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(57) Abstract: A hearing aid has a capacitor (12) with a large capacitance coupled in parallel with the energy source {14) for transient
current supply. The operating pericd of the batiery is prolonged compared to prior art digital hearing aids. Further, the smaller
variations in supply veltage lead 1o less distortion of the ouwlpul signal of the hearing aid signal processor In a heanng aid with a
telecoil (26}, a well defined corrent path for the current transients generating the high magnetic fickds picked up by the telecoil is
established. This facilitates the design of a compensating carrent path (31} capable of offsetting magnetic interference of the telecoil
by the power supply Joop, thal 3s substantially independent of batlery type and position.
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HEARING AID AND A METHOD OF COMPENSATING MAGNETIC DISTORTION

The present invention relates to hearing aids. The invention further relates to a method of
countering electromagnetic radiation from hearing aids. More particularly, the invention relates
to circuits for the power supply of a hearing aid. The invention, still more particularly, relates

5 toahearing aid that js partly powered by a capacitor having a large capacitance.

As used in this context, a hearing aid is understood as generally comprising an input transducer
for transformmng an acoustic input signat into a first electrical signal, a signal processer for
generating of a second electrical signal based on the first electzical signal, an output transducer
for conversion of the second signal into sound, and a battery for supplying epergy to the signal

10 processor.

Typically, a hearing aid has a housing holding the input and the ontput trapsducer, the battery
and the signal processor. The housing is adapted to be worn, i.e. behind the ear, in the ear, or in
the ear canal, and the output of the gutput transducer is led to the eardrum in a way that js well-
knov;rn in the art of hearing aids. The processor will generally be adapted for processing the

15 electric signal in order that the resulting acoustic output signal compensates a hearing

deficiency of a user.

A hearing aid may comprise a telecoil, i.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:moveci 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 thé output voltage drops ﬁmrc 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 h'e:aring aid, the minimum operating voltage is typically 0.9 Volt.
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Prior art heanng aids may have a batiery alanm circuit-that alerts the user when the output
voltage of the battery falls below a certain threshold voltage. Thus, the threshold in an analogue

bearing aid is typicatly 0.9 Volt

DE 197 12 236 Cl discloses a hearing aid with telecoil, provided with a compensation coil for

compensating magnoetic interference.

DE 198 54 201 C2 discloses a heaning aid with telecoil, provided with a compensation coil for

compepsating magnetic interference.

The emergence of heanng 2ids with digital circuitry, e.g. digual signal processors, has
increased the demands on batteries used to power hearing aids. For example, the digital
cwcuityy does aot operate at a supply voltage below 1.1 Voit. Also the curreat peeded to supply
the digital circuitry increases rapidly as a function of increasing output volume of the headng
aid, and transient currents drawn by the digital circuitey tend to be larger and of shoster rise and
fall times than transient currents d1;awn by analogue circuitry. This means that usees of digital
hearing aids experience a shortened battery life and in seme cases even an extremely shortened
battery Life. The transient currents induce t:lcctmmagnctic ficlds, 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.
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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.
Preferably, the energy $ource is a metal-air battery, such as a zinc-air battery.

The at least one capacitor may comprise a fast super capacitor, €.g. an electrechemical double
layer capacitor with a highly conductive polymeric, proton conductive electrolyte of the type
disclosed in Technical Information, Bestcap a new dimension in “fast” supercapacitors, Scot

S Tnpp, AVX Ltd, Fleet, UK.

The terminals of the at jeast one capacitor are preferably connected across the battery terminals

of the hearing aid.

In another embodiment, the terminals of the at least one capacitor are connected to the signal
processor in such a way that the distance between the terminals and the power supply terminals

10 of the signal processor is substantially mnirmized.

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,



For two-letter codes and ot her abbreviations, refer to the "CGuid-_ (81) '
Desi gnated States (national): AE, AG AL, AM Af (util - 28hesenBeedd08n Codes
andAbbr evi ai i ons"appearing at the begin ity nodel), AT, AU, AZ, BA, BB, BG
BR, BY, BZ, CA, ning of each regular issue of the PCT Gazette. (54) Title:
HEARI NG Al D AND A METHOD OF COVPENSATI NG MAGNI s"| TC DI STORTION 16 18 24 28
20 12 (57) Abstract: A hearing aid has a capacitor (12) with a large

capaci t ance“OI¥M¥d in parallel with the energy source{UP24%8Y transi ent
current supply- The operating period of the battery is prol onged conpared
to prior art digital hearing aids. Further, the smaller variations in
supply voltage lead to |l ess distortion of the output signal of the hearing
ai d signal pr%@éSS@F"?’S 3|H"P‘§°PFE‘HI"“1’]W@ ag p fhnohypr ¢f azgpere-hours for two batteries loaded

by a continuous current with superposed current pulses,

Fig. 3 shows a plot of the current drawn bj a digital bearing aid amplifying speech, and a
plet of the resulting battery output voltage,

5 Fg. 4  is aschematic diagram of a hearing aid according to the present invention,

Fig. 5 shows a plot of the current drawn by a digital hearing aid according to the present

mvention amplifying speech, and a plot of the resulting battery output voltage,

Fig. 6  shows a plot of the current drawn by a digital hearing aid according to the present

invention amplifying speech, and a plot of the resulting battery ontput voltage,

10 Fig.7  is a schematic diagram of a hearing aid according to the present invention, comprising

a telecoil,

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 néted.

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.
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transducer this battery under these circumstances would experience an extremely short operating period of

1-2 hours.

Fig. 3 shows a plot of the current 4 drawn by a prior art digital hearing aid amplifying speech,

and a plet of the resulting battery output voltage 5. The speech signal is the artificial speech
10 signal from the ICRA noise CI) developed by the International Colloquium of Rehabilitative

Audiology. It should be noted that the battery output voltage falls below 1.1 volt whereby the

battery alarm is triggered forcing or urging the hearing aid user to replace the battery.

The voltage drops and corresponding lack of ability of the battery te supply the required current

pulse also creates distortion of the output signal of the signal processer.

15 Fig. 4 shows a schematic diagram of a hearing aid 10 with a capacitor 12 connected in parallel
with the battery 14 according to the present invention. The hearing aid 10 comprises a
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 conversion of the second signal into sound, and a battery for (nglying
energy to the signal- 10 processor. Typically, a hearing2diasends usi ng
hol di ng the input and the output transducer, the battery and the si gnal

processor. The housing is adapted to be worn, i.e. behind the ear, in the
ear, or in the ear canal, and the output of the output transducer is |led
to the eardrumin a way that is well- known in the art of hearing aids. The

processor wWaBgdpdral |y be adapted for processing thePdBPEREELY | c signa
in order that the resulting acoustic output signal conpensates a hearing
deficiency of a user. A hearing aid may conprise a telecoi |, i.e. an
antenna for picking up an el ectromagnetic signal, that nmay be processed
and fed to thEzgubputndheans cuegonding oolieghdr shbven PIFQVS. dEerdmthas@tistdeds Si gnal .

Mbst hearing @d,qas:@{eenmgmn@dsbﬂm@n;eQLa@&@m}e battery. Metal-air cells,
such as zinc-air ceI s, 20 are comonly used to power hearlng ai ds because

Of t hel r St abk? 15 a f [%é%ljatgra gf aq1lélr L (an%cl:o;dm%Qo f%lat I nigldl CI lO]’.l com?n[\s/%tg al al r
cells use air fo I va h arercac in
: a plck-up col, narnely telecoil 26. The lnl(‘.l'ophonf: 16 and the telecoil 26 are conncctcd to a

5  mixer stage 28 and the output of the mixer stage 28 is connected to the A/D converter 18. In a
hearing aid 10 with a telecoil 26, the inclusion of a capacitor 12, such as a supercapacitor 12,
for energy supply has a further effect. The currents drawn by the hearing aid circuitry 18, 20,

22, mainly for feeding the output transducer, creates a magnetic field in the sarroundings.

For reason of the technology of the output power stage, i.e. the sigma-delta converter, these
10 currents are generally distorted as compared to the current fed to the output transducer, notably
‘ including second and higher harmonics of the output current. The magnetic field due to this
current is picked up by the telecoil 26 and distorts the telecoil signal. Second harmonic

distortion may amount to 30 %.

In some prior art hearing aids this has been compensated by adding a compensating current
15  path to the power supply current loop so that the generated magnetic field is lowered. However,
the compensating current path is designed under the assumption of a specific power supply

current loop geometry. The inventors 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.



particul ar oxygen, is allowed to enter the cell- Prior to use, the battery
is sealed with a pull-tab that covers one or nore snal |2 2Pt
allow air to reach an air-cathode assenbly within the cell. To activate

the battery,

voltage of a fresh zinc-air cell is typically 1.4 Volt. During use,

the pull-tab is renoved and air is allowed into the battery.
The 25 battery is then inserted into the hearing aid. The open-circuit

t he

out put vol t%G& Y14 he battery decreases slowy with tibFdAIHT t he end of
the battery |ife where the output voltdge drops nore rapidly. The l'ife or
operating .period of the battery is the period within which the battery
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change. As the magnetic field is related to the arca of the current loop, the magnetic field

generated will change accordingly. As the telecoll picks up magnetic signals, distorted signals

induced by the load current drawn from the battery will be picked up by the telecoil.

Reference is now made to Fig. 8 for some measurements showing such variations. Thus, Fig. 8
shows a plot of second harmeonic distortion in the telecoi] signat as a function of rotational
position of three different zinc-air batteries. It is seen that the amount of distortion is different
for different batteries and for different orientations of batteries. Therefore, it is generally not

possible to elimanate the distortion through magnetic compensation.

Reference is made to Fig. 10 for an explanation of a prior art method of compensating
distortien. Fig. 10 shows a schematic diagram of a hearing aid, comprising microphone 16,
telecoil 26, processing unit 30, output transducer 24 and battery 14. In this figure, for clarity,
components such as input converter, signal processor and output converter have generally just
been represented by the processing unit 30. This hearing aid has been provided with a
compensation coil 31, carrying the supply current to the processing unit and 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

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
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.

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

310018 CTID _K() 2/00411 2 Prior art hearing aids
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vol tage of the battery falls below a certain t hr eshol d voltage. Thus, the
threshold in an anal ogue hearing aid is typically 0.9 %6PPCETEQE5W 12 236
Ci discloses a hearing aid with teleco provided with a conpensation coi

for conpensating magnetic interference. . DE 198 54 201 C2 discloses a
hearing aid with telecoil, provided with a conpensation coil for
conpensat i etic interference. The energence of hearing aids with

digital C|r%BP? #e digital signal processors, has PGTYEW4H] t he o
demands on batteries used to power heafing aids. For exanple, the digital
to circuitry does not operate at a supply voltage below |l _ i Volt _ Also
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5 magnetic field generated.

According to the invention, the capacitor is a fast super capacitor. One example of a suitable
capacitor is an electrochemical double layer capacitor with a highly conductive polymeric,
proton conductive electrolyte of the type disclosed in Technical Information, "Bestcap a new
dimepsion in fast supercapacitors”, Scot Tripp, AVX Ltd, Fleet, UK. This capacitor exhibits an

10 internal impedance of about 100 milliohms. Other examples of suitable capacitors are Murata
180 microfarad X7R and Murata 100 microfarad GRMS55FR from Murata Mamufacturing Co.,
Ltd., Kyoto, Japan. These capacitor have impedances as low as 2,6 milliohms.

As the battery has an internal impedance of e.g. 6 ohms, transients of current drawn by the
processing unit will be split between the capacitor and the battery with the battery providing
15 only about 2 % of the total current. Thus the creation of disturbing magnetic fields by transients

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.



15 battery life- The transient currents induce el ectromagnetic fields,
whi ch, although tiny, may induce noise probleminside ?gékﬁﬁ@éﬁﬁﬁ@5
conponents of the hearing aid. It is an object of an enbodi ment of the
present invention to provide a hearing aid having an electronic circuit
with the capability of drawing only lowgtransient currents with slowrise
and fall tinmes, in order that a battery powering the hearing aid exhibits
an extended™™Fvice life. It-is a further obj ect of an enbodi nent of the
invention to reduce el ectromagnetic radiation froma hearing aid. It is a

still a fufthers %}i}%d &anﬁ’sﬁhg‘%%@sq{g%ﬂﬁpuptfrang&lﬁerjf&\{rgﬁgfcinqi!ﬂg EPadoMeB npt noi se
probl ens inside aspec |nvent|ﬁ§w@rOV|des a

q;Qeaglp%{%Lq.;lq a first t, the

hearing aid conpfising g Ho §Pﬁﬁwaaﬁﬂ?ﬁLﬂ?“??éHE@&é@H”FB?EmPﬂé Prming an
acousti c input dsfigianay by ganeratipnfof a secord eeatrichlcignaldiagadadn, theafirgtictpatital posbessor
means for conparslttaesdacdd RR o siEHEN Bledbdond sighal AtoSBGRANGh SbAEEdurcedr signal

based on the fis'h rjyir]gee.lngrﬁ%{oia?lgést E‘niegiﬁr?ali Plroc?éQSOQ,uatn léltt Iee;[s{ ?aﬁréscg;%%i ol; ga?a'i:’te(r%z% version
of the second signal® Tn sound, “af energy ' source tor supp ylng energy to
at | east the silgyialthgftiRoelose FaPAREr iafoupledisiPargink withtlpa energysource fo

transient currents. drawn by the signal processor, and that the at least one capacitor

r supply of

comprises a super capacitor with a capacitance.

2. A hearing aid according to claim 1, wherein the signal processor is a digital signa
processor,

3. A hearing aid according to claim 1 or 2, wherein the energy source is a metal-air battery.

4, A hearing aid according to any of the preceding claims, wherein the energy source is a

zinc-air battery.

5. Ahearing aid according to any of the preceding claims, wherein the capacitance of the at
least cne 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.




characterized in that the at |east one capacitor is coupled inbparallel
with the energy source for supply of transient current$2#eaanbe20fe

signal processor, and that the at |east one capacitor

capacitor with a capacitance.

10.

11.

12.

13.

i0

A hearing aid according to any of the preceding claims, wherein the at least one capacitor
is an electrochemical double layer capacitor with a conductive polymeric, proton
conductive electrolyte.

A 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'waﬁhat the distance
between the capacitor terminals and the power supply terminals of the signal processor is
minimised.

A hearing aid according to claim 10, further comprising a telecoil.

A hearing aid according to claim 11, comprising means for adding a compensation current
to lower the generated magnetic field.

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
proceSsbr means.

conprises a super -




