms a detachable connection between
the behind-the-ear element 102 and the flexible conduit 106
leading to the in-ear element 101. The strain relief material
can be a semi-flexible material that, when attached over the
connector 114, creates a waterproof seal protecting the
connector 114.
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[0049] The at least partially in-ear element 104 has a first
portion 115. Preferably, the first portion 115 is a receiver
116. The in-ear element 104 also has a second portion 117.
Preferably, the second portion 117 is a cushioned tip 118.
The cushioned tip 118 is attached to the receiver, and has at
least one opening, allowing sound from the receiver 116 to
pass to the inner ear.

[0050] The receiver 116 resides unoccluded in the lateral
two thirds of the ear canal. FIG. 1C illustrates the receiver
116 in the ear canal. The receiver 116 accepts signals sent
from the sound processing circuitry of the behind-the-ear
element 102. The signals are sent through one or more of the
conductive elements encased in the molded, flexible conduit
106. Preferably, the receiver 116 is an electroacoustical
converter, as it converts the data signals sent from the sound
processing circuitry into vibrations that are projected toward
the ear drum.

[0051] The cushioned tip 118 can be, for example, of an
open ear configuration or a closed ear configuration. (see
FIGS. 10 and 11 below). The cushioned tip 118 is detachable
from the rest of the at least partially in-ear canal element
104. A closed ear cushioned tip fits a user in a sealed manner
in the boney portion of the ear canal. FIG. 1D illustrates this
embodiment. The deep fit allows a non-occluding effect
while permitting increased acoustic gain. The ear canal is
open lateral to the cushion tip. Alternately, an open ear
cushioned tip fits a user in an unoccluded manner, and has
openings from the ear canal to the outside environment. The
cushioned tip 118 is removable and can be cleaned or
replaced if it becomes completely occluded with earwax or
other matter.

[0052] The at least partially in ear element 102 can include
a microphone connected to an acoustic canal pad (see FIG.
9, below). In operation, the acoustic canal pad resides in
contact with the anterior surface of the ear canal and detects
vibrations caused by the user’s voice. The microphone
receives the acoustical energy from the acoustic canal pad
through the physical connection between the two. A second
pad may be required that is on the opposite side of the pickup
pad because there must be adequate pressure or physical
contact made between the pad and inside the ear canal.
Human anatomy shows that the cross section of the ear canal
will vary from a few mm to 12 mm and this variation needs
to be accounted for with the transducer pick up design. The
microphone transduces the signal from acoustical to electric
form, sending the vibrations to the behind-the-ear element
102 in the form of electrical signals. These signals can be
processed by the sound processing circuitry and relayed
through the audio input/output port 112 to a cellular tele-
phone or other communications device, eliminating the need
for a boom microphone or other separate external micro-
phone when talking on such a device.

[0053] Referring now to FIG. 2, a cutaway view of an
auditory device is shown. The auditory device 200 includes
a behind-the-ear element 202, an at least partially in-ear
element 204, and a connective conduit 206. Preferably, the
behind-the-ear element 202 includes two microphones 209,
210 that detect external sounds. Preferably, each microphone
209, 210 is encased in a pair of sleeves having three internal
and three external contact points to dampen interfering noise
(see FIG. 5, below). Each microphone 209, 210 has one end
proximate to an opening in the shell of the device 200 to
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detect sound external to the behind-the-ear element 204. In
the embodiment shown, one microphone 209 faces forward
while a second microphone faces backward 210. Sound
from both microphones 209, 210 is ported to a digital signal
processor (such as the bloc diagram shown in FIG. 7 below)
to produce a directional effect, allowing the user of the
auditory device 200 to improve the signal to noise ratio
which provides better detection of signal in front of the user
and attenuates sounds coming from behind.

[0054] The behind-the-ear element 202 further comprises
sound processing circuitry 212. The sound processing cir-
cuitry can include, for example, any of a number of signal
processing circuits designed to select, filter, and amplify
sounds detected by the microphones. One specific embodi-
ment of such circuitry is shown in FIG. 7, below.

[0055] Preferably, the sound processing circuitry 212 is
programmable, and can be configured, for example, to
improve the sound quality of the auditory device 200 based
on the configuration of the in-ear element 204. Preferably,
the sound processing circuitry includes both open and closed
ear algorithms. Programmability refers to the ability of a
trained technician or audiologist to change the parameters of
an auditory device without remanufacture. Traditionally,
programmable auditory devices used potentiometers (vari-
able resistors), and were adjusted manually. The number of
parameters that can be adjusted by potentiometers is limited
by the number that can be put in a reasonably sized auditory
device.

[0056] Recent programmable auditory devices can be pro-
grammed by computer. This allows many parameters to be
changed, and allows users to try several listening programs,
and to be able to go back to the program best for the user.
These auditory devices also allow adjustment of the sound
of the auditory device as the user’s sound characteristic
preferences change over time.

[0057] The sound processing circuitry 212 can be con-
nected to the two microphones 209, 210 located in the
behind-the-ear element 202. The microphones 209, 210 are
coordinated by a digital signal processor (such as the one
discussed in FIG. 7 below) to receive sound from the area
surrounding the user to provide improved speech discrimi-
nation ability in the presence of competing noise.

[0058] A connector 214 is operatively connected to the
sound processing circuitry 212. The connector 214 allows
attachment and detachment of the matching connective
conduit 206 connecting the behind-the-ear element 202 to
the in-ear element 204. The connective conduit 206 has a
strain relief device 216 on the portion of the conduit 206 that
connects to the behind-the-ear element 202, where the strain
relief device 216 matches the shape of the behind-the-ear
element 202 surrounding the connector 214 to create a
substantially waterproof seal covering the connector 214
within.

[0059] Preferably, the behind-the-ear element 202
includes an audio input/output port 218 and an ear cushion
switch 220. The audio input/output port 218 is connected to
the sound processing circuitry 212, and can be used to send
audio information to the auditory device 200 or to receive
audio information from the auditory device 200. The audio
input/output port 218 can also be used as a data port, and can
be used to program or adjust the properties of the sound
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processing circuitry 212. In this function, the port 218 can be
used, for example, to alter an amount of amplification or
filtering settings of the sound processing circuitry 212. The
operation of the audio input/output port is discussed in
greater detail in FIG. 7, below, in conjunction with the sound
processing circuitry 212.

[0060] The ear cushion switch 220 is operatively con-
nected to the sound processing circuitry 212. The ear cush-
ion switch 220 can be used to activate or deactivate the
auditory device 200. The ear cushion switch 220 can also be
used to change one or more characteristics of the sound
processing circuitry 212, such as volume or mode of opera-
tion.

[0061] The location and ease of use of the ear cushion
switch 220 enable a technique of changing a mode of an
auditory device, including placing the auditory device
behind an ear such that an ear cushion switch faces the ear,
and pressing the ear to activate the ear cushion switch. The
ear cushion switch 220, operatively connected to sound
processing circuitry, changes a mode of the auditory device
200.

[0062] Referring now to FIG. 3, an exploded view of a
behind-the-ear element 300 is shown according to a specific
embodiment of the present disclosure. The behind the ear
element 300 includes a shell 301. The shell 301 can be
constructed of two shell sections 302a, 30254. The shell
sections 302a, 3025 can be fastened together using screws,
adhesive, or other suitable fastening means. The shell sec-
tions 302a, 3025 can be made of metal, plastic, or other
rigid, machinable material. Of course any suitable material
can be used. A rubberized O-ring 304 can be placed at the
junction of shell sections 302a, 3025 to ensure a substan-
tially waterproof joint. Preferably, a battery door 306 is
incorporated into the shell 301 and is sized to hold a standard
hearing aid battery. A contact block 308 is located within the
shell 301 and provides the electrical contact between a
hearing aid battery and the rest of the elements in the
behind-the-ear element 300.

[0063] Ear cushion switches 310a, 3105 are found on each
shell section 3024, 3025, respectively, such that while the
behind-the-ear element 300 is worn by a user, one ear
cushion switch 310a faces a head and the other ear cushion
switch 3105 faces the outer portion of the pinna/ear of the
user. Immediately internal to each ear cushion switch 310a,
3105 are trace circuitry pads 312a, 3125, respectively. Either
ear cushion switch 310a, 3105 can be depressed, making
contact with the trace circuitry pad 312a, 3125 proximately
located to each ear cushion switch 310a, 3105, respectively.
An internal side of each ear cushion switch 310a, 3105 is
conductive. Positive and negative traces on the pads 312a,
3125 can be shorted together by contact with the internal
side of the ear cushion switch 310a, 3104, respectively, thus
causing a switching moment to occur.

[0064] A first microphone 314a and a second microphone
314b are located within the shell 301. The first and second
microphones 314a, 3145 are partially surrounded by damp-
ening elements 316a-d to prevent unwanted vibration (see
FIG. 5, below).

[0065] A trimmer 318 is located within the shell 302a. The
trimmer 318 is operatively connected to internal circuitry
320. The internal circuitry includes, for example, a digital
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signal processor and program memory (see FIG. 7, below).
The trimmer 318 allows adjustment of the output of the
behind-the-ear element 300. The trimmer 318 is located
adjacent to an access opening in the shell 301 to allow for
such adjustment. A plug 322 can be included to fill such an
opening in the shell 301 that can be necessary to access and
adjust the trimmer 318.

[0066] A socket 324 and socket cover 326 provide a
substantially waterproof access point to internal circuitry
that can be used, for example, to connect an audio input/
output port.

[0067] A connector 328 is incorporated into the shell 301
such that it faces forward when the behind-the-ear element
300 is worn by a user. The connector 328 includes at least
four connective elements, and can be used, for example, to
connect the behind-the-ear element 302 to a connective
conduit such as the one shown in FIG. 6.

[0068] A telecoil 330 is included in the behind-the-ear
element 300. Preferably, the telecoil 330 is a small, tightly-
wrapped induction coil that, when activated, picks up the
voice signal from the electromagnetic field that leaks from
compatible telephones. Many telephones emit a low-level
electrical signal detectable by such a telecoil 330 such as
those commonly found in hearing aids. A telephone that is
telecoil-compatible has an internal feature that allows the
use of telephone-compatible auditory devices. Federal rules
require that phones produce a magnetic field of sufficient
strength and quality to permit coupling with auditory
devices that contain a telecoil 330. Hence, users of telecoil-
equipped auditory devices can communicate over the tele-
phone without feedback or amplification of unwanted back-
ground noise. The telecoil 330 can be placed, for example,
in the behind-the-ear element 300.

[0069] A reed switch 332 is incorporated in the behind-
the-ear element 300. The reed switch 332 is activated upon
detection of the magnetic field provided by a telecoil-
enabled telephone. The reed switch 332 provides an inter-
rupt switch that remains tripped when a telecoil-enabled
telephone is detected as in use by the user of the auditory
device 300. The reed switch 332 provides a continuous
switch during the time the telecoil-enabled telephone is in
use, and allows the internal circuitry 320 to operate in the
correct telecoil-enabling mode during that time. (See, for
example, the discussion of the telephone interrupt mode in
FIG. 8B, below).

[0070] Referring now to FIG. 4, a cross-section view of a
behind-the-ear element 400 is shown according to a specific
embodiment of the present disclosure. The behind-the-ear
element 400 includes a shell 402 that can be one or more
pieces. In the embodiment shown, two pieces of the shell
402 are connected and a rubberized o-ring 404 provides
waterproofing of the seal between the portions of the shell
402. The shell 402 is shaped to fit behind an ear, with the
bottom portion slightly narrower than the top edge to
increase comfort to a user.

[0071] The sides of the shell 402 taper slightly, but are
substantially parallel. There is an ear cushion switch 406 on
one or both sides of the shell. The ear cushion switch 406
covers a trace circuitry pad 408. The ear cushion switch is
flexible, and can be depressed so that it makes contact with
the trace circuitry pad 408. The internal side of the ear
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cushion switch 406 can be conductive, and can short positive
and negative traces together on the trace circuitry pad 408.

[0072] A trimmer 410 resides below a removable plug
412, and the trimmer 410 can be used to adjust one or more
settings of the behind-the-ear element 400. For example, the
trimmer 410 can be used to adjust the amplitude of electrical
signals sent by the behind-the-ear element 400. The trimmer
410 is connected to internal circuitry 412.

[0073] Referring now to FIG. 5, an exploded view of a
vibration dampening system 500 is shown. The system 500
preferably includes a microphone 502 and a first dampening
element 504. The system 500 can also include a second
dampening element 506. The microphone 502 detects sound
waves and transduces them into electrical signals. Often if
the microphone 502 is in direct contact with other rigid
elements, any movement of the other rigid elements caused
by body acoustics or other non-sound vibration can be
transferred through contact and detected by the microphone
502. This vibration potentially will create an interfering
signal that can distort the detected sound waves and nega-
tively affect the transduced electrical signal.

[0074] The dampening elements 504, 506 are made from
a dampening material such as a silicone, soft plastic, rubber,
or other suitable material. The first dampening element 504
has a port 508 providing an opening so that the microphone
502 can detect sound waves in the surrounding air. When
used in an auditory device such as a hearing aid, the port 508
generally faces an opening in the shell of a behind-the-ear
element (as seen in FIG. 2, above). Both elements 504, 506
have internal prongs 510a-c offset from external prongs
512a-c. The combination of the offset prongs 510, 512 and
the dampening material insulates the microphone 502 from
unwanted vibration.

[0075] Referring now to FIG. 6, a view of a connective
conduit 600 is shown. The connective conduit 600 includes
a strain relief device 602, a connector 604, and a wire, or
conduit, 606. The strain relief 602 is shaped to form a
substantially waterproof junction with a behind-the-ear ele-
ment of an auditory device, such as that disclosed in FIGS.
1-4 above.

[0076] The connector 604 is surrounded by the strain relief
602. The connector 604 matches a connector on a behind-
the-ear element of an auditory device, such as the one
disclosed in FIGS. 1-4 above. Preferably, the connector 604
includes four connective elements, allowing for bidirec-
tional communication of electric signals along the connec-
tive conduit 600.

[0077] The wire 606 is connected to the connector 604,
and is molded into the strain relief 602. Preferably, the wire
606 includes four conductive elements corresponding to the
four conductive elements of the connector 604. The wire 606
can be made of conductive elements of any material such as
copper or other suitable conductive material. The conductive
elements are shielded and surrounded by any molded, flex-
ible conduit, such as a semi-rigid plastic.

[0078] Referring now to FIG. 7, a block diagram of an
example sound processing circuitry 700 is shown. The sound
processing circuitry 700 includes an input stage 702. The
input stage 702 receives input signals from one or more
input sources, and can convert analog signals to digital
signals for usage by other aspects of the sound processing
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circuitry 700. Specifically, the input stage 702 can receive
input signals from one or more microphones 704. The
microphones 704 can, for example, be a pair of microphones
mounted within a behind-the-car element of an auditory
device. These microphones 704 can be positioned within the
behind-the-ear element, for example, to detect sounds from
forward and backward of the behind-the-ear element.

[0079] The input stage 702 can also receive input signals
from a bone conduction sensor 706 connected to a micro-
phone 708. The bone conduction sensor 706 can be, for
example, a flexible membrane positioned on an at least
partially in-ear element so that it contacts the cartilaginous
portion of the ear canal, connected to a rigid base. The bone
conduction sensor 706 detects vibration of the bony portion
of the ear canal caused by the user’s speech.

[0080] The bone conduction sensor 706 can have an
acoustic port connecting it to the microphone 708 so that the
sensor 706 amplifies and routes the detected vibration to the
microphone 708. The bone conduction sensor 706 acts
similarly to a stethoscope in this way, and the microphone
detects and converts the amplified acoustic signals to elec-
trical signals to be sent, for example, to other sound pro-
cessing circuitry in the behind-the-ear element.

[0081] Alternatively, the in the ear canal bone conduction
can be replaced and positioned on the BTE as another
configuration where the ear cushion switches are located.
The in the ear canal microphone is then used to strictly for
listening and a snorkel tube is extended outside the ear canal
for pick-up. Then there are three microphones for an array
pickup an listening-one in the receiver ear tip module and
two on the BTE. Using Digital Signal processing this will
make the hearing aid to function like a microphone array
providing signal to noise improvements much greater than 5
dB typically achieved with only directional microphones.
Directional microphones is defined as unidirectional micro-
phone polar response with greater sensitivity to sound in one
direction and blocking unwanted noise that may be behind
the listener/user. Two omni microphones used in the BTE
are combined in the DSP processor to give a special car-
dioid, super cardioid, or hyper-cardioid response for
improved signal to noise ratio. The DSP processor can be
configured to make use of all three microphones (two on
BTE and one in the RX module to provide a very narrow
beam of listening less than 30 degrees.

[0082] The bone conduction sensor 706 can be used to
detect external sounds as well. The microphone 708 can be
used with two other microphones, for example, microphones
704, as can be found in a behind-the-ear element of an
auditory device to create a three-microphone array of input
sources such that the sound processing circuitry 700 can
process external sound with an improved signal-to-noise
ratio and directivity or localization, than is possible using
two microphones. Signal-to-noise ratio is an engineering
term for the ratio between the magnitude of a signal (mean-
ingful information) and the magnitude of background noise.
Directivity refers to the ability of the user to determine the
direction from which a sound comes from. By orienting
multiple microphones in varying directions and using micro-
phones that are more sensitive to sounds detected from a
specific direction, the sound processing circuitry 700 can
create a sound that simulates to a user the direction of the
source of the sound.
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[0083] The input stage 702 can further receive input
signals from a telecoil 71Q. The telecoil 710 can be placed,
for example, in the behind-the-ear element of an auditory
device. The telecoil 710 amplifies electromagnetic signals
emitted by equipped telephones, allowing an auditory device
to assist a user in hearing a telephone conversation by
minimizing interference and amplifying the desired output
of the telephone. For usage with equipped telephones,
telecoil amplification can be preferable to acoustic detection
and amplification because, for example, it allows filtering of
acoustic noise.

[0084] The input stage 702 can also receive input signals
from an input port 712. The input port 712 can be a data jack,
wireless communication protocol, or any other audio input/
output port. The input stage 702 detects the type of device
connected to the input port 712. For example, the input stage
702 can detect that the device is a cellular telephone or other
communications device. The input stage 702 transmits the
input signals to the rest of the sound processing circuitry 700
for subsequent filtering and/or amplification as discussed
below.

[0085] Alternately, the input stage 702 can detect that the
device connected to the input port 712 is a programming
device. The input stage 702 could then transmit program-
ming commands to various other portions of the sound
processing circuitry (as described below).

[0086] The input stage 702 is operatively connected to a
digital signal processor 714. The digital signal processor 714
is capable of performing a wide variety of functions, includ-
ing gain processing, feedback reduction, noise reduction,
speech enhancement, directionality control, and signal gen-
eration among other things. As such, the digital signal
processor 714 executes the major sound processing steps
required by a digital auditory device such as those discussed
herein.

[0087] The digital signal processor 714 statistically analy-
ses signals to automatically regulate sound channels to
maximize the user’s listening experience. The system com-
pensates in each of the channels for the differences in
loudness perception, known as “recruitment,” experienced
by most hearing impaired users.

[0088] This loudness mapping involves a large number of
compressors and varying time windows to avoid any sudden
audible changes or distortion. After the signal processing is
complete, the circuits convert the multibit data stream into
a single pulse, direction-coded (+ or -) signal that is
presented directly to the output transducer. Often noise
frequencies are above a specific frequency and are ignored
during output.

[0089] Regarding gain processing, the digital signal pro-
cessor 714 can include input signal-specific band depen-
dence, a numbers of channels, and kneepoints with lower
compression thresholds than in an analog auditory device.
Hence, inclusion of the digital signal processor 714 can lead
to improved audibility with less clinician effort. The digital
signal processor 714 can also be used to expand the digital
signals representing sounds. This expansion can lead to
greater user satisfaction by reducing the intensity of low-
level environmental sounds and microphone noise.

[0090] Regarding feedback reduction, the digital signal
processor 714 can use a feedback cancellation system or
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notch-filtering algorithm to reduce or eliminate unwanted
feedback that can occur occasionally due to jaw movement
or close proximity to objects.

[0091] Regarding noise reduction, the digital signal pro-
cessor 714 can reduce gain in low frequencies or specific
frequency bands when steady state signals are detected,
indicating that such signals are noise. Such noise reduction
can reduce the annoyance of the user of an auditory device
and can potentially improve speech recognition, particularly
in conjunction with complimentary processing of directional
microphone information.

[0092] Regarding speech enhancement, the digital signal
processor 714 can increase the relative intensity of some
segments of speech based either on temporal or spectral
content.

[0093] Regarding directionality control, the digital signal
processor 714 can be used in conjunction with multiple
microphones, as is shown above. The digital signal proces-
sor 714 is used to calibrate microphones, control the shape
of the directional pattern, automatically switch between
directional and omnidirectional modes, and through expan-
sion, reduce additional circuit noise generated by the direc-
tional microphones. This allows a user to perceive the
direction from which a sound can be coming from while not
providing multiple sound feedback paths causing an echo
effect from the auditory device. With respect to direction-
ality, the digital signal processor can accept inputs from two
or more microphones 704 through the input stage. These
microphones can include a microphone 708 connected to a
bone conduction sensor 706. Usage of an additional micro-
phone oriented in a third direction such as microphone 708
when compared to the other directional microphones 704
can improve the signal-to-noise ratio and the directionality
of the sound processing, improving a user’s overall hearing
experience.

[0094] Regarding signal generation, the digital signal pro-
cessor 714, because of its fundamental nature, can generate
and process sound signals. Loudness growth and specific
spectral sound fitting can be achieved by this use. Signal
generation and spectral sound fitting assists hearing-im-
paired users of such an auditory device, because often these
users have certain spectra of sound that they have difficulty
detecting. The digital signal processor 714 can be custom-
ized to amplify those certain spectra to customize the sound
processing for that specific user.

[0095] Preferably, the digital signal processor 714 is
operatively connected to a program memory 716. The pro-
gram memory 716 can consist of read-only memory, random
access memory, flash memory, other compact memory such
as an EEPROM or other suitable memory. A portion of the
program memory 716 allows for permanent storage of
programmed settings (such as in EEPROM or flash memory)
so that the auditory device can retain those program settings
when the auditory device is powered off, such as when the
battery is being changed. A portion of the program memory
716 must also be read/write memory such as RAM or flash
memory, allowing the digital signal processor 714 to store
intermediate computations as needed for digital signal pro-
cessing.

[0096] The digital signal processor 714 can load stored
messages from the program memory 716 and output mes-
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sages to the user of the auditory device. In this way, voice
messages can be delivered from the auditory device to the
user. These voice messages can, for example, relate to the
current mode of the device or other parameters monitored by
the device.

[0097] The digital signal processor 714 is operatively
connected to a general purpose input/output block 718. The
general purpose input/output block 718 acts as an input
controller for interrupt-driven or polled input ports. Prefer-
ably, the general purpose input/output block 718 connects to
a body temperature sensor 720, heart rate-pulse oximetry
sensors, a reed switch 722, and a program switch 724.

[0098] The body temperature sensor 720 resides in the at
least partially in-ear element, and can detect whether, for
example, the user has a fever. The temperature sensor 720 is
connected to the general purpose input/output block 718,
which sends information to the digital signal processor 714.
The digital signal processor 714 can then be used to give
verbal readings of the user’s current temperature to the user
through the receiver placed in the patient’s ear (for example
the receiver described in FIG. 9, below).

[0099] The reed switch 722 provides an interrupt switch
connected to the general purpose input/output block 718,
and activates when a telecoil-enabled telephone is detected
as in use by the user of the auditory device. The reed switch
722 provides a continuous switch during the time the
telecoil-enabled telephone is in use, allowing the auditory
device to remain in one interrupt-driven mode (See, for
example, telephone interrupt mode in FIG. 8B, below).

[0100] The program switch 724 allows the user to manu-
ally change the operation of the auditory device. When
depressed manually, the program switch 724 sends a signal
to the general purpose input/output block 718 that the user
would like to change the mode of operation of the auditory
device. This information is sent to the digital signal proces-
sor 714 that changes mode according to its operational flow.
A possible operational flow is described below in connection
with FIGS. 8A-8B. The program switch 724 can be, for
example, an ear cushion switch mounted on the auditory
device such as the one described above in FIGS. 2-3.

[0101] Preferably, the digital signal processor 714 is
operatively connected to an output amplifier 726. The output
amplifier 726 receives signals from the digital signal pro-
cessor and increases or decreases the volume represented by
the signal. The output amplifier can be embodied as a
trimmer that is manually adjustable. The output amplifier
726 is connected to a speaker 728. The speaker 728 gener-
ates audible sound based on the electrical signals it is sent
from the output amplifier 726, which are directed toward the
user’s eardrum. The speaker 728 can be, for example, a
receiver placed in a user’s ear.

[0102] Additional input or other sensing elements can be
incorporated as inputs into either the input stage 702 or the
general purpose input/output block 718. For example, a
heart rate monitor such as the one disclosed in FIG. 12 can
be incorporated as an input into the general purpose input/
output block 718. Other similar sensing elements can also be
so incorporated.

[0103] Referring now to FIG. 8A, a functional diagram of
the operation of the sound processing circuitry 800 is shown.
This sound processing circuitry is included in an auditory
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device, such as a hearing aid. The operation 800 starts with
abegin operation 802. This can occur, for example, when the
sound processing circuitry is activated, as in when an
auditory device is turned on.

[0104] After the begin operation 802, the sound process-
ing circuitry 800 includes four modes in which it can
function. The sound processing circuitry 800 can function in
an omnidirectional mode 804. In this mode, the sound
processing circuitry 800, including a digital signal processor
such as the one described above in FIG. 7, only refers to one
microphone present in an auditory device. The sound pro-
cessing circuitry sends an indication to a user of an auditory
device that the device is currently in the omnidirectional
mode 804. This, for example, can be done by a verbal
command output to a receiver on the auditory device from
program memory. In the omnidirectional mode 804, pro-
cessed electrical signals are sent to the receiver, for example
the speaker shown in FIG. 7. The digital signal processor is
actively reducing the noise levels detected by the micro-
phone.

[0105] A directional mode 806 provides directional sound
response to the user, suppressing acoustic energy from
behind the user thus improving signal to noise ratio for the
user. The digital signal processor can coordinate multiple
microphones facing different directions. The sound process-
ing circuitry sends an indication to a user of an auditory
device that the device is currently in the directional mode
806. This, for example, can be done by a verbal command
output to a receiver on the auditory device from program
memory. The directional mode 806 accepts signals from
multiple microphones, which are treated to create a cardioid
polar response, with higher sensitivity to sounds detected
forward of a user. In the directional mode 806, processed
electrical signals are sent to the receiver. The digital signal
processor is actively reducing the noise levels detected by
the microphone.

[0106] A cell phone operation mode 808 provides two-
way communication to an external communications device,
such as a cellular telephone. This is particularly useful
because often users of auditory devices have difficulty in
simultaneous use of a cellular telephone and an auditory
device. The sound processing circuitry sends an indication to
a user of auditory device that the device is currently in the
cell phone mode 808. This, for example, can be done by a
command output to a receiver on the auditory device from
program memory. A wired or wireless communications link
is established from the communications device to the audi-
tory device, providing audio information from and to the
communications device. At least one microphone in the
auditory device remains active, but external sound detected
by the microphone is mixed with the audio input from the
communications device by the digital signal processor. The
external sound is mixed at a lower volume than the input
received from the communications device so that a user can
continue to hear both the conversation on the communica-
tions device and external sounds. This combined signal is
sent to the receiver.

[0107] The cell phone operation mode 808 also includes
activation of a microphone located near the cartilaginous
portion of the user’s ear canal such that the microphone
detects ear canal vibrations sensed by a “bone conduction”
sensor. The digital signal processor accepts (through the
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input stage shown in FIG. 7) input from the microphone.
This input is an electrical representation of the speech of the
user. The digital signal processor applies a noise reduction
algorithm to the signal to compensate for body transfer loss.
The resulting signal is output to the communications device
through the communications link, rather than to the receiver.

[0108] A telecoil mode 810 allows the auditory device to
assist a user in a magnetic loop equipped audition room such
as a school class, a conference room, a church etc. The sound
processing circuitry sends an indication to a user of auditory
device that the device is currently in the telecoil mode 810.
This, for example, can be done by a verbal command output
to a receiver on the auditory device from program memory.
While in telecoil mode 810, the auditory device can receive
magnetic signals from a magnetic loop. These signals are a
representation of the sound that normal people would hear
broadcasted by a speaker. When in telecoil mode 810, the
telecoil in a behind-the-ear element of the auditory device is
active. The digital signal processor applies a noise reduction
algorithm to the signal to compensate for external interfer-
ence and feedback. The resulting signal is output to the
receiver.

[0109] A toggle switch 812 allows the user to switch
between the various modes configured for the sound pro-
cessing circuitry 800. The switch 812 can be, for example,
an ear cushion switch on the side of a behind-the-ear element
of the auditory device.

[0110] Referring now to FIG. 8B, a functional diagram of
a sound processing interrupt 814 is shown according to an
embodiment of the present disclosure. A telephone interrupt
mode 816 is activated separately from the toggle switch 812,
and interrupts the operation of any mode currently active
within the auditory device. An interrupt 818 signals that a
magnetic field from a telecoil-enabled telephone is detected
near the auditory device. The sound processing circuitry
sends an indication to a user of an auditory device that the
device is currently in the telephone interrupt mode 816. This,
for example, can be done by a verbal command output to a
receiver on the auditory device from program memory.
While in telephone interrupt mode 816, the auditory device
receives magnetic signals from a telecoil-enabled telephone.
These signals are a representation of the sound emanating
from a speaker within a handset of the telecoil-enabled
telephone. When in telephone interrupt mode 816, the tele-
coil in a behind-the-ear element of the auditory device is
active. The digital signal processor applies a noise reduction
algorithm to the signal to compensate for external interfer-
ence and feedback. The resulting signal is output to the
receiver. When the telecoil-enabled telephone is moved
away from the auditory device, the interrupt 818 is removed
and one of the non-interrupt operation modes (such as those
listed above) is resumed.

[0111] An end operation 820 suspends operation of the
sound processing circuitry 800 within the auditory device.
This can occur, for example, when the auditory device is
deactivated or turned off based on a user holding in the
toggle switch for a prolonged time.

[0112] Although FIGS. 8A and 8B show a particular order
of modes, any ordering of modes could be implemented
consistent with the present disclosure. Further, additional
modes can be added that apply to specific functionality of
the auditory device. The modes shown herein are in no way
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intended to limit the scope of the invention, as a wide variety
of alternative implementations of program control can be
implemented without departing from the spirit and scope of
the disclosure.

[0113] Referring now to FIG. 9, a perspective view of an
at least partially in-ear element 900 is shown. The at least
partially in-ear element 900 includes a receiver 902, a
microphone 904, and an acoustic canal pad 906. The at least
partially in-ear element 900 further includes a cushioned tip
908, additional examples of which are shown in FIGS. 10
and 11. Preferably, the receiver 902 is electrically connected
to a behind-the-ear portion of an auditory device by a pair of
conductive elements that can, for example, be part of a
connective conduit as shown in FIG. 6. The receiver 902
converts the electric signals to acoustic signals and emits the
acoustic signals as sound appropriately.

[0114] When a user speaks, their cartilaginous portion of
their ear canal is set into vibration. The acoustic canal pad
906 resides in the ear canal against the jawbone or skull to
detect these vibrations. The acoustic canal pad 906 has a
flexible contact membrane and a rigid base that amplify and
route acoustic signals caused by the vibration to the micro-
phone 904.

[0115] The microphone 904 is acoustically connected to
the acoustic canal pad 906. The pad 906 transfers these
vibrations to the microphone 904, which transduces these
signals to electric signals. The microphone 904 is electri-
cally connected to a behind-the-ear portion of an auditory
device by a pair of conductive elements that can, for
example, be part of a connective conduit as shown in FIG.
6. So, ear canal vibration can be detected and transduced to
produce an electrical signal representative of a user’s
speech.

[0116] Referring to FIG. 10, a cushioned tip 1000 with an
open ear configuration is shown. The cushioned tip 1000 has
an output port 1002. The output port directs sound output
from a receiver such as the one described above in conjunc-
tion with FIG. 9.

[0117] The cushioned tip 1000 is substantially cylindrical.
The cushioned tip 1000 can be manufactured in a variety of
sizes; typical configurations have an outside diameter of
0.19 inches, and a length of 0.015 inches. The cushioned tip
1000 can also have a portion of the leading edge formed at
an angle to allow for easier and more comfortable insertion
of an at least partially in-ear element into an ear canal of a
user. In the tip 1000 shown, a leading radial edge of the tip
1000 has a 28 degree angle. Alternately, a rounded leading
radial edge or other angles can be used.

[0118] An internal area of the cushioned tip 1000 is sized
and formed to fit an output port of a receiver such as the one
shown and described in conjunction with FIG. 9.

[0119] The cushioned tip 1000 has at least one opening
1004 transverse to and intersecting the output port 1002. The
opening 1004 allows air intake necessary for sound output to
occur through the port 1002 without unwanted feedback
effects caused by interfering airflow.

[0120] The cushioned tip 1000 is sized and shaped so that
it does not completely occlude the inner ear, allowing an air
path from concha to the eardrum of the user. (See FIG. 1C.)
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This avoided occlusion reduces or eliminates the hollow
sound of the user’s voice when in an auditory device is used
such as is described herein.

[0121] The cushioned tip 1000 is detachable, and slides
over an output port of a receiver, such as the one shown
above in FIG. 9. An appropriate cushioned tip can be
installed on an at least partially in-ear element such as the
one shown in FIG. 9 so as to comfortably fit a user’s ear and
effectively focus sound toward the user’s eardrum.

[0122] Referring now to FIG. 11, a cushioned tip 1100
with a closed ear configuration is shown. The cushioned tip
1100 includes a leading portion formed of size and shape
similar to that shown in FIG. 10.

[0123] The cushioned tip 1100 has an output port 1102.
The output port directs sound output from a receiver such as
the one described above in conjunction with FIG. 9.

[0124] The cushioned tip 1100 is substantially bell-
shaped. The cushioned tip 1100 can be manufactured in a
variety of sizes; typical configurations have an outside
diameter of 0.315 inches to 0.472 inches, and a length of
0.252 to 0.312 inches. The cushioned tip 1100 can also have
a portion of the leading edge formed at an angle to allow for
easier and more comfortable insertion of an at least partially
in-ear element into an ear canal of a user. In the tip 1100
shown, a leading radial edge has a 28 degree angle. Alter-
nately, a rounded leading radial edge or other angles can be
used.

[0125] An internal area of the cushioned tip 1100 is sized
and formed to fit an output port of a receiver such as the one
shown and described in conjunction with FIG. 9.

[0126] The cushioned tip 1100 has at least one opening
1104 transverse to and intersecting the output port 1102. The
opening 1104 allows air intake necessary for sound output to
occur through the port 1102 without unwanted whistling
effects caused by interfering airflow.

[0127] The cushioned tip 1100 is sized and shaped so that
it completely occludes the boney portion of the external ear
canal. (See FIG. 1D.) The occlusion can be custom fitted for
each particular user by selecting a larger or smaller tip 1100.
This occlusion allows for increased gain in audio amplifi-
cation of an auditory device such as is described herein.
Since the cushioned tip is seated in the boney portion of the
ear canal acoustic energy lateral to the tips is vented which
prevents the occlusion effect.

[0128] The cushioned tip 1100 is detachable, and slides
over an output port of a receiver, such as the one shown
above in FIG. 9. An appropriate cushioned tip can be
installed on an at least partially in-ear element such as the
one shown in FIG. 9 so as to comfortably fit a user’s ear and
effectively focus sound toward the user’s eardrum.

[0129] Because the cushioned tips shown in FIGS. 10 and
11 are detachable from the at least partially in-ear element
shown in FIG. 9, a technique for changing sound charac-
teristics of an auditory device is therefore incorporated in
this disclosure, in which a user can remove one type of
cushioned tip, such as the open ear tip of FIG. 10, and
replace it with the closed ear tip of FIG. 11. The sound
processing circuitry adjusts to improve the gain and sound
quality of the auditory device without user intervention.
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[0130] Referring now to FIG. 12, a side view of an at least
partially in-ear element 1200 is shown according to a further
embodiment of the present disclosure. The at least partially
in-ear element includes a receiver 1202 and a microphone
1204. An exemplary description of the operation of these
elements has previously been given in conjunction with FIG.
9. An acoustic canal pad 1206 is acoustically connected to
the microphone 1204, and resides to one side of the micro-
phone 1204 so that it can be placed against a bony portion
of a user’s external canal ear. The acoustic canal pad 1206
includes a flexible membrane and a rigid base such that it
amplifies and routes acoustic signals to the microphone
1204, operating as a stethoscope-like device for detecting
speech-caused vibration of the user’s external ear canal.

[0131] A cushioned tip 1208 is attached to the end of the
at least partially in-ear element 1200, such as those
described in conjunction with FIGS. 10 and 11.

[0132] A body temperature sensor 1210 is included in the
at least partially in-ear element 1200. The body temperature
sensor 1210 resides along the at least partially in-ear element
1200 so that it contacts a portion of the ear canal of the user.
The body temperature sensor 1210 can be a thermistor or
other non-irritating element with temperature-dependent
response characteristics. The body temperature sensor 1210
can send an electrical signal to, for example, a behind-the-
ear element, which can contain sound processing and health
monitoring circuitry programmed to alert the user if the
user’s temperature rises substantially above 98.6 degrees
Fahrenheit, indicating that the user has a fever.

[0133] A heart rate monitor 1212 can also be included in
the at least partially in-ear element 1200. The heart rate
monitor 1212 can be placed against an internal portion of the
user’s ear canal where the heart rate monitor 1212 can detect
the user’s heartbeat. The heart rate monitor 1212 can send an
electrical signal to, for example, a behind-the-ear element,
which can contain sound processing and health monitoring
circuitry programmed to alert the user if the user’s heart rate
is above a certain preselected heart rate, indicating that the
user has reached a strenuous level of activity.

[0134] FIGS. 13-17 are views of an auditory device 1300
according to another embodiment of the present disclosure.
FIG. 18 is an exploded view of an auditory device 1800
according to another embodiment of the present disclosure.
FIG. 19 is an exploded view of an auditory device 1900 that
can be connected to, for example, the auditory device 1800
of FIG. 18. FIG. 20 is an example illustration of an auditory
device 2000 that can be connected to, for example, the
auditory device 1300 of FIGS. 13-17. The auditory device
2000 has an open ear configuration. FIG. 21 is an example
illustration of an auditory device 2100 that can be connected
to, for example, the auditory device 1300 of FIGS. 13-17.
The auditory device 2100 has a closed ear configuration.

[0135] The elements disclosed herein, particularly those
disclosed in conjunction with the at least partially in-ear
element, can be incorporated in either behind-the-ear audi-
tory devices, in-the-ear, canal, mini-canal, half-shell or
completely-in-canal auditory devices. Specifically, the usage
of a heart rate monitor, configured bone conduction sensor
and third microphone, and body temperature sensor can
readily be incorporated into both types of devices consistent
with the present disclosure and dependent on the preferences
of the user.
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[0136] Consistent with the present disclosure, additional
embodiments of the auditory device are also possible, and
can include features related to the connective conduit, the
behind-the-ear element, or the at least partially in-ear ele-
ment.

[0137] A connective conduit can be incorporated into the
auditory device that is retractable into the behind-the-ear
element. Additionally, a wide variety of tactile switches can
be incorporated into the behind-the-ear element. A radio
frequency receiver/transmitter can eliminate the need for a
plug as part of the audio input/output port.

[0138] Additionally, customized cushioned tips of varying
sizes to fit various sized ears can also be included on the at
least partially in-ear element. The cushioned tips can be of
a variety of configurations. A brace can be included on the
at least partially in-ear element to hold the element in place
inside the ear. The above specification, examples, and data
provide a complete description of the manufacture and use
of the invention. Since many embodiments of the invention
can be made without departing from the spirit and scope of
the invention, the invention resides in the claims hereinafter
appended.

1. An auditory device including:
a behind-the-ear element including

(a) an enclosure shaped to fit behind an outer portion of
an ear of a user, the shell having a first side and a
second side substantially parallel to each other, and the
first side facing the outer portion of the ear and the
second side facing a head of the user;

(b) sound processing circuitry within the enclosure; and

(c) an ear cushion switch located on the first side of the
shell and operatively connected to the sound processing
circuitry; and

an at least partially in-ear element operatively connected
to the behind-the-ear element and comprising a receiver
and a cushioned tip.

2. The auditory device of claim 1 wherein the ear cushion
switch includes a pushbutton switch.

3. The auditory device of claim 1 wherein the ear cushion
switch includes a flexible membrane covering an electrical
or electromechanical switching device.

4. The auditory device of claim 1 wherein the behind-
the-ear element further comprises a second ear cushion
switch located on the second side of the shell and facing the
head of the user.

5. The auditory device of claim 1 wherein the behind-
the-ear element is substantially waterproof.

6. The auditory device of claim 1 wherein the at least
partially in-ear element further comprises a microphone.

7. The auditory device of claim 6 wherein the at least
partially in-ear element further comprises an acoustic canal
pad operatively connected to the microphone.

8. The auditory device of claim 1 wherein the at least
partially in-ear element further comprises a body tempera-
ture sensor.

9. The auditory device of claim 1 wherein the at least
partially in-ear element further comprises a heart rate moni-
tor.

10. The auditory device of claim 1 wherein the behind-
the-ear element further comprises a telecoil.
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11. The auditory device of claim 1 wherein the behind-
the-ear element further comprises two microphones.

12. The auditory device of claim 11 wherein the behind-
the-ear element further comprises one or more dampening
elements partially surrounding the two microphones.

13. The auditory device of claim 1 wherein the behind-
the-ear element further comprises an audio input/output
port.

14. The auditory device of claim 13 wherein the audio
input/output port is also a data input port.

15. The auditory device of claim 13 wherein the audio
input/output port is operatively connected to the sound
processing circuitry.

16. The auditory device of claim 13 wherein the audio
input/output port is an RF communication port.

17. The auditory device of claim 1 wherein the sound
processing circuitry is programmable.

18. The auditory device of claim 1 wherein the at least
partially in-ear element is physically connected to the
behind-the-ear element by a molded, flexible conduit.

19. The auditory device of claim 1 wherein the at least
partially in-ear element is electrically connected to the
behind-the-ear element by at least four conductive wires.

20. The auditory device of claim 1 wherein the cushioned
tip is detachable.

21. The auditory device of claim 20 wherein the cush-
ioned tip forms an open-ear configuration.

22. The auditory device of claim 20 wherein the cush-
ioned tip forms a closed-ear configuration.

23. The auditory device of claim 1 wherein the sound
processing circuitry contains both open and closed ear
algorithms.

24. A configurable auditory device comprising:

a behind-the-ear element including

(a) a shell shaped to fit behind an outer portion of an ear
of a user, the shell having a first side and a second side
substantially parallel to each other, and the first side
facing the outer portion of the ear and the second side
facing a head of the user;

(b) sound processing circuitry within the shell; and

an at least partially in-ear element operatively connected
to the behind-the-ear element and comprising a
receiver, a first detachable cushioned tip having a first
auditory characteristic, and a second detachable cush-
ioned tip having a second auditory characteristic.

25. The configurable auditory device of claim 24 wherein
the first detachable cushioned tip is an open ear detachable
cushioned tip.

26. The configurable auditory device of claim 24 wherein
the second detachable cushioned tip is a closed ear detach-
able cushioned tip.

27. The configurable auditory device of claim 24 wherein
the sound processing circuitry contains both open and closed
ear algorithms.

28. The configurable auditory device of claim 24 wherein
the at least partially in-ear element further comprises a
microphone.

29. The configurable auditory device of claim 24 wherein
the at least partially in-ear element further comprises an
acoustic canal pad operatively connected to the microphone.
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30. The configurable auditory device of claim 24 wherein
the behind-the-ear element further comprises an ear cushion
switch.

31. The configurable auditory device of claim 24 wherein
the ear cushion switch is located on the first side of the shell
and operatively connected to the sound processing circuitry.

32. The configurable auditory device of claim 31 wherein
the ear cushion switch includes a flexible membrane cover-
ing an electrical or electromechanical switching device.

33. The configurable auditory device of claim 31 wherein
the behind-the-ear element further comprises a second ear
cushion switch located on the second side of the shell and
facing the head of the user.

34. The configurable auditory device of claim 24 wherein
the behind-the-ear element is substantially waterproof.

35. The configurable auditory device of claim 24 wherein
the at least partially in-ear element is physically connected
to the behind-the-ear element by a molded, flexible conduit.

36. The configurable auditory device of claim 24 wherein
the at least partially in-ear element is electrically connected
to the behind-the-ear element by at least four conductive
wires.

37. The configurable auditory device of claim 24 wherein
the at least partially in-ear element further comprises a
microphone.

38. The configurable auditory device of claim 37 wherein
the at least partially in-ear element further comprises an
acoustic canal pad operatively connected to the microphone.

39. The configurable auditory device of claim 24 wherein
the at least partially in-ear element further comprises a heart
rate monitor.

40. The configurable auditory device of claim 24 wherein
the at least partially in-ear element further comprises a
temperature sensor.

41. A method of changing a mode of an auditory device
comprising:

placing an auditory device having an ear cushion switch
operatively connected to sound processing circuitry
behind an ear, the ear cushion switch facing the ear; and

pressing the ear to activate the ear cushion switch.

42. The method of claim 41 wherein the auditory device
is a behind-the-ear hearing aid.

43. The method of claim 41 wherein pressing the ear to
activate the ear cushion switch changes a mode of the
auditory device.

44. The method of claim 41 wherein the auditory device
has at least two modes.

45. The method of claim 41 wherein the auditory device
has an open ear configuration mode and a closed ear
configuration mode.

46. A method of changing a mode of an auditory device
comprising:

detaching a first cushioned tip having a first configuration
from an at least partially in-ear element of an auditory
device; and

attaching a second cushioned tip having a second con-

figuration to the at least partially in-ear element.

47. The method of claim 46 wherein the first configuration
and the second configuration provide different acoustical
characteristics.

48. The method of claim 46 wherein the first configuration
is a closed ear configuration.
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49. The method of claim 46 wherein the first configuration
is an open ear configuration.

50. The method of claim 46 wherein the second configu-
ration is a closed ear configuration.

51. The method of claim 46 wherein the second configu-
ration is an open ear configuration.

52. An at least partially in-ear hearing aid comprising:

(a) sound processing circuitry within a shell;

(b) a receiver operatively connected to the sound process-
ing circuitry, the receiver residing within an at least
partially in-ear portion of the at least partially in-ear
hearing aid and designed to generate audio signals
received from the sound processing circuitry;

(c) a body temperature sensor operatively connected to
the sound processing circuitry, wherein the temperature
sensor resides within the at least partially in-ear por-
tion.
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53. The at least partially in-ear hearing aid of claim 52,
further comprising a heart rate monitor residing within the at
least partially in-ear element.

54. The at least partially in-ear hearing aid of claim 52,
further comprising a microphone within the at least partially
in-ear element.

55. The at least partially in-ear hearing aid of claim 52
wherein the sound processing circuitry receives electrical
signals from three microphones.

56. The at least partially in-ear hearing aid of claim 52
wherein the at least partially in-ear hearing aid is a com-
pletely-in-canal hearing aid.

57. The at least partially in-ear hearing aid of claim 52
wherein the at least partially in-ear hearing aid is a behind-
the-ear hearing aid.





