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WD 2005/ 076664 PCT/ DK2005/ 000077 1 OUTPUT STAGE FOR A
HEARI NG Al D AND METHOD OF DRI VI NG QUTPUT STAGE FI ELD

WOR00FIEGKNVENTI ON The present invention rel at eBCT/DK2005/000077

hearing aids. The invention ngre specifically relates

to 5 an output stage for a hearing aid and to a

met hod of driving an output transducer for a hearing

aid. The invention, still nore specifically, relates
CUPPUPSTRAGE FORIE HEAR NG WIDJA NDWIETHOW OR DRISING €SUTPUT
in a hearing aid. BACKGROUND OF THE | NVENTION US 5 578
883AGkK scl oses an inproved class B driver-circuit (a

so-cal | ed push puII 10 driver). This is an anal og
?&éﬂﬁ ? ed in hearing aids with a digita
processo prOV|d he processor is followed by a DAC

(Di gltaI-Anang Cbnverter) for transformng digital

Jihg padsenténesnaibh Rgatks rhdalifg aidgsiBlie ipveatieasadre ispdoifically relates to
anal og out put signals that control the output driver.

emOL Py HaRLT A BPAHEA ndlia @FEhQFi O de¥inggn uEpupfrapsdycer for a
g@gﬁi id t’M{éem@Jntlgth?lll‘ltméxte%ggcl relfr]tés t%san%u tput stage for driving

Delta converter ta converter
Biegrmapudetansducednladtearing gid. cont roI led by a digital
i nput and produces a hi gh-speed pul se-nodul ated bi nary

j j IS f eri es-connect ed | ow pass
BRI R Qb TR R ENe converted i nto a
| owfrequent anal og signal. In one enbodiment of this

UMY 678 63 dikklescs awipped clabeB idiger-cifcuith(@ sbicgltedopush lull
out put _signal fromthe Sigma-Delta &S—D) converter is
GFiBeA) s thanznalogdriyey t\'?éfrméﬁbP‘F used ip hearyiggidn with a digital

ﬁ)r]c?:g%g V\,g{r;&gd%datgf&) &@%@Pf‘s%ll%éd’ By 1 G (ﬁ%ﬁt&%ﬂmg C'o'ﬂverter) for

uncti on. he output transducer

transfeinied degitaf sipndloempasismgifidn ereisignal ploeessaointoeantalrg output
be said to co e both the nodul ator, the output
a%P@SHgﬂePWEﬂtQ%?fE dﬁ“?ﬁe out put transducer. Anot her

way of describing this design would be to say that the
VY PEIE PAREatdsS0A ddif RbarfHgHid Wxth%&%@@lﬁl t§f)@8ﬁ0ut§|ﬁt@@c%e known

no DA-conver si on, In t he ordi nar sense,
peaﬁm@eltm cortverteredir Atgred-Belta nony@ﬁhr aaslaemrlé@lta mpdulator is

ERraRg S5 EEH i T ok Ao e allBe TS FE uignal,
i iy fecsuogarb'ehesacbrtnabd:@ 1dvwepashrfilrNghdréia ted gghalkis converted into a

gc?\w f;e(c:lgelznq %%algg ts@;getll grclm\éeermbodlment 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.

CONFIRMATION COPY
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CONFI R(VATI ON COPY WO 2005/ 076664 PCT/ DK2005/ 000077 2
It is a disadvantage with this systemthat power

wa@onsongsi on it relatively high for | ow anpliPOO®K2005/000077

input signals. This is due to,sthe fact that when the
high-bit-rate output froma Sigma-Delta nodulator is
utilized in a push-pull driver, e.g. a FET-based
driver, a low anplitude S|gnal is represented

th% 1py ard}saévwe Wignthicosternibal mqwegwpvmwﬂe& m@@welé higipfor low
t

S B im0, 194 oSSR A Al o
chiﬁa;metta afodubtad islintsldndd dimh @gﬂn -puledtivert g a BED®askd driver, a low-
battery life- tinme. WO03/047309- Al di scloses an S-D
Bme! ltqﬂ% signpkis senresented by kinarysigpal that qoatinvallyessyitches between

[
gxfrv)éé %ﬂgt?elg %E; 4 gdétﬂ%%h%élﬂg ‘iﬁ%gué}ﬁ r%cg{r glﬂf"ﬂ?eg&abntsﬁlﬂ§m dtﬁe Bhtput
Thiver. The bizhgtoace cansgmplion oyt disddyantagaidire touhd reducqeihiattery life-
driver - a so- called H bridge, whose output is
f"M%ered in a | owpass filter. Due to a rather conplex
design, this systemis not suitable for use in a

ve@03/047309dA 1 ThveloRés I S-B DAG. HOthikasri @ aasykem, MRicUb Bitdgested
drivers that utilize nore than two states in the

dHligaskin hepiang 2ids; anPrid meflpdaien gepable aftpipsratiag avithehige outyt
RO AN THIR eggtat{ﬁgﬁ‘afi cgﬁt{r%?% pué‘é 3 é&ﬁgt didveP@s 4 so-

never been sugges corP espondi ng
chiletieH beMdgt, wlarse boipumsgfﬂalral inarowpaddilieved from a
sinple 1-bit S D nodulator. SUMVARY OF THE | NVENTI ON

cordin ther need in the field for. a_si
56506 r2ferfomatron she i cHb R SEBHE [ApLiFdh & hegne i
This need is satisfied, according to the invention in

&ht pfidF ardaRke hhs e;&)’nﬂl’és%ﬂ (ﬂiqﬂﬁ d@iVersANtRulizS dEethan two states in the
according to claim1l. In this output stage the

drigér-cifsudyy. dhe gdi‘eanmgte of thigis atrmuoé,toatlepowelt epmpwraptidyigrthe driver
S transfor

S8 T ey bR sHBE ety Boudst el 3R RPIESg e %g) qopyrol

cignals thiv Be HEraiedIfRAK 8 SHMIS 11HHES-CUmb@lhtot.0 be driven
t hrough the out put transducer. 25 The invention in a

second aspec EfOVIdes a hearing aid as recited in
SUANIM Nin a third aspect, provides a
nethod as reC|ted in claimo.

Accordingly, there is a need in the field for a simple output stage with a reduced power

consumption.

This need is satisfied, according to the invention in a first aspect, by providing an

output stage according to claim 1.

In this output stage the high-speed single-bit (i.e. two-state) bitstream from the Sigma-
Delta modulator is transformed in the output driver into a time-averaged three-state

drive condition that represents the current to be driven through the output transducer.
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.
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WD 2005/ 076664 PCT/ DK2005/ 000077 3 Furt her
enbodi nents appear fromthe dependent clainms. BRIEF

WORHERIFE: ON OF THE DRAW NGS I n the foll owi ng PERDK2005/000077

various enbodi nents of the inyention will be disclosed
in connection with a description of an enbodi nent of
the invention. This description will 5 refer to the
\%gpended figures, where: Fig. 1 shows a hearing aid
tthereenmipqdiments appeanipeghodensadend clajms. of the prior
art; Fig. 2 shows a hearing aid with a digital output
PR I9EsERBPTRONGE FHE DRAgymigsshovs { he .
configuration o e prior art output driver of figure
2; Fig. 3b shows the configuration of an output driver
e therfdilogingaextheariony embodimentskd ti ipventionheisbealisvdesed ny

aid according, to.the i.nvention; Fi 5a sho the S-D. .
GORRFCUPD WY R dsSriptien Of agsn@)ﬂgmﬂn ﬂ@thgzrgeﬁg%%%&scnpnon will
st PloLthd BpRYaH Byure)vHetdCk- pul se; and  Fig. 5c shows
the three-state drive conditions of the output driver.

DETAI LED DESCRI PTI ON 15 Reference is first made to
Figy.l 1shews ¢hearingaid with e DAC andpn analogautppigdraeg of the prior art;
with an anal og output stage. This hearing aid 11

ihca - ~ )
B9 e PR 8 OThRICOR e e e
Processor DSP 14, a Digital-Analog Converter DAC 15,
&ig. advaklogyotht pofighraticarof 16e piat aat owpwidvieer Affigure;
conponents 12, 13 and 14 are standard conponents

ithi.n this field of.the art., |In.particular, .the 20.
i D ot ns <Gaim i Bl il S R or bR Ry
possi bly including anal og neans for providing the
Feau Ngh@vda Wédringaididcerlingahe B@wmebn; ecepti ve
characteristic. Further, the DSP coul d be of any

known construction, in particular, it could be a hard-
W et ARVES (hScR npedudaton QuePWb| e/ pr ogr ammabl e t hr ough
the use of a configuration/paranmeter RAM storage. In

Hie sRhARSthE 80D Hodultfor AYRRTERYed bY oheScldck-pitbd;iapl ent

to say that the processor outpuis € ther a serial or a
paral l el series of binary WO 2005/ 076664
P/ DKo%y (he 0ogestate drive conditions of the output driver.

DETAILED DESCRIPTION

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
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

sufficient to say that the processor outputs either a serial or a parallel series of binary
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digits suitable for being processed in a DAC 15.
Suitable inplenentations will be evident to the

wa keosloegdeper son. In the DAC 15 the input bitstrPeBnDpK2®S5/000077

is converted to |owpass filtgred anal og out put
signals 19 that control the anal og output driver 16
which in turn feeds power to the 5 output transducer
17. In the design of Fig. 1 the outfut driver could be
ligitsgyiatie fanpeing réece§$ealge afpAG 13- Yelablggariementefions yell be
to as an i npedance converter. As
ggﬁgﬁﬂé%ﬁ%&%ﬁﬁf@? 8 963 discloses an inproved class B
driver-circuit (a so-called push-pull driver). Figure
2n gheddACd Shkaimpogbigtdami 8his aonditbd 'tcdkgpaf phasg ififl @tedantijog toutput
st age ccordln the 10 pr hIS hearj ng aid
S GG g hF pade: enfiohnt L6 bichdn furpFecds gy fo he
%h[eb‘uk Binsdb&rt1PORaRE @és‘iéd bed gap 91‘é%u'tﬂht BRVARGLI O MILE B
the description of figure 1. However, in place of the
PAplifi6r siogt witlea saltgasteai ofvane, s@netinasieferred fo & ap impedance

stibyte: <SS STRoR Bl eBimived A rprsrut @

gé_cam@hg)mlt(ﬁhbﬂg out put driver 22. The S D
nodul ator 21 is a first order single-bit S-D 15

nodul at or that generates ul se density nodul at ed,

$igige & shews dheasing aid yithian irégmr&?edlgtsa]toymut giegs afcordingto the
h@lsﬁ‘n Iql. { h%\sﬁlg ﬁgi §Pbé§ﬂfﬁw fgﬁgﬁsiﬁ‘#gh‘ggﬁ&t d%r1'3d v% at&d 17 similar

ont ro out put il at
Tdntt@s@:ld&sxtﬁbed abosé oweonnactghet waith therdefdrigptioe oBéiguifei Ig losve3er, in

C @1 tlggci\gdétﬂﬁ?%qq%ﬁg&t Hgggfléass ’ &élzlgfb %ll\gg{énge in Fig. 2

%ﬁ}%ﬁ?}’s Shef Bril g & %Qil_rh gﬁlt Qﬁ?é b@UIARS {88 Winiftists ARSID fddulator 21

a right 20 branc branch conprises
WRtNa swielung D@ttpuedmsm @2PNr- $-Lameodslaor 238 1s hrshewleesinglerbit S-D

arran nt to co thevltaeof
Tt ec B g en Sy a8k, s B b P &5 The
BhBut AaNFiiSh Olhss3I3 dﬁﬂ@lr BiSBHchowA 84 8 ERItchdd IE-BRALE, tc@ﬂtrbllbdaoy the
push- gull arrang enent to control the voltage

bight 25 e D enadior 21 Thisbiveeisshoen i tetal on Agure 3a.
connected across the output termnals TL, TR and

%ugltu\f@ ? ?éé)létp the sg\ll{cg&gto%ltgl.{t ﬁbﬁ&tﬁa%y g 0"11%{(293 tﬂﬁal sF\)NSitched

rm nal’s e ar ring
alass Drsea‘gemabipplar njahsisertiad bridgs onfeﬁgcnrzndmofntlFElléft and a right

eclgkr]l.(rnl 0 %lgtbﬁfwgh g@mpg@esmgrgg%gt ?%P@L%H—Péffn lﬁtofﬁz%onnected

Pk Hhé?\{zptﬁpﬁz%%léﬁq@ﬁteco cBntdol tﬂe 961?@1%@ %k thebdfc oGﬁ\él &:ﬁﬁm%f‘ﬂL The
the PNP- transistors 31, woul'd be inple

aight pnéhatoanprisey PNp- ttﬂmamme I32 RET NRM&V&MOr 33 connected in a push-
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
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30 A high state of the input 23 will result in a
current driven through the transducer 17 in WO

wQo500666664 PCT/ DK2005/ 000077 5 one directi oPrCT™RR2008/000077

a low state of the input 23 wsll result in a current

driven the opposite way. Hence, there is no possible
state wherein no current is driven through the

transducer . _Ther ef or a_l | evel ,input signal t
PR ik [ nteps tig Fpu oy Tigu B ol dieaRe
Bpite ARl dl¥ncehinkfe i8 8o pOSHItB SReOVhdibih ol dlirdeleis Ariben through the
nodul at of output 23, 5 arranged to provi de an average

pansslacetdis Therefoss, idowllowed inpwt signd to tigiigpytdranpduser Lihwilbneed to

RisebRRREEby Bl RSB R S Rpb A pypuc 23,

heatketi®o pRIVEdedRr Abtage POlse dehsity Sraluktcldss t@¥érd €Tlis iswaifortunate in
al so for a bipolar_ inplenentation, a sequence of . )
FRSPPd ObBRW P CONPHRRLIQH, SInce Bgdapid chaBingd dhgigrat capacitors in FET-
[ ; [ f
SIS 182y ERERaAAT T Boer R 15T RhRRECARI L LS
aaplemdntagoit,a saqueswrd ofirapahdscdfatibhewilhieadita @thandedi pwer
hearing aid 62 has conponents 12,.131a5d 14 sini{ar to
EARYmPHER cPBUAL fhD e EEBFRIER R ghoiPPHEYS] signals.
description of figure 2 and then, in the place of the

1 did #bhdWH Phdaring aRDE2 2Qordingd 1o MR-chRIdaBEM Gf ehelint@tion. This
out put stage 63 conprising S-D-nodul ator 21 and

hearmggiithg2 bag gampogenty d2, Uandresimilginte-tivesetdgserihgdiaboysrin

21 is.sSim t he Si . 0 '

Pl Ml At s MR e T e e el outpu
prage 20, edimy-avahging dfgitaheutpiit svae 6ShowprisingfS-Dunheddator 21 and
This time-averaging output driver transfornms,_ a .
AVRIaZ D PRPBLADNET 4P r Bie Sigmaddeharpednlapb?] Beimprgodhe Sigma-
PURERIEBAE A15h fBlre 2 He A ERRnH oty af Ak coq Mlbaified
nedishaif oite drivMep siiow23n fige 3at Tieia mméaveragiendutpal driver trivasforms
stream 23, for coqé% IIinq thg | eft branch 30, 31 8f )
WP REA DR B TR featrbt MEfUIZOF bt 3 iires gt e af tringdycgr drive
BSERbns! ‘Eﬁis@@bﬁging@i)ﬁﬁ%jviﬁg’ ltv@o Git ofkh Gshade $D Wolifllator output

one clock pulse, for controlling the right branch 32,
33, @ strtham 4Ba.iidepdicallloghd stpaenhfert dootrobingahslgftt badmicd 30, 31 of

| qck, circuit il qabvi ous 1.0 the skil.le
Bisr e g Mg e 435, REMCRLRA oGRS B b detayed by a
aNekaDdesy MHRHbné Elo¥R pulde, o édhtloNREahE WhtBrhnch32, 33 of the
streans, ‘a zero-drive condition of the output

bridgss dire émplementatigh phi peithbiadesk ¢iroyint Wel bophvieusrteahs skilled
23 conprises a transition fromone state to the other.

?%8 ©ffect of this is

By controlling the transistors of the averaging output driver 42 with these 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 Sc showing a representation 53 of the drive-state of the output transducer 17
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illustrated by figures 5a, 5b and 5c; figure 5a
showing the left bit stream43a, which is identica
W0 eoosheses+ D nodul at or out put bit stream 23; fiBoOT/®K25/000077
showi ng the right bit streame43b, which is identica
to the S-D nodul at or out put del ayed by one
clock pulse 30 and figure 5c shomﬁng a representation

e ol s bnBhtnPoptigrocte Bt bl aT. WHEh e e obtained

WBEQ?BQDHdsQﬁlt@Hﬁg)erdﬁv@%@a@élﬁgﬁal(sgffent 51, which has
been obtai ned through |ow pass filtering the

drive-state signal 53. Accordingly, on figure 5c, the
Aseondingly, 0B gteasedt sha tieve 2k tapresents thedesuwigtahe logical calculation

i%:{%lge . g?gr wg% Il"sl?ttt?] (e}%g? (%pc}at?y\?ﬁéﬁceost & of ﬁl)% contr?l shgopal 43a

an@Bd isBhe btatetdfehstait@l signdlsbowhich abtusm;grsai de4la’yad vehianhof the
actually is a delayed version of the output signa
o8tputr¥igdal 281 cul ati on deserves some further
expl anation: the XOR operation between the signals B
EPE?L BicubftioH deseridiabnRFG AN aﬁﬁﬁﬁleth%' XOR! GheBhiBn between the
different, the operation yields 1. This result is
n@ga&s Bgnds® dnivartes whie naomhancsthaseeesgmﬂs arh diffexentsihg mb@tlos yields
dlf rent 0 10, result i a results when. .t h
o 1515 Ful 1 peefef Y Tk eny R el o gy BRI 0 0
%sﬁﬂs Qfhileta'] WREIR Wher the GwaBdtedtire identWar ThB' terhS(Btl-BS)Uﬁélds a
t hat ‘the result of the calculation falls within the

sign of {+" when B1is Q ang ofai'—'t' mhee BS isak, sugfethat thiaspseitief theecalcplation
falrcétvéﬁ n e ef z?né S1 g V\géj yt%@ sefj Wh\éxeeni: fﬁgd'lt 'é%ﬂ: xs.édgxtegents a
curre N on re tlon he” expressi on |

hraumucarfddve cbhéition With-chitr@h€inloap ﬁ&sa%avlmmrthe BXpredsidn BB’ is
ot her direction when the expression

15
ey w&e %iﬁ d—t'hatp represetsUprRisB e beerélwé?ﬂ W&%ﬁ‘éh“e expression
r
L e eh a0 psmlcnd i et Pesipisgons
B(BPa (B)dB istrk. 43a, froml to O w | | result in a
0-state control S|gnal on both sides of the driver,

n agcou IS t he nvertln char.a
PR e B Do iy St 465 Ao oS AR 8 qm 100
3311 8dLRGH b v&kate Bohtid) stoRgl TABBRh §idad 6F thO BACE, FRABM acotf is taken
of the driver will try to oppose the current fromthe

of Herinwirtieg chamctered the Hibsidge, ivobethcorinel, signaksetfias €3t will
Ieglgﬁg]t?vrégyﬁe 1%Qhe sa?n sQate l'lnen%tl-': ezk;'%"%’?&ét%f ’the%’\@x?v%r gvu@ érS/ tg togggs% the

curren rans
dunfr&t tfiodm tHeithig sitie] @le resu@ el noheitear. Likesviseafoda t@hsifon from 0

it(;c’ l.ngv(/ev%r, th]einSB ggg Bpaeresigeenrgicg , current will 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 Sc, while a O-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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conparing the figures 5a, 5b and 5c. Since the figures
are aligned in tine, atine 25 sanple with a 1-state

womosihgese Sa and a 1-state on figure 5b will PCEDRR@SA00077

to a 1-state on the curve 5370n figure 5¢c, while a
O-state in both will translate to a -1-state. The
relati onship between the control signal 23 and the
out put transducer current 51 can be summarized in a
table as follows: WO 2005/ 076664 PCT/ DK2005/ 000077 7
State of 23 in previous clock cycle Table of output
transducer current 1 0 State pf, 23 jnl1 10 c%rrent
clock cycle 0 0 -1 Thus, by appPtH P%‘“&Hﬁ‘flf’ﬁ clgek gyele
cont r ©hbls bhoaput ttameduder warent s capable of outputting
pul ses and steady state signalp in ejther directign as
well as a zero output. 5 Fromthe descriptijon of the
dri ver—stageaccorging to the fnvention, 1t 7S clear
that g..tdfm-averaging functiop is obtained, since
transitions in thelbit streampP3 lead to zdro
dri veewrtent elotk sydeiat i ons,, whilp a drjve-curirent
condition requires|two o? more| consecutivg identica
bits in order to occur. The averagi ng out put driver
according to the invention uses a standard S-D
nodul at or and achi eves the desired driving of the 10

t pyt transducer but_reduces the effective rate of .
b chvi angregattrontip] Wiahe ey sienaly e v Srapay ofuauting
g)gtscﬂ %&d’st@ﬂk%ka\(e QBnd1V difhRP&EiBh adl WM a5 aGeid th]?It.
veraging the drive current. Accordingly, as
further will appear fromfigure 5a, |ow |level input
dirgmahesdesomptacm ofithe driegystage accondipg taathe apyeation,dt is|ciaar dat a
i.n the bitstream 23 . w.ll, be transforme h t,pu
e VeraEng ng0d Soplinsd, FrrsraRicns %8 %E(trsgrﬁ%&%e‘ R 10 zero
QeivE-R0FrentWiEARINY, WRONEA dii fe-S@ ¥ conklti SiORFAEiNés twd dtehéit |
on figure 5a, the input signal is indicated by the _
€arsgeuth@ igenticplyitsein ogder trpecuF cliiecy aag g Qyp U riyvey agcording to

| - t i .
FASRT el (R8s Sl S oIl Rl tbbosthd BT iy Dt he
loaspak sranddabelbuettdaes. the effdveivavee afyeviphliseof tledavérytransistors

above 50% while high negative input |evels, |abelled
Sfl@a _tl‘g:relyﬁg@ ntlatrfe]alvslg?eéﬁ an (t}ne tlra\{lsddcerp griver c\(;i for averaging the drive
current.

Accordingly, as it further will appear from figure 5a, low level input signals, which are
represented by a rapid oscillation in the bitstream 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
Sa. 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, labelled 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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20 pul se density bel ow 50% A zero, or |low, |eve
i nput, |abelled seq.2, causes a pulse density at 50

wo@0dn7desgur e 5¢ the correspondi ng out put tranBODO&R2005/000077

current is indicated by the surve 51 (assum ng that
the transducer provides the filtering, and the drive
condition state is shown by the curve 53. For positive

rive currents 2205/ 6
e Enbtsn Bobire P b /e Bt PEROT o e N < papgsetive
v BlirréhtS Wl tdqad, tiRedriRtodflitioh i®in thbkta® f10fr a substantial
negative drive currents, |abelled seq.3, the drive

ooned of tome prd diive tverestsaalese-1q z¢ror labellndipeq dnare agpressateddy a

f. tine.and tsc cl t el | ed

gﬁe Eondétﬂon w 15!) X lé]nbj atgg o for ag an?lalgrg %tdlogﬁl%vﬁn chis
in the state 0 for a substantlal period of tine. 5 On
Orgliguge 3b theheqearel eNNENG fandNPNP-teaidistPor trensdhs side ®f e driver
the right side of the driver stage 33, 32 has been
stage Aotk havheen inyerede Fha invared AarrzeBrent ofdhe fransisteisdperts the

t t

F e B B Sl bR Ry qlzge of
ml&srps;[ettlweompmtpemmhdﬁﬁ ritle imRrtedrel aiionsbipt @ be offset to avoid

| at be of fset t d cha
B etsn o R B BlPRTHieR THYSF oos i 1t of Fae control
kigng 2o, fnhwldée e @laylSetSbaNAL cSftfol sin@lizdadnd BEb theduBantially

between the control 'signals 34a and 34b is
gengs Thisgtwillallype exigient toThe skillgd persgn. be evident to the
skilled person. In an enbodi ment of the invention, the

tIﬁD glg 61%}5(2& E‘%’nﬂ% etfleg %ﬁt? O?Le tﬁpg ﬁ%g%@i{é flﬂ{ \/\}1&? {) h%t()lll.l eput driver is
lobRiHed &y Lﬂe bby clioskehhh%m,dwhéiélﬁbuglh reqd‘ined @sRy is obtained through
cl ock-pul se delay inherent in the inverter. 15 In

shenseockrmibigi detaytinbgrent thedp¥siston, t he

ti me-averaging function of the output driver is

ePLARGLnfbbditsét BF 1t iRV RGER dhe hﬂl\éearvtefag& o fih®idn! e output
whereby the required delay is obtainéd-through the

dneetols obtined by esclef aylockﬁdemnmnlgmlp*ﬁl@pf Whereby the.requtired delay is

i3 TBlg1 g SPE AR Bt REQYEo8 1 nor

delay or an inverter-delay conbination, in dependency

of hasfbeh@entioHed il theldiddubl@eatiove kY Eel tifig a®éraging function can be
non-inverting. The skilled person will of cause be

ehjpasddysitheri pdpdat oy ipveitar-delsly sombation, ig depersienacsi ofgvhether
ttltEeH%?Ldgé{ 15\3}1{7&1% 3P vEfinE! Tl %?1]‘1)%1 pe{% will'bf. cause be capable

Inver so ofher aver agi
d»ewggeamgayhdmomuggsa&tge espleing thadelagwathagiongled ther.lop —or
Li kew se, the ski | | ed i{son wll be aware that the

ap D"ﬁ"ﬁﬂlﬁl At loMlso other kind of averaging devices may be 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.
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be repl aced by hi gher order nodul ators. 25 Above,
vari ous enbodi nents of the i nvention have been

waoeasnrdsed. However, the scope of the inventipor/sRoISWH00077

not be considered to be Iimted by these exanpl es,
since a person skilled in the art wll be able to
suggest several alternative solutions that are

equi valent to the described enbodi nents. Rather, the
SHoIsIof the invention is to be defined by the
appended cl ai ns. 30 WD 2005/ 076664 PCT/ DK2005/ 000077

9 CLAIMS 1. An qutput stage f a. hearing aid, said
heali i AHRPLEESH ?‘i’fﬁ hgriag aj Eﬁﬁ Le"ﬂ“&r?é‘ﬁiﬁ??ﬁ?“%‘é&%’é‘?”’an

AD-co dedicH] & ABLcotvand! a BfEREESSAN prReson @l st bi
Signaﬁég%%gﬁﬁgggﬁgggr, %ﬁ%ineizggﬁégi%glgﬁtgut dﬁif%?Bu

and afigid-Petta otdnkats dutme-averagifigeutnut guversindge output
according to claim1l1, wherein the tine-averaging
outpuPaH§¥V%} conprises an Hbridge with two
branches, each branch having a respective output

t erm mak ofi@ht ﬁ@gb’b&@bﬂdﬂ’(ghtbmzﬁﬁel, HeRdith tHertANS ButGRFing dutput driver
first one of the Dbranches being controlled by a %irst

bi nar yomprites 8n Espyaeg withhwo hragelesnepch heansh haping ggespective

br anc ' I i nar.ye

of gnaldtogp ErRhaEREEMetn Wind oBaORMIAT YEEPBd e

as a bramehaddHeimpadnueliad bya €itst bivary constol signalr ald a second one of

signal.. 3. The out put e according to claim1l1, .
aher efle ETHEhELEE0E SO f 0pa EHPICCHIEAY GGt agfothich second
techngfgycontrel fignaih€dQieBUS aSinRaGe] ARV SWof tAe Bil@LHtrol

1 or claim2, whérein the time-averaging function of
the owutgpalt driver is obtained by use of a clocked
del ay. 5. The output stage according to claim4,

C

v 107 OUBE R Gho BTGRP B iy Bl Bllvgy g implementea

wher eifiCM®S &chedegy.del ay conprises a 20 cl ocked,
inverting flip-flop.

4. The output stage according to claim 1 or claim 2, wherein the time-averaging

function of the output driver is obtained by use of a clocked delay.

5. The output stage according to claim 4, wherein the clocked delay comprises a

clocked inverter.

6. The output stage according to claim 4, wherein the clocked delay comprises a

clocked, inverting flip-flop.

7. The output stage according to claim 1 or claim 2, wherein the time-averaging

function of the output driver is obtained by use of a filtering device.

8. 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 a time-averaging output driver.

9. A method of driving an output transducer in a hearing aid, comprising
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7. The output stage according to claim1 or claim 2,
wherein the tine-averaging function of the output

walresereehs obt ai ned by use of a filtering devi B€T/D&2005/000077

hearing aid conprising an inpwt transducer device, an
AD-converter, a digital signal processor and an
out put stage, said output stage conprising a single

bit 25 Si - Del t 3. mgdul at or, gnd _anp out put

transducer ,%@:‘ﬂ”&g(ﬁ‘ﬁ{rﬁ " Vﬁ@‘étr(ﬁﬁﬁnﬁgr conprising a
time-aver a?fd&ﬁci‘ﬂgtaﬁ%qrﬂrbiﬂe@r sigrfhl iffthBBSMPEF HlleldyddWeRGon of the
an out put transducer in a hearing aid, conprising WO

2005/ 07666 firpcmtBR3@8), 000077 10 - producing a first

bi nary contr.ol. si .= produci n second bi nay

signal in Fﬂgctpér%ﬁ-khgg%grtgsgé'b\r/agp g?sc)n of the first
control si gémlecting & dspedtivegugpit tdrinatigleash bPanchvith a respective
branches, 5 - connecting a respective output termna

of each br iaEEnahpf heQuiphis Barsdpcss: terninal of the

output tra : [ f1] : . .
branches byotTays » I B St bR Rty i soRSily Lol signa,
control I i ngndd second one of the branches by the second

bi nary control 10 signal. 10, The pethod according to

Sl aim 9. WAEHEnE heeces Qyef the PEanghesdy ¢ ﬁéeceaﬂgrna y control
signal is dghayed by one clock-pulse. 11. The nethod
according to claim9, wherein the Hbridge conprises

an JISAE icitha ADSamgB 1R [k At BEETe 6HIBRFitontol
enpl oyi ng an inverteér-del ay conbinatron to I nvert

and deigayl iaddayddrtol oreidjeeklpuiser t he i nverting branch.

11. The method according to claim 9, 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.



