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ARM FOR NAPEBAND-STYLE EARPHOME SYSTEM

THCHNICAL FIELD
{0001} This disclosure generally relates to audio devices, Muore particularly, the
disclosure relates o napeband-style earphone devices with an arm for positioning an

carphone proximate the ear of a user.

BACKGROUND
{0002]  Poriable electronic devices, including headphone and other wearable audio
syatems are becoming more convnonplace. However, particularly when mitegrated o
an active user’s hifestyle, these devices must dehcately balance comfort agamst stability.
For some form factors, such as earphone-type headphones, balancing comfort and

stability can be particularly challengmg

SUMMARY

100031 Al examples and features mentioned below can be combined wn any

technically possible way.

[00G4]  Vanous ioplementations include an arm for a napehand-sivle earphone system

and a related earphone systern. The arm has sections with distinet stiffness i order o
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flex over the top of & user's pinna for placement of an earphone proximate a user’s ear,

and m some implementations, i the user’s ear.

{00051 Insome particular aspects, an arm for an earphone svstem inchudes: a base
section for coupling with an elecironics compartment, the base section having a first
stiffness; a nuddle section continuous with the base section and having a second stiffness
that 15 less than the first stiffness; and a tip section continuous with the middle section for
coupling with an earphone, the {ip section having a third stiffness that is less than the
second stiftness, where the tip section 1s configured to flex over the top of the pmna of an
car of a user to position the earphone proximate the ear of the user while the earphone

system rests around a head of the user,

{0006]  In other particular aspects, an earphone system includes: & pair of earphones
for positioning in respective cars of a user; an electronics compartment; and an arm
connected with at feast one of the garphones and the electronics compartment, the arm
having: a base section coupled with the electronics compartiment, the base section having
a first stiffness; a middle section continuous with the base section and having a second
stiffness that s less than the first stiffness; and a tip section continuous with the nuddle
section and coupled with at least one of the earphones, the tip section having a third

stiffness that s less than the second stiffness, where the tip section s configured to flex

over the top of the pinna of one of the ears of the user 1o position the at least one
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earphone proximate the ear of the user when the earphone svstem rests around a head of

the user.

{00071 Implementations may mclude one of the following features, or any

combination thereof

{00081  In pardcudar cases, the tip section s configured to support a portion of a weight

of the earphone system when the earphone system resis around the head of the user.

{00091 Insome aspects, the base section meludes an arced region for wrapping the
arm around the head of the user while the tip section wraps over the top of the pina of

the ear.

{00101 In certanm implementations, the arm demonstrates substantially elastic

deformation after removal from over the top of the pinna of the ear of the user,

f0011]  In particular aspects, the arm further 1ncindes a shape-memory matersal
contigured to retain a portion of 4 shape formed by positioning the tp section over the
top of the pinna of the ear of the user. In certan cases, the shape-memory material
extends only partially along a length of the arm. In some aspects, the shape-memory

material has an approximately constant thickness along s length.
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{00121 In particular implementations, the earphone inchudes an earbod sized to rest
within the ear of the user, and the tip section aids i retaining the earbud within the ear of

the user during use of the earphone sysiem.

{00131 Incertamn cases, the arm further includes: wiring for transmitting
communication signals between the electronics compariment and the earphong; a
stiffness member; a jacket surrounding the stiffness member and the wiring; and a cover
surrounding the jacket, the stiffness member and the wiring. In some aspecis, the cover
and the wiring each extend axially through the base section, the middie section and the tip
section, the sitffness member extends axually through the base section, and the jacket

extends axially through the base section and the middie section.

{0014]  In particular cases, the arm further includes a rigid coupling at an end of the

base section for connecting the arm with the electronics compartment.

{00151 Incertain aspects, an cuter dimension of the arm tapers from the base section

o the tip section.

{0016]  Insome implementations, the base section comprises an elbow that is

deformed at rest at an angle of approwimately 15-45 degrees.

{00171 In particular implementations, the sarphone i the earphone systen inclodes an
earbud stzed o rest within the ear of the user, where the tip section of the arm aids in

retaining the earbud within the ear of the user during use of the earphone system, and the
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arm positions the electronics compariment to rest proxunate a nape of the head of the

user while the earbud 15 Iocated within the ear of the user.

{0018]  In certain cases, the arm 18 coupled to both of the carphones and the electronics

compartment in the earphone system,

{00191 Insome aspects, the arm mehudes a single band passing through the electronics

compartment to connect the pair of earphones in the earphone sysiem.

{00201 In certam cases, the arm 15 coupled with a first side of the electronics
compartrent and an additional arm 1s coupled with a second side of the electronics
compartment and the other one of the pair of earphones, where the arm and the additional
arm position the electronics compartment o rest proximate a nape of the head of the user
while the patr of earphones rest proximate the ears of the user. In particular
implementations, the arm and the additional arm provide a clamping force on the head of
the user such thai the elecironics compartment rests proximate the nape of the head of the

user while the head rotates.

{00211 Two or more features described 1n this disclosure, incloding those descrtbed in
this sumimary section, may be combined to form implementations not specifically

described heremn.
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{00221 The detatls of one or more implementations are set forth in the accompanying
drawings and the description below. Other features, olyjects and advantages will be

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
{00231 FiG 1A shows the lateral surface of a human right ear, with some features
wentified.
{00241  FiG 1B shows an example cross-section of the human ear, with some features
wentified.
100251 FIG. 2 shows a schematic side view of an earphone systermn on the head of 5
user according to vanous implementations.
100261 FIG 3 s a schematic depiction of an arm in the earphone system of FIG. 2,
100271 FIG 455 a partally sransparent depiction of the arm of FEGL 3.
100281 FIG. 5 shows a stitfoess merober 1n an earphone system arm such as the arm
depicted in FIGS, 2-4,
(00291 FIG 615 a close~ap perspective view of a portion of an earphone systern arm
according to various unplementations.
(00301 FIG. 715 a close~ap perspective view of a portion of an earphone systern arm
according to various unplementations.
[0031) FIG. 8 15 a schematic view of a back of a user’s head while wearing an

earphone system according to various implementations.
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{00321 Fi 913 & schematic view of a back of a user’s head while wearing an
earphone system according to varous additional implementations.

{00331 | 13 noted that the drawings of the vanous implemeniations are not necegsarily
o seale. The drawings are intended to depict only typical aspecis of the disclosure, and

therefore should not be considered as limiting the scope of the implementations. In the

drawings, like numberine represents like elements between the drawings.
2 2 2

DETAILED DESCRIPTION
{0034]  Ths disclosure 1s based, at least in part, on the realization that an earphone
syatem can benefit fron an arm with sections having distinet stiffness to provide added
comfort and stability. For exarople, the earphone system can include an electronices
compartment and & pair of arms for posihioning over respective pinna On a user’'s ears,
positiorung the earphones proxumate to the ear of the user, and 1 some cases, inthe gar
of the user, while the earphone system rests arcund the user’s head.
100351 Commonly labeled components in the FIGURES are considered 1o be
substantiatly equivalent components for the purposes of ilustration, and redundant
discussion of those components is omitted for clarty.
[0036]  FIG 1A shows the lateral surface of a human night ear, with some features
wdentified. There are many different ear sizes and geometries. Some ears have additional
features that are not shown in FIG 1AL Some cars lack some of the features that ars

shown in FiGy 1A, Some features may be more or fess prominent than are shown m FIG.
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A, Fi(y 1B shows an example cross-section of the human ear, with some features
identified. The ear canal is an irreguelarly shaped cylinder with a variable cross sectional
area and a centeriine that s not straight. Among the features identified is the entrance to
the ear canal and the main portion of the ear canal In this specification, the entrance to
the ear canal refers fo the portion of the ear canal near the concha where the walls of the
car canal are substantially non parallel to the centerline of the ear canal. The precise
structure of the human ear varies widely from mdividual to individual. For example, in
the cross-second of FIG 18, there 15 a gradual transition from walls that are non-paraliel
o3 a centerhing of the ear canal to walls that are substantially paraliel to a centerline 30-1C
of the ear canal, so the entrance 32-1C 1o the ear canal s relatively long.

100371 As used herein, the “pinna” of the ear can refer to the outer ear, or the portion
of the ear that 15 external to the body and excludes the ear canal. In vanious
mnplementations, componenis will be described relative to the piona of the ear, e g, over
the top of the pinna. In some cases, these components can it over a portion of the piona,
ez, the top, 1o the space between the back of the outer ear and the head.

(00381 For those who employ headphones or headset forms of personal andio devices
to bisten to electronically provided andio, it s commonplace for that audio to be provided
with at least two audio channels (e g, stereo audio with left and right channels} to be
separately acoustically output with separate earpieces to each ear. For those sunply
seeking to be acoustically isolated from unwanted or possibly harmful sounds, it bas

become commonplace for acoustic 1solation to be achieved through the use of active
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notse reduction {ANR} techniques based on the acoustic output of anti-noise sounds in
addition to passive noise reduction {PNR} techniques based on sound absorbing and/or
reflecting materials. Further, it 18 commonplace to combine ANR with other audio
functions i headphones.

{00391 Aspects and implementations disciosed herein may be applicable to sarphone
systems that either do or do not support two-way comnrunications, and either do or do not
support active noise reduction {ANR). For earphone systems that do support either two-
way communications or ANKR, it 15 mntended that what 1s disclosed and claimed herein i3
apphicabtle to an earphone system incorporating one or more microphones disposed on a
portion of the personal audio device that remains outside an ear when w use {e.g.,
feedforward microphones), on a portion that 15 inserted 10to a portion of an ear when m
use {e.g., feedback nucrophones), or disposed on both of such portions. Still other
mnplementations of earphone systeros to which what s disclosed and what 15 claimed
herem 18 apphicable will be apparent to those skilled inthe art

(00401 As desertbed herein, an “sarphone” m an “earphone system” can include an
OVer-gar, on-ear, in-ear or near-ear carphone, which can mchude an acoustic dniver
meodole {e.g, transducer{s)) as well as related electronics contained in or otherwise
coupled via a housing  In varous inplementations, as desenibed herem, earphones can
welude one or more microphones, which can be used for noise canceling While some

earphones shown and described according fo implementations include in-sar earphones

{e.g., those earphones that rest within a user’s ear and provide an cutput to the user’s ear
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canal}, various mplemeniations can include earphone systems with over-ear earphones
{e.g, earphones that subsiantially seal against the user’s head over the ear}, on-ear
earphones {e.g., earphones that rest on the user’s ear and substantially seal around the
helix of the user’s ear} or near-ear earphones {e g, earphones that rest on the user’s gar or
on the user’s head within a few inches of the user’s ear). These earphones all rest
proximate the user’s ear, 1.2, contacting the ear or adjacent the user’s ear. In some cases,
the earphone is considered proximate the user’s ear when i 1s located within 0.5 0 3
inches of the user’s ear.

{00411 FIG 2 s a night-side schematic view of a user {2 3., a human user} 200
meluding a depiction of a portion of an earphone systern 210 according to varnous
mnplementations. In vanous implementations, the earphone systern 210 caninclude a
pair of earphones 220 {right earphone shown m thus view) for positioning in respective
cars of the user 200 (e.g., where a right earphone 1s oriented to it a night ear and a left
carphone 15 ortented to £ a left ear)

[0042)  Fach earphone (also referred 1o as an “earpiece”) 220 can melude a stom 230
for posttiomng an arm {or, cable} 240 coupled with an electronics compartment 250, and
a body 260 connected with the stem 230 As 15 known o the art, n some cases, the body
260 can include an acoustic driver module 270 and a ©ip 280, In some circumstances, the
body 260 15 also called an “earbud”, however, 1 other circomstances the tip 286 15

referred to as an earbud. Ihiferent earphone configurations can be utihized with the

10
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various implementations disclosed herein, and it 1s understood that the earphone 220
ittustrated in Fly 2 15 merely one example of such a configuration

{00431 Nome earphones 220 mayv also include electronics modules (not shown} for
wirelessty communicating with external devices. (ther earphones may lack the acoustic
driver module and may function as passive earplugs. The tip 280 can inchude a sealing
structure for sealing the entrance to the ear canal. The earphone 220 can additwonally
inciude a positioning and retaining structure 2940, o operation, the garphone 220 s
placed proximate the ear, e.g., i the ear, and 1s oriented and held in place by the
positicnung and retaining structure 290, the tip 280 and other portions of the earphone
228

[0044]  As described herein, the earphone 220 can additionally nclude one or more
feedback microphone(s) and one or more feedforward microphones for nowse reduction
{e.g, ANR}. o moplementations that include ANR, each earphone 220 can mnclude an
mner nucrophone that may be a feedback microphone and an outer nucrophone that may
be a feedforward microphone. In such mmplementations, each earphone 220 mchides an
ANR cireuit that 15 in communication with the inner and outer microphones. The ANR
civeut recetves an inner signal generated by the inner mowerophone and an outer signal
generated by the outer mucrophone, and performs an ANR process for the corresponding
earphone 220, The process mcludes providing a signal to the dniver module {eg |

speakery 270 10 generate an anti-noise acoustic signal that reduces or agbstantially

&

prevents sound from one or more acoustic noise sources that are external to the earphons

11
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220 from beng heard by the user. As described herern, i addition to providing an anti-
noise acoustic signal, the driver module 270 can utilize s sound-radiating swrface for

éj ot
providing an audio output for plavback, Additional aspecis of the earphones are

described in US Patent Application No. { Attorney Docket No, WL-18-029-UK, filed

congurrentiveon 1

{00451 The electronics compartment 250 can house components for controlling
various functions of the earphone system 210, It 5 understood that one or more of the
components in the electronics compartment 230 may be implemented as hardware and/or
software, and that such components may be connected by any conventional means {e.g.,
hard-wired and/or wireless connection). It 5 further understood that unless otherwise
noted, components descnibed as connected or coupled to another component i the
carphone system 210 or other systemns disclosed according to implementations may
communcate using any conventional hard-wired connection and/or addiional
comunications protocols. In some cases, communications protocol{s) can include g Wi-
Froprotocol using a wireless local area network (LANY, a commumication protocol such as
IEEE 802 11 b/g a cethdar network-based protocol (e g, third, fourth or fifth generation
{303, 4G, 3G cellular networks) or one of a plurality of mternet-of-things JoT} protocols,
such as; Bluetooth, BLE Bluetooth, ZigBee {mesh LAN), Z-wave {sub-GHz mesh
network}, 6LOWPAN (a lightweight IP protocol}, LTE protocols, RFID, altrasonic audio

nrotocols, ete

12
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{00461 In various implementations, the electronics compariment 250 can mnclude a
digital signal processor {DSP) and a power source, and in some cases, may mclude an
additional transducer and/or microphones. In ceriain implemeniations, the lecironics
compartment 250 can further include a sensor sysiem such as a location tracking system
{e.g, a2 GPS device) and/or an mertial measurament unit (M) for detecting movement
of the earphone system 210 and enabling particular control functions. Each of the DSP,
transducer, microphone(s), power source and sensor system are connected with a
controller, which 15 configured to perform control functions according o various
impiementations described herein. Electronics compartment 230 can include other
components not specifically deseribed, such as comumurucations components {23, a
wireless transceiver {WTY configured to commmunicate with one or more other electronic
devices cornecied via one or more wireless networks (2.9, a local WiFt network,
Bluetooth connection, or radio frequency {RF) connection), and amplification and signal
processing components. It s understood that these components or funchional equivalends
of these components can be connected with, or form part of, the controller.

(00471 Insome particular implementations, the earphone system 210 can include a
conversafion enhancing headphone system. That 13, the earphone system 210 can be
controllable to modify audio playback, for example, by adiusting characteristics of
environmental {or “world”} soond and tuning particolar audio charactenistics {e.g |, treble
and bass} to enhance the user experience. The earphone system 210 can rely upon ANR

processes in order to provide this enhanced audio playback to the user.

13



WO 2020/046675 PCT/US2019/047485

{00481 Nealing the ear canal with the tip 280 can be particularly important when
providing conversation enhancing functions such as ANR. That 13, if the ear canal 15 not
properiy seated by the tip 280, feedforward microphoneis) can capture audio playback

>

escaping the ear canal and create unwanted feedback or “whistiing” This phenomenon s
sometimes experienced by users of conventional hearing aids, and significantly
diminishes the user experience.

{00491 The earphone system 210 depicted in FIG. 2 can provide for enhanced sealing
of the ear canal by use of the arm 240, In particular, the arm 240, which is configured to
rest over the top of the pinna and connect with the earpiece 220 from above {(when worn},

can provide stabiiiy such that the earpiece 220 reroains in place proxmate the ear, e,

n the ear canal, during use. Addiionally, the arm 240 s configured to form a napeband-

S

styvie headband that positions the electronics compartment 250 proxumate the nape 293 of
the head. In this sense, during use, the arm 240 locates the slectronics compartment 250
proximate ot below the user’s occipiial bone, but above the shoulders. This configuration

can mutigate unwanted pull

, of tension, on the wire when the user moves, e.g., by rofating
the head or looking down Additionally, placement of the arm 240 over the top of the
pinna can reduce the tension on the section of the arm 240 overlying the front of the outer
ear, mamiaming stabily n the earpiece seal.

[0030G] FIG. 3 shows a schematic depiction of the arm 240 1o isolation from the

electronics compartiment 250 and the earpiece 220 (FIG. 23 FIGS. 2 and 3 are referred to

stmultaneocusly. The arm 240 13 shown mcluding a base section 360 for coupling with the

14
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electronics compartment 250, a muddle section 310 that 18 continuous with the base
section 300, and a tip section 320 that 13 continuous with the middie section 310 and 18
configured to couple with one of the sarphones 228 As described herein, sach of the
base section 300, middie section 310 and tip section 320 can have a distingt sitffness,
enabling stable and comfortable positioning of the earphone system 210 on the user’s
head. That is, the base section 300 can have a first stiffness, the nuddle section can have
a second stiffness that is less than the first stitfness, and the tip section can have a third
stiffness that is less than the second stiffness. Delineations between the sections 300,
310, 320 are iHustrated as examples, although i is understood that these section lings may
be shutted n particular implementations. In most implementations, the length of the
nuddle section 310 {as measured along the primary axis of the arm 240} 15 less than the
length of each of the base section 300 and the tip section 320
100311 As shown mn FIG 3, the arm 240 can mclude a cover 330 that surrounds wiring
340 running between the electronics compartment 230 and the earpiece 220 (FIG 2} In
arious implementations, the cover 330 can be formed, ¢ g, of sthicone, thermoplastie
elastomer (TPE), thermoplastic polyurethane {TPLN, fluorcelastomer (FKM) and/or
another material providing comparable stiffness properties, cosmetic properties and
chermical resistance {e g, for cleaning and mteraction with human skin). The cover 330
s configured to divectly contact human skn, and as such, silicone ray be a beneficial
matertal for interaction with different skin types (g g, oily v. dry skan}. The wiring 340

can extend axially through the base section 300, nuddle section 310 and tip section 320,

15
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and can be used for power fransmission, communications, signal processing, etc. At the
proximal end 350 of the arm 240 13 a rigid coupling 360 for connecting the arm 240 with
the electronics compartment 230, In some cases, the rigid coupling 360 includes a
stopper 370 for contacting the electronics compartment 250, At the distal end 380 of the
arm 240 1s an earphone stopper 390 for contacting the earphone 220 (e g, the body 260
or stem 230 of the earphone 220}

{00521 FiG 4 shows a partially transparent view of one toplementation of the arm
240, iHustrating components contained within the cover 330, FIG. S shows a stiffness
member 300 which also extends through the arm 240, and 15 obstructed from view n
FIG 4 FIGS. 4 and S are referved to simultanecusly, FIG 4 illustrates an example
vnplementation including a winng wrap 400 within the cover 330 that surrounds the
wiring 340 along the length of the cover 330, That 15, the wiring wrap 400 15 surrounded
by the cover 330 and extends from the proximal end 350 to the distal end 330 of the arm
240, In some cases, the winng wrap 400 5 formed of paper, TPE, sthicon, TPU, fiber
stranding, or another Hexible material (inherently or by geometrical design} with
sutficient strength to hold the wires in place and posttion between the cover 330 and the
wirtng wrap 400 In the base section 300 and the vuddle section 310, the wiring wrap
400 can be surrounded by a jacket 410, however, in other iplementations, the jacket 410
can be tocated alongside te g, axially coincident withy the wiring wrap 404 within the

base seciion 300 and the middis section 31480

16
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{00531 The jacket 410 surrounds the sitffness member 500 (FI(G 5}, the length of
which {between a proxvimal end 510 and a distal end 520} defines the base section 300, A
portion 420 of the jacket 410 extends axially bevond the distal end 520 of the stifthess
member 300, and this portion 420 of the jacket 410 defines the muddle section 310, That
15, with refergnce to FIGS. 3-5, the stiffness member 500 extends axially through the base
section 300, and the jacket 410 extends axially through the base section 300 and the

middle section 310, The portion 420 of the jacket 410 that extends distally bevond the

o

tiifness member 500 can prevent the distal end 520 of the stiffoess member 300 from
piarcing of otherwise interfering with the cover 330 or the wiring 340

100341 The stiffness member 500 can be formed of a matenal having a suffness
greater than approximately 10 newlons per meter (N/m} {and up to approximately 200
N/my, and n some cases can inelude a metal, an alloy, a plastic and/or a composite. In
soroe cases, the stiffness member 300 neludes a shape-memory matenal, suchas a
shape-memory polymer or shape-memory alloy. In particular examples, the stiffness
member S00 meludes a metal allov such as nickel titanmiom {or, mitimol}. In certain
wuplementations, the stiffuess member 500 can be pre-shaped mnto a deformed posttion,
such that the stiffness mernber 500 positions the arm 240 wn a particudar resting angle.
For example, the stitfuess member 560 can be used to form an elbow 530 i the base
section 300, In some cases, the elbow 530 15 deformed at rest (e g, ona surface such as a

table} at an angle of approxumately 15-45 degrees. 1t is understood that while resting on

17
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the head of the user, the elbow 530 can deform o a greater exteni, e g, up to 90 degrees,
due to the weight of the earphone system 216

{00551 In particular implementations, one or more portions of the arm 240 can include
a shape-memory material that extends only partially along a length of the arm 240 For
example, the stiffness member 500 can include a shape-memory material that can be
temporarily deformed to take a pre-designed shape. The shape-memory matenal can
inciude a conventional shape-memory alloy or polymer that retains a deformed shape, but
can refurn to its original shape in response to an external stimulus (e.g., temperature
change} In other cases, the shape-memory matenal can include a material that refains a
deformed shape but does not return to 1ts original shape i response 1o an exiernal
stinrulus, o vanous implementations, the shape-memory material {2 g, stiftohess member
300} can have an approximoately constant thickness along s length {e g, with only
marginal deviation n thickness}.

100361 In some implementations, the tip section 320 can nclude a shape-mermory

i the wiring wrap 400 or as a distinet element, which allows a user to bend

material, e.g

S

the tip section 320 over the top of the pinng to posttion the earphone 320 proximate the

ear {and 1 some cases, i the ear). In these cases, the user can shape the tip section 320
for her particular head/ear shape and roughly retan that shaping between uses.
(00571 In other inplementations, the arm 240 demonstrates substantially elastic

deformation after removal from over the top of the pinna of the ear. That 13, the arm 240,
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even if provided m a predefined shape, will revert to that predefined shape after removal
of the earphone system 210 from the user’s head (e g., after resting on a surface).

g, diameter or widih} of the

bl

{00581 In certam implementations, an outer dimension {e.
arm 240 fapers from the base section 300 {o the tip section 320, such that the tip section
320 has a smaller outer dimension than the base section 300, As noted herein, the
narrower up section 320 may demonstrate greater flexitulity than the base section 300
and the middle section 310, for shaping the tip sgction 320 over the top of the pinna.
{00591 Additionally, with particular reference to FIG. 2, the stiffness of the tip section
320 configures that tip section 320 to flex over the top of the pinna of the user’s ear to
position the earphone 220 proximate the ear (in some cases, in the eary whale the
carphone system 220 rests around the head of the user. In certamn implementations, the
base section 300 can mclude an arced region 340 for wrapping the arm 240 around the
{back of the} head of the user while the tip section 320 wraps over the top of the pinna.
This arced region 540 18 also visible i FIGS. 3 and 4, and in the bend 550 at the
proximal end 510 of the stiffness member 300 This arced region 540 can be contoured
such that the electronics compartment 250 15 located proxumate the nape 295 of the user’s
head when both earphones 220 are located in the user’s ears. In some cases, as shown mn
FIG. 5, the arced region 540 has a bend angle that is distinet from the bend angle of the

elbow 530, and m particolar cases, 18 approvumnately perpendicular to the bend angle of

the elbow 330,
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{00601 FIGS. 6 and 7 respectively show close-up partially transparent views of the
rigid coupling 360 mcluding stopper 370, and the earphone stopper 390, As g
particuiarty visible in FIG 6, the rigid coupling 360 inchides an opening sized to receive

the wiring 340, The carphone stopper 390 15 sized to surround the wiring 340 on the

bl

2y

opposite end of the arro 240, The nigid coupling 360 and/or earphone stopper 390 can
inciude features such as ribs or protrusions for improving £t with neighboring materials
{e.g, the material in the cover 330), and can aid in sealing {&.3., water resistant sealing
components i the arm 240 against external conditions.

{00611 Returning to FIG 2, with continuing reference to FIGS. 3-5, the tip section 320
5 configured to support a portion of the weight of the earphone system 210 when the
carphone system 210 rests around the head of the user 200 That s, the tip section 320
aids n retaining the earphone {or, earbud)} 220 n the user’s ear during use of the
carphone system 210, Thus s further iHostrated 10 the schematic depiction of the back of
the user’s head i FIG 8 Inthis view, 1t 1s possible to see the arm 240 runming over the
top of the pimna of the ear {e g, between the ear and the head), where the tip section 320
15 supporting a portion of the weight of the earphone systemn 210 while the systern rests
around the user’s head. In sowe cases, as described heren, & pair of arms 240 are used to
couple distinet ends of the electronics compartment 250 with the distinet earphones
{obstructed m FIG &) That s, a fivst arm 2404 15 coupled with a fivst side 800 of the
electronics compartment 250 and an additional arm 2408 18 coupled with a second side

810 of the electronics compartment 250 {as well as the other earphone 220, not shown),
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In this case, the arms Z40A B position the electromices compartment 238 {0 rest proximats
the nape 295 of the user’s head while the earphones 220 (FIG. 2} rest proximate the
user’s ear, for example, within the user’s ear. In vanous implementations, as noted
herein, the arms 240A B can provide a clamping force on the user’s head such that the
electronics compartment 250 rests proximate the nape 295 of the user’s head while the
head rotates and/or moves up or down. This clamping force can help to comfortably
secure the earphone system 210 on the user’s head during use, while mamtaining the
desired seal on the ear canal to prevent unwanted feedback.

{00621 In some additional implementations, as ilustrated 1 FIG. 9, a single arm 900
can couple both of the earphones 220 (FIG 2} with the electronics compariment 250, In
these implementations, a section 910 of the single arm 900 passes through the electronics
compartment 250 to connect the pair of earphones 220 (FIG. 2) In some cases, this
section 910 can £it within a groove or slot in the electronics compariment 250, or can be
coupled {e.2., adhered or bound} 1o an outer surface of the electronies compartmaent 254
In some particolar inplementations, the single arm 500 can mclude one or more stoppers
or hiuters o prevent the electronies compartment 254 from undesuable shiding relative
to the single arm 500, The simgle arm 900 can include two distinet tip sections, such as
tip sections 320 In some cases, the single arm 900 can additionally include two distinet
base sechions {similar to base seciion 300) as well as two distinet moddle sections
{similar to middle section 310), where the single arm 900 15 substantially svmmetrical

about the electronics compartment 250, In this case, two stiffitess members {e.g., simlar
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o stiffhess member 230} can be posttioned each within the respective base sections that
extend from the first side 804 of the electronics compartment 250 and the second side
810 of the electronics compartment 250, respactively.

{00631 However, i other implementations, an earphone svstem can includs a single

o

tiffness member that passes through the electronics compartment 250 and extends to
connect with a pair of earphones 220, o still other cases, a single arm {e g, mncluding a
single stiffness member or two sgparate stiffness members) can be emploved, inclading a
siot or cavity for housing the electronics i the electronics compartment 2530 In these
cases, connections between the electronics and the earphones 220 can be made withun the
arm, e, indernal 1o the cover 330

[0064] o any case, the arm 900 positions the electronics compartment 250 to rest
proximate the nape 293 of the user’s head wiule the earphones 220 (FIG. 2) rest
proximate the uset’s ear, e g., within the user’s ear. In vanous implementations, the am
200 can provide a clamping force on the user’s head such that the electronics
compartment 250 rests proxumate the nape 295 of the yser’s head while the head rotates
and/or moves up or down. This clamping force can help to comfortably secure the
earphone system 210 on the user’s head during use, while mamtaming the desived seal on
the ear canal to prevent unwanted feedback

(00651 Actions associated with implementing all or part of the Rmctions can be
performed by one or more programmable processors executing one of more computer

programs to perform the functions of the calibration process. Al or part of the functions
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can be implemented as, special purpose logic circuttry, .2, an FPGA and/or an ASIC
(apphication-specific mtsgrated circuit). Processors suiable for the execuiion of &
compuier program include, by way of example, both general and apecial purpose
microprocessors, and any one or move processors of any kind of digital computer.
Generally, a processor will recetve instructions and data from a read-only memory or a
random access memory or both, Components of a computer include a processar for
exscuting instructions and one or more memory devices for storing instructions and data.
{00661 In various implementations, components described as being “coupled” 1o one
anather can be joined along one or more interfaces. In some implementations, these
mterfaces can nclude juncoons between distinet components, and i other cases, these
mterfaces can nclude a sobidly and/or indegrally formed mterconnection. That s, in
some cases, components that are “coupled” to one another can be simultaneousty formed
o define g single continuous member. However, it other implementations, these coupled
components can be formed as separate members and be sehsequently joined through

g, soldering, fastenimg, ultrasome welding, bondimg). In various

known processes {2 3
unplementations, electrome components desertbed as being “coupled” can be hnked via
convenfional hard-wired and/or wireless means such that these electronic components can
comrnumicate data with one another, Addinionally, sub-components within a given

component can be considered to be linked via conventional pathwavs, which may not

necesaarily be tiostrated.
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{00671 A number of implementations have been described. Nevertheless, 1t will be
understood that additional modifications may be made without departing from the scope
of the inventive concepts described heremn, and, accordingly, other embodiments are

within the scope of the following claims.
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CLAIMS

We clainy
1. An arm for an earphone system, the arm comprising

a base seciion for coupling with an electronics compariment, the base section
having a first stiffbess;

a muddie section continuous with the base section and having a second stiffness
that is less than the first stiffness; and

a tip section continuous with the middle section for coupling with an earphone,
the tip section having a third stiffness that is less than the second stiffness,

wherein the tip section 15 configured to flex over the top of the pinna of an ear of 8
user 1o position the earphone proximate the ear of the user while the earphone system

rosts around g head of the user,

2. The arm of clam 1, wherein the tip section s configured to suppaort g porion of a
weaght of the earphone systern when the earphone system rests around the head of the

User

3 The arm of claim 1, wherein the base section comprises an arced region for wrapping

the arm around the head of the user while the tip section wraps over the top of the pna

of the ear.
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4. The arm of claim 1, wherean the arm demonsirates substantially elastic deformation

after removal from over the top of the pinna of the ear of the user.

5 The arm of claim 1, further comprising a shape-memory material configured to retain a
portion of a shape formed by positioning the fip section over the top of the pinna of the

ear of the user.

6. The arm of claim S, wherein the shape-memory material extends only partiaily along a

length of the arm.

7. The arm of claim 6, wherein the shape-memory matenal has an approximately constant

thickoess along us length

& The arm of claim 1, wherein the earphone comprises an earbud sized to rest within the
ear of the user, and wherem the tip section ards i retaining the earbud within the ear of

the user during use of the earphone system.

9. The arm of claim 1, further comprising

wiring for transmitiing communication signals between the electronics

compartment and the earphone;
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a stiffhess member,;
a jacket surrounding the stiffness member and the wining; and

a cover surrpunding the jacket, the stiffness member and the wiring,

16 The arm of claim 9, whersin the cover and the wiring each extend axially through the
base section, the middie section and the tip section, the sttffness member extends axially
through the base section, and the jacket extends axially through the base section and the

middle section.

11 The arm of clamm 1, further comprising a ngid coupling at an end of the base section

for connecting the arm with the electrorucs compariment,

12 The arm of claim 1, wherein an outer dunension of the arm tapers from the base

section to the up section,

13 The arm of claim 1, wherein the base section comprises an elbow that 1s deformed at

rest at an angle of approximately 15-45 degrees.
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14, An earphone aysiem comprising:
a pair of earphones for positioning in respective ears of a user;
an electronics compariment; and
an arm connecied with at feast one of the earphones and the electronics
compartment, the arm compising,
a base section coupled with the electronics compartinent, the base section
having a first stiffness;
a middle section continuous with the base section and having a second
siiftness that is less than the first stiffness; and
a tip section continucus with the muddle section and coupled with at least
one of the earphones, the tip section having a third suffness that is less than the
second stiffness,
wherein the tip section s configured fo flex over the top of the pinna of
one of the ears of the user to position the at least one earphone proximate the ear

of the user when the earphone system rests around a head of the user

15 The earphone system of clann 14, wherem the tp section 13 configured o support a

portion of a weight of the earphone systern when the earphone system rests around the

head of the user,
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16, The earphone systern of claim 15, wherein the base section comprises an arced region
for wrapping the arm around the head of the user while the tip section wraps over the top

of the pinna of the ear,

17 The earphone system of claim 14, wherein the arm demonstrates substantially elastic
deformation after removal from over the top of the pinna of the ear of the user, or the arm
comprises a shape-memory material configured to retain a portion of a shape formed by

positioning the tip section over the top of the pinna of the ear of the user.

18 The earphone system of claim 14, wherein the earphone comprises an earbud sized to
rest within the ear of the user, wherein the tip section of the arm aids in retainung the
carbud within the ear of the user during use of the earphone systern, and wherein the aro
positions the electronics compartment to rest proximate a nape of the head of the user

while the earbud 13 located withun the ear of the user.

19 The earphone system of claim 14, wherem the arm further comprises:
wiring for transmitiing commmumeation signals between the electronics
compartment and the at least one earphone;
a stiffoess member;
a jacket serrounding the stiffness member and the wiring, and

a cover sarrounding the jacket, the stiffness mamber and the wirnng,

29



WO 2020/046675 PCT/US2019/047485

wherein the cover and the wiring each exdend axially through the base section, the
mddle section and the tip section, the stiffness member exiends axally through the base

section, and the jacket extends axwally through the base section and the middie seciion.

20 The earphone system of claim 14, wherein an outer dimension of the arm tapers from
the base section 1o the tip section, and wherein the base section of the arm comprises an

elbow that 15 deformed at rest at an angle of approximately 15-45 degrees.

21 The earphone systenm of claim 14, wherein the arm 15 coupled to both of the

carphones and the electronics compartment.

22 The earphone system of ¢latm 14, wherein the arm comprises a single band passing

through the electronics compartment 1o connect the paw of garphones.

23 The earphone system of claim 14, wherem the arm 13 coupled with a first side of the
electronics compartiment and an addinonal arm 13 coupled with a second side of the
electronics compartinent and the other one of the paw of earphones, wherein the arm and
the additional arm position the electromes compartment to rest proximate a nape of the

head of the user while the pair of earphones rest proximate the ears of the user
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24, The earphone systern of claim 23, wherein the arm and the additional arm provide &
clamping force on the head of the user such that the electronics compartment resis

proximate the nape of the head of the user while the head rotates.

31



PCT/US2019/047485

WO 2020/046675

1/10

Vi d

PRSI T Y 5
IR,
y

\\(‘\ e,

J

o~

}\h s\\\\\\\\\\\\\\l §‘§§
o

\c\\
"
\“\N’V}{‘f‘
- N
G‘P*.\‘ XU
&

%

e‘é&'-\\\\

vy,
p

S

e
. \.\..\s\\
\\&\S\\
o ,
SRt RIS Rty 7
s 3«3.(; .
“ s~

U ear . T
e -

el

x@mx%m@&%\\ e Ms IRE PRI

NSRS
fd\ oo

NN
o »

S,
/l

BULL]



PCT/US2019/047485

WO 2020/046675

2/10

Hi 5id

POSSIRC NN




PCT/US2019/047485

WO 2020/046675

3/10

¢ DI




000000000000

/////////////////

FIG. 3



PCT/US2019/047485

WO 2020/046675

5/10

0

6




WO 2020/046675

520\

500\

6/10

540

PCT/US2019/047485

FIG. 5



WO 2020/046675

7/10

PCT/US2019/047485

FIG. 6




00000000000000000000000000000




PCT/US2019/047485
9/10

WO 2020/046675

g i

ffi

qJ0ve

. AN /x // x/ AN x/ % // N "\ a./.A //

"




PCT/US2019/047485

WO 2020/046675

10/10

6 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/047485

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4R1/10
ADD.

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

B. FIELDS SEARCHED

HO4R

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.
X US 2007/003093 Al (ITO TOMOHIRO [JP] ET 1-4,8-24
AL) 4 January 2007 (2007-01-04)
Y paragraphs [0002], [0022] - [0035]; 5-7
figures 1,5A
X US 20137196721 Al (WATERMAN WILLIAM [US] 1-4,8-24
ET AL) 1 August 2013 (2013-08-01)
Y paragraphs [0016] - [0040]; figures 1,4 5-7
X US 20117170702 Al (BAYS PAUL LEONARD [CH]) 1-4,8-24
14 July 2011 (2011-07-14)
Y paragraphs [0092] - [0095]; figure 7A 5-7
Y US 2017/023971 Al (LEE HYUN-SEOK [KR] ET 5-7
AL) 26 January 2017 (2017-01-26)
paragraphs [0076], [0090], [0096],
[0111]; figure 7
_/ -

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)

"O" 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

22 October 2019

Date of mailing of the international search report

30/10/2019

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Kunze, Holger

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/047485
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN 104 254 036 A (SUZHOU QISDA CO LTD; 1-24

QISDA CORP) 31 December 2014 (2014-12-31)
the whole document

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

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2019/047485
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007003093 Al 04-01-2007 CN 1893731 A 10-01-2007
JP 4730002 B2 20-07-2011
JP 2007013873 A 18-01-2007
KR 20070004445 A 09-01-2007
US 2007003093 Al 04-01-2007
US 2013196721 Al 01-08-2013  NONE
US 2011170702 Al 14-07-2011 EP 2189002 A2 26-05-2010
US 2011170702 Al 14-07-2011
WO 2009019517 A2 12-02-2009
US 2017023971 Al 26-01-2017 CN 106371508 A 01-02-2017
EP 3122068 A2 25-01-2017
KR 20170011557 A 02-02-2017
US 2017023971 Al 26-01-2017
CN 104254036 A 31-12-2014  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report

