Title: A DIGTAL HEARING AID WTH A VOLTAGE CONVERTER [err]o[€énty F@P4]

Abstract: In a digital hearing aid including one or nore integrated

:circuit signal processing parts, to which operation voltages are supplied
by a power source including a standard hearing aid battery, at |east one

of said integrated 1

A digital hearing aid with a voltage converter for
supplying a reduced operatianlvaltage.

The present invention relates to a digital hearing
aid comprising a microphone, an output transducer, =z
digital signal processor intercommected between the
microphone and the output transducer, and a power sourpe
including a standard hearing aid battery for the supply
of operation voltage for said digital signal processor.’

The general structure of digital hearing aids of
Ehis kind is well-known in the art as disclosed e.g. WO-
A-81/08654,

In ite fresh condition a normal hearing aid
battery supplies a voltage of about 1.3 V and during its
active life the battery can supply current sufficient
for the operation of the hearing aid down to a voltage
of about 1 V, below which the power supplying capagity
of the battery drops rapidly.

In prior art hearing aid technology it is well
known, e.g. from EP-A-0 335 542, US-A-4,539,440 and Us-
A-5,581,455 to provide operation voltages higher than
the nominal battery voltage for certasin processing
Circuits or components, e.g. EEPROM menories and
m%crophone circuits, by means of voltage step-up
converters, moetly in the form of switched capacitor
networks designed e.g. as socalled charge pump voltage
maltipliers. |

Further examplés of use of voltage regulators in
hearing aids have been disclosed e.g. in DE-A-27 38 339,
DE-C~31 34 888, DE-A-197 02 151 and WO-A-96/03848. Thug,
DE-A-187 02 151 discloses a hearing aid comprising a
voltage regulator capable of of providing a number of
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circuit signal processing parts is designed to operate at a ¥eHvice@04
unstabilized operation voltage substantially below a nom nal voltage of

: the battery and a sw tched step-down voltage converter is connected

bet ween the power source and such signal processing parts for |owering
the battery voltage to provide the reduced operation voltage. 5 July 2004
1 Adigital hearing aid with a voltage:%onverter for supplying a reduced
operation voltage The present invention relates to a digital hearing aid
conprising & lﬂﬁ&ﬁmﬁuppinVthageanshatenﬁyabsﬁhﬂgﬁérsagnabwgﬁocessor

I nt er connec between t.he cr Qne d the output transducer, and a

power sourcgﬁgph?#ﬁﬁ gh%%fngeHPiﬁagsrd battery for the supply Of

operation voltageohahrﬁﬁ(tnhghégﬁlﬁgggga Qggggs§0Q°1{Q@ﬁgqﬂgﬁﬁ% %ructure

of digital hearln% aids of this kind is well-known in e art i scl osed
e

e.g. WO | nCRESHFesH orMPEFEE athshmalamar iwithi dreduced peweres a
vol'tage of abasimbtdch Mk %ézf‘ﬁiiéélo?&?hiﬁ trgt. ﬁnhh‘io%,a(#ﬁly can suppl y

current sufficien for the operation o € hearing’‘ai to a voltage
of about 1 V, bel BhewRRghinheopuertionphl heagingpatdt yechicldey behéery

from Ep A 0" 5ASES AU, Mlpel! Hiin et M Ra 8t tn od presiaes - ¥
oper ation vappagéﬁohighétagﬂﬂwsuﬂﬂidmﬁﬁtmw h hefﬁrvghba@@éggtfgﬁtaln
processing of1 LGy cgrgggggfggt%hrcﬁits an fgaﬂggfﬁhaggom the
nominal battery voltage has only been used for voltage
stabilization or provision of reference wvoltages,
further lowering of the operation voltage has been
considered incomvenient, singe it would result in loss
of processing speed. In certain parts of dlgzt&l hearing
aids such as a D/D output converter, which is
responsible for a main part of the poﬁer consumpiion,
' reduction of the operation voltage would only result in
2 current increase and provide no saving in power
conpumption for the same output power from the D/D
converter.

Moreover, in small size hearing aids with a low
voltage drop and a current drain of a few mA or even a
fraction of mh only, power saving by reduction of the
operation voltage has been considered outside interest
due to the complex circuitry of a low lose stabilized
series voltage regulator.

The invention is based on the recognition of the
fact that, as long as the operation voltage is kept
above a defined minimum voltage, some integrated circuit
signal processing parts of a digital hearing aid, like
e.g. digital filters, are 1eés sensitive to variations
in the operation voltage in the sense that such
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m crophone circuits, by neans of voltage step-up converter$§, Jidgt E§O#n t he
formof sw tched capacitor networks designed e.g. as socalled charge purr
voltage nmultipliers. Further exanples of use of voltage regulators in
hearing ai ds have been disclosed e.g. in DE-A-27 38 339, DE-C 31 34 8BS,
DE- A-3.97 02 151 and WO A-95/03848. Thus, DE-A-197 02 151 discloses a
hearing aid conprising a voltage regul ator capable of of providing a
nunber of AMENDED SHEET 5 July 2004 stabilized supply voltages that nay be

hi gher or |o . he_npm ry. v ) S| earing aid
field a vol t\gg‘éar&r%gggfl%\ggo%%ncﬂ% ?%*&ﬁﬁogtné’?%ﬁ&n%égé\n hgls%la%eced power
consunpti on hasf lpeghiodisndeosed i n US- A- 4, 2050369. Whereas in conventi onal

hearing aid technolqgy{ hgheé%%ofq__re p&véer%ﬁjn%%glhy?{oreg%]rggyﬁtjt%%s ,poeen to

provi de operation voltages icientl e opéeration  of signal
processi ng ci rrgiviisleard digdtel i drafiog theé havimnad babyer yagolteage has

only been used. f.Qr Vo ablJ,i i r |. Sl of reference
vol t ages, fuﬁ%aﬁce&rer&o%vie%gﬁadldz% ?#éﬁ((z)%}erpg)pﬁgnc%% facel%ﬁés been considered
i nconveni ent, sincetddorddupdte esnd taspectoss tidé processiingespeed. I n

certain parts .of digit LN i uch_as 3 ut. converter,
which is resptglﬁggbﬂg %orroggéﬁgi% 5%9?%8? gﬁggb%ﬁe%%oﬁgﬁ{ lp:'tsil(%1 , % reduction
of the operat imorreghtage woul duomlty rtesosdudar, aacudignitali nei@asle and

brovide o sayl0. L0 RONET. - EANSUIRY QL LOL LRE SATR AuLRUL,goVer from the

DD converter. reover, 1'n small si'ze heéaring
output transducer and a power source including a

standard hearing aid Dbattery for the supply of
operation voltage for said digital signal processor,
characterized in that said digital signal processor
comprises at least o¢ne integrated «circuit signal
processing part capable to operate at a power supply
voltage within a range substantially below a nocminal
voltage of said battery and above a defined minimum
voltage without a significant change of performance, and
that a switched step-down voltage converter is connected
between the power source and said at least one signal
processing part for providing said varying power supply
voltage.

By lowering of the operation voltage reguirement
for parts of the integrated signal processing circuits
the total current drain and power consumption of the
hearing aid is reduced. In particular, this brings
substantial benefits in terms of power consumption, when
the digital signal processing is operated by large
hardware programmed programs, which would otherwise
result in significant power consumption.

Preferably, the digital signal processing parts

having reduced operation voltage requirements will be



voltage drop and a current drain of a few mA or even a fraét/8AYoRORA
only, power saving by reduction of the operation voltage has been
considered outside interest due to the conplex circuitry of a |ow | oss
stabilized series voltage regulator. The invention is based on the
recognition of the fact that, as Iong3és the operation voltage is kept
above a defined m ni num vol tage, sone integrated circuit signal processing
parts of a digital hearing aid, like e.g. digital filters, are |ees

sensi tive t0 VardiahkAnsn s her 0pgEAt L 00 YAIdA0& iRt N a5805EcE01at such
AMVENDED SHEET 5 July 2004 3 variations would not result in any significant
change of perffarimgneelowtoperathegelolitadehe eobij egtlof threshnvénes on to
provi de a digi%§kmhg%ringofidepav%% a égngg& agtuﬁg batteré |ife and a
reduced power fconsurmpti on’ Or diNGEE6"0ne" Asp&ch® 6t t k& Opradet
invention, theneuisspaevindesanl @i géddl iheasdnigheaial soNIRipStalL R,

m crophone, an output transducer, a digital_ signal processor

i nt er connect ed®Wet REERR Y RFOGEEF U dfe tantdt theompat pait Chicd&autiit and a
power source iy ugiinGs@ressbandakd heapipg %bdpQ@Eégéi/ngLoépéehne supply of
operation voltage for said digital signhal processor, characterized in that
said digital stwwalt poveesderangdonprdisess adigidadt YAderncégrated circuit
signal processing part capable to operate at a power supply voltage
within a range substantially below a nom nal voltage of said battery and
above a defined mninum voltage wthout a significant change of

per f ormance, and



that a switched step-down voltage converter is connected bétWeér £26@4pover
source and said at | east one signal processing part for providing said
-varying power supply voltage. By |lowering of the operation voltage
requirenent for parts of the integrated signal processing circuits the
total current drain and power consunption of the hearing aid is reduced.
In particular, this brings substantial4benefits in terns of power
consunption, when the digital signal processing is operated by large

har dwar e pr G@‘tmmmi pooer memd;hcy_\@ghgtgt ty%{du S&s BES Jt tﬂ: SI?%l ficant
power consqu%i Prefera |y, the digital signal processin havi ng
reduced oper &R NBYbétsllub¢ guppl3addu$t@ned in

MOS or CMOSat ¢gl iqygﬁ) éﬁ&@g &I having a | ow operating voltage,
e.g. alowthres Idgﬁe plﬂ%h 6??haggtage conpared to bipolar processing

circuits as normal }S/ &é’é&&hiehedﬁsngnal df. Syphcaignal sm@m'q{%
processi ng iits_that are not stressed w th respect
ket e Bes B E LBl I, REboeitintcmpeR, rvaiving

to processing speed or “oufpu
circuits, 5&34l.y &Cmnly\hempasnrrmb@estpmle;;bpégugéglggcgr%% put D/D

converter ut |ifier na still be supplied wth™ a h

oper ation 8%’?’9}%% B}ri:gew o ?ﬁﬁs oftgucﬁggpgﬁéﬂnm oémdng ard ocks,

whi ch are stpaseeidnt 1 Ges SbPEIrspe in nore
par al | el orﬁserlal prgggiiﬁ? P rgc gﬂ ?ﬁ%ﬁ%éﬁﬂﬁk%ﬁgﬁ%eﬁ?%g 1'n%ge ng $peed

and consequBRBESS |ﬁﬂFhﬂﬂ%E@Eﬂ¢6ﬁL@¢bﬂent may be
Thus, in a preferred embodiment of the hearing aid

according to the invention paid at least on sigan
progessing part comprises parallel signal processing
blocks each operating at said varying power supply
voltage. The reduced operation voltage for the signal
prOEEBBIng Parts in quesgtion would preferably be equal
to or below 0.8 V, e.g. in a voltage range of half the
nominal battery voltage such as 0.7 down to 0.4 V or
preferably 0.65 down to 0.5 V.

In a preferred embodiment the switched atep-down
voltage converter providing the reduced operation
voltage or voltages would be a capacitive charge pump
converter, which may advantageously be designed to
deliver two or more output voltages. However,
alternatively also a switched inductor type converter
qould be envisaged.

In the following the invention will be explained
in further detail with reference to the accompanying
drawings, of which

Fig, 1 is a schematical block diagram of an
embodiment of a digital hearing according to the
invention, and

fig. 2 shows a first configuration of a pwitched
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| onered even for such circuit blocks. Thus, in a preferred éndsdiynBAf4of
. the hearing Ald according to the invention said at | east on sigan
" processing part conprises parallel signal processing blocks each operating
at said varying power supply voltage. The reduced operation voltage for
the signal processing parts in quest%an woul d preferably be equal to or
below 0.8 V, e.g. in a voltage range half the nom nal battery voltage
such as 0.7 down to 0,4 V or preferably 0.65 down to 0.5 V. In a preferred
embodi ment  RESGHEEh ¥PLE2SS- 85/F~Iount ggeveshoxrrofrtiw chakgwy pug r educed
operation aRyor I a ive.charge punp

R s o e g S Lt LU

converter, which may advantageous desSi'g ¥ two or nore
out put vol tages. Hé@&veB, andlﬂeanatsumpy;ﬁied élégrémﬁ“ﬁlﬂdﬂﬂﬁﬂﬂaﬁgtype

oxplainot Chtriec RAFOHERERE tp Bib CPambredet S Cammbiamn dimd isr aw ngs.

of which fig, 1 is a schematical block diagramof an enbodi nent of a
digital hearing agcordb g to the invention, and fig. 2 shows a first
configuration of c BGWﬂNENBEEpBﬁEE¢n§19ur§t2Oo4ofapaswnpchealtage

st ep- down ccmye&iea Obol g N i5- he _hearing aid
shown n fi g. 3 gﬁ% are S|npll%|e§ 5#2 HFPaPYHg charge

situati onsgﬂcpé h§°€oH98r iar tb@nhe@amg @id rlil'fovgi i fifg,g 15 &hews a second
configuration of gigyitehgth » are simplified diagrams illustratlng

charge situatioms in the converter configuration in fig.
2.

The hearing aid schematically illustrated in fig.
1 Comprlses elepctric circuits 1 interconnected between
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capacitor voltage step-down converter of the charge punp t§péuinr2@@é in
the bearing aid showmn in fig, 1, and figs. 6 and 7 are sinplified diagrans
illustrating charge situations in the converter configuration in fig. 2.
The hearing aid schematically illustrated in fig. 1 conprises electric
circuits 1 wotbesmsmnect ed bet ween AMENDED SHEET 5 Jul y 2@04/DROL/0MES0812
PCT/ DKO1/ 00007 5 a m crophone 2 and an out put transducer or receiver 3.

The electric circuits 1 include a signal processing part 5 a control part
6 and a power supply part 7. In a digital hearing aid the signal
processing parts 5 5 will at |east congprise an A/D converter for conversion
of the anal og signal fromthe m crophone 2 into digital form digital

si gnal processinigrophonet 3 anddrudiutguti kitensdwds: a:rfplrief:ieG:ﬁrSraBId an out put

converter supply/i Dgbdid (e QDL U ANR0HERS 2 %J.zl,ﬂaglg kst ognal 0g

out put si gnal corrpensatl ngﬁ users earin e switched
capaci t or volR%de st 8p°ab cﬁf’rﬁferq &ndop Pﬂ‘ée’éh%ﬁ%ypl&ﬁﬁtt?peml | ust r at ed

infig. 2 is odigitaipergeneraldiyd kaoewnsigom Uﬁrécélss’bﬁﬁ; 369rtands 15 _
comprises kn sani g% ﬁeaee%rﬁ%lvget fanaA/B' L306e 50U G, D6,3UgD; 83 @ hearing

aid battery s Ing a nom converter
confi gurati orf sﬁéﬁl ViR %h Sdepat vfo]Fcf"égéhﬁUoﬂ%cWWel s 2abdBt®hal f the
nom nal batt etigivallt agermThedtohvel t esignalcuigrod@secanpri sescaipai r of

transistors E%d%&%iﬁé SQ@W@e§§ Pand amplifiers and an output
converter supplying to the output transducer 3 a

10 digital or analog output signal compensating for the
users hearing impairment.

The switched <capacitor voltage step down
converter of the charge pump type illustrated in fig.
2 is of a type generally known from US-2A-4,205,369 and

15 comprises in series connection with a voltage source
DC such as a hearing aid battery supplving a nominal
voltage U, of about 1.3 V a converter configuration
supplying an output wvoltage xU,, which is about half
the nominal battery wvoltage. The converter circuit

20. comprises a pair of transistors Tl and T2 shown as p-
and n-type MOSFET transistors, respectively, which are
controlled by a control voltage v and connected with
switch circuits 81 and S2, respectively, which may
each be implemented as a pair of n- and p-type MOSFET

25 transistors, respectively, <controlled by opposite
clock phases.

Transistors Tl and T2 and switch circuits S1 and
52 control charging and discharging of twoe capacitors
C, and C, as follows.

30 When the control wvoltage v is non-active or
"low", transistor Tl is on and transistor T2 off and
switch circuit 81 is inactive and switch circuit 82
active, so that capacitors C;, and C, are charged in
series as shown in the equivalent diagram in fig. 3.

35 When the control voltage v is active or "high",



and n--type MOSFET transistors, respectively, which are cohtd¥elyedl®y a
control voltage v and connected with switch circuits Si and S2,
respectively, which nmay each be inplenented as a pair of n- and p-type
MOSFET 25 transistors, respectively, controlled by opposite clock phases.
Transi st or swblozgesd2 T2 and switch circuits Si and S2 contP@DEHANGY ng and
di scharging of two capacitors Cf and CS as follows. 30 Wien the control
voltage v is non-active or "low', transistor Ti is on and transistor T2
off and switch circuit S1 is inactive and switch circuit S2 active, so
that capacitors Cf and C. are charged ¢n series as shown in the equival ent
diagramin fig. 3. 35 Wien the control voltage v is active or "high", 5
July 2004 WO ©ddi50&R2rPCH BKOKWIGOGOH B renanstst oF2 Téni sndf fwatxch t r ansi st or

T2 on and switofoyiald @i s Qbehiveaghl Ve Bh SWAehR £CisbCYhL-S2.d hactive, so
that capacitors §¥ and Cs,gre d schgrged in garallel to the | oad as shown
in the equi vatent i &GPaf ﬂr?i(lg‘. aBdCs pRe; LS hiargisthe ni RRFRYeL 3 and 4 a

load is represedritedday asrekdwt oin Rhe Ehutepbait alisgthmand £5gare of equal

capacitance jhe fhat tReY MUJrAdR Uin 18 qdi.Viglediant @ a halfqand the
reduced suppI% volta eﬁ¢§but wl] be %Rout the half of 10 the battery
vol tage. In thePTHRIGH &¥i Bn*SWoWrPS A*Fig. 5 three MOSFET transistors T1,

T2 and T3 and four Ifnicaphctiecei €s a8l C; Se SF aqeaSicapeciommected to
control the chid WdiGery voltage U, is divided into a half and the
reduced supply voltage xU,, will be about the half of
10 the battery wvoltage.
In the configuration shown in fig. 5 three MOSFET
transistors T1l, T2 and T3 and four switch circuits 81,
32, 83 and S4 are connected to control the charging
and discharging of three capacitors C;, C, and C, in
15 the same way as described above.
When the control voltage v is "low"” transistors
Tl and T3 are on and transistor T2 off, while switch
circuits S2 and S4 are active and switch circuits 81
and 853 inactive, s0 that capacitor C, is charged in
20 series with the parallel connection of capacitors C.
and C¢ as shown in the equivalent diagram in fig. 6.
When the control voltage v is "high" transistors
Tl and T3 are off and transistor T2 on, while switch
circults S2 and 54 are inactive and switch circuits S1
25 and 83 active, so that the series connection of
capacitors C; and Cg is discharged in parallel to the
capaciteor C, and the resistor Rl in parallel therewith
as shown in the equivalent diagram in fig. 7.
If capacitors C;, Cq, and €, are of equal
30 capacitance the battery wvoltage U, is divided into
thirds and the reduced supply voltage xU,, will be
about the two thirds of the battery voltage.
The configurations shown in fig.s 3 and 6 are
only examples of preferred embodiments of switched

35 capacitor charge pump converters for use in digital



and di scharging of three capacitors Cf, Cf2 and C, in 15 theJsaneZ08§ as
descri bed above. \Wen the control voltage v is "low' transistors Ti and T3
are on and transistor T2 off, while switch circuits S2 and S4 are active
and switch circuits Si  and S3 inactive, so that capacitor Cg is charged in
20 series Wyblhykdse parall el connection of capacitors C.  ROTDKIR008E shown
in the equivalent diagramin fig. 6. Wen the control voltage v is "high".
transistors Ti and T3 are off and transistor T2 on, while switch circuits
S2 and S4 are inactive and switch circuits Si 25 and S3 active, so that
t he series connection of capacitors Ci,and Cf2 is discharged in parallel to
the capacitor Cg and the resistor RL In parallel therewith as shown in
gge equi val emeﬂhi&gjl’)aéﬂdlsﬁ éd:@clarcﬂngl ft@aplasgfmfrﬁngzqnﬁﬁiahmdl Oclﬁlé:lrg 01;1 equal
capacitance_t he batfery. volt [ i vided jnt thirds and the
reduced suppl 3°Sol t%%eéiﬁoh?&%%%%be c"éalﬂz’grutmotrﬁee rte\ﬁiblcfeai PHE Bt Vhe battery
vol tage. The YoHFddfF dfidrofd ISREANT | AL IRg: PP @sdisgarartenty Exanpl es of
preferred enmbeshd ey Sa@l syaid ched oBbal@@BcCialsor rehaf gapuap ceywerters for
use in digital J WO 01/50812 PCT/ DKO1/ 00007 7 hearing aids
accordi ng tSO%E’ é‘?%ﬁ’ﬁ%&%ﬁ?'wmi n the scope of the invention one or nore
reduced operation Afolihgestebroni $5at ehibe spgparipficvesaong pEta s of the
hearing ai d cagdibedbbpepetias foathgensswdpitikel bybadHeer yovoddage. As wil |

follow from tgt?elgi—eéo%rj p&é%ratg(}veof_t h?he invention will initially
not be stabilized and will thus follow fluctuations of
10 the battery voltage. It would obvicus for an expert,
however, to generate also a stabilized lower voltage,
when needed, by means of a conventional stabilizing
voltage regulator, while maintaining the benefit of a
lower power consumption resulting from the invention.
15



reduced operation voltage supplied by the voltage step-dowh dBhVerPBR of
the invention will initially not be stabilized and will thus foll ow
fluctuations of 10 the battery voltage. It would obvious for an expert,
however, to generate also a stabilized | ower voltage, when needed, by
means of a conventional stabilizing vditage regulator, while maintaining
the benefit of a |ower power consunption resulting fromthe invention. 15
5 July 2004 8 CLAIMS 1. Adigital hearig aid conprising a mcrophone an
out put transducer, a digital signal processor interconnected between the
m crophone and the buthpuiigitpansdactry anid £PpEwésivpur celenePieiag a

standard heari ”Qnaio%tgﬂtt eff%ax{s%hc‘e@e SaUpJﬂ%'iPJll OB‘Eéﬁ‘&iOI&BrOXQLé@e sai d
di gital signal® processor, c aracét e Iz e In that ‘said digital
si gnal processiorterconpetisses ladtueeastthenadiicnbplsat edandr chet ostgumal

rocessin art capable to operate at a power. s [, vol tage varyin
W thin a range GNBSRSREI A7) DePOWER FOMCHal Lo RS Gt ShRBCBELtery and

above a definetbarThgl Muiyvoddage yW EBpUttige SiGipphi,caBt chpaget Din
performance, and that a sw tched step-down voltage converter is connected
bet ween t he poiRrtasfursdddanid 91§a1ld SagnRéaBECBRRST gnal Npf ckedsf g part for

providing - said yanyigepauer, suppty syoht 3862y A:dhgi! dohearing aid as

clainmed in claiml1l, <c¢ h acter.i in that sai east one

si gnal processianprpaet istdebéapted dne CNBBepreirbl ogyrcuit signal
processing part capable to operate at a power supply
voltage varying within a range substantially below a
nominal wvoltage of said battery and above a defined
minimum voltage without a significant change of
performance, and that a switched step-down wvoltage
converter is connected between the power source and
gaid at least one signal processing part for providing
salid varying power supply voltage.

2. A digital hearing aid as claimed in claim 1,
¢charactezxrizedin that said at least one
signal processing part is designed in CMOS technology.

3. A digital hearing aid as claimed in claim 1 or
2, characterizedin that salid at least
one signal processing parts comprises parallel signal
processing blocks each operating at said varying power
supply voltage.

4. A digital hearing aid as claimed in claim 1,2
6r 3, characteri zedin that said wvarying
power supply voltage is equal to or lower than 0.8
volt.

5. A digital hearing aid as claimed in any of the
preceding claims, ¢ h a r a ¢ t e r 1 z e d in that
sald converter is a capacitive charge pump converter.

6. A digital hearing aid as claimed in claim 5,



3. Adigital hearing aid as clainmed in claiml1l or 2, c h a fudyc2f0e r i
.z edin that said at |east one signal processing parts conprises parall el
- signal processing bl ocks each operating at said varying power supply
voltage. 4. A digital hearing aid as clainmed in claiml, 2 or 3, char a
cteri zedinthat said varying éfomer supply voltage is equal to or
| ower than 0.8 wvolt. 5. Adigital hea&ing aid as clained in any of the
preceding claims, c har acter i zedinthat said converter is a
capacitive @Hargyer pun® tomverieg.e6d Aidi gthak heRL& NG @s pqi]@ med in
claimb5, SQ%%?I 004 9 c ar act g@r_i z edin that sard®c ge punp
converter is dod gred o GRFITEE (40 Seliges Jdiwpupr mpregesitiatt | east one
of which ' vicd tsagak vasity| D8apewWe p oly = igjital hearing aid
as cl ai ned int$%§ of ., clains | ?8 %? @ﬁéngegfggﬁﬂifﬂfkﬁégésgFﬁwaltage
converter PERRIKNMRIELE nduct or network converter. 8. A digital hearing
aid as clained iR a s i hg, clai ns, har,acter a zed
in that said .vaﬁyigg g%a%gséu8%§§%@gft%ﬁé ﬁgzﬁi%ﬁﬁﬁ%b?ﬂif@Hngﬁiage.
AMVENDED SHERRims 1 to 4, characterized in that

said voltage converter is a switched inductor network
converter.

8. A digital hearing aid as claimed in any of the‘
preceding claims, characterized in that said
varying power supply voltage is an unstabilized voltage.
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