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HEARI NG Al D W TH | NCREASED ACOUSTI C BANDW DTH Thi s
invention relates to hearing aids. Mire specific, it

WO edoaex7s 0 hearing aids with nore than one acPOFDK2005/000538

out put transducer. The invention also relates to a
processor for a hearing aid. Hearing aids essentially
conprise a m crophone for picking up acoustic sound
waves and converting theminto electrical signals,
el ect r oHBABINGARY WITB INGREASEDCORS T SANDIEDTH
signal s generated by the m crophone, and an acoustic
out put transducer for reproducing the anplified
etecinkb@dn 81a8Rab Bearilpeni &TMdré kgucifid Yt rERWR ko Bedring ads with more
frequency bands in the audi o spectrumto other
fthasenrerasp USRI deasdiicerg The inyepiiansalpg iatertoiapreeesegr for a
ﬁgaﬁﬁgg.nsate for an individual hearing loss. In this
appl'itcation, the term "high frequenci es" preferably
refer to audio frequencies between 3 kHz and 15 kHz,
and_the,tern1ﬂI@£/frequencjes" prﬁge[ably refer to

flgsc a

AURATIBE Rids geesHERIbE coraie @rmisty Dheng Y PEkingup pgogstiigpund waves
SRy SRR Seil LRI Dty e

lebestrical signais gernatid byl thefmicraphoues ené sn abastic ofitpuhieartsidgder for

frequencies, | of | ow f.requenci es,. or a re evenl
arEBTe B orraditen glocbiRel serit S pETUGRT iy Hor oShah fquency
HRBE IUAR atdlo SRRASMB IR $RBerlc§ PandtpdccHRMJ 8% préscription in
present in the affected frequenCcy range a hearing aid

wséer tragmpensateifor 4y imdividuabhedring lessd wi t h neans to
process these frequencies. Present-day hearing aids
have a |limted high-frequency reproduction, usually

Japae dpplicaf®n Whe #rm “Bigh Hrequeridyh Yréfb@blyQrefor #d indlid B8§uencies
of the output transducer. For reasons in the

restrreni Sz and by lddz.iand $he term Rlove Bagisneiss sprefexatdy seferfo audio
e h%,?cigsr %W?éﬁc%() fANGEes PALY cones against the cost of
Ao PSS

power in"the | ow frequency end, and a
trade of f needs to be found somewhere. Transducers for
use in hearing aids are manufactured wi.th focus on

JHREEBR s RIS o £ aligvirts rery dibiemi heatng Brraigrents: SoRe
?eggmﬂzes of 8 hgettlﬁlg impairment are loss of a narrow band of frequencies, loss of the
high frequencies, loss of low frequencies, or a more evenly distributed hearing loss
across the entire audio spectrum. In cases where some residual hearing is present in the
affected frequency range a hearing aid user may benefit from a hearing aid with means

to process these frequencies.

Present-day hearing aids have a limited high-frequency reproduction, usually capped at
about 4 — 8 kHz, mainly due to limitations of the output transducer. For reasons in the
mechanical interactions in the components, extension of the frequency range only
comes against the cost of a reduced output power in the low frequency end, and a trade
off needs to be found somewhere. Transducers for use in hearing aids are manufactured
with focus on speech reproduction, and thus optimized for use in the 200 Hz — 6 kHz
frequency range, important for speech recognition. However, other sounds of interest,

e.g. sounds originating from animals or machinery, are present in the 6 kHz — 15 kHz
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frequency range, inportant for speech recognition.
However, other sounds of interest, e.g. sounds

wa@eoogiozerys ng from ani mal s or machi nery, are prBGEDK2005/000538

the 6 kHz -15 IcHzrange, too. Individuals w th nornal
hearing are usually able to pggceive sounds up to
bet ween 15 kHz and 20 kHz, even persons with a

rof ound_ hearin still os ss.sone abilit
a5 eloDelnie it IR SR GARLY A0 RFBRIRAGHICS up t0
PR 15 KA VAr U kIR LHE 8y pebddRs Redrd ﬁ}gfdlﬁiﬁ%eaﬁ%q%ﬁg may still

studi es have shown that hearing-inpaired young
poidesy mesability th aeicaiyesewidd abdveslrbieygnd 8kiz depehdens on the

Kk - 15 kHz n benefit fromthe availability
6%?”9?‘%‘@55&8@%@31 'ﬁ% 195%hen 1 earning to speak. In
speech, the main part of the fricative sonic energy of
t he so-call ed norphenmes /s/ and lzl, i.e. the speech

Fegerstudies hariel shcmn thgtheariagfippairessyoune edildrer still having residual

iakl.
TERER G el K7 7030E Shadli Benert aShE s Aty of his
sfeqn&feyrfmgebehdﬂmmfgdo sp@iki o paedh, yhd thaihlpagt offﬂ&;:ﬂmeﬁl@sxe sonic
range 1.s nmade_avail able to hearing-inpaired childr

e of Fe SerselaskBoapheEes L 408 Gkl ébfrqppt‘eqh SOpn¢e Ay r%“ z’

ol L SR e i R POCY KR DRy o

pesicivalahé su@aqilemkyaapmdmcetth@seSdumxisrmaﬁhdmnbredecbeBgmﬁcantly if this

onposite units ,are., wn. For jnstance, .the EJ .
ARG C RS 0 P1aE o 71 SHHALH D0 PR G dien ot the gigeumstances

Qﬁ’é}ﬁxoﬁ@cgéh%ﬁérCAr&%ﬁh%/ &4 HaV g GRS TJ ABFRBo! B 1H8Redd) range from
hearing aid applications. recei vers conprise

€68 dlrtipetiolpgrliage hetweah 15 kblmsdd 2 kHazris tmlssiaﬂm]mlec hed
together to forma single unit for use in a hearing
aid. During manufacture, great care is taken in order

119108 Aok e trhdduédis embbdibd ahiseRite URkd Sre RUEWh Urlidstance, the EJ
performas identically as possible with respect to

tiraapduce @él@q? from KagwilepBlastipnies [ing laeer duiel sragneticgsceipudypes
\?\ﬁg %t}r%;' ?ndllgieagllj;lg ada %é)ﬁ?it{})g%( Sirfi qeéer\/e%) Bl r%%: 't\%] %ssen’ually

SOUﬂ S are requi re

llcﬁéﬂtlaﬂQ@deucEt afityxangwichedfogaitietiodoAn Alsingdd iridnfor ubdSn hearing
548 082 descri bes a hearlng aid having two

iatH &w&ﬁm@c&}rpw Aatsatss faken BLedat toterllﬁlg@a}g&‘géhestwo transducer
SRk g‘hgﬁf\‘r}*m ap ?deﬂh&éﬂ?eats Sbssib1E SRECHLPER % thdiPllectrical and

repr oducl n
mechanical characteristics. Dual acoustlc transducers are mainly used in applications

where high sound pressure levels are required, for instance in high-power hearing aid

applications.

US 4 548 082 describes a hearing aid having two independently driven acoustic output
transducers, denoted a woofer and a tweeter, respectively, for reproducing low-
frequency and high frequency bands in the audible spectrum. The two acoustic output
transducers are driven by a pair of sample-and-hold circuits, alternatingly sampling the
output from a D/A converter for providing the acoustic output transducers with low-
frequency and high-frequency sounds, respectively. The sample-and-hold circuits are

controlled by a multiplexer providing the alternating signal feeds to the two acoustic
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and hi gh frequency bands in the audi ble spectrum The
two acoustic output transducers are driven by a pair

wotogarre- and- hold circuits, alternatingly saP@l/DKQ005/000538

the output froma D/ A converter for providing the
acoustic output transducers with | owfrequency and
hi gh-frequency sounds, respectively. The

sanpl e-and-hold circuits, are

|
AR BPRsEser W}%ﬁh@trﬁl@sgagtf@o ARG grod#%q% bebuers thysample-
ta'ﬂ&-_htol'éf I1ﬁ:ﬁﬁ§' ﬁﬁc* {I‘Elg Uk O tic o fhe ﬂhﬁ’fs%ﬁ@ers {P8aona fiter out aliasing

anti - asi ng ters may "be provi ded between t
smigps.eand- hold circuits and the acoustic out put
transducers in order to filter out aliasing noises.

Al t hough this approach provi des neans for driving nore

tAlﬁ{bugﬁ] i O RS chigraN UG 8dns B i8S foRSthdh Bne bt Pﬁi t#4hsducer in
has some serious shortcom ngs. Driving an acous

aulteping #idait sl des sarhe sauiphs sha toopiiegsaRdyingl 2 asbwstigi Otutpuzt

ver I|k 0 int oi. se, . and vari ous, SRUri ou
riofighdpel S EyR Sirfy i RE MY RPuffiaRhe, aa

%1@&’4 sp@ﬂdu%ﬂcﬂlﬁging QPRES SRigtading the g4l 09 tHeQutif and needing

invention, a hearing aid is devised, conprising a

ﬁpﬁﬁﬁwﬁbﬁ@ an input converter for receiving signals
fromthe m crophone, a signal processor for processing
signals fromthe input converter in order to feed

riaspeitid waholbvputicn, bbeariig 4id tis doviged) congpristirg £miaoghome, an input
second qut put .converter, first acoustlc out put

{PRVREE rre%ﬁh\an&%@@a%r@%@@ﬁuewh% &Rl Prapsse far piggessing

(B I
4 DAL 03K s 08 O
tcoavqrteo erb s extond gnipus comznrtem hérgacarstic outppUtransdnw rphép second
and the econd out tran cer re red to
RBGb B oW P e AL ILL S fiHen B S0 ahput Sansducer are
Sc'oﬁﬁgdréd toTﬂ%bl%dgbéfﬁé hﬁgﬁfr&ﬁ@helegoﬂhé pffci%@ss@@ @@aaﬂsl dnd tRé second

repro ucing a w der requency range t han a heari ng ai d
roautziu goromaelozmdrihc seqoad suiputiransdiicen ate configuied e repmeduce the low

obl ens gf mul tlgCFXI na? the signals for the two
ggﬁBﬂFmFr RERIQET S H8% Uer to separate the frequency
bands. According to an aspect of the invention, the

first and the second acoustic output .
This gives the hearing aid the capability of reproducing a wider frequency range than a

hearing aid having one output transducer, without the inherent problems of
multiplexing the signals for the two output transducers in order to separate the

frequency bands.

According to an aspect of the invention, the first and the second acoustic output
transducers are embodied as a single physical unit. The individual transducers making
up the unit are configured differently in accordance with the frequency ranges they are
intended to reproduce, respectively. The first output transducer is configured to
reproduce the high frequencies, and the second output transducer is configured to

reproduce the low frequencies.
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transducers are enbodi ed as a single physical unit.
The individual transducers making up the unit are

waonfiogprred differently in accordance w th thePCT/DK2005/000538

frequency ranges they are intended to reproduce,
respectively. The first output, transducer is
configured to reproduce the high frequencies, and the
second_out put transducer is configured.to repro

tlihe crafiswrrieelibe eutrrhisansdteryian OF 6AISH ok %g%fﬁ% stage by
SRR S e Moo R0 b thaf b oplphe naSahARe HAARpMi: the

tphgsiead dfedures, dipeadaptdretpctrival pirgmietead tofsed ther aplication, or by other
dinqﬁsions or elecﬁrical paranmeters to suit the

Spithle Bepeknogm iBhedther suitabl e means known in the

art. The invention, in a second aspect, provides a

processor as recited in claim9. Further features and

o duivemtinn.sinwise¢ondpispert, froddes hprodessenasantited|iniclasm 9THerther

i.nventi o 11 l. now he descr.ibed in further. detail with
B PR ARLetednBSd RS HinRt e Epgideld FEnfs et 1 ¢
showing a prior art hearing aid, Fig. 2 shows a prior
art doubl e-out put transducer, Fig. 3 is a schematic
Sheinvrgtian ek PR eaicarried o1 firgr deall Neihiralemer bniheFrayvings,
ows a doubl e-out put transducer for use with the
invention, Fig. 5is a schematic of a hearing aid
according to the invention, Fig. 6 is an enbodi nent of
a.doubl e- out put _transducer for use wth the invention,
Hiigy.1 15 ajsghepatic| shaw g aPMHBHAAERE 265 a doubl e- out put
transducer for use in the invention, Fig. 8 is an
al ternat e enbodi nent of a doubl e-out put transducer for
g 2 shotse priov erttdiooble-oatpait BagsduBeri s an enbodi nent of a
separ at e doubl e-out put transducer configuration with
common conduit for use in the invention.Fig. 1 is a
e SR LisehSGRAW SROw g He%fing hid deesddifGodhdinleRQFPr 1 Sing
a mcrophone 2, an anal og-to-digital converter (ADC)
3, adigital signal processor (DSP) 4, a nultiplexer

5 a4§ i tal -to-anal og. converter .(DAC) 6, a
e g iR et B e o S e e h b,
Fig. 5 is a schematic of a hearing aid according to the invention,
Fig. 6 is an embodiment of a double-output transducer for use with the invention,

Fig. 7 is an alternate embodiment of a double-output transducer for use in the invention,

Fig. 8 is an alternate embodiment of a double-output transducer for use in the invention,

and

Fig. 9 is an embodiment of a separate double-output transducer configuration with

common conduit for use in the invention.
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second sanpl e-and-hol d block 11, a first anti-aliasing
filter block 12, a second antialiasing filter bl ock

wao7@2¥7s st out put transducer 14, dedi cat ed tBCT/DK2005/000538

reproduci ng high frequencies, and a second out put
transducer 16, dedicated to r%produ0|ng the | ow
frequencies, ref. US 4548082. “Anal og acoustic signals
are picked up b% t he ntcropglne 2 nd converted into
&n@ﬂtlaa sehcgpaics wlrtgmaprm@rt cartpg aid; lgqmprising i opopR2, an

Qur ¢ ﬁgl@f gorfv'éﬁ@r (%]1 %1%1@ gﬁgl a}%rﬁ@éégorc(bSﬁ’zg eg%laltlblexer

process ion according t
M)é)si; rai dig@hl&btaaaﬂogt:omrlsr:f[éﬂ@) ba Hrst mnpl&and:dnpkdriﬂadzlelo a

I e e

gﬁé’ﬁﬁ’g f‘ﬂg@r B"}&ﬁé %) a‘%’i{[@tm{{toplﬁ QR&Redf 10 %alaﬁe@%eﬁro@ﬁ&ng high

in paralle the i nputs of the first
feqpéresasdandroscdond outputlifanadutet he, dedivated to reproducing the low

Ie and k 11. The sanpl e- and-hol d bl ocks

Wleér@fqg%%i?%#q%éd by the MUX 5, which in turnis
controlled by the DSP 4. The MUX 5 alternatingly opens
one of the sanpl e-and-hold bl ocks 10, 11 for passin

g
Snghngl asoistisraigriats MACicked np buidte micvenhonp rendpgpverted into digital

f re n S r

SR R5E AR § ARG e PR3l o e
ﬁmﬁﬁ of TIPSR 4 forefisHegRocekding andlamplifiidtidgueanteg téh @rescribed
passed fromthe second sanpl e-and-hol d bl ock, 11 via

eHevigierbirdemain orater gsqq&t@)eflmt% & axdytecpdihearing logh o he output

U RO oty B GSE ) B DA g nt
@qumt agmﬁly (t;xbhatfne Ii)tf?g gfsalrcﬁgm:? [ﬁ@},nnan?garlhl ® t?’ie mggﬁtsfethle first sample-
keﬁﬁ,g%i@a PO Rl g%tm 1, Hhesitnpls-andshold |

Et&kpto Of1 &b tcotﬁaﬁred A MU 5huRichGR g Y EshtdUEl By the DSP 4.
signals’ by alternatingly driving the first output

transducer 14 and the second output transducer 15

ARG ey GRURARL o L0 SO o b s

fSi e aRmY tﬁ’éﬂ DACVEnChch Eleva%t %M&cj’ﬁéh&ei 28 phised Froahe first

second sanpl e-and- hol d bl ocks 10 has to be above

tshmphragtdelmld blogk B0 evief the s mo- alieging Alierel? toythe fiest pitput
?r gci"utcert ff 9 Y&% e%requenmes are passed from the second sample-and-hold block

11 via the second anti-aliasing filter 13 to the second output transducer 15. The DSP 4
coordinates its output to the DAC 6 with its control signals to the MUX 5 in such a way
that high-frequency signals are passed to the first output transducer 14 and low-

frequency signals are passed to the second output transducer 15.

The prior art hearing aid 1 thus reproduces audio signals by alternatingly driving the
first output transducer 14 and the second output transducer 15 carrying low-frequency
audio signals and high-frequency signals, respectively. The alternation frequency with
which the MUX 5 controls the first and second sample-and-hold blocks 10, 11 has to be
above the highest audible frequency reproduced by the first output transducer 14 in

order to be able to reproduce continuous signals. This means that the timing values of
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order to be able to reproduce continuous signals. This
nmeans that the timng values ofthe MJX 5 has to neet

wQ egoy/oz2vart tol erances in order to prevent dr opPEDDKS005/000538

audi bl e artifacts originating fromthe alternating

swi tching process fromreachi t he out put transducers

14, 15. Fig. 2 shoms a prior art acoustic output
transducer unit 16 for a hearing ai.d conpri sing

$eMY B atpeto meet V&rx Pragt tolaraices Bt Wep\ieflb#@aw&wf@dlble

Yflcl@tg 8351 bfis %frﬁﬁlttPQ Elt&h@cﬁ‘%g’%ﬁhl&%&%g‘s 86 Ite%l‘ﬁ%;]é;ﬁxle%utput

sec ectroacoustic transducer Vi ng
araﬂsrhmeld ldet5.0f electrical connecting termnals 29
(Know es El ectronics EJ). Wen connected to e.qg.
hearing aid circuitry (not shown), electrical signals

&t OrshBbrs talf)%o? bR Gbbusha |ouﬁ)9f‘ﬁ‘ﬁfsﬁhéw uhRMNBH2) Beatig a%?comprlsmg
are converted into correspondi ng acoustical sigfhals in

tarvourd ewtlet d Acaofisst electroannestigdransdurer 18 kavinthe figst seffielegtrical

gplgg]egh{l% B:txmmam ﬁlg& égé«%ﬁﬁ %fﬁcfrlg%cot}}%t?cn% aidet 1% 8havmg a second

abelelRasAsdineclingdREAHaR Y (KBowld RiéctidasBT).ONhéx I:onnected to
outﬁut transducer 16 are essentially identica

re heaging add elgeuitry: 4not shewal el,egtng@lm]gr@&p qngeringghe electncal
hﬁl‘fetc{ﬂﬁ%r a I ?sﬁ%ftzg%ge éc}%rvggt&fih?o %oaresg&ldlnjé%%@éé%ﬁggﬁals in the

tel&t‘rsahmnﬁic ttdhsdnetrd & 19eThnatoaktial sigaae fein the electroacoustic
transducer. 19 to HDV%@IH the same direction. The

£ d SpbhBtie AN o the sewndolistibi-ed, resulting in

an acoustic output transducer which is nore
power - ef ficient than a single el ectroacoustic
tThaebdtrosmoubtay/irarydacalo Ud) | 18-of itheapticrentorume trahsivoedHr are

for t fre ponse, of . t Lor ar

sl it  hob R SRR SlsthicAl L f tphed el Blerica
I cBniRKRE MM STBOUF ALk WakseltRe ﬁféﬁfﬂ)%net(ﬁ& shown) of the first
el ectroacoustic transducers 18, 19 as simlar as

p&@gpmossm tmsrle@a nd and ttprscdrmdt qlmﬁrogawahe trenssiucer 19 to move in

fectl of t e sound
it et DRt el butetyBoe? A0 RS IR oDt an
2cdustie @)pr@t #EnsdcdrvehiéiNsendre gﬁwer-fbﬁicféﬁﬁﬂiaﬁg seigle dedtroacoustic
conprises a mcrophone 22, an anal og-to-digital

é@ns@c@rehaverxwow sigedimgmbeane singider for e Sepgnency mewppnse of the
Hor ¢ b a{pgl{ trgr%sg}ntﬁe%lm%ﬁa é% %ﬁﬁ(‘?&h Y hgéﬁblg g@ggcagpﬁ%kegpdunng

S econ
manufacture to render the electroacoustic transducers 18, 19 as similar as possible with

regard to production parameters affecting the quality of the sound reproduction, as

mentioned in the foregoing.

Fig. 3 shows a hearing aid 21 according to the invention. The hearing aid 21 comprises
a microphone 22, an analog-to-digital converter (ADC) 23, a digital signal processor
(DSP) 24, a first digital bit stream output stage (DBS) 26, a second digital bit stream
output stage (DBS) 27, a first acoustic output transducer 34, dedicated to the
reproduction of high frequencies, and a second output transducer 35, dedicated to the

reproduction of low frequencies.



10

15

20

25

30

out put stage (DBS) 27, a first acoustic out put
transducer 34, dedicated to the reproduction of high

wo e@gueated es, and a second out put transducer 3BCT/DK2005/000538

dedi cated to the reproduction of |ow .
frequenci es. Anal og acoustic stnaIs are picked up by

the m crophone 22 and converted into digital signals

b he ADC 23. The djgital signals fro he ADC 23 are .. .
¢HEIPEROGu G hgnalsre a@_ﬂ?%aa?y g Wéoxﬁs@enéé ap porpgripeh g digital
RIMARTY tHeQA@td%?! "rme!dfigi&@gi BRNs HORPTHEIATIC DY ofe MeR PRIEREE to the
alleviation schene in order to conpensate for a

e of thet DSR4 fag fludlss pradessimShamplafscatremascofdiog to a prescribed

shown), essentially in the form of suitabl.e sof r

SRR SROSIE G OBled oORPoRHLS g e i GREING o 19 ISP 24 has
s (R W{e@aﬁiam?% fHeaBHE RE Yufthnle bethwir ANRkitIRAS, tr dividing
and nmeans (not shown) for presenting the high
fthedigitalsjenalerinty high-fagueticy nad dow eguency dtglfggslglml parts, and

i pal d | f f j |
S B B P s Rhenk AL RE a8 o 0B SaBR 4F o
folufput terirfal kisd tha el HiRGOGRY PaitPUE the SlofikiRab & s€fontl RatfaSRrminal.

24 are converted into two Serial digital bit streans
by the first DBS 26 and the second DBS 27. The bit

e ST DB 9l i P Hysfdnd b B DRI O RRIGE IR DSP 24 are

defveanictliimn two ceniel ididitad bit beedm by fhe €stdRS 26 and tHelsecond DBS 27.

gnals, is used as i nput, signal for_the first .

@@&mstr@wamﬁ@rfﬁs@ggaé, O L9 Shn I} Oy grminal of the

IR PSRl i L SRR R bignals, is used

@o therinputrsggnahfor ekt eufpetrizineducef 34,aed shegribstssani Somghelsecond
i nput. si.gna), for the second outpu sducer

3888 37 origtisting 051 the sPrand AR G B 2 Se iy

IdBfihiken RrisH3ahe fowl friblifencRE 8f ARRAMNLR, Rfused h4hB Sl Signal for

out put transducers 34, 35 directly as the driver coils

(reosecemboutputgransduser 3h t he out put transducers 34, 35

filter away the drive frequency, limting the acoustic

out put bandwi dth in the output transducers 34, 35 to

atwe Wigithd bid Otrdiits, hdvigg @ Bhfl frefhichids Ml ERMSadnitige HBKBII) are
part of the electrical output stage, essentially being

¢rpapémoldiving tha oytmt grresidpegrs St Indireghp ps thedkiveregils (not shown)
SRRCAE bl G SRR ) LR B E P 8 S e

OWer consunp r
tabeusde sutpnt bdndswidth in the output transducers 34, 35 to about 15-20 kHz. The

output transducers thus make up part of the electrical output stage, essentially being
driven as a class D digital output amplifier. This approach is very economical in terms
of chip area demands and power consumption. Further details about the design of such
output stages may be found in US-A-5878146. A more advanced digital output stage,
also suitable for use in combination with the invention, is the subject of an international

application PCT/DK 2005/000077, filed on 4 february 2005.

In use, the hearing aid 21 receives acoustic signals via the microphone 22 and converts
them into digital signals with the aid of the ADC 23. The digital signals from the ADC

23 are processed by the DSP 24, amplified and compressed according to a prescription
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out put stages may be found in US-A-5878146. A nore
advanced digital output stage, also suitable for use

WO poocoedI7hat i on with the invention, is the subPEUDKe§05/000538

an international application PCT/DK 2005/000077, filed
on 4 february 2005. In use, the hearing aid 2 1
recei ves acoustic signals via the m crophone 22 and

onverts theminto digital signals wth the ai.d of the.
%@@\ﬁ%@tlﬁfﬁé pIg 19ps, §%‘§ ?@agat?fg BiA Wnﬂ%ng@tgl‘%ta? output signals.
A ERIE A aines Fﬁ%%igéal _oaﬂsra{ sibh&d AR Q9 URA 8R3REond DBS 26,

according to a prescriptionfor alleviating a hearing

2@ s prden forshpanadigeohitpuitsignpisefithaeypudemsdutiersi 34aB5 to be mutually
og% ut, signals. The DSP 24 coordinates the digital

§ ‘%ﬂﬁ'signals to the first and the second DBS 26, 27

in order for the anal og output signals of the output
transducers 34, 35 to be nutually coherent. The

dbeaseustic outpptitransdueessidds SdSamaube gfigniedskiffersnily tuerder to most

differently ,n order.to nmost effectivel ver the

e Pl o 8 B ket Sne v R Bty BYER e e firs
bhput iriusdduedtiauthayt Bedvhdigard 16 favdl Yrefene2s bbeid £stldced crossover
f avor freguen0|es above a sel ected crossover frequency

Sisaueney snp thuserinaily eprosinge ehehigh Regeneies glidwougat signal, and
‘ﬂ’ﬂaesegbﬁcf’&&t S+ ce ?fm%g%eg&‘i@ QM ) é’r #é@@ﬁ&é&%&m@%

may e conPlgureo}lto avor re encl es el o a

selbeed exbssoves feyieincy amhprémnanlyaaprogudenthe idw frequenods 0€the output

t he | frequengi es of , the output, signal. The .
éleddls %g% FrosFah g’ﬁ%‘iﬁnﬂé 1%8&8@5@’&3 ¢ grPuste charagietiytics of the
gn %sﬂdgéérg 8% ﬁfmhg%g}%ﬁiéh ihtodRS Beeers 34, 35 and

rogramred i nto the 24. Programm ng operations to
enter the sel ected cross-over frequency into the

rocessor nay tak | ace duri.ng nmanufacturing .o he
G R Bn e S fo Ber e SHEesP? Py dhedpeiiRloghg Brocessor
ety thIEe Plabediriddnaudadhiridd S¥ahs S18&tk@ies thbdule 4F ;ﬁm\%r_n?ﬂaid or
acoustic output transducer unit 40 for a hearing ai
ddeoe g deringn héseing pidefiiting sessompr i si ng a sound out | et

41, a first electroacoustic transducer 42, a second

el ectroacoustic transducer 43, a first set of

@i 2 AtshbGaln GERREE bt fr@fstideaibit 44 fordkkasing aibadoRi@tg to the
of electrical connecting term nals 45. \Wen connect ed

fRyentien permpiisige aserndiquglet 41 p frpicdeciivasvptic Bprsdpperdg) a second
Eizﬁg{}géc%ugt'i’]ct t?e(ﬂs&@ce? Q?, aeﬂh%{: I hp gllect(figﬂrl:%ﬁflécﬁgg tt&fn'ﬂleﬁ?hzf, and a
second set of electrical connecting terminals 45. When connected to the hearing aid
circuitry (not shown), electrical signals entering the electrical connecting terminals 44,
45 are converted into corresponding acoustical signals in the electroacoustic transducers
42, 43. The acoustical signals from the electroacoustic transducers 42, 43 are output

from the sound outlet 41.

The first electroacoustic transducer 42 is configured to reproduce the upper part of the
audio spectrum and the second electroacoustic transducer 43 is configured to reproduce
the lower part of the audio spectrum. The first electroacoustic transducer and the second
electroacoustic transducer are mechanically integrated into one unit, so as to facilitate

handling of parts and assembly of the hearing aid.
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45 are converted into correspondi ng acoustical signals
in the el ectroacoustic transducers 42, 43. The

wa@e@asei7eal signals fromthe el ectroacoustic PCT/DK2005/000538

transducers 42, 43 are output fromthe sound outlet 4

1. The first electroacoustic tyansducer 42 is

configured to reproduce the upper part of the audio
spectrum and the second el ectroacoustic transducer 43

is configured to reproduce the |ower part of the audio
L SE UD:hhRicl daHeaih SEUDARERHRIIG AhRAGMUAS 52 At RBnics
sectond el ectroacousti c  transducer are nechanically

inmidedy 20, add ianbotpoteansdider usit 48sThoelécininidstraeduldheortpriseg an

St RinoR63075. 35 R oS00 ol Bl st B afftiaital bi
%%eatﬁ%u@u@%ﬁﬁ@{ﬂ]?&) TP UL Rnd QigiBN it 3e A biiplt SEAEBHEN7, and

unit 40. The el ectronics nodul e conprises an input

ampahs B3 &or seBctinga pyoss-cvanfimquentcy2 he digithligral pyicgssat 24
24 i rst .digital i t put
BERRRES ciuu . e i Bt FATH BB it 2

(DBS) 27, and neans 33 for selecting a cross-over

frequency. The digital signal processor 24 conprises a
dba bt Epnglgcerami Wreoprsises a1 quer shelbpP, afirst g @f fnputs 44, a
I . ( T ut. tr it
3555838t Ehs (i) rsfeuncll 39 CUlBHlink b RAEBAUELL 47 and o
4idst teansdwenshefdiane 9] apacbad dhnsdacdri43sdontprBingdiseesndi@ansducer
conprising a first transducer coil 47 and firs
£PIA6 ane aresarraRcaDMeRbEEE dh P pspamsia el St the shell 52

S . d
O O oo o A o A i imon sound
ondeti4152 separating the first transducer 42 fromthe
second transducer 43, and a common sound outlet 41.
The m crophone 22 of the hearing aid 2 1 picks up
TR Rk cRpUBR 2 thhtte Rearfigtdid 81 B&klﬁ% Sl dRGsHRNCHE tﬁ@@&ﬁf useable

fromabout 20 Hz to aggrOX|nat¢ y 15 kHz and converts
tirequersiyrangs fgem labout?0d1ztosppraxembtelyi nldilz andhéagivers the sound

resented.to.the input.of the input Lifi 25.  The..
Slehie o B stace vendl iy Beord oy ol iy Pl 25
TheahliGied CRErRE] sii%‘ﬁa‘lb flodith@inpst ﬁﬁglhf@erizﬁ akd€nverted into digital
anal og-to-digital (A/D) converter 23 for further

sievels 38 ihepnlpgrtneligip (24D) converter 23 for further processing by the DSP
24,

The digital signals from the A/D converter 23 are presented to the controller 30 of the
DSP 24. The controller 30 performs amplification, compression and conditioning of the
digital signals according to a prescription scheme in order to alleviate a hearing loss.
The controller 30 of the DSP 24 presents the resulting digital output signals to the HPF
31 and the LPF 32. The output of the HPF 31 is presented to the first DBS 26, and the
output of the LPF 32 is presented to the second DBS 27. The cross-over frequency
selection means 33 are connected to the HPF 31 and the LPF 32 for selecting a cross-
over frequency from a plurality of available cross-over frequencies determining at

which frequency the cut-off frequencies for the HPF 31 and the LPF 32 is to be set.
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The digital signals fromthe A/D converter 23 are

presented to the controller 30 of the DSP 24. The
weonwnzd77er 30 perforns anplification, conpresBCDDK2008/000538

condi tioning of the digital signals according to a

prescription scheme in order tg alleviate a hearing

Ioss The control | er 30 of the DSP 24 presents the

| t the HPF 31 d.t
(FR oysptenafl et S e i s st o cpi ) o7 me
f fidsSdut ?ﬁ%a%@duc@f‘m Wﬁh@ﬂfsp Skt o@fnphhﬁnhﬁﬁlsigl L8d the output signals
pr esented to the second DBS The cross-over

firen tlensegorkDBSI A Tome ﬁ@atnéh%stcemdetrwdn@a:tced 46 of thessebitid output
T R R e

daives tﬂefﬁlﬁgrﬁisdﬁwr ﬁ{bIﬂHrW GMNeﬁﬁlgCtHé eIéEfncEI &ﬁym?gn%& from
for the HPF 3 1 and the LPF 32 is to be set.The output

she Aet DHS Hintmacoustionl sippds fg the sound @utlet 41hdn & smtar manner the
tsreg&tﬁﬁga%s J)ﬂ 44 (Ies tﬁg coﬁ&’ {raﬁ)sLéil urzmet:nrq 3 dﬂ% convertlng the

set O termna

eldohrtital Sumnahgneﬂf ﬁmntthe s@eﬁ@wm&& acdiustidasigh4ls fdi€he sound
second transducer coil 46 of the second out put

(P45 Hucer 43 via the second set of i nput term nals

45. The first transducer coil 47 drives the first
transducer nenbrane 49, converting the electrical

otheignat pagh abmipfisiogithchdPF B of tHOBSSPB4,ith¢ firsa DBES26, (ﬂ@é first output

Mo Qicte hhead R BRI BEN SaesanialsetrfiaTen Rumiroduce the
E%iagmut : .fogbﬁgfim¥s?§%e?ﬁé°sg‘§3“é‘ﬁ%%%%53? b SEALTA comprisng

dheyhBF 1106 thet PSP 26y thel sepand 8BS th&@csmcbmapummnbducer 43 and the

SRR ROy 05 et S e S e e

4ilecte8 cRSSONEH ddukn®o The Gt @dniducéORERBHAE 4D RRA the second
frequenC|es above the sel ected cross-over frequenc

aﬁas ucer weghene jitare weehanicslln genahaéecLbaFﬂrelsemframmew B0 in order
R s e

reproduce t he frequenci es bel ow the selected
oss-.over frequency, The first transducer nenbrane 49

e EBgHEPchcaREaLORn RS rameowmt £ thecibnd eutlat ¢l thus
%ﬁg@%g%s?ghlgﬂ bhie P00 D YR e s ggpa%tg& hg R GORURr

y and efficiency inrepro
degaemyentl cembardyat hersdsnd outlet 41. This enables the first output transducer
42 and the second output transducer 43 to be optimized for reproducing the separate

parts of the acoustical sound spectrum.

In one embodiment, the first output transducer 42 is optimized to reproduce frequencies
above, say, 2.7 kHz with a roll off of frequencies below 2.7 kHz, while the second
output transducer 43 is optimized to reproduce frequencies below 2.7 kHz with a roll
off of frequencies above 2.7 kHz, while a cross-over frequency of 2.7 kHz is
programmed into the cross-over frequency selection means 33. Such optimizations may
be achieved by adjusting the physical dimensions and materials and other relevant

parameters of the individual transducers 42, 43 during design and manufacture of the



10

15

20

25

30

The entire reproduced acoustical sound spectrum out put
fromthe sound outlet 4 1 thus conprises a high band

wap@7a21706v band of frequenci es separated by theCT/DK2005/000538

cross-over frequency and conbi ned at the sound outl et

41. This enables the first OUZ ut transducer 42 and

the second out put transducer to be optimzed for

re r du0| th e at art f. th t I d
R O P g L it A5 st 3o S o tre

aﬁmypﬁ{n 4402t0' ré%‘%ﬂﬁ ﬁﬁ%m&@s SRR 8dUG RTIL LAMAEN SR Rsely

ove, say, of f of frequencies
kaéﬂeo&nngeﬁrold&tzt;omwf ﬁ@lu’eimesl@mm @ -oukidasignifwasdiyicer 43
is optimzed to reproduce frequencies below 2.7 kHz
with a roll off of frequencies above 2.7 kHz, while a

T 9 %5shBWR an LHBEURRGY 0P dauMeJﬁlaBsduﬁer%ﬁggaﬁ&ﬁw 10f QselWigh the
cross-over frequency selection neans 33 Suc

omqnttplz dt cqmlsrlmy fist teeaisduseedl? bfyvnw@ ﬁﬁt sqrtgaftlmmlt terminals 44, a

S|ca and mat er| t her v
Rl LRk AR e S b ik o fR Pl e el A5 4TS pomamon
@sﬁlhcg@ut@ndl MUl ractkans@udet 42 Ieitfadligicty Ql@df sedBhd tréfkduddiel3 on one
benefits of the optimzations are_an inproved

4 ia bamg sides 1 suqh@ viathetithe dirstimansdueer 42anddbe serpad transducer 43
fnﬁeggst:ﬁ Cthg §01ﬁ919> l?l‘lld- mﬁle% T’Hetfﬂgl%aﬁgw}\gc% 35 '15}’ somegvl%f_éhorter in

ng repro on of frequencies ow 2 -
dergth fol @aijiakigon ﬁltb theﬁse@.bﬁdl\ﬁar&dumﬁ‘éﬁdm orlat toofaciitate reproduction of

transduc arran nt 40 fo se Wi t.h the
%@@ﬁgﬁwnqeﬁ, B@Erﬁﬁ flrs%éée & mpug fermyng ‘meéﬁ” ﬁff’f RYPhgangducer
I“?E‘?é %ﬁgglaeéd 5{ %ﬁ@f}f@cﬁﬁtl% APhsdiRes @kt Athan the second

a second set of I1nput term nal
4Bt ofawdnmatsekﬁnfmhcswnnid temddecer431. The first
transducer 42 is attached to the second transducer 43
on one of its long sides in such a way that the first

tmg MEdEGR an 4RecARf dnltRDIBRER B a b A1S Haf &lucéBarfseSBAI R for use
the common sound outlet 4 1. The first transducer 42

|vgtlsﬂammmlom Hogameprises a fiast gltamdunerc@ﬂpﬁamngaaﬁrwthf frpait terminals
cond taansd cer 43 | order to .z attg . 4 d
p? SEIRY PR TR e Fﬂa‘élag 8&8‘?0&& Sea doPYidePripalp 42eqnd 2
QBIﬂHEH?lLHouh@ bl al STHAfiRE trhif@uédristis ched to tha B&dE Glfansducer 43
42 are thus placed further into the double-transducer

o8 9 ite ngsdles imsrchrevarbehide fatt trgnsduseiihandsthy seqond

ttl}z@glo(gl%glo&dm"a ?ﬁ%&gﬁl & rrﬂfbn é:d d oatlgthﬁ\.’\q’hgﬁrs@ln%ﬁ%@ g4r2 is

nment o a doub rans ucer arrangemen
wsmewhat narrower than the second transducer 43 in order to facilitate reproduction of

higher frequencies, and the first set of input terminals 44 of the first output transducer

42 are thus aligned with the second set of terminals 45 of the second transducer 43.

Fig. 8 shows an alternate embodiment of a double-transducer arrangement 40 for use
with the invention. It comprises a first transducer 42 having a first set of input terminals
44, a second output transducer 43 having a second set of input terminals 45, and a
common sound outlet 41. The first transducer 42 is attached to the second transducer 43
on one of its short sides in such a way that the first transducer 42 and the second
transducer 43 may share the common sound outlet 41. The first transducer 42 is

somewhat shorter in length in comparison with the second transducer 43 in order to
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with the invention. It conprises a first transducer 42

having a first set of input termnals 44, a second
wWoop22773 ansducer 43 having a second set of i P@EIDK2005/000538

term nals 45, and a comon sound outlet 41. The first

transducer 42 is attached to ﬁ%e second transducer 43

on one of its long sides in such a way that the first

transducer 42 and_the second. transdugcer 43 may share

{@%@mdgﬁw%e&meé R e grmigigls 44 of
%o ARIRMhcd 3D AVHs gf&e&i ShosREBRRE:dIRREHUGHT 18rhihls 45 of
rder to facilitate reproduction of higher

fheespoemtirasduand3t he first set of input terninals 44

of the first output transducer 42 are thus aligned

with the second set of termnals 45 of the second

Fi2RSHHGS an 4Rernfc SmBBdRRAND L 2Qodb1E-flalfhReCHRRAGERBR40%br use

a doubl e-transducer arrangenment 40 for use with the _

iwithethe inoiention. lcesmprisses fizst tianssducen A2nlsaingss firkp sét af inpyt terminals

f.i,rs t, of in erm nal s 44,, a secongd. out put

HhzRE a3k Shad PR 52 LB Rl R ERR RS b Hispappg set of
4put iehidhl CANTAN Y ScRbdlscitllogitlets 31 and Aeedsbiitsdlly Y-shaped conduit
transducer 42 is attached to the second transducer 43

Glemsmb 6 pomprsing a figst eppdigt $hios gernegtingipatingly te the firstspund

e r .
PRABSE irihe 6 ARSAhoR 25 QOO EARRMEor SRR ely 1o the
sevvadivatletsi3aittee sdcond emgidhcdrd3ctheiast coaduinb4d hnd the second
second_transducer 43 in order tofacilitate
F@ﬁ%ﬁ@ﬁ@%ﬁo fhg REPMIMAAPaARI 68 Making nrcqmipgp send outlet of
e ddiB -tré:%ﬁﬁ@e?%éng‘&‘neﬁf 48 BPﬁ%.' st transducer 42 are
thus place

opposite the seco set of input termnals
45 of the second transducer 43. Fig. 9 shows an

T 15 RN b .08 ST RSt B G e more Hiberally
ARPBEISA thetheatih§ hid!ih BHPHEGRIM With BR\ehMddfindrits Howith f6.6,7and -

|ngu; termnals 44 and a first sound outlet 52, a
$Se thisdnaylhepuntady priagaiincertainFithations gvhere e spabeswailaifle in the

[ Tt i S .4 d tl et 3
nR e i PR 3, TR S TRRRD SR M Rt i st e
RohduisdlertOmt@0irhaybdlsd B adepfiaapbdiflgalVabithaéNardcBerishiBs of the
first sound outlet 52 of the first transducer 42

, a
Sapwhigers JRdHA 10 9o fgithes ontiBEe seyndreeprasction Fompke double-

0 f the second transducer 43, the
%?ﬁ%ﬁgggﬁgﬁg%ngi4§hd the second conduit 55 nerging to

forma comon conduit 56 maki ng up a common sound
out | et of
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t he doubl e-transducer arrangenent 40 of fig. 9. In the
enbodi nent shown in fig. 9, the transducers 42, 43 may

wheoomoea73 i beral |y di sposed in the hearing ai dP€TYDK2005/000538

conparison with the enbodi nents shown in figs. 6, 7
and 8. This may be an advanta?ﬁ in certain situations
where the space available in e hearing aid shell is
limted. The first conduit 54 and the second condui't

®he conduit el ement 60 may al so be adapt ed
3o, Pyl BEhrck o ot PR ARG, &5inBlyt CiCel b AP ANENIR signals
from thven deubicedphans duigal procesagelive ptocéding Aéddls fromAhe input
hearing aid conprising, a m ¢grophone, an. input
conveCPBYertepn ?%&%ﬁoxfg??greéwegm PSS £ st i, peRyifeer apd a
Si gnalse IAGRBRR EotvRiteR AFEESRbidicHughR rdndduedR A& debdHi output
converter inorder to feed respecti've outputs to a
first toonsduetr, cdwven therfirsinitput sewentdr eud thetfirstougmit trensducer are

a first acoustic outpu tansducer. and. a second output

Fr ans d0RERTS e e R er OCBRVETESPY SRR ad the
first seddnpWutgut BOSEHELANNE s&cBifl bEtpueHatAubR RECEIERured to
the high frequencies of the processed signals, and the
secondewadygtthe v Bequencignaf theprasessed digaalsput

transducer are configured to reproduce the | ow

frequenci es of the processed signals. 2. The hearing

ai d2 aduendhtigg 4i6 acéardif 1o clalien eiwherethethé i tand i@ sebehd acoustic
second acoustic output transducers are enbodied as a

si ngl Oum dpesiucers pre empodigdaas gesitele B! Beibor di ng t o
claim1, wherein the first and the second out put

converters are enbodied as direct digital drive output
con¥.ertherhsaridg aidhecdréiagitmglamn d, whereindthe dirdt and ke sevdnd output
wherei n t he signal g{ cessor i s ?gggted to selit t he

out puttSMUEEST YF FEbpgied ag e digfel dRYRNIBREPIV eI he

hearing aid according to claim4, wherein the signa
processor is adapted to having the cross-over

f r egqudibeyhetnimeaid mycqrding taoirinm g, whereiithe kigaali prgeeasat is adapted to

accordi to claim4,.wherein the cross-over frequenc
i s spﬁtqthe outpu?s accordlnvglto a cross-over frequency. g Y

5. The hearing aid according to claim 4, wherein the signal processor is adapted to

having the cross-over frequency tuned by programming.

6. The hearing aid according to claim 4, wherein the cross-over frequency is

selected to match the configuration of output transducers.

7. The hearing aid according to claim 1, wherein the processor comprises a high-

pass filter with a cutoff frequency set by programming.

8. The hearing aid according to claim 1, wherein the processor comprises a low-

pass filter with a cutoff frequency set by programming.



selected to match the configuration of output

transducers. 7. The hearing aid according to claim1,
wob@r 22773 he processor conprises a hi ghpass fi PCEDKM0OS5I000538

a cutoff frequency set by programm ng. 8. The hearing

aid according to claiml, vvheg in the processor

conprises a lowpass filter with a cutoff frequency set

by rogramm ng. 9. A processor for a_ hearing ai
r iAS PIRGeEAT {05 gnearim¢id cPBPTisigg ap daRyt GomsTisT HnApcsiving

from %1%{5&%191@?%@0%%1‘15 sk Bl oot SR6Aminal,

out put term na ns for processing signals
| nput moeany Eortproceasiog sighalg fiom &e popes conyErienaccenling ta

roduce a.di.gital output gn neans for s
P e inerebeptidh s e R HARG! antPi Senaly pe S forsiplifhe the

si gnalgi s B@tﬁh@s@&fl ifht6 rarfﬁ&ltﬁgm oﬁﬁaﬁt Yibah sﬁftﬁqé' ﬁﬁ%(producmg the
portion of the pFocessed signal gr esented at the
a

first hgh fpequeney pontiah of ﬂw@r@ceswdcsn;m frl plaSen(cﬁﬁqjlthe first output

por 11 direural e bt SR GGy PHle R Y pg e 10w

S econdreQubiiytpor@sbMNAL processed signal and presented at the second output

terminal.



