WO 2010/ 066299PCT/ EP2008/ 067323 1 HEARI NG Al D EARPI ECE AND A METHOD OF
MANUFACTURI NG A HEARI NG Al D EARPI ECE FI ELD OF THE | NVENTI ON The present

i nvent i onwoebaimes29bo hearing aids. The invention, nore spewpbiosabizys

rel ates 5to an earpiece for a hearingtlaid adapted for increasing the
hearing aid output in at |east one frequency range. The invention further
relates to a nethod of making such an earpiece for a hearing aid.
BACKGROUND OF THE I NVENTION I n the context of the present disclosure, a
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i s encl osecarpiec foas hagirpuiid.abl e for fitting 20 behind or in a human ear.
As the nanme suggests, Behind-The-Ear (BTE) hearing aids are worn behind the

ear. To be r | Se I unit conprising a housing containing
t he maj or é$§£§¥§%5@§%b9?ﬁ§%%ﬁﬁ&ﬁgﬁﬁBf% wor n behind the ear. An earpiece
for emtting sound to the hearing aid user is worn in the ear, e.g. in the
concha or tReh&ani&adeathe Preset dis@diud, ANRhrikoBiEhHAALE REd@sEod 8 $OMAY t ube

is used because the output transducer, which in hearin

10 battery-powered, microelectronic device designed to be worn behind or in the human
ear by a hearing-impaired user. Prior to use, the hearing aid is adjusted by a hearing aid
fitter according to a prescription. The prescription is based on a hearing test, resulting
in a so-called audiogram, of the performance of the hearing-impaired user’s unaided
hearing. The prescription is developed to reach a setting where the hearing aid will

15  alleviate a hearing loss by amplifying sound at frequencies in those parts of the audible
frequency range where the user suffers a hearing deficit. A hearing aid comprises one
or more microphones, a battery, a microelectronic circuit comprising a signal
processor, and an acoustic output transducer. The signal processor is preferably a

digital signal processor. The hearing aid is enclosed in a casing suitable for fitting

20  behind or in a human ear.

As the name suggests, Behind-The-Ear (BTE) hearing aids are worn behind the ear. To
be more precise an electronics unit comprising a housing containing the major
electronics parts thereof, is worn behind the ear. An earpiece for emitting sound to the
hearing aid user is worn in the ear, e.g. in the concha or the ear canal. In a traditional
25  BTE hearing aid, a sound tube is used because the output transducer, which in hearing
aid terminology is normally referred to as the receiver, is located in the housing of the
electronics unit. In some modern types of hearing aids a conducting member
comprising electrical conductors is used, because the receiver is placed in the earpiece

in the ear. Such hearing aids are commonly referred to as Receiver-In-The-Ear (RITE)



aid terminology is normally referred to as the receiver, is located in the
housing of the electronics unit. In sone nodern types of hearing aids a
conduct i ngormrunes2980npri si ng el ectrical conductors is uped/EPb@sasses t he
receiver is placed in the earpiece in2the ear. Such hearing aids are
commonly referred to as Receiver-In-The-Ear (RITE) WO

2010/ 066299PCT/ EP2008/ 067323 2 hearing aids. In a specific type of RITE
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15 One problem with this system is that the sound conduit must run along the outer surface
of the receiver housing. Therefore it is not possible to physically separate the receiver
housing from the sound conduit. For some RITE hearing aids it is advantageous to have
the receiver positioned in the concha or similar part of the external ear and the main
part of the sound conduit positioned in the ear canal. Obviously this is especially

20  advantageous when the receiver is too large to be positioned in the ear canal.

US-3170046 discloses an ITE hearing aid with an electroformed metal housing. Inside

the metal housing the transmission of sound is conveyed by a sound tube, that connects

the receiver and the terminal end of the metal housing located in the ear canal. The

sound tube is preferably made of thin-walled natural rubber or similar materials such as
25  polyethylene or vinyl. It is further disclosed that the reduction of acoustic feedback

may be improved by providing a tortuous path for the sound tube.

EP-A1-1629806 discloses a hearing protection earplug with a resonance cavity, which
is provided with an inner mechanical structure. For hearing protection devices it is

desirable to provide for sufficient attenuation of undesired sound signals, such as noise,



the receiver and the termnal end of the netal housing |located in the ear
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for manuf acz}ig rOht?)%t \%ﬂl benefit especially from a very high output around 1 kHz.

It may be difficult for RITE, RIC or ITE hearing aids to provide a very high output

20 around 1 kHz.

It is therefore a feature of the present invention to overcome at least these drawbacks
and provide hearing aid earpieces and hearing aids that are easy to manufacture and

optimized for hearing impaired users that require a high output around 1 kHz.

It is another feature of the current invention to provide a method for manufacturing a

25  hearing aid earpiece according to the invention.
SUMMARY OF THE INVENTION

The invention, in a first aspect, provides a hearing aid earpiece according to claim 1.



25hearing aid earpiece according to the invention. SUMVARY OF THE | NVENTI ON
The invention, in a first aspect, provides a hearing aid earpiece according
to cl ai mwo 2062330/ 066299PCT/ EP2008/ 067323 4 Thi s pr oecagP2@sheses ng ai d
earpiece that is sinple in nmanufacturi#ng and all ows the sound conduit

|l ength to be increased, relative to the sound conduit |ength provided by
known hearing aid earpieces. According to claim 1l the earpi ece nmay
accommodate all the conmponents necessary for 5an | TE hearing aid. The

i nvention, Ths aroyidesadicasppad caprage ithie & amblgan immguictiriag @od dllowgs the ¢l ai m
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of increasiNg the"Nearimg Ala sutput Th a specriic T requercyPrange. The
invention, kddwh HehiihgadsagGécespr ovi des a method for manufacturing a hearing
aid 10earpiece according to claim19. This nethod has the advantage of

aut omati ng an ot herw se very conpl ex nanufacturin% process. Further
advant ageouACIOEdng fxdaigh b Hie RFRITReRY HEpBIPEAE adliths prmponengsinepesggrp dor

features of, 1 He RLE invention will beconme apparent to those skilled in
t he 15art f?bﬁ]gﬁé ?%?*%mﬁng description wherein the invention will be

expl ained in greater
The invention, in a second aspect, provides a hearing aid according to claim 18.

This provides a hearing aid that is simple in manufacturing and capable of increasing

the hearing aid output in a specific frequency range.

The invention, in a third aspect, provides a method for manufacturing a hearing aid

10  earpiece according to claim 19.

This method has the advantage of automating an otherwise very complex

manufacturing process.
Further advantageous features appear from the dependent claims.

Still other features of the present invention will become apparent to those skilled in the
15 art from the following description wherein the invention will be explained in greater

detail.
BRIEF DESCRIPTION OF THE DRAWINGS

By way of example, there is shown and described a preferred embodiment of this

invention. As will be realized, the invention is capable of other different embodiments,
20  and its several details are capable of modification in various, obvious aspects all

without departing from the invention. Accordingly, the drawings and descriptions will

be regarded as illustrative in nature and not as restrictive. In the drawings:

Fig.1 illustrates hearing aid output as a function of frequency for respectively a

traditional BTE and an ITE hearing aid;

25  Fig.2 illustrates a hearing aid earpiece according to a first embodiment of the

invention;



detail. BRI EF DESCRI PTI ON OF THE DRAW NGS By way of exanple, there is shown
and descri bed a preferred enbodi nent of this invention. As will be

real i zed,wbhelo/ose®@ati on i s capable of other different ewrbwdipo®stos;3220and
its several details are capable of nodification in various, obvious aspects
all wi thout departing fromthe invention. Accordingly, the draw ngs and
descriptions will be regarded as illustrative in nature and not as
restrictive. In the drawings: Fig. 1 illustrates hearing aid output as a
functi on ofFigr 2quénsiiatdsar crosssspeteanial eley of atheaiding did salpiRTEcemidingto HEHirkiear i ng

aid; 25Fig. 2 il Iet%nsgord%erﬁ O?thréelaringl% ai d earpiece according to a first
embodi ment of the invention; < W™ 0/ 066299PCT/ EP2008/ 067323 5 Fig. 3

illustrates a cross sectional view of a hearing aid earpiece according to
the first efigodi nbostradds o Hearih g wierdaipece det@ding to blsesindabt®dandigaf theg ai d
ear pi ece according to a second enbodi nent of the invention; 5Fig. 5
illustrates a cro8%M@Btjonal view of a hearing aid earpiece according to
t he second enbodi nent of the invention; Fig. 6 illustrates a hearing aid

accordi ng 18,35 t K GrfuR0db {RBL: a1 LG JrAHRRAPR chipfece fcddrlig tf #eeS @
hearing aid according to a fourth enbodi nent of the invention; Fig. 8

illustrates a heaetog anttbdavewroditegnventanf i ft h enbodi nent of the invention,
and 10Fig. 9 illustrates a vertical section of an earpiece with a hearing

aid recei Vel'sig. 6 illustrates a hearing aid according to a third embodiment of the invention;

Fig. 7 illustrates a hearing aid according to a fourth embodiment of the invention;
Fig. 8 illustrates a hearing aid according to a fifth embodiment of the invention, and

10 Fig. 9 1illustrates a vertical section of an earpiece with a hearing aid receiver

according to a sixth embodiment of the invention;
DETAILED DESCRIPTION

In a traditional BTE hearing aid the length of the sound conduit, that guides the sound
from the hearing aid receiver and into the ear canal and towards the tympanic

15  membrane of the user wearing the hearing aid, is in the range of 60 to 90 mm
depending on the ear size and the specific characteristic of the BTE hearing aid. Due to
wavelength resonance in the sound conduit a traditional BTE hearing aid will have
resonance peaks around 1 kHz, 3 kHz and 5 kHz. These peaks will disappear in the
frequency response of an ITE and a RITE hearing aid, because these hearing aid only

20  comprise a short sound conduit, and be replaced by a more smooth frequency response
typically with a smaller resonance peak around 2.5 kHz, that is a result of hearing aid
receiver characteristics. This results in the hearing aid output around 1 kHz being
significantly lowered in the ITE and RITE hearing aids relative to the traditional BTE
hearing aid. Consequently the ITE and RITE hearing aids may yield insufficient output

25  for hearing impaired whose hearing losses require a high hearing aid output around 1

kHz.



according to a sixth enbodi nent of the invention; DETAILED DESCRI PTION In a
traditional BTE hearing aid the | ength of the sound conduit, that guides

t he soundwbromvdsb@oheari ng ai d recei ver and into the earctaradosasd2s owar ds
t he tynpani c 15 nmenbrane of the user wearing the hearing aid, is in the
range of 60 to 90 nm dependi ng on the ear size and the specific
characteristic of the BTE hearing aid. Due to wavel ength resonance in the
sound conduit a traditional BTE hearing aid will have resonance peaks
around 1 kHxefe@ngdis fasidn&lekpitie. ThebishpBadtatasihearing gdppwat for respheivelyeyuency

response of_an.|T TE hear. id,. because the hear i aid only
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that is a result of hearing aid receiver characteristics. This results in
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25f or hear i ¢fghé¢ fah¢etgwitbsdl hedmilagtol thstsdsa RIEFGUHenang@aidi gh hearing ai d
out put around 1 kHz. WD 2010/ 066299PCT/ EP2008/ 067323 6 Reference is first

made to Fig.. 1, . which illustrates hearing ai d oytpu respectively a

T adi t | onal FIETEIRGIE {HLTE SE8hTEY TrororHe BreHOUSh g I a L st ube used
for transm ktdmgdcd Raks AUNEHE B 18HE ARl $RAZ @ ahe OTE RealR8 ﬁidnagsiﬁ’EgIQaH@er) and an
| TE hearing aid configured with the sane receiver as the BTE. The outputs

of bot h heamallgr peadtsat heowed Bieldiz rephesey bdseacsmrdéareaks thusdeddigs toR mare not e

that in the present context th t of the |T ear.ing. aid w.ll be
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at 1 kHz, 3 kHz and 5 kHz. For the I TE hearing aid a single and snaller

peak at ar ofaEngal mayyieklipadBeieptmdput ferheaeng enprak svhose hearing£ifii¢iy to a

or € require a high hearing aid output around 1 kHz.

As a general rule of thumb the fundamental wavelength resonance of the sound conduit
15 will be positioned at a frequency given by the velocity of sound divided by four times
the length of the sound conduit. The higher order resonance frequencies are odd
multiples of this fundamental resonance. Therefore the second order resonance
frequency is three times the fundamental resonance frequency and the third order
resonance frequency is five times the fundamental resonance frequency. Generally the

20  resonance peak height decreases with increasing order of resonance.

The sound conduit could be designed to have a length in the range of 60 — 90 mm,
preferably approximately 85 mm. Hereby a fundamental resonance frequency in the
range 0.9 — 1.2 kHz, preferably approximately 1 kHz, results. However for some types
of hearing loss the sound conduit could be designed to have a length in the range of 90
25  — 105 mm. Hereby a fundamental resonance frequency in the range 0.8 — 0.9 kHz
results. Furthermore even longer sound conduits could be considered if sufficient space

is available in the earpiece.

Many factors affect the exact frequencies of the resonance peaks. One is the diameter

of the sound conduit. For typical dimensions found in hearing aids the wavelength



10snmoot h frequency response. At 1 kHz the output of the ITE hearing aid is
significantly lowered and at 1.5 kHz the output is decreased by 11 dB.

Ther ef or ewenololilse®® Rl TE hearing aid may yield insufficipemEroaispets2d or
hearing i npaired whose hearing dificit require a high hearing aid out put
around 1 kHz. As a general rule of thunb the fundanental wavel ength
resonance of the sound conduit 15will| be positioned at a frequency given by
the velocity of sound divided by four tinmes the | ength of the sound

condui t. Thigsdnagereireanedeles aréismaéheighfsmqmem\iviéls degreaspgcsonnd eonglugs of this
fundanentalﬁfeggnance. Therefore the second order resonance frequency is
three tines the fundanental resonance frequency and the third order
resonance frequency is five tinmes the fundanmental resonance frequency.
Ceneral |y tThe Qhbiesenafice: jpRakoh dighdterfdearce psie diametdt and tengasoige esuher of
resonance. The sound conduit coul d be designed to have a length in the
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fundanental resonance frequency in the range 0.8 - 0.9 kHz results.
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according to a first enbodi nent of the invention. The
canal of the user wearing the hearing aid earpiece. The body comprises a sound conduit

3 adapted for conveying sound from a receiver 2 and towards the tympanic membrane
of a hearing aid user wearing the earpiece, means for accommodating the receiver 2

20  within the body and holding means (not shown) adapted for providing an acoustical
connection between the receiver and the sound conduit. The sound from the receiver is
coupled to the sound conduit through the input port 5 and output through the sound
conduit outlet port 4. The sound conduit 3 is looped in order to allow the sound conduit
length to be increased relative to the sound conduit length provided by known hearing

25  aid earpieces. One way of obtaining the looped sound conduit is by providing a number
of sound conduit parts, that extend substantially along the general axis of the open ear
canal of the intended user and are interconnected via a number of U-shaped or 180
degree bends. The sound conduit parts that extend substantially along the general axis
of the open ear canal of the intended user may be approximately straight if the shape of

30  the ear canal of the intended user so permits.



earpiece 1 conprises a body that is customfitted to the individual shape
of the ear canal of the user wearing the hearing aid earpiece. The body
conpri seswe ouekoeonduit 3 adapted for conveyi ng soundpCr@mre@snenes ver 2
and towards the tynpani c nenbrane of & hearing aid user wearing the
ear pi ece, neans for accommobdating the receiver 2 20 within the body and
hol di ng nmeans (not shown) adapted for providing an acoustical connection
bet ween the receiver and the sound conduit. The sound fromthe receiver is
coupl ed to Threzevmeiirat pladeitis phipondjeulane thageneraaxis of therapen gapunal dr ough

t he sound qgg%lg&wgug&et port 4. The sound conduit 3 is |ooped in order to
al l ow t he sothd~€ondii't | ength to be increased relative to the sound
conduit length provided by known hearing 25 aid earpieces. One way of
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user may betoazppaaxhivakiel Thishnaegdu pidecedire isfuather defsci@tidhie “Mensweamnedt anfl t he

i ntended user so permts. WO 2010/ 066299PCT/ EP2008/ 067323 .8 _Th

Goont 1 cal T LREIR 14BN G BT Y e aE) R ag OBt ThE T ear
canal of thg thohessedalbiRlety bNARRALN NovegbEN 98500 o RInkUTd, #G6e RO pTBI12L O the
geonetrical plane Ais parallel to a tangent to the center axis of the ear
canal of the intended user. The center axis is defined as the 5 curved axis
t hat f ol | owbyri¢rélydeheaspiced wilhelseagcogunesate gvanyapetiesithys focetione ohelyritye used
to extract ihi xis. .This nunerical procedure is further described in
"Nbasurgheﬁ'ngﬁ%%ggégﬁyﬁggg?on of the human ear canal geonetry" by M chael
R Stinson, in The Journal of the Acoustical Society of Anerica, Novenber
1985, Vol unkefé@ncd 8s0e taide tp.FiH132 which shdyphcadss yedtivaaleaspofabeemplebe &l so
accommopdat e .a vent opening, that for_reasons of clarity 10is not shown in
the fi gure.2lpaF peafRedrsa PR A6 e i cgrbogimgiyithlogpgslgouad epkit Sect i onal
area of th i i.cal plane A. For the first
enbodinent%?ﬁng%gggﬁ%?%%ﬁ gggﬁggfgaé&?%?ersects the geonetrical plane A
five times. However, due to the advanced nanufacturing and desi gn net hods
descri bed iHowérer,Iderte terndvaiced Inumufastiringjagd dosign hicéhode dedraiped inttbe sound
conduit such that. it will. intersect th eonetri.cal plane A.seven or even
more t1 Hes, Pirdr s Rttt R obprone fagiroadel il PO TLpERIERE R\ e
si ze of the®afetit@aNplan®f debén bndven@esle HERE, where the maximum number of

intersections is dependent on the size of the ear canal of the intended user.

Fig. 4 shows a RITE earpiece 11 according to a second embodiment of the invention.
The earpiece 11 comprises a body that is custom fitted to the individual shape of the ear
20  canal of the user wearing the hearing aid earpiece. The body comprises a sound conduit
13 adapted for conveying sound from a receiver 12 and towards the tympanic
membrane of a hearing aid user wearing the earpiece, means for accommodating the
receiver 12 within the body and holding means (not shown) adapted for providing an
acoustical connection between the receiver and the sound conduit. The sound from the
25  receiver is coupled to the sound conduit through the input port 15 and output through
the sound conduit outlet port 14. The sound conduit 13 is looped in order to allow the
sound conduit length to be increased relative to the sound conduit length provided by
known hearing aid earpieces. The geometrical plane B is one plane selected to include

the general axis of the open ear canal of the intended user.



Fig. 4 shows a RITE earpiece 11 according to a second enbodi nent of the

i nvention. The earpiece 11 conprises a body that is customfitted to the

i ndi vi duavobeypeend the ear 20 canal of the user weari ngcrhe2évsasizg aid
ear pi ece. The body conprises a sound gonduit 13 adapted for conveyi ng sound
froma receiver 12 and towards the tynpanic nenbrane of a hearing aid user
wearing the earpiece, neans for acconmodating the receiver 12 wthin the
body and hol di ng nmeans (not shown) adapted for providing an acousti cal
connect i on Refemeenistiow madeetioiag. Sathat shiw's 9eursd seasiedali area dfithe saypigde 1 om t he
25 receiver_;is coupled tg the nd _condui t . t hrough, t.he.i.npu ort 15 and
out put -t nr ctge FRERER A e BT Sofishi B p R MEBE I ¢ 13 s

| ooped in oneedects@habdodvetiidye phas Bdfivomded.t 1 ength to be increased relative
to the sound conduit |ength provided by known hearing aid earpieces. The

geonetrical_plane B is one plane selected to include the general axis of
the open edfigc@awssrhaarae pidk drfeerdingde a thipgpenbedimsabolddparerr2bdde 067323 9

Ref er ence il?ealﬂg%"a 5 gco}j‘g)rﬁjzga B?Etﬂ&%lﬁsin§29v,8‘§c<%f_w%£t8§§3 %&g%ﬂn E_I?tkcé‘izﬁérhgf the

earpiece 11 a onetrical pla e soun IS given a
hel i cal shapantdhatserves ev slecttisaltyheongedried sauod iprqpluame pBritf hacentmodased Fi g. 6

shows a hearjn id 21 or di n a thi enbodi nent of the |invention.
The' hear | MG SuPEuet rub St B Dt b gToBe et bheureens it an

earprece 24Tmﬂﬁﬁﬁ&ﬁﬂﬂﬁﬁk@&nﬁﬂﬁ%§§y&@h@k§§h&i&ﬁhﬁ%wQQ@&ﬁﬁLth@t?ﬁH“d _
produci ng parts accommodated within the earpiece 24 with the BTE housi ng 22

and t he el edowing &ir conygydreethe sourddran the IThaiveraingiteead thedpopanio dundsang

receive{ 25fa3% conFrisg§ a sg&gd congit (not shown) for conveying the
sound f I%om HHPERR FISPCRE PEMAT HUPFHRE t ynpani ¢ nenbrane 100f a heari ng
aid user wearing the earpiece. In the third enbodi nent the earpiece wll

extend not @nhythird enft®daaént Cladlpibed will S@eridmapatilly i0the dae canbixaaland t he
receiver is arranged in the part of the earpiece extending in the concha,
where the siface thi Fanche apdidis reeiver isciEeedinghe eyt pbthe garpisee R BAAINE iMhi s i s

especi al | y tﬂgg&%ﬁ%ﬂé}é t}{epslé)gcgé’]\-k/itl Eldss r\é\gtﬁ@teﬁggm BE8LY Bl chScdlapg% kN the

concha part the ear pi e sound conduit conveying sound fromthe
recei ver t cespémaltyyatyvantageaus itarchildrenf Weheh élar tengj veriisl plas@t intbacometja phe of

ear piece may be circled i thf.concha Eargggf tB@ ear.pi ece bhefore

conti nuPng PREYPIHRE BAPOWLSATIHETVEYnE AWHFYY S ectir .10 PedhBRANE hear i ng
aid 31 aPCQBQhBﬂmEGfQh&ﬂﬁ&&@d§ﬂPQQhHEQHwQ£qﬁ&§rﬁ ﬂd%@dnﬁﬂﬁxﬂﬁﬁigﬁg ai d
31 conprises a BTE housing 32, a connector 33 and an earpi ece 34. The
20connect orofgbe ¢mpictobabreatoniinehg ynte drereac tanahpars ofuthd epipodeci ng parts of the
ear pi ece 34

Fig. 7 shows a hearing aid 31 according to a fourth embodiment of the invention. The
hearing aid 31 comprises a BTE housing 32, a connector 33 and an earpiece 34. The
20  connector serves to electrically connect the sound producing parts of the earpiece 34
with the BTE housing 32 and the electrical components therein. The earpiece 34
accommodates a receiver 35 and comprises a sound conduit (not shown) for conveying
the sound from the receiver and towards the tympanic membrane of a hearing aid user
wearing the earpiece. The earpiece 34 is adapted for being fully inserted into the ear

25  canal. Hereby a less conspicuous hearing aid results.

Fig. 8 shows a hearing aid 41 according to fifth embodiment of the invention. The
hearing aid 41 further comprises a BTE housing 42, a tube 43 and an earpiece 44. In the
fifth embodiment the BTE housing accommodates electronics, one or more
microphones and a receiver, in order that it may to pick up sounds, amplify them and

30  produce an amplified acoustic output signal. The tube provides a conduit for conveying



wi th the BTE housing 32 and the el ectrical conponents therein. The earpiece
34 accommopdates a receiver 35 and conprises a sound conduit (not shown) for
conveyi ngwvoheismwend fromthe recei ver and towards the tyoware@swersks ane of
a hearing aid user wearing the earpiewe. The earpiece 34 is adapted for
being fully inserted into the ear 25canal. Hereby a | ess conspi cuous
hearing aid results. Fig. 8 shows a hearing aid 41 according to fifth
enbodi ment of the invention. The hearing aid 41 further conprises a BTE
housi ng 42,thga¢aystc gignaldrpratheaaeqyyas desideathe B H hrusingfte theenstdelierdnand the BTE
housi ng accgmmdat es, el.ectroni cs, one o re. mcrophon d a receiver,
'n ordor t FAEPITY Gapies el e e thelBhe P PR S 258 3 B an
anpl i fi ed ageipsiicenautiriil ofSd IHashg ailihBet WELINRItBY balpRcd IaQdhketeatpdiceaanveyi ng
WO 2010/ 066299PCT/ EP2008/ 067323 10 the acoustic signal fromthe receiver
i nsi de t he BYEbsHIdH pgpusidcallyconplediebe sqund conduit e Tadhgiitl empedipicasthehe
acoustic e f 1 . . r ynpani ¢
nenbran§ opggg%H%ﬁ%%kgﬁakﬁg?&§g§¥%ﬂgm§%gzbgg%#g%ggoﬁﬁﬁgég%fﬁgﬁggrpiece 44
t he tube 43xonseamawstwealthytubeoudphed tHeaotbcawundsconduit 45. In the fifth
enbodi ment the 5earpiece 44 therefore conprises hol ding neans adapted for
provi di ng aﬁ oustical conpection betqup éheI%%be 43 and t he squn
condui t 45. HEEPRBPeFIMEROSHRI 1B 6Ss MIVe thed updagenty) e velgReth irganRss 4fther
wavel engt h JKaPH ehdy thieTs gAY }'Iizb_sfsi'bfeq\léﬁﬁlwdiftibﬁlﬂ BTE ROL#xBlaids, possi bl e
with traditional BTE héaring aids.” Fig. 9 illustrates a vertical section of
an earpi ece 51 accommpdating a receiver 52 1l0according to a sixth
enbodi ment Bg. 2 Rasirpioenvedaal stetionrd@aicpmiecs 2 ljascinmaddivg aigedins Xound
CO”d.“' t 1053 a%%ogd?ne t%%us%gh %&%Qéi'ggen}rn t%% iReh ior15. El“hg)fe ARk g? iss;{ty ch tot‘cﬁ'ee
receiver engaglnf an ‘o-ring “rhe ear p1 ece holding neans supports the
0-ring. Thesonad dontwitisain sheavo@ndesitapaalcapatpsiby BgiBeady oft¢ teceifveit he o-ring
and L-shaped around the upper part of the o-ring. The o-ring is preferably
made of a rdgRENEAR Omge?rﬁp EF e eyfipiaqe feldinggpeansey sHppats B pirpignthg ﬁcﬂé@g in
order to al Qk DERAR icn. th £ T pi ece
acconnndatf%%ﬂﬁégﬁgq%éba r%@gﬁ? e re&gﬂyz?wfgﬁgg9$£LQQM&%QE&HM¢H§HQ&&

part of the o-ring. The o-ring is preferably made of a resilient material, such as, for

15  example, silicone rubber in order to allow the o-ring to be mounted in the holding
means. The earpiece accommodating means 58 allows the receiver to be
accommodated in the earpiece without the need for e.g. removing material in order to

provide space for it.

In a further embodiment according to the invention the earpiece comprises holding and

20  accommodating means for all the components necessary for an ITE hearing aid.

The integration of the holding and accommodating means in the earpiece body allows
the earpiece manufacturing to be improved with respect to both speed and

automatization.

In an embodiment according to the invention the method for manufacturing a hearing
25  aid earpiece comprises the steps of making an impression of the ear, including the ear
canal, of the hearing impaired person, performing a scanning of the ear impression in
order to obtain data for a three dimensional computer model of a part of the ear
including the ear canal, forming a three-dimensional computer model of the outer shape

of the hearing aid earpiece based on the acquired data, forming a three-dimensional



accommodated in the earpiece without the need for e.g. renoving material in
order to provide space for it. In a further enbodi nent according to
t he i nvenwoamwdsexoear pi ece conpri ses hol ding and 20 acceommpadosngrspeans for
all the conponents necessary for an IfIE hearing aid. The integration of the
hol di ng and accomodati ng neans in the earpi ece body allows the earpiece
manuf acturing to be inproved with respect to both speed and automati zati on.
In an enbodi ment according to the invention the nethod for nmanufacturing a
heari ng 253@0@1@@mmﬂ@t§boﬁfdmphap§@§ thehwugd e@@uafinﬁéwhn@lemg npreapgicohasstl t he
ear, inc| UdoI n% reggterer‘nai%e giorlll%d conéul% len earl n ac W ?l? lg)ehﬁggidt%erlgc%rlrm ng a
scanni ng of “1 Hh&™ e npr ession an
di mensi onal aﬁpmub@&ypi@gi@loc@sfs basdaafntsanfthfda&ilﬁ@ﬁslbm kogibigr inbaelear canal ,
form ng a three-di mensional conputer nodel of the outer shape of the
hearing ai d _earpiece based on the acquired data, formng a
t hr ee-di rrenrgliﬂéﬁ%ﬂh‘)d\}@ s 00 B B2 PS8/ OIS 58 VY Q%Ii*&;’fzﬁ er nodel of the
shape of; thﬁ @g&%g i nside the hearing aid earpiece based on a
predeternlne oun duit length and manufacturing the hearing aid
earpiece in a rapid prototyping process based on said three-di nensi onal
conput er noldeingmbodiriérit shemepidgutotespintgmoatiy lasrﬁta@e I@tﬁlogmpbyraiﬁm)g waiare a
ot herw se very nE x Smanuf act urin rocess n_.an ﬁﬁn$ t he Qgpid
prot ot ypi ng”BrBXELE PPYOERENEE " HEYH Aph Ver? %mOWH&P “?E‘o Qrwere st
phot osensi tdofghdn8ft UhdEOsHeBirSorfis ¥@Fforedlbly XhdBIuif&eh HabfboésBowkhiey heari ng ai d
conponent under preparation is supported by the platformthat noves down by
decrenent s deseamenét @ptrdetRymineethe é@y/ér thidkineserfesench dayeaat lseieam troxes agfer beam
traces gut e d n.in e I er to
narden Che ot s AR EhalChePRING AR TRE - SBobFRRER RS unci
t he heari ngreandlcmcgrm@ﬁmt Thé peoeRplrefeats uriei &iemeanlligeaﬂlcaglpandlt mam@laat is
manuf actured. A suitable material is a hard nateria acrylic. One
advant age oficiepy 3 hepiedd comapenest ispranufpstyred. Hosuible mﬁéﬂgd&ﬁéa@ondw t parts
may be 15qqh&? &hé@ Pﬁzsound conduit walls according to the present
i nvention coul d be“des gned with a mninmumthickness in the range of 100 to
600 um As an exanple the m nimumwal |l thickness could be 500 um

One advantage of this process is that the walls between the sound conduit parts may be

15  quite thin. The sound conduit walls according to the present invention could be
designed with a minimum thickness in the range of 100 to 600 um. As an example the

minimum wall thickness could be 500 um.

Generally, the manufactured earpiece will have to accommodate at least one hearing
aid component. Therefore, means for accommodating a hearing aid component within

20  the earpiece and holding means adapted for providing an acoustical connection between
a sound conveying hearing aid component and the sound conduit should be included in
the manufacturing of the earpiece. These means should therefore also be part of the

three-dimensional model of the earpiece.

However, the holding means adapted for providing an acoustical connection between a
25  sound conveying hearing aid component and the sound conduit may also need one or

more separate components for securing or optimizing the acoustical connection.

The means for accommodating a hearing aid component within the earpiece may
comprise simple means adapted for providing space for the hearing aid component

within the earpiece, means for more precise positioning of the hearing aid component



General ly, the manufactured earpiece will have to accommpdate at | east one
hearing aid conponent. Therefore, neans for acconmodating a hearing aid
conponentwoi2ntwimeR® t he ear pi ece and hol di ng neans adaptred/dresospses di ng an
acoustical connection between a soundi2conveyi ng hearing aid conponent and

t he sound conduit should be included in the manufacturing of the earpiece.
These neans should therefore al so be part of the three-di nensional nodel of
t he ear pi ece. However, the hol ding means adapted for providing an

acousti cal ihindes ¢aopicéretaneeng avapivus aligngnand syespiragatteaeinsgdaptdd Eonponent
and the soundgondull, iy Al 20 nead; ons, A, FRLE, separate components for
securing or opPgn12|ng §HE REESTT carC dONNECtioR! e neans for
accommodating a hearing aid conponent within the earpi ece nay conprise

si npl e means aadajiodindm thqtieamhg nidgaghiaee ohpiiséhepdiemrdongcawih dengaenent

wi thin the earpiece, nmeans for nore precise positioning of the hearing aid
conponent  SARIIBABY EEE Y o psdisnBmaETiak hetehy\gbiainiag thredvantazeefeugifng
e.g. vardo ! 8 f | 1 heari ng
o 0 comonant o E T e R T R 0P 2
ear pi ece compubBdsd X(Faapplicatiocnd T HEP200&/0630668, thacomentabf whithfascharewedh f r om a
resilient material, the£eb obt ai ning the advantage of such a Smaterial in
terms of e.§corPHEIELYLE F- confort. This nethod is further described in
unpubl i shed PCT application PCT/EP2008/ 063663, the contents of which are
herew t h i nogkeppbaliraidg ahefvernanme of Peheficiidiahl paddeanss dndvy avit@ititens of
the structures and procedures will be evident to those skilled in the art.
WO 2010/ 06629gREIIEPRUTSI067323 13 CLAIMS 1. A hearing aid earpiece
conprising a body that is customfitted to the individual shape of the ear
canal of a user, said body being nmanufactured in a rapid prototyping
process and including a sound conduit adapted for conveying an



5acoustic signal froman acoustic inlet port towards an acoustic outl et
port, wherein the sound conduit is |ooped such that at | east one

geonet ri omb 2pleawe2oni | | i ntersect the sound conduit at | eastEpRévs@ersts nes
t hereby providing a |l ength of the soursd conduit exceeding a | argest outer
di mensi on of the hearing aid earpiece. 2. The hearing aid earpiece

according to claiml1, wherein the geonetrical plane is 1lOperpendicular to
the general axis of the open ear canal of the intended user. 3. The hearing
ai d ear pi ecd“d¥eording to claim 1, wherein the geonetrical plane is
perpendicular to a line connecting the acoustic inlet port and acoustic

outlet porty.ofa ﬁé&ﬁn§@mr@rlﬁ@¢&ddﬁnipﬁsing a bdlly tHdies beednh fige@tSthe M i6A
according to claim1, wherein the geonetrical plane 15includes the general
axi s of the opeapreeitheceanginapf ¢ neer, saidehpderdbeingapanugactppe imegabichg ai d

_ _ 2 sty Panacin o
o ane 1 nt r sabt LOFRES AR i g Pyt féhaty ITEFIR SRR 1 27

ear pi ece accoachusgc bignalrfyond ae acfustit ailerpoilt tbwardls amhessiic ofithe pgaowhéreinc a
pl ane intersects the sound conduit at least 7 tinmes. 20 7. The hearing aid

ear pi ece accotlfi 19Yne 6o iblneped suchdhys ableatiiong eerartisal Ritferwillinaieet body
further conprigges hetoidg am&%h%%me%%ér%dv RooM Y MEnaR RERUSLAER!

connection of a sound conveylng hearing ald conponent to the acoustic inlet
port. 8. The heatuitgxceddingalapgestantantoedsiogof the bbaing ald empecei n sai d sound
conveyi ng hearing aid conponent is a sound tube. 259. The hearing aid

ear pi ece accordi to clains 7, wherejn_sai ound conveyi ng, hearing aid
conponent 1% 4T BT PP Ret acDREnE Tah oy BeRa ST e b B 6 735 14
10. Theychear hdlc@aF PitRE SerReA Ak Hioh ehel dheaB)r @RS 6tfthd heendE@aggi Nng cl ai ms,
wherein said body conprises neans adapted for accommodati ng a sound

conveyi ng conponent in the hearing aid earpiece. ) )
3. The hearing aid earpiece according to claim 1, wherein the geometrical plane is

perpendicular to a line connecting the acoustic inlet port and acoustic outlet port of

the sound conduit.

4. The hearing aid earpiece according to claim 1, wherein the geometrical plane

15 includes the general axis of the open ear canal of the intended user.

5. The hearing aid earpiece according to any one of claims 1 to 4, wherein the

geometrical plane intersects the sound conduit at least 5 times.

6. The hearing aid earpiece according to any one of claims 1 to 4, wherein the

geometrical plane intersects the sound conduit at least 7 times.

20 7. The hearing aid earpiece according to any one of the preceding claims, wherein said
body further comprises holding means adapted for providing an acoustical

connection of a sound conveying hearing aid component to the acoustic inlet port.

8. The hearing aid earpiece according to claim 7, wherein said sound conveying

hearing aid component is a sound tube.

25 9. The hearing aid earpiece according to claims 7, wherein said sound conveying

hearing aid component is a hearing aid receiver.



11. The hearing aid earpiece according to any one of the preceding clains,
wherei n said 5body conprises neans adapted for acconmobdati ng one or nore
m cr ophorwe,20r/dsedobery and a microel ectronic circuit comrpmiEPRevg/ 067333 gnal
processor. 12. The hearing aid earpieme according to any one of the
precedi ng clains, wherein the sound conduit is |onger than 60 mm 13.
The hearing aid earpiece according to any one of the preceding clains,
wherein the 10sound conduit is longer than 80 nm 14. The hearing aid

ear pi ece ackbrldp hgaring aghyarpigee adcording o ayedicrd thel prperdingiamesi whemia ssisund

condul t i s shaped. sueh.l hat,d he dhatelernalot 6, SouRd conduld o e gdual Ly
i ncreasi ng fromtRe Resust e |nPeF port 78 Fﬁe coustiCMout 1%t d%rf. 15.

The hearing aiigtheaepigcadaspmcdi Nng to claim 14, wherein the sound conduit
di aneter 15varies along the length of the conduit to at |east span the
interval from1l.7 to 2.0 nm 16. The hearing aid earpiece according to

cl ai m 15, whlerl8f Aeariie ddeaicepatrarding 11 Ay 96of the pipeding daipseyhggrsaide
range of: 1.0 3 i i i : j to any
one of §|ains%§%}%%n§%¥s f%?%%%mFﬁgafgg%ﬁhﬁgg%#gﬂ??ﬁgﬁﬁﬁg?eﬁﬁgéﬁ%?%neter
vari es over t hettargagea aficide@ctronid clicureonii8isink hegmal pgocassdr.conpri si ng an
ear pi ece according to any one of the preceding clainms. 19. A nethod for

manuf act uri eari ng,ai d. earpi ece according to any.one .of clains, 1 - 11,
Tae ot oo ahs PeBing RirPiefShRoffSe RGeSy o b, fheiMine
representing thghdsdoansit Bflofecp@idn @®mihe ear including the ear 25canal of a
hearing aid user,

13. The hearing aid earpiece according to any one of the preceding claims, wherein the

10 sound conduit is longer than 80 mm.

14. The hearing aid earpiece according to any one of the preceding claims, wherein the
sound conduit is shaped such that the diameter of the sound conduit is gradually

increasing from the acoustic inlet port to the acoustic outlet port.

15. The hearing aid earpiece according to claim 14, wherein the sound conduit diameter
15 varies along the length of the conduit to at least span the interval from 1.7 to 2.0

mim.

16. The hearing aid earpiece according to claim 15, wherein the sound conduit inlet

port diameter varies over the range of 1.0 to 1.7 mm.

17. The hearing aid earpiece according to any one of claims 15 to 16, wherein the

20 sound conduit outlet port diameter varies over the range of 2.0 to 4.0 mm.
18. A hearing aid comprising an earpiece according to any one of the preceding claims.

19. A method for manufacturing a hearing aid earpiece according to any one of claims

1 - 11, said method comprising the steps of,

- acquiring data representing the shape of a part of the ear including the ear

25 canal of a hearing aid user,



WO 2010/ 066299PCT/ EP2008/ 067323 15 form ng a three-di nensi onal conputer
nodel of the outer shape of the hearing aid conponent based on the acquired
dat a, andwof0roneée®et he shape of the sound conduit insidectrhedsasizng ai d
ear pi ece based on a predeterm ned soursd conduit |ength.

- forming a three-dimensional computer model of the outer shape of the

hearing aid component based on the acquired data, and

- forming the shape of the sound conduit inside the hearing aid earpiece based

on a predetermined sound conduit length.



