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US 12,1

1

SYSTEM FOR CHARGING AN EAR/WORN
ELECTRONIC DEVICE

Rl:I.A'I I ID APPI,ICAI IONS

'Iliis application is a continuation of P("I'Application No
PCT/US2020/041956, filed Jul. 14. 2020, which claims
pool ll)'o U.S. Provlslollal Apphcdlloll No. 62/876,454,
Iilcd Jul. 19, 2019, and U.S. Provlsionul Application No.
62,'94).875. filed Dec 4. 2019, the content of which are
hereby incorporated by reference in their entireties

TECHNICAL FIELD

'Iliis apphcation relates generally to ear-worn electronic
device~, including hearing devices, hearing aids, personal
amplification devices, and other hearables.

HA('K(IROUND

Hearing devices provide sound for the wearer. Some
examples of hearin devices are headsets. hearing aids,
speakers, cochlear implants. bone conduction devices, and
pcrsolull llslclung devices. For cxanlphu IIOBllug iikls pro-
wdc amplilication to compensate Ihr hmiring loss by truns-
mitting amplified sounds to a wearer's ear canals I learing
devices may be capable of performing wireless comnnuii-
cation with other devices, such as receiving streaming audio
from 0 streaming device via a wireless link. Wireless com-
munication may also be performed for pro~anmting the
hcanng dei icc and Iransnulllng uilormauon lrom Ihc hear-
ing dcvicc For pcrfonnlng such wlrclcas communication,
hearing devices such as hearing aids can include a wireless
transceiver and an antenna. In order to provide polver to
electronic circuitry of a hearing device, a rechargeable
battery is often housed within the hearin device, which
requires routine charging to ensure proper operation of the
hcanng devwc.

SUMMARY

Embodiments arc directed lo a syslmn comprism nl least
onc heanng dcvlcc conligurcd lo be worn ut, ui or on an car
of a wearer. The hcanng dcvlcc composes a rcclmrgeublc
pmver source, power managenient circuitry. and a hrst
charging interface comprising a first cathode contact and 0
first anode contact spaced apart thorn the first cathode
contact. A charging module comprises a second char in
inlcrfacc conligurixl to detachably couple with Ihc lirsl
charguig intcrfacc of the hearing dcvicc. Thc second charg-
hlg ultcllace conlpllscs a ~ccoud anode coulBOI llavnlg
contact surface and a displaceable second catlxlde contact.
An arran ement is configured to displace at least a portion
of the second cathode contact above the contact surface to
facilitate electncal contact between the first Bnd second
catlaldc connicts poor lo electrical contact bclwcxn the lirsl
and as cond anode contacts. Charging circuitry is couplcxl to
the as cond char In Intcrlbcc mid conligurcxl ul chnrgc thc
rechar cable power source of the hearing del ice

I liubodiments are directed to a system, comprising at least
one hearing device configured to be worn at. in or on an ear
of a wearer The hearing device comprises a reefer cable
power source, power managcmcnl circuitry. and a lirsl
chalgulg ullcrfacc coulprlshlg a fllsu calllodc collliict Blld II

Iirst anode contact spaced apart from lhc lirsl callaldc
contact. 'I he first anode contact can coinprise a plurahty of
electrode elements each havmg a non-polygonal shape such

01,588 B2

a curvilinear, round. clhpucal. oval or other closed curvixl
shape comprising only Or predominately curved lines. 'I he
first anode cmitact can compose a plurality of electrode
elements each having a polygonal shape such as a square,
rectangular. trian ular or any other closed plane shape
formed ivith tluee or more straight ines (e.g.. polygonal
slmpcs havuig lbom tlucc lo twelve sldcsJ. Thc lira( anode
contact can compnses a plurality of chxlrodc elcmcnls
having a cmubination of non-polygonal and polygonal

10 shapes. A charging module comprises a second charging
interface configured to detachably couple with the hrst
char ilig interface of the hearing device. The second char-
ing interface comprises a second anode contact having a
contact surface and n disphmcdblc second cathode contact.

is An arrangcmcnl ia configured to displace at least a portion
of the second cathode contact above the contact surface to
facilitate electrical contact benveen the first and second
catlmde contacts prior 10 electrical contact between the hrst
and second anode contacts. Charging circuitry of the char-

lo ing module is coupled to the second charging interface and
conligurcd lo Hiargc the rechargeable power source of Ihc
hcanng device.

I imbodiments are directed to a system comprising at least
one heanng device configured 10 be worn at, in or on an ear
of a wearer I'he hearing, device compnses a rechargeable
power source, poiver management circuitry. and a hrst
char ilig interface comprising a hrst cathode contact sur-
rounded by a lira( anode contact. The lira( anode contact cdn
compose a plurahly ol'lccuodc clemente each lmving a

30 non-polygonal shape such a curvilinear. round, elliptical,
oval or other closed curved shape comprismg only or
predominately curved lines. I'he first anode contact can
comprise a plurality of electrode elements each having a
polygonal shape such as a square. rectan ular, triangular or

ls any ollmr closed plane shape formcxt with three or morc
strulght luics (c.g., polygonal slrdpcs having from llucc lo
twelve sidcsJ. The lirsl anode contact can compnscs a
plunslity of electrode elements havmg a combuiation of
non-polygonal and poly onal shapes A charging module

do comprises a second charging interface configured to detach-
ably couple with the hrst charging interface of the hearin
dcvlcc Thc second charguig inlcrl'acc composes a sixond
anode contact havuig a contact surlier, a tluough-hole, and
a second cathode contact displaceublc witlun thc tluough-
hole A biasing arnlngement is conhgured to bms at least a

portion of the second cathode contact above the contact
surface to facilitate electrical contact benveen the first and
second cathode contacts prior to electrical contact between
thc lirat and second anode contacts. Clrdrglng circuitry of 1110

o charging module is coupled lo the sixond charging interface
and conligured to charge the rccluir cable power source of
the heanng device. A retention arrangement is disposed on
one or 60th of the hearing device and the charging inodule
The retention arrangement is conhgured to maintain engage-

. 1 ment between the first and second charging interfaces durin
charging of Ihc rixhargcable power source of lhc hcanng
dcvlcc

Embodiments arc dirac(cd lo a system composing al least
one heanng device configured 10 be worn at, in or on an ear

so of a wearer I'he hearing, device compnses a rechargeable
power source and a hrst charging interface comprising a hrst
cathode contact and a hrst miode contact spaced apart from
thc Iirsl cathode contact. Thc lirsl anode connict can com-
pose a plurality of electrode clemente each having a non-

as polvgolldl ahdpc sucll il curi lllucar, roulld, elliptical. oval ol
other closed curved shape comprising only or predoniiimtely
curved lines I he first anode contact can comprise a plunslity
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of clcclrodc elcmmils each having a polygorial shape such as
a square, rectanmtlar. triangular or any other closed plane
shape formed with &luce or morc straigh& lines (c, polygo-
nal shapes lmving from three to twelve sides) 1be hrst
anode ran&lac& can comprises a plurality of clcclrodc cle-
ment& having a combination of non-polygonal and polygo-
nal shapes. The first anode contact comprises a plurality of
fir t electrode elements configured to cominunicate power
and one or more disparate information signals. A char in
module comprises B second charguig uitcrlacc coniigurcd to
detachably couple v ith the first charging interface of the
hcanng dcvicc mid comprises a second cd&la&dc contact and
a second anode contact 'I'he second anode contact coniprises
a plurality of semind clcctrodc clmncnls conligurcd lo com-
municate power and the one or more disparate inforniation
signals. Charging circuitry of the chargin ~ module is
coupled to the second chargtt&g interface and configured to
charge the rechar cable power source of the hearing device.
Thc lira& and second chxtrodc clcmcnis arc coniigurcd to
communicate power and the one or more informarion si naia
between lhc charging module and &hc hearing dcvicc

I iinbodiments are directed to a system comprising at least
onc heanng dcv&cc conligurcd &o be worn at, ui or on an car
of a wearer I'he hearing device comprises a rechargeable
power source aud a lirst charguig uilcrfacc compnsing a

plurality of first electrode eleinents 'I he plurality of hrst
electrode elements comprises first cathode and anode con-
tacts configure to comnnuiicate power and a first data
contact configured to communicate one or more disparate
information signals. The lirst anode conlact can comprise a

plurality of electrode elements each bavin ~ a non-polygonal
shape such a curvilinwir, round, cll&plicdl, oval or other
closed curved shape comprising only or predominately
curt cd lines. The lira I anode conte c I can comprise a plurality
of electrode elements each having a polygonal shape such as
a square, rectanmtlar. triangular or any other closed plane
shape formed with three or more stmight lines (e 8,. polygo-
nal shapes having from three to twelve sides). The first
anode ran&lac& can comprises a plurality of clcclrodc clc-
ments bavin a combination of non-polygonal and polygo-
nal shapes. A clrdrging module compnscs a second el&Br ing
interface configured to detachably couple with the hrst
charguig ui&crlbcc of thc hwiring device and compnscs a

plurality of second electrode clmncnls. Thc plurahly of
second electrode elements comprises second catlxide and
anode contacts configured to comnnuiicate power and a
second data contact configured to comnnuiicate one or niore
disparate information signals. Char in circuitry of the
charging module is coupled to the second char in ~ interface
and coniigured lo charge thc rccliargcdblc power source of
lhc hciirltlg ilcvicc

'lite above summary is not intended to descnbe each
disclosed embodiment or eve&y implementation of the pres-
ent disclosure 'the figures and the detailed description
below more particuLarly exempfify illustrarive embodi-
ments.

l3l(II:I')ES('l(IVI'ION Ol'I'I ill l)I(AWINGS

Tliroughout the specification refbrence is made to the
appcndcd dm&v uigs &v hcrcin.

FIGS. 1A and 1B illustra&c an car-worn clcctronic device
arrmigmncnt incorporauug charging circuilry;uid function-
ality in accorthance with any of the embodiments disclosed
herein:

FICiS. 2A and 2B illus&rate a custom hcaruig aid sys&cm
which incorporates charging circuitry and functionality in
accordance with any of the embodiments disclosed herein:

ill(i 8 illustrates an ear-worn electronic device and a
char i&18 module respectively incorporating charging cir-
cuitry and functionality in accordance itith any of the
cmboduucnts disclosed lmrcin,

FICi 4 illustrates an car-worn clcctronic device and a
clmrging module respectively incorporating charging cir-

iii cultry slid fulictionalitv in accordance with any of the
embodinients disclosed herein;

FICi 5 illustrates a charging interface of one or both of an
ear-v orn electronic device and a charg&ng module in accor-
dunce with iuiy ol'hc embodiments d&scloscd hcrcuil

is FICi 6 &llustralcs a clrdrging intcrfacc of ouc or boih of dn
ear-v orn electronic device and a charging module in accor-
dance with any of the einbodiments disclosed herein:

ill(i 7 illustrates a charging interfhce of one or both of an
ear-v orn electronic device and a charg&ng module in accor-

lo dance with any of the embodiments disclosed herein:
FICi 8A illustrates a cluirging ui&crlbcc of ouc or both of

dti cBI-worn cltx'tro&llc ilcvtcc a&id B chatgitlg nlodulc hl
accordance with any of the embodiments disclosed herein:

ill(i 813 illustrates a char ing mterface of one or both of
an ear-vtim electronic device and a charging module in
accordance with any of the embodiments disclosed herein:

FICi SC illustrates a charging interface of one or both of
dti cBI-worn cltx'tro&llc ilcvtcc a&id B chatgitlg nlodulc hl
accordance with any of the cmboduncn&s dwcloscd hcrcuii

Ic ill(i Sl) illustrates a charging interface of one or both of
an ear-vtim electronic device and a charging module in
accordance with any of the embodiments disclosed herein:

FICi SE illustrates a charging interface of one or both of
an ear-v,om electronic device and a charging module in

Ii accordance with any of the cmboduncn&s dwcloscd hcrcuii
FICiS. 8F-81 illustrate a charging intcrlbcc of an car-won&

clcctroruc device ui accordance with Bny of lhc embodi-
ments disclosed herein:

ill(i 8.i illustrates a charging interfhce of a heaung device
do comprising a centml data contact surrounded by a triangular

arrangement of curvilinear-shaped peripheral contacts
coiiplcd lo d ill&fit&-phBBC Ice&ilier 111 BccordB&icc wiih BI&v ol
thc cmbodimcnts disclosed hcrcin;

FICi SK illustra&es a charging &ntcrfacc of a clrdrg&ng
module comprising a central data pm surrounded by a pair
of arcuate cmitacts in accordance ivith any of the embodi-
ments disclosed herein;

FICi 9 is a cross-sectional view of a portion of a hearin
dcv&cc comprising charging circuitry ui accordmicc w&th any

o of lhc cmboduuenls disclosed lmrciu,
FICi 10 is a cross-scc&ional vww of a portion of a clrdrg&ng

module comprising charging circuitry in accordance ivith
any of the embodiments disclosed herein;

FICiS. 11 and 12 illustrate a system comprising an ear-
. 1 v om electronic device and a charging module respectively

uicorporaling chargmg circuitry mid lunclionalily in accor-
dunce with iuiy ol'hc embodiments d&scloscd hcrcuil

FICi 18 is a schema&ic showing clcctncal components of
a system cot&&prising an ear-worn electronic device and a

sc clmrging module respectively incorporating charging cir-
cuitry and functionality in accordance itith any of the
embodiments disclosed herein;

FICi 14A is a schematic shoeing electrical components of
d s)'slot&1 cotilptlsilig Bi& car-v:or&i choclrotuc device a&id B

si charging module rcspcclivcly incorporating charguig cir-
cuitry slid fulictionalitv in accordance with any of the
embodinients disclosed herein;
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FIG. 14B illustrates a charging inicrfucc of a hearing
device comprising a centmsl cathode pin surrounded by
split-nng pin connectors in accordance with any of thc
cmbodimcnts disclosed herein,

IiIG 14('llustrates a charging interface of a hearing
device comprising a centnsl data pin surmunded by split-ring
pin coiutectors coupled to a multi-phase rectiTier in accor-
dance with any of the embodiments disclosed herein:

FIG, 14D dlustmstes a charging interface of a char in
module compnsing a cmilral dale pin surrounded by split-
Iiiig piii coiuicclors iii accorihiiicc with any of lhc embodi-
ments disclosed herein;

IiIG 15 illustnstes a method of implementing accelerated
charging of one or more hearing devices usin a char in
module in accordance v ith any of the embodiments dis-
closed herein: and

FIG. 16 is a gruph thai charactcnzes accclcrated cital iiig
of a litlnum-ion battery of a hwiring dcvwc ui uccorduncc
with any of the embodiments disclosed herein

'Hie hgures are not necessarily to scale I ike numbers
used in the figures refer to like components. However, it will
be understood that the use of a number to refer to a
component in a given figure is not intended to limit the
component in another ligurc labclcd with thc same number.

DETAILED DESCRIPTION

Il is understood that lhc mnbodunmns dcscnbcd hcrmn
may bc used w ith any car worn or car level clcctronic device
without departing from the scope of this disclosure 'I he
devices depicted in the figures are intended to denxuustrate
the subject matter. but not in a limited, exhaustive. or
exclusive sense. Ear-isorn electronic devices (also referred
to herein as "hearing devices"), such as heambles (e
wcarablecarphoncs, car monitors, and carbuds), hcaruig
aids, llcariiig lllslruillciits, slid licaltil asslsL'iiicc devices,
ly'pically'iicliidc aii ciiclosuic, siicli Js a lioiisiiig ol slicll,
within which internal components are disposed 'I'ypical
components of a hearing device can include a processor
(e.g.. a digital stcuaf pmcessor or DSP), memory circuitry,
power management circuitry. one or more conumuucation
devices (e.g.. a radio, a near-Iield magnetic induction
(NFMI) des ice), onc or morc antciuias, onc or more micro-
phones, and a rcccivcr/spcakcr, lor example. Hearing
devices can incorponste a long-range conimuilicatiml device,
such as a Ifluetoothg transceiver or other type of radio
frequency (RF) transceiver. A communication device (e.g., a
radio or NFMI device) of a hearing device can be conti ured
to facilitate conununication between u left car device mid a

right enr des ice of thc hearing device.
Heanng dcviccs of thc present disclosure c;ui mcorporatc

an antenna coupled to a high-frequency transceiver, such as
a 2 4 (if Iz radio. 'I he Rli transceiver can conform to an I lit il I

802.11 (e, XVIFI ts) or Bluetooth 8 (e.g.. BLE. Bfuetoothg
4. 2 or 5.0) specification. for example. It is understood that
hcanng devices of thc prcscnt disclosure can employ other
transceivcrs or radios, such as a 900 Mklz radio. Hearing
ilcviccs of flic prcsciil ihsclosurc cari bc coiifigurcd to
receive streaming audio (e g, digital midio data or files)
fmm an electronic or digital source Representative elec-
tronic/digital sources (e g., accessory devices) include an
assistive listening system. a TV streamer, a mdio. a srnart-
phonc. a laptop, a cell phone/cnlertaimnenl device (CPED)
or other chntroiuc device that serves as a source ol di ital
audio daLi or other types ofdale liles. Hearing devices of thc
present disclosure can be configured to etfect bi-directional
communication (e 8, wireless cominunication) of data v ith

an external source, such as a rcmotc server via thc Intcmel
or other cotllmuliication intrastnicture I fearing devices that
include a left ear device and a nght ear device can be
configured to efiect bi-directional communication (e.g,
v ireless conununication) therebetw een, so as to implement
ear-to-ear conuniuiication betv'een the left and right ear
dcviccs.

Thc lcmi hcanng dcvicc of thc present disclosure rcfcrs lo
a wide variety of ear-level electmnic devices that can aid a

la person v;ith impaired hearing. I'he term heanng device also
refers to a wide variety of devices that can pmduce pm-
cessed sound for persons v ith normal hearing. Hearin
devices of the present disclosure include hearables (e...
wcarablc earphones. headphones, carbuds, virtual reality

is hcadscts), hcanng aids (c.g., hearing instruments), cochlear
iniplants, and bone-conduction devices, fiir example I fear-
ing devices include. but are not limited to, behind-the-ear
(13 I'l), in-the-ear (I'I'Ii), in-the-canal (I I'('), invisible-in-
canal (IIC). receiver-in-cmial (RIC), receiver-in-the-ear

zo (RITE) or completely-in-the-canal (CIC) type hearing
dcviccs or some combination of thc aboi e. Tluuughout tins
disclosure. rcfi:rcncc is nuulc lo a '*hwirui dcvicc.'* winch is
understood to refer to a system comprising a single left ear
device, a single right ear device. or a combination of a left
eur device and a right ear device.

FICiS. IA and 1B illustrate various components of a
representative hearing device arrangement in accordance
with venous cmbodimcnts. FIGS. 1A und 1B illustrate first
and second hcaruig dcviccs 100A and 100B configurcxf to bc

ia supported at. by, in or on left and nght ears of a weamr In
some embodiments. a single heanng device 100A or 10013

cun be supported at, by, in or on the left or right ear of a
v carer. As illustrated, the hrst and second hearing devices
100A and 100B include the same functional components. It

is is understood lint thc lira( and second heuruig dcviccs 100A
and 100B can include difli:rent functionul components. Thc
lirst and second hcarmg dcviccs 100A and 100B can bc
representative of any of the heanng devices disclosed herein

I'he first and second hearing devices 1INIA and 10013

so include an enclosure 101a, 101b configured for placement.
for example. over or on the ear, entirely or partially within
thc cxtcmal car canal (c.g., between lhe pinrm and car drum)
or behind thc car. Disposed within the miclosurc 101a. 10th
is a processor 102a, 102b whwh uicorporalcs or is couphxl
to memory 1(33a. 103h 'I'he processor 102a, 102h can
include or be implemented as a multi-core pmcessor, a
digital signal pmcessor (DSP), an audio processor or a
combmation of these processors. For example. the processor
102a, 102h may bc nuplcmcnted in a vancty of'hflbrcnl

o ways. such as with a nuxturc of discrete analog and digital
coiiipoliclils that illcliidc a pioccssol'oiifi Urixl lo execute
pmgrammed instnictions contained in a processor-readable
stonsge medium (e g., solid-state memory, e.g . Flash).

The processor 102a, 102b is coupled to a wireless trans-
. s ceiver 104a. 104h (also referred to herein as a radio), such

as a BLE transcencr or other IEEE 802 11 compliant
transceiver. Thc w irclcss trmisccivcr 104ii, 104b is operably
coupled lo tui tuitciuia 106a, 106b configurixl for transmit-
ting and receiving radio signals. Impedance matching cir-

sa cuitry 105a, 105h can be operably coupled to the wimless
transceiver 104a, 104b and the antenna 106a, 106h. The
antenna 106a. 106b is disposed in. on, or extends from the
cnclosurc 101a. 101b. Thc wirclcss transceiver 104a, 104b
and lhc un(anna 106a. 106b cmi bc conligurcd lo opcratc in

ss thc 2.4 GHz ISM frcqucncy band or other applicable com-
nninication band (referred to as the "l)luetoothur band"
herein). I'he wireless transceiver 104a. 104h and antenna
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106a, 106b can bc configured to mlablc eur-lo-car conuuu-
nicat ion betv een the two hearing devices 10()A and I OOB, as
well as communications with an external device (e.g . a
smartphone or a diytal music player)

A battery 110a, 110b or other power source (reefer cable
or conventional) is provided v itlun the enclosure 101a,
101b mid is configured lo provide power to lhe various
components of thc hcanng devices IOOA and IOOB. Thc
battery 110u. 110h is coupled to power management cir-
cuitry I) la, 11)h. such as a power rnanagenient integrated
circuit (PM I( ) 'I'he power management circuitry 111 ri. I) I h
is coupled to a charging interface 113a. 113b. which is
configured to physically and electrically couple to a corre-
spondulg charguig interface of a chiuging module. A spcakcr
or rccciver 108a, 108b w coupled lo mi amp)ilier (not
shoivn) and the processor 102a. It)2h 'I'he speaker or
receiver 108ir, 10861 is configured to generate sound winch
is communicated to the wearer's ear

In some embodiments, the hearin devices IOOA and
100B include a microphone 11 Za, 1 1 Zb mounted on or inside
the cnclosurc 101a, 101b. Thc nncrophonc 112a, 1126 nuiy
be a single microphone or multiple microphones. such as a
microphone array The microphone 112ir, 112h can be
coupled to a preamphfier fnot shown), the output of which
is coupled to the processor lt)2a, 102b 'I'he micnlphone
112a. 112b receives sound w aves from the envirorunent and
converts the sound into an input signal. The input signal is
amplilicd by thc preamplifier and gamp)cd and dl ltizcd by
an analog-lo-digital converter of thc processor 102a, 102h,
resulting in a digitized input signal. In some embodinients
(e .. hearing aids), the processor 102u, )02h fe.g, DSP
circuitry) is configured to process the digitized input signal
into an output signal in a manner that compensates for the
wearer*s heann loss When receiving an audio signal from
an cxtcmal source, thc wireless trmisccivcr 104a, 104b nuiy
produce a second input signal Ibr lhc DSP circuitry of thc
processor 102a. 102b that may be combined w lit lhc input
signal produced by the microphone 112a. 112b or used in
place thereof. In other enlbodiments, fe g, hearables), the
processor 102a, 102b can be configured to process the
di itized input signal into an output signal in a maluier that
is tailored or optimized for llm wcarcr (e.g.. based on wcarcr
prcfcrenccs) Thc output ~ ignal ls then passes) lo mi midlo
output stage that doves thc spcakcr or rcccrvcr 108a, 108h,
which converts the output signal into an audio output

Some embodiments are directed to a custom hearing aid,
such as an ITC, CIC. or IIC hearing aid. for example. For
example. some embodiments are directed to a cusrom hear-
lllg aul w hlCh ltlC)UOCS a W llclCSS llallSCClvci alai rill all(CIlllii
arrmlgmncnt configured lo operate in thc 2.4 GHS ISM
fret)ucucv build frcfblrixl lo as lhc B)Ucloollla'illld
herein) I'I(iS 2A and ZB illustrate a custmn heanng aid
system which includes nvo hearing devices, e g., left 20 la
and right 201b side hearing devices.

configured

t wirelessly
communicate with each other and external devices and
systems. Flfi. 2A conceptually illustrates functional blocks
of thc lmaring dcviccs 201a. 201b. Thc posiuon of thc
funcuonal blocks ui FIG. 2A docs nol ncccssarily uidicatc
actual locations of components that implement these func-
tional blocks within the hearing devices 20)a, 2() I h Irl(i. 2B
is a block diagram of components that may be disposed at
least partially within the enclosure Z05a. 205b of the hearin
device 201a. 201b.

Each hearing device 201a, 201b includes a physical
cnclosurc 20511, 205b that encloses an mtcmal volume. Thc
enclosure 205u, 205/1 is configured for at least partial
insertion within the wearer's ear canal 'I'he enclosure 205a,

205b includes an cxtcnral side 202a. 202b that faces away
from the v'carer and an internal side 216a. 2f)3h that is
inserted in the ear canal I he enclosure 2()5a, 2f)5h coni-
prises a shell 206a, 206h and a faceplate 2()7a. 2()7h. 'I he
facepLate Z0711, Z07b may include a battery door 208a, 208b
or draiver disposed near the external side 202a. 2026 of the
cnclosurc 205a. 205b and configured lo allow thc baucry
240a, 240b to be mscrtcd mid rcmovcd Iyom thc enclosure
205a, 205h. An antenna 220a. Z20b can be mounted to the

io faceplate 207a, 2()7h or elsewhere in the enclosure 2t)5a,
205h. 'I)le antenna arrangement 22011, 220h can include a
matching circuit that compensates for a smaller size anteiula
v hich allows the antenna arrangement 220a. 220b to fit
wit)un a custonuzcd des ice. such as a device that fits

is partially or fully within thc car canal of lhc wcarcr. Thc
nmtching circuit can be desi ned so tlwt the power transfer
from the transceiver of the electronics 23011, 230b to the
antenna arrangement 22011, 220h, provides a specified
antenna efiiciency, e.g., an optimal anteium efficiency for the

lo customized enviroiunent.
Thc bat(cry 240a, 240b powers elcclroruc circuitry 230a,

230b which is also disposed within thc shell 206a, 206b. As
illustrated in Flfig 2A and 2B, the hearing device 2t)la,
20)h may include one or more microphones 251u, 251h
configured to pick up acoustic siyials and to transduce the
acoustic siyials into microphone electrical signals. The
electncal signals generated by the microphones 251a. 251b
may bc conditioned by an analog Ikon( cnd 231 (six FIG.
2B) by liltering, amp)if'ymg and/or converting thc micro-

lo phone electrical signals from analog to digital siyials so that
the digital signals can be further processed and/or analyzed
by the processor 260 ')lie pmcessor Z6() may perform signal
processin and/or control various tasks of the hearing device
201a, ZOlb. In some implementations, the processor 260

ls composes a DSP that Inav'llc)Udc additional colnpulallonal
ploccsslllg Ulllls opclallllg ln a alii)f1-core arcllllcclUrc.

Thc processor 260 is configured to wintrol wireless com-
nninication between the hearing devices Zfila, 201h and/or
an external accessory device (e g., a smartphone, a digital

so music player) via the antenna 220a. 220b The wireless
conununication may include. for example, audio streamin
dale ancpor control sigirals. Thc clectroruc circuitry 230a.
230b of lhc hcanng dei lcc 201a, 20th uicludcs a trmisccivcr
232 Thc transccivcr 232 luis a rccciver portion that receives
comniunication signals fmm the antenna arrangement 22t)a,
220h, demodulates the communication signals, and transfers
the si nels to the processor 260 for fittther pmcessing. The
transceiver 232 also includes a transmitter portion that
modulatcs output sigiwls Irom thc processor 260 liir lrans-

o nussion via the an(cons arrmlgmncnt 220a, 220b Elcclncal
signals from thc nncrophonc 25111, 251b mid/or wireless
comniunication received via the antenna 22(la. 22t)h may be
pmcessed by the processor 260 and converted to acoustic
signals played to the wearer's ear 299 via a speaker 252a.

.1 252b.
Thc bat(cry 240a, 240b is of a rechargeable type. such as

a )i(Inurn-ion ba(tery for example. Power management cir-
cuitry 241ir, 241b fe.g.. a PMIC) is opcratlvcly coupled lo
the battery 240u, 240h and to a charging interface 243a,

so 243h. 'I'he charging interface 243u, 243h is configured to
physically and electrically couple to a corresponding char-
ing interface of a charging module.

Thc usc ol'rcciargcablc baltcrics ui hcaruig devices fc.g..
hcanng aids) lias bccn well-received ln thc marketplace.

ss Self-contained banencs rct)aire elcctncal contacts lor
recharging. One complication of contact charging is the
ditficulty of placing a relatively small hearing device in a
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charger. Traditional approaches for charging hearing dcviccs
often require the wearer to fiddle with the hearing device to
achieve the proper connection fiir charging 'I'here ls a need
to provide a connection arrangeinent that allov s the ivearer
to properly attach the hearing device to the chargin fixture
of the charger with relative ease.

6'outset charging rcqulrcs Iwo elcclricdl connections,
IIBDICIV, Bn BllodC (positive) CODDCCIloll aild B CBIhixh: (IIC B-

tive) connection When placuig a hearing device into D

charging fixture. it can be advantageous to connect the
cathodes prior to connecting the anodes Iior example,
coiuiecting the cathodes of the hearing devices and the
charging fixture prior to connecting the anodes can serve to
provide a consistent uirush current waveliirm when coupling
the hcarmg dcvlccs mid charger Iixturc together. Provision of
a consistent inrush current waveform from the charger to the
hearing devices informs the char ing circuitry of the charger
that the hearing devices are pmperly attached to the proper
charging tixture and that a charging procedure cmt be
initiated. If the hearing devices are properly colmected to the
charguig fixture, I'ul1 charging power can bc supplied by thc
charguig fixture to lhc hcaruig devices. If onc or both of thc
hearing devices are not properly connected to the charging
fixture. charging thmugh the iinpmper connection can be
disabled 1his can pmtect against the presence of foreign
objects (e, keys. coins, other hearing devices) that can be
intentionally or unintentionally introduced into the char in
Iixlurc. In some unplmncntationg connccung Ihc cathodcs
iif Ihc hi sling deva cs Blul I IIDI gi I IISIUrc pilot'o clinnci ling
the anodes can serve to establish a ground, v hich can reduce
or minimize spurious electrical spikes in the circuitry

A system composing a charging module and at least one
hearing device ln accorcasnce with any of the embodiments
disclosed herein provides a number of teclmical advantages
over convcntionul chiuging arrangcmcnls. As discussed
aboic. D charging system accorduig lo uny of the cmbodi-
Illcnls disclosed hcrclll fDclhlalca colulcclloll bclv ccn chiu-
ger and hearing device cathodes prior to connection between
anodes. Ivhich pmvides for a consistent innish current
waveform when coupling the hearing devices and char er
fixture together A charging system according to any of the
cmbodimcnts disclosed hcrmn provulcs cnhanccd detection
of mcorrcct placmncnt ol'heanng dcviccs and/or presciwc of
foreign conductive oblccts at thc charging uitcrl'ucc, which
results in disabling of charging through the improper con-
nection A charging system according to any of the embodi-
ments disclosed herein signihcantly reduces or minhnlzes
spurious electrical spikes in the circuitry. by ensuring that
the cdlhodes of Ihc hearing devices and charger Iixlurc arc
coniuxlcd prior to rxinnimung the anodes.

Embodiments ol'hc disclosure arc delincd m thc cluims.
I loivever, below there is provided a non-exhaustive listing
of non-limiting examples Any one or more of the features
of these examples may be combined with any one or more
features of another example, embodiment. or aspect
dcscnbcd hcrmn.

Example Exl. A system raimpnsing al least onc hearing
device conligurcd lo be worn al, in or on mi c;u 01 a wearer,
the hearing device composing a rechargeable power source,
pmver management circuitry, and a first charging interface
comprising a first cathode contact and a first anode contact
spaced apart from the hrst cathode contact. A char in
module comprises a second charguig uitcrlacc conligured to
detachably couple with thc Iirsi charging mlcrfacc of thc
hcanng device, thc second charging inicrfucc compnsuig a
second anode contact having a contact surface and a dis-
placeable second cathode contact; an arrangement conhg-

urcd lo displace al least a portion of the second cathode
contact above the contact surface to facilitate electrical
contact bclwccn the Iirst and second cathode rxintacls prior
to electrical contact between the hrst and second anode
contacts; mid charguig circuitry rxiuplcd to Ihc second charg-
ing interface and configured to charge the rechargeable
power source of the hearin device

Iixample I ix2. 'I'he system according to Iixl, wherein the
second charging interface comprises a tluough-hole. and the

Ill socond cathode contact is dlsplaccdble within lhc tluough-
hole: and the displacement arrangement compnses a biasin
arrangcmcnl conligurcd Io bias at least a portion of Ihc
second catlxide contact above the contact surface

Example Ex3. Thc system accordin lo Ex2, whcrcui Ihc
second cathode contact comprises an elongated electrode;
and the biasing arrangement comprises a spring.

Iixample Ex4 'I'he system according to lix2 or Ex3,
v herein the second cathode contact and the biasing arrange-

lc ment dclinc D sprmg-loaded pogo pin assembly
Example Ex5. The system according to one or more of

Ex I to Ex4 composing D rctcntion urrangcmcnl disposed on
one or both of the hearing device and the charging inodule,
the retention arrangeiuent configured to maintain engage-
ment betv;een the first and second charging interfaces during
char iiig of the rechar cable power source of the hearin
device

Example Ex6. Thc system accordin to ExS, whcrcui Ihc
rclcllllon drrdngclllcnl conlpllscs onc or nlolc DIDgnch or d

IDCCII;UDCBI I'etelilloll Bllangenlellt.
Iixample Ex7 'I'he system according to one or more of

I:x I to Ex6, wherein the fin;t anode contact is configured to
conununicate power Dnd one or more disparate information
signals. the second anode contact is configured to conunu-

is nicalc power Dnd Ihc onc or morc disparate uilonnallon
signals. Dnd Ihc first and second anode contacts arc con(ig-
Ilrcd 10 conunUIuciltc powcl iuul lhc onc or nlolc'llspalalc
information signals between the charging niodule and the
hearing device

40 Example Exg. The system according to Ex7. ~herein the
one or more dispamste information signals comprise one or
morc ofdale signals gcncralcd by one or both of thc charging
module and thc hearing dcvicc, audio sigoals gcncraled by
ouc or both ol the charging module mid Ihc heanng dcvicc.
and signals received fmm one or more accessory devices
configured to communicatively couple to one or both of the
char iiig module and the hearing device.

Example Ex9. The system according to one or more of
Exl to Exg. whcrcin thc Iirsl and second anode raintacls

0 conlprlsc clcclludcs hilvlng B cUrvlhncBI, BDDUldr, ovdl.
cllipucal or polygonal slmpc.

Iixample Exlfi 'I'he system according to one or more of
I:xl to Ex'), wherein the first anode contact coniprises a
plurality of electrode elements, and the first cathode contact

. 1 is surrounded by the plurality of electmde elements of the
Iirst imode contact.

Example Exl 1. Thc systmn accxirding lo Exlfi, whcrcin
thc second anode contact compnscs u plurality ol'lcclrodc
elements, and the second cathode contact is sumiunded by

SD the plurality of electrode elements of the second anode
C 0111'IC t.

Example Ex12. The system according to Exlfi or Exl 1.

whcrcin one of both of thc plurality ol'clcctrodcs of thc Iirsl
anode contact Drc subsnmtially equidistant from Ihc Iirsl

as cathode contact. and Ihc plurality of clcctrodcs ol lhc six ond
anode contact are substantially equidistant from the second
catlxide contact
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Example Exl3 Thc systnn accordui Io Exlfi or Exl I,
wherein one of both of the plurality of electrodes of the hrst
anode contact are arranged in a substantiallv triangular
pattern relative to the first cathode contact, and the plurality
of electrodes of the second anode contact are arranged in a
substantially trianguLar pattern relative to the second cathode
contacn

Example Ex14. Thc systnn acnirding ui onc or morc of
Exl to I:x13, wherein the hearing, device comprises an
in the ear (I Ill). in the canal (I I'('), invisible in canal (II( )
or completely-in-the-canal (CI(') des ice coinprising a hous-
in having a preformed or formable shape that conforms to
a shape of the wearer*s ear canaL

Example Exl fi. Thc systnn acnirding ui onc or morc of
Exl io Exl4, whcrcui ihc charguig circuitry Is configured to
charge the rechargeable power source of the hearing device
at an accelerated charge mate above I 0 C when a state of
charge (So(') of the rechargeable power sources is within a
predetermined SoC range.

FIG, 3 illustrates a system in accordance wirh any of the
cmbodimcnts disclosed herein. FIG. 3 shows a cross-sec-
tional I icw of a portion ol an car-worn clos:tronic hcaruig
device 302 and a portion of a charging module 322 'I he
components of the heanng device 302 shown in III(i. 3 are
disposed in or on a housing configured to be v orn at. in or
on an ear of a wearer The hearing device 302 includes a
rechargeable po~er source 304 (e.g., a lithium-ion battery)
coupled to power mauagcmcnt circuitry 306 (c, a PMIC).
Thc power mmiagcmcnt circuitry 306 is coupled Io a lirsi
charging interface 310 comprising a first catlxide contact
312 and a first anode contact 314 spaced apart from the hrst
cathode contact 312. In the embodiment shown in IIIG 3,
the power management circuitry 306 is coupled ro the hrst
cathode contact 312 via a first connection 307 and to the hrst
anode contact 314 via B second coiuicciion 309. Thc lirst
anode contact 314 cmi comprise a Burgle contact or a
multiplicity ol'intacis niuplcd Io Ihc sccollil ciilllicclloll
309

'flic charging module 322 includes a second charging
interface 330 confi ured to detachably couple (e.
mechanically and electrically) with the first charging inter-
face 310 of thc hcanug dcvicc 302. The sos:ond clmr ing
intcrfacc 330 uicludcs a sixond miodc contact 334 hnving a
contact surface 335 and a displaccablc scnmd catlxidc
contact 332. I'he charfpng module 322 includes charging
circuitry 326 coupled to the second charginn interface 330
and a pov er source 324. The povver source 324 can be
configured to receive pov er fbom a standard wall outlet
and/or cmi include a riwhargniblc or a conventional bnucry.
In some embodiments, ihc power source 324 can be nm-
Ilgurcd Io rccclvc wlrclcs~ powct froIII Bll cxicmBI power
source (e g, inductive. radiofrer)uency, optical) I'or
example. Ihe power source 324 can be configured to imple-
ment inductive char ing in accordance with the Qi open
interface standard developed by the Wireless Power Con-
soruum. In the nnboduncnt shown in FIG. 3, ihc clmr ing
circuitry 326 is coupled to thc second cathode contact 332
I ia a connection 337 and to thc scnind anode contact 334 vliI
a second connection 339 'lite second anode contact 334 can
comprise a single contact or a inultiplicity of contacts
coupled to the second connection 339.

The second cathode contact 332 is confi ured for dis-
placement bctwccn a lirsi powuon 331a above Ihc contact
surfwc 335 of ihc second miodc contuct 334 mid a siwond
position 331b at or below thc contact surface 335 of thc
second anode contact 334 In some configuratums, the
second cathode contact 332 can be configured for displace-

ment between Ihc Iirst position 331n above thc conuici
surface 335 and a second position 331h above the contact
surface 335 but beloiv the tirst position 3310

When the hearing device 302 and the charging module
322 are in a non-contacting relationship, such as shown in
FICI. 3. the second cathode contact 332 is positioned at the
lirst posinon 331d aboic Ihc contuct surface 335 of Ihc
socond anode contact 334. When the hearing dcvicc 302 and
the clmrging module 322 are in a contacting relationship, the

Io second cathode contact 332 is movable fmm the first posi-
tion 331d to the second position 331h and establishes
electncal contact with the tirst cathode contact 312 prior to
electncal contact being established between the second
anode contact 334 mid thc lirst anode contact 314.

Is Morc particularly; when Ihc hcarui device 302 and Ihc
clmrging module 322 are brought into contact with one
another, the second cathode contact 332 positioned at the
first position 331d establishes electrical contact with the hrst
cathode contact 312 of the hearing device 302 prior to

IC electncal contact being established between the first and
socond anode contacts 314, 334. Aller first csiabhslung
cfcctncal contact bctwccn Ihc lirsi and second cathode
contacts 312, 332, the second cathode contact 332 is dis-
placed into the body of the charging module 322 as the
hearing device 302 is forcibly advanced onto the charging
module 32Z. After displacin the second cathode into the
body of the char in module 322 partially or entirely.
cfcctncal contact is tlwn csiablishcd between the lirst and
socond anode contacts 314, 334.

io I'he charging module 3Z2 includes an arrangement
(shown in other figures) conti ured to displace at least a

portion of the second cathode contact 332 above the contact
surface 335 to facilitate electrical contact between the hrst
and second cathode contacts 312, 332 prior to electrical

Is contact between ihc lirsi mid second anode contacts 314.
334 Thc clmrging module 322 can also uicludc a rctcnuon
arrangcmcni (shown ui other figures) conligurcd Io mauitain
engagenient between the tirst and second charging interfaces
310, 330 during charging, Of the rechargeable power source

do 304 of the hearin device 302. In some embodiments, the
retention arrangement cmi comprise one or more magnets
disposed at or near onc or both of the lirsi and sixond
charging interfaces 310, 330. In other embodiments. Ihc
rclclitioll drrdllgCIIICIII CBB Couipllsc a lllCClldlllCBI ICICulloll
arrangenient configured to mechanically maintain engage-
ment between the first and second charging interfaces 31(l,
330

FICi 4 illustrates a system in accordance with any of the
cmboduucnts disclosed hcrcin. FIG. 4 shows a cross-scc-

0 tlollal VICw Ol ii pot tloli Of illl Car-Wom CICCIrolllC IICallllg
dcvicc 402 and a poifion of a charging module 422. Thc
components of the hearin device 402 shoivn in! I(r 4 are
disposed in or on a housing configured to be worn at, in or
on mi ear of a wearer. The hearing device 402 includes a

. I rechar cable power source 404 (e.g., a litluum-ion battery)
coupled Io power maimgnncnt circuitry 406 (c.g., a PMIC).
Thc power nuuiagmncni circuitry 406 Is coupled to a first
charging interface 410. In thc embodiment shown ui FIG. 4,
the hrst charging interface 410 comprises a first cathode

so contact 412 and a nniltiplicity of anode contacts, 414, 416
In the Illustrative example shown in FICi. 4, the hrst chargin
interface 410 includes two anode contacts 414, 416, it bein
understood thai Ihc lirsi charging interface 410 can include
morc than Iwo spaced-apart anode contacts (c.g., 3. 4, 5 or

ss 6 unodc cont Icts)
In the embodiment shown in I'ICi 4, the power manage-

ment circuitry 406 is coupled to the first cathode contact 412
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1 ia a Iirs( coiulection 407 and to thc lirst iuld second anode
contacts 414, 416 vm separate connections As shov n. the
pmver management circuitry 4f)6 is coupled to the hrst
anode contact 414 via a connection 409 and tn the second
anode contact 416 via a connection 411. It is understood that
each physically separate anode contact of the first char in
intcrfacc 410 can bc coup)cd Io thc power muirigemcnt
clrcui(ry 406 via a separa(c elec(ncal conductor. II is also
understood that, in some confiaunstions, the hrst charging
interface 410 can include anode contacts cnupled to the
pmver management circuitry 406 via separate connections in
combination with two or more anode contacts coupled to the
power management circuitry 406 via a conunon connection.

lllc cluirgul module 422 ulcludes a second cllar ing
intcrfacc 430 conligurcd Io dcuichably couple (c.g.,
mechanically and electrically) with the first chaiging inter-
face 410 of the hearing device 402 'I'he charging module
422 includes chaiging circuitry 426 coupled to the second
charging interface 430 and a power source 424. The power
source 424 can be conhgured to receive poiver from a
standard wall ou(lct ano/or can ulcludc a rechargeable or a
comcntlonal battery Iu some embodimcn(s. Ihc power
source 424 can be configured to receive wireless power front
an external power source (e g.. inductive, radiofrequency,
optical). Iior example, the power source 424 can be conhg-
ured to implement inductive charging in accordance with the
Qi open interface standard developed by the Wireless Power
Consortnun. Thc second chargin ul(crlacc 430 ulcludcs a
sicond cathode con(ac( 432 and a multiplmi(y of anode
contacts 434, 436 In the embodiment shown in ill(i. 4, the
second cathode contact 432 is fixed in terms of its position
on the charging module 422 In this regard. the second
cathode contact 432 shown in FIC). 4 it is not a displaceable
cathode contact. Hov ever, it is understood that. in a variant
cmbodimcnt of FIG. 4, thc second ca(bode contuc( 432 can
be uuplmnentcd as a displaccable ca(bode rxmtact ul thc
manner lllustra(ed mid dcscnbed with rclcrcnce Io FIG. 3

In the illustrative example shown in IIIG. 4, the second
charging interface 430 includes two anode contacts 434,
436, it being understood that the second char ing interface
430 can include more than two spaced-apart anode contacts
(c.g.. 3. 4, 5 or 6 anode contacts). Thc munber of anode
contacts of the second chaiglng inierlhcc 430 may or nuiy
no( bc equal to the number of mlode contac(s ol Ihc lira(
charging interface 410 In the embodiment shown in FI(i 4,
the charging, circuitry 426 is coupled to the second cathode
contact 432 via a connection 437 and to the first and second
anode contacts 434. 436 via separate connections. More
particularly. thc Iirs( anode con(aci 434 is coupled to thc
chargulg circuitry 426 via coiulec(ion 439. Bnd thc almond
anode contact 436 ls coup)cd Io Ihc chargulg circui(ry 426
via connection 441

'(lie charging module 422 can include a retentinn arrange-
ment (shown in other figures) conficared to maintain
en a ement between the first and second charging interfaces
410. 430 dunng chargulg ol'hc rcchargcublc poller source
404 of thc hcinn device 402. In some mnbodimcnts, thc
In(ca(loll ill'Iallgclucllt cau coulpllsc ouc ol ulolc IIIBgucls
disposed at or near one or both of the first and second
charging interfaces 410. 430 In other embodiments. the
retention arran ement can comprise a mechanical retention
arran ement configured to mechanically maintain engage-
men( bc(wimn the Iirs( and second charging ul(crfaccs 410,
430.

Provision of elec(ncally separate anode conlac(s at thc
fir t and second charging interfaces 410, 430 provides for
the comnnuiication of power and one or more disparate

ulfiirmation signals bctwccn thc charging module 422 and
the hearing device 402 lior example, charging of the
rechargeable pnwer supply 404 can be accomplished via hrst
and second cathode contacts 412. 432 and anode contacts
414. 434. Data signals generated by one or both of the
char iilg module 422 and the hearin device 402 can be
conumuucated via anode contacts 416, 436. Although
rclhrrcd Io as mlodc con(ac(s gcncrally, i( Is undcrs(ood Iha(
the cnntacts of the first and second chaiging interfaces 41(),

In 430 that are used for communicating information signals can
be any form nf electrical contact Various types of disparate
information signals can be conununicated betv een respec-
tive pairs of anode contacts of the first and second chargin
ul(crfaccs 410. 430. The diapers(c fonna ol'lfonna(lon
signals ctul ulcludc s(a(c of charge Bnd chargulg s(a(us daiu.
control nr command signa)s. audio signals, video signals,
slid siglials from one nr more accessory devices (e.g,
smartphnne, tablet, wearable sensor) configured to conimu-
nicatively couple to one or both of the hearing device 402

lo and char ing module 422.
FICi 5 i)lustre(es a charging ul(crlhcc ul accordance wldl

any of thc emboduncn(s disclosed herein. Thc clrarglng
interface 500 shown in I'IC) 5 includes a cathode contact
502, which is t)qiical)y coupled to a negative contact charg-
ing connection 506. '(lie charging interface 500 also includes
an anode contact 504, v.hich is typically coupled to a
positive contact charging connection 508. In the embodi-
ment shown ul FIG. 5, thc cathode coatee( 502 w surroundixl
by Ihc anode con(aci 504. which has a cou(uluous aiulular
Coll fi gill'a(loll.

In some embodiments. the hearing device and the charg-
ing module can have a charging interface that generally
corresponds to the charging interface 500 shou n in FICi. 5.
When implemented on a hearing device, for example, a

ls region of thc cathode coatee( 502 (e.g., central region) can
bc roccsscd rcla(ise to a contact surface of thc anode connie(
504 (scc. e.g.. FIGS. 9 and 12). When unplmncntcd on a
clmrging module, and accordin tn some embodunents, the
cat)vide contact 502 can be displaceable (see, e g., )II(ig 3,

ao 10. Bnd 11) and pmud relative to a contact surface of the
anode contact 504. In other embodiments. the cathode
contac( 502 is a lixed clcctncal elcmcn( (uon-displaceablc)
and aced not bc proud re)a(ivc to a cou(act surface of Ihc
anode contact 504. Although shown Bs having a gcncmlly
circular sliape, the cathode and annde contacts 502, 504 can
have any curvilinear or polygonal shape

FICi 6 illustrates a charging interface in accordance with
any of the embodiments disclosed herein. The chargin
ul(crfacc 600 shown in FIG. 6 ulcludcs B cathode con(ac(

o 602. w)uch ls Iypmally coupled Io a uegutivc raintac( charg-
ulg councc(ion 606. 111C charging interface 600 also includes
an anode contact 604, which is typically coupled to a
positive cnntact charging connection 608 In the embodi-
ment shov,n in FICi. 6, the anode contact 604 comprises a

. I multiplicity of electrode elements 604a. 6046, 604C. each of
which ls coup)cd Io connection 608. The anode contac( 604
hus a conccntnc tn-u ace anode conliguratiou. As shown. Ihc
cathode con(ac( 602 is surrounded by Ihe conccn(nc Iri-Imcc
anode 604 cmnprising arcuate electrode elenients 604a,

sn 6046, 604C. I'he arcuate electrode elements 604a. 604/x
604C are situated at substantially the same radius (e.g.. -4-5
mm) relative to the cathode contact 602 (e.g., -2-3 nun
dliiuu:Icl). Al(hough Ihrcc arcuate elec(rode clculcllls Blc
shown m FIG. 6, the concen(ric unodc 604 can compnsc

os two. four, live or more clcc(rode clemente, I'or example.
In some embodiments. the hearing device and the charg-

ing module can have a charging interface that generally
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corresponds to Ihc chargutg uttcrface 600 shiiwn nl FIG. 6.
Vi'hen implemented on a hearing device, and in accordance
with some embodiments, a region of the cathode contact 602
(e .. central region) can be recessed relative to a contact
surface of the anode contact 604 (see, e.g.. FICIS. 9 and 12).
VVhen implemented on a charging module. for example. the
catlxidc contact 602 can be diaplaceablc face, c.g., FIGS. 10
and 11) mtd proud rclanvc to a conuict surface of thc anode
contact 604. Although shown as having, a generally circular
or arcuate shape, the cathode and anode contacts 602, 604
can have any curvilinear or polygonal shape

It is understood that the charging interface of the hearin
device and that of the charging module can be substantially
the same or ddlbrcnt ut configuranon. For example, and In
accord;mce with some cmbodimcnts, the cluuging module
can have a charging interface corresponding to the charging
interface 500 shoivn in I'l(i 5 (cathode contact surniunded
by an annular anode contact) In such einbodiments, the
hearing device can have a charging interface correspondin
to the charging interface 600 shown in FICI. 6 (cathode
contact surrounded by tn-trace anode contact).

FIG. 7 illustrates a chargutg interface in accordance with
any of the embodiments disclosed herein 'I he charging
interface 700 shoivn in lil(i 7 includes a cathnde contact
702 sumiunded by a multiplicity of anode elements 704a,
704b, 704c. In the embodiment shown in FICi. 7. the cathode
contact 702 and anode elements 704a. 704h. 704c have a
polygonal shape. For cxrunplc, thc cathode contact 702 has
a gcncrally square shape, and each ol Ihc anode elmncnts
704a, 704h. 704n has a generally rectangular shape It Is
understood that a charging interface can include cathnde and
anode contact elements having the same or different curvi-
linear or polygonal shape.

FI(fi SA illustrates a charging interface in accordance with
any ol'hc cmboduncnts disclosed heraus. The clmr ing
intcrfacc 800 shown In FIG. SA utcludea u cathode contact
802. winch is typically coupled Io a negative contact charg-
ing connection 806. 'I'he charging interface 800 also includes
an anode contact 804, which comprising a contact element
typically coupled to a positive contact char in ~ connection
808. In the embodiment shown in FIG. SA. the anode
contact 804 has a conccntnc Iri-uace mtodc conligurunon
comprising a mulnplictty of electrode clmucnts 804a. 804h,
804c. As shown, the cathode contact 802 is surrounded by
the concentric tri-trace anode 804 coniprisina individual
arcuate electrode elements 804a, 804h, 804c. The arcuate
electrode elements 804a, 804 b. 804n are situated at substan-
tially the same radius relative to the cathode contact 802.
Although Iluec urcu ate elec trode clmncnts are shov, n ut FIG.
8 A, thc coitccntric anode 804 cmt compnac two, four, five or
morc electrode elcmmtls, for cxiunplc.

According to various entbodiments, a hearing device and
a charging module incorporate the charging, interface 800
shown in FICi. SA. Each of the electrode elements of the
anode contact 804 is coupled to a separate elecrrical con-
ncmuon. Morc purticularly, clcctrodc clement 804n is
coupled Io rxinnimuou 810, clcctrodc clement 804b is
coupled Io connection 808, and clcctrodc clement 804c is
coupled to connection 812. I:lectmde element 804h repre-
sents an anode contact of the clmr ing interface 800. 'I he
electrode element 804b and the cathode contact 802 are
configured to conuuunicate power produced by the char in
ntodulc when charging Ihc ri chaIgcablc powct siiilrcc ol thc
hcanng dcvmc. Disparate information signuls (c.g., signals
S, mtd Sc) can bc communicated bctw ccn Ihc hearing device
and the charging module via electmde elenients 804a. 804i
and connections 810, 812 lior exaniple, signals S, can

constitute data signals fc.g.. state ol charge and charging
status data signals) and signals S, can constitute contml
signals generated bv the charging module and/or the hearing
device

When implemented on a hearing device. and in accor-
dance with some embodiment~, a region of the cathode
contact 802 fc.g.. ccnual region) can bc rcccssixl relauvc Io
a contact surface of Ihc anode contuct 804 face, c g.. FIGS.
9 and 12). Alternatively. the cathode contact 802 and the

In anode contact 804 can be substantially coplanar VVhen

intplemented nn a clmr in module. and in accordance ivith
some embodiments, the cathode contact 802 is a fixed
electncal element (non-displaceable) and need not be proud
rclanvc to a contact surface of Ihc anode contact 804. In

Is accordance with other cmbodimcnts, thc cathode conuict
802 can be displaceable (see. e.g. Iil(ig 10 and I I) and
pmud relative tn a contact surfhce of the anode contact 804
Although shown as bavin a generally circular or arcuate
shape. the cathode and anode contacts 802, 804 can have any

Io curvilinear or poly onal slmpe,
FICi 8B illus)ra(ca a clmrging intcrl'acc In accordance with

any of thc emboduncnts disclosed herein. Thc clrarging
interface 820 shnivn in lil(i. 8I3 includes an arrangement of
electrodes 824 comprising at least one cathode contact 824a
and at least nne anode contact 824h I'he electrode arrange-
ment 824 can include additional electrodes. such as elec-
trode 824c„wluch can be a cathode contact or an anode
contact. It is umlcrstood Iluit Ihc clcctrodcs of thc arrange-
mcut 824 can bc conligurcd as cathode or mtodc contacts, as

in long as the arrangement of electrodes 824 includes at least
one cathode cmitact and at least one anode contact. A data
contact 822 is shown summnded by electrodes of the
electrode arrangement 824. In the representative embodi-
ment shown in FICi. 8B, the electrode arrangement 824 has

Is a conccnlric In-trace clcctrodc coufiguranon compnsing
contacts 824a, 824b, 824c, which surround data contact 822.
In some cmbodimcnta, the electrode arrangement 824
includes tv'o arcuate electmdes, such as cathode contact
824a and anode contact 824h, v hich can be spaced apart

so from one another in the manner shown in FICr. 14D, for
example. The arcuate electrode elements 824a. 824h, 824c
arc situated at substmttially thc same radius rclanvc Io Ihc
du(a contact 822. Altlxiugh tluco urcuate clectrodc elcmcnls
arc shown ln FIG. 8B. Ihc clcctrodc arrangement 824 can
comprise tv'o. four, five or more electrode elements fiir
cxailiplc.

Accordin to various embodiments. a hearing device and
a charging module incorporate the charging interface 820
shown in FIG. SB. Cathode contuct 824a i ~ typically

o coupled to a negative cont;mt chargutg corutcction 830, and
anode contact 824b Is typically coupled Io a posiuve conuict
clmrging connection 828 1ilectncal contact 824n can be
coupled to either a negative or a positive chargtitg connec-
tion S32. The electmde arrangement 824 is configured to

. I conununicate poiver produced by the charging module when
charging Ihc rixhargcable power source ol'hc hcanng
dcvicc Onc or morc utformauon siguuls can bc conumuu-
catcd bctwcmn Ihc hcanng des Icc mtd the charging module
via data contact 822 via signal connection 826 I'or example,

an these infnnnation signals can constitute data signals (e.g,
state of charge and char in status data signals) and control
signals generated by the charging module and/or the hearin
dcvicc

FICi 8C illus)ra(ca a clmrging intcrl'acc In accordance with
as any of thc emboduncnts disclosed herein. Thc clrarging

interface 840a shown in lit(i. 8( includes a cathode contact
842, which is t)7ically coupled to a negative contact charg-
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ing connection 846. Thc charguig uitcrlace 840a also
includes an anode contact 844. svhich is typically cnupled to
a positive contact charging connection 848. In the embodi-
ment shov n in lil(i 8(', the anode contact 844 comprises a
multiplicity of electrode elements 844a. 844k 844c. each of
which is coupled to connection 848. The anode conmct 844
has a tuangular conliguration, mid is arrmigcd tn surround
the cathode contact 842. Thc tnangular anode contact 844
includes three electrode eleinents 844u, 844k tl44i each
having a generally curvilinear shape. In snme embndmients,
the electrode elements 844a, 844b. 844c have a closed
curved shape comprising only curved lines (e... no line
segments). For example, the electrode elements 844a. 844b,
844c can have a non-polygonal shape (c.g.. a gcnmctuc
shape that docs uot coulorm Io Ihc dcliiuIum ol a poly on).
t(epresentative examples of electrode elcnnents tl44u. 844b,
844r having a generally curvilinear shape include those
having a enerally round (e g, circular) shape, an elliptical
shape. and an oval shape It is understood that the electmde
elements 844a. 844b, 844c can also have an arbitrary closed
curt ilinear shape (c.g., a meandcruig sliapc) and/nr a closed
curt ilinear shupc rximpusing predominutcly curved lines
(e .. a minor percentage (at 0-20%) of line segments)

'lite electrode elenients 844a, 844k 844c can be situated
at substantially the same distance (e.g . -2-6 mm. —1-5 mni,
-3-5 nun) relative to the cathode contact 842. The cathode
contact 842 can have a diameter of about I.5 nun to about
3 mm. and thc clcctrodc clemmits 844a, 844b, 844c can have
the mime or smaller diamctcr (c.g., about I mm tn about 2 5

mm) Although three electrode elements 844u, 844h, 844r
are shmvn in lil(i 8('. the anode contact 844 can comprise
one, nvn. fiiur, tive or more electrode element ~ . for example,
arran ed in a substantially triangular shape. Also. although
the electrode elements 842, 844a, 844b. 844c are shown
having tlm same general shape ui FIG. SC (aixl other
ligures), it is understood Ilrat the clcctrodc elements 842,
844a, 844b. 844c cau lrsvc dillbrcnt shapes. For ex;unplc,
the electmde elements 842, 844u. 844h, 844c can have
ditferent curvilinear shapes or any coinbination of generally
curvilinear shapes and generally rectilinear shapes.

When implemented on a hearing device. and in accor-
dance with some embodiments, a rc ion ol Ihe caIlxidc
contact 842 (e.g., cmitral region) can bc rcccsscd relauvc tn
a contact surface of thc anode contact 844 (scx, c.g., FIGS.
9 and l2). Alternatively. the cathode contact 842 and the
anode cnntact 844 can be substantially coplanar When
implemented on a charging module, and in accordance with
some embodiments. the cathode contact 842 is a fixed
clcctucal clcmcnt (nou-displaccablc) mid need nnt bc proud
icliltivc 10 il cniltacl sillfacc nl Ilic alloili: ciilitac1 844. Ill
accord;mce with other cmbodimcnts, Ihc cathode contact
842 can be displaceable (see, e 8, lil(ig. 10 and ll) and
pnnid relative tn a contact surface of the anode contact 844

FI(t. BD illustrates a charging interface in accordmtce
with any of the embodiments disclosed herein. The char in
intcrfacc 840b shown in FIG. SD includes a cathode contact
842. winch is typically coupled Io a negative contact charg-
ing connection 846. Thc charguig uitcrlace 840b also
includes an anode contact 844. svhich is typically cnupled to
a positive contact charging connection 848. In the embodi-
ment shown in FICi. SD, the anode contact 844 has a
triangular mtode configuration comprising a multiplicity of
clcctrodc elemmits 844a. 844b, 844c. As shov n, Ihc catlxidc
contact 842 is surroundixl by Ihc Iriangulur anode 844
comprising nulivnlual clcctrodc clmncnis 844a, 844b, 844c.
'I'he electrode elements 844a, 844h. tl44c are situated at
substantially the same distance relatii e to the cathode con-

tact 842. Although thrcc clcctrodc elements 844a. 844b.
844r are shnivn in lil(i. SD. the anode contact 844 can
comprise nne, two, four, tive or more electrode eleinents. fiir
exon)pie, arranged in a generally triangular shape 'lhe
electrode elements 842, 844a. 844b, 844c can have a gen-
erally curvilinear shape or other shapes and/or combination
of shapes ihscusscd above with rcfcrcncc to FIG. SC.

According Io venous mnbodiments, a hcanng device and
a charging module can incorporate the charging interface

In 840h shown in I'l(i. Sl). Iiach of the electmde elements of
the anode cnntact 844 is coupled to a separate electrical
connection. More particularly. electmde element 844a is
coupled to connection 850, electrode element 844b is
coupled to connection 848, and clcctrodc clement 844c is

ic coupled to connccuon 852. Electrode clemmtt 844b repre-
sents an anode contact of the charging interface 840h 'I he
electrnde element 844h and the cathode contact 842 are
configured tn cnmnninicate pov er produced by the charging
module when charging the rechargeable power source of the

m heariirg device. Disparate information signals (e.g., signals
S, und Ss) can bc conununica ted bctw cmi thc hearuig device
and thc charguig module via clcctrodc clcmcnts 844a, 844c
and connections 850, 852. I'nr example. signals S, can
constitute data signals (e g. state of charge and charging
status data signals) and signals S, can constitute control
signals generated by the charging module and/or the hearin
device

FICi BE illustrates a clrarging interlhcc ui accordance widi
any of thc emboduncnts disclosed herein. Thc clrarging

sn interface 840i shown in lit(i. SE includes an arrangeinent of
electrndes 844 comprising at least one cathode contact 844a
and at least nne anode contact 844b I'he electrode arrange-
ment 844 can include additional electrodes. such as elec-
trode 844c„wluch can be a cathode contact or an anode

)c contacl. It is understood Ihat miy of Ihc elcctmdcs ol Ihc
arrangcmcnt 844 can bc conligured as cathode or anode
contacts, as long as Ihc arrangcmcnt ol clcctrodcs 844
includes at least one cathode contact and at least nne anode
contact A data cmitact 842 is shown surrounded by elec-

so trodes of the electrode arran ement 844. The electrode
elements 842. 844a, 844b, 844r can have a generally cur-
vilinear shape nr other shapes and/or combuiation of shapes
discussed above with rclbrmice Io FIG. SC.

In Ilm rcprcscntauvc mnbodiment shown in FIG. SE. Ihc
electrnde arrangement 844 has a genenslly triangular con-
figuration comprising contacts 844a, 844h. 844c. which
surround data contact 842. In some embodiments, the elec-
trode arrangement 844 can include two electrodec, cuch as
cathode contact 844a and anode contact 844b. which arc

c slmpcd to generally form a tuangular paucrn and can bc
spaced apart (c.g., ct)utdtstautly) lbom Ihc data contact 842.
'I'he electrode elements 844a, 844h. 844i can be situated at
substantially the same distance relative to the data contact
842 Although tluee curvilinear shaped electmde elements

. s 844a, 844k S44c are slmv n sumiunding the central data
contact 842 in FIG. BE, thc clcctrodc arraugemcnt 844 can
compose onc, Iwn, four, live or morc curviluicar shapixl
c(cctrodc clemente that having a generally tumigular pattens
and surrnund the data contact 842.

sn According to various mubodiments. a heanng device and
a charging module can incorporate the charging interface
840c shosvn in FK). SE. Cathode contact 844a Is typically
coupled to a negative cont;mt charguig coruicction 850, and
anode contact 844b is typically coupled Io a posiuve conuict

sc charging connection 848. Electncal contact 844c can bc
coupled to either a negative or a positive charyng connec-
tion 852. lite electrode arrangement 844 is contigured to

SONOVA EX1017 
Page 26



19
US 12,101,588 B2

20
commumcare power produced by thc chargmg module when
charging the rechargeable power source of the hearing
device One or more inforniation signals can be comnnuli-
cared benveen the heanng device and the charging module
via data contact 842 und signal connection 846. For
example. these information signals can constitute data si-
nals (c.g.. state of clrargc and charon slutus da(a sigoals)
and contrul signals gcncratcxl by thc char ung module;uld/or
the hearing device

)yhen implemented on a hearing device, and in accor-
dance ivith either of the embodiments shown in Fl(ig SD
and SE, a region of the central contact 842 (e.g.. central
re ion) can be recessed relative to a contact surface of the
peripheral contucts 844a. 844(I, 844C (sec, c.g., FIGS. 9 and
12). Altcmativcly, thc central contact 842 iuld (hc penphcral
contacts 844a. 844h, 844C can be substantially coplanar In
accordance with either of the embodiment ~ shov n in ill(ig
SD and 8I 1 (and other embodunents shown in other figures),
when implemented on u hearing device. a region of the
central contact 842 (e.g. central re ion) can be elevated
Ichltivc to B contact surlacc ol lhc peripheral con(scil 844a,
8446, 844C.

ill(ig SIBSI illustrate a custom hearing device (eg., u
custom hearing aid) in accordance with any of the embodi-
ments disclosed herein 'I'he hearing device 860 shown in
FIGS. SF-SI is configured to be v orn at least partially within
the ear canal of a wearer*s ear. The hearing device 860 is
rcprcscntativc of any type ol'TE hcamng unl, such as an
ITC, IIC or CIC hminng aid. Iiir example. Thc hearing
device 860 includes a faceplate 862 and a shell 864 con-
nected to the shell 864. 'I'he shell 864 houses the electronic
and electrical components of the hearing device 860, such as
those previously described. The shell 864 is typically shaped
to confomt to u particular v carer's ear canal using a mold
taken Ibom the wcarcr's car. In some conligurafions, thc
shell 864 can be constructed from semi-soft material (c g.,
polymcrm ma(coal) which can conform to (hc shape of thc
wearer's ear canal when the shell 864 is inserted therein 'I he
faceplate 862 includes a charging interface 840I/ and other
components/structures of the hearing device 860. such as
one or two microphones 866.

lllc charging interface 840d disposed on file I'uccplatc 862
comprises a cmltrul contact 842 surrounded by fiu cc pcriph-
cral contacts 844a, 844b. 844c armngixl ul a substantiully
trian ular pattern. 'I'he peripheral contacts 844ir, 844/I. 844i
can be situated at substantially the same distance (e 8, -2-5
nun, -4-5 imn, -3-4 mm) relative to the central mintact 842.
The central contact 842 can have a diameter of about 2 nun
to about 3 mm. und thc peripheral contucts 844a, 8446, 844C
can have the smuc or smaller ihmuctcr (c.g., about I mm to
about 2.5 nun, -I.5-2 mm).

'Ihe charging interface 840I/ can be representative of any
of the charging interfaces discussed herein lior example,
charging interface 840d can be configured and wired in the
manner of charging interface 840a shown in Flfr'. SC. In tlus
rcprcscntativc conti uration. (hc chsrgulg intcrfacc 840I/
includes a central cathode contact 842, coupled to a negative
clmrgulg connection, and tlucc anode contacts 844a, 844h,
844ii each coupled to a positive charging connection 'I he
anode contacts 844a, 8446. 844C are arnsnged in a substan-
tially triangular pattern and sluround the cathode contact
842. The contacts 842. 844a. 8446, 844C can have u gener-
ally curvilinear shape or other shapes and/or combination of
shapes discussed ubove with refi:rcncc to FIG. SC.

Accol'illng to allolllcr cxBnlplc cnlbodinlcnt, Ihc chBI lllg
interface 840d can be configured and wired in the manner of
charging interface 8405 shown in Is(ti SD In this repre-

smltativc conliguration, central mintact 842 m configured as
a cathode contact and peripheral contact 8446 is an anode
contact of thc charging interface 840d. Central cathode
contact 842 and peripheral anode contact 844/I are conhg-
urcd to conuuunica(c power produced by a chargulg module
when charging the rechargeable power source of the hearing
device 860. Dispamste information signals (e.g., signals SI
and 8,) can be communicated between the hearing device
860 and the char in module via peripheral contacts 844a.

i it
844c. For example, signals S, can constitute data signals
(e ., state of charge and clmrging status data signals) and
signals S, can constitute control signals gmleratcd by (hc
clmrging module anipor the heanng device 860

According to anoihcr cxmuplc mnboduncnt, the clrsrging
interface 840J can be conti ured and ivired in the nianner of
char iiig interface 840c shown in Flfi. SE. In this represen-
tative configuration. the char ing interface 840I/ includes at
least one cathode contact 844a and at least one anode contact

lo 8446. Elcctrodc 844C can bc conligurcd as a cathode contact
or an anode contact (or a separate sigtal conununicatin
contact). A central data contact 842 can bc suiroundcxl by
contacts 844a, 844/I, 844i arranged in a substantially trian-
gular pattern I'he contacts 842, 844ir, 844/I. 844c can have
a generally curvilinear shape or other shapes and/or combi-
nation of slmpes discussed above with reference to FIG. 8C.

In accordance lvith any of the embodiments shown in
FIGS. SF-SI, a region of thc charging utter(ice 840d wluch
ulcludcs thc central contact 842 (e.g . central region) can bc

so recessed relative to a contact surfhce of the peripheral
contacts 844ii, 844/I, 844r. (see. eg, liltig 9 and (2)
Alternatively, the central contact 842 and the peripheral
contacts 844a. S446, 844c cml be substantially coplanar. In
accordance with altenlative embodiments, the central region

ls of thc charging intcrfacc 840d wluch ulcludcs the central
contact 842 can bc clcvatcd relauvc to a contact surface of
thc pcnpheral contacts 844a, 844b. 844C. In accordance wifil
any of the embodiments disclosed herein, the peripheral
contacts 844ii, 844/I, 844c can be surrounded by a peripheral

so v all having a heicht greater than that of an exposed surface
of peripheral contacts 844a, 8446, 844c.

Flfi SJ illus(ra(ca a charging intcrfacc of a heanng device
ul accordance with any of thc embodiments disclosixl
hcrmn. Thc chargulg ultcrfacc 870 shown In FIG. 8J
includes an arrangement of penpheral electrodes 874 coni-
prising at least one cathode contact 874ir and at least one
anode contact 8746. The peripheral electmde arrangement
874 can include additional electrodes, such as electrode
874c, winch ciul be an mlodc contuct or a cathode contact.

o A data contact 872 is shown surrounded by clcctrodcs ol'hc
electrode arrangemcnt 874. In thc rcprcsentauve embodi-
ment shown in lil(i. 8.1. each of the peripheral electrodes
874a, 874/I, 874C and the data contact 872 has a generally
curvilinear shape (e.g., rounded. circular, elliptical, oval).

. s The charging interface 870 is coupled to poly-phase
rcctilicauon circuitry disposed in thc housing ol'he hcanng
dcvicc. w luch is illus usted as a 3-phase rcctilier 890 In FIG.
SJ. Contacts 874a, 874b. mid 874c urc couplcxl to thc
3-phase rectifier 890 via char ing connections 880, 878, and

so 882, respectively 'I'he electrode arrangement 874 is conhg-
ured to conununicate power pmduced by the chargin
module when charging the rechargeable power source of the
hcanng dcvicc. In thc emboduuent shown in FIG. SJ. power
Is contained willun tlm concentmc clcclrodc arrmlgemcnt

ss 874 Usutg (lus electrode conliguration, Il't least onc
coiltact ot the electrode arrail einent 874 is connected to
gmund ((iN()) and at least one other contact of the electrode
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arrmlgmncnt 874 ls connected to power (PWR), dieu thc
3-phase rectiher 890 will supply the correct polarity v ith the
correct voltage

'lhe charging interface 870 of the hearing device is
configured to establish electrical connection with a char in
interface 891 of a charging module, an example of which ls
shown m FIG. OK. Thc charging ultcrface 870 ol'the hearing
device mcludcs ut least two contacts 8'74a, 874/1 v, hich serve
as cathode and anode contacts. 'I'he two contacts 896, 898 of
the charging module's clwrging interface 891 are con(igured
and arranged so that each contact 896, 898 electrically
colulects with only one of the tluee contacts 874a. 874/1,
874c of the hearing device's charging interface 870. Tlus
slrangcnlcnt ensures liat anode and cathode conlucls of thc
hcaung dcvicc clcctncally connect with rcspccuvc anode
and cathode contacts of the charging inodule In Fl(i OK. the
contacts 896. 898 of the charging module's charging inter-
face 89) are shown as having an arcuate shape 'I'he contacts
896, 898 may alternatively have a curvilinear shape, a
rectilinear shape, or other shape.

One or morc ullbmlatlon ~ ignals can bc conununlcutcd
between the hcarulg dcv ice aud thc char ung module vm data
contact 872 and signal connection 876 lior example. these
information signals can constitute data signals (e g.. state of
charge and charging status data signals) and control signals
generated by the char ing module andtor the hearing device.
One or more disparate signals can be communicated over
data contact 872 using a sequenual or mulnplcxulg data
transmission tcchnlquc (c.g., lime-division mulliplcxing,
frequmlcy-division multiplexing, code-division nndtiplex-
hig).

liIG 9 is a cross-sectional view of a portion of a hearing
device in accordance with any of the embodiments disclosed
herein. The pottlon of the heaung device 900 shown in FI(i.
9 includes a char in interface 902 incorporated on thc shell
or housulg 904 ol'hc hcarulg device 900. Thc cllar ing
intcrfacc 902 is situated at or near an ex(cuor surface of thc
housing 904. Iior example, the charging, interface 902 can be
situated on a faceplate of an in-the-ear type hearing device
(e g.. ITE, ITC, IIC, CIC device). In the case ofan on theear
type hearing device (e.g., BTE, MC. RITE device), for
example, thc charging ultcrfacc 902 csn bc situs(ed at or
near a bottom or top eud surlhcc of the housing 902. Thc
chargulg intcrfacc 902 is couligurcd to physicully;uld clcc-
trically coupled to a corresponding charging, interface of u

charging module (see, e g..! I(ig 3, 4. IO, and I I)
The char in interface 902 includes a cathode contact 906

partially or entirely surmunded by an anode contact 908.
Thc anode contact 908 can bc a sin lc elcmlrical curn)ac( or
comprise a muluphcity ol elcclricsl contacts (secs c g.,
FIGS. 3-8). For cxamplc, the anode contact 908 cau conl-
prise a single annular electrical contact or two or nlore
arcuate electrical contacts (e g., a concentric tri-trace anode
configuration) The cathode contact 906 is shown extendin
sfigtt)y beyond the extenor surface of the housing 904
relative to thc anode contact 908, wluch is shown as sub-
stantially coplunur with lhc cxtcnor surfucc of (hc housulg
904. In some unplcmcntauons, thc cadlodc contac( 906 can
be substantially coplanar with exterior surface of the hous-
ing 904. 'I'he cathode contact 906 can include a recessed
re ion 907, which is typically situated within a central
re ion of the cathode contact 906. The recessed re ion 907
scrvcs to guide a corrcspondulg cathode con(uct ol a charg-
ing module ulto proper contact wl(h lhc ca(hodc contact 906.

In thc embodunml( shown in FIG. 9, thc hcarmg device
900 includes a retention arrangement 9)f) 'I'he retention
arrangement 910 is configured to nlaintain engagement

bctwiwn thc charging intcrfacc 902 and a corrcsponihng
char illg interface of a charging module during charging of
a rcchsrgcablc power source of thc hcanng dcvlcc 900. Thc
retention arrangement 910 includes a magnet 9)1 or nlag-
nctlzsblc strucnue v luch can interact with a corrcsponihng
ntuguet or magnetizable stnlcture of the charging nlodule In

some embodiments. the anode contact 908 partially or
entirely comprises magnetic material. in which case the
separate magnet 911 or magnetizable structure need not be

111
ulcludcd in thc rctcntion arrangcmcnt 910.

FICi 10 is a cross-sectional view ofa portion ofa chargin
module in accordance with any of thc embodiments dis-
closed herein. (lie portion of the charging module )000
shown in FIG. 10 includes a charging interface 1002 dis-
posed on a charging surface 1004 of the charging module
1000. The charging interface 1002 is configured to physi-
cally and electrically coupled to a corresponding charging
interface of a hearing device (see, e.g.. FI()S. 3, 4. 9. and

zc 12) Thc chaiglng intcrfacc 1002 includes a cathode connie(
1006 partially or entirely surrounded by an anode contact
1008. Thc anode coatee( 1008 cau be a sulglc clcciucal
contact or comprise a iuultiplicity of electrical contacts (see,
c g., FIGS. 3-8). For cxmnplc, thc unodc wlntact 1008 csn
comprise a single annular electrical contact or two or nlore
arcuate clcxlrical cunlacts (c.g., a conccntnc ln-trace anode
configuration)

The charging interface 1002 includes a through-ho)e 1012
within which the cathode contact l(H)6 is disposed 'lhe
cathode contact 1006 is displaceable within the through-hole
1012. A biasing arrmlgrsucnt 1014 is couligurcd to bias a(

least a portion 1006a of the cathode contact 1006 above a
contact surl'acc 1009 of lhc mlode contact 1008. As such, thc
cut)vide contact I 006 is proud relative to the anode contact
1008 pnor to engagement with a corresponding clrsrglng
interface of a hearing device. I'he biasmg arrangement )014
is configured to bias at least the portion 1006a of the cathode
contact )006 above the contact surface )009 to facilitate

sc electncal contact between the cathode contact 1006 and a
corresponding cathudc contact ol' hcuung device prior to
electncal contact between the anode contact 1008 and
corrcspondulg anode contact ol thc hcsrul device.

According to some cmbodimmlts, lhc cathode connie(
)006 conlprises an elon ated electrode, and the biasing
arrungenlent )0)4 comprises a spring )016 In some
embodiments. the cathode contact 1006 and biasing arrange-
ment 1014 define a sprin -loaded pogo pin assembly. The
pogo pin assembly 1014 includes a ccntcr post pogo pin

c 1006 which is sea(Os) ulto die housing ol'he charging
module 1000 via pogo housulg 1018. Thc pogo housing
10)8 contains a pogo sprin 1016 and a pogo endstop 10)9

I'he char ino module l(N)0 also includes a retention
arrangement 1020 configured to maintain engagement

.1 between the cltarging interface 1002 and a correspondin
charging intcrl'acc of a hearing dcv ice durulg chargin of a
rccllargcablc power source of the heanug dcv ice. The rctcn-
tlon arrangement 1020 includes a magnet 1022 or magne-
tizable stnlcture which can interact with a corresponding

sc ntuguet or magnetizable stnlcnlre of the hearing device. In
some embodiments, the anode contact 1008 partially or
entirely comprises macnetic material, in which case the
separate magnet 1022 or magnenzablc structure aced not bc
ulcludcd ul thc rctcnuon arrangcmcnt 1020. In some

ss cmboduucnts, thc anode contact 1008 can bc unplemmlnxl
as a ring nlagnet plated ivith electncally conductive material
'I'he nng magnet provides attraction to a different inagnet or
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magneuzablc structure in Ilm hcanng dcvicc ui order to ulign
the electrical contacts 'I'he plating provides corrosum resis-
tance

IiICig 11 and 12 illustmste a systein in accordance v ith
any of the embodiments disclosed herein. The system
includes a hearing aid 120Z (FICi. 12) conf ured to be worn
at fust partially withui Ihc car canal of a wearer's car. Thc
hcanng md 1202 is rcprcsmitativc ofany type of ITE hearing
aid, such as an I'I (1 ll('r ( I('earing aid, for example 'I he
hearing aid 1202 includes a charging intertace 1204 con&-

prising, a cathode contact 1206 surrounded by an anode
contact 1208. Although shown as a concentric tri-tmce
anode in FICi. 12, the anode contact 1208 can be conti ured
as a slllglc cleclrodc clclllcllt oi a iIlillilpllcitv of clccliodc
clcmcnts. Thc cbarguig uitcrfacc 1204 is disposed on a
faceplate 1203 of the hearing aid 1202

IiICi 11 shows a charging inodule (122 which can be
installed in. or be integmsl to, a charging fixture. 1'he charg-
in module 1122 includes a charging interface 1124 which
includes a dfspfnceable central cathode contact 1126 sur-
rounded by a couccntnc anode conuict 1128. The displucc-
ablc central cathode contact 1126 can be implcmcntcd as a
sprin -loaded elongated electrode, such as that shown in
lil(i. 10 fe g. a spring-loaded pogo pin assembly). It is
understood that a chaigtng fixture will t)picafly include two
of the charging modules 112Z contigured to charge two of
the hearing aids 1202.

FIG. 13 is u schmnatic showing clcctncal components of
a systmu ui accordance with any of Ihc cmbodimcnls dis-
closed herein 'I'he schematic of systeni 1300 includes elec-
trical components of a heanng device 1302 and electrical
components of a clmrging module 1320 'I'he hearing device
1302 includes a rechargeable power source 1304, such as a
lithium-ion battery. Tire rechargeable power source 1304 Is
coupled Io power mnnngmncnt circuitry 1306, such as a
PMIC. The power mauagcmcnt circuitry 1306 is coup)ox) to
an anode contact R3 and a cathode conuict R6. Thc;uiodc
contact R3 and cathode contact R6 of the hearing device
1302 can have a conhguration and functionality descubed
previously.

The charging module 1320 includes a power source V,
wluch is represcnlcx) as a baucry iii FIG. 13. Tile piiwcr
source V can include n rechargeable baucry, a convmitioiml
bat(cry, and/or mi AC/DC convertor configured Io rimmvc
pmver from a standard wall outlet In some embodmients,
the poiver source V can be configured tn receive wireless
power from an external power source (e.g.. Qi, inductive,
radiofrequency, optical). The charging module impedance Is
rcprcscnted by Rl, wluch i ~ shown coupled to an anode
contact R2 via anode switch Sl. Resistor R4 rcprcscnts a

pulldown resistor for current sensing. Resistor R4 is coup)cd
to a cat)aide cnntact R5 via cathode switch S2 'I he anode
contact R2 and cathode contact R5 of the charging module
1320 can have a configuration and functionality descnbed
previously. In some embodiments. the char in module
1320 is not coufigurixl Io control anode switch Sl and
catlxidc switch S2 indcpmidcntly, so mcclranically ensuring
a ground /GND) contact lirst provides lor a morc accurate
and cnnsistent inrush current pmfile as previously discussed.

IiICi 14A is a schematic showing electrical components of
a system in accordance with any of the embodiments dis-
closed herein The schematic of system 1400 includes elec-
trwal components of a hcanug dcvicc 1402 mid clcctrical
components ol'a churging module 1420. Thc hcann device
1402 includes a rcchargcablc power source 1404, such as a
lithium-ion battery 1'he rechargeable power source 1404 is
coupled to poiver management circuitry 1406, such as n

PMIC. Thc power managcmcnt circuitry 1406 is couples) Io
a rectifier 1408. (lie rectifier 1408 is coupled to a contact
arrnngenient 1410 comprising a cathode contact. at least one
anode contact, and one or more electncal contacts conhg-
ured to conununicate infounation signals betv een the hear-
ing device 140Z and the charging module 14Z0. The rectifier
1408 can bc uuplcmcntcd as an N-phusc rccuficr, where N
is equal Io Ihc number of clcctncal con(sew of Ihc conuict
arrnngenient 1410.

In Any of contacts R3. R6. and R7 of the hearing device
1402 can be cnnfigured as an anode contact or a cathode
contact. Any of contacts R3. R6, and R7 can be conhgured
as nn electrical contact configured to commumcate infomia-
tion sigimls. In some embodiments, contacts R3, R6, and R7
can bc conligurod as spit-ring pui connectors, with Ihc
center pin cnnnector bein used fiir data signa) transmission
and the nther two connectors being used as cathode and
anode cnntacts for charging,. Other electrical contact con-
fi urations are contemplated. For example. and v ith refer-

)a ence to the embodiment shoiwi in FICi 14B. the hearin
dcvicc 1402 eius mcludc a cluirguig inter(ice 1403 compns-
uig a central cathode pin R7 surrounded by spit-ring pin
connectors R3 and R6. One of cnnnectors R3 and R6 is
configured as an anode contact for chaigtng. and the other of
connectors R3 and R6 is configured as an electrical contact
confi ured for data signal transmission. The contact arrange-
ment 1410 of the hearin device 1402 can have a configu-
ration and functionality dcscribcd previously

Thc chiuging module 1420 includes n power source V.
in which is represented as a battery in I'l(i 14 'I'he power

source V can include a rechargeable battery, a conventional
battery, and/or an AC/D('nnverter configured to receive
power from a standard v all outlet. In some embodiments.
the po~er source V can be configured to receive v.ireless

is power from an cxicnud power source /c.g., Qi. inducuvc.
radiolycqucncy. optical). Thc charguig module impcdmicc is
rcprcscntcd by R1. which is shown coupled Io an anode
contact R2 via anode sivitch Sl. Resistor R4 represents a
pulldown resistnr for current sensmg Resistor R4 is coupled

so to a cathode contact R5 via cathode switch SZ. The anode
contact R2 and cathode contact R5 of the charging module
1420 can have a configuration and fuuctiouahty dcscubixl
previously. In some cmbodimcnts, thc charging module
1420 is not configured to control anode switch Sl and
cntlmde switch S2 independently. so mechanically ensuring
a ground f(rNI)) contact tirst provides for a more accurate
inrush current profile as previously discussed.

In addition to pmvidin anode and cathode contacts for
charging, Ihc hcanng device 1402 and charging module

o 1420 include onc or morc additional electrical con(sew lor
conumuucatuig infunnation signals between the hcanng
device 1402 and chargin module 1420 I'or exaniple, data
cnn be cmnmunicated via nne or more contacts, which can
be split into multiple contacts each providing a separate

. s connection for disparate siytaf transmission. The type of
slgllill Irallsllllucd os or cacll cori(act call bc dctcclcd art(e-
metically by (hc Charging module 1420, wluch cmi recon-
ligurc thc charger connections ui real time. For example, Ihc
clmrging mndule 1420 can include circuitry fiir detecting

sn whether a particular contact is being used to transmit power
and/or data, such as by detecting the pull-up strength of the
contacts. In some embodiments. the char ing module 1420
can include circuitry conligurcd Io detect thc rainnccuons by
cycling Iluough known protocol possibiliucs aud usui Ihc

ss ouc that works Iluough a Iumdshaktng procedure.
lil(i 14('llustrates a charging interface of a hearing

device in accnrdance with any of the embodiments disclosed
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hcrcui. Thc charguig Intcrlbcc 1430 shown ui FIG. 14C
includes an arrangement of electmdes 1434 rxmiprising at
least one cathode contact 1434a and at least one anode
contact 1434b 'I he electrode arnsngeinent 1434 can include
additional electrodes, such as electrode 1434r, which can be
an anode contact or a cathode contact. A data mlntacr 1432
is slxlw n surrounded by clectrodcs of dlc electrode arrange-
ment 1434. In the rcprcscntativc cmboduncnt shown m FIG.
14C. the electmde arrangement 1434 has a concentric tri-
trace electrode configuration comprising contact ~ 1434a,
1434/i, 1434as which surround data contact 1432 ln some
embodiments, the electmde arrangement 1434 includes two
arcuate electrodes, such as cathode contact 1434a nnd anode
contact 1434b. wluch cdu bc spaces) apdm I'rom one another
(c.g.. sec FIG. 14D). The arcuate clcctrodc clcmcnts 1434a,
1434/i, 1434i are situated at substantially the same nsdius
relative to the data contact 1432 Although three arcuate
electrode elements are shown in lil(i 14G, the electrode
arran ement 1434 can comprise tv'o. I'our, five or more
electrode elements. for example.

llic chargui uitcrlacc 1430 ia coupled to poly-phase
IcmtlllCB(loll CIICUI(eg WIIICII ls llhislla(Cd IIS B 3-pllBSC
rectifier 1450 in I'l(i 14( ('ontacts 1434a, 1434R and
1434c are coupled to the 3-phase mctifier 1450 via charging
connections 1440, 1435. and 1442. respectively 'I'he elec-
trode arrangement 1434 is configured to conununicate
power produced by the chargmg module when charging the
rcxhargcablc power source of thc hearing dcvicc. In thc
cmbodimcnts shown ui FIG. 14C, power Is contained witlun
the concentric electrode arrangement 1434 Using this elec-
trode configuration. if at least one contact of the electrode
arrangement 1434 is connected to ground ((iND) and at least
one other contact of the electrode arrangement 1434 Is
coiulected to power (PWR), then the 3-phase recrifier 1450
will supply thc correct polanty with thc correct voltage.

llic charging uitcrl'acc 1430 Is configured to cstabhsh
Ch:CtllCdl COIIIICC(loll With d CIIBlglllg llltelldCC Ol d CRBI lllg
module, an example of which is shown in I'l(i. 14D. 'I he
charging interface 1450 includes at least two contacts 1454,
1456 which serve as anode and cathode contacts. The two
contacts 1454, 1456 of the charging module*s char in
intcrfacc 1450 are conligurcd aml arranged so lluit each
contact 1454. 1456 clcctncally connects with only one of thc
tlucc contacts 1434a, 1434b. 1434c of thc hearing device's
charging interface 1430 'Hus arrangeinent ensures that
anode and cathode contacts of the hearing device 1430
electrically connect is ith respective anode and cathode con-
tacts of the charging module.

One or morc uilbmiation ~ ignals can bc conununicatcd
between the hcarulg dcv ice aud thc char ung module vm data
contact 1432 mid sigoal connection 1436. For ex;unplc,
these infilnnation signals can constitute data signals (e g.,
state of charge and charging status data signals) and contml
signals enerated by the charging module and/or the hearin
device. One or more disparate signals can be conununicated
over data contact 1432 using a scqucntial or multiplcxing
data trmlsnussiou tcchniquc (c.g., ume-division multiplcx-
ing, frequency-division muluplexuig, code-division multi-
plexing)

III(i 15 illustmstes a method of implementing accelerated
charging of one or more hearing devices usin a char in
module in accordance v ith any of the embodimenrs dis-
closed hcreul. Iu thc Illustrauve method shown ui FIG. 15,
two car-worn clcctroiuc dcviccs arc subject to uccclerutcd
Cllalglllg I ia two ChBIglllg lllodUICS plovldCd Oll thC CRBI lllg
fixture 'I'he method shown ul! I(i 15 involves establishing
connection 1502 between first and second ear-v orn elec-

troruc devices and lirst mid second char In modules of thc
clmrging fixture 'I'he inethod involves determining 1504 the
state of char e (So(') of the rechargeable power sources of
the ear-v orn electronic devices A check 1506 is made to
determine if the SoC of the reclmr cable power sources is
v ithin a predetermined SoC range (e.g., 5-35%). If the SoC
of thc rcchargeablc power sources full w Idun the predctcr-
nuncd SoC range, thc method involves charging 1500 thc
rechargeable power sources at an accelerated charge rate

In above 1.0 ('e.g. I 5 ('-30 (') Accelerated charging
continues while the So('f the rechargeable power sources
remain within the predetemlined SoC msnge. Accelerated
char iiig is discontinued when the SoC of the rechargeable
power sources is beyond thc prcdctcnnincd SUC ran c. In

Is SOIIIC clllbodilllellts, BCCCICIBICd Clldl ill IS ilmCOlltlllUCd Ill
response to expiration of a predetermined tinle liniit (e.g . 15

nunutes), reaching a predetermined voltage liniit (e.g,
4 I V), or reaching a predetermiumf energy limit (e o.. 7 5

UUAh).

io At the termination of accelerated charging, the ear-worn
cfcctroruc devices may bc removed I'rom thc charging mod-
ules of thc clmrging lixture for immediate usc. In some
embodinlents, five minutes of accelerated charging allows
the ear worn electronic devices to be used for between 2 and
6 hours nf nomlal operation. Rather tlmn using the ear worn
electronic devices afier termination of accelerated chargin .

the method can involve charging 1510 the rechargeable
power sources at a nonual charge rate at or below 1.0 C. A
check 1512 is made to dctcnninc If rechargcablc power

sn sources are fully clmr ed. If not. charging at the normal
clmrge mate continues. When the rechargeable pow:er sources
are fully charged, the charging pmcedure is ternlinated 1514
Accelemsted char ing can be implemented in accordance
v ith the teachin s disclosed in coimnonly-ov ned U.S. pat-

ls cnt upphcation Scr. No. 16/012,399 (Hi gula et al.), Iilcd on
Jun. 19, 201S iuid muitlcd PORTABLE CHARCiING UNIT
WITH ACCELERATED CHARGING FOR HEARING
ASSICFI'ANDI i l)l!VI( IIS. which is incorporated herein by
reference.

do FICi 16 is a gaph that characterizes accelemsted chargin
of a lithium-ion battery of an ear-worn electronic device in
accordance with any of thc embodnucuts disclosed herein.
Thc graph ol FIG. 16 clmractcnzes bauery voltage 1602 and
charge current 1604 as a I'unction of time during ihllbrcnt
plmses of a charging procedure As Is indicated below the
time axis, the different phases of the chatgtng procedure
include a pre-charge plmse (A), an accelerated constant
current charge phase (B), a constant voltage charge phase
(D), and a charge complctc phase (E). Dunng thc prc-char c

o phusc (A). Ihc Hiargc current 1604 Is low (c.g . 0.1 C) and
thc battery voltage 1602 slowly increases. It is noted that a
mell-designed system should stay out of tlus regiine 'I he
pre-charge phase (A) continues until the battery voltage
1602 reaches 3.0 V, at which time the accelerated constant

. a current charge phase (B) is initiated.
Duruig thc accclcrated charging phase (B), the char c

current 1604 rapidly incrcascs to a charge rate above 1.0 C.
such as 1.5 C. Dunng thc accclcratcd chnrguig phase (B).
high current is supplied to the battery which results in a rapid

an increase in battery volta e 1602 I'or exanlple, a clmr e
current of 5 mA can be supplied to the battery during the
Latter part of the pre-charge phase (A) (e g., at 0.3C). The
charge current can bc incrciscd to bctwixu 17 and 24 mA
dunng thc accclcratcd charging phase (B). The accelerated

as charging phase (B) continues until a predetermined lime
linut (e g., 5-15 min) has been reached In some embodi-
ment~, the accelerated clmrging phase (B) continues until a
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prcdctcrmincd baucry voltage 1602 (c.g., 4.1 V) or prede-
termined energy level (e.g, 7.5 mAh) has been reached.

At the conclusion of the accelerated charging phase (B),
the charge current 1604 rapidly decreases to a nnrmal charge
current level (e g., 6 mA at a charge rate of OB C) nt the
initiation of the constant current charge phase (C). Durin
the constant current charge phase (C). a normal charge
current (c.g., 5 UUA) is supphcd Io the baucry rcsulung in a
continued increase in the battery voltage 1602. When the
battery voltage 1602 reaches a predetermined level (e.g . 4 2
V), the charging procedure transitions fmm the constant
current charge phase (C) to the constant voltage charge
phase (D). Dunng the constant volta e charge phase (D), the
clmrge current 1604 dccrcascs until a cutofi 1606 is rcacluxh
al whwh tune the charguig procedure is tcnmnated. It is
nnted that at the charging con&plate phase (I:), the battery
vnlta e 1602 slightly dmps over time (e g., from 4.IV to 3 0

V) In the embodiment shown in the I&I(i. lb. the charge
current 1604 supplied during the acceiemted charging phase
(B) changes in a step-wise fashion. It is understood that. in
some embodiments, Ihc charge current 1604 can decrease
gradually as the accclcralcd chargin phase (B) Iraimilions lo
the constant current charge phase ((')

Althou h reference is made herein to the accompanying
set nf drawings that form part of this disclosure. one of at
least ordinary skill in the art will appreciate that various
adaptations and modifications of the embodiments descnbed
hCICI&1 Sic wilhlil, Or do Iiol dCpJ&t lioiu, lhC SC&&pC Ol thlS
disclosure. For cxmnple, aspects of thc mnbodimcnls
described herein may be combined in a variety of ways v ith
each nther 'I herefore, it is to be understood that. witlun the
scnpe of the appended claims, the claimed invention may be
practiced other than as explicitly described herein.

All references nnd publications cited herein nre expressly
incorporauxl hcreu& by rcli:rcncc in Ihc&r cnlircly into tlus
disclosure. except to the cxlmu they may directly contradict
tins disclosure. Unless olhcrwisc u&dicatcd, all numbers
expressin feature sizes, amounts, and physical properties
used in the specification and claims may be understood as
bein modihed either by the term "exactly" or "about.**

Accordingly. unless indicated to the contrary. rhe numerical
parmnclcrs scl forth u& Ihc foregoing spec&(ication and
attached cleans are approxuuauons tlml cm& vary dcpcndu&g
upon tlm desired propert&ca sought lo bc oh&au&cd by those
skilled in the art utilizing the teachings disclosed herein or,
fi&r example, within typical ranges of experimental em&r.

The recitation of numerical ranges by endpoints includes
all numbers subsumed within that ran e (e.g. I to 5 includes
I. I dh 2, 2.75, 3, 3.00, 4, and S) and uny range widm& that
range. Herein. the tcnns "up lo" or '*no grcalcr thun" a
number (C.g., up lo SO) uicludcs thc number (c, SO), and
the tenn "no less than" a nuinber (e g., no less than 3)
includes the number (e g.. 5).

The terms "coupled** or "connected" refer to elements
bein attached to each other either directly (in direcr contact
with each other) or indirectly (havu&g one or morc elmncnls
between and Bltaclung the Iwo clcmcnts). Either Icm& nuiy
be modified by "opcrauvcly" and '*operably," winch muy bc
used interchangeably, to describe that the coupling. or con-
nectinn is configured to allow the coinponents to interact to
carry out at least some functionality (for example, n radio
clup may be operably coupled to an antenna element to
provide a radio fic&IUcncy chmlromagncuc s&goal fi&r wirc-
ICSS Co&nil&UI&&cat&oil).

Terms related lo oncntation, such us **U&p," "bottom,"
"side." and "end," are used to describe relative pnsitions of
components and are not meant to limit the orientation of the

sii

Wlmt is claimed is
I A svsteln, co&upi"Is&&if,'t

least one hearin device conti ured to be worn at. in or
on an ear of a wearer. the hearing device comprising a
rcchargcable power source. power managcmcnt cir-
cuitry, and a first chargu&g u&tcrfacc rx&mpnsing a Iirsl
cathode contact and a Iirst anode rx&ntacl spaced apart
front the first cathode contact; and

a charging module comprising:
a second charging interface configured to detachably

couple with the first charging interface of the hearin
dcvicc, lhc scen&&d chil&'gii&g linc&lace coiupiisiilg J
a&mond anode contact having a contact surface aml J
displaccablc second cathode contact,

an arrangement conhgnred to displace at least a portion
of the second cathode contact above the contact
surface to facilitate electrical contact between the
first and second cathode contacts prior to electrical
contact between thc first and second anode contacts.
Biul

Clliirgiiig CIIC&iilrV ConplCd lo lhC SCCO&id chB&gilig Ii&n:I-

face and configured to charge the rechar cable
power source of the hearing device

cmboduncnts contemplated. For example. mi emboduucnl
described as having a "top" and "bottom** also encompasses
cmboduncnls thereof rotated in & anous d&rccl&ons unless Ihc
content clearly dictates othenvise.

Reference to "one embodiment," "an cmboduncnt," '*cer-

tain embodiments.*'r "some embodiments," etc., n&cans

that a particular feature, conhguration, composition. or char-
acteristic described in connection &vith the embodiment is
included in at least one embodiment of the disclosure. Thus.

lit thc appearances of such plu Uses in various places lluoughoul
are not necessarily referring to the same embodiment of the
disclosure. Fur&hem&ore, thc particular features, conligura-
tions, con&positions. or characteristics may be combined in
any suitable miuu&cr m one or morc embodnncnls.

I'he wnrds "preferred" and "preferably" refer to embodi-
ments of the disclosure that may afiord ce&tain benefits.
under certain circumstances. I lo&vever, other embodin&ents
may also be preferred. under the same or other circum-

&0 stances. Furthermore, thc recitation of onc or morc prcli:rrcd
embodiments does not imply that other embodiments are not
useful and is nol intended to exclude other mnbodimcnls
from the scope nf the disclnsure

As used in llus spimilicalion m&d thc appended claims, Ihc
singular forms "a,** "an." and "the" encompass embodin&ents
liaviilg pi&&Bi Iefcn:I&ts, Ui&h:ss lhc co&10:Ill clrxirly dictates
otheiw&se. As used in this specification and the appended
clauns. the term "or'* is generally employed in its sense
including "and/or" unless the content clearly dictates other-
v ise.

A» used herein, "lmve," "ha& mg," "include," "including,"
"comprise." "comprising" or the hke are used in their
opcii-0'Iidcd scilsc, Biid gci&crallv'lcB&1 lilclUdiilg, bUI Iiiu
linuted to " It will be understood that "consisting essentially
ol" '*consisung ol;" and the like arc subsumed ui '*compns-
ing," and the like lhe term "anrgor" means one or all of the
listed elements or a combination of nt least two of the listed
elements.

I'he phrases "at least one of," "comprises at least one of,"
and "one or more of'ollowed by a list refers to any one of
the items in the list and any combination of two or more
items in the list.
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2. The system of claun 1. whcrcm
the second charg&ng interface comprises a thn&ngh-ln&le,

and the second cathode contact is displaceable ivithin
lhe through-hole, and

the displacement arrangement comprises a biasin
arrangement conti ured to bias at least u portion of the
second cathode contact above Ihc contact surface.

3. The system of claun 2. whcrcm:
the second cathode contact con&prises m& elonnated elec-

trode; and
thc bl;Ish&g,'lrr,'ulgculcnt cou&pllscs;I spilng
4. The system of claim 2, wherein the second cathode

contact and the biasing armlngement define a spring-loaded
pogo pm assembly.

5. The system ol'clmm 1, comprism a re&canon arrange-
ment disposed on one or both of the hearing, device and the
charging module, the retention arrangement configured to
maintain engagement between the tirst and second charging
interfaces during charging of the rechargeable power source
of the hearing device.

6. 11&c system ol'laim 5, whcrcu& Ihc rclcnuon arrangc-
u&cul coulpllscs

one or more magnets, or
a mechanical retention arrangement
7 'I he system of claim 1 according, wherein
the tirst anode contact is configured to conununlcate

power and one or more disparate information si nels;
Ihc second anode counsel ls couliguuxl lo couuuuuictitc

power m&d thc one or morc disparalc mfi&nnalion
signals; and

thc fu'st;uld second,'uuldc contacts arc couflgul'cd to
coluuuuucutc powcl':Bid tl&e ouc oi'lorc d&spa& 1&c

information signals between the charging module and
the heann device.

8. Thc system of claim 7, whcrcu& thc onc or morc
disparate mfonnat&on s&guals compose onc or morc of.

data signals cncralcd by onc or both of thc cl&ar ing
module and the hearing device:

audio ~ignals generated by one or both of the charging
module and the heaung device: and

signals received from one or more accessory devices
conligurcd to o&nunun&cat&vcly couple to one or bulb ol
thc charging module m&d Ihc hcaun device.

9. 11&c system ol'ia&m 1, whcrcu& Ihc lirst and scinmd
anode contacts compnse electrodes having a curv&hnear,
annular, oval. elliptical or polygonal shape

10. The system of claim 1, wherein:
the hrst anode contact comprises a plurality of electmde

clcmcnts. m&d

Ihc lira& cathode contact is surrounded by the pluralily ol
clcclrodc clmnm&ts ol'he lira& anode conlacu

1 1 I'he system of claim it). wherein
the second anode contact comprises a plurality of elec-

trode elements; and
the second cathode contact is surrounded by the plurality

of electrode elements of Ihc second anode contact.
12. Thc system ol'laim 10, whcrcu& onc of both of:
Ihc plurahty ol clcclrodcs ol Ihc lira& anode conlacl arc

substantially equidistant froin the first cathode contact,
and

the plurality of electmdes of the second anode conmct are
substm&tially equidistant tbom the second cathode con-
tact.

13s Thc system ol'laim 10, whcrcu& onc of both of:
Ihc plurahty ol clcclrodcs ol Ihc lira& anode conlacl arc

arranged in a substantially triangular pattern relative to
lhe fin;t cathode contact; and

Ihc plurahty of clcctrodcs of tlm six oud anode contact arc
arranged in a substantially triangular pattern relative to
the second cathode contact

14. Thc system of clmm 1 according to any ol'hc
prcccding claims, whcrmn thc hcanu device composes Bn
in-the-ear (I'lit), in-the-canal tl'I'('), Invisible-in-canal tll(')
or con&pletely in the canal tCI( ) device comprisu&g a hous-
ing havut a preformed or fom&able shape that conforms to
a slmpe of the wearer's ear canal.

111

15. 'll&e system of claim 1, ivherein the charyng circuitry
is confimlred to charge the rechargeable power source of the
hearil&g de~ice at an accelerated charge rate above 1.0C
when 0 slate of charge tSoC) of thc rcchargcablc power
source Is w&thin a prcdelcnnined SoC rm& C.

IS
16. A system. comprising:

at least m&e hearing device conhgured to be w:orn in, on
or about an ear of a ivearer. the heanng device con&-

prising a rechargeable power source, pov er manage-
ment circuitry, and a first charging Interface comprisin
a lira& cathode contact surrounded by a lira& anode
omluct, lhc lirst m&odc contact comprwing a plural&ly ol
electrode elements each having a curvilinear shape; and

u chargu&g module compnsing:
a second charging interface configured to detachably

couple with the first charging interface of the hearin
device, the second charging Interface comprisin a
sixond m&odc connicl lraving a contact surface, 0

tluoughholc. ands as cond cathode connicl displacc-
able within the through-hole;

a biusulg arrm&gemcnl conligurcd to b&as al least B

porlion of Ihc sscond cathode contact above Ihc
contact surface to facilitate electrical contact

&s betv;een the hrsl and ~econd cathode contacts prior
to electrical contact between the tirst and second
anode contacts: and

20

Ihc second cathode contact Is surrounded by Ihc sixond
clcctrode elements of Ihc second anode contact.

20. The system uf claim 16, whcrmn.

Ihc sccoml cathode contact composes au clongalixl clcc-
trodc, aml

thc b&asu&g arrm&gcment ix&mpriscs a spuug.
ss 21. The system of claim 16. whcrmu lhc second cathode

contact and the biasing arran ement define a spnng-loaded
pogo ph&

'Isscnlbly'har

ing circuitry coupled lo the second charyng inter-
face and configured to charge the rechar cable

10 power source of the hearing device: and

a retention arrangement disposed ou one or both of the
hearing device and the cltargin module, the retention
BIT&ulgculcul conf&gal'cd to ulauuaul cugagculcul
bclw ixn Ihc tirsl m&d second chargu&g uucrfaces duung
charging ol'hc rcchargcablc power source of the hear-
ing device

17. l'he system of claim 16, wherein the first cathode
contact is surrounded by the electrode elements of the hrst

,„anode contact.

18. The system of claim 16. wherein the electrode ele-
ments of the hrst anode contact are arranged in a substan-
tially triangular pattern.

19. The system of claim 16, wherein:
. I

the first cathode contact is surrounded by the first elec-
trode clemente of Ihc lira& anode o&nlact: m&d
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22. Thc system o 1'1aun 16, whcrcut dtc rcl mt tion arrange-
ment comprises a mechanical retention mechanism conti-
Urcd lo:

restrain the second cathode contact at or below the contact
sUI face'f lhc second anode ul rcsptinsc to cngttgcntt:nl
betiveen the first and second charging interfaces: and

release the second cathode contact to resume its biased
position above the contact surface in response to v carer
actuation of the retention mechanism.

22s ttt system, compnsing:
at least onc hearing dcvicc conligurcd to bc worn ut, on

or about an car ol' wcBrcn lhc hcBnng dcvicc conl-
prising,
a rechargeable power source: and
a tirst charging Interface comprising B first cathode

contact and a first anode contact spaced apart fmm
the hrst cathode contact, the first anode contact
compusut a plurahly of tirsl clcctrodc clmncnls
conftgorcdl to couuuUntcalc powci and tine tir nlorc

ts

disparate information sigmils, thc plurahty of lirsl
electrode elements each having a curvilinear shape;
and

a charging module comprising:
a second charging interface configured to detachably

couple with the first charging interface of the hearin
device and comprismg a second cathode contact and
a second anode contact, ihc second mtodc contact
comprising a plurality of second electrode elenients
configured to coinmunicate potver and the one or
ntore disparate information sigttals, and

charging circuitry coupled to the second chargmg inter-
face and configured to charge the rechargeable
powci soutct: tif lhc hc'Irulg deva:c,

wherein thc lirsl mtd second electrode clcmcnis are con-
figured to comnntnicate power and the one or niore
information signals beuveen the charging module and
the heanng device.

t t t
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