WO 00/ 79832 *159159* PCT/ CH. 0/ 00311 El ectric/acoustic transducer nodul e,
in-the-ear hearing aid and nethod for manufacturing an in-the-ear hearing

aid The present invention reu HﬁmmwmmmmmleIeCtriC/acoustic t ransducer

nodul e for weehigydrddse ear Im 'l | hear i ng geglecwso dedined in the
preanble of claiml, also an inztfhg-ear hearing aid as defined in the
preanble of claim 10 and a manufacturing nethod for such an in-the-ear
hearing aid as defined in the preanble of claim?2l. In the case of hearing
ai ds and, Hlemantiicdidcanstion-tienshicdranodygle; dén-therearnpentrdntg t hat the
| oudspeaker housing is not connected to the auditory canal by a

mechani cal laidr iggid hethigd. £ohi mannfachuworingntan oipr theneaachestriagf eedback
fromthe |oudspeaker to the input-side mcrophone as far as possible.

Furt her nor @i8phere hearing aids are concerned, the space available is
generally extrenely limted and nmust be used optinally. EP 0 548 580

di scl oses, for exanple, providing the el ectric/acoustic transducer
arrangenent on an i earin wth a_l uds eaker housi ng in

- th
which the notor- dh@Vbn F%ggéﬁggker gpﬁﬁﬁ?éﬁh1anﬁ RESHot ortC dri #8r for it

d
are mount e, T NN Or it FOLOE ST SeLor L R munted
I Nt | ~NYI | ~

Mﬂ in-the-ear hearing aids as defined in the preamble
of claim 1, also an in-the-ear hearing aid as defined
in the preamble of claim 10 and a manufacturing method
for such an in-the-ear hearing aid as defined in the
preamble of claim 21.

In the case of hearing aids and, in particular,
in-the-ear hearing aids, it 1is important that the
loudspeaker housing is not connected to the auditory
canal by a mechanically rigid bridge. This is
important to prevent acoustic feedback from the
loudspeaker to the input-side microphone as far as
possible. Furthermore, where hearing aids are
concerned, the space available is generally extremely
limited and must be used optimally.

EP 0 548 580 discloses, for example, providing
the electric/acoustic transducer arrangement on an in-
the-ear hearing aid with a loudspeaker housing in which
the motor-driven loudspeaker diaphragm and the motor
driver for it are mounted. The diaphragm or the motor
drivers for it are mounted in relation to said

loudspeaker housing in such a way that the signals

A

*GONNNT *




Il *c.nnnm WD 00/ 79832 PCT/ CHOO/ 00311 2

i nduced acoustically by the

di aphragm are transmitted directly to said housing. Said arrangenent is
fitted in an in-the-ear hearing-aid housing in such a way that th

| oudspeakewdas/7eB33s as far away as possible froer/ceod/desring-aid

housi ng, whereby only reduced acoustic,

a result,

however ,

e

transm ssion bridges are forned. As
assenbly of the hitherto known hearing aids denmands

meticul ous care that such bridges are not fornmed, i.e. a transducer

arangement; fhialodbeabagert 601 INYR) L ynkn aihuienr | a0z aled gt ig

al so the customary practice,

met 1 cul ou gned t

as i s

he present

i nvention hasrdde Al 1 0kaiel indAting t g idi spdvaiaass neat irgred gabove.
For this purpose, the electric/acoustic transducer nodule is

di stingui shied &y iekhaspctiosdzi g4 Patheesing i6l shbhla Ragawsart he

| oudspeaker housing is resiliently nmounted in the enclosure, it is
possi bl e f arhd Heoudgs@mndduc etoumihd ei ¢ cabef anshaehledsi poashehiendrbhe-ear or

i n-t he-ear

hearing aid, whether in a formfitting or frictionally

| ocki ng

manner . Furgehet rioveeriddies i dshowehid pnelde reby eayyneedasady acolietiedi at e
space between the |oudspeaker housing and the hearing-aid housing

expl oi t ed ttoraacouistdical |hyridgeovaerd hEoeddyvi ohsob rebelheahomwgvaird. This is

achieved by the internediate space provided by the invention at the

transducer @ssembly of the hitherto known heéearing aids demands

meticulous care that such bridges are not formed, i.e.
a transducer arrangement must be inserted manually in
the hearing-aid housing, as 1is also the customary
practice, and meticulously aligned there.

The present invention has the aim of
eliminating the disadvantages mentioned above. For
this purpose, the electric/acoustic transducer module
is distinguished by the characterizing features of
claim 1.

Because the loudspeaker housing is resiliently
mounted 1in the enclosure, it 1s possible for the
transducer module to be installed in a behind-the-ear
or in-the-ear hearing aid, whether in a form-fitting or
frictionally 1locking manner. Furthermore, the, as
mentioned, already necessary intermediate space between
the loudspeaker housing and the hearing-aid housing is
now exploited to acoustically improve the behavior of
the hearing aid. This is achieved by the intermediate
space provided by the invention at the transducer

itself raising the bass range of the transducer module

is now

-



iitself raising the bass range of the transducer nodul e WO 00/ 79832

'PCT/ CHOO/ 00311 - 3 by several dB, in that the internedi ate space created

by the invention enlarges by a nultiple the chanber acoustically effective
at the reawoofod/madizaphragm as conpared with thi@r/@grodwber in the

| oudspeaker housing itself. Referencescan be made in this respect to

US- A-3 257 516, where the advantages of |arge rear chanbers are presented.
In a preferred enbodi nent, the enclosure acts as a nmagnetic shield and,
for this pwposeversl anef arablyatdReOfing dPlcdiaterypstdplecasegnbl y and
di sassenbly of the transducer arrangenent, in partlcdfar the insertion of
t he | oudsp@gkethdousivegt it hehoddtgpeaksy , al smarhigyved dhe t baagBekosure
conprising a cup-shaped part. This is preferably netallic. In a further
preferred edbuditienlly dfddawiviy atsehéi eraef dfheeHoudsaerkegmhagsi ng with
| oudspeaker - said cup-shaped part is closed by means of a cover el enent
whi ch has tchepacedst wtthut phisofrédre dHamsdticem athang@satdkpehRe@n

enbodi ment preferred by far, said cover elenment conprises as the acoustic
out put an &pastimge idtsedli.ch RéEefeénseé chanber naieonien shile oésphet

| oudspeaker diaphragm that is to say that chanber which is coupled to the
acoustic oGopuiiS-dgf-3 heb7t Panrsdwdmreartiamgedeantagsssegarbiege f reart he

anbi ence by neans of a nmenbrane. The nmenbrane lies in an unhanpered
manner acr 698MOR&E Sapért Breésensed -further enbodi ment, the cup is conpl et ed

by a hose-like _
In a preferred embodiment, the enclosure acts

as a magnetic shield and, for this purpose, is
preferably made of p metal. Very simple assembly and
disassembly of the transducer arrangement, in

particular the insertion of the 1loudspeaker housing

with  loudspeaker, is achieved by the enclosure
comprising a cup-shaped part. This 1is preferably
metallic. In a further preferred embodiment, -

following insertion of the 1loudspeaker housing with
loudspeaker - said cup-shaped part is closed by means
of a cover element which has the acoustic output of the
transducer arrangement. In an embodiment preferred by
far, said cover element comprises as the acoustic
output an aperture at which the first chamber on one
side of the loudspeaker diaphragm, that is to say that
chamber which is coupled to the acoustic output of the
transducer arrangement, is separated from the ambience
by means of a membrane. The membrane 1lies in an
unhampered manner across the aperture. In a further

embodiment, the cup 1is completed by a hose-like



WO 00/ 79832 PCT/ CHOO/ 00311 - 4 elastoneric cover. Both designs
practically achieve a sealing of the interior of the transducer nodul e,
which 1is highly desirable in view of the soiling of acoustically

i nportant twarsodzss3Im el enents, known in parti cedBrcHO0Ld@3 TRSE Of
in-the-ear hearing aids. Consequentlyy Lt is readily possible to clean the
transducer nodule with respect to soiling of this kind. Neither dirt nor
noi sture can enter the nodul e. The nenbrane provided according to the

i nvention idl demafer i embodrpntadmidonedh di fier s, feamibay
presented and described for exanple in the aforenentioned EP O 548 580 by

bei ng inst aldeAd g o dHeel ot At bNge FANBLAN3AGCc88t mPBLOE, diihven. By

di mensi oning the acoustically effective chanbers provided according to the
invention ard theghEpbr dreirabaeactieri sties i Bfa whe cusdéODhiny tefa person
skilled in the art, with inpedance matching in mnd, the effect 1is

achi eved t letoussiidatdiybr ampostanttc ekyaabhésssohhel egreourst,i ckhownsdanssi on
behavi or of the hearing aid on the output side of the | oudspeaker. In a
parti cul ar lpprigfdrarediantidd nepse avf lisasthet-learf reeapang ofidshe nenbrane

isin this case nade honpbgeneously in_ternms of its material, i.e. from
one nat eri oNSeBENtdYd, itk aifur Ekedidref BPESdblreatar ecliegnof theconst ant
t hi ckness. Conseguently, _said nmenbrane is of an extrenely si

. _ )l e
struct ural FTEESARTSINFINE Lbddt i e TRERNVi P %ﬁl%h%gn%ﬁbFéhé ggnd-

Neither dirt nor moisture can enter the module.

The membrane provided according to the
invention in the preferred embodiment mentioned differs
from that presented and described for example in the
aforementioned EP 0 548 580 by being installed in a
freely wvibrating manner and not motor-driven. By
dimensioning the acoustically effective chambers
provided according to the invention and the membrane
characteristics in a way customary to a person skilled
in the art, with impedance matching in mind, the effect
is achieved that said membrane scarcely affects the
acoustic transmission behavior of the hearing aid on
the output side of the loudspeaker.

In a particularly preferred embodiment, at
least the free part of the membrane is in this case
made homogeneously in terms of its material, i.e. from
one material phase, and, in a further preferred
feature, 1is of a constant thickness. Consequently,
said membrane is of an extremely simple structural

design and the acoustic behavior of the membrane is



WO 00/ 79832 PCT/CHOO' 00311 5 straightforward. 1In a preferred enbodi nent,
‘at least the free part of said nenbrane is in this case of elastoneric
materi al, such as for exanple latex or silicone rubber, extrenely

| ow- - cost R @0@leathat are produced with a unig®fauddBddsini ckness,
resistant and unobjectionable with respect to how they behave in contact

wth living tissue. The nenbrane is preferably airtight. Its thickness is
preferably d < 0.09 mm Furthernore, to allow the | oudspeaker housing to

be instalI%Qr%ggﬁt@gﬁ%.Q%”possibIe into the enclosure while taking into
account the acoustic é%coupling bet ween the | oudspeaker housi ng and the

enclosure, it is qu;hgrgﬁkgﬂg§§gitQﬁﬁoagﬁehgrggﬁgagggsthqﬂﬁgngrggofixed in

t he encl osure by neans of flexible bearing urt her nor e,

optinmal |y euphoids sahdy i@ B ats SPACEn: &t cdasef Wit hel REBRESEd in a
preferred enbodi nent that the |oudspeaker housing is enclosed on all sides

by said i ntrarteediadt, e sspaceaapst efdampndepst g bocatl ossnef riibeekoudspeaker

housi ng on the enclosure. The in-the-ear hearing aid according to the

i nvention lkexsramedlyectowedesoushtertiadnsdicer aner prgenert ofittheat ype

descri bed above. The potential for sinple assenbly is fully exploited in

that the @&ndfezore sofalilhehichnimerremittant sapdsinpbhnedtianahée

hearing-al o I et A O ey "B ehave i eontact it 15w ing ot
tissue. The membrane is preferably airtight. Its
thickness is preferably 4 < 0.09 mm.

Furthermore, to allow the Iloudspeaker housing
to be installed as simply as possible into the
enclosure while taking into account the acoustic
decoupling between the loudspeaker housing and the
enclosure, it is further proposed that the loudspeaker
housing is fixed in the enclosure by means of flexible
bearing blocks. Furthermore, to optimally exploit said
intermediate space, it 1is further proposed in a
preferred embodiment that the loudspeaker housing is
enclosed on all sides by said intermediate space apart
from bearing locations of the loudspeaker housing on
the enclosure.

The in-the-ear hearing aid according to the
invention has an electric/acoustic transducer
arrangement of the type described above. The potential
for simple assembly is fully exploited in that the

enclosure of the transducer module is positioned in the

hearing-aid housing in a form-fitting and/or



- 6 frictionally locking manner. As a result, and as still to be nentioned,
this creates the basis for producing such hearing aids in an autonated
manner: the avoi dance of acoustic bridges between the |oudspeaker housing

and the how rapof9g3dme hearing aid is solved a ppepyecudy/oosial ling the
transducer nodul e according to the invgntion. At the sanme tinme, in a
preferred enbodi nent of the hearing aid according to the invention, the
acoustic output of the transducer nodule can be connected to the acoustic

out put aperdur&g ;fndig, NeaLRP-Righdiousing, again in a customary way, by
means of a tubular stub. In & further preferred enbodi nent of the in-

the-ear hearing ai AAGCOF&HND:  Oaddleads N¥ENil 0o bR ABWtieweat apyenbrane
fixed in such a way as to allow free, unhanpered vibration is provided,

separ at i ng diwateThitendea i s t fier hepodugi vy dshicméheihgr aidehamben at  the
transducer nodul e used according to the invention. This nmenbrane may

obvi ousl y baitfamated byatniner :pr elieoustyidente onefd rerrsame obrtikeetsr ansducer
arrangenent according to the invention itself, though this is not

mandat ory detwesn prief et pedspadbdr nbptusinfsiagd reHde housimg péspoet above
apply in all cases. 1In a further preferred enbodi nent, however, said

menbr ane | f193UMEd adid edts y Sod vielde BegiPeriost t by asststildneut ple of the

hearing aid. This prevents any WO 00/ 79832 PCT/ CHO0/ 00311 - 7
transducer module &dccording to the invention.

At the same time, in a preferred embodiment of
the hearing aid according to the invention, the
acoustic output of the transducer module can be
connected to the acoustic output aperture of the
hearing-aid housing, again in a customary way, by means
of a tubular stub.

In a further preferred embodiment of the in-
the-ear hearing aid according to the invention, in any
event a membrane fixed in such a way as to allow free,
unhampered +vibration is provided, separating the
ambience of the hearing aid from the first chamber at
the transducer module used according to the invention.

This membrane may obviously be formed by the
previously mentioned membrane on the transducer
arrangement according to the invention itself, though
this 1is not mandatory and the preferred embodiments
[sic] made in this respect above apply in all cases.
In a further preferred embodiment, however, said
membrane 1is mounted directly in the region of the

acoustic output of the hearing aid. This prevents any



soiling at all fromentering not only the transducer nodule but also the
‘transducer input at the hearing aid itself. In a further preferred
enbodi ment of the hearing aid according to the invention, the acoustic

out put of tye doasghcer nodul e according to the pédryeiddpoloz 1t herefore
provided essentially directly at the gutput aperture of the hearing-aid

housi ng, whereby said nenbrane, if provided in the preferred way, is
provided directly in the anmbi ence of the hearing-aid housing on the one

hand and disect) t f d | th
209 400 Doty ko OB St A0SO, T et

hand. As a resu

concer ni ng t i i Lt p ertu i.ded t he
heari ng ai éﬁéﬁm;/lls%?ﬂgma[)%lrﬁr% etl;ﬁégnga(}fl%%j{éd%?gc% yEE§ ggggl%gngﬁrgne, on
the other haywkilig. provides the possibility of optimzing the acoustic
behavior in the sense that no additional intermediate transm ssion paths
have to be provi ded:f r ;an t ferthespusipre feutrpd ofmbddidderansdocer thedul e to
the acoustic output of the hearing aid. The renmi ning acoustic

transm ssi dregatrty candberquasndiderd sol élhe onnveheibasi stlod  acoustiic

i npedance matching. In an enbodi nent of the hearing aid nost especially
preferred iontpertns @ff ddw gntrameducenstedubat paccapdingr etof the
hearing-aid housing is formed by an element connected in a plate-like
manner to tHYeRDIGW 7Z983hPEHerP@uosided gssenhialhy Aéxerhgyard housing,

for exanpl e wel ded or _ _ ,
the output aperture of the hearing-aid housing, whereby

said membrane, if provided in the preferred way, is
provided directly in the ambience of the hearing-aid
housing on the one hand and directly at the output of
the transducer module on the other hand. As a result -
as mentioned - on the one hand this solves the problem
concerning the trapping of dirt at an output aperture
provided at the hearing aid by said aperture being
closed directly by said membrane, on the other hand it
provides the possibility of optimizing the acoustic
behavior in the sense that no additional intermediate
transmission paths have to be provided from the
acoustic output of the transducer module to the
acoustic output of the hearing aid. The remaining
acoustic transmission path can be provided solely on
the basis of acoustic impedance matching.

In an embodiment of the hearing aid most
especially preferred in terms of design, the acoustic
output aperture of the hearing-aid housing is formed by

an element connected in a plate-like manner to the



adhesively bonded. It is preferably proposed in the case of this
‘enbodi rent as wel |l that said output aperture is closed by neans of a
menbrane, which however is now preferably forned integrally with said

el enent. The eeyyeHse nentioned above al so apply pidfeadEaiestiyto this
menbr ane, which neans that said elengné _preferably consists of elastoneric

material, for exanple of latex or silicone rubber. The nmethod according to
the invention for mnanufacturing a hearing aid, in particular an in-the-

car hear ing ald,Accor fLngslo L0g MELeN, s dlist) 1ouiher by he fact

that the transducer nodule Ts ositioned in the hearing-ai ousing in a

formfittig@ne@rvienhCthonaddy | ook Rg el -aJIN SpiBkeselt RPsshhle with
little effort for the transducer nodule to be positioned in the

heari ng- ai ¢aeusioig exaet | ymbBdphace ag& ewemltothgcpressad bitput
frictionally |ocking manner between el enents of the hearing-aid housing

or, for expeapterefodst helbsadsdbger meadel eofo he pasbrahéh tWRich
hearing-aid housing. As a result, the preferred enbodi ment of said nethod
i's made poasweler timt nos qfrefrsatiliyngfoheedt naneduadl ynodidle saiQ t he
hearing-aid housing in an automated manner. In a further preferred

enbodi nment elementt.r arl@thicermmenus emesttiheadi aberveecdhlisd capiiey heathng-ai d WO
00/ 79832 PCT/ CHO0/ 00311 - 9 housing through an aperture form ng the

acousti c ofiep@eECtoftct Fdifemamiyagied hiustthgneanmtthat t ®asdyelievembel ow.

preferably consists of elastomeric material, for
example of latex or silicone rubber.

The method according to the invention for
manufacturing a hearing aid, in particular an in-the-
ear hearing aid according to the invention, is
distinguished by the fact that the transducer module is
positioned in the hearing-aid housing in a form-fitting
or frictionally locking manner. This makes it possible
with 1little effort for the transducer module to be
positioned in the hearing-aid housing exactly in place
or even to be pressed in a frictionally locking manner
between elements of the hearing-aid housing or, for
example, for the transducer module to be cast with the
hearing-aid housing.

As a result, the preferred embodiment of said
method is made possible, that is of inserting the
transducer module into the hearing-aid housing in an
automated manner.

In a further preferred embodiment, the

transducer module is then inserted into the hearing-aid



This provides the basis for a further preferred approach, that is that the
transducer nodule is positioned into a receiving aperture of a support
plate and, by nmeans of relative novenent of the support plate and the
heari ng- ai Wcha@osA78B32 he transducer nodule is i mseEricHboMasihe
hearing-ai d housing fromthe end fornmyng the acoustic output of the

heari ng-ai d housing. The autonation procedure nade feasible in this way is
quite clear to a person skilled in the art: the appropriate nunber of

transducer HBUdUhRS H@WRASI drh 0ASEh-t 1P Of Brifitthd | PheChb¥ust i FeegikBuRg
apertures in sai support plate and said nodul es are pushed from bel ow

into a cor roFs pyli iga Pimdes i @f hbeai hgg- ahdthqusingssHf rismt Beisar hearing
aids to be manufactured. In a further preferred enbodi nent, the support
plate i s subsequantdwyidesed alsepabhsab t Herhear i nfuatder hopsefigrbgdbei ng
connected to the hearing-aid housing, preferably adhesively bonded or

wel ded, and@pP¥eacthhe thedporispl heti s tivel methrofducdongmediel @ut ssde
contour of the hearing-aid housing. In a further preferred enbodi nent of

t he met hod Posdédrdiony N8 a e TeRasHiRth, aRemet wer ePli agsupeerr e1Abe the
transducer nmodul e on the support plate is formed as a blind aperture,
provi di ng R pSYsiM5HaAnT WL et IR tHEFeTREE e F ebihenBBBPRERt PL18ESf or mi ng

t he base WO Q0/ 79832 PCT/ CHO0Q/.00311 . - 10 . elenent of the blind aperture as
t he abovenéhi dridd %ﬁéﬁﬁpaﬁé}digFﬁﬁ?éﬁPy Wt h CERESSUSEST t"t %, 18r nount ed

on the SUDH%E%rQE%Feigéoa éggetﬁééﬁfngiéfgnLﬁéﬁsﬂggtrg%om the end
forming the acoustic output of the hearing-aid housing.
The automation procedure made feasible in this way is
quite <clear to a person skilled in the art: the
appropriate number of transducer modules are positioned
into a multiplicity of receiving apertures in said
support plate and said modules are pushed from below
into a corresponding number of hearing-aid housings of
in-the-ear hearing aids to be manufactured.

In a further preferred embodiment, the support
plate is subsequently used as part of the hearing-aid
housing by being connected to the hearing-aid housing,
preferably adhesively bonded or welded, and then the
support plate is trimmed off along the outside contour
of the hearing-aid housing.

In a further preferred embodiment of the method
according to the invention, the receiving aperture for
the transducer module on the support plate is formed as
a blind aperture, providing the possibility, in a

further preferred embodiment, of forming the base



cover of the blind aperture is used as a nenbrane in the sense referred to
‘above and is integral with the support plate, the support plate will, as
is clearly evident, be produced frommaterial which neets the

requi renenw® foor/ oi8s2mat eri al of the nenbrane, thedr/icHod o preferably
fromelastoneric material, in this -cage-for exanple fromlatex or silicone
rubber. The invention is explained below by way of exanple on the basis of
figures, in which: figure 1 shows the diagram of a transducer nodule

accor di ng tQetati N¥eNtiaN; Hiigdr ageHOWE 4L A tHieagaBBYRLEARE beqd
simplifying forma |ongitudinal section through a transducer nodul e

accor di ng memblranienvdmitieanallgwie Rashawpport agl an@pt b mephesgnt ation
of a further preferred enbodi nrent of the transducer nodule according to
t he i nvent banthiei guppottsmdute agaian sheagr-dnitad i catbytutde iasthakl ation of
a transducer nodul e according to the invention on an in-the-ear hearing
ai d; figureox¥ezshovls theabddpdesaprettion amalhegousas oa tiwtbdnd i gure 3 a
further possible way of installing a transducer nodule according to the
i nventi on SRearfg§nie t ReferFefedd PAVY; 2N 07 70BBeIPE}/ GHOUY obRa1l - 11

figure 5 shows in a ra?r)ﬁjeseﬂt ation anal ogous to_ Figures 3 and 4a further
preferred GEBPGRCvARiEhR of e RMRRBenPIRbE ni"Hd LthedBcdifst FEEABAY i ng- ai d

out put of e%gdggitheﬁgarppggﬂégg a1‘:'1§Idm(’j‘rr]ndaterial which meets the

requirements for the material of the membrane, that is
to say preferably from elastomeric material, in this
case for example from latex or silicone rubber.

The invention is explained below by way of
example on the basis of figures, in which:

figure 1 shows the diagram of a transducer
module according to the invention;

figure 2 shows in a diagrammatically
simplifying form a longitudinal section through a
transducer module according to the invention;

figure 2a shows a diagrammatic representation
of a further preferred embodiment of the transducer
module according to the invention;

figure 3 shows, again diagrammatically, the
installation of a transducer module according to the
invention on an in-the-ear hearing aid;

figure 4 shows in a representation analogous to
that of figure 3 a further possible way of installing a
transducer module according to the invention on an in-

the-ear hearing aid;



figures 6(a) to 6(c) diagrammatically show the sequence of a manufacturing
‘method for an in-the-ear hearing aid with regard to assenbling the

el ectric/acoustic transducer nodul e and the hearing-aid housing. Figure 1
di agr ammat iwoaldoy/7ded@s a transducer nodul e for exquATHOOWPGIEL acoustic
coupling principles. The transducer .mgdul_e 1 conprises a | oudspeaker
housing 3, in which the | oudspeaker diaphragm5 is nounted. The

| oudspeaker diaphragm5 is excited by a notor drive 7, which is only

di agrammatical ly reppgsent edhodd {he, | pudspsaken: NoHsLAg13q08sf kNt

chanmber Rl and a rear chanber R2 are forned by the | oudspeaker diaphragm
5. One of thenires sai dnehadersrthber Exaf@lfed hBekeah Gharheir R3f is
acoustically coupled by acoustic coupling apertures 9 to an internediate
space 11, frdremedl dredivieefiotthend otutepeaioers thausienyr ihagali d asuepat osre 13

The encl osure 13, and consequently the internmedi ate space 11, surround the
| oudspeakern hougiheg edredsenting lajdentandel y, apart fromresilient bearing
el enents 15, by neans of which the | oudspeaker housing is kept at a

di stance, nounted dsgkureisald {a)i nta 6"l oatiiagyammatieral i t $lnowt heeencl osur e
13. According WO 00/79832 PCT/CHOO 00311 - 12 to figure 1, the front
chanber R, Siesiuemsgec?ed at ongnefageeusngc marhagd Aerofarnt hentkhasdacer nodul e

1. Wth th de%%%n showg, an_agoustic decoupling of the effect of the
| oudspeaker*®6h e enttDsur 118 i s T8EM bvedtBn a@HIRFHPNE he EBGentially

floating electric/acoustic transducer module and the hearing-aid
housing.

Figure 1 diagrammatically shows a transducer

module for explaining the acoustic coupling principles.

The transducer module 1 comprises a loudspeaker

housing 3, 1in which the 1loudspeaker diaphragm 5 is

mounted. The loudspeaker diaphragm 5 is excited by a
motor drive 7, which is only diagrammatically
represented. In the 1loudspeaker housing 3, a front

chamber R, and a rear chamber R, are formed by the
loudspeaker diaphragm 5. One of the two said chambers,
for example the rear chamber R,, is acoustically coupled
by acoustic coupling apertures 9 to an intermediate
space 11, formed between the loudspeaker housing 3 and
an enclosure 13. The enclosure 13, and consequently
the intermediate space 11, surround the loudspeaker
housing 3 essentially entirely, apart from resilient
bearing elements 15, by means of which the loudspeaker
housing is kept at a distance, mounted essentially in a

"floating" manner, within the enclosure 13. According



mounting of the | oudspeaker housing 3. Furthernore, by significantly
"enl argi ng the rear diaphragm chanber R2 I that is including the
i nternedi ate space 11, the acoustic behavior of the transducer nodule 1 is

signi fi cantWoy doyyromned as conpared with that of toer/dgapesier
arrangenment in the housing 3: the bassy response of the transducer nodul e
is raised by several dB as conpared with the bass response of the

| oudspeaker arrangement in the housing 3. In a preferred enbodi nent of the

transducer cobherd 18 WREDT @G SoRARAKLACR, 3 ol heaghUsid CLOULRML  AA Of

this nodul e _ as di agrammuat i ca represente y 17. Apart from
being fixedah,dtis Gt tAheofr?Hiqéa@faﬁzdﬁbéfiaﬁs&lliée@.y- It preferably

consi sts of a honbgeneous mAterial phase, preferably an el astoneric

material, for exanmieH atgX @lesSighi COMSwn | UBBEracAshid ndécBubHHﬁ?
preferred feature, has a constant thickness of about 100 pm preferably at

nost 0. 09 ofmthBy affieet Ref tdtee acouddpeakampecanciee oénthesurat epnedi at e
space 11 with the chanber R2 the chanber R as f ar as the nmenbrane 17,

t he menbr agehizvadd avly WOC@OLRS832PCTLBEOO/€3IMtiallh3 &doasting
conductor that mght be provided to propagate toward the anbience U of the
t r ansducer "RHEEEEIL oft Hde efqudargaker Hi@yeng hat t Rerkbabrane. 1Pyi s
practically  acaoustically transparent. Figure_2 shows a cross section

t hrough anSigRBddicRENtl Yoferhardinghsthiter sfdduterRlragie FERBPERCE. !

that 1is including the intermediate space 11, the
acoustic behavior of the transducer module 1 1is
significantly improved as compared with that of the
loudspeaker arrangement in the housing 3: the bass
response of the transducer module is raised by several
dB as compared with the bass response of the
loudspeaker arrangement in the housing 3.

In a preferred embodiment of the transducer
module 1, a membrane is provided at the acoustic output
A, of this module itself, as diagrammatically
represented by 17. Apart from being fixed at its edge,
the membrane 17 vibrates freely. It preferably
consists of a homogeneous material phase, preferably an
elastomeric material, for example latex or silicone
rubber, and, in a further preferred feature, has a
constant thickness of about 100 um, preferably at mest
0.09 mm.

By matching the acoustic impedance of the
intermediate space 11 with the chamber R,, the chamber

R, as far as the membrane 17, the membrane 17 and any



synbol s already used in the diagranmatic representation of figure
here. The | oudspeaker housing 3 with the coupling apertures 9 is

‘al so used
nmount ed on

t he encl osure 13 by neans of el astoneric bearing bl ocks

1 are

19.

The encl oswee ooy 7gsFormed by a cup 20, which prederapdy/eeissat the sanme
magnetic shield and, for _tRhiss purpose, preferably consists of
nmetal. In any event, the cup 20 is preferably netallic. The cup 20 is

cl osed by a cover part 22. The nenbrane 17, already presented in f

tinme as a

may in this

tine. t he cé%ggﬁbgft &ﬁ%%ﬁ%ﬁ%ﬁ%%;hﬁg %gaﬁ%8¥&{ @IEO % SSF%y

igure 1,
sane
f or med,

In which casgioneves LheiBREET Alor OEhéh%r%%‘é%hc%%f tmc?d?ulrﬂ‘si megk the

mat eri al

el astoneri
| atex or s
as a separ
provi ded b

Preferably

requirenents for the menbrane, for iInstance with respect

G ifelayiig . atRieexanpher the rMdrshepart i22piracthealnyd

ilicone rubber. Oherw se, however, the nenbrane 17 is
stysaritcadn yt heracmrarrepar.t 22. The nenbrane 17 may al so

to

e of
anchor ed
be

etween the acoustic output A3 in the | oudspeaker housing 3 and
the clear WD 00/ 7983ZWET/ CHOBOBB112a - crdssapertien nthireugart ap2.

, however, as represented in figure 2, the nenbrane 17

S

provi ded fampsis imerts (o éh@aﬁnﬂﬁaduﬂar|mpd¢kﬁcéver Bagt referenger eby t he

conplete t
unit and c
still to

ransducer modul e 1 appears as a self-contained, encapsu
H%PGKH%%ﬁgwIVW@% @53%§9@@PEPFyr§P§ﬁﬁﬁP§aﬁﬂOnf

ran r ule 1
b% Sr%J.guret he OUthtaf\soOfusFecf T1'1eai:'e5duce rg[)dloudspeaker

housing 3 with the coupling apertures 9 is mounted on
the enclosure 13 by means of elastomeric bearing blocks
19. The enclosure 13 1is formed by a cup 20, which
preferably acts at the same time as a magnetic shield
and, for this purpose, preferably consists of p metal.
In any event, the cup 20 is preferably metallic. The
cup 20 1s closed by a cover part 22. The membrane 17,
already presented in figure 1, may in this case be
mounted directly on the cover part 22. At the same
time, the cover part 22 and the membrane 17 may well be
integrally formed, in which case however the material
of the cover part 22 must meet the material
requirements for the membrane, for instance with
respect to elastomeric behavior. For example, the
entire part 22 1is then made of latex or silicone
rubber. Otherwise, however, the membrane 17 1is
anchored as a separate part on the cover part 22. The
membrane 17 may also be provided between the acoustic

output A, in the loudspeaker housing 3 and the clear

at ed
as



lies directly at the acoustic output of a hearing aid. The transducer
‘modul e or its enclosure 13 may be cubic, cylindrical or designed in sone
other formof essentially any desired kind, provided that the required

i nt er nedi atyy SPRoH essentially enclosing th Akgi1pousing 3, is
for med bet\/\vg)en t he 8]allzoudspeaker housi 3 and th?%ﬁéﬁ@ﬁre l:b On the
basis of the explanations relating tofigure 2, figure 2a shows a further
enbodiment in a nerely diagrammatic form Here, an elastoneric hose 17a is

pul | ed_over,dhe , encliosutec13,,5ai dyhose 17 Al g Samg,djdiR.f of 18 ¢ he
2

[
cover part and nenbrane 17. Figure 3 diagrammti‘’cal 'y shows t hé segnment

of an in-theseale el NG didd4 Wihhe RopUsiAe Qut Pt L3pefilidge A24.
The transducer nodule 1, designed as shown in figures 1, E and 2a, is
install ed wi¥m wheh heati p¥eabd Husidie 26n tthdecpieei Seatth bhat it is
secured and positioned in the housing 26 of the hearing aid in a
formfittingherfedyt | €hé 0BBMbY ek eCckimg ItINET , mo@s1 &li agrppetiLabdya
represented by the securing and WO 00/79832 PCT/ CHOO 00311 - 15

posi ti oni ngedlfiporitBiined,i ganeaBsuThtedi surade angossahl ebdy rehdiagousti c
decoupling of the outer enclosure 13 with respect to the | oudspeaker
housi ng 3 dredvrieded offhiike ity enplcerl Iipdalignefpranhed fwi tds sefiélence to
figures 1, 2 and 2a. Apart fromthis, the design of the in-the-ear hearing
ai d shown %P fPQuEBOBN} s tEssMERUY yRasChl £BEdY raassiEe nmediate t e

acoustic oq}put of the transducer , _ _
ies directly at the acoustic output of a hearing aid.

The transducer module or its enclosure 13 may
be cubic, cylindrical or designed in some other form of
essentially any desired kind, provided that the
required intermediate space 11, essentially enclosing
the loudspeaker housing 3, 1is formed between the
loudspeaker housing 3 and the enclosure 13. On the
basis of the explanations relating to figure 2, figure
2a shows a further embodiment in a merely diagrammatic
form. Here, an elastomeric hose 17a is pulled over the
enclosure 13. Said hose 17 at the same time forms the
cover part 22 and membrane 17.

Figure 3 diagrammatically shows the segment of
an in-the-ear hearing aid 24 with the acoustic output
aperture A,,. The transducer module 1, designed as
shown in figures 1, 2 and 2a, is installed within the
hearing-aid housing 26, to be precise in that it is
secured and positioned in the housing 26 of the hearing
aid in a form-fitting or frictionally locking manner,

as diagrammatically represented by the securing and



nodule 1 is connected to the acoustic output aperture A24 of the hearing
"aid via an tubular stub 30. The el ectronic conponents and the input-side
acoustic/electric transducer arrangenent on the in-the- ear hearing aid 24

w th the heusigpy73®3are not represented in figurmes@fgh Adusfurt her
figures because they are not essentigg for the invention. As figure 3
further shows, the nenbrane 17 provided in the preferred enbodinent is
installed in the direct region of the acoustic output A24 on the

hearing-aig)o Qnggﬁf%E.C@g%%rdbgg to f%3%5?e4,3the trgogduger Eggg!e 1 is

fitted in orm ng or frictionall'y=l"ocking manner direc in the

region of theA¢aWst iy outiput Addsofc t Nge 119y ai gr 24c e obythe housing
26, as represented by the diagrammatically shown securing neans 28a. In a

preferred emiadisiigial 13 heidl eeb¥pe¥tbeat ithe MESMHANE e | BobsONgded at the
end. According to figure 5, the Eousing 26 of the WD 00/79832

PCT/ CHOO 0@3biridedl6 omn n-the- eatraheduceyg ainbR4Ad s éxpheihed thetane hand
by a main housing part 24a, but at the end a cover part 24b is placed in
a plate-likefexence ¢o tfhgupast 1242, angl 2ed or wel ded to the part 24a. A
transducer nodule 1 as described in relation to figures 1 and 2, or
directly the | oudspeaker housi hbief aHe téestonkpbédwthd oudspbaekear
arrangenent, in figure 5 both denoted together by 30, is seated in the
out put apebegréng? agld shewrcgverf igirte 21blangssenseelitedashatseadych as by

known, in that the acoustic output of the transducer
module 1 is connected to the acoustic output aperture
A,, of the hearing aid via an tubular stub 30.

The electronic components and the input-side
acoustic/electric transducer arrangement on the in-the-
ear hearing aid 24 with the housing 26 are not
represented in figure 3 and the further figures because
they are not essential for the invention.

As figure 3 further shows, the membrane 17
provided in the preferred embodiment is installed in
the direct region of the acoustic output A,, on the
hearing-aid housing 26.

According to figure 4, the transducer module 1
is fitted in a form-fitting or frictionally locking
manner directly in the region of the acoustic output A,,
of the hearing aid 24 or of the housing 26, as
represented by the diagrammatically shown securing
means 28a. In a preferred embodiment, the freely
vibrating membrane 17 is provided at the end.

According to figure 5, the housing 26 of the



clanping, gluing etc. If the transducer nodule represented in a general
manner by 30 in figure 5is one with an enclosure, i.e. is designed in the
manner of figures 1, 2 or 2a, positioning and fixing nmenbers may be

provi ded fap tgy grdgansducer nodule 1 within the pEeaFkdd) bsh housi ng 26,
as in turn diagrammatically indicate y 28. The nenbrane of the type
descri bed above, or a preferably provided nenbrane, is also represented by

17 in figure 5, in a preferred position. As still to become evident, the
design maj;qr_ Afvanhages, Wit heg 2&r%QS%&%{ed'Qﬁf'@?@%Rgdhgﬁdh% Ing aids
with arrangenent, 1.e. on the outside. integrally forne ecause, with

the a wWith 2 A¢COr dbngihg fdLOu 282 hagucf it hege i ggaidsc¥ith %,artto figures
1, 2, 2a or for hitherto known transducer |oudspeaker housing directly
Fur t her mor @44 hies rprheade ih7 drayl Hee - Wikd tmhanpar brn2dthe | papar bisgul ar  part
24b separate fromthe rest of
glued or welded to the part 24a. A transducer module 1
as described 1in relation to figures 1 and 2, or
directly the 1loudspeaker housing of a hitherto known
loudspeaker arrangement, in figure 5 both denoted
together by 30, is seated in the output aperture 32 of
the cover part 24b and is secured there, such as by
clamping, gluing etc. If the transducer module
represented in a general manner by 30 in figure 5 is
one with an enclosure, i.e. 1is designed in the manner
of figures 1, 2 or 2a, positioning and fixing members
may be provided for this transducer module 1 within the
hearing-aid housing 26, as in turn diagrammatically
indicated by 28.
The membrane of the type described above, or a
preferably provided membrane, is also represented by 17
in figure 5, in a preferred position. As still to
become evident, the design according to figure 5 has
major advantages, whether for hearing aids with a
transducer module according to figures 1, 2, 2a or for
hearing aids with a hitherto known transducer
arrangement, 1i.e. with a Iloudspeaker housing directly
on the outside. Furthermore, the membrane 17 may be

integrally formed with the part 24b, in particular

because, with the part 24b separate from the rest of



WO 00/ 79832 PCT/ CHOO/ 00311 - 17 the housing 26, the choice of materi al
for this part can be matched to the requirenents of the nenbrane 17.
Figures 6(a) to 6(c) diagrammatically show the sequence of a preferred

manuf act ur iy gtAyadf or in- the-ear hearing ai dspcc@gddidgusio figure
6(a), receiving apertures 36, preferghly in the formof blind apertures,

are provided in a support plate 34 and the transducer arrangenents .30 to
be provided on in-the-ear hearing aids are inserted in said apertures. |f

the transdygfs n@hsangenent sciR0 ahgiek dKNQUPeLYRE. flore.tiMd hpapy external
| oudspeaker housing and without an enclosure according to figures 1, 2,

2a, the transdyeematdiHeaNGITRMS r2nah@miin@feAblohd ildkintaarchored in the
support plate 34, for instance are adhesively bonded to it. If, however,

they are transducerrigfur@RgedTet st¥i 6hc) an iexdreinial t @l 1gs Usigowcenedi ng to
figures 1, 2, 2a, the arrangenents 30 need not be firmy secured in the
support pl afe@ruddcebesfiuse pheyeennd amraEadean rhomethoie fsacuread in the
correspondi ng hearing-aid housings 24a in a formfitting or frictionally
| ocki ng nanher-earasiciandirgateedis .wi t h dashed |ines by 28b. O significance
with regard to the technical aspects of the method is firstly that, due to
rel ati ve novenent &fcoreimigat €034 igpneh ¢ ha) t r siestiicEmaar pRAYEHEABS 30 and
a correspondi ng nunber_of housing parts 24a, the transducer arrangenents

30 are not PpushBESFRTEREY cusR orkdlsy ABRRer 0 Wiy 8 3PepErrER00/ 95811

provided in a support plate 34 and the transducer
arrangements 30 to be provided on in-the-ear hearing
alds are inserted in said apertures. If the transducer
arrangements 30 are of a known type, 1i.e. with an
external loudspeaker housing and without an enclosure
according to figures 1, 2, 2a, the transducer
arrangements 30 are preferably firmly anchored in the
support plate 34, for instance are adhesively bonded to
it. If, however, they are transducer arrangements with
an external enclosure according to figures 1, 2, 2a,
the arrangements 30 need not be firmly secured in the
support plate 34, because they can, as has been shown,
be secured in the corresponding hearing-aid housings
24a in a form-fitting or frictionally locking manner,
as indicated with dashed lines by 28b. O0f significance
with regard to the technical aspects of the method is
firstly that, due to relative movement of the plate 34
with the transducer arrangements 30 and a corresponding
number of housing parts 24a, the transducer

arrangements 30 are not pushed in the customary manner



- 18 from above, but frombelow, into the elenents of the housing parts
'24a facing the acoustic output. In the case in which the transducer
arrangenents 30 are designed with encl osures, once the transducer systens

30 have beegopyg)esgint o the housings 26 in a sesgriBgofPHHSI1 t he support
plate 34 can be renoved, the transdu arrangenents or nodules being

secured and positioned in the housings 24a. However, in the case
concerni ng transducer arrangenents wthout enclosures, the transducers 30

remain in the aperture 6 pf th | at e 34 provided for the he plate
34 is conne%’f%r&, Bﬁ8yeéxzbrlrlp egﬁﬁrﬂeg’le@é)lwy bORC ed9§? %eﬁ“&eerbt,stgkt}&ehousi ng
24a and, b t j f1 i j ), the plate 34 is
subsequent ﬁ?/&gst'%?%%b%%gfr:aecﬁ%%ﬂmnﬁé¥%%i%%%%%Usi ng cont our
(transition to figuie 6 {)6d) .cJBks prpducgsithe iRnkhe- @alyheridang aid as
represented in figure 5. However, this procedure is also used wth

preference {efaidansauseso npedl eesidesianetaceretbagrs 9, f baueesnk 2, 2a,
i.e. with enclosures. It is thus evident fromviewing figure 6 that this

procedure isrsxddeiety gestedsli ted foavienstddd ngpushed merbeane thé, or a
further nenbrane preferably to be provided, at the sanme tine as a guard to

prot ect theowtiousd | 26 hear angeaiud iowt putnrfarom tsod | sugpand phaeasgue sinpl e
cl eaning. For this purpose, the base plate 38 WO 00/ 79832 PCT/ CHOO/ 00311 -
19 can be removed, the transducer arrangements or modules

being secured and positioned in the housings 24a.

However, in the case concerning transducer arrangements

without enclosures, the transducers 30 remain in the

apertures 36 of the plate 34 provided for them. The

plate 34 is connected, for example adhesively bonded or

welded, to the housing 24a and, based on the position

according to figure 6(b), the plate 34 1is subsequently

trimmed to become flush with the outer housing contour

(transition to figure 6 (c)).

This produces the in-the-ear hearing aid as
represented in figure 5. However, this procedure is
also wused with preference for transducer modules
designed according to figures 1, 2, 2a, 1i.e. with
enclosures.

It is thus evident from viewing figure 6 that
this procedure is extremely well-suited for installing
the membrane 17, or a further membrane preferably to be
provided, at the same time as a guard to protect the

acoustic hearing-aid output from soiling and to ensure

simple cleaning. For this purpose, the base plate 38



according to figure 6(a) of the preferred apertures 36, preferably fornmed
‘as blind apertures, is formed directly as the nenbrane. This takes pl ace
by either the material of the support plate 34 being chosen to neet the

requi rement foy/Adwsrenbrane material, and consgsgleRidod/ ¢drerenbr ane
being forned integrally with the platg 34, or, as represented by dashed

lines in figure 6 (a) , by the blind apertures 36 being forned by
| am nating the support plate 34, the apertures 36 still being open right

through, Waté%o%ﬁ*}%eggd iTﬁgdPé/eé(a?)_“bof‘“@ﬁﬁg}aw?@rw&”ﬁg%?gggggbﬁ%”e L7

according to figure production mnet repr esent s it' possible

to fit both Adrensicer roLHEES %%Corﬂiﬂgdeoaﬁkirﬁﬁ&%%ﬂ’ ?s 23o2Rdg

conventional transducer arrangenents, I. an external | oudspeaker

housi ng, | @ikl tde- ene hrabrage=ai d tRUST REKWt KWce i edkads

posi tioning mani pul ations. This can be <carried out fromthat side of the
housi ng on tidei chatéweiabcodstite ogtippbrti es.atEonseqbennky, classenbkong of a
ki nd which can be autonated to the greatest extent is nade possible. If,
as preferregett hehacogstuicemeyst fof ttie heambngnai dnatentimlbe dedi gned
such that it is protected against soiling fromthe anbience and all ows
good cl eanicegsedhiesitay ttHie sagmbrane peéovoddeonmed posesdbrllyywisb
expl ai ned, of also installing a covering nenbrane _17. WO 00/ 79832

PCT/ CHOO/ 0G8£1 Plav® 3Bat Pt cl3&i nEePICSENEedr kY addskedc kim@fidéBer nodul e

for behi nd-
figure 6(a), by the blind apertures 36 being formed by

laminating the support plate 34, the apertures 36 still
being open right through, with a sheet-like layer 34b
which then forms the membrane 17 according to figure 5.
The production method represented makes it
possible to fit both transducer modules according to
figures 1, 2, 2a and conventional transducer
arrangements, i.e. with an external loudspeaker
housing, in the in-the-ear hearing-aid housing without
meticulous positioning manipulations. This can be
carried out from that side of the housing on which the
acoustic output lies. Consequently, assembling of a
kind which can be automated to the greatest extent is
made possible. If, as preferred, the acoustic output
of the hearing aid is to be designed such that it is
protected against soiling from the ambience and allows
good cleaning, this at the same time provides the
possibility, as explained, of also installing a

covering membrane 17.



the-ear or in-the-ear hearing aids wth at |east one |oudspeaker with a
di aphragm driven by an electric notor in a | oudspeaker housing,
characterized in that the | oudspeaker housing is resiliently nounted in an

encl osure whh cdo/ioges her with the | oudspeaker hopstpgoof€68%1 an
intermedi ate space, with a first chanbgy in the |oudspeaker housing, on

one side of the | oudspeaker diaphragm being coupled to the acoustic

out put of the transducer arrangenent, and a second chanber in the

| oudspeakerp i Ntha s I he other side of the diaphragm being coupled to
the internedi ate space. 2. Transducer nodul e according to claiml1,
characterized in that the enclosure acts as a magnetic shield and, for
this purpose, is preferably produced from netal. 3. Transducer nodul e

according tp, eithergxdciohad Micodstid Zrasd@ndet ehbdglel Robh@eHihg-encl osure
conprises a cup-shaped part, preferably a netallic part. 4. Transducer

modul e accarth negat ooel airmthe - ehar Reheihgedhiids thatht he cupasbape@ part has
a cover elenent with the acoustic output. 5. Transducer nodul e accordi ng
to clai m4,loctmresiter i 28dh nat hdiapheagovedr evenertty has: arelapentidare at
which the first chanber is separated fromthe WO 00/ 79832 PCT/ CHOO/ 00311 -
21 anbi end®@iBr ainedbrpedsperkenbragenpyi manecher irgvhnper éthatanner
across the aperture, or_in that the cover elenment is forned by an

el ast oneri CHfoseCPErPRPAGSTt HOWEHRF ahé. resiliently mounted in an

enclosure which, together with the loudspeaker housing,
forms an intermediate space, with a first chamber in
the loudspeaker housing, on one side of the loudspeaker
diaphragm, being coupled to the acoustic output of the
transducer arrangement, and a second chamber in the
loudspeaker housing, on the other side of the
diaphragm, being coupled to the intermediate space.

2. Transducer module according to claim 1,
characterized in that the enclosure acts as a magnetic
shield and, for this purpose, is preferably produced
from p metal.

3. Transducer module according to either of claims
1 and 2, characterized in that the enclosure comprises
a cup-shaped part, preferably a metallic part.

4. Transducer module according to claim 3,
characterized in that the cup-shaped part has a cover
element with the acoustic output.

5. Transducer module according to claim 4,
characterized in that the cover element has an aperture

at which the first chamber is separated from the



6. Transducer nodul e according to claim5, characterized in that at | east
'the free part of the nenbrane is honogeneous in terns of its material and
preferably has a constant thickness, preferably of at nobst 0.09 mm in
that, in awardderoggeferred feature, the nenbraperstwsesotel nodule in an
airtight manner. 7. Transducer noduleaccording to claim5, characterized
inthat at least the free part of the nenbrane consists of elastoneric
material. 8. Transducer nodul e according to one of clains 1 to 7,

characteri i at..f he, | r i j fJ xeq, ;i t encl| osure by
aithidhdd1alhy) nga HABRSAET RAUST kol ardd qglé{gcopg g

means of flexible bea bllocks. 9. Transducer nodul ng to one of

claim 1 to@mghlfchehheed akhokhat Hheaholenpedi ate Spackar epgleoses the
| oudspeaker housing essentially on all sides, apart from bearing | ocations

of the | oudspeakeslethousi g @BrtBE BRCIA5UsPasddnetiict ABs8AEARARGNY ai d
with a hearing-aid housing which on one side has an acoustic out put

aperture anthenmntemtarared.ectric/acoustic transducer arrangenent,
characterized in that the electric/acoustic transducer arrangenent is
desi gned as$ WO 00/ TREBBERCHITHOMCHO03E1 aceordangodut@ acteridi ngSto one of
claims 1 to 9. 11. Hearing aid according to claim210, characterized in

that the erfdidantedizachelpr distfucefF YRRAN eths ploee i BAEE i9f t Kbe

hearing-aid q%ysing in % forn}fitting and/or frictionally | ocking manner.
mempbrane  1s homogeneous 1n terms of 1ts matérial an

preferably has a constant thickness, preferably of at
most 0.02 mm, in that, in a further preferred feature,
the membrane closes the module in an airtight manner.

7. Transducer module according to claim 5,
characterized in that at least the free part of the
membrane consists of elastomeric material.

8. Transducer module according to one of claims 1
to 7, characterized in that the loudspeaker housing is
fixed in the enclosure by means of flexible bearing
blocks.

9. Transducer module according to one of claims 1
to 8, characterized in that the intermediate space
encloses the Iloudspeaker housing essentially on all
sides, apart from bearing locations of the loudspeaker
housing on the enclosure.

10. In-the-ear hearing aid with a hearing-aid
housing which on one side has an acoustic output
aperture and with an electric/acoustic transducer
arrangement, characterized in that the

electric/acoustic transducer arrangement is designed as



12. Hearing aid according to either of clains 10 and 11,

characterized in

that the acoustic output of the transducer nodule is connected to the
acoustic output aperture of the hearing-aid housing by neans of a tubular
stub. 13. Hemrooyredzk according to one of clainms dg@rreéuodloosharacterized

in that a menbrane fixed in such a wayp as to allow free,

unhanper ed

vi bration separates the anbience of the hearing aid fromthe first
chanber, preferably in an airtight manner. 14. Hearing aid according to
claim 13, g£hauagterdzed-dihd i e |14 frag part of the nembrane is
honbgeneous in terns of its Taterial and preferably has a constant

thi ckness, jpreferaltanofnqat Bt 0. 98c-8puidg. Heasing @iLi@cconging to
claim13, characterized'in that at |east the free part of the nenbrane
consi sts ofcielasitamrded mhethale. e HRalbsgrai dfacers dich@nksauekai m 13,
characterized in that the nenbrane is nmounted on the transducer nodul e
and/ or the rrehrliengiai ¢pdsausiongd 1¥n ldéar | ngaaing agtdr thong ithey otve af cl ai s
10 to WD 00/ 79832 PCT/ CHOO/ 00311 - 23 16, characterized in that the
acousti c odtqym- foft ttims  anddrestl forirc s 1d v sl akriangyethressential ly in or at
the output aperture of the hearing-aid housing. 18. Hearing aid according
to one of cd2ai ms 16i&3Firgy, agfardrd@dized ta thdtheheodcoubties odfput

aperture of the hearing-aid housing is forned by an el enent
and 11, characterized in that the acoustic output of

the transducer module 1is connected to the

acoustic

output aperture of the hearing-aid housing by means of

a tubular stub.

13. Hearing aid according to one of claims 10 to

12, characterized in that a membrane fixed in such a

way as to allow free, unhampered vibration separates

the ambience of the hearing aid from the first chamber,

preferably in an airtight manner.

14. Hearing aid according to claim 13,

characterized in that at least the free part of the

membrane is homogeneous in terms of its material and

preferably has a constant thickness, preferably of at

most 0.09 mm.

15. Hearing aid according to claim 13,

characterized in that at 1least the free part of the

membrane consists of elastomeric material.

l6. Hearing aid according to claim 13,

characterized in that the membrane is mounted on the

transducer module and/or the hearing-aid housing.

17. Hearing aid according to one of claims 10 to



connected in a plate-like formto the renmaining hearing-aid housing, for
‘exanmpl e wel ded or adhesively bonded. 19. Hearing aid according to claim
17, characterized in that a nenbrane closing the output aperture is

forned integ ajdy7983ih the el ement. 20. Hearing aperasees doegiio claim 19,
characterized in that the el enent cansissts of elastoneric material. 21.
Met hod for manufacturing a hearing aid, in particular an in-the-ear
hearing aid according to one of clains 10 to 19, characterized in that the

transducer ypdubgaageeedi Dgat A PNenf ¢l MBedudo; d 'o%thS'éfOQ?g in the
hearing-aid housing in a formfitting or frictionall ocki ng manner. 22.

Met hod accandim@dcelmbdud, i shakaehgelzeddem ithat, tlhre &Fagsdyger nodul e
is inserted into the hearing-aid housing in an automated manner. 23.

Met hod accaendigng tapeaitidrey off tHeaihEm2hgd P2outar.acterized in that the
transducer nodule is inserted into the hearing-aid housing through an
aperture W080/ 79832 aRCT/CHINAORRLbrdinZd tdommiengof heladowstie awt put of

t he hearing-aid housing. 24. Method according to claim 23, characterized in
that the trldhsduveragiicl zed sifi thed itheo acowsiei i agtpaperpers uskt a
support plate and, by neans of relative novenent of the support plate and
the hearingfai Gheho}m%@hgngtéhedt emstiuter ispdbpemed ibiserredelrmenthe

hearing-aid housing fromthe end form ng the acoustic
connected 1in a plate-like” form to the remaining

hearing-aid housing, for example welded or adhesively
bonded.

19. Hearing aid according to claim 17,
characterized 1in that a membrane closing the output
aperture is formed integrally with the element.

20. Hearing aid according to claim 19,
characterized in that the element consists of
elastomeric material.

21. Method for manufacturing a hearing aid, in
particular an in-the-ear hearing aid according to one
of claims 10 to 19, characterized in that the
transducer module according to one of claims 1 to 9 is
positioned in the hearing-aid housing in a form-fitting
or frictionally locking manner.

22. Method according to claim 21, characterized in
that the transducer module is inserted into the
hearing-aid hcusing in an automated manner.

23. Method according to either of claims 21 and 22,
characterized in that the transducer module is inserted

into the Thearing-aid housing through an aperture



out put of - the hearing-aid housing. 25. Method according to claim 24,
‘characterized in that the support plate is connected to the hearing-aid
housi ng, preferably adhesively bonded or wel ded, and then the support

plate is tgpmgpdseighoal ong the contour of the heaw Rgrody/@okausi ng. 26.
Met hod according to claim25, charactgpized in that the receiving aperture

for the transducer nodule on the support plate is fornmed as a blind
aperture. 27. Method according to claim 26, characterized in that the base

Dot " o SO, ARSELALG LS, COCERG 87 chorRulane kel (1 {1
24. Method according to claim 23, characterized in
that the transducer module is fitted into a receiving
aperture of a support plate and, by means of relative
movement of the support plate and the hearing-aid
housing, the transducer module is inserted into the
hearing-aid housing from the end forming the acoustic
output of the hearing-aid housing.

25. Method according to claim 24, characterized in
that the support plate is connected to the hearing-aid
housing, preferably adhesively bonded or welded, and
then the support plate is trimmed off along the contour
of the hearing-aid housing.

26. Method according to claim 25, characterized in
that the receiving aperture for the transducer module
on the support plate is formed as a blind aperture.

27. Method according to claim 26, characterized in
that the base plate of the blind aperture is formed as

a membrane integrally with the support plate or mounted

on the support plate as a sheet-like structure.



