WD 97/ 40644 Lo PCT/ 1 B97/ 00401 Heari ng
Ai d Devi ce Background of the |nvent|on 5 Fleld of the invention The
invention relates to a hearing aid device so as to inprove the ability to
hear. More particularly, the invention relates to inprovenents of such
hearing ai d doV@8Y4964410 Description of prior art A hearing aPETERIPMeL has-
the following units: 15 - an input mechanical/electrical converter, as
e.g. a mcro- phone, that provides anal og elgectrical output signals; - a
signal processing unit for processing the elkcirical out- put signal of the
I nput converter and 20 - an el ectrical/mechani cal output transdrucer, e.g.
a | oud- speakefteat AL Detded he out put signal of the processing unit and
converts it into nmechanical signals either to produce a sound signal or to
directly interact with a 25 per son;

Background of the invention

5 Field of the invention

The invention relates to a hearing aid device so as to improve
the ability to hear. More particularly, the invention relates

to improvements of such hearing aid devices.

10

Degcription of prior art

A hearing aid device has the following units:

15 - an input mechanical/electrical converter, as e.g. a micro-
phone, that provides analog electrical output signals;

- a signal processing unit for processing the electrical out-
put signal of the input converter and

20 -

- an electrical/mechanical output transdrucer, e.g. a loud-
speaker, that receives the output signal of the processing
unit and converts it into mechanical signals either to

" produce a sound signal or to directly interact with a
25 person;

- a power supply unit which provides the electrical energy to

the hearing aid device.

30 Hearing aid devices are known where the output transducer is

operated by a switching unit generating a switched sigmal.



- a power supply unit which provides the electrical energy to the hearing
aid device. 30 Hearing aid devices are known where the output transducer is
operated by a switching unit generating a swi tched signal. WO 97/ 40644
PCT/ 1 B97/ 00401 -2- By a switched signal we understand a signal which may
assune at | eawosndnesdsi gnal states |inked by transient edgespecrussndsoni Nng- or
swtched unit is a unit generating at its output such 5 switched signals.

It is known to performthe signal processing between the input converter
and a switch-over control input of the swithing unit, whereat the
switch-over cycles are controlled in analog 10 technique. It is a primry
obj ect of the present invention to provide a hearing aid device wherein the
i nput converter is operationally connected to an input of an

anal og-t o- di gBych sweibwehdd mjigmailt we understand a signal which may assume at

least two signal states linked by transient edges. A switching
or switched unit is a unit generating at its output such

5 switched signals.

It is known to perform the signal processing between the input
converter and a switch-over control input of the switching
unit, whereat the switch-over cycles are controlled in analog

10 technique.

It is a primary object of the present invention to provide a
hearing aid device wherein the input converter is operationally
connected to an input of an analog-to-digital converting unit_
15 and wherein the output of such converting unit is operationally
connected to the control input of the said switching unit

without implementing a digital-to-analog reconversion. .

Summary of the invention

20 _
To fulfil the object mentioned above, there is provided a hear-
ing aid with a mechanical/electrical input converter and an
electromechanical output transducer; a signal processing unit
with an input operationally connected to the output of the

25 input converter, wherein the signal processing unit comprises a
switched output unit with a switch-over control input and
operationally connected to the input of the output transducer
and generating a switched, at least two-state output signal,
and further comprising a pulse width modulator unit generating

30 a pulse width modulated output signal, the output of the pulsg

width modulator unit being operationally connected to the



15 and wherein the output of such converting unit is operationally
connected to the control input of the said switching unit w thout

i npl ementing a digital-to-anal og reconversion. Summary of the invention 20
To fulfil the object nentioned above, there is provided a hear- ing aid
with a nechaniWaP7#é&ctrical i nput converter and an el ectr on®ECREBA796401

out put transducer; a signal processing unit with an input operationally
connected to the output of the 25 input converter, wherein the signal
processing unit conprises a switched outpufl gnt with a switch-over control
I nput and operationally connected to the input of the output transducer and

generating a sWyithedovel LEREtol EIptdleE @UEPHYiE68ER outPitt fuiithethe
conprising a pulse wdth nodul ator unit generating 30 a pulse width,
nmodul at ed out pupulsiegwddtht medulaten wiit ifompyising AtdiaddRl foptrghi Lnputng

operationally cgnnected .1 he 9714 4 .
PCT/ | B97/ 00401 £ Contto12ihg Pulsml ' 98dd1ation.

-5 Brief description of the drawings

The invention shall be understood more clearly from the follow-
ing description of exemplary embodiments of a hearing aid
device, said description being made with reference to the ap-

10 pended drawings of which:

fig. 1 is a principle block diagram of a hearing aid de-

vice according to the present invention;

15 fig. 2 is a more detailed block diagram of a hearing aid
device according to the present invention in a pre-

ferred embodiment;

fig. 3 is a block diagram of a noise-shaper as used in the
20° preferred embodiment of the inventive device

according to fig. 2;

fig. 4 shows in schematic and diagrammatic form a pre-

ferred form of realization of a pulse width modula-

25 tor unit as used in the inventive device according
to fig. 2;
fig. S shows in a simplified diagrammatic form a second

mode of realization of a pulse width modulator unit
30 as used in the inventive device according to fig.

2;



-3- switch-over control input of the switched output unit, the pulse width
nmodul ator unit conprising a digital control input for controlling pulse

wi dth nodul ation. 5 Brief description of the drawi ngs The invention shal
be understood nore clearly fromthe follow ing description of exenplary
enbodi ments oWad7Heei ng ai d devi ce, said description bei ng vexhmsovneé
reference to the ap- 10 pended drawi ngs of which: fig. 1 Is a principle
bl ock diagram of a hearing aid de- vice according to the present invention;
15 fig. 2 is a nore detailed block di &gram of a hearing aid device
according to the present invention in a pre- ferred enbodinent; fig. 3

Is a block diagram of a noise-shaper as used in the 20-

preferred enbodi nent of the inventive device according to fig. 2; fig. 4
shows in scherfkdc éand dishpweniax iac siuphibied dignammatior nepresentatian an

of a pulse w dth nodul a- . 0 | sed.] e_inventive
devi ce accor di ng ﬁ%%ferred realzzaé;énlggéh;%& ) gw1£@h&9 outp&t

unit of the inventive device according to fig. 2

5 connected to a loudspeaker as output transducer;

fig. 7 shows the time course of potentials applied to the
inputs of the transducer according to fig. 6 and of
the resulting voltage between such inputs and of
10 the pulse width modulated control signals applied
to the control input of the switched output unit

according to fig. 6 in a first mode A operation;

fig. 8 shows over time axis the potential courses and the
15 resulting voltage course at the inputs of the
transducer according to fig. 6 as operated in a

second operation mode B;

fig. 9 shows in a representation in analogy to figs. 7 and
20- 8 operation in a third C mode;
fig. 10 shows in a representation according to the figs. 7

to 9 mode A operation with symmetric pulse width
modulation;
25

fig. 11 shows in a represéntation according to fig. 10

symmetric modulation in mode B;

fig. 12 shows in a representation according to fig. 11

30 symmetric pulse width modulation in mode C;



to fig. 2; fig. 5 shows in a sinplified diagrammtic forma second node
of realization of a pulse wi dth nodulator unit 30 as used in
the inventive device according to fig. 2; WO 97/ 40644

PCT/ 1 B97/ 00401 -4- fig. 6 shows in a sinplified diagrammtic
represent at i oWO27496d4 erred real i zation form of a sw tched olRGIIBIANMGL Of -
the inventive device according to fig. 2 5 connected to a

| oudspeaker as output transducer; fig. 7 shows the tine course of
potentials applied to the inputs of the t rafsducer according to fig. 6 and
of the resulting voltage between such inputs and of 10 t he

pul se wi dth mogiy atiefd congidibs SirdRabenapalissh tfurdtacaant bobok Nginll e
swi tched output unit according to fig. 6 in a first npde A operation;
diagram an improvement at the inventive device for

compensating power supply variation;

5 fig. 14 shows a first preferred realization form of the

technique according to fig. 13;

fig. 15 shows a second realization form of a technique
according to fig. 13 at a noise-shaper according to

10 fig. 3;

fig. 16 shows for a second realization form of a noise-
shaper unit as used in the inventive device ac-
cording to fig. 2 a further realization form of the

15 technique according to fig. 13;

fig. 17 shows in a functional block diagram a further
improvement at the inventive device according to
fig. 2, wherein high-power signal processing is
20 - modelled by low-power signal processing, and high-
power signal processing is adjusted according to
the difference of modelling and high-power signal

processing;

25 fig. 18 shows a first and preferred realization form of the
technigque according to fig. 17 in a simplified

functional block diagram representation;

fig. 19 shows in a simplified block diagram representation
30 a further realization form of the technique

according to fig. 17;



fig. 8 shows over tine axis the potential courses and the 15

resulting voltage course at the inputs of the transducer according to fig.
6 as operated in a second operation node B; fig. 9 shows in a
representation in analogy to figs. 7 and 20- 8 operation in a
third C node; WO 9y/40649 shows in a representation accordi Ngpé&fHeibosdd 9S-- 7
to 9 node A operation with synmmetric pulse width nodulation; 25 fig. 11
shows in a representation according to fig. 10 symmetric nodul ati on in node
B, fig. 12 shows in a representation acc@réding to fig. 11 30

symmetric pul se width nodul ation in node C, WO 97/ 40644

PCT/1B97/ 00401 -5- fig. 13 ~ shows in a generalized functional bl ock
signal flow

fig. 20 shows in a simplified representation of the modu-
lator unit according to fig. 5 provision of further

control inputs;

fig. 21 shows in a simplified block diagram representation
gain control as a further improvement of the
inventive device according to fig. 2 for improving
signal-to-noise ratio;
10 |
fig. 22 shows at a noise-shaper unit as used in the in-
ventive device according to fig. 2 further control

improvement ;

15 £fig. 23 a preferred form of realizatiom of control pulse
and phase shifter units as used in the embodiment

of fig. 18;

fig. 24 for explanatory purposes, the time diagrams of
20° signals generated at the unit according to fig. 23.

Detailed description

Fig. 1 shows in a most generic form a functional block diagram
25 of the hearing aid according to the present invention. The
mechanical/electrical input converter 40, as e.g. a microphone,
which generates an analog electrical output signal S,,, is
connected to a signal processing unit 41. The output of the
signal processing unit 41 drives the electromechanical output
30 transducer 46, as e.g. a loudspeaker. The output stage of the

signal processing unit 41 is formed by a switching unit 43. The



di agram an i nprovenent at the inventive device for conpensating power
supply variation; 5 fig. 14 shows a first preferred realization form of
t he techni que according to fig. 13; fig. 15 shows a second realization
formof a technique according to fig. 13 at a noi se-shaper according to 10
fig. 3; fig. 1WO9740kbws for a second realization form of. a rRETEBTGApeEr -
unit as used in the inventive device ac- cording to fig. 2 a further

realization formof the 15 techni que according to fig. 13;

fig. 17 shows in a functional bl ock diag?éhra further inprovenent at the
inventive device according to fig. 2, wherein high-power signal processing

I's 20- signdP 3| | £ BhvedWeBOWR! tHé Pt cdVea 7S ahie, 42N€o NGkt RoNer

signal processing is adj usted according to the difference of nodelling and
hi gh- power si gnébrmps caesshawge bysanailgg-tug-digidiadweonverter weitk #2:f erred

realization formof IhGd Y44 26601 B9 40nldi9s, 1 id' BpdrabiBhLIFd
connected to a pulse width control input of a pulse width
5 modulator unit 50. The output signal S§,, of the pulse width
modulator unit 50 is operatiocnally connected to the switch-over

control input of switching unit 43.

The output signal §,; is switched over between at least two

10 predetermined signal states, as shown in fig. 1, e.g. between
the two states V, and V,. This output signal §,, is operation-
ally connected to the input of the output transducer 46 either

directly or via some additional signal-shaping units.

15 The digital signal S,,, which is dependent from the input
signal S,,, has been converted to digital form at a converting

rate CK,, e.g. of 20kHz.

A power supply unit 48, powered from a battery 42, supplies, as
20" schematically shown by unit 48a, the switching unit 43,
especially for the switched states or wvoltages V,, V,, whereas

another unit 48b supplies the other electronic circuitry.

Unit 48a may supply dixectly battery voltage V, to unit 43. It
25 1is the supply 48a of unit 43 which is of interest in connection

with the present invention and not unit 48b.

In fig. 2, a more detailed signal-flow/functional block diagram
of the processing units connected to the output of analog-to-
30 digital converter 42 is shown in a preferred form of

realization. The digital signal S,, appearing with the rate CK,



functional block diagramrepresentation; fig. 19 shows in a sinplified
bl ock di agram representati on 30 a further realization form of
t he techni que according to fig. 17, WO 97/ 40644

PCT/ 1 B97/ 00401 -fig. 20 shows in a sinplified representation of the nodu-
lator unit acWo@wégd to fig. 5 provision of further control scifiBéfoess? i O
21 shows in a sinplified block diagramrepresentation gain control as a
further inprovenent of the inventive device according to fig. 2 for

i mproving signal-to-noise ratio; 10 fig. 228 - shows at a noi se-shaper unit
as used in the in- ventive device according to fig. 2 further control

i nprovement; 35 input to a digital filter unit 54. The digital filter unit

54 performs oversampling and interpolation of the input digital

signal S,,.

S The output signal S, of the unit 54 is in the form of n-bit
data words at the rate CK, >> CK, as e.g. of 20 bit words at
160kHz >> 20kHz. The digital filter unit 54 further performs an

interpolation operation interpolating between subsequent CK,-

sampled values.

10
With the oversampled rate CK,, the n-bit data words are fed to
a noise-shaping unit 52. Therein, the n-bit input data words
are converted into m-bit output data words S,,. Thereby there
is valid:

15

n > m.

Thus, the n-bit data words of S,, of e.g. 20 bits are converted
to m-bit output data words S,, of e.g. 5 bits appearing still
20 at the same rate CK,, e.g. of the 160kHz.

The noise-shaping as performed by unit 52 leads to shifting

noise towards frequencies well above the human audio frequency

band and may be realized by sigma-delta modulation as shown in
25 fig. 3.

One form of realization of the noise-shaping unit 52 is shown

in fig. 3. It comprises a negative feedback loop with a differ-

ence forming unit 53, one input of which receiving the signal
30 8,,, the second input receiving the output signal S,,. The

control deviation or error signal S, is input to a low-pass



15 fig. 23 a preferred formof realization of control pulse and phase
shifter units as used in the enbodinent of fig. 18; fig. 24 for

expl anat ory purposes, the tinme diagranms of 20 signal s
generated at the unit according to fig. 23. Detailed descrlptlon Fi

shows in a nD§W°d@ﬂ¥W1c forma functional block diagram25 off Wgﬁﬂlng
aid according to the present invention. The nechanical/electrlcal I nput
converter 40, as e.g. a m crophone, which gegegates an anal og el ectri cal
out put signal S[err], is connected to a signal processing unit 41. The

out put of the signal processing unit 41 drives the el ectronechani cal out put
30 .transducer 4filtesr angt &4l oThis pagipsits Sheofuthat filtge wiitt 54 disghaput

t 41 f d b t 43, The
D Doyl S0d01 oy unti Tar i £, S8 ok Betptme ‘Rath sord BRG FRALCALOR o

di gi t al and generates S;.

5 According to fig. 2, the output data words S;, of the noise-
shaping unit 52 are fed to a pulse width modulator unit PWM S0,
the output signal S,, of which being fed to the switch-over

control input of the output switching unit 43.

10 The modulator unit 50 thus performs a conversion from digital
data words 8., being generated at CK, rate into a pulse width
modulated control signal S,, for the switching output stage 43
of fig. 1.

15 Fig. 4 shows a first and preferred realization form of modula-
tor unit 50. The m-bit data words S,, are clocked with CK, into
a buffer and addressing unit 60 wherefrom these data words
address a memory 62, preferably realized as a read-only memory.
In memory 62, addressable data sets 62a,, 62a, representing

20- respective pulse width modulation patterns are stored, prefer-
ably for each address according to S,,(m) a pair of two such

data sets.

These data sets 62a,, 62a, are clocked in parallel into regis-
25 ter unit 63 at a rate according to CK, and are output from

register 63 in series at a rate CK, >> CK,, e.g. at 10MHz at

the outputs 850, and S50,. The bit number in the data sets

accords to the ratio of the frequencies CK, to CK,.

30 At the pair of data sets 62a,, 62a,, appropriate selection of

11* data bits and '0' data bits allows determination of output



form as shown by analog-to-digital converter unit 42 generating digital
signal S[err]. Signal S[err] is operationally connected to a pulse width
control input of a pulse width 5 nodulator unit 50. The out put signal
S[err] of the pulse width nodulator unit 50 is operationally connected to
the switch-ovOYWM4ol i nput of switching unit 43. The .out pedT/Eogss:
S[err] is switched over between at |east two 10 predeterm ned signal
states, as shown in fig. 1, e.g. between the two states V[err] and V[err].
This output signal S[err] is operation- akl ¥0cennected to the input of the
out put transducer 46 either directly or via sone additional signal-shaping

units. 15 The digital _signal Serr]l, which is dependent fromthe input
signal S[err] ,P'ﬁgge b‘é’eqﬁ’t nFRAPEHETD RY SieaPerdeth of Facohver t Pag 5 &

CKlerr], e. 0. gha20ieik an RRMIieBURREYaLbiiasithy RANERET-LEARA A Yrdfie

supplies, as 20 schematically shown by unit the swtching unit
especi al | y f ororHeulsg i(xepedisdgncpeviod Aqecaypsing tor P, \{ 6,]'. Wher eas

anot her unit 48b supplies the other electronic circuitry. Unit 48a nay
supply directly battery voltage V[err] to unit 43. It 25 is the supply 48a
of unit 43 svhi RéméBy F2 iakiter ast ai BoBGENELd Wable emitting for each address

a pair of pulse width modulation pulses of a specific length .

Another form of realization of pulse width modulator unit 50 is
shown in fig. 5. Thereby, the m-bit data words S., are first

10 fed into a decoder 66. A converter unit 67 comprises a number N
of capacitoxs C, to C,, e.g. having equal capacitance values.
The number N of the capacitors preferably accords with the
number 2" wherein m is the number of bits of the data word S,,.
To each capacitor there is associated a switch SW, to SW,. On

15 one side all the capacitors are commonly connected to a current
source 69 supplied by the supply voltage V, of unit 48b
according to fig. 1. By means of the switches SW,_,, the

capacitors may selectively be connected in parallel to

reference potential, i.e. to ground potential @,. The data
20 words S;,(m) control via the decoding network 66 how many of
the capacitors C, to C, are simultaneously connected in
parallel by appropriate closing of the associated switches SW.
A decharging switch SW, short-circuits those capacitors, the
associated switches SW of which being closed.
25 |
A comparator unit 68 is connected to the common connection of
‘all capacitors C, to C, and of the current source 69 and fur-
ther to a reference voltage Vigg. The output of the comparator
unit 68 acts on the input R of an RS-type bistable unit 70. The
30 ciock signal CK, governs the pulse repetition frequency or

cycle of the pulse width modulated signal S,,. The pulse width



with the present invention and not unit 48b. In fig. 2, a nore detailed
signal -fl ow functional block diagramof the processing units connected to
t he out put of analog-to- 30 digital converter 42 is shown in a preferred
formof realization. The digital signal S42 appearing with the rate CKlerr]
WO 97/ 40644 WO 97/40644 PCT/ |1 B9Q7/ ORCUIBITE04DhpUL -
to a digital filter unit 54. The digital filter unit 54 perforns
oversanpling and interpolation of the input digital signal S[err]. 5 The
output signal S[err] of the unit 54 is intHd formof n-bit data words at
the rate CKlerr][err] CKlerr] as e.g. of 20 bit words at 160kHz >> 20kHz.

The digital fildag1upbli Séghat (8167: P Yererat e@Nat NERE RUFULOR2RERALI BMoE
i nt erpol ati ng bet ween subsequent” CK[err]- sanpled values. 10 Wth the
oversanpl ed rattheCkfizrnit ¥he Thoicomplenenbady signdledhat appenrs-ahatheg
unit 52. ThereIort];’l'xegzc'h(caautré_p%?l{:ttIezr']n‘i)il.Jr;aald%t %svgégfied to the switch SW, to control

decharging of the capacitors which were just charged.

The operation of the modulator as realized according to fig. 5

is as follows:

. On the occurrence of the leading edge of the clock signal CK,,
10 decoding of a data word S;, at unit 66 leads to closing of an
. according number of switches SW, ,. Thereby, the associated
capacitors become charged by the current I of the current
source 69. At the same time the signal CK, has turned on the
bistable unit 70 on H-state at its Q-output and to L-state at

15 the 3-output .

The selected capacitors C,, are charged leading to a voltage
ramp V., with a rising rate directly proportional to the current
I of the current source 69 and inversely to the sum of all

20" activated capacitors C,,. As soon as the value of V. reaches
Vizree: the comparator unit 68 reéet:s unit 70 so that its output
Q goes low. Thereby, Q going high closes switch S, and
discharges these capacitors. The converter is now ready for the
next cycle according to the next data word to decoder 66.

25

There results an output signal §,, with a pulse repetition
frequency according to CK, and with a pulse duration t which is
controlled by the capacitance of simultaneously parallel con-
nected capacitors C, to C, and thus by data word S,,.

30



are converted into mbit output data words S[err]. Thereby there is valid:
15 n > m Thus, the n-bit data words of S[err] of e.g. 20 bits are
converted to mbit output data words S[err] of e.g. 5 bits appearing stil
20 at the same rate CKlerr], e.g. of the 160kHz. The noi se-shapi ng as
perfornmed by wmdi408@ | eads to shifting noise towards frequepermmraibl above
t he human audi o frequency band and nay be realized by sigma-delta
nodul ati on as shown in 25 fig. 3. One formof realization of the

noi se-shaping unit 52 is shown in fig. 3.7 1% conprises a negative feedback
loop with a differ- ence formng unit 53, one input of which receiving the

signal 30 S ghll »iL08 sggggdof é&gmt g out put signal S[err]. The
control deviation or error S|gna errflLry I nput to a | ow pass WO
97/ 40644 PCT/ 1 B97/ 00401

- the value of current I of the current source 69,

5 - the value of resulting capacitance.

The resulting pulse width t is additionally dependent on the
value of Vg, The capacitors C,, may be accurately matched,

i.e. their mutual ratio is exact, but not their absolute values

10 which in fact govern 1.

Therefore, there is provided a second'current source 69%a,

loading during the cycles of CK, a reference capacitor C.,..

Current source 69a is accurately matched with current source
15 69. The voltage V., across C,, is led to reference comparator

68a being fed bY Vigpe- Crer iS5 selected so that at a rated value

I, of source 69a and at Vg, T, should become equal to the

"H" or "L" portion of the CK, pulse train, thus e.g. to

20 Pexa

2

Thus, the resulting actual reference pulse length 1, is com-
pared with P, of the clock pulse CK,, at a phase detector unit
25 71. The output of unit 71 according to At is led as an

adjusting signal on control inputs for the matched current

sources 69, 69a via an appropriate unit 73 converting At in an
adjusting signal for the respective sources. Additionally, or
even instead of adjusting the matched current sources 69, 69a,

30 voltage source 72 ‘could be adjusted.



-9- filter unit 54. The outputs S[err] of the filter unit 54 is input to a
quanti zer unit 55 which perforns data word bit reduction and generates
S[err]. 5 According to fig. 2, the output data words S[err] of the noise-
shaping unit 52 are fed to a pul se wi dth nodul ator unit PWM 50, the out put
signal S[err] JYO¥MP644 being fed to the switch-over control i ROBIGHOdNE
output switching unit 43. 10 The nodulator unit 50 thus perforns a
conversion fromdigital data words S[err] being generated at CKlerr] rate
into a pul se width nodul ated control signal™ §[3er‘r] for the sw tching output
stage 43 of fig. 1. 15 Fig. 4 shows a first and preferred realization form
of nodula- tor unit 50. The mbit data words S[err] are clocked with CK2
into a buffer and addressing unit 60 wherefromthese data words address a

memory 62, pref &abl§ decharaed ydaztheagchiey ofefBdp-flapneropristeble unit
addressabl e dat %o%ehétﬁgg[ﬁiqnal%g[ i Lnﬁ_gp.g@.senti ng 20- respective pul se
are stored

wi dt h nodul ation pattern , preter- ably for each address
according to S[err](m a pair of two such data sets.

5 Thus, 1. is adjusted to become equal to

Pcn
2
10
Because the current sources 69, 6%a and all capacitors C,, and
C,.» are matched, the pulse lengths 1 become thus automatically
calibrated as if the absolute values of I, C,, and Vi, were
exactly predetermined and constant.

15
~ If, with the arrangement according to fig. 5 and according to

fig. 4, two signals S550,, S50, are to be generated with select-

able phasing of their impulses 1, then preferably the
arrangement according to fig. 5 is provided twice, one for
20 850,, one for S850,, and the two decoders 66 initiate pulse

generation with a preselectable mutual delay {(not shown).

The generic concept as it was explained with the help of fig. 5
varies, accoiding to the information in the digital words §,,,
25 mwerely the value of a charged capacitance. It is clear to the
skilled artisan that instead of varying or controlling the
value of capacitance, charged by a constant current, and
comparing the resulting voltage ramp V., with a constant refer-
ence voltage, one could alternatively or additionally vary the
30 current value which is used for charging the capacitive network

and/or the reference voltage V..



These data sets 62a[err], 62a[err] are clocked in parallel into regis- 25
ter unit 63 at a rate according to CK[err] and are output fromregister 63
in series at arate CK[err] >> CKlerr], e.g. at 10MHz at the outputs
S50[err] and Sb0[err]. The bit nunber in the data sets accords to the ratio
of the frequewoemnoédd2 to CK3. 30 At the pair of data sets peph@4bdie; 6222,
appropriate selection of '1' data bits and '0' data bits allows

determ nati on of output WO 97/ 40644

PCT/1B97/ 00401 - 10 - pulse width T quantirzéd by the period of CK[err],

i.e. Plerr] = CKlerr] and with any desired nutual phasing in the respective
PWM frame or pul se repetition period according to Plerr] = CK[err]. 5
Menory 62 acts as a conversion table emtting for each address a pair of

pul se w dt h noahha} i accamtdies tof aageperalized aipgiridabhr £br LAe81ieing & m of
realization of pulie wi dt h nodul ator_unjt 50 is _shown in fig. 5. Thereby,
the mbit dat a™REPYRERF 1Q PYatder tREhNPTY AF iSOy incEigerS6me @ func-

converter unit¢@ZnCoFPEhs &fidA A Reral Se;, pulse width modulation may be

5 realized by varying at least one of
- a capacitance charging current,

- the value of a capacitance being charged,
10
- a reference voltage with which the voltage ramp resulting

from capacitance charging is compared.

In fig. 6, there is shown a preferred form of realization of

15 the inventive switched output stage 43 according to fig. 1.

The signals S50,, S50, from the pulse width modulator unit 50
are led as switch-over control signals to a driver unit, com-
prising two drivers 86 and 88. They drive four switches SW, to

200 SW, which are connected to the output transducer 46 as a
bridge. The bridge of switches SW, to SW, is fed by the voltage
Vy; derived from battery 49 of fig. 1 via supply unit 48a,
preferably directly by the baﬁtery voltage. The activated

.- drivers 86 and 88 close SW, and SW, or SW, and SW_, so that a

25 wvoltage V,, appears between the input terminals I and IX of the
output transducer 46 which is switched between + and - V, in a
rhythm controlled by the pulse width modulated sigmals S50,,
850;. Whenever both drivers are desactivated, SW, and SW, are
closed, thus the inputs of transducer 46 short-circuited,

30 whereby SW, and SW, are open, disconnecting V, from the load.



of capacitors CJerr] to CJerr], e.g. having equal capacitance val ues. The
nunber N of the capacitors preferably accords with the nunber 2[err]

wherein mis the nunber of bits of the data word S[err] To each capacitor
there is associated a switch SWerr] to SWerr]. On 15 one side all the

capacitors are
supply vol tage

y connected to a current source 69 suppbPCEIBYNG401he
V[err] of unit 48b according to fig. 1. By neans of the

switches SWerr], the capacitors may sel ectively be connected in parallel
to reference potential, i.e. to ground potén@?af [err]. The data 20 words
S[err](m control via the decoding network 66 how many of the capacitors

Clerr] to CerrifagRe SééitidsA 10Tk ¥neNGL CEIR dut gl Brhfbabve ANDS O iHRlgh

cl osing of the
short-circuits

associ ated switches SW A decharging switch SWerr]
eneush c phan tthies CUEREt S5RFINART S MB¥ebBe SFPRReGhRDh afki ng

I d. 25 A | 8 4l |
a1 1 capaci tor o CRavE) B MU &) diReCOIP L Sne Bufepier F TRHe SRR Bl

to a reference
t he i nput R of

governs the Hul B@2FLRR

10

15

20

25

30

pobgagernierid nothaldyt phé @isd [TorcQondspéskerdids afberl ifpron
an RS-type_ bistable unit 70, The 30 clock signal CKlerr
t %q§n1ﬂqm§aﬁgﬁ&985f if this is not the case, in order

to dampen the high frequency noise, a passive filter may be

added between the output of the switched output unit 43 and/or
an external inductance may be provided between at leaét one of
the input terminals of the output transducer 46 and one of the

outputs of the switched output unit 43.

In fig. 7 there are shown the time diagrams of the electric po-
tentials applied to the terminals I and II of the output
transducer 46 in the embodiment of the switched output unit 43
as it is schematically shown in fig. 6 and according to a first
mode A of phasing S50, and S50,. Further, there is shown in fig.
7 the resulting voltage V;,;, between the terminals I-II. In
mode A, the two terminals I and II are complementarily con-

nected to +V,, 0.

A mode B of realizing the output signal of the output switching
unit 43 is shown in fig. 8. Thereby, according to the signum of
Ss;;, a I- or a II-cycle is made. During intermediate time
intervals, the respective transducer inputs I, II are short-

circuited and V, is disconnected from transducer 46.

For low signal levels, mode C, according to fig. 9, may be
used. During a fixed time span T, of P,,, the load according to
the transducer 46 of fig. 6 is short-circuited. During the

remaining time span of P,, this mode accords with mode A.



cycle of the pulse width nodul ated signal S err]. The pulse width WO
97/ 40644 PCT/ 1 B97/ 00401 - 11 -

nodul ated signal S[err] is generated at the output termnal Q of the
circuit 70. The conplenmentary signal that appears at the other output
termnal Q iswapydosead to the switch SWerr] to control dechaegimgosd:t he -
capacitors which were just charged. 5 The operation of the nodul ator as
realized according to fig. 5is as follows: On the occurrence of the

| eadi ng edge of the clock signal CKlerr],-1D6decodi ng of a data word S[err]
at unit 66 leads to closing of an accordi ng nunber of switches SWerr].

Ther eby, the Il at ed ga i e the,.current .1.of the
current sourc :ﬁ‘g%&gﬁt %t' hg" g]gé:nestht%{w?r’e Q? Efe}ggi %‘%‘9@%{‘% rc]a“h 13 Fﬁgﬁ’é%e% N the
bi stable unit v tan P, gate at its [err]-output and to L-state at 15 the
[err]-output. '

Comparing the three modes A to C leads to:

mode A: V;.;; has a considerable energy at the carrier

frequency CK,.

mode B: V:;.;; has practically no energy at the carrier fre-

10 quency CK,.

mode C: V:.;: has an energy at the carrier frequency CK,
which is significantly lower than in mode A and

which decreases together with transmitted signal

15 power (t).

Straightférwafd PWM control will lead to a phasing of the PWM
impulses of S,, as is shown in the figs. 7 to 9. Thereby,
lengthening or shortening of the pulse width t is asymmetric in
20 that the phasing of leading edge X of the respective impulses
is constant with respect to P,,. The phasing of the lagging
pulse edge Y is varied according to variation of t. This leads
to the disadvantage that there appears at the voltage V, .,
applied to the output transducer 46, significant distortion

25 product signals.

Therefore, departing from the realizations according to figs.

7, 8 or 9, a further improvement is reached by symmetrically
varying the modulated pulse length t as shown in figs. 10, 11

30 and 12 for the modes A, B, C respectively. Here, pulse width 1



The sel ected capacitors Cferr] are charged leading to a voltage ranp V[err]
wth arising rate directly proportional to the current I of the current
source 69 and inversely to the sumof all 20 activated capacitors Clerr].
As soon as the value of V[err] reaches V[err], the conparator unit 68
resets unit 70WOP7Med4 its output Q goes |ow Thereby, [err] mrmgmddis@h
closes switch S[err] and di scharges these capacitors. The converter is now
ready for the next cycle according to the next data word to decoder 66. 25
There results an output signal S[err] with-alputse repetition frequency
according to CK[err] and with a pulse duration [err] which is controlled by

L7, CAPRCt{encc Bl B4 ABGOUSAY. DAk O slr SR 0L S AN Lt S7LE)

PCT/ | B97/ 00401 pullse cefitxer Zsi ng rate of V[err] is a function of

The pulse width modulated control signals S50, and S50, are in
5 fact shaped as the signal courses I, II of the figs. 10 to 12

respectively.

In the preferred mode of realizing the pulse width modulator
unit 50, according to fig. 4, symmetric modulation is done by

10 appropriately setting the pulse pattern in the data sets 62a,
and 62a,, which respectively represent the signal course seri-
ally emitted from the register 63. In the form of realization
according to fig. 5, this is realized by appropriately delaying
the start of voltage ramps V. with respect to the time frame

15 given by CK,. As was mentioned above, generation of $50, and
8§50, with the embodiment according to fig. 5 is realized by
doubling such embodiment and appropriately determining the
phase shift of one cutput signal of one embodiment, let us say
S50,, from the output signal generated by the second

20° embodiment, S8S0,.

By this symmetrical modulation, a significant reduction of

distortion product signals in V, ,; is reached.

25 All considerations up to now have been made under the assump-
tion that the battery voltage V, or, more generally, the volt-
age of power supply 48a according to fig. 1 is constant and
precise. Obviously, this does not hold. If we consider e.q.
figs. 7 to 12, it becomes clear that the actual battery voltage

30 V,, now named V,(t), directly influences the voltage V,, at

the output of the output switching unit 43. Thereby, it is



- the value of current | of the current source 69, 5 - the value of
resulting capacitance. The resulting pulse width [err] is additionally
dependent on the value of V[err]. The capacitors Cerr] nay be accurately
matched, i.e. their nmutual ratio is exact, but not their absolute values 10
which in factwQowsoedy [err]. Therefore, there is provided a egansoodds r ent
source 69a, loading during the cycles of CK[err] a reference capacitor
Cerr]. Current source 69a is accurately matched with current source 15
69. The voltage V[err] across (Jerr] is+d® to reference conparator 68a
being fed by V[err], Cerr] is selected so that at a rated value I[err] of
source 69a and.at _Vlerr]. Jlerrd ul l,, & €y HeyOL:v4"
portion of thé’leﬁfe%gTEpﬁ%es?‘{Jaﬁtﬁg gsgggggg%tg% mﬂatgjg Vau(t) kil
Plerr] 2 Thus jinifhaeh8sUthé NeutgRitialudief signat. pPos ctecngithalleral ssatomwe
pared with Plerr] of the clock pulse CKlerr], K at a_phase detector unit 25
71. The out pumayf "HhFP-?‘P-‘H&&»d?WQ%?’{t@-F‘ﬂ] the effeck of S50 usti%hg si gnal
on control inputs for the matched current sources 69, 69a via an
appropriate unit 73 converting [err] in an

5 v:-xx.(t) = sso(t) ‘ Vu(t)l

wherein V .., (t) denotes the voltage applied to the terminals of
the output transducer 46 varying in time due to variations of

the actual battery voltage Vg (t).

10
We may further write for the desired "d" value of voltage
applied to the output transducer 46:
Viga{t) = Sg(t) ° Vg,
15
which is only time varying due to pulse width modulation.
Therefrom there follows:
20° Vior1a () Vg (E)
= = M(t).
vl-IId(t) vld
Thus, we receive:
25

Vi yalt) = S, (t) - M) - Vg, (t)
= [M2(t) - Sg(t)1Vg(E).

Thus, in a further improvement of the present invention, the
30 ratio of actual battery voltage V,(t) to a reference desired

battery voltage V,, is monitored and the signal received from



adj usting signal for the respective sources. Additionally, or even instead
of adjusting the matched current sources 69, 69a, 30 voltage source 72
coul d be adj ust ed. WO 97/ 40644

PCT/1B97/ 00401 - 13 - Cerr] is decharged via the action of flip-flop or

bi stabl e unit WO&74644 ng in analogy to unit 70. 5 Thus, T[er PFTABI7A0HOLSt ed
to becone equal to 2 10 Because the current sources 69, 69a and al
capacitors Cerr] and CJerr] are matched, the pulse lengths [err] becone
thus automatically calibrated as if the absotUte val ues of 1, Clerr] and
Vierr] were exactly predeterm ned and constant. 15 If, with the arrangenent

according to fighe 3npit 2660e8t88 40 P to Heih¥OaFpTHEH TSN CohtrS20L MY
are to be generated with sel ect-
of output stage 43 is multiplied by the time varying factor

M*(t) or is divided by the time varying factor M(t).

5 The principle of this improvement is shown in fig. 13 in a

generic representation of the invention according to f£ig. 1.

According to fig. 13, the output voltage V,(t) of the supply
unit 48a or a voltage proportional thereto is led to a division
10 unit 75 where the input x is divided by the input y or vice-

versa. The quotion x/y accords with M(t).

In the signal processing path between the input converter 40

and the switch-over control input to the switched output unit
15 43 there is provided a division unit 77 wherein the signal

processed between the output of the input converter 40 and the

said control input is divided by M(t). If the diviesion unit 75

performs the division y/x, thus resulting in M™*(t), then and

preferably the unit 77 is a multiplication unit. The reference
200 wvoltage source 79 is realized by stabilizing a part of the

voltage V, (t) of voltage supply 48a.

As is obvious, the units 77 and 75 may be realized in digital,
analog or hybrid technique according to the signals to be

25 processed.

A preferred mode of realization of this battery voltage com-
pensating technique is shown in fig. 14. The reference voltage
Vaa 158 led to the reference input Ref of an analog-to-digital

30 converter ADC 81, the input IN of which being fed by V. (t). By



abl e phasing of their inpulses [err], then preferably the arrangenent
according to fig. 5is provided twice, one for 20 S5 err], one for S502,
and the two decoders 66 initiate pul se generation with a presel ectable

nmut ual del ay (not shown). The generic concept as it was explained with the
hel p of fig. Wwowsueeds, according to the information in the digimeiooser ds
S[err], 25 nerely the value of a charged capacitance. It is clear to the
skilled artisan that instead of varying or controlling the val ue of

capaci tance, charged by a constant current, 2&nd conparing the resulting

voltage ranp V[err] with a constant refer- ence voltage, one could
alternatively

or. additignall.y vary_th 0 r alye.Wai ch, I & r
charging the ciPBe¥EiY ‘ﬂﬁt\% ogna%o&)?he%fsg’ eﬁéeggol age [dZ’lr‘}rj]%fae(a 59\/\0
97/ 40644 the signal at "Ref". PCT/ 1 B97/ 00401 - 14 - Thus,

according to a generalized approach for realizing a nodul ator 50 by the
technol ogy as shown in fig. 5 as a func-

The output of ADC 81 is thus M(t). In the digital division unit

5 83, the digitalized signal, preferably S,, or S,, according to
fig. 2, is divided by the digital value M(t). The advantage of
this procedure is that the dynamic range of the stages follow-
ing the division unit 83, i.e. at least noise-shaping unit 52
and the modulator 50, is not affected. The correction unit

10 realized by division unit 83 is placed anywhere in the signal
path at the input-side or within the noise-shaping unit 52,
whereby it is obvious that the sampling rate at the output of
ADC 81 must be adapted to the sampling rate of digital signal
at the input x of the unit B83.

15
In general, a digital multiplication may be performed faster
than the more power consuming digital division. By inversing
the inputs to the reference input "Ref" and to the signal input
"IN" to the ADC 81 with respect to V, and V,(t), the signal

20 M?*(t) appears at the output of ADC 81, so that, instead of a
division unit 83, there is provided a multiplication unit at

83.

In fig. 15 there is shown a preferred embodiment where compen-
25 sation of the varying power supply voltage V,, (t) is performed
in the noise-shaping unit 52. According to fig. 3, the output
of the quantizer 55 of the noise-shaping unit 52 is fed back to
the difference forming unit 53. The low frequencies of the in-
put signal S;, are fed back, théreby eliminating low frequency

30 noise.



tion of the digital words S[err], pulse wdth nodul ation may be 5 realized
by varying at |east one of - a capacitance charging current, - the val ue of
a capacitance being charged, 10 - a reference voltage with which the
voltage ranp resulting from capacitance charging is conpared. In fig. 6,
there is showW@9%Mferred form of realization of 15 the .i nvCITRYOM t ched
out put stage 43 according to fig. 1. The signals S50[err], S50[err] from
the pul se width nodulator unit 50 are |l ed as switch-over control signals to
a driver unit, com prising two drivers 86~a#H B88. They drive four switches
SWerr] to 20- SWerr] which are connected to the output transducer 46 as a

bridge. The bri s SWi.t C er SWj ' t
V[err] derived ?%?rﬁ)léﬁm é:troylizgﬁg i i%ﬂeﬁévli%\ghgﬁg%rtau%??t %aﬂ,é%rlﬁ‘e be(r ggﬁ? of

directly by 't hethatneiseabapagg. ufike SR t3d wilsdpdieveds Betingl BB theodnput

SWerr] and SWerr]. SWh and _SWerrl..sa.thgt 25.volt age V[ errn] .ap rs
bet ween the inpﬂ% %%#gﬁﬁﬁQQf 10 ?Iu%ﬁtﬁ%% %ﬁtgﬂ? F?%%%aucé?k&€¥mﬁ?cﬁ ?s
swi tched bet V\Beﬂurt?iﬂed Wyekhk Edctor Wit enet 1okl efedyeridie dquilteatWodt the
nodul ated signals Sb0[err], ) .. .
5 output signal S,,(m) is divided by the factor M(t). The digital
value of M(t) is thereby formed by means of an analog-to-
digital converter 81 as it was explained in context with fig.

14.

10 In fig. 16 a further topology of a noise-shaping unit 52 is
shown. It comprises quantizer unit 55, difference forming unit
53 and low-pass filter unit S4a. Additionally, a multiplication
unit 84' for multiplying the output signal S;,(m) by the factor
of M(t) is provided.

15
A further possibility to compensate for variations of the power

supply voltage V, (t) is based on the following considerations:

The energy of the pulses of the pulse width wmodulated signal
20 applied to the input terminals of the output transducer 46 is

given by the product of the switched level V, (t) and the pulse

widths r.

Therefrom it might be seen that the effect of varying V., (t) on
25 the energy of the signal applied to the input terminals of
transducer 46 may be compensated by varying the impulse length
t. Thus, if the respective pulse lengths Tt are multiplied by
M*(t), then the resulting switched voltage to the input ter-
minals of the output transducer 46 will be compensated with

30 respect to variations of the voltage V,(t).



S50[ err]. Whenever both drivers are desactivated, SWerr] and SWerr] are
cl osed, thus the inputs of transducer 46 short-circuited, 30 whereby SW
and SWerr] are open, disconnecting V[err] fromthe | oad. WO 97/ 40644
PCT/1B97/ 00401 - 15 - If the series inductance of the output transducer 46
i s high enougWodrkesas t he out put transducer 46 may be connectWReymafoesgiOWn -i n
fig. 6, directly to the output of the switched output stage. This is
normal Iy the case for |oudspeakers as used for 5 hearing aids.

Nevertheless, if this is not the case, in-o022ler to danpen the high
frequency noise, a passive filter may be added between the output of the
switched output unit 43 and/or an external inductance may be provi ded

bet ween at | east one of the input termnals of the output transducer 46 and

one of the 10 pudNgcs balcki ba Shé efissllinentUbfUBhé Weauldtdsd Ginit Gboeae-are
shown the time diagrans of the electric po- tentials applied to the
ternminals | arkPnding tond&igut putit was explained that the resulting pulse

width t is inversely proportional to the value of current I.

5 The larger I is, the shorter will be the respective pulse

llength 7. Thus, and as introduced in fig. 5 by dashed lines,
compensation for variations of the supply voltage V, (t) may be
realized by directly controlling the current source 69 by the
factor of M(t).
10
Nevertheless, the factor M(t) is in fact directly proportional
to the actual supply voltage V, {t), so that, instead of the
factor M{t) as shown in fig. 5, the voltage V,, (t), as measured
e.g. directly at the output of the power supply 48a, may pref-
15 erably directly be used as control signal for current source

69.

For the voltage compensation technique which was explained up
to now, it is necessary to tap-off the actual output voltage
20..V5(t) of the power supply unit 48a. In operation, the power
supply 48a is loaded with high frequency noise. This may ad-
versely affect the correct operation of the described power

supply voltage compensation technique.

25 As was explained in connection with fig. 6, the output trans-
ducer 46 is short-circuited and any load is disconnected from
voltage V, (t) when both of the signals S§50,, S50, are desacti-

vated, i.e. at both of the signals no impulse is present.

30 Therefore, and according to the figs. 8 to 12, it is only

during such cycle times T, that the actual supply voltage V,,(t)



transducer 46 in the enbodi ment of the swtched output unit 43 15 as it is
schematically shown in fig. 6 and according to a first node A of phasing
S50[err] and Sb0[err]. Further, there is shown in fig. 7 the resulting
voltage V[err] between the terminals I-I1. In node A the two terminals |
and Il are cor¥P8H#644arily con- nected to +V[err], 0. 20 _A mrdems700401
realizing the output signal of the output switching unit 43 is shown in
fig. 8. Thereby, according to the signumof S[err], al- or all-cycle is
made. During internediate time intervals, 1 respective transducer inputs
I, Il are short- 25 circuited and V[err] is disconnected fromtransducer

46. For | ow si ghalsah@y@lsandORELd £AC tMelcBRipbRsdt fon bedmiiqle WASEn &1 Ng
a fixed tine span T[err] of Pl[err], the | oad according to the transducer 46

of fig. 6 is slsplagreduwith. timihelp cfefdgsceite p+ine span of Plerr],
this node accords with node A WO 97/ 40644
PCT/ 1 B97/ 00401

The signal processing according to fig. 1 converts an input

5 analog signal into a digital signal which is further trans-
formed into a pulse width modulated signal at high-power level
and with high efficiency. Thereby, the quality of the audio
output signal is influenced by noise on the power supply 48a,
mismatches and non-linearities in the switched output stage 43

10 etc.

This may considerably be improved by providing a feedback tech-
nique with a reference digital-to-analog converter as will be
explained with the help of fig. 17.

15
According to fig. 17, the digitalized input audio signal S,, is
fed via a filter unit 96 onto the input of a reference signal
processing unit 98 which processes the filtered input signal
the same way as the processing units 54, 52, 50, 43. The

20" difference between reference processing unit 98 and processing
units 54, 52, 50, 43 is that the reference processing unit 98
operates on low-power signals and may thus be realized for very
high quality. Thus, unit 98 is in fact a low-power model of
units 54, 52, 50, 43. It is well known that for low-power

25 levels without signal amplification as is done in signal
processing units 54, 52, 50, 43, it is possible to make high

quality voltage or current audio digital-to-analog conversion.

The reference processing unit 98 generates the output signal
30 S,, which is compared at the difference forming unit 100 with

the actual signal S,, which is applied from the switched output



- 16 - Infig. 9, T[err] is shown rather short, but can be extended e.g. up

to P[err]/2. Conparing the three nodes Ato Cleads to: 5 node A V[err]
has a consi derable energy at the carrier frequency CKlerr]. node B:
V[err] has practically no energy at the carrier fre- 10 guency

CKlerr]. nodwo9m4eess VI €rr] has an energy at the carrier fraggaaeioesds] err]
which is significantly Iower than in node A and whi ch decreases together

with transmtted signal 15 power ([err]) Straightforward PWV
control will lead to a phasing of the PWV pgpdl ses of S[err] as is shown in
the figs. 7 to 9. Thereby, | engthening or shortening of the pulse wdth

Faspect v | nPRtGeS (DD RERIE KPERPPRSTRs 1 I8, EPPLeTHEBTR 5 ¢ he
| aggi ng pul se £Age ofdmnly aldredtraghar dhfgut &, V.abEath@dDifd¥ride £oknEngeads
to the di sadvantage that there appears at the voltage V[err],
unit 100 is amplified and filtered in the loop filter unit 102
and applied as an adjusting signal 8,,, to adjust the processing
5 1line 54, 52, 50, 43, denoted by 44, in such a way that the
output signal S,, becomes equally shaped as the low-power
signal S,,. Signal S,,, in fact, represents the signal shape on
low-power level which would be desired also, on the high-power
‘level of S,,. The filter unit 96 equalizes phase and freguency
10 response of S,, with respect to §,,. The error signal e will
only contain noise and non-linear distortion components and.
will act on processing line 44 to cancel such error signal to
practically vanish according to the open-loop gain of the
negative feedback loop.
15
In fig. 18 a preferred realization form of a technique of
negative feedback with a reference processing unit, as was
explained with the help of fig. 17, is shown. Thereby, ad-
justing the proceésing characteristic of the high-power pro-
20  cessing unit is performed by adjusting the pulse widths of the
pulse width modulated signals S50,, 850, as generated with the

modulator unit 50 according to fig. 4.

According to fig. 18, the output signal S,, of the noise-

25 shaping unit 52 is led to the modulator unit 50 which is, as
was mentioned, preferably realized as shown in fig. 4.
Modulator unit 50 generates the two output signals, namely the
two pulse width modulated signals S50,, S50,. Signal S;;, is led
to the low-power reference processing unit 98 which generates

30 the signal S,,. This signal is compared at comparator unit 100

with the respective high-power signal tapped off at the output



applied to the output transducer 46, significant distortion 25 product
signals. Therefore, departing fromthe realizations according to figs. 7, 8
or 9, a further inprovenent is reached by symmetrically varying the
nodul at ed pul se length [err] as shown in figs. 10, 11 30 and 12 for the
nodes A, B, CWQ¥@edi vely. Here, pulse width [err] VO 97pk&fitédo0401
PCT/1B97/ 00401 - 17 - variations are realized symetrically to a fixed
phasi ng of PWM pul se centre Z. The pul se wi dth nodul ated control signals
S5 err] and S50[err] are in 5 fact shaped2®s-the signal courses |, 1l of
the figs. 10 to 12 respectively. In the preferred node of realizing the

ooy S Tt AL A R A9, L0l Grathor UELEA G B b 1

62alerr] and 63dgnalhechrowsiher tqutphay pépdéﬁﬁetenduafbhgnag aniit SE0G el s -fed
to a filter unit 108, outputting the filtered error signal ac-
cording to 8,,. This signal is fed via a first adding unit 114,

5 to a pulse length adjusting unit 110, and via a second adding

unit 114, to a second pulse length adjusting unit 110,, the two
units 110 being respectively provided in the signal paths for
the signals S50, and S50,. The output signals S'S50, and S'50,

are, as was previously described, fed to the switched output

10 unit 43 as shown in a preferred mode in fig. 6.

At the two adding units 114, and 114, there is applied to the
error signal S,,, an offset signal O,, according to which im-
pulses at both signals S50, and S50, are time-delayed by the

15 according amount 1, at the units 110,, 110,. This to become able

to consider at the units 110 error signals of both signums by

appropriate lengthening and shortening the pulse length t of.
S50,, S50,.

20. At the adding unit 114,, the error signal S,,, is substracted
from the offset signal O,, whereas at the adding unit 114, such
offset signal O, is added to the error signal S,,,. Thus, at
unit 110, for positive error signals, the length t of the
incoming signal S50, is shortened by the adjusting time span 1,

25 according to the error signal, and for such positive error
signal the length t of incoming signal 850, is lengthened at

the unit 110,. The inverse occurs for negative error signals.

In fig. 23 there is shown a preferred realization form of

30 either units 110, and 110, of fig. 18. The respective signal



ally emtted fromthe register 63. In the formof realization according to
fig. 5, this is realized by appropriately delaying the start of voltage
ranps V[err] with respect to the tine frame 15 given by CKlerr]. As was
menti oned above, generation of S50[err] and S50[err] with the enbodi nent
accordi ng tovwoemebsai s realized by doubling such enbodi ment permkezoodor
appropriately determ ning the phase shift of one output signal of one
enbodi ment, |let us say S50[err], fromthe output signal generated by the
second 20 enbodinment, S5 err]. By this-sgfmetrical nodul ation, a

significant reduction of distortion product signals in Verr] is reached.
25 Al consi

ations,up to e -q¥ggg ~or U2 Jat
the battery vggé’agele/[%?‘?]o%ﬁ%r%{rz%\%gggr%‘% e vgl Elf&%agg‘ig p%mé/eﬁghé
suppl y 48a acgms€lj NEhd A dngth bfi whiohsheing auhtpoddedeby Covsigraly appliied
does not hold. If we consider e.g. figs. 7 to 12, it becones clear that the
actual batter@ov¥fi-age 30 V[err], now nanmed V[err](t), directly influences
the voltage V[err] at the output of the output switching unit 43. Thereby,

e 5 The input signal S50, , is further led to the trigger input of
a further monostable multivibrator 162, the length of its
output shot being controlled by a signal applied to VC,. The
output signals of the monostable multivibrators 160 and 162 are
led respectively to S and R inputs of an R/S bistable mono-

10 vibrator or flip-flop 164 emitting the respective signals S50,

.. The unit 110, has, with respect to the control inputs VC,
and VC,, the inputs inverse with respect to unit 110,. Thus, at

the monoflop 160, respectively, the output signal is a one-shot

of the length 1, or t,, respectively controlled by VC, and VC,.
15
In fig. 24, an explanatory time diagram of the signals realized

by the units 110 according to fig. 23 is shown.

In fig. 19, still departing from the general approach according

20 to fig. 17, an embodiment is shown where the adjusting signal
is digital. The higher bit number data words S, at the input
side of the noise-shaping unit 52 are led via a filter unit 116
to the noise-shaping unit 52, then to the modulator unit 50,
the switched ocutput stage 43 and finally to the output

25 transducer 46. The low bit number data words of S,, or thg
modulated signals 850,, 850,, as schematically shown in dashed
lines and with S,,, are fed to the reference transmission unit
98 which, in the latter case, is a low-power switching unit
according to high-power unit 43. The output of unit 98 acts

30 together with the output of switching unit 43 on the difference

forming unit 100 according to fig. 17. The output error signal
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clear that any deviation of the battery voltage V[err](t) wll influence
t he out put audio signal. For the actual "a" state we may wite, with Serr]
representing the effect of S50[err], SbO[err], 5 Vlerr] (t) =

S[err](t) V] WMag7@8644vwherein V[err](t) denotes the voltage aREIIBTINEN t he
termnals of the output transducer 46 varying in tinme due to variations of
the actual battery voltage V[err] (t). 10 We_may further wite for the
desired "d" value of voltage applied to tﬁezaurput transducer 46: V[err](t)
= Slerr](t) Vlerr], 15 which is only time varying due to pulse wdth

nodul ati on.

Ther eLeestaived ]Q:cf @, 05 £é1 via a filterViRit {19 to ¥nCEnhlby-=

= Mt). Veri](t) V[err

10

15

20°

25

30

to-digital converter unit 120, the output of which being fed
via a further filter unit 122 to an adding unit 124 performing
digital addition. The filter units 116, 118 and 122 cooperate
so as to obtain the same equivalent loop gain as realized in
the embodiment according to fig. 17 by means of filter unit
102. Further, filter unit 118 is necessary to perform anti-
aliasing before analog-to-digital conversion at unit 120. The
filter unit 116 is optional, but can be provided for -

equalizing.

As the input to the reference transmission unit 98 is taken

from the low bit data word at the ocutput of noise-shaping unit

52, the same advantages with respect to reduced bit number
treatment as in the embodiment of fig. 18 are obtained. The
filter units 116 and 122 can further be combined with the
internal topology of the noise-shaping unit 52 by means of
known block diagram-algebra yielding topologies which are dif-
ferent from the one represented in fig. 19. The analog-to-
digital converter 120 must only convert the analeog error signal
e and no full signal and thus may be realized with a low

resolution.

All the techniques for improving the hearing aid device accord-
ing to the present invention with a digitally controlled
switched output stage 43 as with respect to switching mode,
compensation of voltage supply variations, calibration of pulse
width modulation etc., as were described in different
embodiments, may be combined and optimized as will become ap-

parent to the skilled artisan.



Thus, we receive: 25 V[err](t) = Slerr](t) Merr] (t) V[err](t) =
[Merr](t) . S[err](t)]Vierr](t). Thus, in a further inprovenent of the
present invention, the 30 ratio of actual battery voltage V[err](t) to a
reference desired battery voltage V[err] is nonitored and the signal

recei ved fronWO974e#07/ 40644 .. . . PCT/IB97/00401 -
PCT/ 1 B97/ 00401 - 19 - the input converter 40 up to being applied to the
control input of output stage 43 is nultiplied by the tine varying factor
Merr](t) or is divided by the tine varyim@8 actor Mt). 5 The principle of
this inprovenent is showmn in fig. 13 in a generic representation of the

Verrl (1) of fheredspfy tierd af AL HOrhEch s rabdianb R R 5 PE o

to a divisionmbfulator uihdiwEs cdgartinguEremi theliptitedplyst Aecoi@itig edr

vice- fig. 5. The scaling technique with C,,, of fig. 5§ is not shown
here again for sake of clearness. A control data word S,

5 controls via a first digital-to-analog converter 124 current
source 69 and via a second digital-to-analog converter 126 the
reference voltage at the input of comparator 68. Thereby, by
the two inputs K, and K,, the equivalent gain of the pulse
width modulation process can be controlled. The input K,

10 controls the charging current I of source 69, whereas the input
K, controls the voltage level to which the capacitors,
according to fig. 5, must be charged before resetting the
bistable unit 70. Thus, the pulse width of the pulse width
modulated signal S;, becomes

15
T = a(x("/Kp) [852] .

Thereby, the converter 124 may be implemented together with the

controlled current source 69 as an array of switches switching
20 elementary current sources to the capacitor array. The digital-

to-analog converter 126 can thereby be realized as an array of

switched resistors as voltage dividers.

In fig. 21 the principle as realized by the embodiment accoxrd-
25 ing to fig. 20 is shown in a generic block diagram represen-

tation. To improve the dynamic range, there is provided a level

detector unit 128 which measures the signal level at an

appropriate point along the transmission units 54 and 52. The

output of the level detector unit 128 controls a gain control
30 block 130 so that the signal level of S,; is kept as high as

possible. The upsampling and interpolation unit 54 and the



versa. The quotion x/y accords with Mt). In the signal processing path

bet ween the i nput converter 40 and the switch-over control input to the
switched output unit 15 43 there is provided a division unit 77 wherein the
signal processed between the output of the input converter 40 and the said
control input W&97dpédded by Mt). If the division unit 75 pePCTIMIBOMOIC
division y/x, thus resulting in Merr](t), then and preferably the unit 77
is amultiplication unit. The reference 20 voltage source 79 is realized
by stabilizing a part of the voltage V[err]&®)-of voltage supply 48a. As is
obvious, the units 77 and 75 may be realized in digital, analog or hybrid

techni que accopdipd. Leaditty Ultdss bOeDEnfleliclPSiln Enik Ly r&halyie of
realization of this battery voltage com ‘pensating technique is shown in

fig. 14. The rdhpneack, wokd ¥gecorftal] the gaint Theefifeicsr ofictheap utwdRein-of
by 3['3 ot § V. d'gg'ttsaén e GORARIi%510R 08 lend NGy LlaOk2 "L Chudf' i ©d

there becomes valid in the audio frequency band:

Ss; = (K/K,) - S,+N,,
where N, is quantification noise.

10 As the modulator unit 50 has an amplification controlled by
K,/K,, the overall gain between S,, and S,, in the audio band
remains constant irresi:ective of the instantaneous input signal
level. The noise level of the signal S,, in the audio band is
practically independent of the signal level itself. By

15 maximizing the signal level of §.,, therefore, the signal-to-
noise ratio of the overall processing line is maximized. The
control of the units 54, 52 by K,, K, can be achieved by
straightforward wmultiplication and division along the signal
path up to the input of the unit 52.

20",

The division by K, can further be realized by replacing the
quantizer 55 of figs. 3, 15 or 16 by the topology as shown in
fig. 22. The output signal of the filter 54, S, (n), is fed to
a divider unit 132 where it is divided by the wvalue K,. By

25 means of the multiplication unit 134 which multiplies the out-
put signal S, (m)}) of the quantizer 55' with K,, the output
signal of unit 134 makes sure that there is maintained a con-
stant open-loop gain over the noiseQShaping negative feedback
loop, even if K, varies over a wide range.

30
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I nherent function of an ADC, the signal at "IN' is divided by the signal at
"Ref". The output of ADC 81 is thus Mt). In the digital division unit 5
83, the digitalized signal, preferably S[err] or S err] according to fig.

2, is dividewdyraba digital value Mt). The advantage of thcEmOWeRedure is
that the dynam c range of the stages follow ing the division unit 83, i.e.
at | east noi se-shaping unit 52 and the nodul ator 50, is not affected. The
correction unit 10 realized by division-uAft-83 is placed anywhere in the
signal path at the input-side or wthin the noise-shaping unit 52, whereby

it is obvious,that t anpl i t ;ﬁ:gg.rj & Bidpe@at i
adapted to th%aéhérﬁ)?i r?‘g?s’r ?tlé gge%?g%?u%%}%rfg at ?ﬁe ig\r%w%( of theaur%ic"f1
83. 15 In gengapt 136 Gitgidhalconpehbatées afooma ndgnad felaprbetivdars ttdre time
t he nore power consum ng_digital division. By inversing_the inputs 310 t
ref erence i npwhen daf ang tﬂ?%@%‘?‘@'ﬁi! °Y?\fn}¥h° ISRYSTR gﬁet 'E)C“%lt% % an
respect to V[gsripgngl Vkerddit bontk815b6828/ the same signal at modulator
5 unit 50. It is cbvious that not necessarily both control
signals K, and K, have to be used.

Looking back on the generic principle of the present invention
according to fig. 2, it must be noted that, if the low-bit data
10 word S,, consists of only very few bits, let us say 1 < m < 2,
that then the signal S,, may directly be connected as switch-
over control signal to the control input of switching unit 43,
and in such case no additional pulse width modulator unit 50 is
needed, the pulse width modulating unit being in fact formed by

15 the noise-shaper unit 52 directly.



20- Merr](t) appears at the output of ADC 81, so that, instead of a
division unit 83, there is provided a nultiplication unit at 83. In fig. 15
there is shown a preferred enbodi mrent where conpen- 25 sation of the

varyi ng power supply voltage V[err](t) is perforned in the noi se-shaping
unit 52. AccorWOdF4e4fig. 3, the output of the quantizer. 55 RITIBIRO0401 -
noi se-shaping unit 52 is fed back to the difference foermnag—unt—53—Fhe

| ow frequencies of the in- put signal S[err] fed bac

elimnating | ow frequency 30 noi se. #‘4'06 bﬁ"sl%heemasBee'yRe laced
PCT/ 1 B97/ 00401 - 21 - According to fig. 15, there is i n mlll mlk

f eedback | oop ofirddmmsnoi se-shaping unit 52 a multiplier t he

i nput of difference formng unit 53. As the feedback signal is now
multiplied by the factor Mt), the | ow frequency content of the 5 output

signal S[err](m isydiaqdee RYat AeviestwieMd mechiRidhfjdBdctrical input

converter and at least one electromechanical output transducer;

5 a signal processing unit with an input connected to the output
of said input converter and having a switched output unit with
a switch-over control input, the output of said switched output
unit being operationally connected to the input of said at
least one electromechanical output transducer; said switched

10 output unit generating at its ocutput an output signal switched
between at least two predetermined signal levels, said
processing unit further comprising a pulse width modulator unit
generating a pulse width modulated output signal, the output of
said pulse width modulator unit being operationally connected

15 to said switch-over control input of said switched output unit,
said pulse width modulator unit comprising a digital control

input for controlling pulse width modulation.

2. The device of claim 1, wherein said digital control input
20- of said modulator unit is operationally connected to the output

of a digital nocise-shaping unit which generates at its output

m-bit data words in dependency on n-bit data words at its input

and wherein there is valid:
25 n > m.

3. The device of claim 2, wherein said n-bit data word input
to said noise-shaping unit is operationally connected to the
output of an upsampling and interpolation unit.

30
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value of Mt) is thereby formed by meanrs- of an anal og-to- digital converter

8l as it was explained in context with fig. 14. 10 In fig. 16 a further

t opol ogy of a noi se- shdpisSheey eplaced |y . | ¢ conprises quantizer unit
55, difference formng u pass filter unit 54a. Additionally,
a nmultiplicatwosrnes4a 84 i ng the output signal polrgkdrlbds) bLY-
the factor of Mt) is provided. 15 A further possibility to conpensate for
vari ations of the power supply voltage V[err](t) is based on the follow ng
consi derations: The energy of the pul ses 0f3% e pul se wi dth nodul at ed
signal 20 applied to the input termnals of the output transducer 46 is
gi ven by the prod 3 | | e rels {t) - h | se wi dt hs
[err]. Theref Bo'm ??Emaéﬁ%ggeéféme%%lt T4 %‘ﬁ%réé/{'r?eéc 1%@" \}gr@:%e ﬁggwé?g]%t on
25 the ener ggenkrahessagbhteepiEvedd oubpubesiagmall, tvariofakbaiafl 1évens dsiig
46 may be compensated by.varying the ippulse length [err]. Thus, if the
respective qu?@mFgﬁthglf€r¥€s ﬁﬁlgBﬁIFﬁﬂr yg%¥E&TFFF?}°then t he

resulting switched voltage to the input ter-

5 5. The device of claim 1, wherein said pulse width modulator
unit generates a pulse width modulated signal with a pulse
repetition period controlled by a clock signal applied to said
pulse width dcdulator unit, and wherein modulation of pulse
width is performed symmetrically to a predetermined phasing

10 within said pulse repetition peried.

6. The device of claim 1, further comprising a reference volt-
age source generating a reference voltage substantially
- independent of the output voltage of a power supply unit for

15 said switching unit, a quotient forming unit, one input of
which being operationally connected to the output of said sub-
stantially independent reference voltage source, the second
input of which being operationally connected to the output
voltage of said power supply, the output of said quotient

20- forming unit being operationally connected to the control input
of a signal amplification unit, the signal input of which being
operatiocnally connected to the output of said input converter,
the output of which being operationally connected to the
switch-over control input of said switched output unit.

25
7. The device of claim 6, wherein said connection of said one
input of said quotient forming unit to the output of said power
supply is led via an enabling unit, said output transducer
being disconnected from said power supply during time spans of

30 pulse width modulation cycles, said enabling unit being

controlled to enable said connection during said time spans.

THIS SHEET HAS BEEN
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m nals of the output transducer 46 will be conpensated with 30 respect to
vari ations of the voItager%TEWf}f%&-————AHD 97/ 40644
PCT/1B97/ 00401 - 22 - L?‘RE'S egtﬁa%%een el errbodi ment of the nodul ator unit

50 ac- cording to fig d that the resulting pulse width
[err] is inver"!@?’&l““ﬁ‘oporu [ﬂ vaI ue of current 1. SPCHEBITANMELr I
I's, the shorter will be t pul se length [err]. Thus, and as

i ntroduced in fig. 5 by dashed Ilnes, conpensation for variations of the
supply voltage V[err](t) nay be realized b‘y%ﬁr’ectly controlling the
current source 69 by the factor of Mt). 10 Neverthel ess, the factor Mt)
is in fact directly proportional to the actual supply voltage V[err](t), so
that, instead of the factor Mt) as shown in fig. 5 the voltage Verr](t),

as neasured e. @- dThecdeyige ehccTRimpft, wherpénpeadd ampddificagaoniyibr ef -

comprises a pulse-width-adjusting unit at said modulator unit
for additionally adjusting said pulse width controlled by a
5 signal at said digital control input of said pulse width modu-

lator unit.

9. The device of claim 6, comprising a noise-shaping unit with
an input for a n-bit data word and an output for a m-bit data

10 word, wherein n > m, the output of said noise-.shaping unit
being operationally connected to a control input of said
switched output unit, the input of said noise-shaping unit
being operationally connected to the output of said input con-
verter, said amplification unit being provided within said

15 noise-shaping unit, which latter having a further input oper-
ationally connected with the output of said quotient forming

unit.

10. The device of claim 1, said pulse width modulator unit

20 having at least two inputs for controlling pulse width of the
output pulse width modulated signal, one of said at least two
inputs being operationally connected to the output of said in-
put converter, the second of said control inputs being oper-
ationally connected to an error detecting circuit for automatic

25 compensation of errors detected by said error detector circuit
by means of adjusting the pulse width of said output pulse
width modulated signal, additiocnally to its control in

dependency on the output signal of said input converter.

30 11. The device of claim 1, further comprising a reference

pulse generating unit, said modulator unit generating a cali-

ORI [ e tas eeen
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15 erably directly be used as control signal for current source 69. For
t he vol tage conpensation techni que whi ch was eXﬁIained up to now, it is

necessary to tap-off the actual out S latedl orr ] (t) of the power
supply unit 48a. In operation, the p
frequency nowgsn4ddass may ad- versel rrect opgceusandvasil t he

Eis | oaded with high
descri bed power supply voltage conpensation technique. 25 As was expl ai ned
in connection with fig. 6, the output trans- ducer 46 is short-circuited
and any load is disconnected fromvoltage 3 err](t) when both of the
signals S50[err], S50[err] are desacti- vated, i.e. at both of the signals

no inpul se i resent h : 8C ' G HisdS wi8thOof 2,
it is only dj?ﬁﬁdcgugﬁlggélg-%%ﬁ%%kﬁfg?pﬁlﬁhggagﬁggg%tJ%?%ghgplylvoltgge
Verr](t) SO Hedepdhice pulse and of said calibration pulse, the output
PCT/ 1 B97/ 00401 - 23 - is sanpled and held for the cquensati%n tgchnique
whi ch was of said comparator unit being operaticnal connected £o an
adjusting unit for adjusting pulse width modulation of said

5 pulse width modulator unit.

12. The device of claim 1, said pulse width modulator unit
comprising an addressable memory unit with an addressing input
operationally connected to the output of said input converter,
10 the parallel output data sets of said memory unit being input
into a register unit and serially output therefrom as pulse

width modulated output signals.

13. The device of claim 1, wherein said pulse width modulator
15 unit is formed by a noise-shaping unit which generates at its

output a m-bit word with 1 < m < 2.

14. The device of claim 1, wherein said modulator unit com-

prises a voltage ramp generator unit, the output thereof being
20 - connected to one input of a comparator unit, the second input

thereof being connected to the output of a reference signal

source, the output of said input converter being operationally

connected to a control input for controlling the length of

impulses at the output of said comparator unit by adjusting at
25 least one of ramp-rising rate and of said reference voltage

source.

15. The device of claims 6 and 14, wherein said amplification
unit is formed by said modulator unit.

30
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explained with the help of figs. 13 to 16. The signal processing according
to fig. 1 converts an input 5 analog signal into a digital signal which is
further trans- formed into a pul Smisshe ies BodWReaieg si gnal at hi gh- power

| evel and with high efficiency. Th lity of the audi o out put
signal is infwesuesby noi se on t E" y 48a, m snepetasn7a68n
non-linearities in the switched outpu 10 etc. This may

consi derably be inproved by providing a feedback tech- nique with a
reference digital-to-anal og converter as wi BP be explained with the hel p of
fig. 17. 15 According to fig. 17, the digitalized input audio signal Serr]
is fed via a fiktermini dePfod¥0 hldemi BPWindie it 52" SREE: 1 G0 o RRESTNY
unit 98 which processes the filtered i nput signal the sane way as the
processi ng uni prxosiided2in 59 feeglbarkeloop of fd aicdisee shaping mnit cranicke

processing unit 98 and processin nits.54, 52,50, 43 is that the _
ref erence pr 0ng§fﬁg%§§1ﬂ%§*ﬂ§59r%gﬁgglghnqv S FBREPLs LBRUT CRFFATRRPAYs be
r feal i zed for vesiin&égkd it tHe) outhus, ofNddidGnictient§ 86imand amOWEuFBde!

0

5 a signal input operationally connected to said input converter
and a signal output operationally connected to the digital

input of said modulator unit.

17. The device of claim 16, said noise-shaper unit comprising
10 a control input being on one hand connected to cne input of a

multiplication unit within said feedback loop and on the other

hand to a divider unit at the input side of a quantizer unit of

said noise-shaper unit.

15 18. The device of claim 6, wherein said substantially inde-
pendent reference voltage and said voltage dependent on output
voltage of said power supply are respectively operationally
connected to a signal input and a reference voltage input of an
analog-to-digital converter, the output thereof being

20- operationally connected to said amplification unit.

19. The device of claim 1, at least a part of said units oper-
ationally connected between said input converter and said
output transducer forming a high-power processing line and

25 wherein further the output of said input converter is opera-
tionally connected to a reference processing line modelling
processing by said high-power processing line at a lower power
level, the output of said reference processing line being
operationally connected to one input of a comparator unit, the

30 second input thereof being operationally connected to the

output of said switched output unit, the output of said

L )V




units 54, 52, 50, 43. It is well knmownttat—for—towpower 25 |evels

W t hout signal anplification as is qﬂQ§‘£ zg‘ nal processing units 54, 52,
50, 43, it is possible to make high q *Sr current audio

di gital -to-anal og conversion. The ref %l’gﬁlﬁgﬂ ing unit 98 generates
the output si wos74@a4 S[ err] which is e diff er epembijoaging
unit 100 with the actual signal S[err] which is applied fromthe sw tched
out put WO 97/ 40644 _ PCT/ 1 B97/ 00401
- 24 - unit 43 onto output transducer 46.-T3& -contr:ol: deviation or error
signal "e" at the output S[err] of the difference formng unit 100 is

anplified and filter I n |l pop filter, unit 102 an lie s a

adj usting si gncaqm%fg(rggf %g'gg?%lsrt‘é)t??eer Lo} leﬁchgm?cf%F?O%Q a%zi“-%ﬁ? aae
denot ed by 44 cdrtrlCHnputayftatlddst eeppirocbssthg Sheit lofbeasaernigryal |y
shaped as the | ow power signal_S[err]. Signal S[err] in fact, represents
the signal sh&¥enPreRessdR? 1¥¥R1 whi ch woul d be desired also, on the

hi gh- power

5 20. The device of claim 19, said pulse width modulator unit
having a pulse width adjusting input additionally to a pulse
width modulation control input, being said control input of

said at least one processing unit.

10 21. The device of claim 1, further comprising a sigmal level
detector unit, the output thereof controlling gain of signal
processing at first processing units, the input of which being
operationally connected to the output of said input converter
and inversely controlling gain at second processing units, the

“15 input of which being operationally connected to the output of

said first processing units.
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| evel of S[err]. The filter unit 96 equalizes phase and frequency 10
response of S[err] with respect to Serr]. The error signal e will only
contain noise and non-linear distortion conmponents and will act on
processing line 44 to cancel such error signal to practically vanish
according to tWO9H#eéM | oop gain of the negative feedback.| ooFCTABYZOOR| .-
18 a preferred realization formof a technique of negative feedback with a
ref erence processing unit, as was explained with the help of fig. 17, is
shown. Thereby, ad- justing the processing ¢hdfacteristic ,qf the high-power

pro- 20 cessing unit is perﬂ Pred by agj usting the pul se dt hs of the
ed wth the

8, the output
he nodul at or
shown in fig. 4.

nodul ator unit 50 according to fig. 4. Agcording to fig.
signal S[err] of the nois i i i
unit 50 which is, as

entibned, preferably r

Modul ator unit 50 g s the two output signallg,--ngnely fhe two pul se
wi dt h nodul at ed g¢ H-er—S50ter+—Sigrdl 9| }—5 led to the
Iom#pomer referenCe processing junit 98 which generates 46
Vi V2
S42 Sso .
S0 .
-—»V:b L= ISR I
L ' [ \
/ | \
40 41 42 S0 43
CKs Fig 1
48a
from 48b from 48b from 48b
L) . S
S« Ss4 NS PAWM Sso 9
(CK1)
/ : /} , . / \
/ ] - [ \
54 52 50 43
CKz >> CK1 CKa >> CK2

Fig2



30 the signal S[err]. This signal is conpared at conparator unit 100 with
the respective high-power signal

PCT/ 1 B97/ 00401 -
error signa

tapped of f at the out put WO 97/ 40644

25 - of output switching unit 43. The control deviation or
e fromthe output of difference formng unit 100 is fed to a

filter unit 108o9mass@utting the filtered error signal ac: coPETERP7IOHOL

S[err]. This signal
| engt h adj usting unit 110[ erg;
second pul se length adjustin
respectively provided in the

is fed via a first addipggginit 114[err] 5 to a pul se
and via a s&gpond adding unit sbl4[err] to a
unit 110[err]
i gnal paths

/ the two units Y10 being

O[err] and

S50[err]. The output signals § 50[err] a As _\Was previously
described, fed to the switch out put 10} "unit 43 as sholwh in a preferred
node in fig. 6. At t§s{bho égmﬂs 14[grr] t heDsAM}
applied to the error si r] an oftyset''sig _ ing to
which im pulses at both sig s S50[err} and SH ayed by

t he

Ss2(m)

3

1

1]
111 ofoyor11 1] 119

-

Se2(T)

Ci

- o v E O e ™ E-.wE e -

T
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15 according amount T[err] at the units 1l 0[err], 1102. This to becone
able to consider at the units 110 error signals of both signuns by
appropriate | engthening and shortening the pulse length [err] of S50[err],
S50[err]. 20 At the adding unit 114[err], the error signal S[err] is
substracted fwomIdbE4d of f set signal (err], whereas at the adeCTIPIUNM40L 1142
such offset signal (Qerr] is added to the gpigr signal S[err]. Thus, at
unit 1101 for positive error signals, the length [errRof the inconing o
signal S50[err] ii shortened by the adjusting tine sp&h [err] 25 accordithg
to the error signgl, and for such positive error sign the length [err] of
i ncom ng signal S$02 i | engt henéd at

unit 110[err}. The inverse occurs

for negative errof sigfa In &g.l there i s shown preferred
realization form¢f 30 eith pgltsu}_O[ rr] and 110[ ¢rr] of fig. 18. The
respective signal WO 97/ 40644, A
PCT/ 1 B97/ 00401 - 26 - S50[err], Is §ed ¢n a nonostablje nmul tivi brator 160
emtting a one-
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shot, the length of which being controlled by a signal applied to V([err].
5 The input signal S5gerr] is further led to the trigger input of a
further nonostable nultivibrator 162, the length of its output shot being
controlled by a signal applied to V([err]. The output signals of the
nmonost abl e mwobndebsdat ors 160 and 162 are | ed respectivel y PETARZANOR
inputs of an R/'S bistable nono- 10 i br at$lbr fIip-fIé) 164 emtting the
respective signals S50[erf9 The unit o[ er has, with he
control inputs V(err] angd V([ err], the inpgts inverse With respedqt to unit
110[err]. Thus, at the nohoflop 160, re§pegtively, the gutput

one-shot of the lengtff T vV err]
and V([err]. 15 In fig.

realized by the units!11( ] still
departing fromthe general : i ig. odi nent
i's shown where the adjus{ipg si dghal i 7 . dat a
words S[err[ at thq i ide o [ i vila a

filter unit] 116 to : : bi N ' umi t
50, 50 |

coujvrecnvevcewmeeoa-
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the switched output stage 43 and finally to the output 25

transducer 46.

The I ow bit nunber data words of S[err] or the. nodul ated signals S50[err],

S502,

reference transm ssion unit 98 which,
swi t chi ng uni WoRgdeddli ng t o hi gh-power unit 43. The out put JCHIEYNOOHE act s
30 together with the output of switching unit 43 on the difference formng

unit 100 according to fig. 17. The output epgar signal

as schematically shown in dashed lines and with S[err] are fed to the
inthe latter case,

is a | ow power

WD 97/ 40644

PCT/ 1 B97/ 00401 - 27 - e, accor%i ng to S[err], is fed via a filter unit 118
to an anal og- to-digital eeAverser--wnit 120, the output of which being fed

via a further filte
addition. The filter
sanme equi val ent oo
17 by means of fil
performanti -

an adding unit 124 performng digital
18 pnd 122 cooperate 5
i zed¥in the enbodi ment

S0 as to obtain the
pccordinggto fig.
is—mecessary to

X
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al i asing before anal og-to-digital conversion at unit 120. The filter unit
116 is optional, but can be provided for 10 equalizing. As the input to
the reference transmi ssion unit 98 is taken fromthe |Iow bit data word at
t he out put of noise-shaping unit 52, the sane advantages with respect to
reduced bit M¥OI9Y#6a6 treatnent as in the enbodi nent of. fi FCTABY7HN401
obtained. The filter units 116:and 122 cangfiwther be conbined with the

i nternal topol ogy of theemo¥se=strap®ng unit 52 by nmeans of known bl ock

di agram al gebra yi ¢\gi ng--t-q Bgies-Whi ch ar e pehiefm—t-er ent from the one
represented in fjig.j 19. }Thg amal o§-thb- 20 didital converter 120 nust only
convert the analog |error sijgna] ejand no full Jsignal and thus nay be
realized with a | Uti og, Al Tques for inproviny the
hearing aid device actOTg=t25 Tpgg tO Uhe present invention with a
digitally controll sw tched output stage 43 as with respect to swtching

node, conpensation ge sup , calibration of pulse width
nodul ation etc.,pag werg ddscri beq in differenf enmbodi nents, nay be
conbi ned and opti nijzed ds Wi IZ; be¢onmt ap- t
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30 parent to the skilled artisan. WO 97/ 40644

PCT/1B97/00401 - 28 - In fig. 20 there is shown a further realization form
of the nodul ator unit 50 departing fromthe principles according to fig. 5.
The scaling technique with CJerr] of fig. 5 is not shown here again for
sake of cl ear we974ebaccontrol data word Sk 5 controls via a firCTIBI7/00401
digital -to-anal og converter 124 current source 69 and via a second

digital -to-anal og converter 126 the reference voltage at the input of
conparator 68. Thereby, by the two inputsqugj] and Klerr], the equival ent
gain of the pulse width nodul ati on_process can be controlled. The input
Klerr], 10 controls the charging CJELenL_ﬂLnL,source 69, whereas the input
Klerr] controls thg #oltage |evel to whighk the capacitors, according to
fig. 5, nmust be charped]before reseutingithe bi$table unit 70. Thus, the
pul se wi dth of t hke pHIsF wi dt h nodpliat ed isi gnal {S[err] becones t
]
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15 [err] = Jerr](Klerr]/Klerr]) [S[err]]. Thereby, the converter 124 may
be inplenmented together with the controlled current source 69 as an array
of switches switching 20 el enentary current sources to the capacitor array.
The digital - to-anal og converter 126 can thereby be realized as an array of
swi tched resi ¥@pu40848 vol t age dividers. In fig. 21 the pr.inciPprasaamnedon
realized by the enbodi nent accord- 25 ing to fig. 20 is shown in a generic
bl ock diagramrepresen- tation. To inprove the dynam c range, there is
provided a | evel detector unit 128 which nemgtlsr es the signal |evel at an
appropriate point along the transgf ssion units 54 and 52. The output of the
| evel detector unit 128 controls gain control 30 block 130 so that the
signal level of S err] is kept as Righ as possible. The upsgygpl! i ng and
interpolation unit 54 and the 97/{40644 ~

PCT/ 1 B97/ 00401 - 29 -

1 Ref 48a
M(t) | ADC wle Vealt) /

Al
w

Sa 46

b ow oo
p

Fig 14

Ssd(n) s 5 . Ss2(m) R

T
M() 84
ADC |
81
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noi se-shaping unit 52 are inplenmented such that two control inputs Klerr]
and Klerr] control the gain. The effect of these two in- puts on the

transm ssion of the units 54 and 52 is such that there becones valid in the
audi o frequency band: 5 S[err] = (Klerr]/Klerr]) . S[err]+Nerr], where

Nl err] is quanW¥Pp?d%84 on noi se. 10 As the nodul ator unit 50 hecI/aBSv/00401
anplification controlled by K err]/Klerr], the overall gain between S[err]
and S[err] in the audio band renains const agt grrespective of the

i nstant aneous input siggal level. The noi sg (ével of the signal S[err] in
the audi o band is practycally independent the signal level itself. By 15
maxi m zing the signal |&avel of S[err] therefore, the signal-to- noise ratio
of the overall processin line is nmaximnm zed. \The control of the units 54,
52 by- Kl err], K[er$au{n)cap Ny f or weisgtmiyul ti plication and
di vi si on al ong t hesTgma 2p8 Pt o f—tRe—ri-t+»52. 20 The
division by Klerr] can fu#ther g the quantizer 55 of
figs. 3, 15 or 16 by the tfopol ogy as 9

Re achi eved by st

Ha
/ .
54a 53a ADC
Fig 16
44\ 46
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e
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fig. 22. The output signal of the filter 54, Serr] (n), is fed to a
divider unit 132 where it is divided by the value Klerr]. By 25 neans of
the nultiplication unit 134 which nultiplies the out- put signal S[err](m
of the quantizer 55 wth Klerr], the output signal of unit 134 nmakes sure
that there i s WBPH#%#ed a con- stant open-1oop gain over thecrasweempapi ng
negati ve feedback | oop, even if Klerr] Varifé/ ver a wi de range. 30 WO
97/ 40644 /1B97/00401 - 30 - Back to
fig. 21, there is further provided a del ay ffgpensation unit 136 which
conpensates for a sigpgal delgy between the t/i nme when Kigyr] agd Klerr] gain
control over the signal at the unitgs 54 and{52 and Klery], Kl gerr] gain

control over the sane| signal &at no thf 5 Junit 50. It is vi ous that
not necessarily both ¢ontrol 9gignal$ K[ ela] 43dn err] fhave o be used.
Looking back on the g nerisc pri nci plle whaft hdwues es i pventi pn
> od I 110, of
2
S=2,(1) ' S's,
114
114, - 2
+ +
O Oa
108
'\ Fig 18
o8 100
124 1/16 5§ 50 43 46
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according to fig. 2, it nust be noted that, if the lowbit data 10 word
S[err] consists of only very few bits, let us say 1 [err] m[err] 2, that
then the signal S[err] may directly be connected as switch- over control
signal to the control input of switching unit 43, and in such case no
addi ti onal pulwe9omiodsdn nodul ator unit 50 i s needed, the pul s@CHIBR7IH0401
nodul ating unit being in fact forned by 15 the noi se-shaper unit 52
directly. -31- Cainms: 1. A hearing aid device with a
mechani cal / el ectrical input converter (40) g ?lit | east one

el ectromechani cal output trans- 5 ducer (4 ?, si gnal processing unit
(41) conprising: - an analogue to digital conversion unit (42), the input
t her eof being operationally connected to the output of said input converter
(40), 10 - a pul wi dth mdgtl ator unit (50), the digital signal (S[err])

Voo

Sk¢

a
- e e 4 e W W TS T G W R M W) NE TR W ND OGS G5 ek AU ED WM an Sk e W e

Fig 20



i nput thereof being operationally connected to the output of said anal ogue
to digital converter unit (42), said pulse wdth nodul ator unit (50)
generating a pul se wi dth nodul ated output signal, 15 a sw tched out put
unit (43) with a switch-over control input being operationally connected to
t he out put of weoea7deqaal se wi dth nodul ator unit (50) and generREWIBgI/QNE0L| t s -
out put, operationally connected to the input of said at |east one

el ectronechani cal output transducer (46), amye4gtput signal sw tched between
at 20 least two predeterm ”?gBSi gnal lgels (Verr]iggcharacterised by the
fact that said pulse width ul ator unijt (50) generates a pulse width
nodul at ed out put signal (S[egr], S[err]] whereat, as function of digital
signal (S[err]), input to itk input, pulse width 25 /fnodul ation is
performed symretrically to predet ermi hed phasing (4) within pul se

repetition period (Plerr]yp= 363PEtTd | x)
—
. JE. e
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- 32 - 2. The device of claim1, wherein said digital control input of
said nodulator unit (50) is operationally connected to the output of said
anal ogue to digital conversion unit via a digital noise-shaping unit (52)
whi ch generates at its output 5 (S[err]) mbit data words in dependency on
n-bit data womds97abesdt s i nput (S[err]) and wherein there is pei/B$7/0030> m -
10 3. The device of claim?2, wherein said n-bit data word input to said
noi se-shaping unit (52) is operationally connected to the output of said
anal ogue to digital conversion unit via anigpgsanpling and interpolation
unit (54). 15 4. The device of clalf® 1, whereit®dsai d swi tched output unit
(43) generates a three-level output gignal, two ¢f said | evels being
symmetric with respect to the third signal level [(fig. 8. 20 5. The
device of claim1, further conmprisir atMerenc _yolt- age source (79)
generating a reference vol t age (V[ efr]) substantfally,i ndependent of the
out put vol tage of a power su s&u,unla}(43w@ofo = id sv8dghing unit (43), a
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formng unit (79), one input of which being operationally 25 connected to
the output of said substantially independent ref- erence voltage source
(79), the second input of which being operationally connected to the output
vol tage of said power supply (48a), the output of said quotient formng
unit (75) being operationally connecteds3io +4he control input of a signal 30
~anplification unit (77), the signal input of which being operationally -
connecteq%%g,the out put of said input converter - 33 - (40), the output
of which. P bperationally connected to the sw tch-over control input of
sai d switched output unit (43). 6. The device of claim5, wherein said
connection of said one 5 input of said quotient formng unit (75) to the
out put oflsaid peaeinguppd ydéviBes withes wéchaliCaRPLl8gt¥NEA1 $ApALOUL put
transducer (46) being disconnected fromsaid power supply (43) during time
spans ( T[ERYSTERT p(fg%)e M43t RRFBLPRR eletromechantnabl dugpuhi tréssng

contrgll e, 48 epgdy £ sai d connection during

a signal processing unit (41) comprisingz

- an analogue to digital conversion unit (42), the input
thereof being operationally connected to the output of said

input converter (40),

10 - a pulse width modulator unit (50), the digital sigmal (S,,)
input thereof being operationally connected to the output of
said analogue to digital converter unit (42), said pulse
width modulator unit (50) generating a pulse width modulated

output signal,

15 a switched output unit (43) with a switch-over control input
' being operationally connected to the output of said pulse width
modulator unit (50) and generating at its output; operationally
connected to the input of said at least one electromechanical
output transducer (46), an output signal sWitched between at

20 least two predetermined signal levels (Vi)
characterised by the fact that

said pulse width modulator un;t (50) generates a pulse width
modulated output signal (S.,,, Sg ). ﬁhereat; as a function of
digital signal (S,,), input to its input, pulse width

25 modulation is perforﬁed symmetrically to a predetérmined

phasing (z) within pulse repetition period (Pc,).

weooser ———((WIVAAORVAN
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10 said time spans (Tv). 7. The device of claim5, wherein said _
anplification unit is realised by said pulse width nodulator unit (50) for
additi- onally adjusting said pulse width controlled. 15'8. The device of
claim7, conprising a noise-shaping unit (52) with an input for a n-bit
data word and an output for a mbit dat®2wrd, wherein n > m the output of
sai d noi se-shaping unit being operationally connected to a control input of

d 20 t d 3 nput_o aid _noi se- ing _unit
(52) bei i oprarTeriRt okcktatitcl: BREREIB bafn SFSEeRE SRnfagh. tfput
digital copvedi@rmediiaéd?)unsei dsanplsfé faeﬂoﬂali (éénﬁecééd 84) chei ng
provided within said noise-shaping unit ( whi ch’ atter havi ng a further

i nput opePwpwhpf ys2Ed cannbeyged VPtﬁlghéabucguYenslea|dnqhoVnana form ng

81 d f.claiml, dt h_nodul 50
navi ng al T RO TRTERE 69 BBHE 6571 iR aehPtheR S niCBuPBEEUbul e

wi dt hsm)d(ésgi ef-BigNadhtaonerat $ai Qe?énh@ﬁé& 6Won3Biti BRVESwBehBIat ite
operationally connected to the outpu sal d anal ogue to digital converter

uni t (42)inpute 6¥gbnandfwbaerein there is valid:

n >m.

10 3. The device of claim 2, wherein said n-bit data word input
to said noise—shapihg unit (52) is operationally connected to
the output of said analogue to digital conversion unit via an

upsampling and interpolation unit (54).

15 4. The device of claim 1, wherein said switched output unit
(43) generates a three-level output signal, two of said levels
being symmetric with respect to the third signal level (fig.
8) . | |

20 5. The device of claim 1,'further comprising-a reference volt-
age source (79) generating a reference voltage (V)
substantially independent of the output voltage of a power
supply unit (48a) for said switching unit (43), a quotient
forming unit (79), one input of which being operationally

. 25. connected to the output of said substantially independent ref-
 erence voltage source (79), the second input of which be1ng
operationally connected to the output voltage of said power
supply (48a), the output of said quotient forming unit (75)

being operationally connected to the control input of a signal

30 amplification unit (77), the signal input of which being

. operationally connected to the output of said input converter

(o
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P13368PC. | . doc - 34 - control inputs being operationally connected to an
error detecting circuit (98, 100, 108) for automatic conpensation of errors
detected by said error detector circuit by neans of adjusting the pul se

wi dt h of said output pulse width nodulated 5 signal (S [err], Slerr]),
additionally to its control in dependengg an the output signal of said _
anal ogue to digital converter unit (42). 10. The device of claim1l, further

conprising a reference 10 ul se generating unit (70a), said nodul ator unit
generatin§4%)caﬁh%r%%?%%tp%gs%h%Q?eb¢}99 99%@@%@9@§blyunonn¢68e¢ tonphelng

the pul seus dlih. Btesaldhe eLeT aagG. DUk SEaPaCk gl SEL Califbrallon pulse. the

out put of said conparato un| elng opera
adjusting unit (71, 73, 69a 69) for adjusting 15 pulse width nDduIatlon

of said pulse wi.dth nodul ator unit. 11. The device of claim1l, said pulse
wi dt h modud at™he dgevice of claim 5, wherein said connection of said one

5 input of said quotient forming unit (75) to the output of said
power supply (48a) is led via an enabllng unit, said output
transducer (46) being disconnected from said power supply (43)
during time spans (T,) of pulse width modulation cycles, said
enabling unit being controlled to'enable said connection during

10 said time spans (T,).

7. The device of claim 5, wherein said amplification_unit is
realised by said pulse width modulator unit (50) for additi-
onally adjusting said pulse w1dth controlled.

15
8. The device of claim 7, comprising a noise-shaping unit (52)
with an input for a n-bit data word and an output for a m-bit
data word, wherein n > m, the output of said noise- shaplng unit
being operationally connected to a control input- of said

20 switched output unit (43), the input of said noise-shaping unit
(52) being operationaliy connected to the output of said
analogue to digital converter unit (42), said amplificetion
unit (53 to 55, 84) being provided within said noise-shaping
unit (52), which latter having a further input operationally

25 connected with the output of said quotient forming unit (81).

-

9. The device of claim 1, said pulse width modulator unit (50)
having at least two inputs for controlling pulse width of the
output pulse width modulated signal, one of said at least two

30 inputs being operationally connected to the output of said_

~analogue to digital converter unit (42), the second of said

AVENDED SHERT
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“conprising an addressable nenory unit (62) with an addressing i nput
operationally connected to the output of said anal ogue to 20 .digital
converter unit (42), the parallel output data sets (S62) of said nenory
unit (62) being input into a register unit (63) and serially output

t herefrom as pul se wi dth nodul ated out-psi signals (S[err], S[ferr]). 25 12.
The device of claiml, wherein said pulse width nodulator unit is fornmed by
a noi se-shapi ng unit which generates at jts output a mbit word with 1 -
[err] m [Tl Imputsrheiny | REFAT IR MY, CORRPEL LA SBP PROMIYa¥or unit
(50) 30 | : g a e ' ] uf put
{het eof 158 et S 96 RGBS dob e iR ELE | coiggnel ol bE
P13368PC.elrrtafts deteded bP)saidiceresondets@tdr tdRreeit ey ngesnansegt ed to
the output of a reference signal source (72), the output of said anal ogue

to di gi t AAIARADNT drhe e pekdith Rl 331¢ PieiePYlse width onodulate

5 signal (S'g, ,, S's 2), additionally to its control in dependency

's

.on the output signal of said analogue to digital converter unit

(42).

10. The device of claim 1, further comprising a reference

10 pulse generating unit (70a), said modulator unit generating a
calibration pulse (V_..), a comparator unit (68a) comparing the
pulse width of said reference pulse and of said calibration
pulse, the output 6f said comparator unit being operationally
connected to an adjusting unit (71, 73, 69a, 69) for adjusting

15 pulse width modulation of said pulse width modulator unit.

11. The device of claim 1, said pﬁlse width modulator unit

comprising an addressable memory unit (62) with an addressing

input operationally connected to the output of said analogue to
20 digital convérter unit (42), the parallel output data sets

(Ss,) of said memory unit (62) being input into a register unit

(63) and serially output therefrom as pulse width modulated

output signals (S;,,, Sg 2) -

25 12. The device of claim 1, wherein said pulse width modulator
unit is formed by a noise-shaping unit which generates at its

output a m-bit word with 1 < m < 2.

13. The device of claim 1, wherein said modulator unit (50)
30 comprises a voltage ramp generator unit (Cy, 69), the output

"thereof being connected to one input of a comparator unit (68,

N )RR
P13368PC.1.doc - | SR IR R T 1S




Tnput (at 66) for controlling the length of inpulses at the 5 output of
sai d conparator unit (68, 70) by adjusting at |east one of ranp-rising rate
{69, (err]) and of said reference voltage source. 14. The device of clains
5 and 13, wherein said anplification 10 wunit is formed by said nodul ator
unit. 15. The device of claim5, whereinssaid anplification unit (84) is
provided in a feedback | oop of a noise-shaping unit (53, 54, 55), said

noi se-shaping unit conprising a control 15 input operationally connected

to the outPut Hhe SgePrdioinrit $kerveed being émr)r,xelm;-mcahm Bl{le!gulaputnpﬂtt
ti I nact t f | nal.ogue to, digit converter

3g$[ aahgr}ﬁ llséllfgna' out%%ﬁ%begr}g%?%gngﬁzfoto%g%c?‘gﬁp?%g?ﬁgsﬁ !%J%"f‘f‘i’%%tt‘af.

sai d noduliagiocralintdnveXftdis. bdiy dspé L Idn£l By NedrmeStdd 91 $8aShepsi unit

conprising a control input. (KM being on one hand connected to one Input of

a mul ti pliRHs offturf®) (Bom)coptirphling dhedunath |abpinpul ses tae t)ln?er _hgnd

o, 2 S VAR de G AbmddiaddP il sk o7 by WHIERL N 1 8lee
one of ramp-rising rate (69, C,) and of said reference voltage

source.

14. The device of claims 5 and 13, wherein said amplification

10 unit is formed by said modulator unit.

15. The device of claim 5, wherein said amplification unit
(84) is provided in a feedback loop of a noise-shaping unit
(53, 54, 55), said ndise—shaping unit comprising a control

15 input operationally connected to the output of said.quotient
forming unit (81), further a signal input operationally
connected to the output of said analogue to digital converter
unit and a signal output operationally‘connected to the digital
input of said modulator unit.

20
16. The device of claim 15, said noise-shaper unit comprising
a control input (KM) being on one hand connected to one inpuf
of a multiplication unit (134) within said feedback loop and on
the other hand to a divider unit (132) at the input side of a

25 quantizer unit of said noise-shaper unit.

- 17. The device of claim 5, wherein said substantially inde-
pendenﬁ reference voltage (Vy,) and said voltage (Vg,) depéndent
on output voltage of said power supply are respectively |

30 opératiohally-connected to a signal input and a reference

voltage input of an analog-tonigital converter (81), the

- - | PR YU T
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¥17. The device of claim5, wherein said substantially inde- pendent
reference voltage (V[err]) and said voltage (V[err]) dependent on out put
.vol tage of said power supply are respectively 30 operationally connected
to a signal input and a reference voltage i nput of an anal og-to-digital

converter (81), the P13368PC. 1. doc -- 386 -- out put thereof being
operationally connected to said anplification unit (83). 18. The device of
claiml, at |east a part. of gwocessin_ jts 5 operational|y connected
bet ween SHEPHRE RERI FREERF ' tc?‘r"é?'g'b%ﬁeﬁwf%? ng a.

hi gh- povwel I OEESSE {6h e (Bgh) 52, 50, 43) and wherein further the output
of said input converter Is operationally connected to a reference
processing line (98) nodelling processing by said high-power processing
line at a 10 | gwer omer‘%gvel,,the out put of said reference prpcessingS

line bei i opelift i¥mat9s LorfmettBdl t AorkP3fpt RATE QorREPeRering pni

5 operationally connected between said input converter and said
output transducer forming a high-power processing line (54, 52,
50, 43) and wherein further the output of said input converter
is operationally connected to a reference proceséing line (98)
modelling processing by said high-power processing line at a
10 lower power level, the output of said reference proéessing line
being operationally connected to one input of a comparator unit
(100), the second input thereof being operationally connected
to.the output (8,,) of said switched output unit, the output of
said comparator unit (100) being operationally connected to at
15 least one control input (S,,,) of.at least one processing unit

of said high-power processing line (54, 52, 50, 43).

19. The device of claim 18, said pulse width modulator unit
" having a pulse width adjusting input (S,,) additionélly to a
20 pulse width modulation control input (S,,), being said control

input of said at least one processing unit.

20. The device of claim 1, further comprising a signal level
detector unit (128), the output thereof contrélling gain of
'25. signal processing at first pfocessing units (130), the input of
which being operationally connected to the output of said input
converter and inversely controlling gain at second processing
units (136), the input of which being operationally connected

- to the output of said first processing units (130).
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(100),.the second i an’JYGThe(foe%{ bl%{rpig ;()oe% at‘i onal ly connected to the output
(S[err]) of satd switched output unit, the output of said conparator unit
(100) being operationally connected to at 15 |east one control input
(S[err]) of at |east one processing unit of said high-power progmesing |ine
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(54, 52, 50, 43). 19. The device of claim 18, said pul se w dth g

sai d at | eaBNTERNATIONMARPLICATION P VEHEP |COORERATION, TREATY (PCT)

unit having a pul RCE dth adj WoRioTyELACUAL FRefseTOREANIRATION | Onal | YedgiYa 20
pul se width nodul ation control in u}ggﬁgi err eing said control input of
[T 1
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control i ngnpar 3500, HY2M Fisgnal procespiamd at first processing units (130),
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(57) Abstract

T:here if prgvidcd a hearing aid with a mechanical/clectrical input converter and an electromechanical output transducer; a signal
processing unit with an input operationalty connected 1o the output of the input converter, wherein the signal processing unit compriscs a
swgtched output unit with a switch-over control input and operationally connected to the input of the output transducer and generating a
switched, at Jeast two-state output signal, and further comprising a pulse width modulator unit generating a pulse width modulated output
signal, the output of the pulse width modulator unit being operationally connected to the switch-over control input of the switched output
unit, the pulse width modulator unit comprising a digital contro! input for controlling pulse width modulation.




