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ATTACHMENT APPARATUS FOR COUPLING TO AN EAR

RELATED APPLICATIONS
[0001] This application claims the benefit of priority to U.S. Provisional
Application No. 62/172,537 entitled “METHODS FOR ATTACHING AN
ELECTRONIC DEVICE TO A HUMAN EAR,” filed on June 8, 2015, and to U.S.
Provisional Application No. 62/325,904 entitled “HEAD-WORN AUDIO SYSTEM,”
filed on April 21, 2016, the entire contents of both of which are hereby incorporated by
reference.
BACKGROUND
[0002] Users of wearable audio systems—such as headphones and earphones—can
choose between several different styles. However, current wearable audio systems
typically utilize one of only a few common attachment mechanisms to secure these
systems to the user. For example, one type of wearable audio system can be attached to
a user’s head via a headband that maintains the position of ear cups on either side of the
user’s head. Another type of wearable audio system can be attached to a user’s head by
clipping the system to the back of the user’s ear. Yet another type of wearable audio
system can be attached to the user by inserting the system into the user’s ear canal.
Current attachment mechanisms, including those described above, are often
uncomfortable to wear, especially over time. As such, developing an attachment
mechanism that achieves a strong attachment to a user and that improves the user’s
comfort and overall experience continues to be a design challenge.
SUMMARY
[0003] Various embodiments provide for an attachment apparatus configured to
couple to an ear of a user. In such embodiments, the attachment apparatus may include
an attachment body that includes a first attachment portion and a second attachment
portion. The attachment body may define an opening that is configured to enable a
majority of the ear of the user to pass through the opening when coupling the
attachment apparatus to the ear. In some embodiments, the first attachment portion and
the second attachment portion may be configured such that, when the attachment
apparatus is coupled to the ear: the first attachment portion prevents an anterior portion
of the ear from passing through the opening; the first attachment portion receives, from
an interaction with the anterior portion of the ear, a force that biases the first attachment
portion in a direction away from a median plane of the user; and the force received on
the first attachment portion causes the second attachment portion to press against the

user to form at least a portion of an acoustic seal against the user.
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[0004] In some embodiments, the attachment apparatus may include a cover body
coupled to the attachment body to form a cavity that encapsulates the ear, and the
attachment body and the cover body may be jointly configured to form the acoustic seal
around an entirety of the ear. In some embodiments, a shape of the opening defined by
the attachment body may approximate a profile shape of a root portion of a human ear.
In some embodiments, the opening defined by the attachment body may include a first
opening portion configured to enable an upper portion of the ear to pass through the
opening when coupling the attachment apparatus to the ear and a second opening
portion configured to enable a lower portion of the ear to pass through the opening
when coupling the attachment apparatus to the ear.

[0005] In some embodiments, the attachment body may be further configured to
secure the attachment apparatus to a root of the upper portion of the ear received via the
first opening portion and to a root of the lower portion of the ear received via the
second opening portion. In some embodiments, the first opening portion may be further
configured to limit clockwise rotation of the attachment apparatus while the attachment
apparatus is secured to the ear, and the second opening portion may be further
configured to limit counterclockwise rotation of the attachment apparatus while the
attachment apparatus is secured to the ear. In some embodiments, the portion of the
acoustic seal formed between the attachment body and the user may inhibit movement
of the attachment apparatus in relation to the ear. In some embodiments, a surface of
the second attachment portion may include a textured pattern that increases an amount
of friction generated between the second attachment portion and the user.

[0006] In some embodiments, at least a portion of the attachment body may include
viscoelastic material configured to transition from a resting configuration to a deformed
configuration in response to receiving a tensile force on the attachment body. In such
embodiments, a dimension or an area of the opening defined by the attachment body
may be larger while the viscoelastic material is in the deformed configuration than
while the viscoelastic material is in the resting configuration. In some embodiments,
the viscoelastic material may be further configured to transition from the deformed
configuration to the resting configuration in response to removing the tensile force from
the attachment body and configured to apply a compressive force on the ear while
configured in the resting configuration.

[0007] Various embodiments also provide for an attachment apparatus that includes
an attachment body that defines an opening configured to enable a majority of the ear of
the user to pass through the opening when coupling the attachment apparatus to the ear

and a frame coupled to the attachment body to extend along at least a portion of a
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perimeter portion of the attachment body surrounding the opening such that an interior
facing portion of the frame substantially conforms to a shape of the opening. In such
embodiments, the frame may include a first frame portion and a second frame portion.
The first frame portion may be configured to secure the attachment apparatus to an
upper root portion of the ear, the second frame portion may be configured to secure the
attachment apparatus to a lower root portion of the ear, the attachment body may be
configured to transition from a resting configuration to a deformed configuration in
response to a tensile force applied to the attachment body, and the frame may be
configured to bias the attachment body toward the resting configuration when the
attachment body is in the deformed configuration.

[0008] In some embodiments, at least one of the attachment body and the frame
may be configured to apply a compressive force to the ear while the attachment body is
in the resting configuration. In some embodiments, at least a portion of the frame may
include a spring, at least a portion of the attachment body may include an elastic
material, and a hardness of the elastic material may be less than a hardness of the
spring. In addition, a modulus of elasticity of the elastic material may be less than a
modulus of elasticity of the spring. In some embodiments, the attachment body may be
configured, in absence of the tensile force, to revert from the deformed configuration to
the resting configuration in response to the bias provided by the frame. In some
embodiments, a dimension or an area of the opening is larger while the attachment body
is in the deformed configuration than while the attachment body is in the resting
configuration. In some embodiments, an end of the first frame portion and an end of
the second frame portion are separated by a portion of the attachment body.

[0009] In some embodiments, the attachment body may include a first attachment
portion and a second attachment portion. The frame may be configured to secure the
attachment apparatus to the ear such that the first attachment portion receives, from an
interaction with an anterior portion of the ear, a force that biases the first attachment
portion in a direction away from a median plane of the user. Also, the force received on
the first attachment portion may cause the second attachment portion to press against
the user to form at least a portion of an acoustic seal against the user. In some
embodiments, while the attachment apparatus is secured to the ear, the first frame
portion may be configured to limit clockwise rotation of the attachment apparatus, and
the second frame portion may be configured to limit counterclockwise rotation of the
attachment apparatus. In some embodiments, the attachment apparatus may further
include a cover body coupled to the attachment body to form a cavity that encapsulates

the ear. In such embodiments, the attachment body and the cover body may be
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configured jointly to form the acoustic seal around an entirety of the ear. The cover
body may include a speaker element positioned within a portion of the cavity that
encapsulates the ear, and the speaker element may be positioned in the cavity in
proximity to an ear canal of the ear.

[0010] Various embodiments may further provide for an attachment apparatus that
includes an attachment body and a frame. In such embodiments, the attachment body
may define an opening configured to enable a majority of the ear of the user to pass
through the opening when coupling the attachment apparatus to the ear. Further, the
frame may be coupled to the attachment body to extend along at least a portion of a
perimeter portion of the attachment body surrounding the opening such that an interior
facing portion of the frame substantially conforms to the opening. The frame may be
configured to secure the attachment apparatus to the ear at an upper root portion of the
ear and at a lower root portion of the ear, a first frame portion of the frame may be
configured to displace a posterior portion of the ear in a direction away from a median
plane of the user while the attachment apparatus is secured to the ear, and displacement
of the posterior portion of the ear by the first frame portion may bias an anterior portion
of the attachment body into engagement with the user such that the anterior portion of
the attachment body forms, at least partially, an acoustic seal against the user.

[0011] In some embodiments, the first frame portion of the frame may include a
midsection that physically contacts a back surface of the posterior portion of the ear,
and the midsection may curve away from the head of the user behind the ear and
towards the back surface of the ear such that the midsection displaces the posterior
portion of the ear in the direction away from the median plane of the user. In some
embodiments, at least a portion of the attachment body may be configured to transition
from a resting configuration to a deformed configuration in response to receiving a
tensile force on the attachment body, and the frame may be configured to bias the
attachment body toward the resting configuration while the attachment body is in the
deformed configuration. In some embodiments, the attachment body may be
configured, in absence of the tensile force, to revert from the deformed configuration to
the resting configuration. Additionally, a dimension or an area of the opening may be
larger while the attachment body is in the deformed configuration than while the
attachment body is in the resting configuration.

[0012] In some embodiments, the attachment apparatus may further include a cover
body coupled to the attachment body to form a cavity that encapsulates the ear received
via the opening, and the attachment body and the cover body may be configured jointly

to form the acoustic seal around an entirety of the ear. In some embodiments, the first
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portion of the frame may be configured to have a thickness greater than a space
between a back surface of the posterior portion of the ear and the head of the user
behind the ear with the ear in a non-displaced condition.
[0013] In some embodiments, the frame may be coupled to the attachment body to
extend along an entirety of the perimeter of the opening. The frame body may also
include a second frame portion. In such embodiments, the frame may be configured to
secure the attachment apparatus to the ear such that the second frame portion of the
attachment body receives a force from an interaction with the ear that urges the second
frame portion away from a median plane of the user, and the force received on the
second frame portion may bias a portion of the attachment body into engagement with
the user. Further, the portion of the attachment body may form at least a portion of the
acoustic seal formed against the user.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The foregoing embodiments and many of the attendant advantages will
become more readily appreciated as the same become better understood by reference to
the following detailed description, when taken in conjunction with the accompanying
drawings, wherein:
[0015] FIG. 1A is an exterior view of a front side of an attachment apparatus,
according to some embodiments.
[0016] FIG. 1B is an exterior view of a back side of the attachment apparatus
depicted in FIG. 1A, according to some embodiments.
[0017] FIG. 1C is an exterior view of a left side of the attachment apparatus
depicted in FIGS. 1A and 1B, according to some embodiments.
[0018] FIG. 1D is a perspective view of the attachment apparatus depicted in
FIGS. 1A-1C, according to some embodiments.
[0019] FIG. 2A is an exterior view of a front side of the apparatus depicted in
FIG. 1A while secured to an ear of a user, according to some embodiments.
[0020] FIG. 2B is an exterior view of a left side of the attachment apparatus
depicted in FIG. 2A, according to some embodiments.
[0021] FIG. 2C is a semi-transparent exterior view of a left side of the attachment
apparatus depicted in FIGS. 2A-2B, according to some embodiments.
[0022] FIG. 3 is an exterior view of a front side of another attachment apparatus,
according to some embodiments.
[0023] FIG. 4A is an exterior view of a front side of another attachment apparatus

that includes a frame, according to some embodiments.
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[0024] FIG. 4B is a semi-transparent perspective view of the attachment apparatus

depicted in FIG. 4A, according to some embodiments.

[0025] FIG. 4C is a semi-transparent, cross-sectional view of a right side of the

attachment apparatus depicted in FIGS. 4A—4B taking along line 4C-4C in FIG. 4A,

according to some embodiments.

[0026] FIG. 5A is an exterior view of a front side of another attachment apparatus

that includes a cover body, according to some embodiments.

[0027] FIG. 5B is an exterior view of a back side of the attachment apparatus

depicted in FIG. 5A, according to some embodiments.

[0028] FIG. 5C is an exterior view of a left side of the attachment apparatus

depicted in FIGS. SA-5B, according to some embodiments.

[0029] FIG. 6A is a semi-transparent, exterior view of a left side of another

attachment apparatus configured as a wearable audio system, according to some

embodiments.

[0030] FIG. 6B is a semi-transparent, exterior view of a right side of the attachment

apparatus depicted in FIG. 6A, according to some embodiments.

[0031] FIG. 7A is a semi-transparent, exterior view of a front side of another

attachment apparatus secured to an ear of a user, according to some embodiments.

[0032] FIG. 7B is a semi-transparent, topside view of the attachment apparatus

depicted in FIG. 7A, according to some embodiments.

[0033] FIG. 7C is a semi-transparent, exterior view of a right side of the attachment

apparatus depicted in FIG. 7A-7B, according to some embodiments.

[0034] FIG. 7D is a semi-transparent, exterior view of a left side of the attachment

apparatus depicted in FIG. 7A-7C, according to some embodiments.

[0035] FIG. 8 is a communication system diagram illustrating an attachment

apparatus configured as a wearable audio system, according to some embodiments.
DETAILED DESCRIPTION

[0036] Various embodiments of the attachment apparatus may be described with

reference to certain anatomical features of a human ear. For ease of reference, the

anatomical features of a user’s ear may be referred to in this disclosure using the

following terms. The term “root of an ear” refers to a portion of the ear that is proximal

to the user’s head. Specifically, the root of a user’s ear may be a portion or structure of

the ear that secures the ear to user’s head. Also, as used herein, the term “outer ear”

refers to the portion of the ear that is distal to the user’s head as compared to the root of

the ear. The outer ear may include or otherwise be defined by at least the ear’s helix

and ear lobule. Typically, the perimeter of the outer ear of an ear is greater than the
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perimeter of the root of the ear. The term “upper root portion of the ear” generally
refers to a portion of the root of the ear that is proximal to the top of the user’s head. In
contrast, the term “lower root portion of the ear” refers to a portion of the root of the ear
that is distal to the top of the user’s head. Further, the terms “front of an ear” and
“anterior portion of an ear” are used interchangeably and refer to a portion of the ear
that is proximal to a user’s face and distal to the back of the user’s head. The front of
the ear may include portions of the helix, the antihelix, tragus, and antitragus that are
proximal to the user’s face. The terms “back of an ear” and “posterior portion of an
ear” are used interchangeably and refer to a portion of the ear that is proximal to the
back of the user’s head and distal to the user’s face. The back of the ear may include
portions of the helix and the antihelix proximal to the back of the user’s head. Further
descriptions and references to the foregoing terms are provided herein.

[0037] As generally described above, current attachment mechanisms used to
secure wearable audio systems to users are often suboptimal. For example, some
wearable audio systems implement a type of attachment mechanism commonly referred
to as an “over-the-ear” design. A wearable audio system that utilize an over-the-ear
design is worn by a user by placing ear cups of the wearable audio system over the ears
of the user. The ear cups are both coupled to a headband positioned on the top or to the
back of the user’s head. The headband applies a compressive force to the user’s head in
order to secure the ear cups to the user. As a result, a user that uses an over-the-ear
wearable audio system typically experiences constant pressure applied by the headband,
often leading to headaches or general discomfort over time. This pressure is
exaggerated in some over-the-ear wearable audio systems that attempt to form an
acoustic seal against the user. Particularly, these wearable audio systems often attempt
to form a tight seal around the user’s ears by utilizing the headband to apply a
substantial amount of pressure on the user to ensure that the seal around the ear cups is
fully formed.

[0038] Other wearable audio systems are currently available, but these systems also
utilize attachment mechanisms that have undesirable characteristics. For example,
some wearable audio systems utilize a piece of support material that fits around the
back of the user’s ear to secure these systems to the user. In these systems, the support
material hangs on or clamps onto the user’s ear. This “behind-the-ear” attachment
mechanism often causes user discomfort by chafing and pinching the user’s skin.
Because the entire weight of the wearable attachment system is applied to the user’s ear
via the support material, the user often experiences ear fatigue and general discomfort.

Still other wearable audio systems are secured to users via insertion into users’ ears
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canals. Often, such wearable audio systems cause users to experience discomfort over
time by exerting a constant pressure against the ear canal walls. Further, while these
systems acoustically isolate the inner ear from external sounds, the seal is formed inside
the users’ ear canals, leading to an increased risk that audio played from such systems
will cause users to suffer hearing damage.

[0039] In overview, aspects of the present disclosure include attachment
apparatuses and wearable audio systems that include attachment mechanisms that
feature several improvements over current attachment mechanisms, such as those
described above. Specifically, in some embodiments, an attachment apparatus may
include an attachment body that defines an opening configured to enable a majority of a
user’s ear to pass through the opening when the attachment apparatus is coupled to the
user. In such embodiments, the opening may include a first opening portion that
enables an upper portion of the ear to pass through the opening and a second opening
portion that enables a lower portion of the ear to pass through the opening. The
attachment body may secure the attachment apparatus to an upper root portion of the
user’s ear received via the first opening portion and to a lower root portion of the user’s
ear received via the second opening portion.

[0040] In some embodiments, the attachment body may include a first attachment
portion that prevents an anterior portion of the user’s ear from passing through the
opening formed from the attachment body. The first attachment portion of the
attachment body may receive, from an interaction with the anterior portion of the ear, a
force that biases the first attachment portion in a direction away from a median plane of
the user. Because the first attachment portion of the attachment body is biased away
from the user while the upper and lower portions of the user’s ear are secured to the
attachment apparatus, the attachment apparatus may be held secure against the user.
Further, the force resulting from the interaction between the user’s ear and the
attachment body may be substantially distributed to at least the upper and lower
portions of the user ear, thereby providing the user with a secure attachment to the
attachment apparatus with comparatively less user discomfort than current attachment
designs, such as those described above. In some embodiments, the biasing of the first
attachment portion may bias a second attachment portion of the attachment body in a
direction that is towards the median plane of the user. As such, the biasing force may
cause the second attachment portion to press against or otherwise engage with the
user’s anatomy (e.g., the user’s face or head). As such, when the attachment apparatus
is coupled to the user’s ear, the second attachment portion may form at least a partial

acoustic seal against the user.
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[0041] In some embodiments, the attachment apparatus may include a frame
coupled to the attachment body. The frame may be configured to extend along at least
a portion of a perimeter of the attachment body surrounding the opening defined by the
attachment body. As such, the frame may substantially conform to a shape of the
opening. The frame may be made from various elastic or non-elastic materials or
combinations thereof. The frame may include at least a first frame portion and a second
frame portion. While the attachment apparatus is coupled to the user’s ear, the first
frame portion may be configured to secure the attachment apparatus to the lower root
portion of the user’s ear, and the second frame portion may be configured to secure the
attachment apparatus to the upper root portion of the user’s ear. In such embodiments,
the frame may be configured to apply a compressive force between the first and second
frame portions when a tensile force is applied to the attachment body and/or to the
frame. For example, the attachment body may be stretched, which may cause the
opening to increase in size in at least one dimension. As a result, the larger opening
may be suitable (or more suitable) for allowing the user’s ear to pass through the
opening. As a result of stretching the attachment body and/or the frame, the frame may
transition from a resting configuration in which the frame exerts little or no
compressive force on the attachment body to a deformed configuration in which the
frame exerts compressive force (or a comparatively larger amount of compressive
force) on the attachment body. This compressive force may be directed between the
first and second frame portions, and as a result, the frame may be configured to return
to the resting configuration when the tensile force is removed from the attachment
body. Because the frame is coupled to the attachment body, the frame may also cause
or urge the attachment body to compress when the tensile force is removed from the
attachment body. As a result, the size of the opening is reduced such that the opening is
configured to be more suitable for preventing the user’s ear from passing back through
the opening, thereby further securing the attachment apparatus to the user.

[0042] In some embodiments, the frame may be configured to bias a posterior
portion of the user’s ear away from the user’s head while the attachment apparatus is
secured to the user’s ear. Specifically, in such embodiments, the frame may include a
curved portion having a midsection that physically contacts and displaces the posterior
portion of the user’s ear, thereby biasing the user’s ear in a direction away from the
median plane of the user. Because the frame and/or the attachment body may be
secured to upper and lower root portions of the user’s ear, the interaction between the

curved portion of the frame and the back portion of the user’s ear may bias at least a
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portion of the attachment body towards the user, thereby forming or contributing to the
formation of at least a partial acoustic seal against the user.

[0043] In some embodiments, the attachment apparatus may include a cover body
coupled to the attachment body via a coupling edge included on the attachment body.
In such embodiments, the cover body and the attachment body may define a cavity
formed between the cover body and the attachment body. The cavity may be
configured to accommodate the user’s ear when the attachment apparatus is coupled to
the user. Specifically, once the user’s ear passes through the opening defined by the
attachment body, the user’s ear may remain substantially in the cavity formed between
the attachment body and the cover body. In such embodiments, the attachment body
and the cover body may collectively form an acoustic seal, entirely or substantially,
around the user’s ear. For example, the attachment body may engage the user to form a
partial acoustic seal against the user, and the material structures of the cover body and
the attachment body may prevent (or reduce) sound that is external to the cavity from
reaching the user’s ear.

[0044] In some embodiments, the attachment apparatus may be configured as a
wearable audio system. In such embodiments, the cover body may include one or more
audio components. By way of non-limiting examples, the audio components may
include a speaker system, memory, a processing unit (e.g., a digital signal processor or
central processing unit), a transceiver configured to receive audio data from external
computing devices, or the like. The cover body may be coupled to the attachment body
such that a speaker is positioned in proximity to an ear canal of the user’s ear. Further,
because the cover body and the attachment body may collectively form an acoustic seal
around the user’s ear, the attachment apparatus may provide the user with an
exceptional audio experience because external sounds are blocked (or reduced) from
reaching the user’s ear when the attachment apparatus is secured to the user’s ear.
[0045] Various embodiments will be described in detail with reference to the
accompanying drawings. Wherever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts. References made to
particular examples and implementations are for illustrative purposes and are not
intended to limit the scope of the invention or the claims

[0046] FIGS. 1A-1D illustrate exterior views of an attachment apparatus 100,
according to some embodiments. The attachment apparatus 100 may include a plurality
of features, including: an attachment body 101, a coupling edge 102, a front

portion 104, a responsive portion 109, a biasing portion 110, and a back portion 106.
The attachment apparatus 100 may also include an opening 108 defined by the

-10-
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attachment body 101, and the opening 108 may include a first opening portion 112 and
a second opening portion 114. The various features of the attachment apparatus 100 are
further described as follows.

[0047] FIG. 1A illustrates an exterior view of a front side of the attachment
apparatus 100. In some embodiments, the attachment body 101 of the attachment
apparatus 100 may be configured to define an opening 108 that is substantially
positioned at a center of the attachment body 101. In some embodiments, the
attachment body 101 may be configured such that the opening 108 defined by the
attachment body 101 has a shape that approximates a profile of a root of a human ear,
and may be referred to generally as a C-shape. The size and shape of the opening 108
may enable a majority of a human ear to pass through the opening. The size and shape
of the attachment body 101 may also enable the majority of the ear to come into
physical contact with one or more surfaces of the attachment body 101 (e.g., as further
described with reference to FIGS. 2A-2C).

[0048] In some embodiments, the front portion 104 of the attachment body 101 may
be configured to include the responsive portion 109 and the biasing portion 110. In
some embodiments, the responsive portion 109 and the biasing portion 110 may be
approximately defined based at least in part on a reference line 111 passing through the
front portion 104. The biasing portion 110 and the responsive portion 109 may be
configured to interact with the user’s ear to secure the attachment apparatus 100 to the
user’s ear and, in some embodiments, to form at least a partial acoustic seal between the
attachment apparatus 100 and the user’s head. Forming at least a partial acoustic seal
with the biasing portion 110 and the responsive portion 109 while the attachment
apparatus 100 is coupled to a user is further described below (e.g., with reference to
FIGS. 2A-2C).

[0049] In some embodiments, the first opening portion 112 and the second opening
portion 114 may be separated (at least partially) by the biasing portion 110, which may
extend or jut out from the front portion 104 into the opening 108. In some
embodiments, the reference line 111 may be defined at least in part by the first opening
portion 112 and the second opening portion 114. By way of an example, the reference
line 111 may be defined based on points between the first opening portion 112 and the
second opening portion 114 and, as such, may extend through the front portion 104 of
the attachment body 101. In the example illustrated in FIG. 1A, the reference line 111
may pass approximately through a point on a recess of the front portion 104 in
proximity to the first opening portion 112 and through a point on another recess of the

front portion 104 in proximity to the second opening portion 114.

-11-



WO 2016/200744 PCT/US2016/036092

[0050] Once the attachment apparatus 100 is secured to the ear of the user, the
shape of the first opening portion 112 may prevent or reduce clockwise rotation of the
attachment apparatus 100. Similarly, the shape of the second opening portion 114 may
prevent or reduce counterclockwise rotation of the attachment apparatus 100.
Specifically, an upper portion of the user’s ear may reside in the first opening

portion 112, and in response to receiving a clockwise rotational force, the user’s ear
may engage the biasing portion 110, which may prevent the user’s ear from beginning
or continuing clockwise rotation. A lower portion of the user’s ear may also reside in
the second opening portion 112, and the user’s ear may similarly be prevented from
beginning or continuing counterclockwise rotation by the biasing portion 110. Thus,
the configurations of the opening portions 112 and 114 may jointly prevent or
substantially reduce any rotational movement of the attachment apparatus 100 around
the user’s ear.

[0051] The back portion 106 of the attachment body 101 may be configured to form
a curved groove or channel between the opening 108 and the coupling edge 102. In
some embodiments, the curved groove or channel of the back portion 106 may be
configured to accommodate a posterior portion of the user’s ear. For example, the back
portion 106 may allow the posterior portion of the user’s ear to sit within the curved
groove or channel of the back portion 106 between the opening 108 and the coupling
edge 102. Additionally, a surface of the posterior portion of the user’s ear may be in
physical contact with the back portion 106 while the attachment apparatus 100 is
secured to the user. The groove or channel of the back portion 106 is further described
herein (e.g., with reference to FIG. 1C).

[0052] In some embodiments, the front portion 104 and the back portion 106 may
be configured such that the opening 108 is asymmetrical. For example, the second
opening portion 114 may be larger than the first opening portion 112, or the first
opening portion 112 may have a shape that is not symmetrical to the shape of the
second opening portion 114. In some embodiments, the opening 108 may be
configured to approximate the asymmetry of the human ear. In such embodiments, the
opening 108 may accommodate the asymmetry of the human ear and, thus, may enable
the user’s ear to pass through the opening 108 easily. In some alternative embodiments
(e.g., as described with reference to FIG. 3), the front portion 104 and the back

portion 106 may be configured to define the opening 108 such that the first opening
portion 112 is substantially symmetrical to the second opening portion 114.

[0053] The attachment body 101 may include the coupling edge 102, which may be

configured to couple the attachment body to a cover body (e.g., as generally described
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with reference to FIG. SA-5C). The coupling edge 102 may be configured to have a
perimeter around the attachment body 101 that is larger than the size or perimeter of the
opening 108. In such embodiments, the perimeter of the coupling edge 102 may
generally be larger than the outer ear of the user’s ear so that the portion of the user’s
ear that passes through the opening is contained entirely within the attachment

body 101.

[0054] In some optional embodiments, the attachment body 101 may be configured
with a rounded edge 120 that extends along at least a portion of the perimeter of the
opening 108. The rounded edge 120 may be configured to reduce or avoid angled or
sharp edges around the opening 108. As such, the rounded edge 120 may reduce the
overall impingement on the root of a user’s ear and discomfort experienced by the user.
[0055] FIG. 1B illustrates an exterior view of a back side of the attachment
apparatus 100 described with reference to FIG. 1A, according to some embodiments.
With reference to the example illustrated in FIG. 1B, the back surface of the attachment
body 101 may be configured to engage physically with the user when the attachment
apparatus 100 is coupled to the user. As such, the back of the attachment apparatus 100
may be generally configured to have a shape that conforms to a user’s anatomy, such as
a shape that contours to the general anatomy of a user’s head around the user’s ear. In
some embodiments, a surface of the back of the attachment body 100 may be
configured to come into contact with a surface of the user’s anatomy in order to form at
least a partial acoustic seal. By way of a non-limiting example, the attachment
apparatus 100 may be secured to the user when a majority of the user’s ear passes
through the opening (e.g., as described with reference to FIG. 1A). Once the user’s ear
passes through the opening 108, the user’s anatomy may come into physical contact
with a back surface of the attachment body 101. In some embodiments, the back
surface of the attachment body 101 may press against the user’s anatomy, thereby
forming at least a partial acoustic seal around the root of the user’s ear.

[0056] FIGS. 1C and 1D illustrate exterior views of the attachment apparatus 100
described with reference to FIGS. 1A and 1B. Particularly, the examples illustrated in
FIGS. 1C and 1D depict a curvature of the attachment body 101, according to some
embodiments. In such embodiments, the back portion of the attachment body 101
proximal to the user (e.g., as described with reference to FIG. 1B) may be configured to
have a concave shape suitable for accommodating the user’s anatomy close to the user’s
ear. For example, the attachment body 101 may be configured to closely engage the
user’s head while the attachment apparatus 100 is secured to the user’s ear. Further, as

described, the back surface of the attachment body 101 may be configured to come into
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contact with a surface of the user’s anatomy in order to form at least a partial acoustic
seal. In such embodiments, the curvature of the attachment body 101 (e.g., as
illustrated in FIG. 1C) may facilitate the formation of the at least partial acoustic seal
around the user’s ear. In some embodiments, when the attachment apparatus 100 is
secured to the user, the front portion 104 of the attachment body 101 may extend in a
direction away from the median plane of the user to a lesser extent than the extent to
which the back portion 106 extends away from the user’s median plane. In such
embodiments, the back portion 106 may extend farther in order to accommodate the
anatomy of the ear in which the back portion of the ear extends farther away from the
user’s head than the front portion of the user’s ear. A depth of the front portion 104
may therefore be shorter than a depth of the back portion 106.

[0057] In some embodiments, the front portion 104 and the back portion 106 of the
attachment body 101 may be configured to form a partial cavity 115 that may hold the
user’s ear when the attachment apparatus 100 is secured to the user. As described (e.g.,
with reference to FIG. 1A), the back portion 106 may be configured to form a groove or
channel that supports or otherwise comes into physical contact with a surface of the
posterior portion of the user’s ear. Similarly, the front portion 104 may be configured
to support, receive, or otherwise engage an anterior portion of the user’s ear within the
portion of the partial cavity 115 formed from the front portion 104. Further, in some
embodiments (e.g. as shown in the example illustrated in FIG. 1D), the biasing

portion 110 of the front portion 104 may be biased in a direction that is away from the
median plane of the user when the attachment apparatus 100 is secured to the user. As
such, the biasing portion 110 may be biased into the partial cavity 115.

[0058] FIGS. 2A-2C illustrate views of the attachment apparatus 100 described
with reference to FIGS. 1A—1D when the attachment apparatus 100 is secured to a
user’s ear, according to some embodiments. In the examples illustrated in FIGS. 2A—
2C, the user’s ear 202 may include a posterior portion 208, an upper portion 204, a
lower portion 206, and an anterior portion 220, as generally described herein.

[0059] FIG. 2A illustrates an exterior view of a front side of the attachment
apparatus 100 after a majority of the ear 202 has passed through the opening 108. In
some embodiments, the attachment body 101 may be at least partially made from a
viscoelastic material. A force (e.g., a tensile force) may be applied to the attachment
body 101 in order to transition the attachment body 101 from an initial or resting
configuration to a deformed configuration. Specifically, a squeezing or stretching force
applied to the top and bottom of the attachment body 101 may cause the opening 108 to

enlarge or change shape to better accommodate the ear 202. The attachment body 101
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may be further configured to revert to the resting configuration when the force applied
to the attachment body 101 is removed. In some embodiments, the attachment

body 101 (or a portion thereof) may be configured to revert to the resting configuration
from the deformed configuration over a short period of time (e.g., three to five seconds)
when the force applied to the attachment body 101 is removed. For example, a user
may apply a pulling force on the attachment body 101 that causes the attachment

body 101 to transition to a deformed configuration that better accommodates the

ear 202. The user may remove the pulling force from the attachment body 101, which
may cause the attachment body 101 to begin returning to the resting configuration
slowly. Before the attachment body 101 returns to the resting configuration, the user
may place the ear 202 through the opening 108, which may be elongated or otherwise
deformed to accommodate passage of the user’s ear 202 through the opening 108.

Once the attachment apparatus 100 is secured to the user’s ear 202, the attachment
body 101 may continue transitioning back to the resting configuration, which may also
cause the size of at least one dimension of the opening 108 to decrease. As such, once
the attachment body 101 fully returns to the resting configuration, the opening 108 may
have reduced in size, thereby securely attaching the attachment apparatus 100 to the
user. In some embodiments, the attachment body 101 may form at least a partial
acoustic seal around the user’s ear 202 once the attachment body 101 returns to the
resting configuration around the user’s ear 202.

[0060] Additionally (or alternatively), the attachment body 101 may be configured
to exert a compressive force of the user’s ear, such as when the size of the opening 108
is smaller than a cross-sectional area of the root of the user’s ear 202. In such
embodiments, the root of the ear 202 may prevent the attachment body 101 from
returning completely to the resting configuration when the attachment apparatus 100 is
coupled to the ear 202. As such, the attachment body 101 may continuously apply a
compressive force to the root of the ear 202 while the attachment apparatus 100 is
coupled to the ear 202 that further secures the attachment apparatus 100 to the ear 202.
[0061] As depicted in the example illustrated in FIG. 2A, a majority of the user’s
ear 202 may have passed through the opening 108. Once coupled to the attachment
apparatus 100, the posterior portion 208 of the ear 202 may be received or engaged by
the back portion 106 of the attachment body 101. For example, a surface of the
posterior portion 208 of the ear 202 may lay flush against the channel or groove formed
from the back portion 106 of the attachment body 101. As described, the back

portion 106 may be configured to contour to the general anatomical features of the

posterior portion 208 of the ear 202 to enable the posterior portion 208 to fit
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comfortable with the attachment body 101. The lower portion 206 of the ear 202 may
be received within at least the front portion 104 of the attachment body 101, such as
shown in the example illustrated in FIG. 2A. Similarly, the upper portion 204 of the
ear 202 may be received by the front portion 104 of the attachment body 101.
Attachment of the attachment apparatus 100 to the upper portion 204 and lower

portion 206 of the ear 202 is further described herein (e.g., with reference to FIG. 2C).
[0062] In some embodiments, the anterior portion 220 of the ear 202 may engage
with or otherwise interact with the biasing portion 110 of the attachment body 101.
Specifically, the anterior portion 220 of the ear may bias the biasing portion 110 in a
direction that is away from a median plane of the user. In the example illustrated in
FIG. 2A, the anterior portion 220 may cause the biasing portion 110 to flex with respect
to the reference line 111 such that the biasing portion 110 is biased or displaced in a
direction away from the anterior portion 220 of the ear 202. As a consequence, the
biasing of the biasing portion 110 in relation to the reference line 111 may cause the
responsive portion 109 of the attachment body 101 to be urged in a direction that is
contrary to the direction in which the biasing portion 110 is biased (e.g., as illustrated
by the dotted arrows in FIG. 2A). Thus, in some embodiments, the responsive

portion 109 may be biased towards the user, thereby urging the responsive portion 109
to engage with a surface of the user (e.g., the side of the user’s face). In some
embodiments, the responsive portion 109 may form at least a partial acoustic seal when
pressing against or otherwise engaging the user. Optionally, a surface of the responsive
portion 109 of the attachment body 101 may be configured to include a texture or
material that may increase an amount of friction that is created between the responsive
portion 109 and the user, thereby improving the overall security of the attachment
apparatus 100 to the user. For example, a surface of the responsive portion 109 may be
configured to include one or more traction patterns that include ridges and/or recesses
in the surface that may engage the surface of the user and that may increase the amount
of friction generated between the surface of the responsive portion 109 and the surface
of the user.

[0063] FIG. 2B illustrates an opaque view of a left side of the attachment

apparatus 100 when the attachment apparatus 100 is secured to the ear 202 of the user.
Once secured to the attachment apparatus 100, a majority of the ear 202 may reside,
substantially or entirely, in the partial cavity 115 formed from the front portion 104 and
back portion 106 of the attachment body 101. As described (e.g., with reference to
FIG. 1C), the back portion 106 may generally accommodate the anatomical features of

the posterior portion 208 of the ear 202. For example, a surface of the posterior
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portion 208 of the ear 202 may rest against the back portion 106 of the attachment

body 101. Similarly, the anterior portion 220 of the ear 202 may engage with the front
portion 104 of the attachment body 101, and bias the biasing portion 110 as described
(e.g., with reference to FIG. 2A). In some embodiments, the front portion 104 and the
back portion 106 may be configured such that the back portion 106 extends in a
direction away from the median plane of the user farther than the extent to which the
front portion 104 extends away from the median plane of the user. As such, in the view
illustrated in FIG. 2B, the anterior portion 220 of the ear 202 may not be visible or may
only be partially visible when viewed from the left side of the attachment

apparatus 100. In contrast, the posterior portion 208 may be at least partially visible
from the left side of the attachment apparatus 100 because the front portion 104 may
not extend as far away from the user as the back portion 106 extends from the user.
[0064] In some embodiments, the front portion 104 may be configured to conform
to the user. In the example illustrated in FIG. 2B, the front portion 104 may engage
with the side of the face 210 of the user. As a result, the front portion 104 may be
configured to contribute to securing the attachment apparatus 100 to the face 210 of the
user via friction. Further, the front portion 104 may form or support the formation of at
least a partial acoustic seal around the ear 202 of the user.

[0065] FIG. 2C illustrates a semi-transparent exterior view of the left side of the
attachment apparatus 100 when the attachment apparatus 100 is secured to the ear 202
of the user. As described, the opening 108 may be configured to allow a majority of a
user’s ear 202 to pass through the opening. In some embodiments, a portion of the
attachment body 101 that defines the first opening portion 112 may secure an upper root
portion of the upper portion 204 of the ear 202. Similarly, another portion of the
attachment body 101 that defines the second opening portion 114 may secure a lower
root portion of a lower portion 206 of the ear 202. As such, when the majority of the
user’s ear 202 passes through the opening 108, the attachment apparatus 100 may be
secured to the ear 202 at least by the portions of the attachment body 101 corresponding
to the opening portions 112 and 114.

[0066] Various descriptions of the attachment apparatus 100 refer to the attachment
body 101 being configured to include the front portion 104 and the back portion 106.
These descriptions are merely for ease of description and do not require or imply that
the front portion 104 and the back portion 106 of the attachment body 101 are separate
components. Instead, in some embodiments, the attachment apparatus 101 may be

configured as a single, continuous structure. However, in alternative embodiments, the
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front portion 104 and the back portion 106 of the attachment body 101 may be
individual components that are joined together to form the attachment body 101.

[0067] FIG. 3 illustrates a front view of an attachment apparatus 300, according to
some alternative embodiments. The attachment apparatus 300 may include an
attachment body 301, a coupling edge 302, a front portion 304, a back portion 306, and
a responsive portion 309 and a biasing portion 310 formed in relation to a reference line
311. These features of the attachment apparatus 300 may function analogously to the
components of the attachment apparatus 100 described above (e.g., with reference to
FIGS. 1A-2C). For example, the front portion 304 and the back portion 306 of the
attachment body 301 may define an opening 308 that includes a first opening

portion 312 and a second opening portion 314. In some embodiments, the front

portion 304 and the back portion 306 may be configured such that the opening 308 is
substantially symmetrical in relation to an axis 350. For example, the opening 308 may
be configured such that the first opening portion 312 and the second opening

portion 314 are the same or substantially the same size.

[0068] In some embodiments, the opening 308 may enable a majority of a user’s ear
to pass through the opening 308. A posterior portion of the user’s ear (not shown) may
rest in a groove formed from the back portion 306 of the attachment body 301 and may
be defined at least in part by the coupling edge 302. Additionally, an anterior portion of
the user’s ear (not shown) may interact with or engage the biasing portion 310 of the
front portion 304, and bias the biasing portion 310 in a direction away from the median
plane of the user when the attachment apparatus 300 is secured to the user. As a result,
the biasing portion 310 may cause the responsive portion 309 to be urged in a direction
towards the median plane of the user. For example, the responsive portion 309 may
begin to press against the user in response to the biasing of the biasing portion 310,
thereby forming at least a partial acoustic seal between the attachment body 301 and the
user.

[0069] As described above, the front and back portions of the attachment body of
the attachment apparatus may be configured to secure the attachment apparatus to a
user’s ear. However, in some embodiments, the attachment apparatus may include a
frame that is configured to secure the attachment apparatus to a user alone or in
combination with the attachment body.

[0070] FIGS. 4A—-4C illustrate exterior views of an attachment apparatus 400,
according to some embodiments. As shown in the examples of the attachment
apparatus 400 illustrated in FIGS. 4A—4C, the attachment apparatus 400 may include a

plurality of structural features that are similar to the structural features described with
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reference to the attachment apparatus 100 (e.g., as described with reference to

FIGS. 1A-2C). The structural features include, but are not limited to, the attachment
body 101, the coupling edge 102, the front portion 104 of the attachment body 101, the
back portion 106 of the attachment body 101, the opening 108 defined by the front
portion 104 and the back portion 106, and the first and second opening portions 112
and 114. Some of the structural features of the attachment apparatus 400 may be
analogous to structural features described above, for example, with reference to the
attachment apparatus 100. For clarity and simplicity of description, duplicative
descriptions of such structural features of the attachment apparatus 400 may not be
repeated in the following descriptions.

[0071] FIG. 4A illustrates an exterior view of a front of the attachment

apparatus 400. The attachment apparatus 400 may include a frame 401 that is coupled
to the attachment body 101. In some embodiments, the frame 401 may be coupled to a
surface of the attachment body 101. Alternatively, the frame 401 may be partially or
completely embedded into the attachment body 101, such by forming the attachment
body 401 around the frame 401 via an over-molding process. In either event, the frame
401 is coupled to the attachment body 101. The frame 401 may be made from one or
more materials, including hard or soft plastic, one or more metals, rubber, or a
combination thereof. In some embodiments, the frame 401 may be made from an
elastic or semi-elastic material, such as spring steel.

[0072] In some embodiments, the frame 401 may be configured to extend along at
least a portion of the perimeter of the attachment body 101 surrounding the

opening 108. In such embodiments, an interior facing portion of the frame 401 may
substantially conform to the shape of the opening 108. In the example illustrated in
FIG. 4A, the frame 401 may be configured to extend only partially around the perimeter
of the attachment body 101 that surrounds the opening 108. However, in alternative
embodiments (not shown), the frame 401 may be configured to extend around the entire
perimeter of the attachment body 101 that surrounds the opening 108. In some
embodiments, the frame 401 may include a first frame portion 404 and a second frame
portion 406. The first frame portion 404 may be configured to follow a portion of the
perimeter of the attachment body 101 surrounding the first opening portion 112. For
example, the first frame portion 404 may be configured to curve such that the first
frame portion 404 substantially or entirely surrounds the first opening portion 112.
Similarly, the second frame portion 406 may be configured to follow a portion of the
perimeter of the attachment body 101 surrounding the second cutout portion 114. In

such embodiments, the first frame portion 404 and the second frame portion 406 may
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be separated by a portion of the front portion 104 of the attachment body 101. For
example, the first frame portion 404 and the second frame portion 406 may be separated
by at least some of the responsive portion 109 and the biasing portion 110 of the front
portion 104.

[0073] In some embodiments, the first frame portion 404 may be configured to
secure the attachment apparatus 400 to an upper root portion of the user’s ear.
Likewise, the second frame portion 406 may be configured to secure the attachment
apparatus 400 to a lower root portion of the user’s ear. A back portion 402 of the

frame 401 may be configured to secure the attachment apparatus to a root of a posterior
portion of the user’s ear. In this configuration, the frame 401 may at least partially
secure the attachment apparatus 400 to the user’s ear, and a surface of the posterior
portion of the user’s ear may rest against the back portion 106 of the attachment

body 101 (e.g., as described with reference to FIG. 1A).

[0074] In some embodiments in which the attachment body 101 is coupled to the
frame 401, the responsive portion 109 and the biasing portion 110 may be defined at
least in part based on a reference line 411 (e.g., as illustrated in FIG. 4A as a dotted
line). The reference line 411 may correspond to a line between an end of the first frame
portion 404 and an end of the second frame portion 406. In such embodiments, when
the user’s ear is coupled to the attachment apparatus 400, the anterior portion of the
user’s ear may interact with or otherwise engage with the biasing portion 110 of the
attachment body 101. This interaction may bias the biasing portion 110 in a direction
away from the median plane of the user, and in turn, may cause the responsive

portion 109 to be urged in a direction towards the median plane of the user. As
described, the biasing of the responsive portion 109 may cause the responsive

portion 109 to press against the user, forming or contributing to the formation of at least
a partial acoustic seal between the attachment body 101 and the user.

[0075] As described, the attachment body 101 may be configured to transition from
a resting configuration to a deformed configuration, such as in response to applying a
tensile force on the attachment body 101 and/or the frame 401. In some embodiments,
while the attachment body 101 is in the deformed configuration, the frame 401 may be
configured to be in a continuous state of tension in which the first frame portion 404
and the second frame portion 406 pull towards each other. Accordingly, the frame 401
may be configured to bias the attachment body 101 toward a resting configuration when
the attachment body 101 is in a deformed configuration. For example, the user may
apply a pulling force on the attachment body 101 that causes the attachment body 101
to transition into a deformed configuration in which a size of the opening 108 has
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increased or has otherwise changed to accommodate passage of the user’s ear through
the opening 108 better. While the size of the opening 108 is enlarged, the user may
insert the user’s ear through the opening 108. Once the user’s ear is received into the
opening 108 and the user removes the tensile force applied to the attachment body 101
and/or the frame 401, the frame 401 may bias the attachment body 101 toward the
resting configuration. Because the size of the opening 108 while the attachment

body 101 is in the resting configuration may be smaller than the size of the opening 108
while the attachment body 101 is in the deformed configuration, the frame 401 may
cause the size of the opening 108 to decrease, thereby securing the attachment apparatus
400 to the user’s ear. In some embodiments, while the attachment body 101 is in the
resting configuration, the frame 401 (and/or the attachment body 101) may apply a
slight compressive force to the user’s ear, thereby further securing the attachment
apparatus 400 to the user’s ear.

[0076] As described, the first frame portion 404 may be configured to secure the
attachment apparatus 400 to the upper root portion of the user’s ear, and the second
frame portion 406 may be configured to secure the attachment apparatus 400 to the
lower root portion of the user’s ear. In some embodiments, the first frame portion 404
may be configured to engage the upper root portion of the user’s ear so that clockwise
rotation of the attachment apparatus 400 around the user’s ear is reduced or prevented.
Similarly, the second frame portion 406 may be configured to engage the lower root
portion of the user’s ear so that counterclockwise rotation of the attachment

apparatus 400 around the user’s ear is reduced or prevented. Accordingly, in such
embodiments, the combination of the first and second frame portions 404 and 406 may
be configured jointly to reduce movement of the attachment apparatus 400 around the
user’s ear, thereby contributing to a more secure attachment.

[0077] With reference to the examples illustrated in FIGS. 4B and 4C, the

frame 401 may be configured to conform to a curve of the attachment body 101.
Specifically, the frame 401 may be configured to accommodate the shape of the
anatomy of the user’s ear, for example, as depicted in the exterior view of the right side
of the attachment apparatus 400, as illustrated in FIG. 4C. In such embodiments, the
curvature of the frame 401 may enable the frame 401 to form a more secure attachment
between the attachment apparatus 400 and the user’s ear because the frame 401 closely
follows the contours of the root of the user’s ear. Further, because the frame 401
accommodates the shape of the root of the user’s ear, the frame 401 may better enable
the attachment body 101 to form at least a partial acoustic seal with the user when the

attachment apparatus 400 is coupled to the user.
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[0078] FIGS. SA-5C illustrate exterior views of an attachment apparatus 500,
according to some embodiments. As shown in the examples of the attachment
apparatus 500 illustrated in FIGS. SA-5C, the attachment apparatus 500 may include
one or more structural features that are similar to the structural features described with
reference to the attachment apparatus 100 and/or the attachment apparatus 400 (e.g., as
described with reference to FIGS. 1A-4C). Specifically, in some embodiments, the
attachment apparatus 500 may include, but is not limited to including, the attachment
body 101, the coupling edge 102, the front portion 104 of the attachment body 101, the
back portion 106 of the attachment body 101, the opening 108 defined by the front
portion 104 and the back portion 106, and the first and second opening portions 112
and 114. Some of the structural features of the attachment apparatus 500 may be
analogous to structural features described above, for example, with reference to the
attachment apparatuses 100 and/or 400. For clarity and simplicity of description,
duplicative descriptions of such structural features of the attachment apparatus 500 may
not be repeated in the following descriptions.

[0079] FIG. 5A illustrates an exterior view of a front side of the attachment
apparatus 500. The attachment apparatus 500 may include a cover body 502 that is
coupled to the attachment body 101 (not shown) via the coupling edge 102. The cover
body may be made from one or more materials, including hard or soft plastic, ceramic,
one or more metals, rubber, or a combination thereof. In some embodiments, the cover
body 502 may be configured to have a shape that substantially conforms to a shape of
the coupling edge 102. As such, the cover body 502 may be configured to have a shape
that approximates the shape of an outer ear of a human ear.

[0080] FIG. 5B illustrates a back view of the attachment apparatus 500. In the
example illustrated in FIG. 5B, the attachment apparatus 500 may include the

opening 108 defined by the front portion 104 and the back portion 106 of the
attachment body 101. The opening 108 may be configured similarly to the opening 108
described above (e.g., with reference to FIGS. 1A—-4C). As such, the opening 108 may
be configured to enable a majority of a user’s ear to pass through the opening and may
enable the attachment body 101 to secure the attachment apparatus 500 to the user. In
some embodiments, the attachment body 101 and the cover body 502 may be joined to
form a cavity 504 between the attachment body 101 and the cover body 502. In such
embodiments, the cavity 504 may be configured to encapsulate the user’s ear when the
attachment apparatus 500 is secured to the user’s ear. As described, the attachment
body 101 may press against or otherwise engage the user to form at least a partial

acoustic seal around the user’s ear. In some embodiments, in addition to the at least
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partial acoustic seal formed between the attachment body 101 and the user, the cover
body 502 and the attachment body 101 collectively be configured to reduce or block
exterior sound from passing into the cavity 504. As such, the cavity 504 may be
configured as a substantially or completely acoustically isolated space when the
attachment apparatus 500 is secured to the user’s ear. This acoustic isolation is further
described with reference to FIGS. 6A—6D.

[0081] FIGS. 5C illustrates an exterior view of a left side of the attachment
apparatus 500, according to some embodiments. In some embodiments, the cover
body 502 may cover the coupling edge 102 of the attachment body 101, and the cover
body 502 may be coupled to, fastened to, joined to, or otherwise engaged with the
coupling edge 102 via one or more attachment methods. For example, the cover

body 502 may be bonded to the coupling edge 102 via adhesives or may be fastened to
the coupling edge 102 via one or more interlocking members (not shown) or other
fastening devices or techniques. According to such embodiments, the cover body 502
and the attachment body 101 may be coupled together in such a way that the cavity 504
formed between the cover body 502 and the attachment body 101 is substantially
acoustically isolated when the attachment body 101 engages the user while the
attachment apparatus 500 is secured to the user.

[0082] FIGS. 6A—6B illustrate alternative views of an attachment apparatus 600
configured as a wearable audio system, according to some embodiments. As shown in
the examples of the attachment apparatus 600 illustrated in FIGS. 6A—6B, the
attachment apparatus 600 may include one or more structural features that are similar to
the structural features described above (e.g., with reference to the attachment
apparatuses 100, 400, and/or 500 illustrated in FIGS. 1A—4C). Specifically, in some
embodiments, the attachment apparatus 600 may include, but is not limited to
including, the attachment body 101, the coupling edge 102, the front portion 104 of the
attachment body 101, the back portion 106 of the attachment body 101, the opening 108
defined by the front portion 104 and the back portion 106, the first and second opening
portions 112 and 114, and the cover body 502. Some of the structural features of the
attachment apparatus 600 may be analogous to structural features described above, for
example, with reference to the attachment apparatuses 100, 400, and/or 500. For clarity
and simplicity of description, duplicative descriptions of such structural features of the
attachment apparatus 600 may not be repeated in the following descriptions.

[0083] FIG. 6A illustrates a semi-transparent, exterior view of a left side of the
attachment apparatus 600. In some embodiments, the cover body 502 may incorporate

or otherwise include one or more audio components that may enable the attachment
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apparatus 600 to function as a wearable audio system. In such embodiments, the cover
body 502 may include one or more audio components 620. The one or more audio
components 620 may include, without limitation, a flexible circuit or printed circuit
board, memory, a power source (e.g., a battery), a transceiver for receiving audio
signals from an exterior computing device, a processing unit, a signal processor, an
amplifier, or the like. Further, the cover body 502 may include a speaker system 622
that may be configured to play audio into the cavity 504 formed between the attachment
body 101 and the cover body 502. In some embodiments (not shown), the cover

body 502 may include an input device, such as a capacitance touch screen. In such
embodiments, the cover body 502 may be configured to receive a touch input from a
user, and the touch input may be provided to one or more processing components
included in the cover body 502 (e.g., a processing unit or the like). For example, the
cover body 502 may receive a touch input that causes the processing unit to stop, start,
or change audio that is played out through a speaker included in the cover body 502.
[0084] In the example illustrated in FIG. 6A, the audio components 620 and/or the
speaker system 622 may be positioned within a portion of the cavity 504 in proximity to
the ear 202 of the user. For example, when the attachment apparatus 600 is secured to
the user’s ear, the speaker system 622 may be positioned in close proximity to the
anterior portion 220 of the ear 202 (e.g., close to an ear canal of the ear 202) so that
audio played through the speaker system is directed towards the ear canal. In such
embodiments, the speaker system 622 may be positioned at an angle that intersects with
the median plane of the user in order to direct sound into the ear canal of the ear 202.

In some embodiments, the attachment apparatus 600 may include the frame 401 as
described (e.g., with reference to FIGS. 4A—-4C). Specifically, the frame 401 may
secure the attachment apparatus 600 to the root of the upper portion 204 of the ear 202
and to root of the lower portion 206 of the ear 202.

[0085] FIG. 6B illustrates a semi-transparent, exterior view of a right side of the
attachment apparatus 600, according to some embodiments. In the example illustrated
in FIG. 6B, the frame 401 may secure, at least in part, the attachment apparatus 600 to
the root of the back portion 208 of the user’s ear 202. As such, when the attachment
apparatus 600 is secured to the ear 202, the ear 202 may be encapsulated in the

cavity 504 formed between the cover body 502 and the attachment body 101. As
further illustrated in this example, the cover body 502 may be configured to include the
one or more audio components 620 and the speaker system 622. As shown, the speaker
system 622 may be positioned relative to the ear 202 such that the speaker system 622

is capable of playing audio that is directed to the ear canal of the ear 202.
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[0086] FIGS. 7A-7D illustrate alternative views of an attachment apparatus 700
configured to include an alternative frame design, according to some embodiments. As
shown in the examples of the attachment apparatus 700 illustrated in FIGS. 7A-7D, the
attachment apparatus 700 may include one or more structural features that are similar to
the structural features described above (e.g., with reference to the attachment
apparatuses 100, 400, 500, and/or 600 illustrated in FIGS. 1A-6B). Specifically, in
some embodiments, the attachment apparatus 700 may include, but is not limited to
including, the attachment body 101, the coupling edge 102, the front portion 104 of the
attachment body 101, the back portion 106 of the attachment body 101, and the cover
body 502. In some embodiments (not shown), the attachment apparatus 700 may
further include the opening 108 defined by the front portion 104 and the back

portion 106 and the first and second opening portions 112 and 114. Some of the
structural features of the attachment apparatus 700 may be analogous to structural
features described above, for example, with reference to the attachment

apparatuses 100, 400, 500, and/or 600. For clarity and simplicity of description,
duplicative descriptions of such structural features of the attachment apparatus 700 may
not be repeated in the following descriptions.

[0087] FIG. 7A illustrates a semi-transparent, exterior view of a front side of the
attachment apparatus 700. In some embodiments, the attachment body 101 of the
attachment apparatus 700 may be coupled to a frame 702. The frame 702 may be
coupled to a surface of the attachment body 101 or may be partially or completely
embedded in the attachment body 101. In either event, the frame 401 is coupled to the
attachment body 101. The frame 702 may extend along at least a portion of a perimeter
portion of the attachment body 101 that surrounds an ear-shaped opening (not shown)
formed in the attachment body. In such embodiments, the frame may substantially
conform to the shape of the opening. In the example illustrated in FIG. 7A, the

frame 702 may extend along the entirety of the opening such that the frame 702 may be
configured to engage with all or substantially all of the root of the ear 202 that is
inserted through the opening.

[0088] In some embodiments, the frame 702 may be made from one or more rigid
or semi-rigid materials or combinations of these materials. For example, the frame 702
may be made from hard plastic or rubber. In some embodiments, the frame 702 may be
made from at least partially elastic materials or combination of at least partially elastic
materials. For example, the frame 702 (or at least a portion thereof) may be made from

spring steel. In some embodiments, the materials comprising the frame 702 may have a
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hardness or a modulus of elasticity that is greater than a hardness or a modulus of
elasticity of the materials comprising the attachment body 101.

[0089] In some embodiments, the frame may include a top frame portion 710, a
bottom frame portion 708, and a back frame portion 706. While the attachment
apparatus 700 is secured to the user’s ear 202, the top frame portion 710 of the

frame 702 may be configured to secure the attachment apparatus 700 to the root of the
upper portion 204 of the ear 202. The bottom frame portion 710 of the frame 702 may
be configured to secure the attachment apparatus 700 to the root of the lower

portion 204 of the ear 202. The back frame portion 706 may be configured to secure
the attachment apparatus 700 to a root of the posterior portion 208 of the ear 202. In
such embodiments, the frame 702 may be configured to apply a compressive force
between the top frame portion 710 and the bottom frame portion 708 (and, in some
embodiments, the back frame portion 706) when the attachment body 101 receives a
tensile force. For example, the attachment body 101 may be stretched in order to
configure the opening (not shown) to be larger in size and thus more suitable for
allowing the user’s ear 202 to pass through the opening. As a result of stretching the
attachment body 101, the frame 702 may transition from a resting configuration in
which the frame 702 exerts little or no compressive force on the attachment body 101 to
a deformed configuration in which the frame 702 exerts compressive force (or a
comparatively larger amount of compressive force) on the attachment body 101. This
compressive force may be directed between the top frame portion 710 and the bottom
frame portion 708. As a result, the frame 702 may be configured to return to the resting
configuration when the tensile force is removed from the attachment body 101.
Because the frame 702 is coupled to the attachment body 101, the frame 702 may also
cause the attachment body 101 to compress when the tensile force is removed from the
attachment body 101, thereby reducing the size of the opening formed in the attachment
body 101 to be suitable for preventing the user’s ear 202 from passing back through the
opening.

[0090] In some embodiments, the frame may include a front portion 704 that may
be configured to engage the anterior portion 220 of the ear 202. The front portion 704
may include a biasing portion 710 and a responsive portion 709 that are respectively
defined at least in part by a reference line 711 that extends through the front portion 704
of the frame 702. In some embodiments, the biasing portion 710 and the responsive
portion 709 may interact with the anterior portion 220 of the ear 202 in order to secure
the attachment apparatus 700 to the user, as further described with reference to

FIG. 7D.
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[0091] FIG. 7B illustrates a semi-transparent, top-down view of the attachment
apparatus 700. In some embodiments, the frame 702 may be configured such that the
back frame portion 706 includes a midsection that curves away from the head of the
user and that curves towards a back surface of the posterior portion 208 of the ear 202.
According to this configuration, the curvature of the back frame portion 706 may
displace the posterior portion 208 of the ear 202 in a direction that is away from a
median plane of the user while the attachment apparatus 700 is secured to the user’s
ear 202. As illustrated by the dotted arrowed, the interaction of the posterior

portion 208 of the ear 202 and the back frame portion 706 may bias the front

portion 704 of the frame 702 in a direction towards the median plane of the user.
Because the frame 702 is coupled to the attachment body 101, the biasing of the
frame 702 may similarly bias the front portion 104 of the attachment body 101 in a
direction that causes the front portion 104 of the attachment body 101 to engage with
the user. For example, the front portion 104 may press against the face of the user 210,
thereby forming or contributing to the formation of at least a partial acoustic seal
against the user.

[0092] FIG. 7C illustrates a semi-transparent, exterior view of a right side of the
attachment apparatus 700, according to some embodiments. The example illustrated in
FIG. 7C depicts the curvature of the back frame portion 706. As described (e.g., with
reference to FIG. 7B), the back frame portion 706 may be configured to have a
midsection that curves towards a back surface of the posterior portion 208 of the

ear 202 in order to displace the posterior portion 208 of the ear 202. In some
embodiments, the midsection of the back frame portion 706 may engage the posterior
portion 208 of the ear 202 while the upper frame portion 710 and the lower frame
portion 708 engage the upper root portion 204 of the ear 202 and the lower root
portion 206 of the ear 202, respectively. Thus, according to this configuration, the
frame 702 may securely attach the attachment apparatus 700 to the ear 202 while
displacing the posterior portion 208 of the ear to form a secure acoustic seal, as
described above.

[0093] FIG. 7D illustrates a semi-transparent, exterior view of a left side of the
attachment apparatus 700, according to some embodiments. As described, the

frame 702 may include the front frame portion 704 that includes a biasing portion 710
and the responsive portion 709. In such embodiments, the biasing portion 710 of the
frame 702 may be configured to engage with or otherwise interact with an anterior
portion 220 of the ear 202. In particular, the anterior portion 220 of the ear 202 may

bias the biasing portion 710 of the frame 702 in a direction that is away from the
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median plane of the user. This biasing of the biasing portion 710 may cause the
responsive portion 709 of the frame 702 to be urged in a direction towards the median
plane of the user. As a result, the responsive portion 709 of the frame 702 may cause
the front portion 104 of the attachment body 101 to press against the user—such as
along the face 210 of the user—, thereby forming or contributing to the formation of at
least a partial acoustic seal between the attachment body 101 and the user. Further,
once secured in the attachment apparatus 700, the ear 202 may reside in the cavity 504
formed between the attachment body 101 and the cover body 502. In some
embodiments, the posterior portion 208 of the ear 202 may engage the back portion 106
of the attachment body 101, such as by resting a surface of the posterior portion 208 of
the ear 202 against a surface of the back portion 106 of the attachment body 101.
[0094] In some embodiments (not shown), the attachment apparatus 700 may be
configured as a wearable audio system. In such embodiments, the cover body 502 may
include one or more audio components, speaker systems, or the like as generally
described above, for example, with reference to the attachment apparatus 600 (see
FIGS. 6A and 6B).

[0095] Examples illustrated in the accompanying drawings may depict one or more
embodiments of the attachment apparatus as being configured for use with a left ear of
a user. However, any descriptions or illustrations of the foregoing attachment
apparatuses that cause the attachment apparatus to be suitable for use with a left ear of a
user are made merely for ease of description. As such, unless otherwise limited by the
claims, there is no requirement that the attachment apparatuses described above must be
configured for use only with left ears. For example, without loss of generality, any of
the above attachment apparatuses may be configured to couple to a right ear of a user
by mirroring the structures described and illustrated above. Further, in some
embodiments (not shown), any of the various attachment apparatuses described above
may be utilized with a mirrored attachment apparatus that is configured to function on
an opposite ear. In such embodiments, an attachment apparatus and a mirrored
attachment apparatus may operate together as part of a single audio system because the
attachment apparatus may be configured for use with one ear of the user, and the
mirrored attachment apparatus may be coupled for use with the other ear (or vice
versa). For example, in some embodiments in which the attachment apparatus and the
mirrored attachment apparatus are configured as wearable audio systems, the user may
utilize the attachment apparatus and the mirrored attachment apparatus together to

experience stereophonic sounds in which an audio source is played simultaneously or
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nearly simultaneously through both the attachment apparatus and the mirrored
attachment apparatus.

[0096] FIG. 8 is a functional block diagram of an illustrative operating
environment 800 suitable for implementing aspects of the present disclosure. The
operating environment 800 includes an attachment apparatus 808 that may be
configured to receive audio data from various sources, including a mobile computing
device 802, an analog source of sound 804 (e.g., a human), or another computing
device 806.

[0097] The example illustrated in FIG. 8 depicts a general architecture of the
attachment apparatus 808 that may be configured to playout audio, among other
functions. The general architecture of the attachment apparatus 808 includes an
arrangement of computer hardware and/or software components. The attachment
apparatus 808 may include more (or fewer) elements than those shown in FIG. 8. Itis
not necessary, however, that all of these generally conventional elements be shown in
order to provide an enabling disclosure. In some embodiments, the attachment
apparatus 808 may be configured as described above with reference to any one of
attachment apparatuses 500, 600, or 700.

[0098] As illustrated, the attachment apparatus 808 may include an input/output
device interface 822, a network interface 818, an optional microphone 816, a

memory 824, a processing unit 826, a power source 828, and a speaker 832, all of
which may communicate with one another by way of a communication bus. The
network interface 818 may provide connectivity to one or more networks or computing
systems, and the processing unit 826 may receive and/or send information and
instructions from/to other computing systems or services via the network interface 818.
In some embodiments, the network interface 818 may be configured to communicate
with the mobile computing device 802 and/or the other computing device 806 via
wireless communication links 810 and 814, such as via a Wi-Fi Direct or Bluetooth
communication links. The network interface 818 may also (or alternatively) be
configured to communicate with the computing devices 802 and 806 via a wired
communication link (not shown). Those skilled in the art will recognize that the
computing devices 802 and 806 may be any of a number of computing devices capable
of communicating via a wireless or wired link including, but not limited to, a laptop,
personal computer, personal digital assistant (PDA), hybrid PDA/mobile phone, mobile
phone, smartphone, wearable computing device (e.g., wireless headphones or
earphones), electronic book reader, digital media player, tablet computer, gaming

console or controller, kiosk, augmented or virtual reality device, other wireless device,
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set-top or other television box, or the like. In such embodiments, the network

interface 818 may receive audio data from the mobile computing devices 802

and/or 806 and may provide the audio data to the processing unit 826. In such
embodiments, the processing unit 826 may cause the audio data to be transformed into
an electrical audio signal that is provided to the speaker 832 for output as sound.

[0099] The processing unit 826 may communicate to and from memory 824. In
some embodiments, the memory 824 may include RAM, ROM, and/or other persistent,
auxiliary or non-transitory computer-readable media. The memory 824 may store an
operating system that provides computer program instructions for use by the processing
unit 826 in the general administration and operation of the attachment apparatus 808.

In some embodiments, the memory 824 may contain digital representations of audio
data or electronic audio signals (e.g., digital copies of songs or videos with audio). In
such embodiments, the processing unit 826 may obtain the audio data or electronic
audio signals from the memory 824 and may provide electronic audio signals to the
speaker 832 for playout as sound.

[0100] In some embodiments, the input/output interface 822 may also receive input
from an input device (not shown), such as a keyboard, mouse, digital pen, microphone,
touch screen, gesture recognition system, voice recognition system, image recognition
through an imaging device (which may capture eye, hand, head, body tracking data
and/or placement), gamepad, accelerometer, gyroscope, or other input device known in
the art. In some embodiments, the microphone 816 may be configured to receive
sound 812 from an analog sound source 804. For example, the microphone 816 may be
configured to receive human speech. The microphone 816 may further be configured to
convert the sound into audio data or electrical audio signals that are directly or
indirectly provided to the speaker 832 for output as sound.

[0101] Each of the communication links 810 and 814 may be communication paths
through networks (not shown), which may include wired networks, wireless networks
or combination thereof. In addition, such networks may be personal area networks,
local area networks, wide area networks, cable networks, satellite networks, cellular
telephone networks, etc. or combination thereof. In addition, the networks may be a
personal area network, local area network, wide area network, over-the-air broadcast
network (e.g., for radio or television), cable network, satellite network, cellular
telephone network, or combination thereof. In some embodiments, the networks may be
private or semi-private networks, such as a corporate or university intranets. The
networks may also include one or more wireless networks, such as a Global System for
Mobile Communications (GSM) network, a Code Division Multiple Access (CDMA)
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network, a Long Term Evolution (LTE) network, or some other type of wireless
network. Protocols and components for communicating via the Internet or any of the
other aforementioned types of communication networks are well known to those skilled
in the art and, thus, are not described in more detail herein.

[0102] In some embodiments, the attachment apparatus 808 may include one or
more sensors 850. The one or more sensors 850 may include, but are not limited to, one
or more biometric sensors, heat sensors, gyroscopic sensors, accelerometers, pressure
sensors, force sensors, light sensors, or the like. In such embodiment, the one or more
sensors 850 may be configured to obtain sensor information from a user of the
attachment apparatus 808 and/or from an environment in which the attachment
apparatus 808 is worn by the user. The processing unit 826 may receive sensor
readings from the one or more sensors 850 and may generate one or more outputs based
on these sensor readings. For example, the processing unit 826 may configure a light-
emitting diode included on the attachment apparatus (not shown) to flash according to a
preconfigured patterned based on the sensor readings.

[0103] It is to be understood that not necessarily all objects or advantages may be
achieved in accordance with any particular embodiment described herein. Thus, for
example, those skilled in the art will recognize that certain embodiments may be
configured to operate in a manner that achieves or optimizes one advantage or group of
advantages as taught herein without necessarily achieving other objects or advantages
as may be taught or suggested herein.

2%

[0104] Conditional language such as, among others, “can,” “could,” “might” or
“may,” unless specifically stated otherwise, are otherwise understood within the context
as used in general to convey that certain embodiments include, while other
embodiments do not include, certain features, elements and/or steps. Thus, such
conditional language is not generally intended to imply that features, elements and/or
steps are in any way required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or without user input or
prompting, whether these features, elements and/or steps are included or are to be
performed in any particular embodiment.

[0105] Disjunctive language such as the phrase “at least one of X, Y, or Z,” unless
specifically stated otherwise, is otherwise understood with the context as used in
general to present that an item, term, etc., may be either X, Y, or Z, or any combination
thereof (e.g., X, Y, and/or Z). Thus, such disjunctive language is not generally intended
to, and should not, imply that certain embodiments require at least one of X, at least one

of Y, or at least one of Z to each be present.
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[0106] Unless otherwise explicitly stated, articles such as “a” or “an” should
generally be interpreted to include one or more described items. Accordingly, phrases
such as “a device configured to” are intended to include one or more recited devices.
Such one or more recited devices can also be collectively configured to carry out the
stated recitations. For example, “a processor configured to carry out recitations A, B
and C” can include a first processor configured to carry out recitation A working in
conjunction with a second processor configured to carry out recitations B and C.
[0107] It should be emphasized that many variations and modifications may be
made to the above-described embodiments, the elements of which are to be understood
as being among other acceptable examples. All such modifications and variations are
intended to be included herein within the scope of this disclosure and protected by the

following claims.
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WHAT IS CLAIMED IS:

1. An attachment apparatus for coupling to an ear of a user, the attachment
apparatus comprising;
an attachment body comprising a first attachment portion and a second
attachment portion, and defining an opening that is configured to enable a majority of
the ear of the user to pass through the opening when coupling the attachment apparatus
to the ear,
wherein the first attachment portion and the second attachment portion are
configured such that, when the attachment apparatus is coupled to the ear:
the first attachment portion prevents an anterior portion of the ear from
passing through the opening,
the first attachment portion receives, from an interaction with the
anterior portion of the ear, a force that biases the first attachment portion in a direction
away from a median plane of the user, and
the force received on the first attachment portion causes the second
attachment portion to press against the user to form at least a portion of an acoustic seal

against the user.

2. The attachment apparatus of Claim 1, wherein:

the attachment apparatus further comprises a cover body coupled to the
attachment body to form a cavity that encapsulates the ear; and

the attachment body and the cover body are configured jointly to form the

acoustic seal around an entirety of the ear.

3. The attachment apparatus of Claim 1, wherein a shape of the opening
defined by the attachment body approximates a profile shape of a root portion of a

human ear.

4. The attachment apparatus of Claim 1, wherein the opening defined by
the attachment body comprises:

a first opening portion configured to enable an upper portion of the ear to pass
through the opening when coupling the attachment apparatus to the ear, and

a second opening portion configured to enable a lower portion of the ear to pass

through the opening when coupling the attachment apparatus to the ear.
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5. The attachment apparatus of Claim 4, wherein the attachment body is
further configured to secure the attachment apparatus to a root of the upper portion of
the ear received via the first opening portion and to a root of the lower portion of the ear

received via the second opening portion.

6. The attachment apparatus of Claim 4, wherein:

the first opening portion is further configured to limit clockwise rotation of the
attachment apparatus while the attachment apparatus is secured to the ear; and

the second opening portion is further configured to limit counterclockwise
rotation of the attachment apparatus while the attachment apparatus is secured to the

car.

7. The attachment apparatus of Claim 1, wherein the portion of the acoustic
seal formed between the attachment body and the user inhibits movement of the

attachment apparatus in relation to the ear.

8. The attachment apparatus of Claim 7, wherein a surface of the second
attachment portion comprises a textured pattern that increases an amount of friction

generated between the second attachment portion and the user.

9. The attachment apparatus of Claim 1, wherein:

at least a portion of the attachment body comprises viscoelastic material
configured to transition from a resting configuration to a deformed configuration in
response to receiving a tensile force on the attachment body; and

a dimension of the opening defined by the attachment body is larger while the
viscoelastic material is in the deformed configuration than while the viscoelastic

material is in the resting configuration.

10.  The attachment apparatus of Claim 9, wherein the viscoelastic material
is further configured to:

transition from the deformed configuration to the resting configuration in
response to removing the tensile force from the attachment body; and

apply a compressive force on the ear while configured in the resting

configuration.
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11. An attachment apparatus for coupling to an ear of a user, the attachment
apparatus comprising;
an attachment body, the attachment body defining an opening that is configured
to enable a majority of the ear of the user to pass through the opening when coupling
the attachment apparatus to the ear; and
a frame coupled to the attachment body to extend along at least a portion of a
perimeter portion of the attachment body surrounding the opening such that an interior
facing portion of the frame substantially conforms to a shape of the opening, the frame
comprising a first frame portion and a second frame portion,
wherein:
the first frame portion is configured to secure the attachment apparatus
to an upper root portion of the ear,
the second frame portion is configured to secure the attachment
apparatus to a lower root portion of the ear,
the attachment body is configured to transition from a resting
configuration to a deformed configuration in response to a tensile force applied to the
attachment body, and
the frame is configured to bias the attachment body toward the resting

configuration when the attachment body is in the deformed configuration.

12. The attachment apparatus of Claim 11, wherein at least one of the
attachment body and the frame is configured to apply a compressive force to the ear

while the attachment body is in the resting configuration.

13. The attachment apparatus of Claim 11, wherein:
at least a portion of the frame comprises a spring;
at least a portion of the attachment body comprises an elastic material; and

a hardness of the elastic material is less than a hardness of the spring.

14.  The attachment apparatus of Claim 11, wherein the attachment body is
configured, in absence of the tensile force, to revert from the deformed configuration to

the resting configuration in response to the bias provided by the frame.
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15. The attachment apparatus of Claim 11, wherein a dimension of the
opening is larger while the attachment body is in the deformed configuration than while

the attachment body is in the resting configuration.

16. The attachment apparatus of Claim 11, wherein an end of the first frame
portion and an end of the second frame portion are separated by a portion of the

attachment body.

17. The attachment apparatus of Claim 11, wherein:

the attachment body comprises a first attachment portion and a second
attachment portion;

the frame is configured to secure the attachment apparatus to the ear such that
the first attachment portion receives, from an interaction with an anterior portion of the
ear, a force that biases the first attachment portion in a direction away from a median
plane of the user, and

the force received on the first attachment portion causes the second attachment
portion to press against the user to form at least a portion of an acoustic seal against the

user.

18.  The attachment apparatus of Claim 11, wherein, while the attachment
apparatus is secured to the ear:

the first frame portion is configured to limit clockwise rotation of the attachment
apparatus; and

the second frame portion is configured to limit counterclockwise rotation of the

attachment apparatus.

19. The attachment apparatus of Claim 11, wherein:

the attachment apparatus further comprises a cover body coupled to the
attachment body to form a cavity that encapsulates the ear; and

the attachment body and the cover body are configured jointly to form the

acoustic seal around an entirety of the ear.

20. The attachment apparatus of Claim 19, wherein:
the cover body comprises a speaker element positioned within a portion of the

cavity that encapsulates the ear; and
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the speaker element is positioned in the cavity in proximity to an ear canal of the

car.

21. An attachment apparatus for coupling to an ear of a user, the attachment
apparatus comprising;

an attachment body, the attachment body defining an opening that is configured
to enable a majority of the ear of the user to pass through the opening when coupling
the attachment apparatus to the ear; and

a frame coupled to the attachment body to extend along at least a portion of a
perimeter portion of the attachment body surrounding the opening such that an interior
facing portion of the frame substantially conforms to the opening,

wherein:

the frame is configured to secure the attachment apparatus to the ear at
an upper root portion of the ear and at a lower root portion of the ear,

a first frame portion of the frame is configured to displace a posterior
portion of the ear in a direction away from a median plane of the user while the
attachment apparatus is secured to the ear, and

displacement of the posterior portion of the ear by the first frame portion
biases an anterior portion of the attachment body into engagement with the user such
that the anterior portion of the attachment body forms, at least partially, an acoustic seal

against the user.

22. The attachment apparatus of Claim 21, wherein:

the first frame portion of the frame comprises a midsection that physically
contacts a back surface of the posterior portion of the ear; and

the midsection curves away from the head of the user behind the ear and
towards the back surface of the ear such that the midsection displaces the posterior

portion of the ear in the direction away from the median plane of the user.

23. The attachment apparatus of Claim 21, wherein:

at least a portion of the attachment body is configured to transition from a
resting configuration to a deformed configuration in response to receiving a tensile
force on the attachment body, and

the frame is configured to bias the attachment body toward the resting

configuration while the attachment body is in the deformed configuration.
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24.  The attachment apparatus of Claim 21, wherein the attachment body is
configured, in absence of the tensile force, to revert from the deformed configuration to
the resting configuration.

25. The attachment apparatus of Claim 21, wherein a dimension of the
opening is larger while the attachment body is in the deformed configuration than while
the attachment body is in the resting configuration.

26. The attachment apparatus of Claim 21, wherein:

the attachment apparatus further comprises a cover body coupled to the
attachment body to form a cavity that encapsulates the ear received via the opening; and

the attachment body and the cover body are configured jointly to form the
acoustic seal around an entirety of the ear.

27.  The attachment apparatus of Claim 21, wherein the first portion of the
frame is configured to have a thickness greater than a space between a back surface of
the posterior portion of the ear and the head of the user behind the ear with the ear in a

non-displaced condition.

28.  The attachment apparatus of Claim 21, wherein the frame is coupled to

the attachment body to extend along an entirety of the perimeter of the opening.

29. The attachment apparatus of Claim 21, wherein:

the frame body further comprises a second frame portion;

the frame is configured to secure the attachment apparatus to the ear such that
the second frame portion of the attachment body receives a force from an interaction
with the ear that urges the second frame portion away from a median plane of the user,
and

the force received on the second frame portion biases a portion of the
attachment body into engagement with the user.

30.  The attachment apparatus of Claim 29, wherein the portion of the

attachment body forms at least a portion of the acoustic seal formed against the user.

-38-



WO 2016/200744 PCT/US2016/036092

1721

106

104 101

109—F LTy i 106

JIf-mtl i < A7 H—120

ii4




WO 2016/200744 PCT/US2016/036092

2/21

106

112

-104

181

169

166
el

126
~—J 1

1i4




WO 2016/200744 PCT/US2016/036092

321

192

KI o6

~ I 5




WO 2016/200744 PCT/US2016/036092

4/21

106




WO 2016/200744 PCT/US2016/036092

5721

/1 be

264~

164~

169 —

TR L/ Ee

206 —




WO 2016/200744 PCT/US2016/036092

6/21

KI o6

194




WO 2016/200744 PCT/US2016/036092

721

KI o6




WO 2016/200744 PCT/US2016/036092

821

/3 o6

3712 302

309

314 N




WO 2016/200744 PCT/US2016/036092

921

/460

~F 2

11—

1147 A




WO 2016/200744 PCT/US2016/036092

1921

/4

112

e T

e 20,

14—

- !

¥ o 2

P 107




WO 2016/200744 PCT/US2016/036092

11721

104 .




WO 2016/200744 PCT/US2016/036092

12/21

/500

702




WO 2016/200744 PCT/US2016/036092

13721

/5{}@

iai

106~ |

168 ——"




WO 2016/200744 PCT/US2016/036092

14/21

/500

194
’*\\

218 e




PCT/US2016/036092

WO 2016/200744

606

15/21

e 622

e e e e e s e 7




PCT/US2016/036092

WO 2016/200744

16/21




PCT/US2016/036092

WO 2016/200744

17721

700

4ma

S

T
i
m m B
\rl\lunll\w\;i;luq iiiiiiiiiii ¥ f
]
2
e SR 5
] S
SIS 2 =




WO 2016/200744 PCT/US2016/036092

18/21

}// 700

g6




PCT/US2016/036092

WO 2016/200744

19/21

202--—--|

50—



PCT/US2016/036092

WO 2016/200744

}// 700

— 562

P 7/
=202

2021

i’!nl!

y e




WO 2016/200744

2121

PCT/US2016/036092

Y’&?«?
824 ~850
{ S
Memory ! Sensor(s} |
s J
A
818 828
{ ) {
Network . .| Processing | Power
Interface | ! Unit | Source
4
L&?é
§—822 832-»-?
nnnnnnnnn .ﬁ.....,....i 2,
Input/Output | N
Interface j > Speaker




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/036092

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4R1/10
ADD.

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

B. FIELDS SEARCHED

A61F HOAR A42B

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

5,13,14

25 February 2009 (2009-02-25)

13 August 1957 (1957-08-13)
the whole document

A US 2008/263749 Al (LEONG WAIHONG [US] ET
AL) 30 October 2008 (2008-10-30)
paragraphs [0074] - [0078]; figures

X EP 2 028 874 Al (SONY CORP [JP])
A paragraphs [0013] - [0031]; figures 2,3

A US 2 802 214 A (HANKS THRIFT G)

1-10,
21-30

21'259
27,28
1-10,26,
29,30

1-10,
21-30

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

See patent family annex.

* Special categories of cited documents :

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

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

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

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

"P" document published prior to the international filing date but later than
the priority date claimed

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

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

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 August 2016

Date of mailing of the international search report

04/10/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Borowski, Michael

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PLT/052016/036092
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-10, 21-30

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2016/ 036092

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-10, 21-30

A) An attachment apparatus for coupling to an ear of a user,
the attachment apparatus comprising:

an attachment body, the attachment body defining an opening
that is configured to enable a majority of the ear of the
user to pass through the opening when coupling the
attachment apparatus to the ear;

1.1. claims: 1-10

B1) wherein the attachment body is comprising a first
attachment portion and a second attachment portion,
wherein the first attachment portion and the second
attachment portion are configured such that, when the
attachment apparatus is coupled to the ear:

the first attachment portion prevents an anterior portion of
the ear from passing through the opening,

the first attachment portion receives, from an interaction
with the anterior portion of the ear, a force that biases
the first attachment portion in a direction away from a
median plane of the user, and

the force received on the first attachment portion causes
the second attachment portion to press against the user to
form at least a portion of an acoustic seal against the
user.

1.2. claims: 21-30

B3) further comprising a frame coupled to the attachment
body to extend along at Teast a portion of a perimeter
portion of the attachment body surrounding the opening such
that an interior facing portion of the frame substantially
conforms to the opening,

wherein:

the frame is configured to secure the attachment apparatus
to the ear at an upper root portion of the ear and at a
lower root portion of the ear,

a first frame portion of the frame is configured to displace
a posterior portion of the ear in a direction away from a
median plane of the user while the attachment apparatus is
secured to the ear, and

displacement of the posterior portion of the ear by the
first frame portion biases an anterior portion of the
attachment body into engagement with the user such that the
anterior portion of the attachment body forms, at Teast
partially, an acoustic seal against the user.

2. claims: 11-20

A) An attachment apparatus for coupling to an ear of a user,




International Application No. PCT/ US2016/ 036092

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

the attachment apparatus comprising:

an attachment body, the attachment body defining an opening
that is configured to enable a majority of the ear of the
user to pass through the opening when coupling the
attachment apparatus to the ear;

B2) further comprising a frame coupled to the attachment
body to extend along at Teast a portion of a perimeter
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conforms to a shape of the opening, the frame comprising a
first frame portion and a second frame portion,

wherein:

the first frame portion is configured to secure the
attachment apparatus to an upper root portion of the ear,
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