22 Decenber 2005 WD 03/001844 PCT/ DKO2/0041.1 HEARI NG Al D AND A VETHOD OF
COVPENSATI NG MAGNETI C DI STORTI ON The present invention réBRe@bes2fiaring
aids. The invention further relates to a nethod of countering

el ectromagnetic radi ation fromhearing aids. Mre particularly, the

i nvention reIates to circuits for the power supply of a hearing aid. The
i nventi on, ;t ﬂpre particularly, relates 5 to a hearin ar that is
partly pomerea a capacitor having a large capacrtanc%‘~ MYed in this
context, a hearrng aid is understood as generally conprising an input
transducer for transform ng an acoustic input signal into a first

el ectrical signal, a signal processor for generating of a second

el ectrical sigpaindagedNpn MibRIdH oBtOPRGIINGNIAGNENADIsSTAR TN put
transducer for conversion of the second signal into sound, and a battery

for Suppl yl ngﬂﬁpr@JeﬂmeELfﬁoﬁ Qﬁtc&'og&lﬁﬁg atd;thlﬁgﬁt%%%%crrcTaYeQ'to a%llclhxd ofd hear i ng aid
has a housi ng hol t and the output transducer, the battery and

the signal - prcé"(l:“eg%crkgmﬁtlémﬂ‘bgg?t 138 fryma heging 3133 Yo garfiulaghy fig imvestign relgighi ng t he
ear, in the eagicuiforithy powdnsupplaef adieanas aid. Fhedoveltion, ot put pagkulirlyerclgest put

transducers i so b RehidyQialilieis PR HoWERd U 2 BapWd¥r thiddt 1dr WBbidagce kNOWN i n the art of
hearing aids. The processor wll generally be adapted for processing the 15

el ectric si g nz%luséd B (L gﬁ{extt m;nnk B@ is u?tﬁHJOSd 4 geng‘ﬁglé&;)ﬂn m%alﬁtll%g\ttra%d&g'al

conpensates a hearing defi ci ency conprise a
telecoil, i.dr t‘a?ff%ﬁ‘f‘f‘e"ft’ri‘é““ftﬁrﬂpbﬁst%ﬁlﬁ@ afi5t ‘ét??‘“étl e‘&‘t"’r 6ﬁﬁ3@]rPé‘t°FS€"récF gnal , that
may be proce%@dmmmlaéeedldtclecnﬁdalengﬁanb@wtonmeaﬂsathbm&t signal, ﬁ;rod@ﬁmtn@dupe&ovr de an

acoustic si g r}@rlconvwg% of B@@Jcbﬁglgﬁa'l gﬁ) s am\ﬁﬁc%ogyppﬁl @19:!’ ??oﬁﬁé%%ﬁa} bat t er y.

Metal -air cells, such as zinc-air cells are conon used to power
hearing atts ®&C¥ise of their stable out put voI tage during their operating
period. Metal-air cells use air to activate the cell. They are activated

when air, in Typealy-i2deaiag aibbay gloysiog heldigp fhe iy andghe epipvs framsdyeer.dleslbhtteryPr j or t o
use, the bat taadge dl@al$ﬁﬁésﬁﬂ THA Robisirgy :spidkdtcdtoala woﬁuha\tbdﬁﬁﬂ/@d’tﬁr RRR e oriOr e smal |

openi ngs that r Qd Senl thin the cell.
p g9 eaeLljcgﬁéll gﬂd the oQtRJt%PtEnP (111%9[ L%ﬁsduccn le 85 car rudn nga%a%at 1slv1 ell-

To activate the battery renoved an owed into
the battery. *peinge tf%ﬁftletrl% %ids- Thp prpcesprodl geatally it Weriddormesssissdeai d. The
open-circud t oot s@@a 110drden hhtrieSBulA bz hCoudtic loutB kitnal Bmpdnyafet Clhdny 1. 4 Vol t .
During use, tge.Qutpui.voltage of the battery decreases slowly with time
until the end of the battery life where the output voltage drops nore

rapidly. The AheZneng (3115 mg ceogn%gscrz}gclecoﬂ, 1.e. an antenna for picking up an electromagnetic signal,

that may be processed and fed to the ontput transducer in order to provide an acoustic signal.

Most hearing aids are powered by a replaceable battery. Metal-air cells, such as zinc-air cells,
20 are commonly used to power hearing aids because of their stable output voltage during their
operating period. Metal-air cells vse air to activate the cell. They are activated when air, in
particular oxygen, is alowed to enter the cell. Prior to use, the battery is sealed with a pull-tab
that covers one or more simall openings that allow air to reach an air-cathode assembly within
the cell. To activate the battery, the pull-tab is re:movect and air is allowed into the battery. The
25  battery is then inserted into the hearing aid. The open-circuit voltage of a fresh zinc-air cell is
typically 1.4 Volt. During use, the output voltage of the battery decreases slowly with time unti
the end of the battery life where the output voltage drops rrxorc rapidly. The life or operating
period of the battery is the period within which the battery output voltage is greater than the
minimum operating voltage of the circoit, the battery supplies, It is measured in ampere hours.

30 - Inananalogue bearing aid, the minimum operating voltage is typically 0.8 Volt.



.period of the battery is the period wthin which the battery out put
voltage is greater than the mni num operating voltage Bifkﬁ%mbﬁﬁﬂxﬁt, t he

battery supplies. It is nmeasured in anpere hours. 30 In an anal ogue hearing
aid, the mninmumoperating voltage i's typically 0.9 Volt. 22 Decenber 2005

WO U- 31001844 PCTID K() 2/00411 2 Prior art hearing aids may have a battery
alarmcircuit that alerts the user when the output voltage of the battery

falls bel"wWiwHugdttain threshold voltage. Thus, the thr@@hgke+iin an anal ogue
hearing aid is typically 0.9 Volt. DE22197 12 236 Ci discloses a hearing

aid with telecoil, provided with a conpensation coil for conpensating
magnetic interference. . DE 198 54 201 C2 discloses a hearing aid with
tel ecoil, provdndecinybitshnag hoe apangatandicaiohit akos e Gopensaipilg nmagneti c

i nterf er encgy.Jen SIRLARGE 9% HERIRI A AT Wb a8 blddin Gl LGHLLTY, €_0_
digital si n;i_lg pr ocessor has ingr eaéed %he déﬁands on bat t%(::’];‘r”lE es used to

S
power heari ﬁﬁ'“éf'ﬂié‘.‘ypf%‘fwe%(%ﬂ‘fpl e, the digital to circuitry does not operate
at a supply voltage below !l _ i Volt_ Al so the current needed to supply
t he di gi t alPfi?f dUTIOC) distesesedistne pid piteltclpcotsprarided with # epperfatipgred &asi  ng out put
vol ume of tch@pdiQadd Mgncudintifeciairel transi ent currents drawn by the digital

circuitry tend to be larger and of shorter rise and fall tinmes than

transi ent G o854 $01dhAMMIoshYa 1BNRE F8UE ClelfiUld fidka il SolfBARS: LRE users of
digital hear Ir*rtgﬁg'ﬁial ds EXﬁerl ence a shortened battery [ife and in sone cases

even an extPEHEF Y eREITeREd ™5 battery life- The transient currents induce

el ectromagnetic fields, which, although tiny, may induce noise problem
i nsi de t he T8f S¥F5I€ *EBHPEAEHTE: Bt e Heas kg1 gietr! PPicsPs han obj ect of an
enbodi ment iefeadedi@re pin@BE b batErke Ndcil BPe¥@ hpFiay/dideFacaeaE dmgigaild havi ng an

el ect r oy C .GhyfiGWols dWichdlact NG s.g)g,p@makg dedbw Qft i AN NG canach&wmtsnpgl}si ent
currents with slow rise and fall imes, in order that a battery powering

the heari nd &5 EXHBitcE=GhRLY arfdRyivef Prewoe i vitmggthgbeaqagr t her obj ect
of an enbodidneatragka tlhyent freenty tnlidiel dreduceded edirgopsighebacaeadi ati on from

a hearing @duGimet fad ndeasdobbdes afalh LOABEQREAEE TR maR SIBQDLIBAL of the
i nvention 519 counter .noi s or%ro | ens. 1 nside a heari n%qald. I'n a first

TR ERTOR DT é‘n‘sdq’émﬁyelg? TG BPaESHPPFEY hot& ng, an i nput

aspect, the~i entToh provi
t r ansdu@er bfitsry Lfe. The traosient currents induce electromagnetic fields, which, although tiny, may

induce noise problems inside the electric components of the hearing aid.

it is an object of an embodirhent of the present invention {o provide a hearing aid having an
electronic circuit with the capability of drawing only low transient currents with slow rise and fall
times, in order that a battery powering the hearing aid exhibits an extended service life. Itis a
further object of an embodiment of the invention to reduce electromagnetic radiation from a
hearing aid. it is a still a further object of an embodiment of the invention to counter noise problems

inside a hearing aid.

In a first aspect, the invention provides a hearing aid comprising a housing, an input transducer for
transforming an acoustic input signat into a first electrical signal, a signal processor means for
compensating a hearing deficiency by generation of a second electrical signal based on the first
electrical signal, an output transducer for conversion of the second signal into sound, an energy
source for supplying energy to at least the signal processor and at least one capacitor
characterized in that the at least one capacitor is coupled in parallel with the energy source for
supply of transient currents drawn by the signal processor, and that the at least one capacitor
comprises a super capacitor with a capacitance. | '



transform ng an acoustic input signal into a first electrical signal, a
signal processor means for conpensating a hearing defi &2 BRESMBRF 298Rer at i on
of a second electrical signal based on the first electrical signal, an

out put transducer for conversion of the second signal into sound, an energy
source for supplying energy to at |east the signal processor and at |east
one capacitor characterized in that the at | east one capacitor is coupled
in parallel with the energy source ¥or supply of transient currents drawn
by the signal processor, and that the at |east one capacitor conprises a
super capacitor mﬁth a capaci tance. 22 Decenber 2005 3 The signal processor
may be a digit % capaci tance_of the at |east one
capaci tor |§%p$ ?B? m§p§§§ §QL ﬂlg%% nor e preferred greater than 4
nF, even nore preferr reater than err ater than 20
T Pr et adhserEEahEr DS e aarLp s pepLRE BRL AT

zi nc-ai r batetearythan FinE, qytn hasgstionshereaten Parc | 0treft mﬁ%?”%WF‘%’ébaaz? 2t super
capacitor, e.g. an electrochem cal double |ayer capacitor with a highly
conducti ve petylBhdenerpy @iiis Oomdtictawe sehect siwlaybeeof the type discl osed
in Technical Information, Besteap a new dinension in "fast"

super capaci t@f aiicassgrgtcapa&or-rtﬁaly %prrﬁ%s‘-ﬁlﬁl}r cdpht@il 6 g bilelectiRndi@araimal s of the at

| east one c aC|tor are.p y C pected L1085 S.4 y termnals
of the hear ?Hd cza:aator \rnth a ﬁonducp 01&8&" crﬁmt Oﬂd%ter %Cﬁgﬁsaﬁ ﬁe at | east

one capacrtdﬁdﬁeEHGGhﬂetbeum@ﬂhE%eﬂeﬂﬁﬁawmmﬁﬁébé§%6@“?W“§ﬂ&ﬁ“ﬁ way that the
di st ance shetywgeavikhe, ks wknal s and the power supply terminals 10 of the
signal processor is substantially mnimzed. Still other objects of the

present inv et Elcr(a'ﬂhaié\no} [LC J? RSO ca@&pﬁfraﬁ@;cfct-églytcm@fcd Skbsh e Etlttbr? tebcigatdr t from
the follown descrlptlon wherein the invention will be explained in

greater det&PeheRredidly of exanple, there is shown and described a

preferred enbodi nent of this invention- As will be realized, the i nvention
i s capabl e o nefheTbadinftehprminalBidh Hhistt W cRifdoT s el odbe (8tai | s are 25
capabl e of rpadisfol Balch@Way dat wadiiodsherebithosims peicepowalkippipiciiodt  departi ng

fromthe, SC%P&ﬁmaptb%m - QN8 mifaeQf di ngly, the drawi ngs and

descriptions w be regarded as illustrative in nature and not as

restrictive. In the draw ngs:
Still other objects of the present invention will become apparent to those skilled in the art from

the following description wherein the invention will be explained in greater detail. By way of
example, there is shown and described a preferred embodiment of this invention. As will be
realized, the invention is capable of other different embodiments, and its several details are

25  capable of modification in various, obvions aspects, all without departing from the scope of the
invention. Accordingly, the drawings and descriptions will be regarded as illustrative in pature

and not as restrictive. In the drawings:

Fiz. T shows a plot of output voltage as a functien of ampere-hours for two battenies loaded

by a continuous current,



Fig. | shows a pI ot of output voltage as a function of anpere-hours for two
batteries | oaded by a continuous current, 22 Decenber 280¥%combei®¥91844
PCT/ DKO2/ 00411 4 Fig. 2 shows a plot of out put voltage as a function of
anpere-hours for two batteries | oaded by a continuous current with
superposed current pulses, Fig. 3 shows a plot of the current drawn by a
digital beari n(g aid anplifying speech, and a plot of the resulting battery
out put vol t ¥§&0884ti g 4 is a schematic di agram of a HEEMK¥YM41'd accor di ng
to the present invention, Fig. 5 shows4a plot of the current drawn by a
digital hearing aid according to the present invention anplifying speech,
and a plot of the resulting battery output voltage, Fig. 6 shows a plot of
the current diadn Bywee it efiortait véieeerah miynctiprbf anreerhdirnyr tvo battes Jopded ent
invention anplifyi ag SRB@6ILuraRditdugttfaled Ofedp@sef €SuUl ting battery out put
voltage, 10 Fig. 7 is a schematic diagramof a hearing aid according to the

present invengjgn, shQQJmﬁdt &mttgmﬁt tﬁln%m,tm lﬂf% ai®aRRNE seR 404 2 Of Second

harnmoni c distortion in a telecoil gna as a function of Trotational
position of three Eii’tr"f‘&er‘éﬁ’tt"“gz‘?aﬁ‘if!%ﬁtﬂ" Bhtteries, Fig. 9 shows a vertical
section in a battery for use in the bearing ald 15 Fig. 10 shows a
schemati c Ui s &m Bf sdeomiulijzrg ohp W%@@lﬂﬁﬂﬁ@g@@ﬂpﬁ@ﬂm‘lﬁ@m art, and Fig. 11
shows a schematic diagram of a hearing aid according to an embodi ment  of

t he inventi orfFifPg. shhwsiplpne te cpteotdragh bpudiguthenrind tidgeordipg 12 thapesentf unct i on of

anper e- hour s {1 t 4RuRALhkfSydobO iR thi 6L RORPAkLS bpIRAMEACt UT er s | 0aded
by a continuous current 0 .0 MA. The operating period 20 of the battery

S said to exgl ke 4R é,gobﬁaﬁatrtcggywﬁ J PilliaiRl 5208 LS, RERO T - | VOl L,

It is seen that t ter Rest”™ PRl i1 a ﬂrfsevoltage 1 al so
has the shortest o’ﬁé’t‘%?tllaw@ﬁb@rsf’fﬁﬂ’ anAa?'g ot e e iyttobtee vol tage 2 at
the start of operation of the other battery is also noted. Fig. 2 shows a
pl ot of oWl putie-Vol & aghenktic agas ofia haamme id emordihg @ tp ereatiouren, Fawritivp batteri es
from the same batj@eyimanufacturers as Fig. 1, however, |oaded with a
current reginen consisting of

Fig. 8  shows a plot of second harmonic distortion in a telecoil signal as a function of

rotational position of three different zinc-air batteries,
Fig. 9  shows a vertical section in & battery for use in the hearing aid,
15 PFg 10 shows a schematic diagram of a hearing aid according to the prior art, and

Fig. 11  shows a schematic diagram of a hearing aid according to an embodiment of the

invention

Fig. 1 shows a plot of output voltage 1, 2 as a function of ampere-hours for two batteries from
different battery manufacturers loaded by a continuous current of 3.0 mA. The operating period

20  of the battery is said to expiré when the battery output voltage falls below 1.1 volt. It is seen
that the battery with the highest initial output voltage 1 also has the shortest operating period. A
short drop 3 in output voltage 2 at the start of operation of the other hattery is also nt)ted.

Fig. 2 shows a plot of output voltage 1, 2 as a function of ampere-hours for two batteries from

the same battery manufacturers as Fig. 1, however, loaded with a current regimen consisting of
25 a continuous current of 3.0 mA superposed with 12 mA current pulses with 100 ms duration.

The period between pulses is one hour. This loading regimen has been designed to imitate the -

power consurnption of a digital hearing aid in order to create a realistic battery test.



25 a continuous current of 3.0 rrA superposed with 12 rrA current pulses with
100 ns duration. The period between pul ses is one hour 22gcembgadt

regi nen has been designed to imtate the power consunption of a digital
hearing aid in order to create a realistic battery test. 22 Decenber 2005
WD 03/001844 PCT/ DKO2/00411 5 It is noted that for both batteries, the
out put vol ta%es 1, 2 have dropped while the operating eriod of the
battery witHh ORYIH ghest out put vol tage | renai ned uncqﬂﬁﬁpd‘éﬂ"”éﬂd t he
operating period of the other battery decreased to the sane value. It is
al so noted that the short drop 3 in output voltage 2 at the start of
operation of the other battery has becone deeper and that the 5 battery
out put vol t agh™2oreghat for ey baTri%s, e Qpispvolire | rigpateteeper opileghe oPhE®E a hearing
ai d user usi ngrioddfihsbdaad tvel Ye highekebuinhese CiemaibdiBhAngeSaniMbtib@dra@gper i ence an
extrenely shogetodq,@@.t ataregte@q&tcgs@d tgthesatmzahttofws%m ,Ftesthaélré QUFop3d ;P Ot Of the

current 4 drawn ﬁI’IOI’ art digital heari ng yi hg speech, and
a plot of the “Fpé's"ﬁll“’?? ﬁ“ﬁétf“f‘gﬂfmﬁﬂ’t“ﬁﬂ‘ﬁ%f"t“ﬁ@ 335"3‘3"’1"1‘1@%&{)@5%“%‘3 gnal is the
artificial 5 speeahouft witgnaflfteiom! § heét dGRAcA®P S ThGD: Blenedpedushy t he

| nt er nat i onal uColdo AR AlreRERAR dobk Bl LAUTL B 08N kil & DE not ed
that the batteéogoutput voltage falls below 7-1 volt whereby the battery

alarmis trlgg @ forcing or urging the hearing aid user to repl ace the
battery. The voltage drops and corresponding |ack of ability of the battery
to supply thée# ééfl&t”t:eﬂ"tegfhwﬁtm“‘fsmﬂé)éaat%aﬂw@étcwgaiigmnbmqgewcqbt t he out put
si gnal of thensignal hpraRasEaery oudfht itge 5. 4hEPRNWSsiRal stRQRHEtkIGpadagr am of a

hear i ng allg ls%ncwlﬁtnn thd ](ﬁ@ﬂpr%ﬁ!: &]9 Eevégpe&mﬁtgrg%loéapcﬁggu%lm da(:f\ %ﬁaﬂttaﬁve the batter y

14 according to present 1 nvent ear| rises a

mi cr ophone 16‘“"86”r?§3t ftflt?P]idﬁ‘g“"feﬁQ’a‘l‘lttﬁéftefyt"t"a‘ﬁgﬂtﬂﬁfétnsf’ ?Wtét"@p‘t’lf”éﬁ @sf sound from
t he envi r onnmentery dand isgéaeEdbiciofor 0fging the Biatirg Qs ionglaed tRahtepni ¢ Si gnal . The

m crophone 16 may be of a directional type, e.g. the input transducer may
conpri se nor emk m@gcarbgs 4% ecrne@htamg;acww RJIRY 07 4 BMRHA su%wrecﬁgcﬁhlgﬂﬁal s are

conmbi ned into e sjan e electronic signal is fed to a digital
si gnal proc élg%drﬁsoﬁ'% %/Sdglog'ﬁn%il%mn ms%"altmf{hci? pI“tcgapproprl ate, the AID

converter ? receded by a prea I|f| er (not shown)- The digital
si gnal pr d%esFé“b Shfﬁs ?tf&’é%csdéa?at‘ﬂfea@zl’“@hﬁ‘i’ SRER Sy oA agrrll frequency
char act eri st ivth@rdacorip resdion to fhe preget divertion. Predivdrideaidild comprisesta Si gnal suit abl e

microphone 16 constituting the input transducer for reception of sound from the environment
and generation of a correspending electronic signal. The microphone 16 may be of a directional
type, e.g. the input transducer may comprise more than one microphone, wherein several input

20  signals are combined into a single signal. The electronic signal is fed to a digital signal
processor 20 via an A/D converter 18. if appropriate, the A/D converter 18 may be preceded by
a preamplifier (not shown). The digital signal processor 2{) processes the signal according to a

i desired frequency characteristic and compressor function to provide an output signal suitable

for compensating the hearing impairment of the user. The-output signal is fed to an output

25  transducer 24 through a sigma-delta converter 22. The output transducer 24 converts the output

signal to an acoustic output signal. The capacitance of the capacitor 12 is 5 mF.

Fig. 5 corresponds to Fig. 3 and shows a plot of the current 4 drawn by a'digital hearing aid
according to the present invention during amplification of ICRA artificial speech, and of the
resulting battery output voltage 5. Comparing with Fig. 3, it is seen that the battery output

30 voltage 5 is smoothened and that the voltage no longer drops below 1.1 voit. Thus, with a
hearing aid according to the present invention, the operating period of the battery has been
prolonged compared to prior art digital hearing aids. Further, the smaller variations in voltage

" 'lead te less distortion of the output signal of the signal processor.



for conpensating the hearing inpairnment of the user. The output signal IS
fed. to an output 25 transducer 24 through a si gma- del t 22d¢8W0ee?00n. The
out put transducer 24 converts the output signal to an acoustic output
signal. The capacitance of the capacitor 12 is 5 nF. Fig. 5 corresponds to
Fig. 3 and shows a plot of the current 4 drawn by a digital hearing aid
according to the present invention during anplification of ICRA artificial
speech, andW“sf®3PH&4* resulting battery output voltage S5PCOMEHING with Fig.
3, it is seen that the battery output 30 voltage 5 is snoot hened and t hat
the voltage no | onger drops below 1.1 volt. Thus, with a hearing aid
according to the present invention, the operating period of the battery has
been prol ongéd chepacdr Hi@ cqprdparding rottheghlogihbat inlFga¥, whgeiathddspacifkandeisher , t he

snmal | er vari abd QAS: il ReniRl RBYE s vAiSek doQeakSmnedi Storti on of the output signal
of the signal processor. 22 Decenber 2005 WD 03/001844 PCT/ DKO2/ 00411 Fig.

6 shows anot her plot, corresponding. to e plot shown in Fig. 5 .wherein the
S amaol tance 1 e By PlakRkdAERRRCHRT ok B I)EcoRhBlo BN inlhobon bt
further. Fig. 2Pk cgl gumbrideeptodibs gicaarheot oot baiclepn 2apdcoroigiear ding to the
present i n¥enhixerkagCBRRT théduip@ of Be Pk kgt GQbdnectdd @B Arpl&VeIs) n26. The

m cr ophone 16, an j -are connected, to 5 m.xer age 28 and
the ot put of "Gl 18 b SRS o, 401 BLErRPBERR T, Ly B Rl orer 16, 1 a
hearing aid 16" Fciehsiaply ks aRgher g, The pareptidpvndty 815 hesfingpideippiiwiBdP: 12, such as
a super capaci 2o maitig for febdify te R YarSdpp)| cytattiaSnagnelitifididie the akb@aibgs. The currents
drawn by the hearing aid circuitry 18, 20, 22, mainly for feeding the

out put tr ansdpgedason 6f RAL BBy FRGORP: fowel ©lpdl i b MetiDa-Stk LoRWAGIRGS. For reason
of the telenqu%g

of th ut put power . st age, e. the si -delta
converter, thfésey_tsl * cﬁcrra(r?%%ft%rgg?secg 3ﬁegﬁoa‘ﬁt'elcgmﬂf %‘% tSﬁegﬁP“éga"%ggﬁbﬁ?tgh' to the
current fed tuclpdiee serardsod higherprsnduesedf the pidupdyimset. Thymdzodc Add detednd and hi gher
har noni cs of  ¢dient @ipicRddinp Bihd 1@&bi 26Th@diHRE BB tdboil ipahi Betbdhatnint hi s  current is
pi cked up by ﬁch?m&ner}m?%%uhtgﬁ)%‘”d distorts the telecoil signal. Second
harnmonic distortion’may anobunt to 30 % In sone prior art hearing aids
this has been con‘ﬂpe_nsat ed by addi ng a conpensating current 15 path to the

power supply BOPPERE” FOGE R Prdes ¢ PR RERTE T CUTE i s | ower ed.
However, tihe paintptnsael mpphocurmelndp sptithbeizeneded peggrad fithd ddewetelidloasstinpt | on of
a specific pomelonpthofthycurGbtpatinSiesik RO had @RI Mon IACpkiRY R HiyNave found
that this as S:l:{irllexEt 50009 gemtry.nlcl)lg int']c(l)ltlog ‘have found that this assumption may not hold.

Reference is here made to Fig. 9 for an explanation of some structuraf details of a zinc-air

battery, which influence the current loop geometry. The battery 14, as shown in the section in

.20 Fig. 9, generally comprises a lid 33, a can 32, a separator 40 and a powder ﬁliing 34. The lid

33, which provides the negative terminal, bas the shape.of a cup turned upside down. The can

32, which provides the positive terminal, has the shape of a slightly larger cup, which encloses

a sleeve portion of the lid. The 1id 33 and the can 32 have contact surfaces accessible for

spring-biased contact buttons 36 of the hearing aid for conducting electric current. The

25  separator 40 provides z seal and an electric insulation in the gap between respective sleeve

portions of the lid and the can.

The powder filling 34 leaves a void 35 inside the battery. The void is required for allowing

expansion of the powder filling expected due to the chemical process taking place during

discharge. The veoid may comprise e.g. 14 % of the enclosed volume. The void allows shifting
30 around of the filling, e.g. due to mechanical influences or due to chemical reactions; therefore

the position of the filling is not precisely known and it may vary over time.



Reference is here made to Fig. 9 for an explanation of sone structural
details of a zinc-air battery, which influence the curr@iPeqesss gednet ry.
The battery 14, as shown in the section in 20 Fig. 9, generally conprises a-
lid 33, a can 32, a separator 40 and a powder filling 34. The lid 33,

whi ch provides the negative term nal, has the shape of a cup turned upside
down- The can 32, which provides the positive term nal, has the shape of a
slightly | aVQ&°084h  which encl oses  a sl eeve portion *SFPERO%EY. The |id
33 and the can 32 have contact surfaced accessible for spring-biased
contact buttons 36 of the hearing aid for conducting electric current- The
25 separator 40 provides a seal and an electric insulation in the gap

bet ween r espdtevre tg|veiddass afioe the pasingf s feurteighrizh) tha pryder i¥Bing mpde Elrell, powder
filling 34 | &aibeﬁat@ by&ie:dottaﬁlde Qﬁbdﬁothlaeesiéﬁbftlﬂ:rcyﬂ ana_hlﬁtovsﬁiiftﬁgiir&nﬁ@:ﬂm red for

al lowi ng expan wder fil] ect t he chem cal
process t aki n an IID cr)}thc roﬁ:-emcsgf%m SC grcr lmc %ﬁéeo et;yd:?gccurrcnt a% g'e e.g. 14 % of

t he encl osed ‘ﬁ‘B‘Uﬁ@?’c Wﬁéﬁtvéﬂéilsﬁllﬂlmé\msﬂ‘ﬁs%afﬁf‘h@rfgff@{)b%?r@mmw#ﬁﬂﬁe filling,
e.g. due to neehadivibdhanpfdcbinBi}§Ess 0 telbd pitie uf RS Anak ARGHENQNRSs t herefore

the position.of 1 141 IS0k dRhLEELS kpnawn L. My vary over
tinme. 22 Deceng% %GggglgLJ\KBD%§+bG? ﬁﬁ%%%&ﬁ)%%%%ﬂbﬂgg vvltlaver the void
does affect hpggth of hecrrent t hr ou % powder fillin |n5|dethe
cel I, . as i ndi*CEEES BY "Pird® bt tfé(ﬁ“l“'i'?fés“ %W]ng“ﬁhﬁéé’aﬁ‘ﬁ‘%w'ﬁ 8t he cel |
and due to s hehdvts ja ptyt of seoend Harewerik distrintion g brgclorbil tigvet aps fopéentdf @etiokl the filling

over tine, t hemaﬁeﬂﬁfrewffe@efm Hid Qiir GA#efidB L is ea{dam {E@Mnoemn%moﬁ% dtfnenmgnet ic
fieldis el qtreclqﬁntegt b%ﬂcgesaaiﬁde dr cTc;tlt Oie‘lﬂl(séa%%l{%e a @}efe%"t]"e‘é{%rgg‘dﬁ yI I’Fé.'g]:’llete: g >

gener at ed i 1Y e accor

signal s, distrerbled @F)glﬁfalhsdlstPrh@tﬂeeltthb%mWeWR%ﬁduoeur rent drawn fromthe

battery will be picked up by the telecoil. Reference is now nade to Fig. 8
for sone neadefeeneli sdst digi Wdor suiedplanagion ofih prvn st melHadief colyie@atinsy Sshows a pl ot

of second hardm%mog Pﬁg ﬁisQJvIslaQJﬂcrhch él%nxcﬁgﬁ&%glaldséogl luoﬁ'&r@hcjnyﬂc“ on of
rotational p5|t|on of three different zinc-air batferies. is seen that

the anmount of®#r5t% 'Prf"ieﬁ’ﬁg Pt Sfhioptpyt frangguces 34 gng patigry f 4 é"r%‘ﬁﬁg“ﬁ’a{"f‘eﬁ“ﬁes and for
di f f er ent t5or icemgoatnisgrrd avhpubabterar.isgsal pibtrerefd gt dopveite hagegredralylivge not

possible to %kanmpneénedsﬁﬁeﬁﬁacehsgﬁnh@@ ﬁ,bﬁagmfalam@%tpmdmﬁpensatI on.

Reference is made to qu or an eXJo anati on. of r|or art nethod of
conpensat i ng compensation col can'ymg thc supply current to the processing umta coupling

maguetically to the telecoil 26. This compensation coil 31 is adapted and oriented such as to
offset as closely as possible all the magnetic influence on the telecoil caused by the remaining

20  part of the loop of supply current 38.

However, the inventors have discovered that the strength of the magnetic field and the
vartability in the geometry of the current path inside the battery makes compiete compensation

impossible.

Reference is now made to Fig. 11 for a description of a hearing aid according to an

25  embodiment of the invention, This hearing aid is basically similar to that of Fig. 10 except for
the inclusion of a capacitor 12. The capacitor 12 is connected by suitable connectors to the
processing unit 30, in order that these components together form a capacitor current loop 39.
Thus current through the processing unit 30 will be the sum of the currents flowing in the

battery current loop 38 and ia the capacitor current loop 39.

30  According to the invention, the capacitor 12 is arranged and connected to the processing unit in
such a way that the distance between the capacitor terminals and the power supply terminals of

the signal processor is substantially minimized. The capacitor may be arranged closer to the



distortion- Fig. 10 shows a schematic dlagran1of a hearlng aid, conprising
m crophone 16, telecoil 26, processing unit 30, output 22 &ﬁ@ﬂ@@é@ 4 and
battery 14. In this figure, for clarity, 15 conmponents such as i nput
converter, signal processor and output converter -have generally just been
represented by the processing unit 30_ This hearing aid has been provided
with a ‘conpensation coil 31, carrying the supply current to the processing
unit and colB*¥#&* magnetically to the tel ecoil 26. THIEMSHW&Hsation coi
31 is adapted and oriented such as to &ffset as closely as possible all the
magnetic influence on the telecoil caused by the remaining 20 part of the
| oop of supply current 38. However, the inventors have discovered that the
strength of tMecesyag e thagis fip edseiwityibe betirey, sinea i bagery feguyres adedited geonet ry of the
cu;rent pat h &ﬁ@&ﬂﬁmhbﬁsbﬁh%ﬂm&oma&ﬁ&¢ﬁ@ﬂmk%@3uﬁﬂﬂﬁﬁﬂﬁﬁE&QMmsﬁmEOSSLb|e-

Ref erence is des earing ai
according to lga V\ézqgn rﬁ%kc’fs rrecg{cméfh fj’ﬁam?bnc%/wéﬁ’?\ a%c ac’!ﬁ] g al 8ar F‘hd’ Aid is

basical |y S|ﬁPH&ﬂ“@Uﬂfﬁ&FPGF%FN@WHTGméﬁ%@ﬁ?dﬂ@ﬁmﬁ?ﬁGWPﬁbhﬂ§Pon of a

capaci tor 42.makh#ic 6apasdd«aar 12 i s connected by suitable connectors to the
processing unit 30, in order that these conponents together forma capacitor

current |00p R&erdingh ttm@mceaﬁsneaﬂ; ca%ﬂﬁ@kﬁg%s@sﬂ&rﬁpﬁﬁﬁﬁk BGmplDilh s3QuiM | | be the
sum of the currents terx%é{rent | gop 38 and in the

capaci tor curPERE” 156'6%“%&9'1‘4@{1‘3&8"&%]?3’& i R ) 5“9(\?%‘??1"1“6??"”{“?{?3“ capaci tor 12
is arranged ameorcominied sdsdirdie ¢ffe opr Gebsginilchainal {nfarmatiog (IBdstcay away t hat t he

'?Ih stance Fet Vﬂaﬁs&mfa&@ga@dpm&st Sdolira | xR Fidd QKD PN LapasihP By i A1 M Bal s of
e signal  processor gl Ly jmnimze e_capaci may be
arranged cl oser t mﬁﬁpwﬁégfbceﬁ%%%mf(BQJVEwﬁgfgﬂfgfﬁ B@F80411 8
processi ng uniop mickpfprpd XIR piid Mugats kOO0 wictdfprad (R MI SR feomMursid MemfatthregBat t er y

requi res a dedi Gabedapak TRBSdapdIRA have B5BARS! LI of 7 OMItHLs. out si de for
permtting replacenent and provided with spring |oaded contact buttons.

Reducing the /@[&tb@ta%a@gtnv&ﬁn@&%&@f&%m ub e dp 8l Rt by 1g. POVEr  supply

terminals of the processing unit reduces the area _of the current |oop and
thus the 5 nefJHET L EIPaSRYLhEYSR tBbcaPaﬁ{fPéﬁlPﬂFﬁﬁ‘c‘?’ &% RebIt BRI, the
capaci t or i s aalyfabt2 % oiyertotd apest Tiws the @donaX disnpbies iofgadic sudstbatnérscnts

in the battery current loop have been cut by almost two orders of magnitude.

Even more important is the fact that the capacitor is a stable and predictable unit not subject to
variatiens in the geometry of the current path. Thus it is possible to match the compensation
coil to piecisely offset any magnetic influence onto the telecoil due to currents in the capacitor

20 current path.

This avoids unwanted variation due to battery type, battery manufacturing process, and

Ty rotational position of the battery.



capacitor is an el ectrochem cal double |ayer capacitor with a highl
conductive polyneric, proton conductive el ectrolyte of 22Recemper 403c| osed
in Technical Information, "Bestcap a new dinension in fast

supercapaci tors”, Scot Tripp, AVX Ltd, Fleet, UK This capacitor exhibits
an 10 internal inpedance of about 100 mgl I i ohms. O her exanples of suitable
capacitors_are Murata 100 mcrofarad X/R and Murata 100 m crof arad GRMb5fR
from Mur at &AM Uf act uri ng Co., Ltd., Kyoto, Japan. These capacitor have

i npedances as low as 2,6 mlliohns. As the battery has an internal

i npedance Of €. Qheafnd i BmplidifHoBdtgSarQfpuCitn &REr Sl @Norivg biSouddE ARGSSI NG
unit will be spI.ltI-.rgetﬁsegq thel ca aC|.to[ and the bs%ttegnt\; with the battery
provi di ng 15 ont%°dBoa 268" R YR 3 JIR! PREPTEAPASTRUSTPHENP 8IFPBR of

di st ur bi ng magrietidiency byegeneralipp of p apnondeieatricalj signelasdszinttes frsteleckieshsignabop have
bﬁen cEt by al m&htppmn@n&erofcmergawiﬁggd@n% lEy@mntmbwi Mgrbﬁéﬁurde%rt he fact
t hat the capaci S nd. predicta nit not subject to

v atFons n (hEPlsndar babksy ARYahl Bt ank ot Rict ol Bbocl P LRl |

mat ch t he conpdh¥atihst leagions capgcitprizequaled i Pareliel with taa gneray gaiwes fer supily dience
ont 0 t he t el ecaiahsighti@urtebtsCdisvrebit e isigndl lpeocespaahd Oat tha Gt Claktr @etcapRitdn. Thi s
avoi ds unwant ec{:o?ﬁﬁﬁs!eé&h@@r&H&it&r%tPé‘%&pﬁﬂ%n ype, battery manufacturing
process, and rotational position of the battery. 22 Decenber 2005 CLAIMS 1
_ A hearing aid conprising a housing, an input transducer for transformng
an acoust iz i npguhearigg gidadgccordivg toaclfimr & twhetemcthe isigadl moogsral js @ digita) rsighal
processor nmeansydcgdsoconpensating a hearing deficiency by generation of a
second el ectrical signal based on the first electrical signal, an output
transducer for conversion of the second signal into sound, an energy source
for suppl¥i ng Aehseringyaid ascading te glaim ftang, wiergindhe gnetgy exisess a metd-aiibattegiast one
capacitor characterized in that the at | east one capacitor is coupled in

~parall el VH th tﬁlﬂ'ﬁeaﬁ%eglg%céfgiaﬁé?oe?r&gf t{gt% %fég%&s{ OJIaimé, W&%ﬁn%t en%}ég%&n%éesls adr awn by

t he signal processor, one'capaci tor rises a
super capaci t or@"gP¥ Re§Yeapaci t ance. 2. A hearing aid according to claim1,
wherein the signal processor is a digital signal processor. 3. A hearing

gi d accordj Ng taonahiiy 4 decRHiingto MPGHR Jleckiify SHRE, WhersRWeTBpdcRarfe BRASA- a1 T
attery. least one capacitor is greater than 1 mF.

6. A hearing aid according to any of the preceding claims, wherein the capacitance of the at
least one capacitor is greater than 4 mF.

7. A hearing aid according to any of the preceding claims, wherein the capacitance of the at
least one capacitor is greater than 10 mF.

8. A hearing aid according to any of the preceding claims, wherein the capacitance of the at
least one capacitor is greater than 20 mF. '




4. A hearing aid .according to any of the preceding clains, wherein the _
energy source is-a zinc-air battery. 5.° A hearing aid dé&§Fembg 49%any of
t he preceding clains, wherein'the capacitance of the at - |least one - . -~
capacitor is greater than-1 nF. 6. A hearing aid according to any of the
precedi ng cl ai ns, wherein the capacitance of the at = |east one capacitor is
greater than 4 nF . 7. A hearing aid according to any of the preceding
clai ms, wherein the capacitance of thd at |east one capacitor is greater
than 10 . 8. Q hear_écn% aid according to any of the preceding clains,
wherei n the cdpXEMLATICYHING foanyef the Rieteding,fiaims, Mberein gt least gReegpasitort han 20
nmF. 22 Decenbd$ ap0@ectioti@m@al doublealayan geapadtora@itto rad congudiios anlymeik, bleenpr ecedi ng
cl ai ms, wher eigndubedlecttBRSt one capacitor is an el ectrochem cal double
| ayer capacitor with a conductive polyneric, proton conductive
electrolyte. 10. A hearing aid according to any of the preceding clains,
wher ei n t'Re t & PReARE dd gecotding tany of dhestrecsdieg eaipacitesin the tepumtredttedatt o t he
si gnal Ior oce;saars.t éne capiitor av@yindciaato fhl_Sleingl srbadsﬁcﬁ in Hk aﬁ.ﬁfﬁhﬁhﬁe gigmaei t or
term nal s an t the. processor. i s
i aed. 11 pony FapaSPRinioa Bl HedB <Ghey B9 pREPTEEER Fi g a
telecoil. 12."§&hring aid according to claim1l, conprising neans for
addi ng a conpensation current to |ower the generated nagnetic field. 13. A
hearing aind agoremlg dooréihdth Bhihlio, GREPEIBHGY Aallgier for mxing the first
signal with the signal fromthe telecoil, and nmeans for feeding the m xer
out put signal to the signal processor neans.

12. A hearing aid according to claim 11, comprising means for adding a compensation current

to lower the generated magnetic field.

13. A hearing aid according to claim 11, comprising a mixer for mixing the first signal with the
signal from the telecoil, and means for feeding the mixer output signal to the signal
| processor means.





