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(57) Abstract: In a digital hearing
aid including one or more integrated
circuit signal processing pasts, to which
operation voltages are supplied by a
power source including a standard hearing
aid battery, at least one of said integrated
circuit signal processing parts is designed
to operate at a reduced unstabilized
operation voltage substantially below
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a nominal voltage of the battery and a
switched step-down voltage comverter is
connected between the power source and
such signal processing parts for lowering
the battery voltage to provide the reduced
operation voltage.




operation voltages are supplied by a power source including dausyafa@@dd
hearing aid battery, at |least one of said integrated circuit signa

: processing parts is designed to operate at a reduced unstabilized
operation voltage substantially below a nom nal voltage of the battery and
a sw tched step-down voltage converter is connected between the power
source and such signal processing pargs for lowering the battery voltage
to provide }he reduced operation voltage. 5 July 2004.1 A digital hearing
aid with a ’%oﬁ!@é%n@@ﬁﬁéﬂm Aldswigilyi By woltdgecccapeeateon fisokt age.

The presentgji Lgn_r t di.qital aring aid conprising a

n cr ophone, éﬁﬁggﬁ%atat?%ﬁ%%%gé%#%fié%%ﬁk%§f§?%ﬁal processor

i nt erconnected between the m crophone and the output transducer, and a
heari aid battery for the supply O

power source ingluding a tandarq: q? . ,
oper ation vol t age %_r:-’;"g%?‘?f%ﬂl‘d}‘f% Y e G et dsr o Adgietajedesarting ruct ure
oo o) e ey,  esbpiines L, ohoBIR, epiplely ",
vol tage of “aifbt Sk BEPCRESOES Lakexvermdatadic Hedmeanry ce suppl y
R e T A R
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 & 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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of the battery drops rapidly.

in prior art hearing aid techhofaly 2¢04s

well known, e.g. fromEP-A-0 335 542, VS-A-4,539,440 and US- A-5, 581, 455
: to provide operation voltages higher than the nom nal battery voltage for
certain processing circuits or conponents, e.g. EEPROM nenories and

m crophone circuits,

by neans of voltage step-up converters, nostly in the

formof swtched capacitor networks designed e.g. as socalled charge purr

vol t age

mul tipliers. Further exanples of use of voltage regulators in

hearing ai d® Mﬂ&ﬂl&ﬂﬂﬂin@dleageslbh@E—ﬁm@?hﬁ3ﬁfﬁher[ﬁiCaaﬁe§4 8BS,

DE-A-3.97 0 nd WO 103848. Thu DE- A- 197 02 151 discloses a
heari ng aid%gé%pﬁﬁﬁ Ip%5%£¥¥gﬁpipﬁgecapable of of providing a

nunber of ANENDEDoaHEEEe‘Sshémé’&%ngtabal E1e0as UPRiY L4y

hi gher or

| ower .than, the noni nal battery vol tage. Qutsi~de ﬁ%%ea

may be
ing aid

field a voIF&ﬁEu&Fop&ﬂuymgﬁFgﬂlt Pﬁhﬂgiquté%WW@IogﬁdMQﬂﬁrqymmen power
consunptloncaaguﬁgeadw:aagxsggﬁruig%fg§e30§$3ﬁg_a_ f dtjéPconventlona
e at

hearing aid technOl ogy the major power supply
operatlowheﬁﬁaagég sonvepkdonal heghihgraifictepknalogy tleé signal

provi de

requi

S been to

e 0, S, P SO IR el ) S

vol t ages,

eperabichoweltegesf sufefimesmtlprhight 8¢ bae ReRivarion
of signal processing circuits and reduction from 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 d;gztal 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 variatione
in the operation voltage in the sense that such

AMENDED SHEET



consi dered inconvenient, since it would result in |oss of prddé¥siAg4
speed. In certain parts of digital hearing aids such as a D/ 33 output
converter, which is responsible for a main part of the power consunption,
reduction of the operation voltage would only result in a current increase
and provide no saving in power consunption for the sane output power from
the DD converter. Mreover, in snmall size hearing aids with a | ow
voltage drop and a current drain of a few mA or even a fraction of mA

only, power S%%hg%tQXnEGQH&I&OHOPfré Lt %Hﬁﬁﬁéi%ﬁg%ﬁkﬁégﬁth?ﬁ%8$§”

considered outside interest” due to the conp circuitry o ow | oss
stabilized serf e@sx¥oknagee.regulator. The invention is based on the

recogni tion of the rfact Lhalocds |a10 ndie peral | onudlgoeds kent

above a defined m ninum voF‘?%ge, sone |%fjegr ated cir processi ng
parts of a di gitcalidhear idigidird, heakéng eagd Haginal af Lbhess, aarivd ees

AVENDED SHEET B FaFy 360 By AT FRRTSRb SABCl d Pt CESaR 1 n any Signi {1 cant
change of performeieerdingi sotdrer efspeett hé thg aotesgintt Revenvenii on to
provide a_di gifal, hearing. Al dhaviqig.g.t ORdSE: APTLYE cDatLeny  ife and a
reduced power consunption. ‘According to one asp ctTof pregenat
i nventi on, microphone, an output transducer, a digital signal
processor interconnected between the microphone and the
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



there is provided a digital hearing aid conprising a nicrophdhéy dR%8ut put
transducer, a digital signal processor interconnected between the

m crophone and the output transducer and a power source including a
standard hearing aid battery for the supply of operation voltage for said
di gital signal processor, characterizé& in that said digital signa
processor conprises at |least one integrated circuit signal processing
part capable to operate at a power supply voltage within a range
substantial Iy heliowed NATRRA oY 0bHGYe OfnmAldPaldigLy 30dsabpye; a defined
m ni rum voltage w thout a significant change "of performance, and that a
swi t ched st ep-ldotimgvel Lagecmomianterolsagronredt ed ldetibreshvheé gower source
and said at |east . one_.signal rocessing.part for praoviding said varying
power supply Qﬁﬂqpaﬁg? Bgoﬁ%%ﬁgin§°8PaF%% o%%ra??%é?%ﬁal?gﬁ SPeY r enent

for parts of tdigrduitegrat edrfkdnal usdCcas Shewritigr Cliidss Tyikechdiwl current
drain and power consunption of the hearing aid is reduced. In particular,
this brings st §hehed RFOREFPRY iMRTLEr WE biCPBRETFE cCOrBEi BREt when  the
digital signalafr ogRssifGdsedORAkat dsBYctacge prBabdyBie pragy agped
prograns, which would otherwise result in significant power consunption.
Preferably, tHatiugi Paresi ganpngr otessi ay priwl Haliteg cédaeeds.operati on
voltage requirenents will be 5 July 2004 3a designed in MOS or CMOS

technol ogy using transistors



having a | ow operating voltage, e.g. a low threshold or pifacfub¥f208fttage,
conpared to bipolar processing circuits as normally used in hearing aids.
- Typically, such signal processing parts will conprise circuits that are
not stressed with respect to processing speed or output power demand, such
as digital filter circuits, 5 July 2004 whereas nore stressed circuits such

as an output D)D converter or output afplifier may still be supplied with
a higher operation voltage. By suitable design of such signal processing

bl ocks, whi sthereast meseebtizegyal e65roaisREQhIHIVEL Viaho 0%‘: a]??ﬁl it-up
in nore parg!lq;- r serial processing, blocks, the requirenents T0
processi ng &&ufé;ﬁf %o frpldid egp et s8d lNobeaguppiedreieyt may be

| overed evea fiigisaiehogesEtibn88Kkaqehus, in a preferred embodi nent of
the hearing Aid according to the |n€eﬁtion said at | east on sigan

processing part cdipr Eyd&agidenl dekigngnal psuckssiyhaldl Ricoqanihgper at i ng
at sai d var gy -SMD . . The_reduced operation voltage for
t he signal 5%9%§§§2§ﬁ8%§a§%§ Fﬁggﬁggﬁiﬁﬁ REBFESBHBE cPRBEY Havelitils to or

bel ow 0.8 V&.6.9.a isphivebpadga mawge wirdidd] tHe séi’ﬁhﬁa?r@ﬁc‘éﬁ% ol t age
such as 0.7 to 4V or referably 0.65 down to O. . I'na“preferred
cnbod men PRE-LRA oMiF s CARuERENERER: o6’ caroeeseing: oepsedy mant r cduced
O, L A VAP U Ry e B

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
vultageﬁ The reduced operation voltage for the gignal
processing parts in question 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

AMENNEN CUECT



deliver two or nore output voltages. However, alternatively dhdyg 8004

. switched i nductor type converter could be envisaged. In the follow ng the
“invention will be explained in further detail with reference to the
acconpanyi ng draw ngs, of which fig. 1 is a schematical block diagram of
an enbodi ment of a digital hearing agcording to the invention, and fig. 2
shows a first configuration of a swtéf®ed AMENDED SHEET 5 July 2004

capaci tor valtage step-down converter of the charge punp type for use in
t he hearing %P&%&ﬁ%% Age steprgovmacanventer eofi tipd i diamrhel ipagpans

il lustrati ngypehddze 15 [ i cohye configuration in,fig, 2,
fig. 5 shows a secqn&ﬁﬁiﬁg?dﬁ@21¢%%fo ga&?%ﬁ%%ﬁéﬁ ncgbaciior vol t age

st ep- down conver t A 98 Bhenchdr geepaippllfpedf dtagtdng i 1RG4 aid
shown in figpal eaggtphgi g gﬁd (. are sin€lified di agrans illustrating
charge situations I S1EBRV AP ERe COPRYGRY SR isnbigutagion AnThdghear i ng
aid schemat®cally illustrated in fig. 1 conprises electric circuits 1

i nt erconnect ed be%meen ANENDED SHEET 5 July 2004 WO 01150812 PCT/ DKO1/ 00007
1g. S shows a gpecond configuration of a switched

capacitor voltage step-down converter of the charge pump
type for use in the hearing aid shown in fig. 1, and
' figs. 6 and 7 are simplified diagrams iilustrating
charge situatioms in the converter configuration in fig.
2.

- The hearing aid schematically illustrated in fig.
1 comprises electric circuits 1 interconnected between

AMENNFD SHFEET



5 a mcrophone 2 and an output transducer or receiver 3. ThedelecifPé
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
55 wll at least conprise an A/D converter for conversion of the anal og
si gnal fronwblogsasixr ophone 2 into digital form digital PET@EAI0MTOCessi ng
circuits including filters and anplifiers and an output converter
supplying to the output transducer 3 a 10 digital or anal og output signal
conpensating for the wusers hearing inpairment. The sw tched capacitor

vol tage step down converter of the charge punp type illustrated in fig. 2
is of a type generally known from US-A-4, 205, 369 and 15 conprises in series
connecti on wid mizrephbage2 soud G dﬂﬁpamchraﬁsdméﬁxndrnge&bdvbatBery

supplying a qggrgﬂecegyge%g%ggyiéﬁ apﬁgiu393 ngﬁﬁ??v% LsSPRET guration

suppl yi ng an out put vol tag I s about nonm nal battery
vol t age. The R&itvert &r Sep Eﬁﬁtp%ﬁf Corprli 8eBOUeHaFYPRIY PF&HSlstB?s T1 and T2
shown as p- anddigittaipehdISkigT anrcansmestsmgnal eppecdsasalg, padichsar e

control T edsby, 3 cqnt ﬁegsyoé&@&qse Ag%nBSfffg&é% [Dx hiLhgLpcU LS S

and S2, respectlve y, Wwhi eac enment as a palr of n- and
p-type MOSFEP 25tPFan%‘F%JtQﬂ s Slﬁéébecﬁ%l }hecoﬂ%?’é?ﬂ’r&i‘%y 2oppBEPte cl ock
phases. Transiistiand TXoand T2iahtdabW s$idnal r quidee sSiingndciBS2ucost r ol

chargi ng andjﬁﬁﬁ%ﬁﬁﬁginQiQEe£¥o Sﬁ@acgﬁ85§fiers 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",



Cf and CS as follows. 30 Wen the control voltage v is non-acfuve 4904
"low', transistor Ti is on and transistor T2 off and switch circuit S1 is
i nactive and switch circuit S2 active, so that capacitors Cf and C. are
charged in series as shown in the equivalent diagramin fig. 3. 35 Wen
the control wodisesge v is active or "high", 5 July 2004 WPrOIPEORIWRY

PCT/ DKO1/ 00007 6 transistor Tl is off and transistor T2 on and swi tch
circuits S1 is active and switch circuit S2 inactive, so that capacitors
Cf and Cs are discharged in parallel to the |load as shown in the

equi valent diagramin fig. 5 4. In thegdiagrans in figs. 3 and 4 a load is
represented by a resistor RL. If capacitors Cf and C5 are of equal

capaci tance thandggattoar lvdlst agd Und itsadisisted Tht onaahdl watch t he

reldgced S:Jpplt%ly@ht@g%lxti%utac%bb 9§da§@yécﬁ f&ﬂ&'lft ﬁ’/%s %JE;%CE{% battstegxrfs —
vol tage. In e ratjion s hr ee ransi

T2 and T3 and®¢ ota}aqsﬁgpéﬁlt?f% ft?“%l a§g d’s%"%ﬁﬁ?%hl&r Bagdhielcted to
control the ctargiendoagndsdsbewarigi rl:gleofaqtlhv«ehemtama@gtrammﬁ:fflﬁz and C, in

15 the samg way a% d@ﬁ@“dl%ﬁmvemwﬁ@st hezconiy ok vpol hagg vids "low'
transistors Ti and T3 are on and transi'stor T2 off, while svmtch circuits

S2 and S4 ar eF AT ST PEWR L ERS LT RUiRts i

If capacitors C; and C, are of equal capacitance
the battery 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 S3 inactive, so that capacitor Cg is charged in 20 seriésJwiyvhZffé
paral l el connection of capacitors C and Cf2 as shown in the equival ent
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 $4 are

i nactive angoenkdsgh circuits Si 25 and S3 active, so tharCTVIKILHWOT es
connection of capacitors Cf and Cf2 is discharged in parallel to the
capacitor Cg and the resistor RL in parallel therewith as shown in the
equi valent diagramin fig. 7. If capacitors Cf, Cf2 and CS are of equal 30
capaci tance the battery voltage Ucc is,divided into thirds and the reduced
supply voltage xUout will be about the two thirds of the battery vol tage.
Tfr:te) gpnfi guralgém_sngsh@mb ggcééﬂiiih_g:g' ﬁ]d’rc]@e aki Bve O dh EXRIEH 185 1]9{9 preferred
enmbodi nents of _switche itaor _charge pu converters_ for use in
digital 5 Ju|§/°%?o4°€\ogr0i/35‘b‘§%‘q%&%ﬁoffog‘6’d% g‘%rcligﬁ??nﬁpglr%lgl%nccor ding to
t he inventionvolMyadfish fdve diféepenbf sigral maansgsesangneases nof etireeduced
Opgrati OB vV Oohd Bty faﬁ]gdiéaixermt fsbﬂﬂﬁhed)rg@esﬁi:@@tﬂ?ﬁ soef the ”he?r: Ing
aid can be_o i.ne racgtions of the 5 battery voltage. As w ol | ow
fromthe dgsgé%ﬁ%n%g)bl_gaggf he reduced operation voltage supplied by the
vol tage st ep- down ASorivielrk efobont heremyvehe | gasariptian takeve the

reduced operation voltage supplied by the voltage
step-down converter of the 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



not be stabilized and will thus follow fluctuations of 10 tReJBalt 8P4
vol tage. It would obvious for an expert, however, to generate al

stabilized | ower voltage,

stabilizing voltage regulator, while naintaining the benefit of
power consunption resulting fromthe irfrention. 15 5 July 2004 8
1. Adigital hearing aid conprising a m crophone an output transducer, a
processor interconnectgdrhgt ween the m crophone and the

output transducer and a power source including a standard heari
battery for the suprf\dﬁéﬁﬁé#abﬁéﬁlnw0$th@m@§iél@gg@t@lC§¢@m%¢ processor,

di gital signal

char act
at | east one i

€ pBed 4% s%%e%a' 4 d&ﬂ jedr SL«,Q pr 9:88%?96
RS apabl'e %

ntegrateg ci rcul gnal eSS|n

SO a

when needed, by nmeans of a conventi onal

a |ower
CLAI M5
ng aid

COﬂprISGS
0 operate

at a power supphyrcmoheemgﬁ\hﬁgmaqy\mmbhmmcaopammﬁ sabstaheiahtyubeIOM/a
nom nal voltage of said battery and above a defined m ninum

without a signifar¢aHEeEnaige %prHEFfﬁFW§ﬁ8e PR B SRR ﬂ%
vol t age convq&k&angs goanesdiad et ween the QQ@@stogfceogaﬂatﬁﬁhd at | east

one signal processing part for providin

age
st ep- down

sai d varyi ng power supply

vol tage. 2. ABidiass Sfesr idglard 449BRAi REECERSRTaitn,2 Eh @k act er
i zedin thq; §a'd Al lQ@SEnOEHat said digital signal processor

comprises at least one integrated «circuit 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,



signal processing part is designed in CMOS technol ogy. 3. A>digivakO@éaring
.aldas clained inclaimlor 2, char acteri zedinthat said at
+ | east one signal processing parts conprises parallel signal processing
Bl ocks each operating at said varying power supply voltage. 4. A digital
hearing aid as claimed in claiml1l, 2 or 3, char acteri zedin
that said varying power supply voltade is equal to or lower than 0.8
volt. 5. Adigital hearing aid as clainmed in any of the preceding clainmns,
char adctharriazcetdein ihate dai drooglakt Baid @ i?’u\@acharge
punp converéoceprv Gt A di giéi al . hea}:{]i ng aieg_as claimed in clda mb§5, July 2004
9char act ety &PIgHghatosdedived gawvoues  mexe eocldpiits desi gned
to deliver o amyedOret ovbagt owel baoes: ol 4l : Lawhich ' is said
varyi ng power agjppl vol t age. i%ig %\gdi%glilta %sgg%lncgn’g?%ﬁ)ﬁgc%&“’ﬁgd in any
of clainESPPP&YZFQj%ﬂQ&ﬁerized in that said voltage converter is a

swi tched i nductor n K n r.8,.A digital, heari,ng aid as cl ai ned
in any of the. pr7écz)§i¥ﬁé'§éf:§?ns\ifé%ﬁnn% ?1§ &5t %laq'méﬁgzl’é‘ Pry ffat said
varyi ng pofdeisispgl vt ayd is mam unst abig izef &/l t apg. ¢ yENDED SHEET

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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