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FLOW RELIEF FEATURES EMBEDDED IN COSMETIC SURFACE OF
WEARABLES
FIELD
REL Aspects of the present disclosure describe air flow relief features of an in-ear
audio output device having one or more ports. As described in more detail herein, the air
flow relief is designed to provide an air flow path o prevent complete blockage of a port

while maintaining the overall cosmetic design of the housing.
BACKGROUND

186621 Various in-ear audio output devices {(referred to herein as “audio devices”)
incorporate active noise reduction {ANR) features, also known as active noise control or
canceliation {ANC), in which one or more microphones detect sound, such as exterior
acoustics captured by a feedforward microphone or interior acoustics captured by a
feedback microphone. Signals from a feedforward microphone andfor a feedback
microphone are processed to provide anti-poise signals to be fed to an acoustic transducer

(e.g., a speaker, a driver) to counteract noise that may otherwise be heard by a user.

(6863} Such audio devices may also have small vent holes, namely acoustic ports, on
the outside cosmetic surface of the housing. The ports may be used to improve acoustic
cutput of the audio device, equalize the audio response, and provide a venting path during
overpressure events for the acoustic transducer. The Hkelihood of interference to such

ports continues to increase as audio devices reduce in size.

SUMMARY
160041 Aspects provide an in-ear andio cutput device. In an aspect, the in-ear audio

output device comprises: an acoustic chamber defined by an earbud housing shaped to fit
in a concha of an ear of a wearer of the in-ear audio output device. The earbud housing
comprises: a first port configured to be aligned with a concha cymba of the wearer when
the device is worn; and a first air flow channel extending from an area surrounding the
first port to a portion of the earbud housing shaped to fit in a concha cavum of the wearer

when the device 1s worn.
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{6865} In aspects, the first air flow channel comprises a geometric stadium shape. In
aspects, the first air flow channel is shaped to cross a helix crus of the ear when the
device is worn. In aspects, the first air flow channel has a continucus depth relative o an

outer surface of the earbud housing.

16806} In aspects, the first port comprises a sound port and a feedforward microphone

disposed in the sound post.

16867} In aspects, in-ear audio output device further comprises a second port
configured to be aligned with the concha cymba of the wearer when the device is worn,
and a second air flow channel extending from an area swrrounding the second port {0 a
portion of the earbud housing shaped to fit in the concha cavum of the wearer when the
device is worn. In aspects, the second air flow channel comprises a geometric stadium
shape. In aspects, the in-ear audio output device of claim 6, wherein the second air flow
channel is shaped to cross a helix crus of the ear when the device is worn. In aspects, the

second atr flow channel has a continuous depth relative to an outer surface of the earbud

housing.
(6008} In aspects, the second port comprises a mass port.
(30091 In aspects, the first air flow channel and the second air flow channel are

substantially paraliel.

(6016} Aspects provide an in-ear andio output device, comprising an acoustic
chamber defined by an earbud housing shaped to fit in a concha of an ear of a wearer of
the in-ear audio output device, the earbud housing comprising: a feedforward microphone
disposed in a sound port, the sound port configured to be aligned with a concha cymba of
the wearer when the device is worn; a mass port configured to be aligned with the concha
cymba of the wearer when the device is worn; and a first air flow channel extending from
a first portion of the housing surrounding the sound pott to a second portion of the
housing, the second portion of the housing being deeper within the ear and closer to an

ear canal opening of the ear as compared to the first portion of the earbud housing.

j\~
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(6811} In aspects, to extend from the first portion of the housing to the second portion
of the housing, the first air flow channel is configured to cross over a helix crus of the ear

when the device is worn.

(6612} In aspects, the second portion of the housing is shaped to fit in a concha

cavum of the concha.

(6613} in aspects, the in-ear audic output device further comprises a second air flow
channel extending from the first portion of the earbud housing surrounding the mass port

to the second portion of the housing.

(6814} In aspects, to extend from the first portion of the housing to the second portion
of the housing, the second air flow channel is configured to cross over a helix crus of the

ear when the device 1s worn.

(#3157 in aspects, the first air flow channel and the second air flow channel each

comprise a geometric stadium shape.

[(#G16] in aspects, at least one of the first air flow channel or the second air flow

channel has a continuous depth relative to an outer surface of the earbud housing.

(6617} In aspects, in-ear audio output device further comprises a resistive port
contfigured to be aligned with an intertragal notch of the ear when the device is worn. In
aspects, the resistive port creates an opening in a surface of the earbud housing to couple
the acoustic chamber with a space outside of the earbud housing.

(6018} All examples and features mentioned herein can be combined in any
technically possible manner. Other features, objects, and advantages will become
apparent from the following detailed description, when read in connection with the
following drawing.

BRIEY DESCRIPTION OF THE DRAWINGS

(84191 FIG. 1 is a view of the lateral surface of the human ear.
160261 FiG. 2 is a side perspective of an in-ear audio output device including an

earbud housing having acoustic ports, according to aspects of the present disclosure.
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16821} FIG. 3 is a back perspective of the in-ear audio output device including the
earbud housing having acoustic ports positioned in a wearer’s ear, according to aspects of

the present disclosure.

(60223 FiG. 4 is a view inside the acoustic chamber, according to aspects of the

present disciosure.

(4023} FiG. 5 is an in-ear audio outpui device having air flow relief features,

according to aspects of the present disclosure.

[4G24] FiG. 6 illustrates is an in-ear audio output device having air flow relief

features, according to aspects of the present disclosure.

(G257 FiG. 7 is an in-ear audio outpui device having air flow relief features,

according to aspects of the present disclosure.

(#3267 FiG. & is an in-ear audio outpui device having air flow relief features,
according to aspects of the present disclosure.
DETAILED DESCRIPTION

184271 In-ear audio cutput devices use drivers {e.g., acoustic transducers, speakers) to
convert electrical signals into sound. One basic type of driver comprises a coil of wire,
called a voice coil, attached to the apex of a cone or dome-shaped diaphragm. The voice
coil is positioned in a permanent magnetic field, created, for example, by a pair of
permanent magnets. Electrical current is passed through the voice coil, turning the voice
coil into an electromagnet. The force generated by the fields of the electromagnet and the
permanent magnet moves the voice coil back and forth, which in twrn moves the
diaphragm. The movement of the diaphragm creates longitudinal pressure waves in the

air, which are perceived by human ears and brain as sound.

(6028} The sound quality that is produced is highly dependent on the design of its
driver(s), and more specifically, on the driver’s ability to move air. In general, the easier
it is for the driver to move back and forth, the more air the driver can move. This is
especially important at lower frequencies (perceived as bass), which require more

extremne movements of the driver,
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100291 To make it easier for the speaker to move, audic devices are designed to have
small vent holes or acoustic ports to couple the acoustic chamber (housing the driver) to
an area outside the device. The acoustic ports allow air to move in behind the driver
when the driver pushes air towards the ear, and aliow air to move back out when the
driver moves away from the ear. By making it easier for the speaker to move, the ports
mprove sound quality. Further, by allowing air to flow in and out of the driver, the
acoustic ports help to prevent pressure from building up, thereby allowing the driver to
move more freely. Additionally, the acoustic ports help to equalize the audio response

and help support noise cancellation features.

16036} Dwe to the small size of the ports and size constraints of wearable audio cutput
devices, ports are easily susceptible to blockage. For example, when the device is placed
in a wearer's ear, ports may be unintentionally obstructed given the geometry of the
wearer s ear, thereby preventing air from flowing in and out of the audio device. When a
port becomes blocked, the acoustic response of the audio device may deviate
significantly from what is expected. The audio device may not be designed to
compensate for such deviation; thus, the blocked port may create unstable conditions, and

in some cases, result in a feedback-like squealing sound.

10831} Accordingly, aspects of the present disclosure provide an in-ear andio output
device having at least one air flow relief feature on an earbud housing to prevent a port
froro becomng completely blocked. As used herein, a port is an opening in the wall of

the housing that couples the acoustic chamber to a space outside the earbud housing.

10832} The air flow feature (air flow relief feature) surrounds the port and provides
an air flow chanpel (air flow relief channel) between the earbud housing and the concha.
When the device is worn, the port is aligned with the wearer’s concha cymba. The air
flow channel of the housing extends from the port to a portion of the housing that is
aligned with the concha cavumn.  In other words, the air flow channel spans multiple
planes.  As such, when the device is worn, a portion of the air flow channel (aligned with
the concha cavam) is deeper in the user’s ear, and closer to ear canal, as compared to the
portion of the air flow channel that is more proximate to the port (and aligned with the

concha cymba). The air flow feature of the present disclosure makes blockage of the port
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highly unlikely given the location and shape of the air flow channel in combination with

ear geometry.

1384331 FIG. 1 shows the lateral surface of a human’s right ear 100, with some
features identified. There are many different ear sizes and geometries and include

features not iHustrated in FIG. 1

(6634} FiG. 2 is a side perspective of an in-ear wearable audio cutput device (device)
200 including an earbud housing having multiple ports. The device includes a body 202,
an earbud housing 204, a nozzle {206, not visible in FIG. 2}, and a sealing structure 208.
In aspects, earbud housing 204 is shaped to extend toward and fit in the concha cavum
134. Earbud housing 204 defines an acoustic chamber which houses the acoustic driver
and other electronics for the device. A view of the device with the housing removed,

exposing the acoustic chamber, is provided in FIG. 4.

138357 In aspects, earbud housing 204 includes a port 214 for a feedforward
microphone (feedforward microphone port), a mass port 212, and a resistive port 210
The feedforward microphone port 214 enables a feedforward microphone disposed in the
port 214 to be coupled to an area outside of the acoustic chamber. The provision of one
or both of the mass port 212 and the resistive port 210 enhance characteristics of the
acoustic output of sounds by the acoustic driver. As illustrated in FIG. 2, in aspects, the
feedforward microphone port 214 and mass port 212 are configured to be aligned with
the concha cymba 132 and the resistive port 210 sits in the wearer’s concha cavum 134
and is aligned with the wearet’s ntertragal notch 140. The openings on the housing 204
of the feedforward microphone port 214 and mass port 212 are substantially flush with

the surrounding surface of the housing 204,

[0836] The body 202 is coupled to an external surface of earbud housing 204
extending away from an ear canal of the wearer. In aspects, the body 202 i< shaped like a
rectangular pill and s situated outside the wearet’s ear when the device is worn. Io
aspects, body 202 sits against the outside of the wearer’s ear, and in some cases, the
wearer’s face, to help hold device 200 in place. While not visible in FIG. 2, 1n aspects,

the body 202 may include a port 226 for a second feedforward microphone (see FIG. 3).
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186371 The nozzle (206 not visible in FIG. 2, shown in FIG. 8} extends from earbud
housing 204 towards sealing structure 208. In aspects, earbud housing 204 extends into
nozzie 206 or, in other words, forms part of nozzle 206. The nozzle provides an acoustic
passage for sound waves to pass to the ear canal of the wearer. In aspects, nozzle has a

planar end with a substantially elliptical-shaped opening.

[6338] Sealing structure 208 creates a seal with a wearer’s ear canal. Sealing
structure 208 is substantially spherically-dome shaped. Sealing structure 208 extends

from the planar end of nozzle 206 and folds back towards the wearer’s outer ear.

168391 FIG. 3 is a back perspective of the device positioned in a wearer’s ear 300,
according to aspects of the present disclosure. As illustrated in FIG. 3, when the device
is inserted in the wearer’s ear, resistive port 210 is aligned with the intertragal notch of
the ear. The port 226 for the second feedforward microphone may be situated outside the

wearer' s ear when the device is positioned in the wearer’s ear.

(66461 The ports 212 and 214 are not visible in FI1G. 3 when the device is positioned
in the ear, as they are aligned with the wearer's concha cymba 132, Given the fit of the
device in the ear, there are times when one or more ports are blocked by being pressed up
and in contact with the concha cymba 132, For example, ports 212, 214 may be blocked
when a side sleeper, wearing the device, places their head on a pillow. In another
example, a winter cap may press on the body 202 of the device and cause blockage of the
feedforward microphone port 214 and/or mass port 212, To some instances, the wearer
commands actions of the device by pressing on the outside surface of device resulting in

an unintended blockage.

(0041 ] As described above, it is desitable to prevent a fall blockage of ports.
(88421 FIG. 4 is a view of the acoustic chamber 400, according to aspects of the

present disclosure. The housing 204 is removed to illustrate the electronics 1o the
acoustic charmber of the device. Few locations exist for positioning the feedforward
microphone {(disposed in the port 214) and the mass port 212 given the particular
geomeiry of the body needed to comfortably it in-ear, size of the acoustic chamber,
shape of the half-tube 228 connected to the mass port 212, and the many components

housed in the chamber. Therefore, the feedforward mucrophone port 214 and mass port

-
/
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212 are disposed in a flat portion of the acoustic chamber that aligns with the concha
cymba when the device is worn. The ports 212 and 214 are susceptible to undesired full

blockage based on the orientation of the ports on the housing 204 and ear geometry.

(43437 FIG. 5, FIG. 6, FIG. 7, and FIG. 8 illustrate different views 500, 600, and 704,
800 of an in-ear audio cutput device having air flow relief features, according to aspects
of the present disclosure. The air flow relief features make a full blockage of the ports
212 and 214 highly unlikely, as explained below, while maintaining the location of the
ports 212 and 214 and the overall design, shape, and fit of the housing 204 in a wearer’s

car.

(30447 An air flow chaonel 250 extends from an area surrounding the feedforward
niicrophone port 214 to a portion of the device that is shaped to fit deeper in the wearer’s
ear. In aspects, an air flow channel 260 extends from an area surrounding the mass port
212 to a portion of the device that is shaped to file deeper in the wearer’s ear. Due to ear
geometry, the air flow channel 250 and 260 are each shaped to cross over the helix crus

142 when positioned in-ear.

168451 A stadinm-shaped groove on the exterior surface of the housing 204 defines
gach air flow channel. The airflow channels extend from an area of the housing
configured to be aligned with the concha cvmba 132 to an area of the housing aligned
with the concha cavam [34. In aspects, the depth of the air flow channel is constant
relative to the exterior surface of the housing. The depth of the air flow channel is deep
enough so that ear material will not deform to cause a full blockage of air flow. The
depth of the air flow channel is shallow enough so that the walls of the air flow channel
will not deform and cause a blockage of the air flow relief channel. In an exarople, the
air flow channels are approximately 0.44 nmuu deep relative to the surface of the housing.
In an example, the distance between the two substantially parallel walls 13 approximately
t.2 wm and the radius of the semicircles at each end of the air flow chaouel is
approximately 0.6 my (or 1/2 the distance between the walls). The length of the air flow
chanpels is approximately 6.1 wm and approximately 4.66 mm from end 0 end

Accordingly, the length of the airflow channel from the end configured to sit in the
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concha cavum to the center of the port is approximately 5.5 mm (6.1 mm — 0.6 mm) and

4.06 mm {4.66 mm ~ 0.6 mm). All measurements have a tolerance of +/- 0.10 mm.

130461 In aspects, and as illustrated in FiGs. 5-8, the two air flow relief features are
substantially parallel. They may be of equal or different lengths and depths. While two
air flow channels are illustrated, in aspects of the present disclosure do not require a
device to have both air flow channels. In FIG. 7, the ports are not visible from the

perspective view because of the walls of the air flow channels.

(43471 When a device having air flow relief features 508, 606, 700, 800 is worn, the
portion of the air flow channel 260 closest the mass port 212 is aligned with the concha
cymba and the portion of the air flow channel 260 closest to the ear canal aligns with the
concha cavam. Similarly, the portion of the air flow channel 250 closest the feedforward
microphone port 214 is aligned with the concha cymba and the portion of the air flow
channel 250 closest o the ear canal aligns with the concha cavum. Despite the air flow
channels 250 and 260 having a continuous depth relative to an external surface of the
housing, the air flow channels 250 and 260 each spans different planes. In other words,
each air flow channel extends to the depth of the concha cymba in one portion and to the
depth of the concha cavam in another portion. The likelihood of an air blockage between
the device and ear across a vertical (longitudinal) divection of the stadiuro shape opening
from the concha cyroba 132 and over the helix crus 142 to the concha cavum 134 18
unlikely. While partial blockages may occur along the air flow channels, given ear
geometry, a seal along the entive air flow channel perimeter would be unlikely.

Therefore, the ports 212 and 214 are less likely to experience a full blockage.

(G048 The in-ear andio output device described herein 1s applicable {0 a vaniety of
devices, including audio headphones, hearing aids, hearing assistance headphones, noise-
masking earbuds, ANR headphones, aviation headphones, andio eveglasses, and other

devices that include an 1n-ear component.

[(049] Numerous uses of and departures from the specific apparatus and technigues
disclosed herein mway be made without departing from the inventive concepts.
Consequently, the invention is to be construed as embracing each and every novel feature

and novel combination of features disclosed herein.

G
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CLAIMS

I. An in-ear audio output device, comprising:

an acoustic chamber defined by an earbud housing shaped to fit in a concha of an

ear of a wearer of the in-ear andio output device, the earbud housing comprising

a first port configured to be aligned with a concha cymba of the wearer when the
device is worn; and

a first air flow channel extending from an area surrounding the first portto a
portion of the earbud housing shaped to {it in a concha cavum of the wearer when the

device is worh.

2. The in-ear audio output device of claim 1, wherein the first air flow channel

comprises a geometric stadium shape.

3. The in-ear audio output device of claim |, wherein the first air flow channel is

shaped to cross a helix crus of the ear when the device is worn.

4. The in-ear audio output device of ¢lairo 1, wherein the first air flow chaooel bas a

continuous depth relative to an outer surface of the earbud housing.

5. The in-ear audio output device of claim |, wherein the fitst port comprises a
sound port, and further comprising:

a feedforward microphone disposed in the sound port.

6. The in-ear audio output device of claim 1, further comprising:

a second port configured to be aligned with the concha cyruba of the wearer when
the device is worn; and

a second air flow channel extending from an area surrounding the second port to a
portion of the earbud housing shaped to fit in the concha cavum of the wearer when the

device is wWorn.

i0
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7. The in-ear audio output device of claim 6, wherein the second air flow channel

comprises a geometric stadium shape.

8. The in-ear audio output device of claim 6, wherein the second air flow channel is

shaped to cross a helix crus of the ear when the device is worn.

9. The in-ear audio output device of claim 6, wherein the second air flow channel

has a continuous depth relative to an outer surface of the earbud housing.

10 The in-ear audio output device of claim 6, wherein the second port comprises a

niass port.

it The in-ear audio output device of claim 6, wherein the first air flow channel and

the second air flow channel are substantially parallel.

12 An in-ear audio output device, comprising:

an acousstic chamber defined by an earbud housing shaped to fit in a concha of an
ear of a wearer of the in-ear andio output device, the earbud housing comprising:

a feedforward microphone disposed in a sound port, the sound port configured to
be aligned with a concha cymba of the wearer when the device is worn;

a mass port configured to be aligned with the concha cymba of the wearer when
the device is worn; and

a first air flow channel extending from a first portion of the housing surrounding
the sound port to a second portion of the housing, the second portion of the housing being
deeper within the ear and closer (o an ear canal opening of the ear as compared to the first

portion of the earbud housing.
13. The in-ear audio output device of claim 12, wherein, to extend from the first

portion of the housing to the second portion of the housing, the first air flow channel i3

contfigured to cross over a helix crus of the ear when the device is worn.

1i
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i4. The in-ear audio output device of claim 12, wherein the second portion of the

housing is shaped to {it in a concha cavum of the concha.

15. The in-ear audio output device of claim 12, further comprising:
a second air flow channel extending from the first portion of the earbud housing

surrounding the mass port to the second portion of the housing.

16. The in-ear audio output device of claim 15, wherein, (o extend from the first
portion of the housing to the second portion of the housing, the second air flow channel is

configured to cross over a helix crus of the ear when the device is worn.

17. The in-ear audio output device of claim 15, wherein the first air flow channel and

the second air flow channel each comprise a geometric stadium shape.

I8. The in-ear audio output device of ¢laito 15, wherein at least one of the first air
flow channel or the second awr flow channel has a continuous depth relative to an outer

surface of the earbud housing.

19. The in-ear audio output device of clairo 12, further comprising:
a resistive port configured to be aligned with an intertragal notch of the ear when

the device is worn.
24 The in-ear audio output device of clairn 19, wherein the resistive port creates an

opening in a surface of the earbud housing to couple the acoustic chamber with a space

outside of the earbud housing.

i2
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