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to 5 an output stage for a he§ring aid and to 'a
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( dowfrehuanyInalogtsiauel. Hraneembodiment of this converter, the low-pass filtering
of the high-bitrate output signal from the Sigma-Delta (S-D) converter is provided by

the driver coil in the output transducer, the transducer driver coil performing in this
way a dual-function. When the output transducer is relied on for low-pass filtering, the
converter may be said to comprise both the modulator, the output driving circuitry and
the output transducer. Another way of describing this design would be to say that the
output stage is a direct digital output stage, since no DA-conversion, in the ordinary
sense, is performed in the hearing aid. In such a device, the DAC is replaced by an S-D
modulator, which transforms the digital output from the signal processor into a binary -

signal suitable for driving the digital (switching) output driver.
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This need is satisfied, according fo the invention in a first aspect, by providing
an output stage for a hearing aid, said hearing aid comprising an input transducer
device, an AD-converter, a digital signal processor, a single bit Sigma-Delta modulator,
an output driver and an output transducer, said output driver having an H-bridge with
two branches, each branch having a respective output terminal for connection to the
output transducer, a first one of the branches being controlled by a first binary control
signal, and a second one of the branches being controlled by a second binary control
signal, which second binary control signal is derived as a time-delayed version of the
first control signal.




first control signal. 2a A second aspect of the
present invention, provides a hearing aid conprising
an input transducer device, an AD-converter, a
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OF THE WQ@U n the follow ng text, various
enboqli ments, of the invention will be disclosed in

selecting an H-bridge with two branches,

connecting a respective output terminal of each branch with a respective
terminal of the output transducer,

- controlling a first one of the branches by the first binary control signal, and

- controlling a second one of the branches by the second binary control
signal.

The invention in a second aspect provides a hearing aid as recited in claim 8.

The invention, in a third aspect, provides a method as recited in claim 9.




connection with a description of an enbodi nent of the
invention. This description will 5 refer to the
appended figures, where: Fig. 1 shows a hearing aid
Wiwb 2a0sDAG4and an anal og output driver of theppLin@b00s/000077
art; Fig. 2 shows a hearing ai}d with a digital output
stage of the prior art; Fig. 3a shows the
configuration of the prior art output driver of figure
2; Eig. 3b, shows the configuration of an output driver
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the explanation of the invention, it is -25 sufficient
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ou?%ﬂ?@%@éw In the design of Fig. 1 the
out put driver could be a class B

15 Reference is first made to Fig. 1, which illustrates a digital hearing aid 11 with an

analog output stage. This hearing aid 11 basically comprises a microphone 12, an
Analog-Digital Converter 13, a Digital Signal Processor DSP 14, a Digital-Analog
Converter DAC 15, an analog output driver 16 and a receiver 17. The components 12,
13 and 14 are standard components within this field of the art. In particular, the
20 microphone 12 could be replaced by a microphone array, possibly including analog

means for providing the hearing aid with a directional sound receptive characteristic.
Further, the DSP could be of any known construction, in particular, it could be a hard-
wired ASIC which is controlable/programmable through the use of a

- configuration/parameter RAM storage. In the-explanation of the invention, it is

25 sufficient to say that the processor outputs either a serial or a paraliel series of binary




anplifier stage with a voltage gain of one, sonetines
referred to as an i npedance converter. As an exanpl e,
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pull arrangement to control the voltage of the right output terminal TR, The receiver 17
is connected across the output terminals TL, TR and driven by the voltage differential

across the output terminals.

State of the art hearing aid chips are preferably implemented in some kind of FET

technology, e.g. a CMOS technology. For this purpose NPN-transistors 30, 33 would
be implemented in the form of appropriate, e.g. n-channel FET, devices and the PNP-
transistors 31, 32 would be implemented by appropriate, e.g. p-channel FET, devices.

A high state of the input 23 will result in a current driven through the transducer 17 in



transducer 17. Therefore, a low |l evel input signal to
the input transducer 12 will need to be represented
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representati on 53 of the drive-state of the output
angeding the bATISIOG B UGBS 42 POTULDK2G0674200dnTese two bit

streams, a zero-drive condition of the output transducer 17 is obtained every time the
bit stream 23 comprises a transition from one state to the other. The effect of this is
illustrated by figures 5a, 5b and 5c; figure 5a showing the left bit stream 43a, which is
identical to the S-D modulator output bit stream 23; figure 5b showing the right bit
stream 43b, which is identical to the S-D modulator output delayed by one clock-pulse;

and figure 5c showing a representation 53 of the drive-state of the output transducer 17
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to 1. However, when B and B’ are identical, current w1ll flow in the transducer the

direction being determined by whether the value of B is 0 or 1. This can be seen by
comparing the figures 5a, 5b and 5c. Since the figures are aligned in time, a time
sample with a 1-state on figure 5a and a 1-state on figure 5b will translate to a 1-state

on the curve 53 on figure S¢, while a 0-state in both will translate to a —1-state.

The relationship between the control signal 23 and the output transducer current 51 can

be summarized in a table as follows:
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WD 2005/ 076664 PCT/ DK2005/ 000077 7 State of 23 in
previ ous clock cycle Table of output transducer
current 1 0 State of 23 in 11 0 current clock cycle
by appropriate control of the co
8m6%§¥9&$%e driver is capable70f outputting%g‘@':%%%mmm77
and steady state signals in either direction as well
as a zero output. 5 Fromthe description of the driver
stage according to the invention, it is clear that a
ti me-averaging function is obtained, since transitions
in the bit stream?23 lead to zero drive-current
situations, while a drive-curient condition re U|re
two or nore consecutive ident iég%{? by} 18 Preyiqys gleork ‘53(9
occur . Tatheokonguatyinsguceteyognt drti-ver—accordi-hg—to—the
i nvention uses a standard S-D|npdul ator apd achgeves
the desired driving of the 10|out put trangducer but
reduces the effectijve raje of [swmtching ol the driver
transi Stagro$ 23 &and t hereby does |not rely sokely on the
t ransducer %rlver ¢otH+—tor—averagtrg-—the—grive
cur r ente RS EYHGI|y, asoit fgrtherowi ||l appear-1from
figure 5a, low level input signals, which|are
represented by a rapid oscillation in the bitstream 23
wll be transfornmed by the output 15 driver into a
slow oscillation in the transducer current, whereby
pclibes, tiysippapede controbdithesontrplsigiel; tieldriger if ¢apable obeutputting
n *%%ﬂd%%%{iye l'ustgtﬁ g‘?}hg ﬁte‘i:tger reétﬂ)g ag W };fgs ; inrﬁ Qut&utg ure
nndulator out put bit strean123 43a is also shown.
Fdirom ghegdesariptign bf thidiies smga@cwrﬁpg to the eention| W isarldaptpat a
%
%ﬂ?]elavefagﬁg\%&lhﬁlgﬁ tOB en\%/}% Sél'%g ﬂ‘ﬁ%sﬁtﬁn% §1 tﬂ@ BIY gt’reéglaﬁgslé\ﬂl' at{;] Gero
a\denvagemﬁm sipuatiares, wthllrfsa dMC@BﬁGWCWOMC@BIB@ 1wa)or rharey,

l evel in uses a pu
aoaseuveengo Bfungtoe ey, TR ERaPasionPrRebhe o
t e i@ cthgien uﬁald tfarsﬁﬁldardl S-D mddwtabemd a&)ita\tebl meCﬂdﬁ?eGldﬁizmg of the
assun1n e tran ucer vides t iltering,
arPdtPhER i"fc% ut E%H&‘?St“? S‘f"&tr PESYICENG "Eﬁ""t‘%‘é@r&i‘ﬁ}%"“
53nd HRfebP asdstnbml&cT!sb D&gorﬁlﬂé &@(&H&cr draleebbibfbr $RBading thd@rive

WO 2005/ 076664 P 005/ 000077
cutrent.

Accordingly, as it further will appear from figure 52, low level input signals, which are
represented by a rapid oscillation in the bitstreamn 23 will be transformed by the output
driver into a slow oscillation in the transducer current, whereby power is saved. To
comment in detail on figure 5a, the input signal is indicated by the curve 50 on figure
5a. The representation of this signal in the S-D modulator output bit stream 23, 43a is
also shown. For relatively high positive input levels, labelled seq. 1, the average pulse
density is above 50%, while high negative input levels, labelled seq.3, cause an average
pulse density below 50%. A zero, or low, level input, 1abelled seq.2, causes a pulse
-density at 50 %. On figure 5c the corresponding output transducer current is indicated
by the curve 51 (assuming that the transducer provides the filtering, and the drive

condition state is shown by the curve 53. For positive drive currents, labelled seq.1, the
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8 drive conditionis in the state +1 for a substantia
period of tinme, while for negative drive currents,
| abel l ed seq. 3, the drive conditionis in the state -
tantial period of time and drive ¢
&ﬁ{ Ogs@gé);er o, labelled seq.2, are represent éﬁ"[ﬁ% (555%00077
drive condition which is in tﬁe state O for a
substantial period of tinme. 5 On figure 3b the
sequence of NPN- and PNP-transistors on the right side
of dii Yeecopdifiqueis in the &gfe +3 for azpbyiaptialnesind phijrag.tdvle formegative
| Rl IRPEAITERS, (B allRohdifkiIvh B ME Sialo Y Tl sublifhia
relationshi’p bet leve e respective
c oprriod lof ting ad drwsbum dlose twzsre, dapellesk seq Er@c repgseted hye
ou t can be
o @@}eétco{ug{l@v@ﬁgh ik Rhthzgt%n gd}’téﬁzi Eu%gtaét& ﬁ%ﬁ’@@? iR,

incorporating an inverter 34 in the line of the
c ol fighre Bb theiseguahce3d PN and PNB drandigtors e thy right sideerd thehdsiver

c o&éée%b fi I%F Pé% eu:l)’véel'aale% gﬁ:? ﬁ%ﬂﬁa@ﬁ%ﬁﬁﬂpéf tﬁé rélnsmé)?{ 19Verts the

erubbdomwbtptbewfeen the léevel/efithd mspccm‘twe:otlummxgaadewwgnd@e voltage of
f Une f( @e@ﬂ% ou& u?t 2 V\EH"R dfhev evrerteé relaf) gns 1p u"éd bg X{fsléls%% aQr]:)ida

cloc I'nve ereby requirre
o bdhangiegithe h:srﬁm@mceﬂabw emcorj;reranhg ai rrmdtes 84 detlhajdmt ofitke eimtrol

| AT STHE! e Ao P i r RO At etdG sty

'drzertﬁﬂ“hismi@bmBeﬂedbnbmthsmm:ﬂparssﬁ.ocked, i nverting

flip flop, mhereby t he required delay is obtained
k t ipt o
117 Pl S R B R ol avveris

abmmeﬁmmd dfe dldch@l iavatoRortizgebl drabduiad délay B@btained through
hglng? g F q dela Qr an inverter-del ay
PeAqcERUIsE Aeigge ?fﬁ‘etﬁ'?: CofVeltflet her 20 the H bridge
|s i nverting or‘non inverting. The skilled person wll

ofIn aruilke embodimpailf theQfiveRtigy Efltinkgaveidgig femtioh bOBS output
t he_del wth al | ed Fl

e. r.epl aci a -Flop -. .
oiivei€ Brand Bty BF F Pomegpm g g ray Wi 'hfreauive delay is
a\sBiaRet Ao \hC @R cRY-piRe 8419PMAR4ESLIn thePlip-Abp. aver agi ng
filter. Likew se, the skill ed person wi | be awar e

he S-D nodul at epI aced b i
o s bR Ao BAH Bk bt e e SR edleTEnagon efpbe
| BYRitkl encitay 8 dIeLH Mandithaday ddnmagen, ik B@eﬁd‘dﬂ@ﬁof »qfether
t he invention should not bhe considered to be limt

byhet b decds iypiiag or uonyayerting. Jb¢ sledgersop adl! Pf]can?ebeé’PPable

WIok LugBssiaPb@ed sfahﬁluge et re?ﬁt\:'lﬁ% #e dRla %ﬁtﬂ%tsbléﬁlléﬁliﬁtmwﬁ— or
t at ar e eqU| val ent fo escri bed enbodi ments.

Rap Heptting Fip-Stappé lsethepking al/aisraging deyicesgnaycbe suggested, e.g. an

averaging filter. Likewise, the skilled person will be aware that the S-D modulator may

be replaced by higher order modulators.

Above, various embodiments of the invention have been described. However, the scope
of the invention should not be considered to be limited by these examples, since a
person skilled in the art will be able to suggest several alternative solutions that are
equivalent to the described embodiments. Rather, the scope of the invention is to be

defined by the appended claims.




defined by the appended clainms. 30 9 CLAIMS 1. An

out put stage for a hearing aid, said hearing aid
conpri sing an input transducer devi ce, an

AD- converter, a digital s%gnal processor, a single bit
Sigma-Delta nDduIator an out put driver and an out put
transducer, said output driver having an H bridge with
t wo branches, each branch having a respective out put

CLAIMS ni nal for connection to the output transducer, a

first one of the branches bei.ng_@control led by a first
1piATaPytPEbaleesfor g hpating aithdsaid deatngl aisheowmprising an input transducer

brd@(ﬁ@@% hgldéﬁvé‘rfl{l‘t 4 Q|g||t§|ds Ghal ﬁro%%gflﬂsa k%i Blt 9@%5 _Bhit ita modutator,

i gnal , which second binary contro
a@"amttw%éiﬂu%ﬂ a’t*{ﬂéoﬁwtelﬂtotrﬁr@ﬁw%esw pytput damrrhﬂvmg an H-bridge with

S i Bkanches, Téh%h%%élﬁ%t haSJn?@% r@gﬁé&r% ¥t n;iﬁ’ & %connectlon to the

wherein the output driver I mpl enme

t QEIRHbIT 6@55?’”0%‘; afﬁéf st %ﬁ*eﬁf@y@eamww@ by ai firstibinary control
.WB@F@I' Bndi ResdcbA® ofl€ |o@¥t?éjbl\é%¥:§ésoﬂ?zﬁgfb? lgl?o Iep'l{ysé i@&{ﬁgjr Bhary control

al is obtai ned use o
oﬁlﬂﬁ@!t which geconddinaty ﬁ@ﬁtl’%S'@ﬂ%ﬂl'?ﬂ@’lvemeéraeﬁlmeﬁﬁ@yedi werkied of the first

dedritaol SigARYr i ses a  clocked inverter. 5. The out put
stage according to claim3, wherein the cl ocked del ay

2.CPNI SR 3tage! QE&‘&&ng' fbvec,r!éu'nng ftvh@rem e étfl]tga—thednver is

out put stage accord ng (0 claim1, wherein f
dmpx'ﬁ’é‘i'erﬁ?ﬁ '&lQMO§t{9¢hﬂ909é(verag| ng function by use of an

averaging filter. 7. A hearing aid conprising an input
'ﬁw%lg%eﬁtagfe@ﬁce@m Gie damchmhergiathe Wmdglawa ve@icgtmilthe

_mré’t(‘c%ﬁﬁ&rmg?ﬁqjls%té?ﬁém us%t&%ecloééb‘éte tput stage
conprising a single bit gma-Delta dul ator and an

4. Omepéﬂt Gtrs@éb%dé&ﬁfdm%gﬁi GIaIFhUﬁ %erénﬁ%ﬂ@ clotkdd'8élay corﬁgrlses a

onprising an output driver, said output drive
aﬁlpﬂiﬂp%mvg @.-with two branches, each branch having a

' respectlve output termnal for connection to the
eupyt stageqreerdingtorglgigy 3, overein the sloskechdelay corpprigps a

%%ké@l,ﬁ\%qr@yﬂ,@ﬂgérst bi nary control signal, and a
second one t he' branches being controlled by a

. The output stage according to claim 1, wherein the output driver obtains a time-
averaging function by use of an averaging filter.

. A hearing aid comprising an input transducer device, an AD-converter, a digital
signal processor and an output stage, said output stage comprising a single bit
Sigma-Delta modulator and an output transducer, said output stage further
comprising an output driver, said output driver having an H-bridge with two
branches, each branch having a respective output terminal for connection to
the output transducer, a first one of the branches being controlled by a first
binary control signal, and a second one of the branches being controlled by a

second binary control signal, which second




second binary control signal, which second 10 binary
control signal is derived as a tine-del ayed version of
the first control signal. 8. A nethod of driving an
out put transducer in a heding aid, conprising -
producing a first binary control signal, producing a
second binay signal in the formof a delayed version

\?Vif tiir‘ri]eﬂf coﬁﬂgérséi rﬁgg G&@ived! @J‘é"ﬁmeédejﬂegﬁ%éggi n P ths BFd; ?o%ﬁtrol

s WO bran - connectin S I've outpu
t égfidhal of each branch with a respective terninal of
the out put transducer, - controlling a first one of

8t Hempihad of d4ving/an petptl transduten i  heafraraid, compriaing  and
- controlling a second one of the branches by the
second PRIdysing acfispitbivary cetephaionalg. The net hod accor di ng

to clai Fﬁcﬁjcinp%eé; bfid birgy LRINGVIR e fd
si gnal pi s de ay.ee?oﬁy ong g:noclﬁ-pu sre.&rléo. Ial.){?g%ﬁgfﬂ%ép{he
accor dfifigcerdrat Bignah 8, wherein the H bridge conprises
an invegbk arﬁq-%ria%é‘ﬂgﬁ W%p‘b ] br a_nch, conpri sing
enpl oying an i nverter-delay conbination to invert and
del ay 8OHwRtNGD|a siegpedtive oputplie t¢rmralt Pheeashahwnch with a
respective terminal of the output transducer,
- controlling a first one of the branches by the first binary control signal,
and
- - controlling a second one of the branches by the second binary control

signal.

9. The method according to claim 8, wherein the delayed version of the control
signal is delayed by one clock-pulse.

10. The method according to claim 8, wherein the H-bridge comprises an inverting
and a non-inverting branch, comprising employing an inverter-delay
combination to invert and delay a control signal for the inverting branch.




