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WIRELESS EARBUDS WITH ELECTRONIC
CONTACTS

CROSS REFERENCE TO RELATED
APPI.I('A1'IONS

This application claims priority to U.S. provisional patent
application Ser No. G2/235.205. for "EARBUD CASE
WITH CHARCiINCJ SYSTEM" tiled on Sep. 30. 2015. to
U.S. provisional patent application Scr. No. 62/235,213, for iii

"CASE WITH MAGNETIC OVER-CENTER MECHA-
NISM" filed on )ep 30, 2015, to U 8 provisional patent
application Ser No. 62/235 219. fiir "MA(JNI CI'IG RJ'.11'(N-

TION OF EARBUD WITHIN CAVITY** filed on Sep. 30,
2015, to U.S. provisional patent application Ser. No. 62/235,
22(i. for "CASE WITH INDI JCTIVE CHARCr'ING SYS-
TEM" Iilcd on Scp. 30, 2015 and to U.S. provisional patent
applmation Scr. No. 62/384,114, for '*CASE FOR CHARG-
IN(i AN'I'3 RJ(l'AININ(r POR'I'AIJI,I: I IS'I I',NINCr
I)liVJ(:I!8" filed on Sep 6, 201Cx each of v,hich is hereby 20

incorporated by reference in its entirety for all purposes
This application is related to the following conunonly

assigned U.S. nonprovisional patent applications:
U.S. nonprovisional patent applicauun Ser. No. 15/273,671,
Filed Sep. 22, 2016, **EARBUD CASE WITH CHARGING
)YS'I'I IM"; I J S nonpmvisional patent application Ser. No.
15,'273.675. I'iled Sep 22, 201(i "('ASI: Vi'I'I'll MA(i-
NETIC OVER-CENTER MECHANISM: U.S, nonprovi-
sional patent application Ser. No. 15/273.677. Filed Sep. 22,
201(i, "EARBUD CASE WITH WIRELESS RADIO 10

SHUTDOWN FEATURE", U.S. nonprovisional patent
applmation Scr. No JS/273.683, Filed Sc)t. 22, 2016 '*EAR-

13UI)S WI'I II A('OIJS J1( JNSIIR1 '; U S nonpnivisional
patent apphcation )er No 15/273,685, I'iled Sep 22, 2016
"WIRI il,l:SS PAJJ( JNG OI' IARI3UI)) AND GASI:": IJS. )s
nonprovisional patent application Ser. No. 15/273,687. Filed
Sep. 22. 2016 "EARBUD CASE WITH RECEPTACLE
CONNECTOR FOR EARBUDS": U.S. nonprovisional pat-
mit application Scr. No. JS/273,G91, Filed Sep. 22. 2016
*'MACrNEI I('J(I'11N'I'JON Oli I!AR13UI) Wl'I'IIIN C'AV- 40

I I'Y": IJ.S. nonprovisional patent application Ser No.
15,'273.693. Iiiled Sep 22, 201(i "GA)E WI'I'l l IN[RJG-
TIVE CHARCBNCi SYSTEM TO CHAR(.JE A PORTABLE
DEVICE*': U S. nonpmvisional patent application Ser No.
15/273.694. Filed Scp. 22, 2016 "WATERPROOF RECEP-
TACLE CONNECTOR": U.S. nonprovisional patent appli-
cation Ser. No. 15/273,6') Ci, I 'iled Sep. 22. 2016 "I:AI( JJUI )8
Vil'I'I I ('APA('I'I IVE 1(RJ('l l Sl!NSOR"„U.S. nonprovi-
sional patent apphcation Ser No 15/273.C198, Iiiled Sep 22,
2016 "CASE WITH TORSION SPRING OVER C'ENTER 10

MECHANISM"I U.S. nonprovisional patent application
Scr. No. 15/27S,364, Filed Scp. 24. 2016 "EARBUD CASE
WITH CHARGING SYSTEM": I I.S. nonprovisional patmit
application Ser No 15/275.366. Filed Sep 24. 2016
*'WIRI li,l!SS PAJJ(IN(i Oli EARI JUIX) ANI) ('ASI.", each ss
of ivhich is hereby incorpomted by reference in its entirety
for all purposes

1 3A('K(iR(R IN l )
00

The described embodiments relate generally to portable
listening devices such as earbuds and other types of head-
phones. and to cases for stonng and cliarguig such rlcvmcs.

Portable listening dcviccs can bc uscil with a wide vancty
ol'clccuomc devices such as poruiblc media players, sman ss
phones. tablet computers. Laptop computers„stereo systems
and other types of devices. Portable listening devices have

,880 B2

historically includcxJ onc or more small speakers configured
to be place on. in. or near a user's ear„structural components
that hold the speakers ui place, and a cable that electrically
connimts thc portable hstening device to an audio source.
Other portable listening devices can be wireless devices that
do not include a cable mid instead, wirelessly receive a
stream of audio data from a wireless audio source.

While wireless portable listenin devices have many
advantages over wired devices, they also have some poten-
tial drawbacks. For cxmnplc. wireless portable hstciung
devices, typically rcxiutrc one or more bancrics, such as 0

rechargeable battery, that pmvides poiver to the wireless
communication circuitry and other components of the
device. Single use batteries need to be replaced when their
char e is depleted while rechargeable batteries need to be
periodically recharged. Also. if the portable wireless listen-
lllg ill:vlcc is 0 pair of wircli:ss ctirbuds. thc earbuds can be
relatively small and easy to lose when uot in usc. Further,
achieving high-end acoustic performance fmm the rekstively
small earbuds can challenae manufacturers due to the
reduced amount of space available within each earbud.

SUMMAJ(Y

Some embodiments of the present disclosure relate to a
case that can store and charge a portable listemng device,
such as a pair of tvireless earbuds or other types of head-
phones. In venous embodiments the case can include one or
morc fbatures that can unprovc thc user expencncc associ-
ated with using the case and the portable listening device
lior exmnple, some embodiments of the disclosure pertain to
a case for wireless earbuds that includes a detector that
detects if the earbuds are stored in the case along with a
detector that detects if a lid of the case is opened or closed.
Circuitry withui the ense can usc information from thc
dclimtors Io improve thc user cxpcrwncc associated with
charging thc carbuds, pmrmg thc earbuds to a host device,
such as a portable media player or other source of an audio
sigaal, and/or turning one or more features of the earbuds otT
to extend the life of any battery used to power the earbuds.

In other embodiments, a case for a portable listening
device can include a lid that, when closed. cucloscs thc
listening device wiflan thc case and whmi opmi exposes thc
stored listcrung device so that a user can rcmove the listen-
ing device from the case I'he lid can be pivotably coupled
to a housing of the case with a bi-stable hinge with an over
center configuration svhere the lid is in a stable position
v hen it is either closed or fully open and is unstable at
positions ui bctwccn such that the lid lends to move to thc
open or closed position. The bi-stable operation of the lid
can provide a positive user cxpcnencc in opcmng and
closing the lid as the lid nioves easily, and with minimal
efTort, between closed and fully open positions. In other
embodiments a case for a portable listening device can be
configured to magnetically attract and retain the listening
device within thc case. Sill other embodiments f mihtatc thc
pairing of a wireless portable hstcning dcvicc with a hos1
device and/or mitomatically turn OFF the wirelcss radio of
a v ireless pcitable listening device when the device is stored
and fully enclosed within the case and automatically turn
ON the wireless radio upon opening the case lid. Various
embodiments of the disclosure can include all of the above
Jiui1ilrcs logctltcl ol Just sollie of tile Jcatilrcs.

In some mnboduncnts 0 case Rir trmisporting and charg-
ing a portable listening des ice that includes a rechargeable
battery and a power contact is pmvided 1'he portable
listening device case can include a housing configured to
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rcvctvc the poitablc listening device. a lid alt mhed lo thc
housing and operable between a closed position w:here the
lid conceals the listmiing device wuhut Ihe case mid an upcn
position v here the lid is displaced from the housing such
thai a user can rcmove ihe listening device Ibom thc case, a

detector configured to generate a detect signal v hen the
listening device is placed in the housing; and charging
circuitry confi ured to initiate charging of the rechargeable
battery in response to receiving the detect sicnal.

ui
In some embodiments a case for a pair ol'earbuds uicludcs

a housing having one or more cavities configured to receive
the pair ol'arbuds, a hd auached Io thc housmg and
operable between a closed position where the lid is aligned
over the onc or more cavities mid an opmi position where the
lid is displaced front the one or more cavities; and a charging
system. The char in system can include a case battery: an
earbud detector configured to detect when an earbud is
placed in the one or more cavitiesx and charging circuitry
configured to imuate charging of the edrbud when Ihc earbud
detector detects that the earbud is inserted into the one or
morc cai ilies. Thc onc or morc cavities cmi include a Iirsl
cavity conficured to receive a first earbud in the pair of
earbuds and a second cavity aired and shaped to receive a
second earbud in the pair of earbuds. The earbud detector
can include a first earbud sensor configured to detect when
the first earbud is placed in first cavity and a second earbud
smisor conligurcd to dctcct when thc second earbud is placed
in lhe second cavity.

In some enlbodintents a case for a pair of earbuds, each so

earbud having an ear interface portion, a stem, an earbud
battery and a wireless radio is provided 'I'he case can
include: ahousin bavin a first cavity confi ured to receive
a first earbud in the pair of earbuds and a second cavity
conligured io rccmvc a six oud carbud ui thc pair ol'arbuds, is
a hd attached to thc housing tmd operable bctwcmi a closed
posuioll where lite lid coilciuils lhc'drbuds wilhht lhc case
and an open position that alkiws a user to remove the
earbuds fmm the case: and a clmr ino systein. 'I'he cliarging
system can include a case battery: a first connector conti - do

ured to interface to a power source for charging the case
baucry, a second coiumctor configured to couple io each of
the Iirsl mid second carbuds, thc second connector having at
least onc contact post honed ui Ihc Iirst cavity mid el least onc
contact positioned in the second cavity; an earbud detector d

confi ured to detect when an earbud is placed in either of the
first or second caviti est and charging circuitry conti ured to
initiate char in of an earbud battery when the earbud
delix lor detects insertion ol an rarbud w iliun either thc Iirs1
cai ilv or Ihc sccoiul cBvilv dild coiliigilicd to ccilsc chalgiilg
thc earbud when thc carbud detector detects mi earbud is
removed from the cavity

Some embodiments of the disclosure pertain to a case that
can be used to store a portable listening device or another
type of electronic device The case can include: a housing s.
haviilg d cdvtly to receive lhc cd'clroiiic device iliul
rcvctvutg opening liat commuiucatcs wuh ihe receiving
opcnmg. a hd secured lo housuig with a pivolable loin!, thc
lid being operable between an open position in which the
receiving opening is exposed and a closed position in which io
the lid covers the receivin opening: and a plurality of
magnetic elements disposed within the housing nnd the lid,
ihC phlrdlilv'f inagilctic CICBICIBS Coiiligillcd lo CrCBIC Bil

over ccntcr position Ibr ihc lid such liat the lid resists
rotating from Ihc open position lo Ihe closed posilion unlil ss
the lid is moved past the over center position when the lid
is then attracted to the closed position

In some cmbodunmus a case Ibr a portable hstciung
device is provided 'I'he case can include a housing having,
a cavity to receive the listening device; a lid attached to the
housin with a pivotable joint allowing the hd to rotate
between a closed position where the lid is aligned over the
cavity and an open position ivhere the lid is angularly
displaced allowing Ihc lisiemng dcvicc to bc removed from
the cavity, and a plurahty of magnetic clcmcnts dtsposcxI
within the housing and the lid. the plumslity of magnetic
elements configured to secure the lid in the closed position
and to resist the lid moving from the open position to the
closed position. The plurality of magnetic elements can
include a first pair of magnetic elements configured to repel
each other and a sixond pair of magnetic clemcnts config-
ured lo attract each olher. The Iirst pnir ofmagnetic elcmcnls
can include a first magnet positioned in the hd adjacent to
the pivotable joint and a second magitet positioned in the
housin adjacent to the pivotable joint and oriented to repel
the first ma net. The second pair of magnetic elements can
include a first magnetic element positioned in the lid oppo-
site thc pivotablc jouu and a second magnetic elmuenl
posilionixl ui a housing wall opposite tlm pivotablc jouit and
oriented to attract the first magnetic element In some
instances both of the magnetic elements of the second pair
of magnetic elements are nm nets. In some instances one of
the magnetic elements of the second pair of magnetic
elements is a magnet and the other mavgnetic element is a
iniigilCIIC iniuCriill.

In some embodiments, a case I'or a portable hstciung
device includes: a housing having a cavity to receive the
11SIClliflg deVICC;ilid,'I I'CCelviil Opelllllg, that ColuinuoiCatCS
v ith the cavity; a lid secured to housing with a pivotable
joint, the lid bein operable between an open position in
v hich the receiving opening is exposed and a closed posi-
tion in which the lid covers Ihc reccivuig openuig, a first
magnetic clcmcnt localml in Ihc lul proxunalc the pivotable
jouu and onmitcd to rcpcl a second mngnctic elmuenl
located in the housing proximate the pivotable joint; and a
tlurd nmgnetic element located in the lid at a distal end of the
lid opposite the pivotable joint and oriented to attract a
fourth ma netic element located in the housing at a distal
mid of the housing opposite the pivotablc loint, whcrcui thc
first, second, tlurd and I'ourlh magnetic clemente cooperate
to define an over ccntcr postuon Ibr thc lul disposed bctw ccn
the open position and the closed position such that that the
lid resists rotating front the open position to the closed
position until the lid is moved past the over center position
v here the lid is impelled to the closed position

Some cmbodimcnls pcrlmn lo a case for a portable
hslciliilg device h'dviilg d w'Irclcss Iddlo when: Ihc cdsc
includes. a housing luu ing a cavity configured to rcccive Ihe
portable listening device: a lid attached to the housing and
opemsble between a closed position where the lid conceals
the portable listenin device within the case and an open
position where the lid is displaced fmm the housing such
that a user can rcmoi c thc pouablc listening device I'rom thc
case. a hd sensor io detect if Ihc lid is in the closed position
or the open posiuon, dnd circuitry configured to turn ON thc
v ireless radio ivhen the lid sensor detects that the lid is
moved from the closed position to the open position 'I he lid
sensor can generate an open signai v, hen the lid moves from
a closed position to an open position, and the circuitry can
bc configured to turn ON thc wirelcss radio in response io
the open signal. In some instances Ihc case can further
include an electrical connector having a Iirsl coulacl posi-
tioned within the cavity to electrically connect to a second
cmitact on the portable listenin device when the portable
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lisiening des ice Is rccctvcsf willun Ihe cavity, and the case
the circuitry can turn ON the wireless radin in the portable
listening device by sending an instniction to the portable
listening device over the first contact

In some embodiments a case for a portable listening
device having a wireless radio includes; a housing having a
cm iiy configured to reccivc Ihc portable hsteiun device. a
lid attached to thc housing lmd operable bctwcml a closed
position ivhere the lid conceals the portable listening device
within the case and an open position where the lid is in

displaced from the housing such that a user can remove the
portable listening device from the case; a device detector
configured to detect when the portable listening device is
placed in thc cavity, a lnl sensor to detect if the hd is ui thc
closed posiuon or the open powuon. Snd circuitry configured
to turn Ol'll the wireless radio when the lid sensor detects
that the lid is moved from the Open position to the closed
position 'I'he lid sensor can genemste a close signal v hen the
lid moves from an open position to a closed position. and the
circuitry can be configured to tunl OFF the wireless radio in lo
response lo Ilu: close signal. In some ulslanccs Ihe case can
lurlher include un elcclncal conneclor having a lirsl contact
positioned ivithin the cavity to electrically cnnnect to a
second contact on the portable listening device when the
portable listenin device is received within the cavity. and
the case the circuitry can turn OFF the wireless radio in the
portable listening device by sending an instniction to the
portable listening device over Ihc firsl conlacl.

In some embodiments a case for a pair of carbuds can
include a housing having a first cavity configured to receive 10

a first earbud m the pair of earbuds and a second cavity
confi ured to receive a second earbud in the pair of earbuds,
a lid attached to the housing and operable between a closed
position where the lid conceals the earbuds within lhe case
dlid dll Open posilioii llldl lillou S a USCI lo ICIIIOVC lhC 3s

carbuds from the case, a Iid sensor to detect if the lid is In
thc closed position or lhc open posilion, a case battery,
circuitry configured charge an earbud battery within each
earbud; and circuitry configured to turn ON a wireless radio
in an earbud when the lid sensor detects that the lid is moved do

from the closed position to the open position and to tum OFF
the wirclcss miho ui an earbud when Ihc lid sensor detects
Ihal Ihc lid is moved lrom thc open position lo Ihe closed
position. In some cmboduncnts, thc lid sensor can encratc
an open signal when the lid moves from a closed position to
an open position and generate an close signal when the lid
moves from an open to a closed position. and the circuitry
included within the case can be configured to turn ON the
w i re less radio in response to thc opml signal and to turn OFF
thc wi i clead Iadlo 111 rcspoilsc 10 Ihc close sigllal. Ill vill lolls
cmbodimcnts the cusc can further include a device dclcwlor
that detects when a portable listening, device is received
within the cavity. and circuitry within the case can be
configured to only send instructions to the portable listening
device to turn the wireless msdio ON or OFF if the device s.
dcmclor detects thut thc poruiblc listeiung device Is received
w ithm thc cavity. In venous examples, thc lid sensor can bc
d Hllll-cfh:CI sclisor.

Some embodiments of the disclosure pertain tn an earbud
that includes: a housing having a non-Occluding ear portion, io
a directional sound potf disposed in the non-occludillg ear
portion: a dover assembly positioned within lhe lmusing
having a front volume disposed ui front ol lhe dnvcr
assembly and a buck volume disposed bclnnd lhc dnvcr
assembly: and an acousuc insert posiuoncd witlnn the ss
housing behind the driver assembly and attached tn an
interior surface of the housing such that the acoustic insert

and thc housing form a bass charuu:I tlrdt Is routed from thc
back volume tn a multiport vent within the housuig 'lhe
acoustic insert can include a recess defined by raised weld
reginns that are acoustically bonded to the interior surface of
thc ioushi' In sonic instances thc rcccss withal thc acoustic
insert forms tluee vvalls of the bass channel and the housin
fiirnw a liiurlh wall of Ihc bass channel. lite acoustic insert
can further include an apcrlurc thai couples thc lronl volume
to the nndtipoit vent, and the bass channel and the aperture
can be coupled to a nniltipon chamber that is vented through
the niultiport vent. In some examples the acoustic insert is
formed from a carbon doped plastic that absorbs laser
eners g In some examples, the earbud housing can be made
from Acrylonitnlc buladicnc styrene fABS) with a tilannun
dioxide ptgtncnt.]

An earbud according to some entbodiments can include
a hnusmg having an ear portion coupled to a stem: a cavity
formed within the ear portion; a driver assentbly positioned
v ithin the cavity and defining a front volume disposed in
front of the driver assembly and a back volume disposed
behind thc driver assembly: an acoustic uiscrt posifioncxf
within thc cavity bchmd thc driver ussembly and auachcd Io
an interior surface of the housing; and a bass channel formed
by the acoustic insert and the housing that is routed from the
back voluine to an external envirnnment via a vent. 1'he
acoustic insert can include a recess defined by raised weld
regions that are bonded to the interior surface of the housiitg.
Thc acoustic insert can further include an aperuire thai
collplcs thc fiont vohllnc Io lhc cxlcrlull cllvuolllncnu

In some embndintents a methnd of forming an earbud is
pmvided. 1'he niethod can include: funning a housing hav-
ing an interior surface and an exterior surface; forming an
acoustic insert such that it has a recess defined by raised
v eld regions; inserting the acoustic insert within the housin
such thai thc raised weld regions arc dtsposcsf against Ihe
inlcnor surf'acc ol'he housing: and directing a laser tlu ough
the housing such Illat it impinges thc raised weld regions of
the acoustic insert and ivelds the raised weld regions to the
interinr surface of the housiim In some instances the hous-
ing can be formed front a pfisstic that is substantially
transparent to a v:avelength of the laser. and the acoustic
insert cmi be fonucd Ibom a carbon doped plasuc that
absorbs laser cncrs g

In some cmbodimcnls a case lbr u pair ofwireless earbuds
having a v ireless radio can include a housing havmg a first
cavity configured to receive a first earbud in the pair of
earbuds and a second cavity configured to receive a second
earbud in the pair of earbuds: a lid attached to the housin
and operable bctvvccn a closed position whcrc the lid cun-
ceals lhc earbuds vs itlun Ihe case and un opml position that
aflovvs a user to rcmove lhc earbuds from Ihc case,
cmtnector configured lo couple to each of the first and
second earbuds, the connector having a first cicntact posi-
tioned in the first cavity and a second contact positioned in
the second cavity: a lid sensor configured to generate a
dcliwt signal vs hen Ihc lid is moi cd from a closed position
to an open position.;md circuitry coupled to the first or
second contacts and configurixl Io, ui response lo Ihe dclecl
signal, send one or more signals to the pair of ivireless
earbuds to turn ON the ivireless nsdio and to mitiate pairing
of the pair of wireless earbuds to an electronic device. The
circuitry can include a processor opemstively coupled to a
colilpulcr-rclidablc nu:nlorv'hdl stoics ilisliucliolls llldt cail
bc cxecutcd by the processor Io send tlm onc or more signals.
The conniwlor can mclude a lirsl power conuicl fiir thc first
earbud of the pair of ivireless earbuds and a second power
cmttact for the secnnd earbud nf the pair of wireless earbuds,
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dnd each of thc first and second power contacts can bc
configured to tmsnsmit both power and data to the first earbud
and thc second earbud, respectively.

In some embodiments a case for a portable listening
dcvicc Ihdt includes a wirelcss radio can ulcludc. a housing
having a receiving area fiir the portable listening device; a
lid attached to the housing and operable benveen o closed
position lvhere the lid conceals the portable listening. device
lvithin the case and an open position that allows a user to

I 1 I

remove the portable hstenlng dcvicc Irom Ihc rccclvul arcs,
an electrical connector positioned within the receivin area,
the elcculcal connector havulg one or morc case electrical
contacts that electrically connect to the one or noire device
ch:ctncdl conL'lcm vvhcu Ihc portBbh hstcunlg dl vlcc ls
received in the receiving area, an input device configured to
genemste o signal in response to a user- enerated action, and
a processor coupled to the input device and the electrical
connector. The processor can be configured ro receive the
sigruil from thc input device and, in response, send an
instruction to the portable hstening device tfmsugh the
ch:ctncdl ciilincctor 10 uutlBIc wlrclcss pdning 01 Ihc por-
table listening device to a host electronic device. In some
instances the processor can be turther coilfiaured to receive
send an instruction to the portable listening device through
the electrical connector to turn ON its wireless raiho in
response to receivin the signal from the inpur device prior
Io sending an ulstructlon to thc portable hstelun device to
iniudic wirclcss painng of Ilm portable lislmung device 10

fllc hosl clcctronlc device iii
In various embodiments the portable listening device can

be a pair first and second) of wireless earbuds and the
electrical connector can include a first contacr for transmit-
ting power to the tirst wireless earbud and a second contact
for Iransmiuing power to thc second wlrclcss earbud Clr- ls
cultry posittoncxf within thc housm can be confi ured Io
transmit data signals between thc case and Ihc Iirst and
second wireless earbuds over the first and second contacts,
respectively. that are also used to charge the earbuds The
input device can include one or both of a lid sensor that ls do

activated by a user movin the lid from the closed posirion
Io thc opml position nnd a dcprcsslble button on thc case. In
some insianccs whcrc Iwo or more difli:rent ulpul devices
dre included. such as n hd sensor mid a dcprcsslble button,
the diflerent input devices can generate ditferent signals that
are distinguishable by the processor and can be used by the
processor to initiate different pairing procedures. The case
can also include o reefer cable battery that is coupled ro one
or more case clcctncal contacm witlun the case Iha! are
conligured to provnle electrical charge Io Ihc Iirst and second 0

w irelcss earbuds to rcchargc a baucnes witlun Ihc carbuds.
In some embodiments a method of wirelessly pairing a

first electmnic device to a second electronic device ls
provided. The method can include: receiving an inpur from
a user at a third electronic device. difibrent thon the first and ss
second des iccs. In rcsponsc to rccelvul thc ulput, Ihe Ilurd
clcctlonic ih:vlcc cBB conunilnlcrilc a Uscl hlpllt signal 10 thc
Iirst elcctromc device Iluough a wired conncmtlon between
the third and the first electnmic devices In response to the
firrt electronic device receiving the user input signal, the hrst io
electronic device can bmadcast a wireless poirilig request,
and in response to receiving the wireless pairing, request, the
second electronic device can wirclessly pair with Ihc Iirst
device. In some instnnces, thc first cleclnnuc device cml be
a wirelcss hcadphonc scL thc almond electronic device can ss
be a mobile electronic device and the third electronic device
cml be a case for the portable listening device Also, in some

mnbodunents whcrc Ihc third clcctronlc dcvicc ls a case Ibr
a portable listening device. the input fmm the user cBB bc
opening a lid nf a case

In some embodinlents a case for a pair of earbuds is
provided where each earbud has an ear portion and a stem
portion with an electrical connector disposed at a distal end
Of thc stem portion. Thc case can include. a housul, an
insert positioned v lthin Ihe housing, the insert having first
and second cavities sized and shaped to accommodate first
and second earbuds, respectively. each of the first and
second cavities bavin a receiving opening to receive an
earbud Into the cavity and a contact openin npposite the
receiving opening: and a contact assembly attached to the
insert. Ihc contact assembly comprising a first pair of'lec-
trlcill conflicts cxtendulg into the Iirst cBvltv rind B scciind
pair nf electrical contacts extending into the second cavity,
the first and second pairs of electrical contacts configured to
make electrical contact lvith the electrical connector dis-
posed at the distal end of the tirst and second earbuds,
respectively. Iftrough the contact openin . The insert can
include Iirst and second shells joined together, thc first shell
includulg Ihc Iirst cavity and Ihc six ond shell ulcluding Ihe
second cavity 1he case cml further include a collm adhered
to a tnp of the cnntact assembly and to a periphery of a distal
end of each of the first and the second shells The first and
second pairs of electrical contacts can each have arcuate
portions that are positioned by a contact carrier to couple to
thc clcctncal connccuir ihsposcd at thc distal end of Ihc firsl
and second earbuds.

In some embodiments an electrical connector assembly
for an earbud charging system is provided 'I'he electrical
connector assembly can be contigured to receive an earbud
having an ear portion ond a stem portion with an earbud
connector disposed at o distal end of the stem portion. The
elcctncol connector assembly can include. n shell having a
receiving opening Io rcccne the carbud in a stem-first
Ouentation, a distal end opposite Ihc rccclvlng Opcnln, and
a contact npening pmximate the distal end that opens to the
receiving opening; a contact carrier formed fmm a dielectric
material and coupled to the distal end of the shelL the contact
carrier haling a cavity sized to receive the distal end of the
shell and a pair of'ontact receiving slots. and a pair of
dctkcctablc clcctrical contacts disposed wiflun the pair of
contact receiving slots. each defhxLiblc clccuncal conlacl
having a cnntact ponion that extends through the contact
opening of the shell

In some embodiments a case for a pair of earbuds is
provided where each earbud hos an ear interface portion and
a stmn portion with dn clcctncal connixtor dtsposixl at a
distal cnd of the stem portion. Thc case can include. a

housulg; an insert positioned within thc housing, the insert
having first and second earbud receiving cavities sized and
shaped to acconlmodate hrst and second earbuds. respec-
tively. each of the first and second receiving cavities having
a receiving opening to receive an earbud into the receiving
cavity ln a stem-Iirst oncntation. a contact opcnulg al an
opposite cnd of'he reccivulg opening, a conLict carrmr
formed from a diehxlric material and coupled to Ihc inserL
the contact carrier bavin first and second pairs of contact
receiving slots disposed at a contact mterface region and a
debris recess configured to capture debris positioned
between the first pair of contact receivin slots and a second
debris recess dtsposcsl below Ihc contact interface region
and sized and shaped to capture debus, a first pair of
dclkcctablc clecnncal contacts disposed within Iirst pair of
cmltact receiving slot~. each of the hrst pair of deflectable
electncal cnntacts having a contact portion that extends into
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Ihe first receiving cavity ul the contact ullerlace region. and
a second pair of deflectable electrical contacts disposed
within second pair of contact receiving slots, each of the
second pair of deflectable electrical contacts having. a con-
tact portion that extends into the second receiving cavity in
the contact interface region. In some instance the debus
rcmcss can ulcludc a first dcbns recess posiuoncd between
thc Iirsl pair ol'ontact receiving slots dnd a second debus
recess positioned between the second pair of contact receiv-
ing slots. Iiach of the first and second earbud receiviag 10

cavities can include an elongated tube portion sized and
shaped to acconunodate the stem portion of an earbud and
a larger earbud receiving opening sized and shaped to at
least partially accommodate the car ullerfbcc pohion. Thc
contact portion of each of thc dcflcclablc elcciucal conlacls
can have a curved pmfile

In some embodiments a wireless earbud is provided that
includes a housing having a stem portion aligned lvith a
ion itudinal axis„ the stem portion including first and second
ends; a speaker assembly having a driver unit and a direc- 10

tional sound port proxunatc thc first cnd dnd ofl'sel from the
longiludulal axis, wlmrmn thc driver unil is aligned 10 mnil
sound from the directional sound port and comprises a
nlagnet. a voice coil, and a diaphragm; a rechargeable
battery disposed in the housing; and first and second external
contacts exposed at an external surface at the second end of
the stem portion and electrically coupled to provide power
lo thc reclmrgeable baucry. Thc Iirsl and second external
contacts cml each have a partial tuulular shape and can bc
spaced in an oppositional and synunetrical relationship v ith 10

each other. In some instances an outer perimeter of the hrst
and second external contacts Is flush with an exterior surface
of the stem portion

In some embodiments a wireless earbud includes a
housing having a slmn portion aligned with a longiluduml ls
axis, the stem portion includulg lirsi and scmond ends, a

speal er assembly bavulg a dover uiul and a directiorml
sound port proxinlate the first end and otfset front the
ion itudinal axis, lvherein the driver unit is aligned to enlit
sound from the directional sound port and comprises a do

magnet, a voice coil„and a diaphragm: 0 rechar cable
baucry disposed ul lhe housulg, a first smnmircular contact
disposed at an external surface at lhe second end ol Ihe slmn
portion and clcctncdlly coupled to Ihe rimhargeablc ballcry,
and a second semicircular contact disposed at an external
surface at the second end of the stem portion, the tirst and
second partial annular contacts spaced in an opposiriorml
and synunetrical relationship with each other.

In some cmbodimcnts a wirelcss earbud includes a
housing, a rechargeable battery disposed m Ihe housing, a 0

speal er assmnbly ulcluding a dnvcr umt rmd a directiorml
sound port. v herein the driver unit is aligned to emit sound
fmm the directional sound port and comprises a magnet, a
voice coil. and a diaphragm: and a plurality of contacts
exposed at an external surface of the housing. each contact ss
in lhc plurality ol'ontacts ulcludulg a conductive base
luiving a binary metal alloy plated layer al rm outer surlhcc
of each contact. the bioary metal alloy plated layer com-
prising rhodium and nithenium. In some instances. the
weight percents e of rhodium is at least g5 percent. with the io
remainder in hithenium.

Some embodiments of the disclosure pertain to a case for
an earbud having oue or more earbud magnetic components.
Thc case can include. a rccmvulg cavity sized mid slripcd to
accept ihe earbudt onc or more housing magnetic compo- ss
nenrs disposed within the case and positioned and conhg-
ured to nlayletically attract and magnetically secure the

carbud into thc rcceivulg cavity and thesecond carbud mto
the second receiving cavity: and a lid operable between an
open position in which rhe receiving cavity is exposed and
a closed position in lvhich the lid covers the receivmg cavity
The case can be configured to store a pair of earbuds and the
receiving cavity includes a first receiving cavity sized and
slmpcd to BCCCTII a Iirsl earbud ul thc pair of rmrbuds, and d

second receiving cavity sized and shaped to accepts srmond
earbud in the pair of earbuds. In some embodiments the one
or nlore housing ma netic compoilents can include a first
plunllity of magnetic components disposed around the first
receiving cavity and configured to ma netically attmsct and
magneticaliy retain the first earbud within the first receiving
cavity. mid a second plurality ol magnetic components
disposed around the second receiving cavity and configurod
to nlagnetically attract and nlagnetically retain the second
earbud vithin the second receivin cavity.

In some exanlples rhe flrst plurahty of magnetic compo-
nents can include a first maytetic component positioned and
configured to magnetically attract a speaker magnet in the
lirst carbud and thc second plurality ol'agneuc compo-
rlcllts ctill lltclUde B second Ilulglu:lic compoln:nl posilioilcx!
and configured to nlayletically attract a speaker magnet in
the second earbud In other examples the first plurality of
magnetic components can include a first nlagnetic compo-
nent positioned and configured to ma netically attmsct a
magnetic plate disposed in an ear portion of the first earbud
dill thc second plUI'iillty'1 Iuiignctlc conlpollcllls can
rllchlde d sccolul nldgnenc conlpollcllt positioned Blul cillr-
figured to magnetically attract a magnetic plate disposed in
an ear portion of the second earbud

In some instances the first plunllity of nlagnetic compo-
nents can inciudes one or nu&re magnetic components dis-
posed around a portion of the first receiving cavity that
accepts an car interlace portion of llm first carbud and Ihe
sccorul plUI'tllllv ol nldglletlc conlpollcllls cBII lllclUdc onc ol
more magnetic components disposed around a portion of Ihe
second receiving cavity dmt accepts ail ear interface portion
of the second earbud In some instances the hrst plurality of
magnetic components can include a first housing magnetic
component arranged to attmsct a speaker ma net in the first
carbud, mid a second housulg magnetic component arrangod
to attract 0 magnetic pldic disposed within an ear ponion of
thc lirst carbud: mid lhc second plurality ol'agnetic com-
ponents can include a third housing magnetic component
arranged to attract a speaker ms net m the second earbud,
and a fourth housing maytetic component armnged to attract
a mayletic plate disposed within an ear portion of the second
earbud. In some instances thc lirst plurality of magnetic
components includes a Iirsl scl ofmagnchc componenm Ihal
firma first Halbach array to increase altracuve lhrces filr Ihe
first earbud and the second plunllity of nlagnetic compo-
nents mcludes a second set of ma netic components that
form a second Halbach array to increase attmsctive forces for
the second earbud. The first and second Halbach arrays can
bc confrgurcxl lo attract ihe Iirst mid Ihc second carbuds mlo
respective cavilrcs and magnetically retain them willun thc
cavities until they are removed by a user.

In some embodiments an earbud includes a housing,
formed to fit at least partially v ithin a user's ear; a direc-
tional sound port founed witlun the housing: a speaker
assembly disposed witlun the housing and including a driver
uiut comprising a first nuignci, the driver unit elignixl to emit
sound from thc dircmlional sound port, B magnetic rclcnlion
component, separate from Ihc speaker assembly, and posi-
tioned in the lmusing The housing can have an ear portion
and a stem portion, and the nlayletic retention component
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can be disposed witiuu lhc ear poruun. The driver unil can
include a diapluagm and a voice coil, and the tirst nlagnet
can be npemctively coupled to the voice coil to move the
diaphragm in response to electrical signals and the magnetic
retention component Is not operatively coupled to the voice
C 011.

In some emboduueuls a wireless lislcmng system Is
provided that uicludes a pair of wireicss earbuds and a
storage case for the pair of earbuds Ecch wireless earbud
cmi include a housing formed to fit at least partially Ivithin In

a user's ear: a directional sound purr ftinned within the
housingt a speaker assembly dispoced within the housing
and including a driver unit compricing n first magnet. a
ihaphi agni Bixl II voice coil, Bnd whet oui lhc first nlagncl ls
opcraiivcly coupled lo lhc voice coil lo move Ihe diapluagtu
in respnnse to electncal signals, the driver unit aligned to
emit sound fmm the directional sound port; and a magnetic
retention conlponent. separate fnim the speaker assembly,
and positioned in the housing. The storage case can include
a first receiving cavity sized and shaped to accept a first 10

carbud of Ihc pnir ofcnrbuds, a second receiving cavily sized
and sliapcd to ucccpt a second earbud ol the pmr of'earbuds,
a plumclity of housing magnetic components disposed Ivithin
the case and positioned and configured to magnetically
attract and magnetically secure the first earbud into the hrst
receiving cavity and the second earbud into the second
receiving cavity: and a hd npemcble between an open posi-
uon In wluch Ihc first and second receiving cavuies arc
cxposcd mid a closed position ui which Ihe hd covers lhc
firrt and second receiving cavities I'he plurality of housing cc

magnetic components can include a first magnetic compo-
nent positinned and configured to magneticallv attmcct a
speaker niagnet in the first earbud and a second magnetic
component positioned and cnnfigured to magnetically attract
a speaker magnet in the siuond carbud. The plurality of ic
housing magneuc components can further mcludes a Ilurd
magncuc component posiuoned Imd configured lo ma neti-
cally attract a magnetic plate disposed in an ear pomon of
the first earbud and a fourth magnetic component positioned
and conti ured to mayteticaify attract a magneric plate so
disposed in an ear portion of the second enrbud.

In some mubodiments a case for a porlablc hstening
ilt:vlcc hichnlcs. B hoUsulg havulg tine 01 niou: ciivuics
configured lo rcccive the portable hslcnmg device and an
exterior charging surface; a lid attached to the housing and
operable between a closed position where the lid is aligned
over the one or more cavities and an open posirion where the
lid is dispLaced from the one or more cavitie~: a battery: a
lirst charging system configured to charge die portable
listening device when positioned ui thc one or more cavuies, 0

and a second charguig system uicluduig a lransmittuig coil
positioned within the housing adjacent to the exterior charg-
ing surface. the transmitting coil configured to wirelessly
transmit power to a power receiving coil of nn electronic
device positioned outside the housing adjacenr to the exte- ss
uor charging surf'acc Iu some cmboduncnts lhe portable
hslening device can bea case lbr a pair ol'arbuds; thc
housuig can include lirsl and siuond cavities configured to
receive first and second earbuds, respectively; and the hrst
charging system can be configured to charge the tirst and tc
second earbuds when the earbuds are positioned u:irhin the
first and second cavities.

In some cmboduncnts a case for a pair of tuirbuds Is
provided. Each curbud can include an ear uuerfbcc portion,
a stem, mi carbud bnucry and a wireless radio. The case sc
include a housing having a first cavity configured to receive
a first earbud in the pair of earbuds and a second cavity

configured to recmvc a second earbud In the pair ol'earbuds.
a hd opemcble between a closed position where the lid
conceals the pair of earbuds ivithin the case and an open
position where the lid is displaced from the case such that a
user can remove the enrbuds from the case and first and
second charging systems. The first charging cystem can
include a case baucry, a wirelcss power reccivuig coil
posuionixl willun Ihc housing. the tc Ircless power rcccivuig
cml configured to Ivirelessiy receive power fmm a wireless
power source; a connector conhgured to couple to each of
the first mid second earbuds. the second connector having at
least one contact positioned in the hrst cavity and at least one
contact positioned in the second cavity: and charging cir-
cuitry operatively coupftxf lo charge thc case baucry and
provide power to Ihc coruieclor to charge thc first and siuond
earbuds fmm Ivireless power received over the wireless
power receiving coil 1'he second chaigtng system can
include a transmitting, coil positioned within the housing and
configured to cvirelessly transmit pov, er to a power receivin
coil of an auxiliary electronic device positioned adjacent the
case. Tlm case can further Include un carbud detector cun-
ligured lo detect when an carbud is placed in cuber of Ihe
first or second cavities

ln some embodiments an electrical receptacle cicnnector is
disclosed that includes: a housing comprised of an electri-
cally insulative polymer that extends betv een a receiving
face and a rear face, the housin definin a cavity that
conuuiiuiciltcs wtlh an opt:ning ul lhc rcccivulg lace 10

rcccivc B pliig pot tion 01 B niaung plUg connccloii B conlacl
spacer positioned adjacent to the rear face: a gasket disposed
between the rear face of the housing and the contact assem-
bly; a plurality of contacts, each of the plurality of contacts
having a tip positioned witlfin the cavity, an anchor portion
that anchors each contact to the contact spacer and a beam
portion that connccm Ihc iip lo Ihc michor poruon, and a
metalhc bracket disposed around an outside surface of Ihe
housuig.

In come other embodiments an electncal receptacle con-
nector includes a housing compnsed of an electrically
insulative polymer that extends betv, een a receiving face and
a rear face, the housing defining a cavity that comnumicates
wtlh a fioat opcnulg ul lhc rccetvhlg lace 10 receive II plUg
poruon of a maung plug coruieclor and wherein the hmisuig
has a plUrahlv ol slots thai local B potion ol lhc cavnvm II

contact assembly including, (ii a cnntact spacer positioned
adlacent to the rear face: (iii a plurality of contacts. each of
the plurality of contacts having a tip that extents into the
cavity tluou h one of the plumclity of slots, an anchor portion
coupled lo lhe conlacl spaccr. and a beam portion lhal
connium Ihc tip to Ihe anchor portion: and (uii a ground
latch having first and second spring Bmls on opposulg sulcs
of the plurality of contacts: a gasket disposed between the
rear face Of the housing and the contact assembly; and a
metallic bracket disposed around an outside surface of the
housuig and formed to secure the contact assembly to the
housing.

Some cmbodimcnts pcrlaui to mi carbud Inciudui . a
housing defining a cecily in which ouc or morc clectncai
components of the earbud are housed. the housing having a
touch sensitive region at an exterior surface of the housing,
and an interior surface within the cavity opposite the exterior
surface: a capacitive sensor insett bavin a first surface with
melalhzixl circuitry fonntxl Ihcrtxut and positioned within
the housing such thai Ihc lirsl surface Is adfiicenl the inlerior
surface of Ihc housuig. an carbud processor dtsposixl within
the lmusing; and at least one conductor that electrically
couples the capacitive sensor insert to the earbud processor
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Thc capacitive sensor insert can be fomlcd to closely match
a shape of the housing In some instances the metallized
circuitry fonna at least one self-capacitance sensor in wluch,
when touched by a user. loads self-capacitance circuitry that
can be detected. In other instances the metallized circuitry
includes row and colunm electrodes that form at least one
mutual-capacitance sensor ul wluch, when louchcd by a
user, mutual coupling between row and colunul electrodes is
altered and detected The capacitive sensor insert is formed
fmm a plastic that includes nletallic particulates. I I I

In some enlbodiments an earbud includes a housing that
defines an enclosed cavity in which one or more electrical
conlponents of the earbud are housed. the earbud housing
luiving a touch scnsiuvc region at ml cxtcrlor curved surlhcc
of thc hiiUshlg Bnd Bn ulterior ciirvcd sill'fBcc withal thc I

enclosed cavity opposite the exterior curved surface; a
directional sound port formed within the housing: a speaker
assembly disposed within the enckised cavity and including
a driver unit comprising a nm net, the driver unit aligned to
emit sound from the directional sound port: a capacitive zo

sensor conligurcd to scnsc a user's touch on thc louch
scnsltlic region, thc capiicltlvc scnsol ulclUdulg a sensor
insert positioned witlun the enclosed cavity and one or nlore
acoustic apernlres aligned with the directional sound port,
the sensor insert having a first surface adjacent to and
contoured to match the interior curved surface, the first
surface including metallized circuitry formed thereon and at
least parually surrounding thc acousuc aperture, and a
processor coupled to the capacitive sensor and disposed
within the enclosed cavity ii)

In some embodiments a case for a listening device
includes a housing having a cavity to receive the listening
device; a lid attached to the housillg with a pivotable joint
allowing the lid to rotate benveen a closed position where
thc hd is aligned over the cavity and an open position where li
thc lid is mlgularly displaced allowing the listemng dei icc lo
be rcmovlxl lbom the cavity, and an over center mcchiuusm
for the lid includmg an extension attached to the lid and
disposed on an opposite side of the pivotable joint fnim the
lid, wherein the extension ic in contact with an arm that so
resists the lid rotating from the open position to the closed
position until Ihc hd Is moved past im over cmllcr posuion
when Ihc lid is Ihcn unpellcd to the closed posilion.

In some emboihmcnts a case for ml elcctromc device
includes a housing having a cavity to receive the electronic
device and a receiving opening that coinmunicates v ith the
receiving openin; a lid secured to housing with a first
pivotable joint. the lid bein operable between an open
position in wluch thc rcccivulg opcmng Is exposed and a
closed position ln wluch thc hd covers thc receivulg opml- o

ing; and a spring loadcsl over center mechanism I'or the hd.
'I'he spring-loaded over-center mechanism can include: an
extension coupled to the lid and having a rolulded contact
portion at a distal end: an arm coupled to the housing by a
second pivotable joint. the arm extending between a first end i.
attached to thc second plvotablc joult and a second mid,
opposite the lirst end, thc aml having lirst and second
surlhcis extending bctwccu the lirst and scmond ends. and a
torsion spring formed amund the second pivotable joint such
that it applies a torque to the arm fiircing the arm against the io
rounded portion of the extension.

To better understand the nature and advanm es of the
present disclosure, rcfi:rance should be made to thc follow-
ing dcscnptiou and Ihc accompanying Iigurcs. It Is to be
understood. however, that each of ihe tigurcs is provided for si
the purpose of illustration only and is not intended as a
dehnition of the limits of the scope of the present disclosure.

Also. Bs a gcnci'ill rillc, Bnd Unless 11 la cvldcnt lo thc con(lacy
from the description, where elenlents in dlfi'erent figures use
ideuucal rclerencc numbers. Ihc clmncnts arc gcncmlly
either identical or at least similar in function or purpose.

To bcttcr understand thc nature and advantages of thc
present disclosure, reference should be made to the fiillolv-
in description and the accompanying figures. It is to be
understood, however. that each of the figures is provided fiir
the purpose of illustration only and is not intended as a
ilcfinuton ol Ihc linus of Ihc scope of thc prcscnl dlsclosillc.
Also. as a general rule. and unless it la evident to the contrary
from the dcscnptlon. w herc elcnu:nts ul ddlhrcnt ligurcs use
identical reference numbers. the elements are generally
either alen(ical or at least similar ul lunction or purpose.

BRIEF DESCRIPTION OF THE DRAWINGS

FICi. 1 is a side view of a casehaving a lid and confi ured
to hold a pair of earbuds according to embodiments of the
disclosure;

FICi 2 is a system lcvcl diagram of a case withe clrargulg
system coupled to a pair of earbuds according to come
muboduncnts of thc disclosure,

lii(i 3 is a simplified cross-sectional view of the case
shown ln FICi. 1:

FICi 4A is a partial cross-sectional view of an earbud
connimtor according to an cmbodimcnt ol'hc disclosure,

FICi 4B is a plan view ol'hc carbud connector Illustrated
in 11(i. 4A:

ill(i 5A is a partial cmss-sectional view of another
embodiment of an earbud connector according to the dis-
closure:

FICi. 5B is a plan vieiv of the earbud connector illustrated
iu FI(i. 5 (:

FICi 6A Is a partml cross-sectional view of another
embodiment of an carbud connector accordulg to thc dis-
closure;

ill(i 611 is a plan view of the earbud connector illustrated
in FICi. 6(:

FICi 6C is an isometric exploded viev of a connector
assembly lhr the earbud colulector illustrated in FIG. 6A:

FICi 6D is au lsomctnc view of thc asscmbicsl carbud
connimtor illustmtcd in FIG. 6A,

ill(i 7A is an isometric exploded view of another embodi-
ment of an earbud connector according to the disclosure;

FICi. 7B is an isometric view of the assembled earbud
connector illustrated in FIG. 7A:

FICi SA Is a partml cross-sectional view of another
embodiment of an carbud connector accordulg to thc dis-
c l os l Ire,

lil(i gB is a plan view of the connector on the earbud
illustmted in FI(i SA:

FICi SC is an isometric exploded view of the earbud
connector iilustrated in FKi. 8A:

FICiS. 9A and 9B arc Ibont mid rear isomctnc views ofonc
of thc carbuds shown m FIG. 1. rcspectivcly:

FICi 10 Is a top vlciw ol'he case shown in FIG. 1 w 1th thc
case lid removed;

ill(i 11 is a partial cross-sectional view of an earbud
retauled in a cavity within the case illustrated In FI(i. 10
along section A-IW;

FICi 12 is a partml cross-sectional vww of an carbud
retained ul a cavity withul thc case Illustrated in FIG. 10
along section B-B,

lil(i 13 is an isometric view of a case having an over
center lid according to sonic enlbodiments of the disclosure;

SONOVA EX1009 
Page 46



US 10,003,880 B2
li

FIG. 14 is an isomctnc view of the case shown ul FIG 13
ivith the over center lid in an open position:

FIG. 15(s a gruph showing a(traciion and 163tulsion forces
associated ivith an over center lid according to some
mnbodimcnts ol'he disclosure,

Fl(i 16 is a side view of a case that includes one pair of
magnets ivith misaligned poles and one pair with 0 high
pemleable material surrounding them according to some
enlbodiments of the disclosure;

I it
FIG. 17 is a side view of a case that ulcludes two pairs of

magnets attached to sprin s according to some embodiments
of lhc ilgclosurc,

FI(i 18 is an isontetnc view of a magnet that mav be used
in d case according to some embodiments of Ihc disclosure,

I ICi 19 is an isonletuc view of a magnet that may be used
in a case according to some embodiments of the disclosure,

FI(i 20 is an isontetric view of a magnet that mav be used
in a case according to some embodiments of the disclosure,

FIG. 21 is an isometnc view ol'a magnci tha( may bc used
in a case according to some embodiments of the disclosure,

FIG. 22A is a side view ol' case with a torsion spring
over center mechanism according to some embodiments of
the disclosure with its lid closed;

FI(i 22I3 is an isometric view of the torsion spring over
center mechanism Illustmtted m FICi. 22A:

FIG, 22C is a side view of the case illustrated in FICI 22A
with lm lii! pa(1(allv open,

FIG. 22D is a side view of thc case illustra(ed m FICi 22A
with its lid open further; ui

IICi 23 is a simplified perspective view of a wireless
charging system according to embodiinents of the disclo-
sure;

FIG. 24 is a block diagmm of an inductive power receiv-
ing sysiem Iha( cun bc par( of thc chiuging sys(cm illus(rated li
in FIG. 23 accordulg to some mubodimen(s.

FIG. 25 is a simphiied plan view of Ihc earbud case
illustrated in ill(i 23;

Fl(i 26 is a block diagram of an embodiment of the
inductive power transmitting system illustrated in FIG. 23, 60

FIG, 27 is a simplified isometric view of an inductively
charged case on ml ulducuve charging system accordulg to
siinic cnlbodimen(s of thc disclosure:

FIG. 28 is an (some(nc view of an elec(rical coluux(or
that can be included in the case illustrated in liICi I

accordin to some embodiments of the disclosure:
FIG. 29 is an isometric exploded view of the electrical

connector illustmted in FICi. 28;
FIG. 30 illustrates (some(nc fron( mid rear views Of a lefi

carbud according (o some cmbodimcn(s of lhc disclosure. 0

FIG. 31 illustrates isometnc fron( and roar views of a nght
earbud according to some enlbodiments of the disclosure:

Fl(i 32 is a cross-sectional view of one of the earbuds
illustrated in FICiS. 30 and 31:

FIG, 33 is a cross-sectional view of one of the earbuds 66

illusudtcd in FIGS. 30 and 31 with some components
removed,

FIG. 34 is a plan view of a tlcxible circuu board that can
be used in earbuds according to soine embodiments of the
disclosure; 60

FIG. 35 is an isometnc view of the flexible circuit board
illustrated in FICi. 34,

FIG. 36 is an isomc(nc view of a coluux(or s(ruc(ure (lm(
cml bc includixl ul thc carbuds illustrated in FIGS. 30 and 31,

FIG. 37 ls 1st lsonlcnlc view of conldcm for lhc connLclor 66

structure illustrated in ill(i 36 according to some embodi-
nlents of the disclosure:
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FICi 38 is ml isomeuic iiew ol'hc contact structure

illustrated in FIG. 36;
FICi 39 is an (some(ric llew ol'n earbud conncc(or

contac( according to an mnbodimcn( ol'he disclosure,
lii(i 40 is an isometric vieiv of an insert molded connec-

tor em(tact that was iflustra(ed in ill(i 39;
FICi 41 is an isometric view of an earbud with a capaci-

tive sensor insert according to some embodiments of the
disclosure;

FICi 42 is a cross-sccuon ol'lu: earbud and (hc cdpaciuvc
sensor ulscrt illustra(cd ul FIG 41,

ill(i 43 is a plml vieiv of a capacitive sensor insert
illustrated according to an embodiment of the disclosure;

FICi. 44 is a plan view of a capacitive sensor insert
illustrated according to an embodiment of the disclosure;

FICi. 45A is an illustration of an earbud with an acoustic
insert accordulg to an cmbodnnent of the disclosure,

FICi 45B is an illus(rauon of thc earbud with the acoustic
insert illustrated in I'l(i 45A:

lii(i 46 is a flolvchart illustrating steps associated ivith
manufacturin anearbud accordin to some embodiments of
the disclosure:

FICi 47 iilustrates a system 47 according to some embodi-
nlcn(s ol thc ihsclosure;

FICi 48 is a simplilicd block diagram ol' system 4800
according to sonic embodiments of the disclosure.

ill(i 49 is a flowchart illus(rating steps associated ivith
pairing wireless headphones ivith a host device according to
some embodiments of the disclosure;

FICi. 50 is a flowchart illustrating steps associated with
active(ing a wirclcss radio in carbuds accordulg (o some
embodimcn(s ol'he disclosure, and

lii(i 5( is a flolvchart illustrating steps associated ivith
deactivating a lvireless radio in earbuds according to some
embodinlents of the disclosure

DETAILED DESCRIPTION

Some embodiments of the present disclosure relate to
portable listening devices and cases for contaming and/or
charging such devices that have impmved features that can
improve the user expenmlcc associated with using the case
and/or the portable lis(mlulg dcvicc. Wide (hc prcscnt
disclosure can bc use(hi for a wide vancty of por(able
listening devices, some embodinlents of the disclosure are
particularly useful for wireless earbuds and cases for wire-
less earbuds as described in nlore detail belows

For example. in some embodiments a pair of wireless
earbuds arc sizcx( and shaped (o lit w((hut a case that can also
include a rechargeable bd(tery and charging circuitry. The
pair of carbuds cim be charged whml an earbud dctcc(or
within the case detects that the earbuds are placed w:ithin the
case. Further the case can include sensors to detect if the lid
is open such that the wireless mtdio within each earbud can
be activated so they are ready for use by the user. Similarly,
when thc lxi is closmi the wireless radio can bc shul olf so
thc clmrge in thc carbud ba((eries is conscrvcx!.

In ago(bc( Lxdnlph: lhc cdsc ciul have (I palrulg but(on on
it that is operable to place the earbuds in a pairing mode In
a huther example the case can also have one or more clmr e
indicator lights to inform the user of the charge level in the
case battery as well as the charge level In each earbud.

In mlothcr cxamplc Ihc case can have a hd wi(h an over
ccnlcr coniigurauon such ihat Ihc hd is in a lira( stable
position when in a closed position and is in a second stable
position when in the open position, but is in an unstable
position in-betv,een the closed position and the open posi-
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uon. In some embodiments thc over center conligurat ion can
be achieved by using iwo pairs of magnets while in other
embodiments it can be achieved with a torsion spring In
further examples the case can have one or more magnets
within it to attmlct the earbuds into cavities fomted witlun the
case and to retain them until a user removes them.

In ano(hcr example thc case can bc liquid-tigh( to prevent
liquid from damaging Ihc internal circuitry. Thc electrical
connections for both the earbud reclmr ina and for recharg-
ing the case can be resistant to penetration by a liquid lo

In another exanlple the earbuds can have an acoustic
insert tllut fonna one or more acoustic ports such as a bass
port vent and a rear vent that enable the intental speaker to
provide audio pcrfilnnancc in thc conlincd space wt(hin thc
carbud housuig. I

In another example the earbud case can be used to initiate
)3)Be(on(hot pairing of the earbuds with a host device. In one
embodiment a lid position sensor detects lvhen the hd Is

open ond initiates pairing of the earbuds.
In order to better appreciate the features and aspects of Io

portable lis(coin dcvlccs and their cases according Io the
preseni disclosure, further con(cxt fiir Ihe disclosure Is
pmvided in the followmg section by discussing several
particular inlplementations for earbuds and a case for ear-
buds accordulg to embodiments of the present disclosure.
The specific embodiments discussed are for example pur-
poses only ond other embodiments can be employed in other
portable hstening devices and cases Ihal can be used for
o(hcr por(able listcnulg dcvlccs as weil as otlmr dcvmcs.

As used herein. the temi "portable listening device" lo
includes any portable device designed to play sound that can
be heard by a user lieadphones are one type of portable
listening device, portable speakers are onother. The temt
"headphones" represents a pair of small, portable listening
devices (hat arc dcslgncd to bc worn on or around a user's li
head. They convert an clectncal signal to a corrcsponduig
sound that can bc heard by thc user. Hcadphoncs mclude
traditional headphones that are worn over a user's head and
include left and right listening devices connected to each
other by a headband, headsets (a combination of a head- ao

phone and a microphone), ond earbuds (very smail head-
phones that are dcslgncd Io bc lit(ed dlrcclly ui a user's ear).
Traditional headphones include both over-car headphones
(somclllilcs rcfcrl'cd Io Bs clthcl cllciinlaurill UI Ibll-slac
headphones) that have earpads that fully encompass a user's
ears, and on-ear headphones (sometimes referred to as
supra-aural headphones) that have earpods that press against
a user's ear instead of surrounding the ear. As used herein,
thc tenn '*carbuds", which can also bc refbrrcd Io as ear-
phones or ear-lining hcadphoncs, includes both small head- o

phones that lit within a user's outcr ear faculg thc iuir caiial
without bein inserted into the ear canal, and in-ear head-
phones. sometimes referred to as canalphones, that are
inserted in the ear canal itself.
Earbud Case s.

FIG. I depicts a snnplilicd plan view ol'a case 100 lbr a

pair of wirelcss carbuds according Io some embodiments of
the disclosure. As shown in FIG. 1, case 100 includes a
housing 105, also called a body. having one or more cavities
I lfiii. 1106 configured to receive a pair of earbuds 115a, io
1156. In some embodiments. cavities 110U. 110/I can be
positioned adjacent to each other on opposite sides of a
ccn(er plane of case 100. Each cavity 110U. 100b can be
sized and shapcx) to match that of its respective carbud 115U,
1156. Each cavity can uiclude a stem scction116U, 116b and Si
a bud section I ) 7U. I)7/I I lich stem section 116U, 1166 can
be mi elongated generally cylindrical cavity that extends

from its rcspcctlvc bud sixuon 117a,117(I towards a bottom
IU6 of case )00 Each bud section 117U. 117/I can be otfset
from its respective stenl section 116U, I)6/I and open at an
upper surface 100 of housing IU5. Iimbodiments of the
disclosure are not limited to any particular shape, configu-
ration or number ofcavities 110U. 1106 and in other embodi-
ments cavities 110a, 110b can have dilficrent sliapcs Io
accommodate dill):rent types of carbuds. dilfi:rent conti u-
mltions and/oir can be a single cavity or more than two
C'lvttlCS

Case IUU further includes a lid 120 attached to housing
105 Lid 1ZU is operable between a closed position where lid
120 is aligned over one or more cavities 110a, 1106 fully
micloslng pair ol'carbuds 115U. 1156 w ithin thc housing, and
an open position w herc thc lid Is displaced from thc hmisulg
and cavities IIUU, 1106 such that a user can remove the
earbuds from the cavities or replace the earbuds w:ithin the
cavities. I,id 1ZU can be pivotably attached to housing 105
and con include a magnetic or mechanical system (not
shown in FK). I) that provides lid 120 with a bi-stable
operation, as described more fully below. In some embodi-
ments case 100 can also include a chargulg system 125
cmifigured to char e pair of earbuds 115U, I)5/r, one or more
magnets 130 configured to orient and retain the pair of
earbuds v ithin one or more cavities Ilia, II 0)I, and other
features that are further described belov.

FICI 2 is a simplified block diagram of system 200
according to an embodiment of thc present disclosure.
System 200 can include pair of carbuds 202a, 2026, a case
2U4 for the pair of earbuds. and a power source 205 for
charging the case. Earbuds 202ia 202b can be positioned
v ithin case 204 (e.g . within an interior space or cavity of the
case defined by a housing or an insert wit)un the housiilg)
v here they can be conveniently stored and char ed. Case
204 can bc rcprcsentauie ol case 100 and carbuds 202U,
202b can bc rc7trcscnrattic ol'carbuds 11511, 1156 discusscx)
above with rcspcct Io FIG. 1.

I tach earbud 202a, 20Z6 can each have one or nlore inputs
255, internal components 260 and one or more outputs 265
ln some embodiments one or more inputs 255 can be a
microphone input and one or more buttons or sensors that
rcgwlcr a user*a touch. In vanous cmbodimenm an accelcr-
olllcn:I UI a ciipacl tive scllsor can bc Uscx) Bs Bu input 255 and
can bc activated. for example. by a user Io answer a call or
command earbuds 2U2a. 2UZ/I to enter a pairing mode that
can be indicated by a light on either or both earbuds. In
various embodiments one or more internal components 260
cmi include a speaker, a microphone. a rechargeable battery,
a processor, anogor o(her circuitry and components. In
various cmboduncnts onc or morc outputs 265 can bc audio
from a speaker, a light or other imhcator. In some embodi-
ments the indicator li ht can indicate an incoming call, a
battery charge lel el, a pairiim mode or other function

In some embodiments each of eorbuds 202o, 2026 can
include a wireless radio that can be both an input 255 and an
output 265 device. Thc wirelcss radio can enable Ihc earbuds
to rixcivc an audio signal lbom an audio player, such as a
smart phone. In some embodiments one or morc ol'arbuds
2U2a, 202/I include a radio that can also transmit an audio
signal such as a nlicrophone signal fmm one or more of the
earbuds. In yet further embodiments. one or more of earbuds
202a, 2026 can include o radio that can transmit communi-
ciltloli signals IhBI can cillnnliind Ihc I'ccclvulg dcvlcc (c.g.,
a host device such as a smartphone) to perform onc or more
liinctions such as. but not linutixl to. conniw( a phone call,
disconnect a phone call, pause audio playback. fast forward
or rewind audio playback or mute a nlicrophone signal The
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wireless rad&o cdu employ rmy short range, low power
communication protocol such as ))luetooth)L low power
13)uetoothm. or /igbee anlong protocols

(:ase 204 can include a case processor 210. an earbud
detector 215. radio 217, a lid sensor 220. case charging
circuitry 225, a battery Z27 and earbud char in circu&try
230. Case 204 can also ulclude ml earbud mterfacc 245 ll&at

cruiblcs circuitry w&ttuu case 204 Io conunumcate w&th
and&or charge earhuds 202u, 202b and power source inter-
face 25U that couples the case to lvired or &vireless power ic
source 205. such as an A('r D('ower source or an
inductive char in pad. In some embodiment~. case char-
ing circuitry 225, battery 227. earbud charging circuitry 230
dnd interfaces 245 m&d 250 are all rcprcscntauvc compo-
nents oi'luirguig system 125 shown ui Flffc 1. I

Po&ver source interface 250 can be pals of a receptacle
colinector tor a micro USI3 connector, a l,ightening cola&&x-

tor or other connector that can pmvide power to earbud case
204. Alternatively, or in addition to a receptacle connecror,
power interface 250 can Include a wireless power receiver, lo
such ds onc or nlorc w Iri less power I I ci Ivnlg coils. Ih &I call
rcxcive ulduct&ve power I'rom power source 205. Earbud
interface 245 can transfer power and/or data betv een case
204 and the earbuds via case transfer intertace 270 in each
earbud. Earbud interface 245 can include an electrical con-
nector, such as one of the connectors described herein v.ith
respect to FIC)S. 4A-UC, a different type of electrical con-
nixlor. Or a w&rclcss power tmnsnuller, such as a wireless
power Irmlsmitung co&1 that can Iransnul uiducl&vc power lo
an inductive power rece&ver within the earbuds. &c

(:ase processor 21U can be configured to control various
functions of case 204 as descnbed in more detail below In
some embodiments, earbud detector 215 includes one or
more sensors that detect when one or both of earbuds 202u,
202b are placed w&thu& case 204. In onc embod&mmlt carbud li
detixlor 215 can be a c&rcu&t that pcnod&cafly '*pings" the
carbud contacts w &&tun case 204 to detcrnunc il'e&ther carbud
20Zu, 202b is present In other embodiments earbud detector
215 can be any type of mechanical or electrical sensor, such
as. but not limited to, a magnetic sensor, an optical sensor, do

a slvitch. a hall effect sensor. a flux sensor, a capacitive
smlsor, a photodclector, a proxim&ly dclcclor. a mommllary
switch or any other type of sensor.

In embod&mmits whcrc carbud detector 215 &s a tlux
sensor, the flux sensorcan be beneficial to minimizingpower d

consunlption of case 204 As an exainple, a flux sensor can
be filrmed in case 204 for each earbud from a coil of wire
and one or more magnets within earbuds 202u. 202b. Each
flux smlsor can be coniigured to gcncrale d current in the coil
oi'wire whmi au carbud &s &maned or w&thdrawn Ibom case o

204;md thc magnet w &tluu the carbud passes tluough the coil
of &vire. In a further exanlple, a flux sensor can hmction as
a completely passive sensor that requires no power to
operate. and genemltes its own ener y to notify processor
210 of the removal or replacement of either earbud 202u, s.
202b w&thin case 204. In some cmbod&ments a hali cflbcl
smlsor can also be beuelicial to minimize power consump-
uon. In venous mnboduncnls, onc or more sensors can bc
beneficial so that a voltage bias (e g, a ping) need not be
applied to the earbud connectors. thus initigating contact ic
corrosion and/or oxidation m moist environments.

In one example case 204 can include separate earbud
Iccclvlllg crivulcs &vuhul lhc case, silch ds clivulcs 110u,
110b descr&bcd above, and carbud detector 215 cml uiclude
lirst;md second carbud dc&colors~no deux&or fi&r each si
cavity The tirst earbud detector can be operatively coupled
to detect &vhen an earbud (e g., a left earbud) is inserted

wiflun a lira& ol thc cavities and the second carbud dc&ac&or

can be operatively coupled to detect when an earbud (e.g,,
a right earbud) is inserted v ithin the other cavity. In other
embodiments a single detector can detect when e&ther earbud
202u, 20Zb is placed lvithin case 204.

In response to detecting the insert&on of an earbud within
the case, carbud detector 215 can gm&erdtc a dctcct s&gnat
that cdn bc scut lo and processed by other circu&try w&thin
case 204 to initiate chargina of the buds When earbud
detector Z15 includes first and second detectors that can
detect the insertion of the left and right earhuds (or first and
second earbuds that are interclmngeable between the left and
right ears). respectively, each earbud detector can generate a
scp&&late dctccl slgl&BI lhdl cdu ullnalc chBIgulg of lllc
dcnxlcd carbud only.

Sinnlar to initiating charging. earbud detector 215 can
also be used to stop charging l&or exanlple, earhud detector
215 can detect lvhen either or both of the earbuds are
removed from the case and generate a removal signal that
stops the charging of the removed earbud or earbuds.

In some cmbodunenls carbud detector 215 cdu i&uuale Ihc
charging process oi'ach earbud 202u. 202b when Ihc
earbud detector detects that electrical contact is made
between the earhuds and correspondmg charging contacts
within the housing (e g. &vithin each cavity 110u, 1)flb)
More specifically, in various enibodiments earbud detector
215 can periodically "pinv*'he charging contacts to see if
c&ther or both carbuds 202u, 202b arc prcscnt w&fl&ui each
cavity 110u. 110b. Ei cn &f e&ther or both carbuds 202u, 202b
have Bern battery charge they can still have a characteristic
inipedance or other electrical characteristic that enables
earbud detector 215 to detect that they are connected to the
charging contacts and initiate charging v ith earbud chargin
c&rcuitry 230. The charging contacts and electrical connec-
t&on bc&ween earbuds 202u, 202b and case 204 will be
d&scusscd in data&1 below. In some embod&ments carbud
dcnxtor 215 is part oi'processor 210 and thc processor docs
the sensing. In other enlbodinlents. earhud detector 215 is
separate active,'passive conlponents. In various embodi-
ments. case 204 does not include a case pmcessor 210 and
instead. circuitry comprising various active and/or passive
components is contigurml lo pcrihml Ihc funcuom dcscr&bod
hcrcin and attnbutcd Io the processor.

In some embod&ments case processor 210 can conununi-
cate with pair of earbuds 202u, 202b by sending and
rece&ving data thmugh earbud interface 245 (and through
case interface of either or both earbuds) and can communi-
cate with power source 205 by sending and receiving data
tluough power source interface 250. Ttmt is, in various
embodiments carbud uilerihcc 245 aud power smircc inier-
facc 250 can be capable of carry&n both power and dais
sigaals for single or bidirectional conlmun&cation In some
embodinlents separate po&ver and data contacts can be used
while &n various embodiments one set of contacts is used for
both power and data. For example. in some embodiments
power source 205 cml bc a compuung dev&cc llrdt commu-
n&ca&ca with power source mlerface 250 lhrough m& interface
(nol shown), such ds d USB ullcrcounect or a Lighuung
interconnect developed by Apple Inc. 'I'he intercomiect can
pmvide I)('urrent to case battery 227 for charyng and can
provide bidirectional conununication between case proces-
sor 210 and the computing device. In another example
power source 205 cdn lrmlsnul lirmwarc updates lo both
case processor 210 mid pair of earbuds 202u, 202b tluough
the same conlacm that are used lo charge the dev&ccs. Ddla
cmnnlunication benveen earbud interface 245 and pair of
earbuds 2U2u, 202b can use a similar con&munication pro-
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tocol as discussed above or any other protocol such as, for
exalnple serial coilulnulications.

In some embodiments case 204 can include a wireless
radio 217 that enables the case to transmit and receive data
communications with earbuds 202a, 202b and a host device
(e.g.. a smartphone. n tablet computer. a laptop computer or
thc hkc) in addiuon to, or usa(cad ol', relying on data
exchange tluough interfaces 245 and 250. For exunple,
wireless radio 217 can be used to initiate a pairing sequence
betiveen earbuds 202a. 202b and a host device In another in

example radio 217 can be used to receive a music download
from a host device to be stored in case 204.

Lid sensor 220 can detect when n lid to the case (e.g.. Iid
120 shown in FICi 1) is in the open posiiion and when thc
lid is in thc closed position In some embodunents case
pmcessnr 210 is coupled to lid sensor 220 and receives
signals from the hd sensor indicating when the lid is opened
and closed More specifically, in some embodiments lid
sensor 220 can enernte and send an "open" signal to
processor 210 upon detecting when the lid is opened, and lid zn

sensor 220 can gencrateand send a "closed" signal to
processor 210 upon detixuug thc closure ol'hc lirL Proces-
sor 210 can be configured to cominunicate v ith pair of
earbuds 202a, 202b to turn ON their wireless radios v hen
the lid is in the open position (e.g, in response to receiving
the "open" signal) so they are ready for use by n user and
nirn OFF their wireless radios when the lid is in the closed
position (c.g.. in response to rccciving the *'closed" signal)
to conscri c their power. Iu varimis embodimmits hd sensor
220 can alsn trigger case processor 210 to enter a pairing io
mode when the case lid is opened, gs explained in niore
detail belov . In sonic embodiments case processor 210 can
communicate with pair of earbuds 202a. 202b tluough
earbud interface 245 and case interface 270 using a wired
conncmtion as discussed above. wlulc in other embodiments is
case processor 210 cau conumuucaie with carburls 202ii,
202b tluough interfaces 245 and 270 w irclcssly ui addition
to. or instead of, using a wired connection In some embodi-
nients lid sensnr 220 can be any type of mechanical or
electrical svvitch including. but not limited to, n momenmry so
switch, n capacitive sensor, a magnetic sensor (e.g.. hall
cilbc() or an optical sensor.

Case baucry 227 provides power I'or thc circuitry asso-
ciatml with case 204 and cim bc a rimhargcable battery that
can be charged by power source 205 and enclosure charging
circuitry 225 through power source interface 250. ('ase
battery 227 is also coupled to earbud interface 245 nnd can
charge pair of earbuds 202a. 202b in conjunction with
carbud charging circuitry 230. In some embodiments carbud
cluirguig circautry 230 can charge pair ol earbuds 202a, 202b o

anynme they are properly stored witlun cavities 110a, 110b
even thou h case 204 is not coupled to power source 2U5.
'I'lnis, case 2U4 can be capable of charging pair of earbuds
202a, 202 b i(bile the case is, for example, in a user*a pocket
as long as case battery 227 has sutficient charge. In various s.
muboilimcnts case baucry 227 can be scaled witlun case
204. while ui some cmbodunents thc case bauery can bc
rcmovablc for servicing and/or replaccmcnt with another
charged battery. Case processor 210 can additionally be
coupled tn case charging circuitry 225 that can control the io
charging of case battery Z27 (e, control the voltage and
current supplied to the battery to optimize the speed of
cluirguig and thc lifi: of the battery). In some embodiments
case charging circuitry 225 can uiclude a DC/DC converter,
an AC/DC converter, bat(cry voltage level monitoung cir- ss
cuitry ancgor safety features to properly charge case battery
227

Sinuharly, in some cmbodnnents case processor 210 can
be coupled to earbud charging circuitry 23U that can contml
the char ino of batteries ivithin pair of earbuds 202a, 202b
(e g, cnntrol the voltage and current supplied to the batteries
to optimize the speed of charging and the hfe of the
batteries) tluough earbud interface 245. In various embodi-
ments earbud charging cirmiitry 230 cun include a DC/DC
convcrtcr. bat(cry voltage Ici cl monitonug circuitry and/or
safety features to pmperly charge earbud batteries

In various embndiments case 2U4 can include one or more
char e mdicators 235 that can indicate a charge level of case
battery 227 and/or the pair of earbud batteries such that a
user can see the indicators on an outer surface of case 100
(sec FIG. I). In some embodunmits clrarge indicators 235
can include three LEDs. onc indicating thc ~(atua lbr case
battery 227 and one for indicating the status of the battery in
each of pair of earbuds Z02ri. 2U2b In various embodiments
charge mdicators 235 can be a first color (e.g . preen) if the
respective battery is near full charge, a second color (e
amber) if the respective battery is less than 75 percent
charged and a tlurd color (c.g.. red) if thcrc is no charge or
limited charge. In some embodiments, chnrgc indicators 235
can include nndtiple I,l(Ds tiir each of battery 227, earbud
l)5a and earbud 115b. where the number of I.liDs lit
indicate the strength of the battery for each component. I'or
example. in one particular instance three sets of three LEDs
can be inciuded on case 204.

In some mnboduncnts case 204 can also uicludc one or
morc user input devices 240. Eimh included uiput device 240
can be a button or other t)pe of input that, in response to
beuig activated by or otherwise receiving input fmm a user,
generates a sigttal that can be comniunicated to processor
210 or other circuitry within case 204. Processor 210, or the
other circuitry, can then act upon the signal. For example. in
various cmboihmcnts thc wirclcss radios used by pair of
earbuds 202a. 202b can bc a Bluctooths( or other radio
s)'stclll tlla( Icxlullcs il palrnlg si:qili:lice to cstiibllsll colll-
nninication benveen the pair of earbuds and a wireless
transmitter in an electronic device In such emlxidiments, if
input device Z40 is a wireless pairing button. processor 210
can send a signai to the earbuds via earbud interface 245 to
place thc wireless radios w itlun pair of cnrbuds 202a, 202b
into a pairing mode. More specilically, in some cmbodi-
mcnts the user can depress a painng buuon loca(cd on case
2U4 that notifies case pmcessor 210 to instruct pair of
earbuds 202a, Z02b via interface 245 to enter a pairing,
mode In some embodiments pair of earbuds 202a, 202b can
be required to be within the case (e.g.. w ithin cavities 110ii,
110b as shown ui FIG. 1) wlnle entering thc pairing mode
while ui other cmboihments the carbuds may uot necxi to be
within case 204 and only need to bc witlun wireless com-
nninication range of the case. I'urther details with regard to
wireless pairing will be discussed later in the apphcation

Now referring to FIG. 3, a simplified cross-sectional
perspective vievv ofcase 100 is illustrated. As shown in FIG.
3, case 100 includes housing 105 having caviucs 110a. 110b
for holding pair of carbuds 115a, 115b and venous clccuoiuc
circuitry. Case 100 further uicludcs lid 120 atuichcd to
housin 105 mid operable benveen a closed position where
lid 120 is aligned over one or niore cavities 110a, 110b fully
enclosing pair of earbuds 115a. 115b within housing and an
open position where the cavities 110a. 110b are exposed
such that a user can rcmove or replace the earbuds w itlun the
cilvlt les.

As discussed aboie, lid 120 can bc pivotably atuichcd to
housmg 105 ivith joint 305 enablin the lid to be operable
between a clnsed position and an open position In some
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mubodimcnts lid 120 cau lrdve a bi-stable posiuon where il
is stable in the closed and open positions. but unstable
betiveen those positions such that it tends to be attracted to
either the closed or the open position in various embodi-
ments the bi-stable opemtlon can be enabled by employing
a first pair of magnetic elements 310a. 3106 and a second
pmr of magnetic clemcuts 315a. 315b, as discussed ui more
detail belows In some mnboduncnls a lid sensor 220 cmi be
disposed in housing 105 and configured to detect when lid
120 is in the closed position (e g, when a detectable niediuni ic
320 is adjacent the lid sensor) and ivhen the lid is in the open
position (e.g.. ivhen the detectable medium is not adjacent
the lid sensor). In some embodnnents the detectable medium
can be a magncuc mateual.

Pair of carbuds 115a. 1156 can Iit wilhui cavities 110a,
I I Ob each of which is sized and shaped to accept one of the
earbuds In some emlxidintents, when each earbud is fully
inserted within its respective cavity 110u, I I Ob, a pouion of
each earbud extends out of the cavity enabling, a user to
easily grab and remove the earbud from the case. Lid 120 zo

cmi include a cavity (or pmr of caviiics 360a. 360b as shown
in FIG. 3) uilo which lhc ponion of each carbud thai extends
out of its respective cavity I I gu, I I Ob extents into Wlule
not shown in lq(i 3, each cavity 360u, 360)i can be sized
and shaped to ntatch the size and shape of the portion ofeach
earbud the cavity surround~ to more securely store the
earbuds ivithin case 100.

Each edrbud cau include a speaker assembly (nol shown
in FIG. 3) disposed within a housuig of Qte earbud. Thc
speaker assentbly can include a driver unit aligned to eniit so

sound fmm the directional sound port 'I'he driver unit can
include an electmmagnetic voice coil, a speaker diaplu agni
and a driver magnet (shov n in FIC). 3 as magnet 325)
operatively coupled to the voice coil to move the diaphracat
in response to electrical signals and produce sound In is
addition lo tlu: driver magnet, earbuds according lo some
cmbodimcnts of thc disclosure can mclude an additioiml
niagnetic plate 330 that is not operatively coupled to the
voice coil. I lither or both of magnet 325 and magnetic plate
330 can be attmcted to at least one housing ma netic do

contponent 130 disposed within case 100. The attraction can
bc suong enough lo magnetically simurc first carbud 115ii
into Iirsl cat ity 110ii aud simond earbud 115b into scmond
cat ity 110b. as dtscusscsl ui morc detail below. In some
embodiments magnetic plate 330 can be made from a
magnetic material and in various einbodiinents it can be
made with a metal injection moldiitg process. In some
embodiments magnetic plate 330 is magnetized wl»le in
other cmbodinu:nls it is not magnetized bul is ma netically
attractable. O

To uicrcasc the magnetic attraction between magnclic
component 130 aild magnetic plate 330. the magttetic plate
330 in each earbud can be positioned direction adjacent to
the earbud housin . Additionally, the magnetic plate be
contoured to match the curvature of the housing thereby s.
cilsliiliig a lilltlliiiiiiii iliS(allCC bctwceii tliC lllagiioliC pliitC
dnd thc housing across the surlhcc are of thc magnenc plate.
Similarly. at least some or thc hmisuig magnclic components
130 can be disposed as close as possible to the surface of the
receiving cavity at a locatiiou that is spaced directly apart io
front where the magnetic plate 330 will be when an earbud
is received ivithin the cavity. In some embodiments the
housing components 130 can bc contoured lo match the
curt alure of the rccmving arcs (wluch matches lhe curvature
ol'ts rcspectivc carbud) to nunimizc thc distance between ss
the housing magnetic component 130 and the magnetic plate
330

In some cmbodimcnts housing 105 aud lid 120 can bc
made fmm the sante material ivhile in various embodiments
they can be made fmm difierent materials. In some einbodi-
ments both housing IU5 antgor lid 120 can be niade from a
plastic material. stainless steel. aluminum or any other
material.

Charguig system 125 cdn include a circuit board 335 or
other clcclrical routing stniclure, a rcchargcable case bauery
227, electrical interconnects 340 to pair of earbuds 113a,
1156, one or more electmnic components, such as case
pmcessor 210, and an electrical connector 345 for comiect-
ing to power source 205 (see FIC). 2). In some embodiments
connector 345 can, for example, be a non-proprietary inter-
face such as a USB connector or cau bc a propnetary
iiilerldcc slicli as (lie Ligliliiiiig coiliicclor ilcvclopcd by
Apple inc. In various embodiments connector 345 can be
liquid-tight. as discussed in more detail below One or more
charge indicators 235 can be visible on an exterior surface
350 of case 100. In some embodiments each earbud in pair
of earbuds 115a. 115b can be electrically coupled to char-
ing system 125 by a coiuicclor 347 disposed at mi end ol'

stem portion of each cdrbuds 115a, 115b, as discussed in
nxire detail below.
Esrbud ('.Onnectors

lii(iS. 4A-O(.'llustrate several examples of electrical
connectors that can be used between each individual earbud
in pair of earbuds 115a, 115b and case 100 (see FICi. 3),
similar lo connector 347 ui FIG. 3 WIulc each ol'IGS.
4A-SC illustrate an carbud connector Ibr a lira( carbud 115a.
it is to be understood that second earbud l)56 can be
configured identical to tirst earbud l)5ii and thus include a
siniilar electrical connector Additionally, while the embodi-
ments illustrated in FIC)S. 4A-SC include external contacts
that are disposed at the end of a stem of the earbud. the
contacts can bc al difierent locations ui other cmboduucnls.

FICiS. 4A and 4B arc sunpldicd cross-sccuonal vwws of
an chmtucal connector 400 Qtat cau bc tncorpomtcd into
earbud case 100 and an electrical connector 405 at the end
of a stem portion of an earbud 115a according to an
embodiment of the disclosure. Electrical connector 405 can
be used to conduct power and/or data according to some
mubodunents ol'hc disclosure. Coiuicctor 405 cmi be part of
an carbud uilcrface and can include iirsl and second carbud
contacts 410, 415. rcspccuvcly. A bouom view ol'lectncal
connector 4U5 is illustrated in lil(i. 4B In some embodi-
ments, earbud contacts 41(). 415 can be annular and sepa-
rated by an insulator 420. Receptacle connector 400 can be
used in a case such as case 100 illustrated above and can
have a Iirsl carbud case contact 425 and a second carbud
case contact 430. First annular contact 410 can interface
with first carbud contact 425 and second aiuiular contact 415
can interface with second earbud contact 430 First and
second annular contacts 410. 415 can be any type of
conductive material includin gold. silver or palladium
plated copper.

In some embodiments first and second carbud conuicls
410, 415, respcclivcly are power and ground conlacm. That
is, cithcr of Iirsl and second carbud contacts 410, 415.
respectively can be used for power while the other can be
used fiir ground As exmnples. in some embodunents first
contact 410 is used for power and second contact 415 is
ground while in other embodiments first contact 410 is used
for glouiiil arid sccolui colt(sic( 415 H iisixi fol power. Iii
various emboduncnts other coiuiector conftgumtions can be
IISCd tliin hdve I11OIC tliiiii lwii CiiiildCB.

liirst and second earbud case contacts 425, 43() can be
coupled to charging system 125 (see lii(i 3) with electrical
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interconnccts 340 in case 100 to facihtate charging and
communication of each earbud 115u, 115b In various
embodiments a circular nlicrophone aperture 435 can be
located in the center of second annular contact 415 of each
earbud 115c. 115b to facilitate two way telephonic conunu-
nication and/or noise cancellation. Microphone aperture 435
cml bc col ared by an sea(belie acoustic mesh to protect the
nncrophonc I'rom debus and damage.

FI(ig 5A and 5I3 illustrate another exmnple receptacle
connector 500 that can be incorporated into earbud case 100 la
and ml electrical connector 505 at the end of a stem portion
of an earbud 115a according to an embodiment of the
disclosure. Connector 500 has one annular contact and one
center contact, howcvcr. as dcscnbcd in more detail below.
Connector 505 can be part of an earbud interface and can
include first and second earbud contacts 510, 515. resptx-
tively A bottom view of electrical connector 505 is illus-
trated in I'IG 5)3 In sonic embodiinents„ring contact 510
can be ring shaped and circular contact 515 can be circuLar
with the contacts separated by an insulator 520 (e, insu- ic
la(or 520 can bc an air gap). Rulg contact 510 can interface
with Iirst earbud contact 525 and circular ronuict 515 can
interface ivith second earbud contact 530 In varimis
embodiments a circular nlicrophone aperture 535 can be
located betv een riilg contact 510 and circular contact 515 so
one or more of pair of earbuds 115c. 1156 can be used for
nvo way telephonic conununtcation.

FIGS. 6A and 6B illustrate another example receptacle
coiuuxior 600 thai can bc incorporated ulto mirbud case 100
and an electrical earbud connector 603 disposed at the end lc
of a stem portion of an earbud 115a according to an
embodiment of the disclosure. I(eceptacie connector 600 can
make electrical contact with electrical earbud connector 605
as described in more detail below. Earbud connector 605 can
be part of an carbud intcrlacc and can include Iirst and ls
second earbud contacts 610, 615, respccuvcly. A bollolll
1 icw ofelcctucal carbud connimtor 605 is illustrated m FIG.
6i3 As shown in liiii 6)3. contacts 610. 615 can be spaced
fmm each other in an oppositional and symmetrical rela-
tiomhip. In some embodiments. each of earbud contacts 610 do

and 615 can have a partial anmdar shape (i.e.. a partial rin )
with ihe open portiom of each conuicl faculg thc olhcr. For
example. contact 610 can include ends 610a, 610b and
contact 615 cml ulcludc cods 615d. 615b where end 610a is
spaced apart from end 6(5ir and end 6(0)i is spaced apart
fmm end 615b While I'l(i 613 illustnstes each of contacts
610. 615 as halfnngs, in other embodiments the contacts can
include shorter length arcs and/or have difTerent opposing
shdpiw altilgcthcr.

Earbud contacts 610, 615 can be separated from each c

other by an insulator 620 (c.g., insulator 620 cml be a
dielectric material as discussed in more detail below) I'.sr-
bud contact 610 can interface with first earbud case contact
625 and earbud contact 615 can interface lvith second
earbud case contact 630 In various embodiments a circular ss
microphone apcrturc 635 can be located bctwimn earbud
contacts 610 and 615 enabling pmr of carbuds 115a, 115b to
bc ustxt Ibr two way tclcqthonic comnnmicdtion. Receptacle
connector 6UO can include a contact carrier 640 that retains
earbud case contacts 625. 630 as described in more detail ic
below. In some embodiments, contact carrier 640 can mal e
earbud receptacle cavity 645 liquid-tight.

In some cmboduncnts, ctmh of the Iirs( mid secolxl carbud
contacts 610, 615. respcctivcly, can include a contact portion
that extends into ml earbud rccciving cavity of thc carbud ss
case ivhen the earbud is positioned within the cavity Recep-
tacle connector 6(N) can include a pair of earbud case

26
contacts 625, 630 that arc positioned on opposite sides of
and extend into the earbud receiving cavity Iarbud case
contacts 625. 63U can be held within receiving slots 620. 633
of a contact carrier 640 as discussed further below 'lhe
contact portion of each earbud contact 610, 615 can have an
arcuate cross-section that makes contact v ith arcuate contact
portions 626, 631 of contacts 625. 630 rcspcctivcly, dunng
a mating event when the carbud is inserted ulto the carbud
receiving cavity 'I'he combination of arcuate surfaces on the
earbud contact and earbud case contact enable a contact
wiping nlotion each time the earbuds are inserted within and
dmwn out of the receptacle connector, creatin a reliable
interconnect. In FIG. 6A, contacts 625. 630 are illustrated in
a deflectcd state ilia( illuslratcs their approximate position
when earbud 115a is fully inserted into its recclvulg cavity
such that the earbud contact is engaged lvith the earbud case
colulcctor.

'I'he same contacts 625, 630 are also illustrated in liiii 6A
in a non-defiected state 627. 632 showing the contacts
extending into the earbud receiving cavity prior to bein
mated with the carbud conttmts of carbud 115d. Dunn a

maung event, as earbud 115a is inserted dixper ulto the
earbud receiving cavity. the earbud case contacts 625, 630
cmne m contact with the earbud contacts and deflect out-
ward. I'he exterior contactin surfaces of the earbud contacts
and earbud case contacts rub a ainst each other during both
the mating event and during a de-mating event when the
carbud 115d is withdrawn from tlu: earbud reccivulg cavny.
In various cmbodimcnts ihc dcflectlng arcuate ponions 626.
631 of contacts 625, 630 respectively, are deflected by
arcuate portions of tirst and second earbud contacts 610,
615, respectively during insertion and withdrawal of the first
and second earbuds. Since the arcuate portions are in direct
contact and contacts 625, 630 are in a deflected (e.g.. sprin
loiulcd state), pair of earbuds 115a, 1156 lms a verucal (c.g.,
e(cctulg) force applied to thmn whml fully ma(cd with the
case. In some cmbodmlents. as discussed in morc detml
herein, one or more magnets can be used to overcome the
vertical force and hold the earbucks withm their respective
cavities.

In some embodiments one of contacts 625, 630 can be
drl ulgcd lo nldkc con(dc( w lib Ihc carbo 0 contdcm 61 0, 615.
first by prcloadulg onc ol'ontacts 625, 630 at a ih(Tercnt
height than thc other (c.g., sequenual contacts). Tlus can bc
useful 111 solnc cnlbodll'ileitis to In,'lkc,'1 giouilcl collncctioil to
the earbud first before making an active electrical connec-
tion with it. The wiping contacts and the sequentially
contacting contacts can be used in any of the connector
embodiments disclosed herein.

In various emboduncnts contact cdrncr 640 ctm include a
debris recess 609 disposed below the contact interface
region Debris recess 609 can have a cup-like shape defined
by sidewall s 609d and can be useful for pmviding a location
for debus that falls into either earbud cavity. Debris recess
609 can be disposed between earbud case contact receiving
slots 628, 633 and spaced apart from lhc contact arcs so thc
debus does not interfere with ihc carbuds makulg clectncal
contact with rcccptaclc connector 600. Dcbns recess 609 can
further be open to the earbud receiving cavity so that debris
can be periodically cleaned out as needed In some embodi-
ments a separate debris recess 609 is disposed under each
earbud contact area wlule in other embodunents a single
debris rcccss can be suflicicntly wide to capture debris from
both contact arms.

Debris recess 609. or a sinnlar debus capture structure,
can be included in any of the connector embodiments
disclosed herein In one embodiment debris recess 609 has
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d depth below arcuate portions 626, 631 of contacts 625. 630
that is 50 percent or nlore than a diameter of debris recess
609 In another embodiment debris recess 609 has a depth
that is 75 percent or more than the diameter of debris recess
609 wlule in another embodiment its depth is 100 percent
(e.g., having a depth to diameter ratio of I: I) or more of the
dirunclcr.

In some embodnueuls contacts 625, cmi be made oui of a

copper. nickel and silver alloy while in other embodinlents
they can be made out of a phosphor and bniaze alloy, and in la
other embodiments a different alloy can be used.

Now refemng to FICi. 6C an exploded view of receptacle
connector 600 is shown As shown in FIC(. 6C, connector
600 mcludes tirst and second shells 650. 655 that detinc
riueivuig cavities for a pair ol'earbuds retauun mid uuling
a stem portion of each earbud into case 100 (see I'ICi. I).
Wyhite not shown in I'lfi 6G, the receiving cavity in each
shell can include an elongated tube portion that opens to a
larger earbud receiving opemng. The elongated tube portion
can be sized and shaped to accommodate the stem section of io
an earbud and thc larger carbud receiving opciung can be
sized and shaped lo partially or fully accommodate lhe wir
interface portion (i e. the portion of the earbud that fits
within a user's ear)

In some embodiments shells 650. 635 can be separate
conlponents joined to ether by the contact carrier wlule in
other ernbodunents shells 650. 655 can be a single compo-
Iiciil tliril criii bc toritiixt, for cxditiplcv iii d iiiohliii piiiccss,

3D printing process or with a milling process. Contact
carrier 640 holds hrst and second earbud contacts 625. 630, io
respectively, that can interface with a first earbud, and also
holds third and fourth earbud contacts 660, 665, resprx-
tively, that can interface with a second earbud. A collar 670
can be bonded to a top surface 675 of contact carrier 640 In
some mnbodunmits collar 670 can have d removable ne bar is
(nol shown in FICi. 6C) that holds thc tluce pieces of the
collar together duruig assembly and diat can dian be
removed after assenibly such that the tie bar i ~ not included
within a hnished earbud case

Distal ends 680. 685 of first and second shells 650. 655, do

respectively. can be narrower than the elongated tube portion
of shell 650, 655, und each distal cnd 680, 685 can bc lil
w ithm and bonded to collar 670 fomung a compictu! shell
dnd receptacle coruiector assembly 690, illustrated ui FIG.
6D In rhe conlpleted assembly. each earbud case contact
625. 630 fit within a respective contact opening, of shell 650
and each earbud case contact 625, 630 fits within a respec-
tive contact openin (e., opening 687 visible in FICi. 6C)
ol'hell 655. Each contact opcmng (c.g., opemng 687)
cruiblcs ils respcctivc contact to extcnii uilo lhc carbud o

rcwcivuig cavity within ils rcspcclivc shell 650, 655 lo make
electrical contact with an earbud contact during a ntating
event. Vihen assembled, shell and contact awsemblv 690 can
create a liquid-ti ht seal as defined herein. Shell and contact
assembly 690 can subsequently be assembled into a case, a.

such ds case 100 illustrated in FIG. 1. In some mnboiluncnts
lira( and second shells 650, 655 can be a single shell having
lwo cat ilies, ouc cavity for each carbud.

As dehned herein. a liquid-tight seal shall incan a seal that
confiirms to one or more of the following outings as defined io
by the International Protection Ratio. and Internatiorml
Electrochemical Gonunission (IEC:) 60529 that can also be
known ds thc I P 68 rating. Iu some cmbodimcnls thc liquid-
tighl scat will protect lhc conncclor assmnbly agmiwl the
harmthl ingress ol'ater and have a "hquid mgrcss" raluig ss
betiveen I (dripping water) and 8 (immersion beyond I

nieter) In various enibodinients the liquid-tight seal shall be

rated bclwiun I (dripping water) and 4 (splastung water)
v bile in some embodiments the hquid-tight seal shall be
mated between 2 (dripping ivarer with device tilted at 15

degrees) and 5 (water jet). In various embodiments the
liquid-ticht seal shall be rated between 3 (spraying water)
and 6 (poiverful water jets) while in some embodiments the
liquid-tight scat shall be retest bctwceu 4 (splashing water)
and 7 (inunersion up lo I melar) In venous embodiments
the hquid-tight seal shall be rated berween 5 (water lets) and
8 (inunersion beyond I nieter) v bile in sonic embodiments
liquid-tig)it shall mean the seal will protect the electronic
device against liquid ingress up to 100 feet for 30 mimites.

Now referring to FIGS. 7A and 7B another example of a
rcccptacle connix:tor 700 is ittustru(cxt itmt is sunilar to
conniutor 600 tttusua(cd m FICiS. 6A und 6B. Reccptaclc
connector 700 has a different configuration for the contacts
and the contact carrier, however, as described m more detail
below I his einbodinient can use the same earbud connector
shown ui FICiS. 6A and 6B. where the earbud contacts are
semicircular and separated by an insulator.

A contact carncr 740 holds lirst aud second carbud
contacts 725, 730, respectively, that can inlcrlacc with a tirsl
earbud, and also holds third and fourth earbud cimtacts 760,
765, respectively, that can interface with a second earbud A
cap 770 can be bonded to a bottom surface 775 of contact
carrier 740 ivith a layer of adhesive 773. As illustrated in
FICi. 7B, distal ends of first and second shells 750. 755,
respectively, can bc lil w i(tun and bondcxt to contact carrmr
740 lbrming a complclcd shell and receptacle connector
assembly 790. Shell and contact assenlbly 790 can be
liquid-tight. meeting one or more of the ranges as defined
herein Shell and contact assembly 790 can subsequently be
assembled into a case, such as case 100 illustrated in FICi. 1.

Similar to contact carrier 640„ tirst and second earbud
contacts can have an arcuate cross-sccuon and cmi make
contact with arcuau: portions of rixi ptuclc connector con-
tacts 725, 730. 11tc combination of arcuate surfaces cmi
enable a wiping niotion each time the earbuds are inserted
within and drawn out of rhe receptacle connector, creating a
reliable interconnect. Further. in some embodiments one
contact can be arran ed to make contact with the earbud
first. In onc cximiple ihe contacts can bc prcioadixt al
ditfi:real heights. Tlus ca+bc usel'ul in some embodiments to
ground thc carbud lira( bcforc making an active clectncal
ciiiulcctioo w'ith it

Now referring to FI(ig 8A and 8B another example of a
receptacle connector 800 is illustrated that is similar to
connector 400 illustrated in FICiS 4A and 4B Receptacle
conniutor 800 has a ditlbrcnl conliguratiou lbr the inner and
outer contacts, howci cr, ds descnbcd ui more detail below.

In some emboduncnts, cdrbud contucls 810, 815 can be
annular and separated by an electrical insulator 820. Iiirst
annular contact 610 can interface with tirst earbud contact
825 and second annular contact 815 can interface with
second earbud contact 830. First and second anmdar con-
tacts 810. 815 cim bc fomicd from auy type of conducuvc
material includuig copper and copper alloys and can bc
pkilcd willi stiiy'ticldl. Iii vdrliius ciiibodiiiiciim a circular
nucrophone aperture 835 can be located m the center of
second annular contact 815 so one or nlore ofpair of earbuds
115a. 1156 (see FICi. 1) can be used for nvo ss ay telephonic
conununication. Microphone aperture 835 can be covered
by an acsthclic acousuc mesh to protect thc micmphone
froiii debits aiiit daiiiiigc.

Similar lo contact carncr 640, first and second carbud
cmttacts can have an arcuate cmss-section and can make
cmttact with arcuate portions of contacts 825, 830 respec-
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uiely in rcccptaclc coruwctor 800. The combmation of
arcuate surfaces can enable a wiping motion each time the
earbuds are inserted ivithin and drawn out of the receptacle
connector. creating a reliable interconnect Additionally. as
shown in FIG. 8A, in some embodiments an exterior surface
821 of the earbud stem can be flush with an exterior side
surface ol'hc carbud contacts. Further. ui some ianbodi-
mcnts one contact can be arranged to make cont mt with the
earbud first. In one example the contacts can be preloaded at
ditferent hei hts I'his can beuseful in some embodiments to ic

mund the earbud first before making an active electrical
connection i( ith it.

Now refemng to FICi. 8C an exploded view of recepracle
coiuuxtor 800 is shown illustraung how it canbc coupled to
lira( and second shells 850, 855 thai retain and guicle a stmn
portion of each earbud into case 100 (see lil(i I). Contact
carrier 840 holds hrst and second earbud contacts 825. 830,
respectively, that can be used with a first Ltrbud, and also
holds third and fourth earbud contacts that can be used with
a second earbud. Contact carrier 840 can be bonded to distal zct

ends 880, 885 of lirst mid second shells 850, 855, rcspec-
tii clv. foriiiiiig B coiiiplctcil slicll Bird n:ccptiich: coiiiicctor
assembly Shell and contact assembly can create a liquid-
tight seal as defined herein. Shell and contact assembly 690
cmi subsequently be assentbled into a case. such as case 100
illustrated in FICi 1. In some embodiments first nnd second
shells 850„855 can be a single shell having two cavities. one
cdi ity'ol cdcli cdi'bud.

In some embodimcnm the elccrncal coiuicclor (for
example connector 405 m Iil(i. 4A) on pair of earbuds 115a, ic
I(5(r may not be an anmdar (e.g . ring shaped) extental
contact-type connector and can be any other type of elcx-
trical connector, such as, but not limited to a pin and socket,
a pin and contact pad or a v iping ann and contact pad. In
iarious embodiments onc or morc contact pads can be si
loca(LBI on a vertical portion ol the stem portion of the pair
ol cdrbuds and a wipuig ann can uitcrface wilh them. In
another example an interface connector can be disposed on
the ear portion of the earbud housing A mating connector
can be disposed witlun the case and can interface with the do

connector when the earbud is placed in its respective cavity.
In some embodunmi(s such a connector cmi bc gold plated
to minunizc corrosion that cmi occur as a result ol'bcuig in
contact with a user's ear I'or extcndcxl periods of tune. In yct
further examples wireless inductive charging of the earbuds
can be used
Magnetic Retention of Earbuds

FIGS. 9A and 9B illustmste fbont and rear perspective
1 icos, respcctivcly, of ouc of wirelcss earbuds 115a. 115h.
As shown ui FIGS. 9A and 9B, carbuds 115u. 115/1 mclude o

an cxtemal housing havuig an ear uiterlacc poruon 903 and
a stem portion 910 I jar interface portion 9(B can be formed
to fit at least partially within a user's ear and can be
non-occluding„ns discussed in more detail herein. An aes-
thetic acoustic mesh 915 can fit on ear interface portion 903 Ss

dnd allow sound to travel Irom an uitemal speaker to a user's
car. Some cmboduncnts can have one or more user uiputs
955 that can be used to answer a call, pause or mute
playback, or perform other fiuictions 'I'he outer housing for
pair of earbuds 115u, 115/1 can be made from a plastic cc

material including, but not limited to, ABS or n polycarbon-
ate.

Now rel'crnng to FIG. 10, a top vtcvs of housuig 105 (sec
FIG. 1) of case 100 for pair of carbuds 115ir, 1156 is
illustrated. As shown in FIG. 10, housing 105 can uiclude si
nniltiple retention niagnets 905a-9056 for the earbuds and
one or more sensors I iarbuds (15u, (15(1 can be inserted in

cavi(ics 110ii, 110/1 mid retained in thc cavities by thc
retention magnets 905ci-9U56 liach cavity llfici, l(06 can
include a stern section 116ci. I (66 and a bud section H7a,
117M liarbud retention ntagnets 905a-905c/ are used to
retaui first earbud 115a and retention magnets 905e-9056 are
used to retain second earbud 115b. Hov ever, in other
embodiments fewer or ddditiomil rctenuon magnets 905a-
9050 can be u sex( aixl the magnets cau vary in geometry. size
and placement from those depicted

I,id sensor 220 can be used to detect whether lid (20 (see
Iii(i I) is closed or open In the embodiments illustmtted in
FICi. 10, lid sensor 220 is disposed between cavities 110a,
110/L but the lid sensor can be located difl'erently in other
mubodunents. Lid magnc(s 910a. 9106 can bc used for
opera(ing thc lnl (ixit shown in FIG. 10). as discussed in
more detail below, mid in some cases can increase the
strength of retention magnets 905cr-/i. as also discussed in
more detail beloiv. I ross-sectional view A-A is shown in
FICi. 11 and iilustrates a side view of how earbud 115ii can
be oriented relative to the magnets discussed above.

FICi 11 illus(ra(cs a cross-SLO(tonal view of carbud 115a
iu case 100. As shown m FIG. 11. earbud 115a is sccurcx(
within cavity 110a in housina 105 In annie embodiments
earbud 115u can have a speaker ntagnet 325 and/or a
magnetic plate 330 positioned to align with earbud retention
maanets 905f and 905h. Speaker magnet 325 and/or mag-
netic plate 330 can be attracted to one or more earbud
rc(ention magnets 905f and 905/r and oue or both cmi include
d iiiBgiictic ilia(cital.

As defined herein. a magnetic material is any material that
is capable of heing attmcted by or acquinng the properties
of a ntagnet to attmtct magnetic materials This includes
ferroma nets (i.e., magnets including iron) as v ell as non-
ferrous magnet~. Some example magnetic materials are. but
are not limitixl to: neodymium, stccl. nickel, cobalt, and
dliiico, iiii Bluiiiiiiiiiii-iiickcl-cobiilt alloy', sortie Biles's ol rale
earth metals. and some naturally occurnng muierdls such as
lodestone In comparison. a ntaanet is a magnetic material
that is ntagttetized so it attmtcts a magi)etio material

In one embodiment magnetic plate 330 can include a
maanetic material and magnets 905f and 9056 can be
omni(ed and positionixl to be witlun a distance to at(reel thc
magnetic plate with suflicicnt force to retain earbud 115a in
housing 105 even il'he housing is tnvcncx( or shaken.
I Iowever, the strength of retention a)aguets 905/: 905h can
be selected to allow a user to grasp earbud 115a w:ith their
fingers and remove it front housing 105 by applying a force
greater than the force of magnetic retention. In further
embodiments one or more of retmition magnets 905f. 905/r
can bc positioned and omen(cd to attract spcakcr magnet 325
which can assist wi(h auracting earbud 115a into housuig
105 and retaining it ln other embodiments, an earbud
election inechanism can be included in the case For
example. a mechanical ejector that pushes the earbuds out
when the lid is opened (or i(hen an ejection button is
posited).

In some cmbodimmim additional magnets such as those
dcquctcd ui FIG. 10 can bc used to augment thc attraction
,'lite( rctcfitioii fi1i'ccs irttpartccl oii magiistic ph1tc 330 BI1cl/oi'peaker

nmgnet 325 More specitically. Iid ntagnet 9106 can
be used to attract lid 120 (or a magnetic material 1105
disposed within the lid) and can also be used as a part of a
Halbach array to augment the magnetic Iield of carbud
re(cation nuignets 905 to durimt earbud 115a I'rom a grcaier
distance and to retain ii more sccurcly. A Halbach array is a
special arrangenient of permanent magnets that mignients
the ntagttetic field on one side of the magnetic array while
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cancelling thc Iield to near zero on thc other side. Relmltion
magnets 9U5c, 905fand 9()58 (see Ill(i. 10) can also be used
as a part of the I Is)bach array.

Now referring to Iti(i 12. a cross-sectional view l)-I) of
housing 105 is shown from FIC). 10. As sholvn in FICI. 12
three earbud retention magnets 905C. 905f and 9058 are
disposed within housuig 105 to sccurc earbud 115» witlun
its cavity. In some embodiments, ma ulcts 9058 and 905e
cml have an angled upper surface to partially confornl to the
circular shape of ear interface portion 805 of earbud 115». Io

Any configuration or arrangement of magnets can be used to
attract speaker magnet 325 and/or magnetic plate 330 In
some embodiments a carrier 920 can be formed to retain and
position onc or more of retention magnets 905a-9050

Also, as descnbcd above with respect to FIG. 3, thc
magnetic plate 33() in each earbud can be positioned dirtx-
tion adjacent to the earbud housing and be contoured to
match the curvature of the housing (as sholvn in Itl(iS. I I

and 12) to ensure a minimum distance between the magnetic
plate and the housin across the surface are of the magnetic Io
plate and increase lhc magnclic a)use)ton bclwtmn the
housing magnetic components and magneuc pleio 330 using
nlinimal magttetic material. Simiksrly. some or all of the
housing nlagnetic conlponents 905»-905/I can be disposed
as close as possible to an appropriate surface of the earbud
case and contoured ln shape to match the surface.
Magnetically Actuated Case

FIGS. 13-21 illustrate case 1300 havmg a lid with a
magneucally actuated over center position mill several
example ntagttet geometries. As shown in Itl(i 13. case io
)300 can be similar to case lt)t) illustrated in Ill(i. I and used
to retain a pair of earbuds. how:ever case 130() can be used
for myriad other purposes such as. for example. but not
limited to„a container for storing medicine. a container for
Stonng ClgaIS Or B lcclltttgitlg contsulCI fol a 1111111aturC ls
portable media player.

Now rcfernng simulttmcously to FIGS. 13 and 14, in
some embodiments case 13()t) can include a housing 1305
having a receiving opening 130), a bottom face 1302
disposed opposite of the receiving openittg. Similar to the so
cases discussed above. case 1300 can have a closed position,
illusustcti in FICI 13 w herc a housing 1305 is covered by a
lid 1310 01st is pivotally coupled io thc housing. Case 1300
can also hale an opmi position, illus)retell m FIG. 14 whcrc
lid 13)0 is pivotally displaced from housing 1305 bv an
angle theta Case )300 can huther include an upper wall
1303 opposite a lower wall 1304 and a first sidewall 1306
opposite a second sidewall 1307 where the walls extend
betwcmn receiving opmung 1301 and bottom face 1302
defining a cavity 1308 tlrat conunuiucatcs with receiving o

opeiung 1301. Rcceivulg opcntn 1301 cmi be futthcr
dehned by four wall ends 1309», 13096, )309c and )309t/
including ends of upper wall 1303. lower trail 1304. hrst
sidelvall 1306 and second sidewall 1307, respectively.

A first pair of magnetic elements 1315», 13150 can be s.
onmltcd such that they rcpcl onc another and are disposed
proximaic pivotable )out) 1317 with Iirsl magnetic elemmlt
1315» ol'lu: Iirst pmr disposed witlun housuig 1305 and a
second ma netic elenlent 13)5(t of the first pair disposed
within lid 1310 In some embodiments first pair of magnetic to
elenlents 1315»„13156 can both be ma nets. A second pair
of magnetic elements 1320», 13206 are oriented such tlmt
they attract one another mid arc disposed proxuuale to a wall
cnd 1309» opposite pivotablc )ouit 1317 with a first mag-
netic clcmmlt 132011 of Ihc second pair ol magnetic elements ss
disposed lvithin housing )305 and a second magnetic ele-
nlent )3206 of the second pair of magnetic elements dis-

posed witlun lul 1310. In some embodnuents both magnetic
elements 1320», )320/I can be nlagnets lvhile in another
embodiment one of the nlaanetic elements can be a magnet
v bile the other element is a magnetic material.

In some embodiments case 1300 can be configured to
create an over center configuration for lid 1310 where the lid
is in a Iirst stable postuon when tn thc closed position
(illustrattxl ul FIG. 13) and is ul a second ~ table position
when in the open position (illustrated in I'I(i 14), but is in
an unstable position ht-betlveen the closed position and the
open position In some embodiments this can be achieved by
the attractive forces betlveen second pair of magnetic ele-
ments 1320m 13206 over powenng the repulsive forces of
first pair of magnenc clemmlts 1315a, 1315b when hd 1310
is transtttoncx) from the open position to thc closed position.
'I'his condition can be explained araphically as illustrated in
lt)G. )5

Ia solllc cnlbothlncnts Bny of thc tn'lgtlctlc 'llTBII ctncnts
disclosed herein can be armnged in a nutltipole confi ura-
tion to concentrate the nlagnetic field within and between the
magnets. In some embodiments a multtpole cau be used lor
magnetic clcments 1320» and 13206 where 1320a has s
north end adjacent a south end and 13206 has a south end
that attracts to l32))»'3 north end. and has a north end that
attracts to 132Ua*s south end In other enlbodiments any
other arrangement can be used. A multipole armngement can
be beneficial to attenuate magnetic fields outside of the case
so they don't ncgativcly uiteract with other magncuc objects
such as cards with magnetic stnps ou them.

lii(i 15 illustrates a graph of the magnetic forces on lid
13)0 As slmlvn in itl(i 13, lid )310 has an over center
position due to forces imparted on it front two pairs of
magnetic elements. As discussed above, first pair of ma-
netic elements 1315», 13156 (see FICiS. 13 and 14) are
unco)cd to have rcqntlstvc forces wluch arc shown as thc lute
ou thc gmph )abc)cd Fa, „„„„„. Suntlarly, second pair of
magnetic clemcnts 1320a. 1320/I arc oncnted to have attrac-
tive forces v;hich are shown as Ihe hne on the gmph labeled
I'~»t,„,.„,» I'rom examination of lt)(i )4 it can be seen than
an an le of thetaW" is when lid 1310 is closed and an an le
of theta=180" is when the lid is fully open (e, pivotally
displaced from housing 1305 to its maxunum extent). At
some angle labeled X's an oi er center position for hd 1310
where tt is unstable and it will "automatically" (I.c., dmtugh
otagttettc attraction) move either towards the closed position
or the open position

Continuing to refer to FIG. 15, at an angle of 0" lid 1310
is closed and the attractive forces (F „„.„, „„,) of second pair
of magnetic elements 1320», 1320b arc grcatcr than the
repulsive forces (F„„„,„„) of Iirst pair of magncuc cle-
meuls 131511, 13156 so thc lid is sccurcd ul tlm closes)
position. In some enlbodi ments. even if first pair of magnetic
elements 13)5». )3156 and second pair of magnetic ele-
ments 1320a, 13206 have the same stren th. the over center
design will v ork since the leverage the first pair ofmagnetic
clemcnts has on thc ptvotablc )oint ts less than thc levers c
thc second pair of ttra~tettc elemmlts has ou the ptvotablc
joint. Morc spccilically, since Iirst pair ofmagncuc elcmcnts
13)5», )3156 are closer to Ihe pivotable joint it w:ill apply
less torque to lid )310 than second pair of magnetic elements
1320», 1320b.

Hoivever. as lid 1310 transitions to greater angles of theta
(I c., whcll lttnlsltlonulg to sn open post)loll). Bt:cont) pBB ol
magnetic elmncnts 1320», 1320b moves apart from one
another faster thtm Iirst pair of magnetic elmueuts 1315»,
13)55 Since magnetic forces vary exponentially with dis-
tance, the It»,„„.»„, falls nnich faster than its, „„„„. there-
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fore at some ungle of X'hc Fa„„„„„, overcomes thc
I'„„, „„„and the lid will be attracted to the open position.
(yhen transitioiting front the open position to tlte closed
position the reverse happens and after the over center point
is reached the lid will be attracted to the closed position.

In some embodiments first pair of magnetic elements
1315a. 13156 can bc conligurcx) to stop lid 1310 Ibom fully
opeiung (i.c., whcrc theta is 180'). In some embodiments
first pair of magnets 1315a. (3(56 can be configured to be
repulsive. therefiire in such embodiments the magnetic ele- to
ntents could be elongated such that svhen lid 13)0 rotates
close to the 180'pen position iirst pair of ma netic
elements 1315a, 13156 repel each other such that the weight
of the liil is supported by their rcpulsivc liircc miil thc hd is
cssenually suspcndcd in a semi-open position. Some shapes
of magnets such as an "I," can be used to enhance the forces
to support lid 1310 in a semi-open position In various
embodiments the force vector of first pair of magnetic
elentents 1315a. 13156 can be adjusted to increase or
decrease tlus effect„as discussed in more detail below. io

In some mnboduncnts case 1300 can be dcsigncd to have
a partimilar foci for a user. For example, ui one cmboduucnt
case 13UU can be designed so a user can hold case 13()0 in
their hand in the closed position and by snapping their v rist
lid 1310 will snap open and remain in the open position
vvithout resting against 1305. In further embodiments lid
1310 can be in the open position and the user can snap their
w ri st and close the lid. In I'urthcr cmboduuent s a user can use
their hand to try to open lxl 1310 and once the lid has been
(11oved a certain distance the lid will snap or spring open In so

further emlxidintents a user can orasp lid 1310 and move it
toivards the closed position and at a certain distance the lid
will snap or spring closed.

Now referring to FICi. 16 another embodiment of a case
1600 with a magncucally actuated lid 1604 is illustrated As ss
shown ui FICi. 16. case 1600 lms onc piur ol magnetic
clmuents hating misaligncd poles (i.c.. force vectors) and
another pair of maytetic elements having a high permeabil-
ity material used to mcrease magnetic forces. Sintilar to
previous embodiments, lid 1604 is pivotally attached to so
housing 1603. However. in this case first pair of ma netic
clcmcnts 1605a, 16056 are oncntcd so die force vectors arc
Iiot iliii:l'tlv'ltgncx) as illilstrtitcil bv tlic arrows. Iii tliis
scenario. lid 1604 cau still lmvc an over center position,
however the )is, „„„„ from first pair of magnetic elentents
1605a, 16056 will be less tlmn the scenario illustrated in
FIG. 13. However, one feature of such a misnligrunent of
force vectors can be used to resist lid 1604 from trmtsition-
ing to a )80'ully open position. More specifically. nuig-
netic forces from lira( pair of magnetic clmnmits 1605a, o

16056 can resist lid 1604 I'rom gouig to die closed position,
but can also resist lid from going to the )80" open position.
Other variations of miss 1 i 8ned magnetic force vectors can be
used and are witlfin the scope of tlfis disclosure.

Continuing to refer to FIC). 16, second pair of ma netic 11

clcmcnts 1610li, 16106 can have a lugh pcrmcabihty matc-
nal 1615a, 16156 ut )cast partially surroundmg them to
increase thc I'orccs of attraction between thc scconil pair of
magnetic elements A high permeability material as dis-
cussed herein can be any material with a relatively high io
permeability. The permeability of a material is the measure
of the material*s ability to support the formation of a
magnetic Iield wtthu»(self. More specifically, it is the
dcgrci; ol itiagiii:tizatioii tliiit a itiatciltil tibtaiiis iii rcspoilsc
to an applied magnetic Iield. Thus, thc more '*mayietically ss
conductive", or the less msistant a inaterial is to magnetic
fields, the higher its permeability lie)lowing this behavior,

high pcmicability ma(coal 1615a, 1615b as discussed herein
can essentially re-direct the magnetic (ields front second pair
of mayietic elenients 16)Ua. 161(tb so the attractive tiirces
are mcreased I ligh permeability matenals can also be used
on repulsive maytets. Iid maytets or magnets used to attract
and secure earbuds within the case.

FICi 17 illustrates another embodiment of a case 1700. As
shovvu in FIG. 17, case 1700 has springs attached to the lira(
and second pairs of mayietic elements to change the over
center behavior of the lid ('ase 1700 can have a first pair of
magnetic elements 17U5a. 17056 conhgured to be repulsive
and a second pair of ntagnetic elements 1710a. 17106
configured to attract. However, in tins embodunent springs
1707li, 17076 can be attached to lirst pair ol'agnetic
clcmcnts 1705a. 17056 anil springs 1717li, f7176 can bc
attached to second pairof magnetic elements 1710a, (7(06
Springs ) 707a, 17076, 17 ) 7li. ) 7(76 can be used to change
the over center position and behavior of lid 1704 I'or
example. when in the closed position. first and second
magnetic eiements 1705a. 17056 can repel each other and
compress spnngs 1707a. f7076. rclmving some of thc
repulsive Ibrccs. Comcrscly, while ui thc closed position
second pair of niagnetic elements 17)fia. (7106 can be
attracted closer together resultin in higher attractive tiirces
since springs 1717a, 17) 76 alloiv the magnetic elements to
move closer together. Other conhgurations of springs can be
used with magnetic elentents without departing from this
disclosure.

Now rcfi:rung to FIGS. 18-21. various magnet geometries
can be used in the cases discussed above. 'I'hese are only
exaniples, and other geometries can be used without depart-
ing fmm the disclosure. )ii(i Fg shows a square bar 1800,
v bile FIC(. 19 shoivs a rectangular bar 1900. FICi. 20 shows
an "L" shaped bar 2000 while FICi. 21 shows a cylindrical
bar 2100.
Spruig Actuated Ouse

Nots rcfcmng to FIGS. 22A-22D a case and a spnng
actuated hinges are illustrated As shoivn in I'ICi 22A, case
2200 has a lid 221U ivith a spnng actuated over center
mechaiusm 22ZO. Case 2200 can be similar to case 100
illustrated in FICi. I and case 1300 illustrated in FIG. 13 and
iu some cmbodimcnts can uses) to store aud charge a pair of
carbuds or other type of portable listcnuig dcvicc. In other
muboduncnts, however case 2200 can bc used to store a
variety of other objects ditferent than portable listening,
devices.

Similar to the cases discussed above, case 2200 can have
a closed position, illustrated in FIC). 22A where a housin
2205 is covcrcd by a lid 2210 that is pivotally coup)cd to thc
housuig. Case 2200 cmi also have an open position. illus-
trated ui FIG. 22D whcrc lid 2210 is pivotally thspiaccx)
from housing 2205 A sprin actuated over center mecha-
nism 2220 is shovvn in more detail in the expanded view in
FIC). 22 W. Lid Z210 includes an extension 2225 attached to
the lid and disposed on an opposite side of pivotable joint
2230 I'rom the lith That is. wlmn lid 2210 rotates about
pivotablc )oint 2230, extension 2225 also rotates abmit thc
pivotablc )oint. Extension 2225 has a roundixl distal cnd
2226 that is in contact ivith a spriim loaded arm 2235 such
that the lid resists mtatin front the open position to the
closed position until the lid is moved past an over center
position (illustrated in FICi. ZZC) when the ltd is then
impelled to thc closed position (illustruted in FIG. 22D).

Spnng loaded arm 2235 is auached to a second pivotablc
jouit 2240 at a lira( cnd and extends to a dwuil tip 2245.
Spriag loaded ami 2235 can have a munded distal tip 2245
with a first and second surface 2246. 2247. respectively
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arranged opposite each other mid cxtenduig between thc
distal tip and the (irst end in the illustration in lil(i. 22A,
sprin loaded arm 2235 has a rotational force frnm a torsion
sprin applying a clock-wise torque. As lid 2210 is nxived
towards the open position, extension 2225 rom(ca in a
clock-wise direction about pivotable joint 2230. slides along
a lira( portion 2248 of iirst surface 2246, mid forces ami
2235 in a counter-clock-wise dircciion mcrcasuig thc clock-
wise torque on the arni 'I'hus, spring loaded mechanisnt
22ZU resists lid 2210 transitioning from the closed position 10

(illustrated in 11(i 22A) towards the open positinn (illus-
trated in FICi 22D.)

FIG, 22B illustrates an isnmetric view of spring loaded
mecharusm 2220. As shown in FIG. 22B. spring loadcxt
mecharusm 2220 uicludcs a spruig loaded ann 2235, exten-
sion 2225. torsion spnng 2250 and spring stop 2255 1'orsion
sprin 2250 is formed around a pin of second pivntable joint
2240, hoivever m other embodiments a different coidigura-
tion for the mechanism can be used including, but not
limited to, cantilevered springs and coil springs. 20

FIG. 22C illustrates case 2200 with a partmlly Opmi lid
2210. As shown in FIG. 22C. Iid 2210 is shown ui rm Over
center position where the lid is in a first stable position v hen
in the closed position (illustmted in Fl(i. 22A) and is in a
second stable position when in the open pnsition (illustrated
in FIG. 22D), but is In an unstable position in-between the
closed position and the open position. In some embodiments
the oi cr-cmiter pcrfomiaucc of hd 2210 can bc aclucvcd by
extension 2225 having a roundcxi ihstal cnd 2226 that is in
contact v ith ann 2235 that has a clockwise torque applied to 10

it. In various emlxidintents extension 2225 is oriented per-
pendicular to first surface 2246 when in the unstable pnsition
in-between the closed position and the open position. In
some embodiments arm 2235 and or distal end 2226 can
have a lubncaui und/or onc or morc lubricmii chaiuicls on ii is
to mmniain a low cocllicieui of fncnon bc(ween the paris
alai 10 provliiC Sulooth SC(UU(ioii.

FI(i 221) illustrates case 2200 with a fully open lid 2210.
As shown in 11(i 22D. Iid 2210 is past the over-center
position and is in a stable open position. In some embodi- so
ments the stable position can be achieved by extension 2225
being past the over center location on ann 2235, with
extension 2225 sliding along a second portion 2249 of iirsi
surlhcc 2246, and thc arm holding ihc lid open duc to thc
clock-ivise torque applied to the arm by torsion spring 2250
(see lil(i 22I3)
Earbud Case with Wireless C:barging Transmitter

Reference is now made to FICi. 23, vvhich illustrates an
carbud case 2300 that uicludes a wirclcss pov,cr transmiituig
component 2330 that enables the case to wirclcssly charge 0

an accissory elcciroruc dcvicc oumidc of thc case ms(cad of
within the case lior example, as shown in lil(i 23, case
2300 is depicted as wireless charging a watch 2301 that Is
placed over and aligned with wireless power trmismitting
coniponent 2330. While FICi. 23 illustrates a watch as the s.
accessory device beuig charged, embodiments of the disclo-
sure can bc used to wirclcssly char c other appropriate
clcctronic devices as well. In some uistmices, mnbodimcnts
of the disclosure are particularly well suited (iir use v ith
portable electronic media devices because of their poten- io
tially small form factor. As used herein, an electronic media
device includes any device with at least one electronic
component that can bc used to present human-pcrccn able
media. Such devices can include. Ior example. portable
music players (c.g., MP3 dcviccs mid Apple's ipod™ ss
devices). portable video players (e g., portable DVD play-
ers). cellular telephones (e g, smarr teleplmnes such as
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Apple's iPhonc devices), video cameras, digital still crun-
eras, projection systenis (e.g.. bolo raphic projection sys-
tems), gaming systems. PDAs, as well as tablet (c.g.,
Apple's ipad devices). laptop or other ntobile computers
Some ol these devices c;m bc conligured to provule audio.
video or nther data or sensory output.

In the embodiment illustrated in FICi. 23, case 2300 can
include all nr snme of the features of case 204 discussed
above v, ith respect to FIG. 2 along with a second charging
system ui which a wireless poster trunsmitting component
2330 Is positioned within housing 2335 adjacent to an
cxicrior charging surface 2340. In some embodiments exte-
rior charging surface 2340 can be any exterior surface of
case 2300. Wirclcss power uansnutuug component 2330 cmi
be configured to wirelessly transmit power across housing,
2335 to a power receiving coil (not shown in FIG. 23) of
watch 2301 ivhen the watch is positioned outside housing
2335 adjacent to exterior char in surface 2340, as dis-
cussed in morc dc(ail below.

As huther shown in FICi. 23„watch 2301 includes a
casing 2302 that houses a display 2304 and venous input
devices including a dial 2306 and a button 23 08. Watch 2301
can be worn nn a user's ivrist and secured thereto by a band
2310. Casing Z302 also houses electronic circuitry (not
shown in FICi. 23). including a processor and communica-
tion circuitry. A battery (not shoivn in FICi 23) internal to
casing 2302 powers watch 2301. Thc battery cmi bc
rccliargcd by a wirelcss power translir system and watch
23UI can include circuitry con(igured to operate as a
receiver in the ivireless poiver transfer system while wireless
power trmismitter component 2330 is a transmitter in the
system. One example of a wireless power transfer system is
an inductive power transfer system. In an inductive power
transfi:r system. n power-rccctvtng electronic device
includes or otherwise incorporates an inductive power-
rccciving clement conligurml to wirclcssly rcceivc power
and/or charge one or more internal batteries Siniilarly, a
char ing device (i e., power transmitting component)
includes or otherwise incorporates an inductive power-
transmitting element configured to wirelessly tmsnsmit
power to the power-rcceivuig clcctronic device

FICi 24 is a blocl dmgram Of inductive power receivuig
system 2400 accorduig io an cmbodimcnt of thc prcscnt
disclosure As shown in lil(i. 24, system 2400 is an inductive
power receiving systeni tltat can be located within casing,
230Z of watch 2301 (see FIG. 23) or wit)un a different type
of electronic accessory that can be charged by wireless
power trtuwmit ting component 2330. Whmi power rcccivuig
system 2400 is operatively couplcxl with an appmpnaic
Iildllclivc power (I'tlllsuillilllg colupolu:lit, sUch as wireless
power transmitting component 233U, battery 2402 within the
device can be wirelessly charged Battery 2402 is operably
connected to a receive coil 2404 via power conditioning
circuitry 2406. Receive coil 2404 can be inductively coupled
to a Iransmil cod of a charging dcvicc to receive power
wirelcssly from thc cliarging des ice and pnss the rcceivod
power to battery 2402 w Itlun thc clcctronic dcvicc via power
conditioning circuitry Z406 Power conditioning circuitry
24U6 can be configured to convert the alternating current
received by the receive coil 2404 into direct current power
for use by other components of the device. Aprocessin unit
2410 can direct the power, via one or more routing circuiIs
slid Ulldcr (lie cxecU(lou of all appropriate proglalu Icsidlllg
iu a memory 2412, io pcrfonn or coordinnie onc or more
functions of the electmnic device typically powered by
battery 24U2
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Now rcfbrring to FICi. 25, case 2300 Is illustrated with a

pair of earbuds 115a. I I SII stored within a housing 2505 of
the case and covered by a lid 2320 ( ase 2300 can charge
earbuds 1151m (15II in the same manner as case 100 dis-
cussed above (I.e.. either with a wired connection or with a
wireless power tmsnsfer system). C:ase 2300 can also. hov-
cvcr, uicludc an uiducuve charguig system 2525 positioned
and configured to charge a dill'orant portable electronic
device positioned outside of case 2300 instead of within the
case Inductive charging system 2525 can include a wireless in

poiver transmitting component to ivirelessly charge an aux-
iliary device such as watch 2301 (see FICi. 23). In some
enibodiments case 2500 can be difierent from case 100 (see
FIG. I) dnd cmi bc of any other configure iion lxiv mg onc or
morc cai inca and a lid that covers the onc or morc cavities.
ln one exiunple lid 2520 can be separable from the case.
inductive charging systeni 2525 can include ivireless charg-
ing circuitry within housing 2505 that enables case 2300 to
wirelessly rechar e a battery. for example. battery 2402 (see
FIG. 24) of watch 2301 Ic

FIG. 26 is a block diagram of a wirelcss clxirging system
2600 according to an cmbodimcni of the disclosure As
shoivn in I'l(i 26, wireless charging system 2600 includes
an inductive power transmitting component 2602 inductive
poiver transmittmg compionent 2602 includes a power
source 2604, winch can be case battery 227 (see FICi 2),
operatively coupled to a transmit coil 2606 to transmit
power to a w carablc device via clectromagnctic uiducIion or
IlidgllC(IC n:solldllCC.

'Iransmit coil 2606 can be an electromagnetic coil that so

pmduces a time-varying electromagnetic flux to induce a
current within an electromagnetic coil within an electronic
device (e.g . coil 2404 in FICi. 24). Transmit coil 2606 can
transmit power at a selected frequency or band of frequen-
cics. In one example thc transmit frcxfucncy is substanIially Is
lixixl, although this is uot rcquircd. In mioflier cx unplc, the
transmit frequency can bc adjustixl to nuprovc power trans-
fer etficiency for particular operational conditions. More
particularly. a high transmit frequency can be selected if
more power is required by the accessory and a low transmit do

frequency can be selected if less power is required by the
deci ssory. In other examples. trmismit coil 2606 can produce
d static electromagnetic field and can phy smally move. shifi,
or otherwise change Its posiuon to produce a spatially-
varyina electromagnetic flux to induce a current v ithin the
receive coil.

When ivatch 2301 (see FICi. 23) is operatively coupled
(e.g.. disposed on or adjacent to) case 2300. the w:eamble
cfccxrontc dcvicc can rcceivc charge to repleiush thc charge
ol'its rcchargeablc baucry or to provide power to operatuig o

components associated with thc ehxtronic device. To fhcili-
tate the transfer of electnimagnetic energy. transmit coil
2606 can be positioned within the housing of case 2300 (see
FIG. 23) such that it aligns v ith receive coil 2404 (see FICi.

24) in watch 2301 along a mutual axis. If misaligned, the ss
power tr;msfcr cllicicucy bc(ween tmnsnut coil 2606 and
riocivc coil 2404 (scc FICi 24) can decrease as misalign-
ment uicrcascs. In some embodiments, onc or morc align-
ment features can be used to aid the alignment along a
mutual axis. includmg mechanical aligmnent features (e g., io
recesses„ led es, detents) and magnetic fbatures (e.g.. align-
ment magnet 2630)„as discussed in more demil below

As onc cxamplc, ahgiunent magnet 2630 can bc included
in case 2300 that magneticaily mates wifli an aligiuucnt
magnet (not shown) of watch 2301 Io facilitate prupcr ss
alignment of the case and the weamsble electronic device.
More specifically, alignnient magnet 2630 attracts the niat-

iug aligtuncnt magnet ui w atci 2301 such that thc wcarablc
device is laterally nioved into a particular location and held
firmly against an outer surface of the case Additionally, the
top and bottom surfaces of case 230U and watch 2301,
respectively. can coopemste to further facilitate afigunent.
For example, in one embodiment a bottom surface of watch
2301 Is convex and a top surlhce ol'ase 2300 is concave,
fiillowing thc same curvature as thc bottom surf'acc of the
wearable device

In some embodiments, case 2300 (see I'l(i 23) can also
include one or more sensors to determine whether watch
2301 is present and ready to receive transmitted power from
the charger. For example, watch 2301 can include an optical
scilsor, silch ils till ililrdrcd proxlitiltv scilsor. Whcil watch
2301 is auachcd to case 2300, thc inlbarcd proxunity semor
can produce a signal used to determine the presence of the
v earable device Other methods or stnictures to verify the
presence of v,etch 23U1 can include a mass sensor, a
mechanical interlock. siv itch. button or the like, a Hall-efiect
sensor. or other electronic sensor.

Some embodiments cnn include a pnonuzed clrdrguig
dlgo11thlll to plclcrciltlilllv usc thc stored chillgc ill cdsc
battery 227 (see FI(i. 2) depending on what char cable
devices are coupled to case 2300. I'or exaniple charging
system 2525 (see I'ICi 25) can be progianuued to first
recharge earbuds 115a, 1156, then charge watch 2301. In
another exampie a user is able to prokrram the charging
pnority wlulc ui another example case 2300 can sunply
charge any device that is coupled to It. In furtlmr cxiunples
case 2300 can be coupled to a power source through
connector 345 (see I'l(i 3) and can charge one device,
preferentially cliarge nniltiple devices or siniultaneously
char e multipie devices.

Some embodiments can have a wired interface for case
2300 charging baucry 2402 (scc FIG. 24) and'or for
exchanging data with watch 2301. Tile w Irixl lllterldcc'all
bc In addition to or utstcad of a wireless uitcrl'acc. For
exaniple, in one embodiment case 2300 can include contacts
that are aired mid positioned to physically and electrically
couple to one or more contacts on watch 2301 The contacts
can include one or more power contacts as well as one or
lllorC ildta Cilll(BC(g SIICh IIS il pBII Of dlfiCSCIIIldl daiiI
contacts. In another embodiment connector 345 (sec FIG. 3)
of case can bc uscxi to cluirgc ~etch 2301.
Wirelessly (:barged ('ase

Now referring to I'ICi 27, a siniphfied perspective vieiv of
case 2700 one char ing station 2705 is illustrated. As shown
in FICi. 27, case 2700 can be simdar to other cases in this
disclosure. such as case 100 in FIG. 1, and can bc induc-
tively chargixi by a chdrguig stauou 2705. Case 2700 cmi
have a rcchargeablc baucry that can be uiductively
recharged ivith a ivireless charging systeni sunilar to that
illustmsted and described above with reference to lii(iS. 23
throu h Z6. More specifically. all of the features described
above vvith regard to inductively charged watch 2301 can be
muploycd in inductively charged case 2700.

Wirclcss charguig stauon 2705 can uiclude wirelcss
charging circintry v,i(bin housuig 2710 that enables case
27UU to v;irelessly recharge an internal battery Wireless
charging station 2705 can include an inductive power trans-
mitting coil Z715. that is simiLar to wireless power trans-
mitting component 2602 described above in FICi. 26. Induc-
tive power transnnuing coil 2715 Is capable of tmnsnuuuig
power to case 2700 I ia elccuomagnctic induction or mag-
netic rcsonancc. When case 2700 Is opcrativcly coupfcxf
(e g., disposed on or adjacent to) charging station 2705, the
case can receive charge to replenish the charge of its
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rimlrdlgciiblc baucry or to provnlc power lo opcraling com-
ponents associated with the case.

To fdciliuite thc tramfi:r ol'clcctromagnetic micrgy, trans-
mit coil 2715 can be positioned ivithin the housing of
charguig station 2705 such that 11 ahgns w ilh one or morc
receive coils 2720 in case 2700 along a mutual axis If
misaligned. the power transfer efficiency between transmit
coil 2715 and receive coil 2720 can decrease as misalipi-
ment increases. In some embodiments, one or more align-

I il
ment fi:dturcs can bc used to aid Ihc dligiuncnt along a

mutual axis. including mechanical ali ament fbatures (e g.,
rimcsscs, ledges, dc(mits) and magncuc features (c.g.. align-
nlent Ina net). as discussed herein. In further embodinlents
case 2700 can uicludc morc than one recco e coil and can
detect which receive coil is better aligned and selectively
only receive char e from that particular coil. In various
embodiments case 27UU can use one or Inore planar receive
coils 2720, however ln other embodiments other receive coil
designs can be used. Io
Waterproof Receptacle Connector

FIGS. 28 and 29 illustrate a liquid-0 ht electrical con-
nector 2800. As shown in 11(i. 28. electrical connector 2800
cmi have mounting flanges and sealed features to niake it
resistant or inlpervious to liquid penetration Iilcctrical con-
nector 2800 can be used to couple power and data to a case,
simihsr to connector 345 in FIG. 3. In some embodiments
coiuuxtor 2800 can, for example, be miy non-propnctary
interface such as a USB connimtor or cml bc any propnctary
interface such as the I ightning connector used by Apple lo
incorporated of ('upertino, ('alif In various embodinients
connector 28UU can be liquid-tight, as discussed in nmre
detail below

Metallic bmscket 2805 is formed around an exterior por-
uon of corulector 2800 and has one ur morc mounung hulcs ls
2810 for secunng thc connector io a circuit board ur a
cluissis. Connector 2800 has a rcceivulg face 2815 01st has
a front opening (not shown In I IG 28. but shown in IIKI 3

for connector 345) for receivina a plug portion ot a niating
connector. An interconnection face 2820 conmins a plurality do

of metallic pins 2825 that each connect to an internal
clcctncal contact as descnbcd in more dctml below. Onc or
morc ground pnm 2826 can also cxicnd out of uttcrcorutm-
uon face 2820 Metalhc plum 2825 and grounil puts 2826 can
be sealed by an ovennolded portion 2830 so they are
liquid-tight Metallic bracket 2803 can be two pieces and
welded together as described below. Metallic bracker 2805
can also have one or more deformable fingers 2835 that can
be used to secure thc componcnis of coiuicctor 2800
togcthcr. O

As shown in FIG. 29 coiuicctor 2800 uicludcs a contact
plate 298U coupled to a housing 2905 with a gasket to make
the connector liquid-tight I lousing 2905 is made from an
electricafly insulative polymer that extends between receiv-
ing face 2815 and a rear face 2910. Housing 2905 defines a l.
caiuy 2915 Ihat commurucatcs with a front opening In
rimcivuig face 2815 to rcccive a plug poruon of a mating
plug coiulcctor A spaccr 2920 Is formed Itom a plastic
material and has a plurality of retention features 2925 that
are each configured to each receive an electrical contact io
front a set of electrical contacts 2930 that can be stitched into
it. Each electrical contact in the set of electrical contacts
2930, can Include au elongated bciun portion 2935 posi-
uoncd between a contact tip 2940 mid ml anchor ponion
2945. Each contact up 2940 is positioned witlmi cavuy 2915 ss
so that it can be electrically coupled to a corresponding plug
connector contact during a matino event

Beam portion 2935 allows up 2940 of each contact to flcx
slightly downv,ard during a mating event and biases the tip
to keep physical and electrical contact with a contact in the
plug coflflcctol'llat aligns ivllh thc p;lrtlcilhlf I'cccptaclc
contact. Anchor portion 2945 can be a substantially flat plate
v ith one or more cutouts that tits witlun a slot 2950 of
housuig 2905 to secure or anchor thc contacts in place. Sct
of clcctrical contacts 2930 can further include elcctncal
leads 2955 that extend out of interconnection face 2820 (see
Iiiti 28) of connector assembly 2800 that can couple the
receptacle connector to a printed circuit board or similar
substrate. Each contact in the set of contacts 2930 can also
have an aiigiunent portion 2960 adjacent anchor portion
2945 lo ahgn thc coniact structures witlun slots 2950 of
housing 2905. In some pnrtmular embodiments. set of clcc-
tncal contacts 2930 includes eight contacts spaced apart
from each other along a sinale mw

A ground latch Z965 can be filnned from a conductive
metal and inserted through gmund slots 2970 in spacer 2920.
The ground latch can include first and second spring anna
ex(coding along opposuig silica of the set ol'ontacts 2930.
The lira( and second spruig arms can latch to re(canon
features of a corresponding plug connector to assist in
retaining the plug connector v ithin the receptacle connector
2800 after a nlating event. In other embodiments ground
latch 2965 can be insert mold within spacer 2920. Spacer
2920, with set of contacts 2930 and pound latch 2965, can
then bc overmoldcd with diclcmtric ovcrmold ponion 2975.
Ovcrmold portion 2975 covers a portion ol'paccr 2920 and
the michor portion ofeach contact in the set of contacts 2930
forming a liquid-tight seal to leads 2955 and gmund latch
2965 mid creating an integrated contact plate 2980. A gasket
2985 can be disposed against rear face 2910 of housing 2905
and contact plate Z980 can then be pressed against the gasket
to fiirm a liquul-ught assembly. Mctalhc bracket 2805 cml
include a top bracket 2990a laser w clded to a bottom bracket
2990b. Bracket fingers 2835 can bc Ibnncd to hold contact
plate 2980 against housing 2905 such that connector 2800 is
liquid-tip)it 111st is, if liquid v ere to enter receiving opening
of connector (see connector 345 in FICi. 3) the liquid would
not be able to pass tlu ough the connector and enter case 100.
Wirelcss Earbuds

Now refi:rring to FIGS. 30-46, uon-occluding earbuds
3000ii, 3000b mid methods Ibr making the same arc
described and illustrated. As shown in I'I(ig 30 and 31
earbuds 3UUUa, 3UUUb can be similar to earbuds 115a, 115b
illustrated in FR). I, however earbuds 3000a. 3000b can
include I arious other features includin in ear sensin and
acoustic features as dcscribcd ul morc detail below.

FlfiS. 30 and 31 show front and rear pcrspcctive views,
rcspcctivcly, ol'a non-occluding lefl earbud 3000a (FIG. 30)
and a non-occluding right earbud 3(N)flb (Ill(i. 31). Gener-
ally, non-occluding earbuds are designed not to form an
airtight seal betiveen the ear (or ear canal) and the outer
surface of the earbud. By way of contmsst. occluding earbuds
arc gmlcrally designed (o fit ulsidc of thc user's ear ciuml and
form a substantially airtight seal Each carbud 3000a, 30006
can include an cxtcnuil housing 3005 having mi ear portion
3UIU coupled to a stem portion 3015 I lousing 3003 can
have an asymmetric shape amenable to In-the-ear retention,
but does not form an airtight seal with the user*a ear or ear
cmial. The absence of an airtight seal can benefit from
volumes witlun thc carbud bculg specifically tuned (c.g., by
spcclficdlly'hdpnlg thc vol unu:I anil/or aifihng niatcnal to
the volumes) to aclucvc a dcsircd Itcqucucy rcsponsc. Edr
portimi 301U can include a directional sound pon 3020 otfset
with respect to a center axis of Ihe ear bud l)tractional sound
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port 3020 can bc dcs&gncd to d&rect sound v,aves lbom an
internal driver (e g., part of an earbud speaker„not shov n in
lrl(iS. 30 and 31) directly into a user's ear canal

In addition. secondary apern&res in the earbud can be
employed in housing 3005 to achieve desired sound perfor-
mance. For example. one or more secondary apertures can
serve ds a controlhxl lmk pon to expose an accus&&c prcssure
w i(tun thc carbud to Ihc external, surrounduig m&viro&uncut.
lu this aspect, the secondary apertures can be calibnrted to
n&odify an acoustic response of the earbud In this embodi- &c

n&ent earbuds 30(H)a. 3000b each include a fnmt leak port
3025 and a multiport 3030 formed in ear portion 3010.
Multiport 3030 can include both a rear vent 3035 and a bass
port 3040. that w&ll be dcscnbed in morc dcta&1 below. In
addition, carbuds accordu&g to embod&ments of tlus d&sclo-
sure can be constructed to have a seamless finish even
though nvo or more parts are joined together to form part of
the earbud.

Ear portion 3010 of earbuds 3000a. 30006 can also
include one or more "&n the ear*'ensors to assist each Io
carbud 3000a, 30006 ui dctermuun wheflier or Ix&t the
carbud &s in a user's car. In onc embodiment an optical tragus
sensor 3U45 is configured to sense the presence or absence
of a user's tnrgus, and an optical concha sensor 3050 &s

con(inured to sense the presence or absence of a user's
concha. Tra us and concha sensors 3045, 3050. respectively,
can use any type of optical sensor including. but not limited
to an LED or vert&cal cdv&ty surface mn&uing laser (&/CSEL)
dcvicc. Further emboihmcnts can mclude one or morc
capacitive sensors and/or accelerometers to detect the pres- &o

ence of a user's ear and/or earbud orientation, as descnbed
in more detail bein&v In the ear detection can be useful for
features such as, but not limited to. detem&inin which
earbud 3000a. 30006 to use as a microphone when a user
des&res to accept a call and when d user slops using one &s

carbud and starts us&ng thc other carbud.
A d&stat cnd 3055 ol'tem portion 3015 of each carbud

3000rr. 30006 can include an electrical connector 3060 that
is formed to make contact with a corresponding connector
(e, a receptacle connector) of a charging station and/or do

earbud char in case„such as one of the connector structures
dcscnbml ui FIGS. 4A-SC. In one parucular emboduuent,
each coru&actor 3060 can u&elude Iirst and second contacts
spacrxt apart from each other ui an oppositional and sym-
metrical relationship. such as partially annular earbud con-
tacts 610 and 615 sho&vn in I l(i 6B. Iiach of the first and
second contacts can include an outer perimeter that is flush
with an extenor surface of the stem portion and include an
drcUS&c 0& othcr CU&vixl sir&Idee'. &id& c&w&n:s a strong wIpulg
scion during a contact mating cvenc Elec&ocul conncmIor C

3060 cia& bc Ilsl:0 to recit&rgc dn ultc&11&&l bd1&cry withal c»ch
earbud 3OUUa. 30OUb and in some cases can also be used to
transfer data to and fmm each earbud Distal end 3055 can
also include a bottom microphone port 3065 (e, m&cro-

phone aperture 635 illustmted in FICi. 6B) that works in r.
conjunction with a top microphone port 3070 to rccc&ve a
User s 1 o&cr: dnd/or pc&f0&n& noise canccllafiou.

FIGS. 32 and 33 &llustratc partial cmss sections of carbuds
3000a, 300OA As shown &n lri(r 32, earbuds 3000a. 3()006
include a driver 3205, an acoustic insert 3220, a flexible io
circuit 3225„an antenna 3330. a rechargeable battery 3335
and an electncal connector 3060. Driver 3205 is located
w i(tun car portion 3010 and dc(inca d front acousuc volume
3210 ui Ikont ol'hc dover tmd a rear acoustw. volume 3215
behind thc dover. Dnvcr 3205 can include an electronuig- ss
netic voice co&1. a driver magnet and a speaker diaphragnt
(not shown in lri(i 32) Acoustic insert 3220 is positioned

belaud dover 3205 dnd adhered to hous&ng 3005, as
described in more detail below. Ear portion 3010 I'urther
includes a li&lded up portion of a tpcx&blc c&rcu&t 3225 that
can contain one or more sensors, controllers and myriad
other crrcu&ts for opcraung carbud 3000a.b. Flex&blc circu&t

3225 can include portions that are flexible as well as portions
that are not flexible, such as multilayer epoxy and glass
compos&te circuit boards and can further couple the myriad
electronic systems of earbud 3000a. 3000/& together. as
described in more detail below

Stem portion 3015 ofearbud 3000a„30006 can Include an
antenna 3330, a rcclrargeablc baucry 3335 tmd clectncal
cmtnector 3060 A portion of flex&ble circuit 3225 can extend
down and clcctncally co&u&cct to clectncal connimtor 3060.

As shown in I&I(i 33. earbuds 3000rr, 3(fifl)b include
several internai sensors. In FIG. 33 some internal compo-
nents ofearbud 30OUa, 30006 have been ren&oved for clarity
Ear portion 3010 can contain a tragus sensor 3045, a concha
opt&cal sensor 3050 and an accelcromcter 3315 that can
worl to ether to determine whether earbud 3000a, 3000/& is
in a user's car. Flex&blc c&rcuit 3225 (scc FICI 32) cmi be
used to electrically couple all these devices together
Foldablc. Flcxiblc Cirmnt

l&I(iS. 34 and 35 illustrate s&mplified v&ews of flexible
circu&t 3225. As shown in FIG. 34, tlcxible c&rcuit 3225 &s

shown in a flat pattern 11Ci 35 shows flexible circuit 3225
folded up as it is installed in earbud 3000a. 30006 as shown
in I'I(i 32 Noiv referring sin&ultaneously to lri(IS. 34 and
35 the various portions of flexible circuit 3225 are described.
A conclu& portron 3405 can be used to attach to mid com-
municate with optical concha sensor 3050 (see FICi. 33).
Towards this purpose, concha portion 3405 can uicludc one
or ntore electrical terminals that can be bonded to contacts
of optical concl&a sensor 3050.

Processor portion 3410 can include one or more central
processing units. controflers and passives. Processor portion
3410 can be a rigid portion of flex&ble circuit 3225 and can
include multipie stacked routing layers. In one embodiment
processor port&on cnn lrdie 4, 6, 5 or )0 rouung layers.

An accelerometer portion 3415 can include one or more
accelcromctcrs to ass&st in detecting a pos&t&on and,'or ori-
m&&ation ol Ihe earbud. to ass&st u& act&ng as a m&crophonc
that may be used to miti ate w&nd noise and to function as
a user input device recognixing a tap or touching sequence
on the earbud housin . A top microphone portion 3420 can
be used to attach to and conuuunicate with a top microphone
through onc o& niorc electrical tcrnuntds. A t&dgils sc'nso&

portion 3430 can bc used to auach to and comnnmicdtc w&fl&

optical tragus sensor 3045 (sce FICi. 33 ) through onc or more
3430 formed within ponion, and a bottom microphone
portim& 3435 can be used to attach to and comnuuiicate &vith

a bottom microphone tlu ough one or more ternunals formed
within portion 3435.

Each of thc flcx&blc pon&ons 3440 can bc sufliciently
flex&blc to fold up flcxiblc c&rcu&t 3225 as illustrated ui FIG.
35. Further, each of the tlcxible port&ons 3440 can include
one or more electrical traces that route electrical signals
between ditferent components of flexible c&rcuit 3225. I'or
example. flexible portion 3440 between concltu portion 3405
and processor portion 3410 can include one or more elec-
tncal traces that run betwem& the concha portion tcnninals
and thc pmccssor. S&mildrly. Ilcxible poruon 3440 be&warn&

bottom microphone pon&on 3435 can u&cludc onc or more
electncal traces that nut benveen the bottom micmphone
terminals and the pmcessor.
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Earbud Conmotors

l1Cig 36-41 illustrate several embodiment ~ of earbud
connectors that can be used in the distal end of a steni
portion of each earbud such as connector 3060 in lil(i 30.
As shown in FICi. 36. connector 3600 can be aftixed to a
distal end 3055 of an earbud 3000a, 30006 and be used to
couple charguig and data signals to Ihe carbuds. Conncmtor
3600 cdn bc nrdtcst with rixcptacle connectors that can be
disposed in a case or docking station such as the receptacle
connectors disclosed in I'(ig 4A-8(' it

('onnector 3600 is illustrated in FI(i 36 in a partially
assembled state before It is attached to a distal end 3055 of
a stem portion 3015 ofearbud 3000O. 300013. In this embodi-
ment connector 3600 includes an inner circular metallic
contact 3610 aud an outcr circular meIatlic contact 3615
with a dielectric ring 3620 separating the two contacts. In
various embodiilients Iniler circular contact 3610 can have
an aperture 3613 within it that can be used for both a
receptacle connector contact surfhce and an aperture for a
microphone In some embodiments inner and outer circuLar Io
contacts 3610, 3615, cdu bc scparaicly manufactured cum-
ponents and can bc made from a metal or alloy that cmi have
one or more layers of plating, as described in more detail
below In various embodiments inner and outer circular
contacts 3610. 3615. can be niade from a copper or copper-
based alloy such as, but not limited to C5212 phosphor
bronze. In some embodunents inner and outer circular
contacts 3610. 3615. can bc uidividudlly mactuned, cast or
metal inlccuon molded. In further cmboiluncnts they can bc
made fmm an electncally conductive plastic or made front Io
an insulative plastic that is plated with one or more metals
or alloys

As shown in FICi 37. connector 3600 includes inner and
outer circular contacts 3610, 3615, respectively that can be
IlullillldCIOICI! Bs SCparBIC CotllporlCIlou Ill Orle Cxalllpk: lllllCI is
and outcr circular contacts 3610, 3615, include onc or more
ridges 3625 Io miablc uicrcascd reicnlion force Io dielectric
rin 362U. 1O electrically couple inner and outer circular
contacts 3610, 3615, to earbuds 3000a, 30006 the contacts
can each include coupling tabs. More specifically inner do

circular contact 3610 can trave a first coupling tab 3630 for
dttaclung to a poruon of licxible circuit 3225 tsec FIGS.
34-36). In some mnboduncnts lirsi couptuig tab 3630 is
soldcrcd to a mctallizcd pad 3635 tace FIG. 36) on tlexiblc
circuit 3225, however In other embodiments it can be
attached with a conductive epoxy or other method Outer
circuLar contact 3615 can have a second coupling mb 3640
for attaching to a portion of fiexible circuit 3225 similar to
thc aforementioned process.

As described above. outcr circular contact 3615 can have o

an arcuaie cross-section to lhciliuiie wipuig of a mating
contact to pmvide a reliable interconnect with a receptacle
connector inner circular contact 3610 can also have an
arcuate or sloped cmss-section to promote conract wiping
vvith a receptacle connector. In some embodimenrs inner and s.
outcr circular contacts 3610, 3615. Crm be platwl v,ilh onc or
morc metals Ihat can prcvcni oxidation of Ihc contact surface
for reduced intcrconncci resistance and in further embodi-
ments the plating can be used to pmvide an aesthetically
appealing appearance. as described in more detail belov io

In various embodunents inner and outer circuLsr contacts
3610, 3615, can be plated first with a layer of mckel
followed by a linet layer ol'old. In some embodiments
inner and outcr circular contacts 3610, 3615. crm bc plated
with a first layer of copper bctwccn 3 anil S mmroiw ttuck, ss
followed by a layer of gold between 0 5 and 0 7 nucrons
thick, followed by a layer of oold between O.i and 0 2

microns ttuck, I'olloved by a layer of palladium bciwimn 0 S

and O.g microns thick. followed by a layer of gold between
0 I and 0.2 micmns thick, followed by a binary alloy layer
including a first element and a second element, between 0 7

and I.O microns thick.
In some embodiments inner and outer circular contacts

3610, 3615, can be plated with a lirst layer of copper
bciwimn 3 and 4.5 microns tlnck. Ibllow cd by a layer of gold
between 0 5 and 0.9 micmns thick, followed by a layer of
palladium between 0 5 and O.g microns thick, followed bv a

layer of gold betiveen 0 I and 0 2 microns thick, folloived by
a binary alloy layer including a first element and a second
element. between 0.65 and 1.0 microns thick.

In Ihcsc and other mnboduncnm ol the prcscnt uiveniiun.
thc lirst clement of Ihc buiary alloy layer may be an clement
in a first group consistina of platinmn, palladium. iridium,
osnuuni and rhodium In these and other embodiments of the
present invention, the hrst element may be rhodiuin

In these and other embodiments of the present invention,
the second element of the binary alloy layer may be an
clclucllt lu B sccorli! grollp couslstlllg of plBtllliuu, pdlla-
dium, indium, osmium, mid ruttu:ruum Iu thcsc and other
embodinients of the present invention, the second element
may be nithenium

In these and other embodiments of the present mvention,
the first element may comprise approximately 85 weight
percent of the binary alloy ivhile the second element may
compose approximately 15 weight percent of thc binary
alloy. In these and other embodiments of the present inven-
tion, the first element may coniprise appmxiniately 90
v eight percent of the binary alloy while the secimd element
may comprise approximately IO weight percent of the
binary alloy. In these and other embodunents of the present
invention, the first element may comprise approximately 95
weight pcrccni of Ihc binary alloy wlulc Ihc second elmueni
may compose approximately 5 w mght percent of thc binary
alloy. In Ihcsc mid other cmbodinu:nts of thc prcscnt inven-
tion, the first element may comprise appmximatelv 99
weight percent of the binary alloy while the second element
may comprise approximately I w eight percent of the binary
alloy. In these and other embodiments of the present inven-
tion, Ihc iirsl elmncnt may compose morc than or approxi-
mately 99.5 weight percent of the buiary alloy while thc
sccolld clcruclll Iuav'oulpl1sc less than or Bpploxiulaiclv
0 5 weight percent of the binary alloy.

In sonic embodiments a combination of rhodium and
ruthenium for the binary alloy can be used to prevent
oxidation of the contact surface while providin an aestheti-
cally appealing gray or silicr appearance. Other combina-
tions mid compositions ol'plating arc wittuu thc scope of tlus
disclosure. In yet further embodiments lira( and simond
couphng tabs 3630. 3640 can be masked before the final
layer of the binary alloy. leaving them with a gold surface tiir
improved solderability.

After inner and outer circuLar contacts 3610. 3615 are
plated they can bc uiscrt molded to form a connimior 3600
as shown in FIG. 38. A dielectric mng 3620 cdn be mokk 1

iu-bciwccn and around poriions of inner and outcr circular
contacts 3610. 3615. and can be used to forni one or more
attaclunent tabs 3655 that assist connector 3600 being,
attached to earbud 3000u, 3000II as illustmsted m FICi. 36.

Novv referring to FIGS. 39 and 40 perspective views of
connimtor 3900 arc Illustrated. As shown ui FIGS. 39 mid 40,
connimtor 3900 is sumter Io connector 3600 illustraicd in
FIG. 36. howcvcr connector 3900 includes iwo semicircular
cmitacts instead of circular inner and an outer contacts. An
end view of connector 39UU is similar to the end vieiv of
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co&uuxtor 605 &llustrnted ui FIG. 6LL Coiu&actor 3900
includes a first semici&euler contact 3910 and a second
semicircular contact 3915 with a dielectric layer 3920 sepa-
ratin the two contacts I'&rst and second semicircular con-
tacts 3910. 3915, respectively. can be spaced in an opposi-
tional and symmetrical relationship with each other In
i arious embod&ments lirst aud scoond senuc&rcular contacts
3910, 3915, rcspcct&vely. cau form an aperture 3913 between
them that can be used for both a receptacle connector contact
surface and an aperture for a microphone. I&irst and second &0

semicircular contacts 3910, 3915, respectively. can be
manufactured and plated using the same processes descnbed
above ivith regard to connector 3600.

To electncally couple first mxl second smn&c&rcular con-
tacts 3910, 3915, respect&vcly, io carbud 3000U, 30006 they
can each include couphng tabs similar to connector 3600.
More specifically hrst sen&ic&rcular contact 3910 can have a
firs coupling tab 3930 for attaching to a portion of flexible
circuit 3225 (see FICIS. 34-36). Second semicircular contact
3915 can l&uve a second coupling tab 3940 for atmching to &0

a poruon of flcx&blc c&rcuit 3225 similar to fl&e albrcmm&-
noncd process.

Afier first and second semicircular contacts 3910. 3915,
respectively. are plated they can be insert &nolded to forn& a
connector 3900 as shown in I'Ki 40. A dielectric layer 3920
can be molded in-between and around portions of first and
second semicircular contacts 3910, 3915. respectively. and
can be used to Ibm& onc or morc audclunent tabs 3955 that
dss&st coiu&actor 3900 bcu&g atuichcd (o earbud 3000d,b as
illustrated in l&K& 36 xi
( apacitive Sensor Insert

lq(i 41 illustrates a simplified perspective view ofearbud
4100. As shoivn in FICI. 41, earbud 4100 includes a Imusing
4105 and a capacitive sensor insert 4110 that can sense a
user's touch on cxtcnor surface 4115 of the housuig. Capac&- &s

nic sensor uiscrt 4110 has sensor circu&try 4120 that can
crciltc Onc 0»tio&'c capBc&t&vc scnsopx Bs c&.plan&&xi n& a&ore
detail below l&or example, sensor circuitry 4120 can create
a hrst capacitive sensor in region 4125 on exterior surface
4115 of in&using 4105 that can be used to detect the touch of do

a user's ear for in the ear sensing and can create a second
capaciuvc sensor ui region 4130 that cdn bc used to detect
thc touch ol 9 riser 9 fingc& to answc'& s call 0& to pc&(oml Bnv
other funct&on.

lq(i 42 illustrates a s&mpliiied cross-section of earbud
housing 4104. As shown in I'Ki 42. housing 4105 includes
a capacitive sensor insert 4110 positioned within n cavity
4205 defined by the hous&ng. Cavity can also house one or
morc other components ol'he earbuds 3000u,b. Earbud
ious&ng 4105 has ut least onc touch sans&t&vc region 4125, 0

4130 at extcnor surface 4115 of the housuig tl&st is formed
by capacitive sensor insert 4110 l lousing, 4105 has an
interior surface 42 IU w&thin cavity 4203, opposite exterior
surface 4115. Capacitive sensor insert 4110 has n hrst
surface 4215 with metalized ~ensor circuitry 4120 (see FIC(. &9

41) tl&at is pos&tionixl ad(scent &ntcnor surl me 4210 of
housuig 4105. Capacit&vc sensor inscr( 4110 has a scmond
surlhcc 4220 that &s opposite lirst surl'ace 4215.

lq(ig 43 and 44 illustrate si&nplified plan views of
capacitive sensor inserts 43(N). 4400, respectively As shov n st&

in FICIS. 43 and 44. d&fl'erent types of circuitry can be used
to fomi the capac&tive sensors, for example in FK). 43
self-capac&tance c&rcu&try can bc used and m FIG. 44 mutual-
cdpac&tance sm&sor c&rmiitry can be uscxl.

Now referring to FIG. 43, a plan view ol'ensor uisert Ss

4300 is illustrated As shown in I&KI. 43, sensor insert 4300
has self-capacitance sensor circuitry 4305 that senses the

46
to&&eh of a Usc& (c.g., tile user 9 car &Iud/or llngc&) 0&1 cate&10&

surface 4115 (see l&Ki 42) of housing 4105 'I'he user*a
touch loads the self-capacitance circuitry and/or increases
the parasitic capacitance to ground which is interpreted by
the sensor insert 4300 and conmuinicated to the earbud
processor. Sensor circuitry 4305 can have one or more
iutcrconncct regions 4310. for example solder pads or plates(
tluough holes, that allow it to bc coupled to an carbud
pmcessor ivith one or more conductors

In one embodiment sensor insert 43(N) can be formed
from a plastic that includes metalhc particulates. A laser can
then be used to laser activate regons 4315 on first surface
4320 of sensor insert 4300, that correspond to the desired
location Of se&nor circuitry 4305. Thc laser act&vs&cd regions
can then bc mctallizcd in a plating bath Iu onc example
metal circuitry can be plated on to the activated regions
forming sensor circuitry 43U5. 'I'his pmcess may be known
in the art as laser direct stmcturing Other methods can be
used for form sensor insert 4300 ii ithout departin lbom this
disclosure. For example in another embodiment a flexible
circu&t can bc ixlhcrcd to lira& surl'acc 4320 ol'ensor insert
and used as thc sensor c&rcuitry. In another example lira&

surface 4320 can be entirely plated and can be etched using
a photo-imageable ink

In further embodiments sensor insert 4300 can have one
or more acoustic apertures 4325 that allow sound to pass
throu h and can be afiyted with a sound port of the earbuds.
In some embodiments u&sert 4300 can bc fonncd ui a
lien&&spile&&cdl 0& 0&hcr 9h&ipc &0 closcl)'&latch a shdpc ol tile
external earbud housing Additionally, in some embodi-
ments, sensor circuitry 4305 can fiflly surround or partially
surmund the acoustic apern&res.

Novv referring to FKfi 44, a phm view of sensor insert
4400 is illustrated. As shoivn in Flfi. 44, sensor insert 4400
has mutual-cdpac&tancc sensor c&rcu&try 4405 that senses the
toilch of d risc& (c.g.. &110 user 9 cdr Bnd/0&'h&gc&) on cate&10&

surface 4115 (scc FIG. 42) of housuig 4105. Thc user's
touch alters the mutual couplin between row and column
electrodes 4410, which are scanned sequentially and com-
municated to the earbud processor. Sensor circuitry 4405 is
formed on first surface 4407 of sensor insert 4400 and can
have onc or morc uitcrcoiu&ect rcg&ons 4415, for example
solder pads or plated tluough holes, that allow it to bc
coupled &0 carbud processor w&th onc or more conductors.

As described above with re ard to sensor insert 4300 in
l&KI. 43, sensor insert 440U can be manufactured in the sa&ne
v ay and can have simiLar features and fiinct&ons. Addition-
ally, &n some embodinients sensor insert 4400 can include
Ouc or more acousuc apcrturcs 4425 that ullow sound to pass
tluough sensor circu&try 4305 and at least some of sensor
c&reit&t&y 4405 cd&1 Ii&llv sU&roUnd or pBrtially surmund the
acoustic apertures Additionally, &n some entbodiments sen-
sor msert 4400 can be formed in a hemispherical or other
shape to closely match a shape of the external earbud
hoUSO1

Acoustic Insert
Flfi 45A illustrates a simplilied rcur perspcct&vc v&ew of

carbud 3000a. As shown in Flfi. 45A, carbud 3000U
includes an acoustic insert 45U5 (shown in dashed lines
v ithin housing 30U5 and in solid lines outs&de of the
hous&n ) that can be used to provide venting for driver (e
speaker) in earbud 3000u. More specifically, acoustic insert
4505 can be used to ass&st in fonnu&g a bass pon 3040 and
a rear vent 3035, that comb&nc into a multiport 3030. In
some emboduncnts, ccrtau& fbaturcs of ucoust&c &nsen 4505
can be useful for formin acoustic vents in a relatively small
and confined area such as an earbud housing

SONOVA EX1009 
Page 62



47
US 10,003,880 B2

48
Earbud 3000a can have multiple acoustic apertures. some

ofwhich are shown in I'l(i 3() In addition to bass port 3040,
rear vent 3035 and multiport 3030, each earbud can also
have a directional sound port 302() and a front leak port
3025. These apertures can provide ventiilg filr the driver,
sound for the user. and can help tune the Ibequency response
ol'carbud 3000a. Morc spccilicaliy, each aperture is not just
a rmldom opening, but instead can be imcntionally formed
for a particular purpose, nanlely to change the frequency
response of ear bud 30UUC in a way that helps to tune the Ia

frequency response and/or provide a consistent bass
response amongst the same user and across users. The
acoustic apertures can each also include various meshes
(c.g.. a dirccuonal sound port mesh, Iron( leak mesh, back
I cnt mesh, bass port mesh, and a multipori mesh) that cover
or fit into a corresponding acoustic aperture of earbud
3()00u

lqCi 45B illustrates a sunpli(ied side vielv of earbud
3000a with acoustic insert 4505. As shown in FIC). 45B,
acoustic insert 4505 and driver 4570 are disposed within lc
housing 3005 (illustrated in dashed )inca). Now referring
simult;mcously to FIC)S. 45A and 45B thc funcnon of
acoustic insert 4505 is descnbed in more detail Driver 4570
cml be positioned within cavity 4510 of housing. 30U5,
formin a front volume 45)5 in fagot of the driver and a back
volume 4520 behind the dnver. Driver 4570 can be posi-
tioned such that front volume 4515 is acoustically isoLated
from a back volume 4520. Front and back volumes 4515,
4520, respcctivcly can bc formed witlun cavity 4510 at least
partially by housing 3(H)5 and sized and shaped to achieve lc
a desired frequency response of the earbud

In sonic embodiments, portions of acoustic insert 4505
are formed to closely match the contours of an interior
surface 4525 of housin 3005. More specifically. mised
regions 4530 ol'coustic insert 4505 can bc Ibmicd to Iit li
securely agauist intcnor surlacc 4525 such that Ihcy cml be
bondixl to intcnor surface 4525 fornung a bass port cliaruicl
4527 and a multiport chamber 4507 that are acoustically
sealed 'I'hat is, bass port clmnnel 4527 can be fornled by
first. second and third walls 4535. 4540, 4545, respectively so
of bass port recess 4550 and a fourth wail formed by interior
surlhci; 4525 ofhousuig 3005. Sunilarly, raised regions 4530
can besealed to uitenor surface 4525 lilnning multiport
clramber 4507 that ls acoustically scaled.

Bass port channel 4527 can have an entrance aperture
4555 that communicates with back volume 4520. Bass port
channel 4527 can be routed from entrance aperture 4555 to
an exit aperture 4560 that is formed within multiport cham-
ber 4507 tluit can bc van(cd to the ambwnt. Rear vent 3035
cmi also bc routed to multipoit chiunbcr 4507. providing a o

lent from back volume 4520 tluough rear vent aperture
4565 in acoustic insert 45()5 to nndtiport chamber 4507. 1 he
size and shape of bass port channel 4527 and rear vent
aperture 4565 can be formed for a particular purpose,
nanlely to change the frequency response of ear bud 3000a ss
ul Ii v:av'hat lie)ps to tune lhc hcqucncv':spollsc aud/or
provide a consistent bass response amongst thc same user
aud Iicross users.

I lousing 3005 can serve as a housing for the renlaining
components of the earbud assembly and can be fornled in Ic
any suitable manner and can be made from any suitable
material. For example„ in one embodiment housing 3005 is
made Ibom a molded plastic. Sunllariy. acoustw. insert 4505
cmi bc made Ibom any suitable material includmg a molded
pliistlc. si

Myriad methods can be used to bond raised regions 4530
of acoustic insert to interior surface 4525 of housing 30U5.

In onc mnbodlmcnt housuig 3005 can bc made I'rom an ABS
plastic that is substantially transparent. or at least semitrans-
parent to the walelength of a laser (I'l(i 46, step 4605)
Acoustic insert 4505 can be made from a plastic that is
opaque or at least mostly opaque to the same laser (FICE 46,
step 4610). Acoustic insert 4505 can be placed within cavity
4510 of housing 3005 such that ratscx) regions 4530 are
Iinnly against lntenor surface 4525 (FIG. 46, step 4615). A
laser beam fmm the laser can then be directed through
housmg 3U05 such that it inlpinges nailed regions 433(),
melting at least a portion of the raised regions and bonding
them to interior surface 4525 of housing 3005 (FICI. 46, step
4620).

In some embodiments, to enable thc laser to bc Ihrcctcd
tluough housuig 3005, housing 3005 can use a relatively low
amount ofpi@neat, a pignlent that is transparent to the laser,
or other features to allow the laser to be transmitted through
the lmusiilg with enougil energy to Inelt at least a portion of
raised regions 4530. Acoustic insert 4505 can be made from
a plastic that contains an absorptive dopant. such as carbon,
so it absorbs thc laser mlcrgy. In one mnboduncnt a laser
system (liat is similar to a laser direct structunng laser can
be used to pertbrm the laser bonding operation In other
embodinlents raised regions 4530 can be bonded to interior
surface 4525 with other methods such as, but not limited to,
a pressure sensitive adhesive, a heat activated film or a laser
activated adhesive.
Wireless Pairing

FICiS. 47-49 illustrate a wireless painng system 4700 Qtat
includes a pair oflvireless headphones 47)0 (e g., a pair of
v ireless earbuds) that can be wire)cally paired to a host
device 4715 (e o., a computer, a smartphone, a tablet com-
puter, a smart watch, or the like), with the pairing initiated
by an intermediate device 4705 (e.g.. a case for the head-
phones). Intcrmcdiatc dcvicc 4705 can ulstruct wire)usa
hciulphoncs 4710 to cuter a pairing scqucnce with bust
dcvicc 4715 ln rcsponsc to a user input. Thc user input cml
be a user-initiated event. Such as opening earbud case lid
4720 or depressing an input button 4725 In sonic embodi-
ments headphones 4710 can receive the pairing instruction
via a ivlred connection between intermediate device 4705
and wirclcss headphones 4710 (c.g., tluough ma(cd electri-
cal contacts ui a case Ibr a pmr of wireless carbuds and thc
carbuds as descnbcd above). In other embodiments. inter-
mediate device 4705 can include a lvireless radio that
communicates the instruction to the wireless radio within
v ireless headphones 4710. Upon receivin the pairin
instruction. headphones 4710 can initiate a pairing sequence
to host dcvicc 4715 I ia a wirclcss communication protocol
(c g., via Bluctooth'a') that supports bidirectional data trans-
fi:r.

Iii some cases, headphones 47)0 are a pair of wireless
earbuds and only one earbud in the pair (i e.. a primary
earbud) is paired with the comparuon host device 4715. In
such cases. the primary earbud communicatively couples
wilh tlm other earbud (a secondary earbud) so that audio data
rccclvcd I'rom hosi dewcc 4715 by thc primary wireless
carbud can be shared with thc conununlcatlvely coupicx)
secondary v;ireless earbud

In some embodimentg headphones 4710 do not include a
user input mechanism. such as a button that can be pressed
for a user to initiate pairing between the headphones and
host device 4715, mid wirclcss painn bctwccn uttcltucxhiitc
dcvicc 4705 and host dei icc 4715 can only be Irutratixi via
intcnncdiatc device 4705 (c.g.. in response to user-input by
either opening the case lid or pressing an input button on the
case or other suitable milns) or by host device 47)5.
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FIG. 48 illustrates a w irclcss pmnng system 4800 accord-
ing to an embodinient of the present disclosure that includes
interniediate device 4705, headphones 4710 and host device
4715 shown in lil(i 47 While I l(i 48 illustmtes siniplified
block diagrams of each of intermediate device 4705. wire-
less headphones 4710 and host device 4715. it is understood
cacil of Illc illustrated dcviccs cim uicludc funcnons and
li:a)urea in addition to those Illustratix! in FIG. 48. For
example, while not shown in lil(i 48, each of intermediate
device 4705. wireless headphones 4710 and host device ic
4715 can include a battery. Such as a rechargeable battery,
that provides power to the various components of each
dCVICC,

In some embodiments, host device 4715 can be an clm-
tronic device or portable meiha player, such as an iPod™
media player manufactured and sold by Apple lnc . assignee
of the present application In general. a media player can be
any device capable of storing and playing media assets
including„but not limited to. audio. video. and/or still
images. Alternatively. host device 4715 can be o mobile Io
pliollc (C.g., Uslllg collvclltloilal CClliilai ColllillillllCB(loll
tccluiology), a personal digital assistant (PDA). or a multi-
functional device that incorporates a combination of media
player. mobile phone, and/or PDA capabilities, such as an
iphoneoa mobile device produced and sold by Apple. Inc.
Host device 4715 can also be a general-purpose computer,
such as a handheld computer, laptop computer. deskxop
colllpuu:n CI tile like

Host dcvwc 4715 uicludcs a processor 4820, a memory
4825, a user interface 483U, a first wireless transceiver 4835 Io

(e .. a Bluetooth transceiver), a second wireless transceiver
4840 (e.o, a cellular transceiver) and a v;ired input/output
4845. Processor 4820, v hich can be implemenred os one or
more integrated circuits. can control the operation of host
device 4715. For example, ui rcsponsc to user mput signals Is
provided by a user tluough user interlace 4830. processor
4820 cnn iruuatc progriuns to search, hst or play media
assets stored in nieniory 4823 In communication v ith
cellular transceiver 4840, processor 4820 cBII ciuitml plac-
ing and receiving of telephone calls. Second transceiver so
4840 can also be used to communicate data with o network,
including network storage 4815. First transceiver 4835 can
bc used to support short range wireless commuiucat ion (c.g.,
Bluctooth conununication) between host dcvwc 4715 and
various accessory devices, including headphones 4710.
Memory 4825 can store any information, including Blu-
etooth pairin information as described in more demi) below.
Wired input/output 4845 can be any vvired connection. such
as a USB protocol or a propnctary protocol, such as )liat
used by thc Apple Lightning™ connector. o

Wireless hcadphoncs 4710 can bc tcaditiomil headphones
that are v orn over a user's head, headsets (a combination of
a headphone and a niicrophone). earbuds (very small head-
phones that are designed to be fitted directly in a user's eor)
or any other portable listenin device. In some embodiments s.
w ircless hcadphoncs 4710 include a processor 4850, a wired
input/output 4855. a memory 4860 and a wirelcss trans-
cclvcr 4865 (c.g, B Bluctootli (IBIlsccivcr).

Processor 4850. which can be implemented as one or
more integrated circuits, can control the operation of head- io
phones 4710 Wired input/output 4855 can be any wired
connection betv een intermediate device 4705 ond wireless
headphones 4710 including a proprietary mterconnection. In
one example wired input/output 4855 is an elec(weal con-
ncxtor. such as connector 347 (scc FIG. 3) or miy of the ss
connectors illustrated in lil(iS. 4A-8(L that provides a direct
electrical connection between wireless headplxnaes 4710

|0
and intcrmediatc dcvicc 4705 when tlm headphones arc
mated with the intermediate device (e g, stored in a case)
Wired mput/output 4855 can be used for charging ivireless
headphones 4710 and'or communicating data with interine-
diate device 4705. In one example. ~ired Input/output 4855
of headphones 4710 can be used to receive a sigtai from
wired BIPCVoutput 4875 of intemicdiatc device 4705 to
initiate a painng scqumice ol'he headphones. Bs dcscrtbcx)
in nmre detail below

Wireless transceiver 4865 can be used to support short
mnge wireless conununication (e.g . l3)uetooth conmiunica-
tion) benveen headphones 4710 ond various host devices,
including host device 4715. In one embodiment. intermedi-
ate dcvicc 4705 may also be equipped with a wirclcss
transceiver (not shown: c.g.. a Bluetooth transceiver) Ihat
can wirelessly commiuiicate v ith ivireless tmnsceiver 4865
Wireless transceiver 4865 enables headphones 4710 to com-
municate wirelessly ivith host device 4715 once a channel
for wireless comnninicotion has been established between
the two. For example, headphones 4710 and host device
4715 nuiy each bc provided with Bluetoothiai tccluiolo og
includuig appropriate short-range transceiver uruts ln some
embodinients, it may be possible to establish a Bluetoothg
pairing between host device 4715 and headphones 4710
ilslllg Ci111velitloilBl tCCllillqileS. SIIC)l BS IIlaililal Cnti 1 Of ai

posscode (or PIN code) associated with headphones 4710
into host device 4715. In other embodiments. Bluetooth',s'airings

can bc csrabhshcd automatically as described
below

Memory 486U can store firmware fiir operating head-
phones 4710 as w ell as data for couphng with other wireless
ear buds and for pairing headphones 4710 with companion
host dei ices. For example. memory 4860 can store a con-
nection history for companion host devices such as host
dcvicc 4715, with v,hich hcadphoncs 4710 have previously
paired. Thc connection history can include data lbr auto-
maucally pmnng headphones 4710 with the companion bust
device v ithout having to coniigure a connection betw:een the
headphones and the companion host device (e.g. enter a
password, exchange shared secret~, etc.). For example. the
connection history can include one or more link keys for
connixtuig to a wire)ca s nmwork (e.g., Bluetooth lurk keys).
Memory 4860 can also store a MAC address that uniquely
idcntiiics hcadphoncs 4710 as well as store a paired partner
MA(.'ddress of another headphone that has previously
coupled ivith the ivireless ear bud 165 lior example, in one
embodiment headphones 4710 are v ireless earbuds and
memory 4860 can store the MAC address of o paired partner
carbud.

In another cxamplc once hcadphoncs 4710 arc paired wifii
host dcvicc 4715, thc host device can save related painng
information front headphones 4710 to a nenvork storage
system 4815 such as cloud stomge. In one embodiment the
related pairing information stored in nen(ork stomge 4815
can then be used by other host devices to be pre-paired with
wirelcss hcadphoncs 4710. As an illustrative cxamplc, ui one
muboduncnt wireless headphones arc initially paired w ith an
iPhonc. Thc IPhone communicatcs the painng Information
to the user's ii'uncs or i('loud account that is saved on a
remote network separate fmm host device 4715 (e g, in the
iCloud). The wireless headphones ivi)1 then be listed on the
user's iTunes or iC)oud account as an authorized wireless
dcvicc for the account. For example, thc user*a ICloud
account may include a lirst list of host dcviccs (onc or more
smart phones. one or more tablet computers and onc or more
laptop computers) including host device 4715 that are auto-
matically autlmrized. for example based on the previous

SONOVA EX1009 
Page 64



US 10,003,880 B2

duihorization and/or authentication of the devices to thc
i('loud account. to be paired with one or more wireless
headphones that have been added to the account (including
wireless headphones 4710) The user can then go to their
ipad wlfich can be automatically paired to the headphones
without having to initiate a separate pairiiig sequence
between headphones 4710 and the ipad basxxl on the list of
approved painu ui thc user's iCloud account. Mulnplc host
devices can be pre-authorized and automaticallv paired
using this feature i it

In some embodinients. intermediate device 47()5 can be a
case for headphones 4710, a docking station. or another type
of accessory or electronic device. In some embodiments
intermcdiatc device 4705 includes o processor 4870, a wired
input/output 4875, and a user input device 4880 mid a
ilieltniry 4885

Processor 4870. which can be implemented as one or
more integrated circuits, can control the operation of inter-
mediate device 4705 by executing computer instructions
stored in a computer-readable memory or medium, such as m
memory 4885. For example, instructioiw stored witlun
memory 4885 cau cause pmccssor 4870 to, m response to
user input signals provided by user input device 4880. send
an instniction to headphones 4710 (e g., via v ired I/O
interface 4875 or by a wireless channel between intermedi-
ate device 4705 and v ireless headphones 4710) to enter a
pairing sequence with a host device. Wired input/output
48'75 c;m bc any wired connection bc(ween ui1crmediatc
dcvicc 4705 aud wirclcss headphones 4'710 uicluding a
pmprietary interconnection In one example wired input/ io
output 4855 is a portion of an electrical connector 347 (see
lil(i. 3) between pair ofearbuds 115U, I 156 and case ltlfi and
can be any connector illustrated in FIGS. 4A-8C. Wired
input/output 4855 can be used for charging and/or data. In
Various mnboduncnts wired uipuu'output 4855 can be used ii
to transmit a signul to hotdphoncs 4710 to uutiate a pairing
scqumice. as dcscnbcd in morc dciail below.

I.iser input device 4880 can be any device operable by a
user. In one embodiment user input device 4880 is a lid
sensor such as lid sensor 220 (see FICi. 2) that detects an do

opening or a closing of a lid of intermediate device 4705. In
onc example an openuig cvcnt is detoured and processor
48'70 sends a signal tluuugh wired utput/output 4875 of
iniermcdiatc device to wired inpunoutput 4855 Of head-
phones to processor 4850 of headphones 4710 to initiate a
pairin sequence and/or to turn on l31uetooth transceiver
4865. In another example, wireless headphones 4710 have
never been paired before and headphones 4710 enter a
pmung sequmicc. In a I'urther example hwidphoncs 4710
have been paired bcforc mid hcadphoncs 4710 activate o

Bluctooth transceiver 4865 but do not imuatc a pairing
sequence In one embodiment intermediate device 4705 may
include one or more indicator lights to notify a user that it
has sent a pairing siytal to headphones 4710.

FI(i. 49 descnbes a method 4900 in v:hich an intermediate ss
dcvicc (c.g., intemicdiatc dcvicc 4705) uutmtes wirclcss
paiung bctw ccn a host device (c.g., host device 4715) and a

pair of wirelcss headphones (e... wirelcss headphones
4710). 'I he niethod set forth in lil(i 49 can be carried out by,
fiir example, a processor within the intermediate device io
executing computer instnictions stored within a computer-
readable memory (e.g.. processor 4870 executin instruc-
nons stored in computer-readable memory 4885). In step
4905 the intemicdiatc dcvicc rcceivcs a user uiput. In some
Clllbodiltlcilm tllC llltcrlilCdltl(C iICV1CC lS d CBSC Iol a pBll Of Si
headphones or a pair ofearbuds. In various embodiments the
user input can be opening a lid of the case, depressing a

52
bu1ton on thc case or douig anything elec to Ihc case that thc
case registers as a user input indicative of a desire to initiate
the pairing sequence In one particular example, w:hen a user
opens a lid of the case, a lid sensor sends a signal to
processor 4870 notih ing the processor that the lid has been
opened.

In step 4910. ui rcsponsc to receiving thc user input, the
iutcnncdiatc device dmcunines if thc hotdphoucs arc cun-
nected to the interniediate device Iior example. in some
embodinients the intermediate device is an earbud case and
the pair of wireless headphones is a pair of wireless earbuds
that fit within earbud receiving cavities of the case. The
earbud case can include one or more earbud detectors as
dcscribcd above that cnn generate a signal iixhcatuig
whcthcr and can detcrmuie whether the carbuds arestorod
v ithin the case as described above and provide a signal to
the processor indicating whether the earbuds are stored
v ithin the case As one particular example. an earbud case
cmi determine if earbuds are stored within the case based on
v hether one or more electrical contacts on the earbuds are
cicctrlcilll)'ollllcctixi 10 otic or illorc clcctllcdl coll(acts
within thc case. In miothcr embodiment tlm uttcrtuoxitatc
device is a docking station that couples to the headphones
with a mating connector. If sonic enibodinients. if the
headphones are not connected to interniediate device there is
no action taken by the intemiediate device (step 4912), while
if the headphones are connected to the intemiediate device
thc method procccds to step 4915. Iu other embodiments.
step 4910 is optioiial and thc uttertuoxttatc device proceeds
v ith step 4915 regardless In such embodiments, however. if
the headphones are not communicatively coupled to the
intermediate device, the headphones will not receive the
instruction generated in step 4915 and thus the end result of
method 4900 in such cases will be "no action taken'* (step
4912).

In step 4915. ui rcsponsc to thc intcnuediatc device
dctcrnuning that the hcadphoncs arc connixtcd to thc inier-
mediate device, the inteniiediate device tmnsmits an "initi-
ate painng*'nstniction or signal to the headphones In one
embodiment the intermediate device transmits the "initiate
pairing" signal tluough a char in connection between the
hcadphoncs and thc tntcrtucdtatc device. Iu another cmbodi-
lllCllt 111C ill(CflllCdld(C ih:V1CC Call SClld tile Slglldl wilclCSSIV

to tlm hciulphoncs. In onc cxamplc diilerent user inputs
result in the intermediate device transmitting difFerent "ini-
tiate pairing" signals to the headphones that are distinguish-
able by the headphones. As one example where the inter-
mediate dei ice is a case for a pair of earbuds, the case can
trilllS11111 all lllS(rUC11011 10 tile CtllbUds to BU(oilldtlCdllV pail
with a known and previously paired host when the lid
opcnixl. 11; thc input buuon is depressed, cithcr bcibrc or
after the lid is opened. the case can transmit an instniction
to the earbuds to enter a discovery niode instead of the
automatic pairing mode. The discovery mode then enables
the earbuds to be selectively paired by a user to a different
host dcvicc usuig d standard painng scqucucc. In some
mubodunents, as described above, step 4910 is optioiwl and
intermediate dcvicc transnuts an '*uiituite painng" rcxlucst
signal to the headphones ivithout attemptmg to determine if
the headphones are connected. but if the headpliones are not
connected. the signal will not be received

In step 4920 the headphones receive the "initiate pairing'*
signal from thc uttcnutxliatc device through an elcctucal
CollilCC(or. OI IllloUgll d V; loch'Ss CollllcCtloll

In step 4925, in rcsponsc to rccciv ing tlm **u»tie tc painng"
sigaal, the headphones determine if a painng sequence
should be initiated In one enibodinient the headphones
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examine a pmnug memory w&llun thc headphones and
deterniine if this is a hrst pairing or a subsequent pairing of
the headphones If it is a first pairing the headphone pro-
cessor can deter&nine what type of user input &vas rece&ved
to determine if painn should be initiated. For exiunpl, for
a first pairing (e.g „ the pairing memory of the headphones
is empty) if a user opened shel&d, pa&nng can be uuua led. but
if a user pushed a button pa&nng is not uuualed. Howcvcr,
if this is a subsequent pairing (e g, the pairing meniory of
the headphones has at least one registry), if a user opens the Io

lid pairing is not initiated but if a user pushed a button then
pairing is initiated. These are only examples and other logic
sequences are ivithin the scope of this disclosure.

Iu o lu&lier cxBB&pic lite licadpllo&lcs w&ll univ piin Io &I

host de&ice willun a prixlclcmiincd proxumly of the head-
phones. In one example the headphones will only pair to a
host electronic device within 10 meters, while in another
embodiment it must be w&thin 5 ineters and in a further
embodiment within 3 meters and in yet another embodiment
within I meter. The maximum proximity pairing dismnce zo

be&noma ihe hcadphoucs and host device can be sel at e&lier
thc hcadphoncs or al thc host device.

In sonic embodiments, the distance can be control(Of by
the headphones by the strength of the wireless signal sent
fmm the headphones to the host device. 1&or example, the
headphones can broadcast a pairi&ig signal thor is at a
predetermined reduced power level to insure tlmt the elec-
tronic device &s w &th&n a dcsircd proximi(y. In onc embod&-
mani Ihc hcadphoncs may broadcast a pa&nng s&gnal thai is
gfi'i or less of &ts normal broadcasting power (i.e . its norntal &o

signal strength) In another embodiinent the pairing signal
may be 50% or less of the normal sig&tal strength and &n a
further enibodiment it may be 25'!v or less of the nomial
signal strength.

In some cmbodunents, thc d&stance can be controllu! by &s

thc host clcctron&c dev&cc based on Ihe strength of tlm sigt&al

romcived from tlm headphones. Fur cximiplc. in some
embodiments the host electronic device will only accept the
wireless pairing request fmm the first device if the strength
of the wireless signal transmitting the pairin request &s so
above o predetermined threshold that is higher thon a
minunum s&goal strength rcqu&rcd li&r normal w &rclcss com-
munication bctwcen thc lirst and second dcv&ccs. In Onc
mubodimcnt the prcdctcrnunoxl tlucshold &s 200% lu her
than the normal minin&um s&gnal strength required for w&re-

less communicat&on between the headphiuaes and host
device. In another embodiment the predetermined threshold
is 150"io higher than the normal minimum signai strength
and in still further cmbod&ments it can bc )00%» or 50%
li&glicr th;iu lite &to&nial &Iuuui&tul& s&goal s&rc&ig&11. o

Regardless of the approach taken. if Ihc host clootronic
device is not sufficiently pn&ximate the headphones. the
headphones w&ll not accept (or will not receive) the pa&ring
request and no fu&ther action to consummate the pairing &s

taken (step 4927). However &f the required conditions are &s

men the method procccds lo step 4930.
In step 4930. ui rcspousc lo the headphones dctcmuning

that a pmring soxlucncc should bc uutialed (or should con-
timie), the headphones transmit a wireless pairing signal
using a wireless protocol common between the headphones io
and host device In some embodiments this may be a
standardized recurring Blue(on(i signal that con stop ofter a
predelcrmuu:d pcnod of t&mc &f thcrc is no answer. In other
cmbodimcnts. other known wirelcss pro(ocols can be uscxk

In step 4935, u& response to rccciving lhc pmnn signal, ss
the host device authenticates and pairs the headphmies. In
one example the host device provides the user a prompt

|4
askmg &f piunng should bc pcrfonnoxl bcforc pairing thc
headphones If the user accept~. the host device sends data
to the headphones and authentication of the headphones is
perforn&ed.

In some instance~, prior to initiating a wireless pairin
sequence betv,een a pair of wireless headphones and a host
dcvicc. a case lbr a pa&r of w irclcss carbuds accordu&g to Ihe
prcscul d&sclosure can automatically turn ON thc wireless
modio of the earbuds when a user opens the lid that encloses
the earbuds within the case. I&l(i. 50 illustrates a method
5000 in which an earbud case (e g, intern&ed&ate device
4705) turns ON the wireless radio of a pair of earbuds (e.g.,
wireless headphones 4710) stored w&thin the case according
to some cmbodimcnls of thc disclosure. As shown ui FIG.
50, method 5000 can start when &ntcnued&atc dcv&cc 4705
detects that lid 4720 is moved from a closed position to an
open position (step 5005).

If the earbuds are not in the case. then no action is taken
(step 5020). If wireless headplu&nes 4710 are w&tlfin the case
(step 5010). the case can generate and send an instruction to
the pa&r of carbuds lli&n et&uses Ihc carbuds to lur&i their
w&rclcss Idd&0 tu&. Iu so&1&c c&i&biiihu&cuts lite u&snt&ct&0&1 cau
be sent over one or niore electrical contacts positioned
within the receiving cavity as described above Once the
earbuds turn their ivireless radio on, the buds can be further
instructed to initiate a pairing sequence with a host device.
In some embodiments, a single user &ntemoction v ith the case
(c g., opening lid 4720 or dcprcss&ng button 4725) can
gcncralc instruct&ons that arc sent lo lhc carbuds lo both uim
on the earbud wireless nodio and init&ate a pairing sequence
as described ivith respect to I&l(i 49 In annie embodiments
a single instruction front intermediate device 47(fg can
in&t&ate both actions and in other embodiments the case can
send multipie instructions in response to the single event.

In other cmbodunenls. the closure of 1&d 4720 can aulo-
maucally turn OFF thc w&rclcss ratio u& thc carbuds as
described with respect to FIG. 51, wluch illustrates a method
5100 according to some embod&ments of the d&sclosure As
shown m l&l(i 51, niethod 5100 can start when mtermediate
device 4705 detects that lid 4720 is moved from on open
position to a closed position (step 5105). If the earbuds are
not u& thc case, Ihcn no action &s takmi ( ~ lcp 5120). If
wirelcss hcadphoncs 4710 arc within thc case (step 5110).
thc case can gcncralc and send m& uwtrucuon lo Ihc pair of
earbuds that causes the earbuds to turn Ol'I'heir wireless
nodio tin&s saving char e of the batteries &vithin the earbuds

While the various embodiments and examples described
above were primarily focused on earbuds and a case for
stonng suCh earbuds. cmbodnnenls of thc d&sclosurc arc nol
h&ii&teil Iti Bitch B&ld lhc Iccltiuqocs of lite d&sclosiac
described above arc ixpially applicable lo headphones and
other listening devices and cases for such. I'or example, in
one embodiment, case 100 described in I'IG I can be a case
for o pair ofheadphones instead of o pair of earbuds. In such
an embodiment, cavities 110o. 1105 can be sized and shaped
to hold left rind tight et&&pi&is of lhc licadplio&ics along w&lh

port&ons of a band connomlu&g the two carpads. In other
mubodunents, a suigle easily can bc u&cludcd &n thc case to
hold the earpads and some or all ofthe connect&ng headband
gintihorly, in other enibodinients. case 100 can be sized and
shaped to hold a portable speaker or other type of listenin
device.

For s&mphc&ly, vanous u&ternal components, such as cir-
cuitry, bus, memory. siorogc devices and other components
of pa&r ol'carbuds 115o. 1150. Case 100 (see FIG. 1) and
wearable electronic device 2301 (see I'l(i 23) are some-
times not shown in the figures Also, it is noted that some
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mnbodimcnts have bixn dcscnbcd as a process that is
depicted as a tlow d&agram or block diagram Although each
diagram n&ay describe the process as a sequential senes of
operations, nlany of the operations can be perti&rmed in
parallel or concurrently. In addition, the order of the open-
tions may be rearranged. A process may hove odditiorml
s&eps not included &n Ihc figures.

In the lorego&ng spec&lieut&on. cmbod&mm&ts ol Ihc d&s-

closure have been described with reference to nun&ermis
specihc deta&ls that may vary from implementation to imple- &o

n&entation. I he specification and drmvings are, accordingly,
to be regarded in an illustrative mother than a restrictive
sense. The sole and exclusive indicator of the scope of the
d&sclosurc. and whut &s &ntcndcd by the applican&s Io be thc
scope of Ihc d&sclosurc. &s Ihc 1&&eral and cqu&valent scope of &

the set of clain&s that issue fn&m this application. in the
specific form in &vhich such claims issue, including any
subsequent correction 'I'he specific details of part&cular
embodiments may be combined in any suimble manner
without departing from the spirit and scope of embodiments lo
ol'Ihc d&sclosurc. Add&t&onally, spa&ially rcla&ive Iem&s, such
as *'bo&tom" or "top" and Ihc hkc may be used Io dcscnbc an
element ancgor feature's relationship to another element(sj
and&or feature(sj as, for example, illustrated in the figures It
will be understood that the spatially relative tern&s are
intended to encompass different orientations of the device in
use and/or opemot&on &n addition to the orientation depicted
in thc ligurcs. For cxamplc, if thc dev&ce u& tlm (i urea &s

turned o& cr, clemcnts dcscnbcd as a "bonom" surface may
then be oriented "above" other elements or features 'the &o

device may be otherwise oriented (e g., rotated 90 degrees or
at other onentat&onsj and the spatially relative descnptors
used herein interpreted accordingly.

What &s cia&mcd &s. is
1. A w&relcss earbud compnsu&g.
d houshlg Irdvulg B steal potion Bl&gnixl w&lh &I longlhl-

dinBI 'Ixls, the stem portion including first and second
ends;

a speaker assembly bavin a driver unit ond a directional do

sound po&t prox&mate the first end and ofi'set from the
longitudu&al ax&s, whereu& thc dover um& &s ahgncd to
emit sound from thc d&rccnonal sound por& mid com-
poses a magnet, a vo&cc co&l, and a d&apludgm,

a rechar cable battery disposed in the housing; and
hrst and second external contacts. each external contact

bavin a part&oily circular shape and positioned in on
oppositional ond symmetrical relationship with each
o&hcr Io I'onn a substanhally circular shape. where&n
each cx&emal contact &s exposed a( an cxtcnwl surface O

di Ihe scxond cnd of thc stem poruon Imd &s elcctncally
coupled to provide power to the rechargeable battery

2 The w&reless earbud of claim I wherein an outer
perimeter of the first and second external contacts is tlush
&lith an exterior surface of the stem portion. &1

3. Thc w&relcss carbud of claun 2 wherein Ihc lirst and thc
second cxtemal contacts have a dmlcc&nc matcnal d&sposed
bc&w cen &hen&

4 I he &vireless earbud of claim 3 wherein the first and
second external contacts each include an arcuate peripheral io
contact surface.

5. The wireless earbud of claim 1 wherein the second
cxtcrnal contact &s clcctncally couploxI Io a groun&1

6. The w &rclcss carbud ol'laim 1 fur&her comprismg data
commumcanon c&rcu&try operatively couplcxl lo Ihe lira& ss
external contact and conhgmed to transmit data to and fronl
the &vireless earbud over the first external contact

i6
7 Thc w&rclcss carbud of cldun 1 where&n the lira& and thc

second extemai contacts fohn o c&rcular shape having an
dcoUst&c »pcl hue ul d ccn&cl of Ihc clrcUldr shape Iol a

nucrophone positioned at the second end of the stem portion
of thc carbud.

8 A wireless earbud comprisu&g,
o housing having a stenl portion aligned with a longitu-

dinal axis. the sten& portion mcluding first and second
ends;

a speaker assembly havu&g a dover urut and a d&rect&onal

sound port pn&ximate the first end and offset from the
longi&ud&nal ax&s, whcrmn the dnvcr un&t &s al&gncd to
emit sound from the direcnonal sound port and com-
prises a magnet. a vo&cc coil, und a diaphrag&n,

a hrst partially annular contact havmg a first pair of ends
and disposed at an external surface ot the second end of
Ihc steal portion;

o second partially annular contact having a second pair of
ends and d&sposcd ot;m cxtcrnal surface at thc sixond
end of the stem portion, the first and second partially
an&tub&I con&acts posiniulcd hl dn opposlnon&II rclBnun-
ship with each other such that the first pair of ends face
the second pair of ends; and

a rechargeable battery disposed in the hous&ng and elec-
thcaliy coupled to the first pa&tially annular contact.

9 The wireless earbud of cLsim 8 where&n the first and
second par&ldll&'nnulol con&oem each nlclUdc dn BrcUB&c

per&pic&» I con&ac& SU&ldcc.

10 11&e v;ireless earbud of clain& 9 &vherein the second
partially annular contact is electrically coupled to a ground

ll. I he wireless earbud of claim 1(l fi&rther comprising,
data conununication circuitry operat&vely coupled to the first
partially annuiar contact and conti ured to tmnsmit data to
and from thc w &rcless corbud over thc lira& part&ally annular
contact.

12. 11&e wirelcss earbud of clmm 8 wlmrmn thc lira& and
the second partially annular contacts form a ring-like shape
having m& acoustic aperture in a center of the ring-like shape
for a microphone positioned at the second end of the stem
portion of the earbud

13. 11&c wireless carbud of claun 8 whcrc&n thc first and
thc second p»rhallv onuUlBI con&oem drc tcnnnuncd nl
bald&y nic&dl Bllov pld&cd kly'CI ilt Bn UUICI siulacc ol c&&ch

contact, the binary metal alloy plated layer comprising,
rhodium and n&thenium

14. The &vireless earbud of cLaim 13 wherein a weight
percents e of rhodium is at least 85 percent. with the
rcmau&dcr &n ruthenium.

15. The w&rcless carbud of clmm 13 w hcrmn the binary
metal alloy pla&cxt layer &s bc&ween 0.65-1.0 nucrons tluck.

16. 11&e wireless earbud of clain& 13 wherein each of the
first and second partially anmdar contacts includes at least
one intermediate layer disposed between a conductive hase
and the binary metal alloy plated Layer.

17. A wirelcss earbud composing.
a housing havu&g d stem portion including first and sixond

ends,
a speaker assembly having a driver unit and a directional

sound port proxin&ate Ihe first end of the stem portion,
wherein the driver unit is afi~ed to emit sound from
the directional sound port ond compnses a magnet. a
voice coil. and d ihophmgm;

a rixhargcable ba&tery disposed u& the hous&ng,
a Iirs& arcuate conrdco d&sposcd at an cxtcmal surface el Ihc

second end of the stem portion and electrically coupled
to the rechargeable battery: and
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ti secolli! arcuate colitis:I illsposeil al all cxtcltttll surliicc al
the second end of the stem portion. the first and second
arcuate contacts spaced in an oppositional and synt-
ntetrical relationship rctth each other to form a suh-
stantially circular shape
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