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MAGNETI C DI STORTI ON The present invention relates to hearing aids. The

i nvent i onwustobmsa4rel ates to a nmethod of countering el ectrcamagneviia

radi ati on fromhearing aids. Mre particularly, the invention relates to
circuits for the power supply of a hearing aid. The invention, still nore
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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 use air to activate the cell. They are activated when air, in
particular oxygen, is allowed to enter the cell. Prior to use, the battery is sealed with a pull-tab
that covers one or more small openings that allow air to reach an air-cathode assembly within
the cell. To activate the battery, the pull-tab is removed 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 until
the end of the battery life where the output voltage drops more 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 circuit, the battery supplies. It is measured in ampere hours.

30  Inan analogue hearing aid, the minimum operating voltage is typically 0.9 Volt.



30 I n an anal ogue hearing aid, the mninmum operating voltage is typically
0.9 Volt. WO 03/001844 PCT/ DKO2/00411 2 Prior art hearing aids may have a
battery awerogiogisscuit that alerts the user when the out puCTbXwagaiof the
battery falls below a certain threshold yoltage. Thus, the threshold in an
anal ogue hearing aid is typically 0.9 Volt. DE 197 12 236 O discloses a
hearing aid with telecoil, provided with a conpensation coil for 5
conpensat i n‘g_ma netic interference. DE 198 54 201 C2 di scl oses a hearing
aid with tefauatihcansegigs mayhiyerrbatery glapr eyt fghalet the ysst wheadhauf¥ht i ng
magneti c i N{dafLSRRORtery Rl BBBHARBESAN BleshR@KbifAGe. EhekS MitrbBshdidgh hiddnalogue
circuitry, e.g. digital signal processors, has increased the demands on
batteries ukatrg¥dpovseln@d Yy ai ds. For exanple, the digital 10 circuitry
does not operate at a supply voltage below 1.1 Volt. Al so the current
needed to spppby12 p3vaCii@idsad a KehifikpUiid With eRESIE pfoRRled dvith dlcympssation bdiCfol On of
i ncreasi ng out put volune of the hearing aid, and transient currents drawn
by the df gi {oRTPeRPHRE PEEGUS BISH N e | arger and of shorter rise and fall
times than transient currents drawn by anal ogue circuitry. This neans that
users of di DEtu8s 54 bEard diglaesdshetskipedid ®ifiCRledois bavided &ith b abmpenyatibh £l fand i n
sone cases even an extrenely shortened 15 battery life. The transient
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noi se probl ens inside the electric conponents of the hearing aid. It is an
obj ect of tTie guicegact of hewrmphidowith digpuleutudey, & ghdigitdl nignaipcbcbants,gs an

el ectronic circui iLth, the capability of draw.ng.onl ow t.r i ent
currents i reerb i fhibas bt SR R p A el PR bR e el e ng
t he heatd ngcighitkyabols ot dsramat @stpiyadtagdrelovcel Volk.eAlsd the mgreat feadddhe supplyj ect
of the 20 ipventi.on to reduce electraomagnetd.c radiatiqn fro earing aid.
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into a fi rs§ e ec%hrl cal signal, a sﬂZna processor tor —generati n&la second
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transducer for n o) ) i i Ot . er gy
sour ce for LHEmiy ARTURERYShs bifo3EONR M Ry, T SN aALpBPTLY
| ar ge capacinttaaaeiscprpbleint mside taplectdc comppacad éfehe hentitg dihe energy source for
transient current supply, wherein the at | east one capacitor conprises a

fast super It is an object of the present invention to 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. It is a further object of the
20  invention to reduce electromagnetic radiation from a hearing aid. It is a still further object 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 signal into a first electrical signal, a signal processor for
generating a second electrical signal based on the first electrical signal, an output transducer for
25  conversion of the second signal into sound, an energy source for supplying energy to at least
the signal processor, at least one large capacitance capacitor coupled in parallel with the energy
source for transient current supply, wherein the at least one capacitor comprises a fast super

capacitor.
The signal processor may be a digital signal processor.

30  The capacitance of the at least one capacitor is preferably greater than 1 mF, more preferred

greater than 4 mF, even more preferred greater than 10 mF, most preferred greater than 20 mF.



capacitor. The signal processor nmay be a digital signal processor. 30 The
capaci tance of the at | east one capacitor is preferably greater than | nF,
nore prefworiamo18gs eater than 4 ni, even nore preferred gr@aer@Kwhea1110 nt,
nost preferred greater than 20 nF. WD 034001844 PCT/ DKO2/00411 3
Preferably, the energy source is a netal-air battery, such as a zinc-air
battery. The at | east one capacitor may conprise a fast super capacitor,
e.g. an electrochem cal double |ayer capacitor with a highly conductive
pol yneric, PieGrbly. eserist sovee i) agpetplomppiergfsugis agipsair baftad| osed in

Techni cal Information, Bestcap a new dinension in "fast" supercapacitors,

Scot 5 Tri P, at A¥Xohd ehpadioLly codprisdhiRistts@pdiicapatitor A g. h@ediocheda&ll dQUbE:
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capaci t or adigldedmeretfkal Mitdrtichi BE&ap a BEWARESA6N IS GlHpeRcapRitofs 8ot t he

di stance between_the term nals and the power supply termnals 10 of the
signal pr ochPorVitddietdfti al Iy minimzed. In a second aspect, the

i nvention provides a hearing aid as recited in claim9. 1In a third aspect,
the invent i Dik tiih@yalsdFsheaut @A Lhd\Gpaditdr @8 prlefedblyadnihddted ladrosy thdbattbry ta@miralsr t h

aspect, the vention. provides a nethod of conpensating nmagnetic distortion
in a heari‘ﬁtJ heaingdmri sing arranging in a hearing aid housing an i nput
transducer, a signal 15 processor, an output transducer, an energy source
and a | ar gelncamacricirbbdimentatha erimils ofthe mdedst ong capabior @reeogyeced wr thesigml power

termnals of the signal processor in,qrder.to prqvi a_power L
current | oo%m?e(%sror glusgc @Wr?@gaetﬁ‘éeréésﬁancc%b% gensql‘btﬁ%ﬁg “%Sr %ngglées%ogv,er %ugﬁ%ﬁigﬁngaélshe
capaci t or i of thxesigual grbcesdot I3 subishaatidlyanigiynizdur ce i n such a way that the

di stance between the capacitor termnals and the power supply termnals of

the signal progce IS anptl aldl NeINP . I a conpensation
20 current llé(fts CO% gg{ eéet’ %%vﬁ\lg?&ngg %?%le%%égra g}ln%q 1(?%%6&{3%%1?%%&% her objects of
the present invention will becone apparent to those skilled in the art from
the fol | ow lng thiebaspicpttheanvantien prpyidastachearmgart ds aesited dnlclama 1éxpl ai ned in

greater detail. By way of exanple, there is shown and descri bed a

preferred eghagifEilec ,Ehetimeﬁtiédw@ﬁ%és QUlnetifod oif\édéﬁpeﬁs%ﬁngf ﬁé‘é&%@&ém&iﬁi&iﬂ qvention

is capable of other different enbodinments, and its several details are

hearing aid, comprising arranging in a hearing aid housing an input transducer, a signal

15 processor, an output transducer, an energy source and a large capacitance capacitor, connecting
the energy source to power terminals of the signal processor in order to provide a power supply
current loop for supplying energy to the signal processor, coupling the capacitor in parallel with
the energy source in such a way that the distance between the capacitor terminals and the power
supply terminals of the signal processor is substantially minimized and adding a compensation

20  current path to the power supply current loop.

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, obvious aspects, all without departing from the scope of the
invention. Accordingly, the drawings and descriptions will be regarded as illustrative in nature

and not as restrictive. In the drawings:

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

by a continuous current,



25 capabl e of nodification in various, obvious aspects, all w thout
departing fromthe scope of the invention. Accordingly, the draw ngs and
descri pt i wo3wisks be regarded as illustrative in nature @ad/DKR/08S 1
restrictive. In the drawings: Fig. | shoyws a plot of output voltage as a
function of anpere-hours for two batteries |oaded by a continuous current,
WO 03/001844 PCT/ DKO2/ 00411 4 Fig. 2 shows a plot of output voltage as a
function of anpere-hours for two batteries |oaded by a continuous current
with super p'f)‘ é&PW%ﬁPI"HﬁI"B@Bt ""#i’ﬁj" asg f‘é‘tﬁ%‘\’/t)s°fé“18Ff6th°‘HF forfho Basterigsdeadgd awn by

a digital hearinghyai &n@fihd uyGvitRepGPosePdfrem puRbHt of the resulting
battery output voltage, 5 Fig. 4 is a schematic di agram of a hearing aid

according tq the present |nvent|o ows a Iot of the current
drawn by a HBgl t alOHSAPPIY %cafraf& "g!g" dt‘%ta{] haripg 4 %‘Hthy‘P‘ﬁ\s/@ﬁ“tlt g a

anpl i fyi ng speechplot@neheesphing baferst Jueput @sitdbd, i Ng battery output voltage,
Fig. 6 shows a pl ot of the current drawn by a digital hearing aid according

to the present, i nven eech, and a_pl ot of theresultlng
bat ¢ or y out Bt voF £ ageg g A et S el S uf A inst i hoar  ng i d
according to the present i nvention, conprising a telecoil, Fig. 8 shows a
pl ot of secEpd hathbwena plockif:sltemutrbmrdrdmbq atd@itemhﬁngi@mbrd&g tath'é preednt on of

rotational positi.on of thr edlff t zi air att r 9 shows a
vertical section llmﬁcngmbart‘*th P8 $R6T° Usgalpimf)ﬁ% eé‘érl a%e tpfg O%a% 10 shows
a schematic diagramof a hearing aid according to the pr| or art, and Fig.
11 shows a Eghenethpes dplagef i cofrem direarbiyngligtiabheacagaidiaqegrding taﬂneemmdi ment of

the invention Fi i?&%l{i%lg{]??‘é\‘ﬁ%@f%%m&dﬁﬁ91"‘516 eg‘%}tl tt%ry ot 3‘?‘52‘{"%”“0“ on of

anper e- hours for eren ery ma ters | oaded
by a continuous current of 3.0 mA. The operating period 20 of the battery
i s saidl@ o Egpi r ds ahdamaticadidgaan eff aheatimgnid acgerding deethe atesent insentian, comprsang . | t
is seen that the p@fegoelry with the highest initial output voltage 1 al so has
the shortest operating period. A short drop 3 in output voltage 2 at the
start of operation of the other battery is also noted. Fig. 2 shows a pl ot
of out put VEBEt&geshews pplgkof secppbarimepic gistogippd telaeil $emabes a fiesctipaek eri es from

rotational position of three different zinc-air batteries,
Fig. 9  shows a vertical section in a battery for use in the hearing aid,
15 Fig. 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 expire 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 battery is also noted.

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  acontinuous 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 consumption of a digital hearing aid in order to create a realistic battery test.



the sane battery manufacturers as Fig. 1, however, |oaded with a current
regi men consisting of 25 a continuous current of 3.0 mA superposed with 12
mMA currervopalosmss4 with 100 ns duration. The period bet wee®Cpe®0413 one
hour. This | oading regi men has been designed to imtate the power
consunption of a digital hearing aid in order to create a realistic battery
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m crophone 16 constituting the input transducer for reception of sound from
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m cr ophone Irectl Tansducer may
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conbined into a single signal. The electronic signal is fed to a digital
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for conpensati r]i)g the hearin I rment user. The output signal is
fed to an OQnnggneratlon of a correspondmg 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 20 processes the signal according to a
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 volt. 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 to less distortion of the output signal of the signal processor.



25 transducer 24 through a sigma-delta converter 22. The output transducer
24 converts the output signal to an acoustic output signal. The

capaci t anwe ogfootsle capacitor 12 is 5 nF. Fig. 5 correspon@®€TIKREiogi113 and
shows a plot of the current 4 drawn by agdigital hearing aid according to
the present invention during anplification of ICRA artificial speech, and
of the resulting battery out put voltage 5. Conparing with Fig. 3, it is
seen that the battery output 30 val tagbe i s snpot hened and that the
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section in

Reference is here made to Fig. 9 for an explanation of some structural 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 ﬁ]ling 34. The lid
33, which provides the negative terminal, has 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 lid 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 a 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 void 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.



20 Fig. 9, generally conprises a lid 33, a can 32, a separator 40 and a
powder filling 34. The lid 33, which provides the negative termnal, has
t he shapewofozaosup t urned upsi de down. The can 32, whi chPeTmKdmess1the
positive termnal, has the shape of a slyghtly |arger cup, which encl oses
a sleeve portion of the lid. The lid 33 and the can 32 have cont act
surfaces accessible for spring-biased contact buttons 36 of the hearing
aid for conducting electric_current. The 25 separator Oj@rOV|des a seal

and an el ecHPYever. theiout doghatfest thepatyafthecurgatdhronghahepaydsetilipg mside ths g¢ll.i ons
of the lid angditdha ware doltbeliRMBMIBe tbithd defigh Sfthd &RES @ t¥ Ghiflingd ardufiidde t he

battery. The vaid is required faor allow ng expansion of the powder filling

expect ed dug'apgng ‘I’lféh‘?:ll’féﬁ’ﬁ“é:eé of the GliBg Ve é'va}en@e é?oé?f’gy qlhe Ayrengpatle May ge. The

voi d may COfMahieSRs BheGnagadic HeRfis feh@deshl @88 df MObuHRt 10dp) ehe\iptletR! le@S
shifting 30 around of the fillin ue to nmechani cal influences or due

to chem tal S5EkEd MoHhehangqpspordingly Asttﬁ%%’ﬁ&%‘l RiFKS AP SHASRRIS StEpalsdistpried sigpals

preci sely Kinawwad 8y theildad @8¥eny adayn B¥SYthd Babtery WiDbOBitRALI 44 tREILIN02/ 00411 7
However, the void does affect the path of the current through the powder

filling insjpde the cell i cat ed b the dotted lLine 37 e _to_the
design of t h%fefé%‘lells ooy madsdo F & g%‘ﬁ?ﬁ‘%’@‘e"é TEURYS %’r‘?&mgcsﬂ%{h‘ﬁ‘?ﬁ‘g‘méf &g 8
pLoper ties ﬂfow'& B@lot bf sl:d:dilfg hﬁ‘lﬁighl_c Hlsfﬂitl,lontlﬁl glegﬁé]fﬂﬁ&lrgﬁal af a fl?letlcﬁllﬂf [‘(Qd’tfonﬂ at h may
change. netic. fie i.s. rel.at to e area of the. curr.
N A A A e e R S R 1
pi cks upo mafpaaiffeznShagerids and fbi Smehﬁdieﬁtht@iﬁ bfbattefdLTIRgeroY, it 8 @edetdigl n6tUr r e nt
drawn fromthe batterﬁgwﬁél.be.ﬁbﬁke% u t he teleCO|I Ref erence i s now
°chads Pe

made to Fi gP°sgPF& eIy A j"@ﬁ%‘ﬁ”f’&n ations. Thus, Fig. 8

shows a plot of second harnonic distortion in the telecoil signal as a
functi on of Refeteateiiomade to Engs i@ foom @dplahh'roaof dptﬁdrertembthozlioﬁmxmiensabm teries. It
is seen that. the istortion is.dj t t

bat ter s atirorar b penSre bRhElic fPundr Shf ElioolBe S mitmb )

gener al | y n®@tecoip2fs probéssmg mniedd, mtpmttmnstdhr&r 24 stddatiérp h4.tth ﬂm@urerrﬁ:g nhtltyc
conpensati on. Ref ce.i s md Q for. an n |on pri

art et Rod SIS BReResF e TP S pierubory S0 oRnERE R SR Rl am
of a hear i nggeargresomsidryithd ptgcesmmgnmpnonﬁnsﬂprrmgaed B bedn Iﬁ‘ﬁvmq@rwlmeas sing unit
30, out put (t:orn?'régsa gnegoﬂézf andmb e sup[X current to thehlroscessm lﬂ f OI‘ Cl arit Y 15
conponents Su > EOAV % STgal SEEESH ﬁ? converter
have gener ainhgnejmﬁy to theencmem @_Blehtblﬁp:bnkﬁjﬂoh lsml Jripedrpei lagi mrrmted Sh adtei s
hearing al doi{‘]s Was cFoser:]y RY }())O\éélgledll %‘t\lnegngggctic 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
variability in the geometry of the current path inside the battery makes complete 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 in 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



conpensation coil 31, carrying the supply current to the processing unit
and coupling magnetically to the telecoil 26. This conpensation coil 31 is
adapt ed awo oot ed such as to offset as closely as possiPoirdKRio041he
magneti c influence on the telecoil causegl by the remaining 20 part of the
| oop of supply current 38. However, the inventors have discovered that the
strength of the magnetic field and the variability in the geonetry of the
current path inside the battery nakes conpl ete conpensation_ imnpossible.

Ref er ence i ROFfeWhHehands tbp gase pithfhgbatergsincs hbpigny sAviEes Adsdicaly ai d

accordi ng t @nArtRentABRLbITBBI tAE orltHi@ oY@t r}eplaraahémmﬁ@fxionigemﬂl {p¥ing
basically simlar to that of Fig. 10 except for the inclusion of a

capaci t or 1lpadeggantacs Buttans. Reduopng the digfpnce betygenthe capptiiepleamiadhrddhoraef o t he
processi ng upply t3inaisdf Me PRkcessiankt RASRs 42 TRABLME Surt-adBbR thRKY a
capacitor current | oop 39. Thus current through the processing unit 30
will be % hemagsiioficld p@eriffr ents flowing in the battery current | oop 38 and
in the capacitor current |loop 39. 30 According to the invention, the

capac iht or ﬁgcdgfﬁdi@grtb mg%@n@agﬂﬁ@ﬁmeme@ fag) sﬁﬁ&ec@amemra@éwmhéf al s@itab$diCh aI
way that the di.stance between t capacitar termnpal s apd.the power supply
terninal s of2Pa%ifREis ap gfcifochimical Q@’E’Fe Ipxer eappeton it ghggjyﬁﬂ@ﬁ’i“fé’dlypn?ﬁé

capaci t or nptod@oaétie @RErdlte SEthe type 1RGSR RAdaB fidorRadDKER (P4 Acdw 8

processing unit than is the case with.th t ince the battery
Peautros o STETCH Bt Sote en Scoh Lo sy Biied b A5 st Sy an

pRe{jn‘i tt imghfn&gaaﬁ@t FBdite ﬂ’{h@oﬂﬂO? infif6hritd. OtheS¢XampEs of sﬁﬂﬂﬁdi:l aﬁﬂiﬂﬁx@@ie NauthataoOns. |
educi ng i stanc e n capaci nal § an awe supply
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thus the 5 pEgKgbloClapdreThbsgeipaciat Bile ifganices 3o as 2,6 illisheant i on, the
capacitor is a fast super capacitor. One exanple of a suitable capacitor

is an el ectrochem cal doubl e.layer capacitor with i ghly .conductive
ol e oot AR s SO G B BPAE S o Hallled & B SRRV
Techni cal | proosssimg unitnyill bBegsit batpean thewpadtbned shedntterm with she tauge poajag t or s”,

Scot Tripp, A L El.eet,. UK This.capacitar,. exhibits an. intern
e dankDP oy gl 't hut cftear T pE SRAGN st e Bk db BEGOR

Murat a  100inthehatt@ caenXibBp have bhkir aat By di0st ivacordéraptadagaddE5FR f r om Mur at a
Manuf acturing Co., Ltd., Kyoto, Japan. These capacitor have inpedances as
low as 2,6 gl | iohms. . : o : : .
ven more inportant is the fact that the capacitor is a stable and predictable unit not subject to
variations in the geometry of the current path. Thus it is possible to match the compensation
coil to precisely 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

rotational position of the battery.



As the battery has an internal inpedance of e.g. 6 ohns, transients of
current drawn by the processing unit will be split between the capacitor
and t he baDtosyiswith the battery providing 15 only about 2PCEDKo020hA1t Ot al
current. Thus the creation of disturbinggmagnetic fields by transients in
the battery current |oop have been cut by alnost two orders of nagnitude.
Even nore inportant is the fact that the capacitor is a stable and

predi ctable unit not subject to variations in the geonetry of the current
pat h. Thus ¢faings possible to match the conpensation coil to precisely

of fset any magnetic influence onto the telecoil due to currents in the
capacitor 20 current _path, This avoids unwanted variation due to battery
type, batt e}'y Hhtingad PRGNS AoeRdLg, annput tagyduger &y é‘]ansﬁ?ig’i‘%gi BACYFuG IRR

battery. WO 03{:001&64 ﬁpﬂkm&gﬁb‘ﬂﬁsign& prédefbMBar dencAtiREASLH@ eRlc@icgIONpr i Si ng
a housing, an input transducer for transform ng an acoustic input signal
e

into a first &leagibaied qp theitii glectrical siggAn qyipytiEaisdicer e cogurtienfithirecPrdecond
el ectrical sisgalintbasmd @RndrPesdutdeFér sgmﬁﬁg ety t8 htJEhdd the SPnaPprbosdor, at
transducer for conversion of the second 5 signal jnto sound, an energ

source for suppFyIRRGrEafapagiance capecijop spled pppazalichwith e gpesgycsgpree fr trapsieliky  ope

| ar ge capaci t aggént SHPBCWhakin @R4Pled ohdap@vitad do@lprivdstalfast ipeedapdc@yr. sour ce for
transient current supply, wherein the at |east one capacitor conprises a

fast super capacitor. 2. The hearin id.according to clai.m1,. erein the
si gnal Br ocgsgg'?h?aéméa igiot ﬁ‘gtgi%&ﬁﬁ?’w F%%i‘%‘é?a.lp es30r I%%‘g‘lﬁ%%fmg ai d

according to grakssorl or 2, wherein the energy source is a netal-air
battery, preferably a zinc-air battery. 4. The hearing aid according to

any of e precedi ng clai ns,. erein the capacitance of the at .least one
capact t 571 8 AFE PPy ARt lD Sfufh D of DR SRRORLLRRS R e N Bou b RERL
nF, even nor ergieraflen viecaigb@etyer t han 10 nF, nost preferred greater than 20

nF. 15 5. The hearing aid according to any of the preceding clains, wherein

the at |eas naci.t S c i cal I i.tor
W th an b b yEBAIRERs pEoriiedty & EELEASNETER, ARHIR BB BRRAE ™ 1
heari ng ai d adestraie papatiter srpyeferhbly geater thae Hinfigmerk arefigred gireteethm 4 InE, ¢ven mi nal s

of the at more preferred greater than 10 mF, most preferred greater than 20 mF.

15 5. The hearing aid according to any of the preceding claims, wherein the at least one capacitor
is an electrochemical double layer capacitor with an highly conductive polymeric, proton

conductive electrolyte.

6. The hearing aid according to any of the preceding claims, wherein the terminals of the at
least one capacitor is connected to the signal processor in such a way that the distance
20 between the capacitor terminals and the power supply terminals of the signal processor is

substantially minimized.
7. The hearing aid according to any of the preceding claims, comprising a telecoil.

8. The hearing aid according to claim 7, comprising means for adding a compensation current

path to the power supply current loop.

25 9. Ahearing aid comprising a housing, an input transducer for transforming an acoustic input
signal into a first electrical signal, a signal processor for generating 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, at

least one large capacitance capacitor coupled in parallel with the energy source for transient



| east one capacitor is connected to the signal processor in such a way that
the di stance 20 between the capacitor term nals and the power supply

t er m nal swofo3pbm4si gnal processor is substantially m ni mpzathKoZ/oodine
hearing aid according to any of the preceding clains, conprising a
telecoil. 8. The hearing aid according ti§ claim 7, conprising nmeans for
addi ng a conpensation current path to the power supply current |oop. 25 9.
A hearing aid conprising a housing, an input transducer for transform ng an
acousti c i NpUtcurrért Giply, Whér@inahe terinfifal LIf @Gtk lea@lonSdagiator is dortegEddo iy sHG@IS S Or
for generating a second electrical  signal based on the.filrs el ectrical
signal, an outBIRFESSPT BALTACHY thas the SHARET REFWIFn die CEPAS SIS 40f PP Pt o
sound, an enersgypisRhiaRs bothe SbiRPpptdIghr @Mab@AtilY @inithieest the signal
processor, at east one | arge capacitance capacitor coupled in parallel
with the en(ﬁ ource. for tr anrsfgl enb WO Q3/ 00184% PCT/ DKO2/ 00411 10 ‘
current supi '%e K APPSO e TSRS fU AL IS A EOTEREBREPR BT
connectesl to tpae ts@pater sppflg eEarlobg) such a way that the di stance between
the capacitor termnals and the power supply termnals of the signal

processor | bst anti al | 1 Nj 'zeg 10. .The arjng aid according to
claimo, co%%%ﬁ%@ﬁgé/ﬁr@f‘g%@ﬁ"ﬁ O’zfoglgﬂ%%as%ef%in current 5 path to the

power supply current |loop. 11. The hearing aid according to claim 10,
conpri sing &2.tEledeaing aidk2cordihgtonen pf theclaindg 18 ¢e 17, dherginttie eapngy ofurtehieacl ai ns

10 to 12, wherein .the_.ener 1 netal -air battery, preferably a
zinc-air batterflei}a'a g).attefﬁ’em%égé:l?%éﬁgf%%i'latc?'(jrdi ng to any of the preceding

claims, wherein the at |east one capacitor 10 is an el ectrocheni cal double
| ayer capacild.cfbenearingaid ao¢agding toconditbe preecding|clptras; vbereimtlst 4b fpasteonenratifov e

electrohyte. Ly, ARG udciRRPLpRIBOY R RS Cnadlive PRYkhedd, BRRAUCET

for transformng an acoustic inp Ignal Intoa first elecCtric si gnal ,
a tel ecoil forconduaiefadectrplity- a nmagnetic signal into a second electric
signal, a mxer for mxing the first and the second signal, a signal

processor 154.f&5ea9i9g9a@ @aﬁ%ﬁ - a%ohﬁe%, LR Gptafandn€R Y th¥srISRES Al dcORGOfnp@N
el ectrical output signal based on he el ectrical signal fromthe m xer, an
out put transduscssel inier fegnipetrist] signalf 2 telserildpricansiorripe a Suestie SIgN MR 2 i nt o
sound, an energy,,§QUEGE sk, SHREY ¥ BRinG MRS Y Fh@ 1R edoB@8 Enal, RRicBh1GRRkssor
15 for compensating a hearing deficiency by generation of an electrical output signal based on
the electrical signal from the mixer, an output transducer for conversion of the electrical
output signal into sound, an energy source for supplying energy to at least the signal

processor, and at least one large capacitance capacitor coupled in parallel with the energy

source for transient current supply.

20  15. The hearing aid according to claim 14, wherein the energy source is a metal-air battery,

preferably a zinc-air battery.

16. The hearing aid according to claim 14 or 15, wherein the capacitance of the at least one
capacitor is preferably greater than 1 mF, more preferred greater than 4 mF, even more

preferred greater than 10 mF, most preferred greater than 20 mF.

25  17. The hearing aid according to any of the claims 14 to 16, wherein the at least one capacitor
is an electrochemical double layer capacitor with an highly conductive polymeric, proton

conductive electrolyte.

18. The hearing aid according to any of the claims 14 to 17, wherein the terminals of the at

least one capacitor is connected to the signal processor in such a way that the distance



processor, and at |east one |arge capacitance capacitor coupled in parallel
with the energy source for transient current supply. 20 15. The hearing

ai d accorwpng/oos4c| ai m 14, wherein the energy source i s aPaFDHR2A411
battery, preferably a zinc-air battery.;;16. The hearing aid according to
claim14 or 15, wherein the capacitance of the at | east one capacitor is
preferably greater than 1 nF, nore preferred greater than 4 nF, even nore
preferred greater than 10 nF, nost preferred Preater than 20 nF. 25 17. The
hearing aid a®edicen thecapacignipramals ped thy paves Supplytermimgls ofiesSignal REPRESSAE is| east
one capaci t or syistnfdllyghif@lizeacheni cal doubl e | ayer capacitor with an highly
conductive polyneric, proton conductive electrolyte. 18. The hearing aid
according to any of the clainms 14 to 17, wherein the ternminals of the at

| east one c]agpaAt:'in?tB?d ‘?@"’6‘6%@’(96é‘H’gPe(S‘Cflﬁ@“éq“gﬁépcaﬁﬁnéé'és“é’é‘?“?‘ﬁg YTAORINg ‘%y t hat

the di stance War3hQhbedh: MGAfubkeREQRA 1 Signal brdeeds¥ve Blodt i teBaes, bREnergy
termnals and the power supply term nals of the signal processor is

subst antd al | y SPHIeR 4 2 &asee Cfga"‘tﬁPcﬁéi‘H%‘éPfde&fﬁﬂTﬁe‘H%%Etefgfﬁmh‘ﬁ‘g'ﬁé’ﬂ”ﬁf temiRaks ¢ i on

in a hearing afghe sigRANPFdcEskdign a;rdexaegfdmela@oaer sapRy bd}&nﬂbﬁb fwu@p@glgan lnput
transducer, a signal_ processor, Pgl ﬁ]gt t ransducer g}y urce
and a | arge c&PE8Y Pihreienalpg %ﬁ??sf’brm emaﬁl&rflhléarﬂ%wwmgswzewfaé H’O\Ner

term nals of shdpe ﬁdy@ﬁh@kheﬂ[sﬂﬁ@és&ﬁffeeh ﬂleQﬁﬂﬂftortt&nﬁHaﬁVdnﬂlﬂw@oﬁ@%ﬁﬁplﬁUpp| y
current |oop for supPI yln ene‘risg%r 1o the, ﬁ gn processor, coupling the
capacitor in APl tgsierl PrSeerds gistansiglly Bumpmized proppdding a Gorppeagatiph o

di st ance bet V\@e@entb@hcbaﬁaﬁdvdeﬂﬁupbgrcwmh@pand t he power supply term nals of

the signal processor is substantially mnimzed and addi ng a conpensati on
10 current path to the power supply current | oop.



