HEARING AID EARPIECE AND A METHOD OF MANUFACTURING A HEARING AID EARPIECE
FIELD OF THE INVENTION The present invention relates to hearing aids. The invention, more
specifically, relates 5to an earpiece for a hearing aid adapted for increasing the hearing aid output in at

least one fre§QSEYeA%e. The invention further relates to a method of nfaKiAY SER R Barpiece for a
hearing aid. BACKGROUND OF THE INVENTION In the context of the present disclosure, a hearing
aid should be understood as a small, 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 fittqpaceerding 9 RQEBREHRICADTAR AreRRSIURR i Desed oPERIRRYIAG test, resulting in a

so-called audiogram, of the performance of the hearing-impaired user's unaided hearing. The
prescription is dEARIPEs A datRPIEeking where the hearing aid will 15alleviate a hearing loss by
amplifying sound at frequencies in those parts of the audible frequency range where the user suffers a
hearing deficit. ARIEaORTAE ENVIBNI&SNne 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 proessQl T e R84 19 RaFlRsasinmeaneaHIaRIe BebitanIRdheend or in a

human ear. As the hame suggests, Behind-The-Ear (BTE) hearin%ﬁaids are worn behind the ear. To be
more preci§e afP éetrpisrasionk s R AL EsAtEITG BraRad! SRR IRRSSS s thereof, is

worn behind thg Rate AR RIRIBSE Tok SRk FaHRAE te1the heatnghailogseikis guih inthe ear, e.g. in

the concha or the ear canal, In a traditional
earpiece for a hearing aid.

BACKGROUND OF THE INVENTION

In-the context of the present disclosure, a hearing aid should be understood as a small,

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 andiogram, 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
digita] 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)



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 theWetd{#s&Haced in the earpiece in the ear. Such hearing ailBSTAFEXEFMTEHY referred to
as Receiver-In-The-Ear (RITE) WO 2010/066299PCT/EP2008/067323 2 hearing aids..In a specific
type of RITE hearing aids the receiver is placed inside the ear canal. This is known as
Receiver-In-Canal (RIC) hearing aids. In-The-Ear (ITE) hearing aids are designed for arrangement in
the ear, normalh¢dritpeifsnhiet-shajfed gptef RETEdfthen gaidahatedtietypplafci éaviagtaidaequires a
very Scompact desioniin orlet g algucltpartly do be @iranged:in thg.ear canal, partly to house the
components necessary tor operation 6F the hearing aid, such as'microphones, a battery, a
microelectronic circuit cor&i%ifsing a signal processor, and an acoustic output transducer.

DE-AS-1274658 diBg15aed Bndiesies aide Hecditieano fefidg 1asthetdeiig, siharsirrthen §¢eceiver

sound output anghtaepasHatheRHPS-OM B Are Separaied Fos Rash thereqnrkaasaypd conduit
between the two sound outputs are formed hetween the outer surface of the receiver housing and the

inner surface of PRI EE BB ARG L IQAHO ¥aLRRY L BR §TRBESS IR PR SALTALA: BRINAR to have
sufficient lengthéardnteeasipgnidies|ovedseqyéncigsralip®nethedkiempwith thih aysienvidithas, the sound
conduit must runalong the outar surface; of e reesiver hausing, Thereforc s ot possible to
physically separatae 3 recelverﬂnousmg Fom thersourtd condult. For o edF?flﬁf%earing aids it is
advantageous toitpave thelveoeiver 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

20advantageouspvRsn thedeeeivanissioa-taioe inde ReRIIpNREHN NG BEGARAk herein the
10 receiver sound output and the casing sound output are separated from each other, and a
sound conduit between the two sound outputs are formed between the outer surface of
the receiver housing and the inner surface of the corresponding elastic casing. Hereby
the sound conduit is claimed to have sufficient length for increasing the low

frequencies.

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,



US-3170046 discloses an ITE hearing aid with an electrofonned 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 r¥&281%81B&¢ or similar materials such as 25polyethylene or ViAETR#F0¢HHET disclosed
that the reduction of acoustic feedback may be in?proved 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 attehilatiereofing desnedsrundasigridisyauchmpecnisefoMIQired sound signals,

2010/066299P%TﬁEPZ(g%@?G?BZﬁ :1311th§ prese ﬁ‘éig amore I%r]‘ lI}(;{;s&ﬁ‘j(r)L{z;lturlg(l)ihearing impression for

desired sound S|§naalssi,]suc Sé?s?%cafura?lspeec , In order to enable speec communication in noisy
environments. fncthemenssds: ithwowlorde desivkbhe tficabderedrevomessofréeadrgpdncdependent

attenuation in qriier I0BENIEYE ARIASE SLaDARhRGAHRG DRI SERIAN -hﬁlx%ﬁgiﬁa{ﬁ%%&ﬂniﬁs important to

note that the outerear and the ear canal of a person have an individual natural resonance around 2.5

kHz to 3 kHz séMpatRattibisdpeETbionniekhaigheriveat safewA dio praiccesaticlninetsns fiduency region

is selected ovepPth@arRRUNELAIGNNS GBS NAISS, S MPY, @PIIY, WO iniRe LapLanabwill disturb this
natural frequency of the ear canal. This problem is addressed by compensating the shaortening 10 of

the ear canal byt SRS Ty SRS TP SUS e TR ER IR SRTRERE J&RgRIM Hithin the
earplug. In othebmmgniaﬂmec@aasit}omeme@aﬁmug iﬁrﬁi{ﬁemdasubmthaisthﬂ: ek ﬁaiﬁadiis effeptively
cut in two equatlrggaauré%tthg aw%/r of the %gplyo%l\é\é%lilsda %des goned such that the eﬁl:g_%:etlve acoustic

length within the about double e%eometrlca é*r%&“t of the- %{1\/%"%9.‘"‘ oswevenri,ngespite the

advanced ltiechobdlbgydevaldnbeuheatrhearinyg aidssadieghe aringpsing the effective acoustic

length within the earplug. In other words, if the cavity of the earplug is dimensioned
such that the ear canal is effectively cut in two equal parts, the cavity of the earplug
would be designed such that the effective acoustic length within the cavity is about

double the geometrical length of the cavity.

15 However, despite the advanced technology level in current hearing aids some hearing
impaired require a hearing aid output that is not easily achieved with the current
technology. A significant part of the hearing impaired that require a very high hearing

aid output will benefit especially from a very high output around 1 kHz.

It may be difficult for RITE, RIC or I'TE hearing aids to provide a very high output
20  around 1 kHz,

1t 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 methed 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.



impaired require a hearing aid output that is not easily achieved with the current technology. A
significant part of the hearing impaired that require a very high hearing aid output will 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 thereforéaa feature of the present invention to overcome at

least these drawbacks and provide hearing aid earpieces and hearing aids that are easy to
manufact e ST S ChLe SO RESG TR AL Teg s SO BT h Bt AR 2. 1t i
another féatutecahthadivident shupatidthtocpravicd afmetbadiar adpbiaaningd2bhearing aid
earpiece %cclsgrd{_g%go t}rﬁe inl\/&ntion. UMMARY OF TH$ LNVENTIé)N %a{tln a first aspect, there is
provided BIHE ARG RH BarBIeCE EoMB LG G o dy 1t s FSHBH, #teRirth the ARARAHRE SMape of the
ear canalobestisaigsaidibadybeingmamitagiure thinaadapid preiaty pingprecessaadiingyding a
sound con(giuui(tiaga%%tel for fconvgying an acoustic si ngl frgm jln aciustic%in#git port towards an acoustic
outlet porto Wherain the Sotnid conduft iSTOrMed il & corthiter R85! B Be B0 pdd SHnMat at least
one geongetrioatiold péandwillersestthehsowad Congiiittat least threeitine shtiebely @raviging a length of
the soun e(:0&9[{1;% %%(c%%gjlr}lgg Ia%{lg(gst OUt%f{ dimepsiontof t?e gfearin aid %arﬁiece. .This.provides a
hearing aid Barplece that I simpie in Manuast i St s REERME e dEIERSHE e
increasedzarplative to the sound conduit length provided by known hearing aid earpieces. According to
claim 11 the earpiece may accommodate all the components necessary for an ITE hearing aid. 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
earpiece according to claim 19.



In a third aspect, there is provided a method for ynanufacturing a hearing aid earpiece comprising a
body that is custom fitted to the individual shape of the ear canal of a user, and including a sound
conduit adapted for conveying an acoustic signal from an acoustic inlet port towards an acoustic outlet
port, wherein the sound conduit is Iooped such that at least one geometrical plane will intersect the
sound conduit BiSRESP i FHBE HEFaIRISH MG S RA RHBHE SRR AYaR ¥ Eeeding a largest
outer dimensign:.ef Haaiearngraid warirasssaitmethothcompasingithe stigpspalydedsiying data
representing the shape of a part of the ear including the ear canal of a hearing aid user, forming a
three-dimensibial e SfPIEF HEEEF 5T the outer shape of the hearing aid component based on the
acquired data, forming a three-dimensional computer model of the shape of the sound conduit inside
the hearing aid@argiegéotsdaod! drilg pradese minaereaud dsnduhdcagPpoEme irsatifattifing the
hearing aid eaagpﬁgql%@mg prototyping process based on said three-dimensional computer models.
This method has the advantage of automating an otherwise very complex manufacturing process.
Further advantageous features appear from the.dependent claims. Still other featyres of the present
invention wi||rb386?ﬁ8“é‘655}“e%ﬁ8%ﬂ§o%%’ SR Vilrg ?F?% %%I?P(ﬁ'ﬁlé%{;?gﬁél%tt@ 8ﬁea§{grt|ltr§{'ion wherein the
invention will be explained in greater detail. 4a BRIEF DESCRIPTION OF THE DRAWINGS By way of
example, therdlis showideanbeadesg disbdhd prefortedensbelipie o i HbHC 3SR be realized,

the invention i&gﬁ@ﬂﬂg 8&%{R&&&H@E@Q&iﬁ@“@%%{?ﬁ%@@ﬂ its several details are capable of

modification in various, obvious aspects all without departing from the invention. Accordingly, the

drawings and descriptions will he regarded as.illustrative in_nature and not as restrictive. In the
cravings: Fig, ISR NG ASUPUl L AESO St ARG 10k Jedaethos

on’of frequency ?espe Ve y a traditional
BTE and an lleahearingaidiikggo 2li#lusiates a hearing aid earpiece according to a first embodiment of
the invention; WO 2010/066299PCT/EP2008/067323 5 Fig. 3 illustrates a cross sectional view of a

hearing aid qup%eﬁ%ﬁcgggéﬂgcﬁgréhﬁ sk egebodimens Pihe{BNERIARNng a hearing aid earpicce
_ comprising a body that is custom fitted to the individual shape of the ear canal of a user,
and including a sound conduit adapted for conveying an acoustic signal from an acoustic
inlet port towards an acoustic outlet port, wherein the sound conduit is looped such that at
least one geometrical plane will intersect the sound conduit at least three times thereby
providing a length of the sound conduit exceéding a largest outer dimension of the
hearing aid earpiece, said method comprising the steps of, acquiring data representing the
shape of a part of the ear including the ear canal of a hearing aid user, forming a three-
dimensional computer model of the outer shape of the hearing aid component based on
the acquired data, forming a three-dimensional computer model of the shape of the sound
conduit inside the hearing aid earpiece based on a predetermined sound conduit length,
and manufacturing the hearing aid earpiece in a rapid prototyping process based on said

three-dimensional computer models.

This method has the advantage of automating an otherwise very compiex

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
art from the following description wherein the invention will be explained in greater

detail,



Fig. 4 illustrates a hearing aid earpiece according to a second embodiment of the invention; Fig. 5
illustrates a cross sectional view of a hearing aid earpiece according to the second embodiment of the
invention; Fig. 6 illustrates a hearing aid according, to a third embodiment of theinvention; 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 10Fig. 9 illustrates 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 hear%ggg@ﬂ%i%%%ﬁg o@égd towards the tympanic 15 membrane of the
user wearing thé hearing aid, is'in the range of 0 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 &t Will HaeiiSoibeiedspoars ardusacrRif2 3R eherprApeThas@ipeaks will

disappear in thedigavency nespanseof ap emind 2 BphEhepsing-adrdhecasethesafiearing aid
only 20 comprise a short sound conduit, and be replaced by a more_smooth frequency response
typically with é@ﬁ%ﬂ%Wé&Bﬁ%’h%@%%%ﬂ?‘&?o‘ifﬁﬂaﬁ? 9 RAFROY Fe RO F ALY Hid receiver
characteristics.iihbig sepuiim tihe hearingwid. cuipstaountdddrizbeingdsigrifigainty dawered in the
ITE and RITEbheariry(? (&i\ids_ el?ti\t/.e to the traditci%na%l BTEthetarin(? at'hd. C§(§onsea%yently the ITE and RITE
hearing aids mealf%zféa IRSUMficien Vce)ﬂltlpnuatufgf%l} %Oar?ﬁée?ﬁﬁéﬁ%' W Sseaﬁié%ﬁ’lng losses require a high

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

traditional BTE and an ITE hearing aid;

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

inveniion;



WO 20101066299PCT/EP20081067323 6 Reference is first made to Fig. 1, which illustrates hearing
aid output for respectively a traditional BTE (with the receiver in the BTE housing and a sound tube
used for transmitting the sound into the ear canal of a healing aid user) and an FEE hearing aid
configured Wit tét4Mitoreceiver as the BTE. The outputs of both hearing-di#E348%/&58éen measured
according to 1EC 118. Please note that in the pregent context the output of the FEE hearing aid will be
similar to that of a RITE hearing aid. Fig. 1 illustrates that the frequency response of the traditional
BTE hearing aid has resonance peaks at 1 kHz, 3 kHz and 5 kHz. For the 1TE hearing aid a single
and smaller pe&kead ardlindr2s kv seplatan:ihbse ¢&shnamoe 4t akidhniscleadingttole mare

10smooth frequency res Q&&@%{%@Hz the purtlput of the ITE hearing aid is significantly lowered and

at 1.5 kHz the output is decreased by 11°4B  herefore an ITE or RITE hearing aid may yield
insufficient output for hearing impaired whose hearing dificit require a high hearing aid output around 1
kHz. As a geneféfrile BR¥HFHEDAREIMERRIFT AFerEtigtivestsRant enshefensalpidiconduit 15will be
positioned at a frequengy,&iMgh. 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 tpe sigf:c_)gd or u%{rg%soanggé:ses&%u%\% Js three times.the fundament(%l resopance frequency

ik Q! CArNg aid earpiece accordin
and the third ordef fesonance requency Is five times the fundamental resonancegfrequency. Generally
the 20 resonance peaksheigihtubereasasoivitie ingratismg order of resonance. The sound conduit could
be designed to have a length in the range of 60 - 90 mm, preferably approximately 85 min Hereby a

fundamental reggnanceifieeuiensnéndienangeotifrk2:khizd prefesablnosmmexinatabnl kHz, results.
However for some types of hearing loss the sound conduit could be designed to have a length in the

range of 90 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 illustrates a vertical section of an earpiece with a hearing aid receiver

according 1o 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 klz, 3 kliz and 5 kliz. 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 cutput 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 impatred whose hearing losses require a high hearing aid output around 1

kHz,



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. WO 2010/066299PCT/EP2008/067323 7 resonance frequencies and peak heights
decrease wilf{ @éer8 iy sound conduit diameter. The combination of th&GAIEFHS WiEdFeter, outlet
port diameter and length of the sound conduit affdcts the efficiency with which acoustical power is
transmitted from receiver 5and to the tympanic membrane of the hearing aid user wearing the
earpiece. This is well known from the theory of acoustic horns. Typically the sound conduit diameter
will be graduallR éfexersitditvo matedrifet. dorididnmidier iawacdstheid utlgtyp oot cispuateslylhe sound

conduit diameter b 1% rly.increasing or increasing according to sqme other function. 10The
sound conduit g%c%%?ﬁg (;P%?ew}é?gls%rﬁﬁﬁveﬁ ?O%%%E% %géugggi%%cg% Wi 8§un%|% et %gor% diameter in the
range of 1.0 - 1trArsmitting Setfeupdintidmetscinthel mhygeiog 2i0 usarbamhambdEdiengghagbove 60 mm.

As an example andnlgtpqnipmetat ofcdid.oinrombinad i an st dlamaterqt 2.2 mm and

a sound conduit length of 85 mm will result in an efficiency boost of around 5 dB for frequencies above

around 0.73d-12erorpgasueroisecsing 1EIEGrpiseBlease sptel gl i6 BgiResnilsontaxé Hficotthdtinvention.

The earpiece 1 gqpanrisss-a-Rhedydhal s-customdted s sherindividal shape of the ear 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 begring aid user,wearing the
carpiece, meartitol DR (e a3 S0 LA e B R SR 0 o)
adapted for prosstingnenreebustitabzonidbtiont bethiedrrtierddéhaariagdithessagladndonduit. The

sound from the reciver is gouplad toshe saund.copdult thrquah thennut.par6,and autput through

the sound conduit outlet port 4. The sound conduit 3 is looped in order to allow the sound conduit
length to b increwsEHremaveyttr PRI sdUHd ESHAUR RRithobiEvibidahsy ittt ih sy Z8kid
earpieces. Onejway&f ahtaininaifedeongshspuRdcoRdwWY is IRPIRMIEIRE3:NHMRSRITE

hearing aid may vield insufficient output for hearing impaired whose hearing dificit

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 1s 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



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 beVeppriifierately straight if the shape of 30the ear canal of the FERBE#¥EFP%o permits.
WO 2010/066299PCT/EP2008/067323 8 The gegmetrical plane A is perpendicular to the general axis
of the open ear canal of the intended user. hi another definition a surface nomial to the geometrical
plane A is parallel to a tangent to the center axis of the ear canal of the intended user. The center axis
is defined as thebrcurecilegristhatafal ipwt thtonterofstheidadearalndsounderodbpgrocedure may be
used to extract&rgiiz% e%%(lis. This numerical procedure is further described in "Measurement and
specification of the hurman ear canal geometry" by Michael R. Stinson, in The Journal of the Acoustical
Society of America, November 1985, Volume 78, Issue Si, p. S12.  Typically the earpiece will also

‘em ) . p. ol
accommodate ARFTRBHEHISY HHEE folPsbhiaBF AR AioIeThBtama AT e fgtfdieremsfence is now
made to Fig. 3,cukich shewsis: erossrectionakrigr.obibe-easpinsaskalorgegpemettsatplane A. For

the first embodim&pté%e looped soun}g con%u't %int_ersec S the‘ﬁzeqme icalé%ljane five times.
However, due 'th& \%ﬂ‘é@ﬂ“ﬁﬁﬁﬂa A6 515 GPHEEIBI MEthOTE de SEr B TR the Iopresent
disclosure it is pe#sthlevio feiapis:tie g v deoondtuitosorc T iipdtatl yilld ntersbatittat diameter

will be gradually increasing from the inlet port diameter towards the outlet port

diameter. The sound conduit diameter may be linearly increasing or increasing

according to some other function.

10 The sound conduit according to the present invention could be designed with an mlet
port diameter in the range of 1.0 — 1.7 mm, an outlet port diameter in the range of 2.0 -
4.0 mm and a length above 60 mum. As an example an inlet port diameter of 1.3 mm
combined with an outlet port diameter of 2.2 mm and a sound conduit length of §5 mm

will result in an efficiency boost of around 5 dB for frequencies above around 0.7 kHz.

15 Fig. 2 shows a RITE earpiece 1 according to a first embodiment of thé invention. The
earpiece 1 comprises a body that is custom fitted to the individual shape of the ear
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,



geometrical plane A seven or even more times, 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 WENRIQAP&SHApe of the ear 20 canal of the user wearing the hBaFikga8 &dastece. The
body comprises a sound conduit 13 adapted for cgonveying 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 betkeepethecrdcdipimanidithependidutanduite ghesdurd fHifoie tireRsereaeiNef is coupled to
the sound contﬁi@t.t rgg&p the input port 15 and output through the sound conduit outlet port 14. The

sound conduit 13 is oopegﬁenr’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 inclibR NG ERsIcRAS BT OFEAT daPeasamstiicaliniivae & paetielien tangent

2010/066299P & T R&AOBIQR 3RS Refareveais Rewiaaader [T igemdhatishowsi aeerasssectional
und conduit is given a helical shape that

area of the earpiece 11 along the gegmetrical plane B. The so

iorsects fhe GROTEHTAl BRI & ML PO S o BT A D AR ] B
embodiment oftithexinverftioaxif HELD heaxingabjdRidoonpfisdsaddIE rdlisirg2Rpanenneagtor 23 and
an earpiece 24, The.connectar serves to electrically connect the sound produci rts
accommodated eﬁﬁ%ﬁ%ﬁ}en 8%?6‘?2%“&"52 with the B (ﬁl u% %&Eg%? fh%% ectrica gd?r%%%ar%ents therein.
The earpiece 24f fisconmmddatéodetyceivar2antd conbprid@85 Bolume denbsiedBbtsiiden) for
conveying the sound from the receiver and towards the tympanic membrane 10o0f a hearing aid user

wearing the earpjgeaiinibedhird empagingntihe apiecevihaxienthaaberlysthihe eariganal but
also in part of the concha and the receiver is arranged in the part of the earpiece extending in the

concha, wiere PSRRI B2 18%E restricted compared to the ear canal. This is especially

advantageous for children. When the receiver is placed in the concha part of
Reference is now made to Fig. 3, which shows a cross sectional area of the earpiece 1

along a geometrical plane A. For the first embodiment the looped sound conduit 3

intersects the geometrical plane A five times.

However, due to the advanced manufacturing and design methods described in the
15  presens disclosure it is possible to shape the sound conduit such that it will intersect the
geometrical plane A seven or even more times, 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.



15the earpiece, the sound conduit conveying sound from the receiver to the tympanic membrane of a
hearing aid user wearing the earpiece may be circled in the concha part of the earpiece before
continuing into the ear canal part of the earpiece. Fig. 7 shows a hearing aid 31 according to a fourth
embodiment¥? &ipRdPRion. The hearing aid 31 comprises a BTE housif§BEPHEHri&ctor 33 and an
earpiece 34. The 20 connector serves to electricﬁly 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 tyrRpéméadcaérnbranadf @ Reatinpalicses wesyirgtibembarpieC&icaegpeaepiéce 34 is

adapted for being fully.inserted int 5 | Hereby a.less ¢anspiglious;hearing aid results.
Fig. 8 shows a%%%\%ilr%’ g%lﬁ%ga%% rlglarggﬁt%fﬁﬁg%%ab%%m%en% g%t eﬁnven%on&rhg%earing aid 41
further comprise¢s®FER@asing 2] alanb S 43antetn 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 soundspignipiifywhameant:30droduasansanplified agadbtieouipaksigratiohhEtube provides a

conduit for conyveyin 2010/0662 T/EP2008/067323 10.the acoustic, Si | from the receiver
i the ATE HRUSHHI 1S BRI AR gl SO Lo e RIS LSy fromn the tube
into the ear carahanddiswardsdhRéctyricphnicmemmbiraraiod arbéaring midsusesmeadimeithe earpiece.
Inside the earpl%@l%#éé%e iube. %% @@%ﬂé‘%ﬁc@ﬁ%&?ﬁgﬁﬁ%‘a e seun a?ggéqunlégtslﬁlén%ﬂﬂh

iSce 44

embodiment the 5 earpie therefore comprises ing means adapted for providing an acoustical
connection betWeeenthisauBé A3 anaaiasquscctondiieabcpepabss it bardmetdpidaiisle to e.g. move

the fundamental,wayef ancedHItherARuRdB; fiequency dRanHs Hermail:Rossible with
traditional BTE hearing aids. Fig. 9 illustrates a vertical section of an earpiece 51 accommodating a
receiver 530  of a hearing aid user wearing the earpiece.

In the third embodiment the earpiece will extend not only in the ear canal but also in

part of the concha and the receiver is arranged in the part of the earpiece extending in

the concha, where the space will be less restricted compared to the ear canal, This is

especially advantageous for children. When the receiver is placed in the concha part of

15 the earpiece, the sound conduit conveying sound from the receiver to the tympanic
membrane of a hearing aid user wearing the earpiece may be circled in the concha part

of the earpiece before continuing into the ear canal part of the earpiece.

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 accornmodates 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



ioaccording to a sixth embodiment of the invention. The receiver 52 is attached to the sound conduit
53 at the sound conduit inlet port 55 by a pibe stub of the receiver engaging an o-ring 56. The earpiece
holding means 57 supports the o-ring. The holding means are U-shaped around the lower part of the
o-ring and L ¥R8&H8¢BInd the upper part of the o-ring. The o-ring is pref&rABRAHUEBF a resilient
material, such as, for 15example, silicone rubberth order to allow the 0-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 acberdingtio thadhirentitre theeparpisck deniirisbsthoiginglendu@®ecébmmdsbating means

for all ihe compapas DERSSSANIELSR T Dearnp i The leeralon.of he haldioane

accommodating means in‘the earpiece body allows the earpiece manufacturing to be improved with
respect to bothtspwetiamsmabrommatizdwerngrashiempedime ferieprtind e dp & itaspiien the method for

manufacturing & beajing A5aid, eSS GaBNYSES dhe stensaf makingandmpresaianafitae ear,

including the ear canal, of the hearing impaired person, performing a scanning of the ear impression in

order to obfain PRSI threduirremeditanetisL R M cdaP G P AFesiding BhpsAkititthg the ear

canal, forming adhrearslirpensianalcansendmadebaidberautershape of the hearing aid earpiece
based on the acquired data, forming a three-dimensional WO 2010/066299PCT/EP2008/067323

Hereby it becomes possible to e.g. move the fundamental wavelength resonance further

down in frequency than is normally possible with traditional BTE hearing aids,

Fig. 9 illustrates a vertical section of an carpiece 51 accommodating a receiver 52

10 according to a sixth embodiment of the invention. The receiver 52 is attached to the
sound conduit 53 at the sound conduit inlet port 55 by a pibe stub of the receiver
engaging an o-ring 56. The earpicce holding means 57 supports the o-ring. The holding
means are U-shaped around the lower part of the o-ring and L-shaped around the upper
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



11 computer model of the shape of the sound conduit inside the hearing aid earpiece based on a
predetermined sound conduit length and manufacturing the hearing aid earpiece in a rapid prototyping
process based on said three-dimensional computer models. This method has the advantage of
automating AfPoE8&%ery complex 5manufacturing process. In an enflsddfeft M&tpid
prototyping process is Stereo Lithography (SLA),l\}vhere a container of photosensitive resin contains a
vertically-moving platform. The hearing aid component under preparation is supported by the platform
that moves down by decrements that determine the layer thickness for each layer. A laser beam traces
out 10the shapevefptiterintetdetitbpeciprerf iheasrespectivei{ayeddchhddenghédphatzsehsitde resin

along the trace,, T RioRS A ERSAR WOt {1 Aearng alt-oMEARARNH IS €amDlale HiRbY,A hearing

aid componentis . A suitable material i1s a hard material, e.g. acrylic. One advantage of

this process is #apiheraialiivatveersthasss REHo Haf Hares Teayl seMBYare $Ms The sound conduit
walls according to the present invention could be designed with a minimum thickness in the range of
100 to 600 urnTAs ar@xampletheivainimusn wathifieknessieouidde 50OmmeGenerally, the
manufactured earpiece will have to accommodate at least one hearing aid component. Therefore,
means for éccdﬁﬁg}l ANHBEL IS S g aid component within 20the earpiece and holding means adapted
for providing an acoustical connection between a sound conveying hearing aid component and the
sound conduit $heuRIRedHeR Er MRISEPIRERBEE MG G ehEcea bit Shidhngd1eKculd therefore

also be part of thgtieesdinapsionalmedsl fihe eatkiaesny- Fowayenatheholding.mepnssadapted for
providing an acoustical connection between a 25 sound conveying hearing aid component and the

sound conduit FESPASE HELE SrRePBRHOBKE supnare BoHinBRENSISIS SRR GBFbRtimizing the

acoustical conngeHaflents that determine the layer thickness for each layer. A laser beam traces out
10 the shape of the intended specimen in a respective layer to harden the photosensitive
resin along the trace. The process repeats until the hearing aid component is complete.
Hereby a hearing aid component is manufactured. A suitable material is a hard

material, e.g. acrylic.

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 manufactared 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 positicning of the hearing aid component



The means for accommodating a heating 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 WO 2010/066299PCT/EP2008/067323 12 within the
earpiece usity e *9a¢#8ls alignment structures and means adapted for RETHRPIREMERFng aid
component fixed within the earpiece. In an embodfment the hearing aid earpiece comprises a part in
contact with the ear canal manufactured from a resilient material, thereby obtaining the advantage of
such a S5material in terms of e.g. increased user comfort. This method is further described in
unpublished PGitpplicatigicRGiEEP20081063683 nithenc sntents oimihichraredapielfith incorporated by
reference. Oth ificadi n lati ' rocedures will be evident to those
skilled in the ag{oﬁgi%%?%%ﬁigﬂi\é%%%gg%%%gr%oeygégﬂggﬂn%%?é%%&a body that is custom fitted to the
individual shape of the ear canal of a user, said body being manufactured in a rapid prototyping

process and indILAHFG A SHuRAR E5rEaR MAp EIMSF CORBYAT AREHRSRERESIIAMFSH an acoustic
inlet port towardgnamasesiGrediiehporksbereibterial, thereby obtaining the advantage of such a

5  material in terms of e.g. increased user comfort. This method is further described in
unpublished PCT application PCT/EP2008/063663, the contents of which are herewith

incorporated by reference.

Other modifications and variations of the structures and procedures will be evident to

those skilied in the art.



the sound conduit is formed in a computer model to be looped such that at least one geometrical plane
will intersect the sound conduit at least three times thereby providing a length of the sound conduit
exceeding a largest outer dimension of the hearing aid earpiece, 10 2. The hearing aid earpiece
according to claim 1, wherein the geometrical plane is perpendicular to the general axis of the open
ear canal of the intended user. 3. The hearing aid earpiece according to claim 1, wherein the
geometrical plane is perpendicular to a line connecting the acoustic inlet port mid acoustic outlet port
of the sound conduit. 15 4. The hearing aid earpiece according to claim 1, wherein the geometrical
plane includes the general axis of the open ear canal bf 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 Ito 4, wherein
the 20geometrical ptaf®htersects the sound conduit at least 7 times. 7. The hearing aid earpiece

according to any ong of the pregeding claims, wherein_said body further. comprises, holding means
adapted for providirfg é#‘ﬁ%‘ﬁfsﬁ 3?’3%%3%%8?1“8?5 39 r%a%:gﬁ&ge/% e %‘B"é%‘fﬁponent to the

acoustic inlet port.  Shaefthasmgaam Eansiecaidesrdirgasapiaredinamdsaid sound conveying
25hearing aid compongptdsimaundsiine iQ:uey Beamdgithe atpiedsacenveing @ claims 7, wherein

said sound conueying Reacng;aith GRARPRAERLR HRENGALI BEEINER: LulfH 1GAeaENg aid
earpiece according to gny on of éh% .E)rmggd r’}gacélalms, Whoeﬁ@ gaid bod%éaotm?rltsjes means adapted
for accommodating a sound ¢ co°r?€e‘§/1|ﬁg componerf’t“fi enhearlngcaf’c?%egrpl Cax 8t ieast one

peometrical plane will intersect the sound conduit at least three times thereby

providing & Jength of the sound conduit exceeding a largest outer dimension of the
hearing aid campicce.

16 2. The hearing aid earpiece according to claim 1, wherein the geomeitrical plane is
perpendicular to the general axis of the open ¢ar canal of the intended user.

3. The hearing eid earpiece according to claim 1, wherein the geometrical plene is
perpendicular to 2 line connecting the acoustic inlet port and acoustic outlet port of
the sound conduit.

15 4. The bearing aid earpiece according to ciaim 1, wherein the peometrical plane
includes the general aous of the open car 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
20 geometrical plane intersects the sound conduit af least 7 times.

7. The bearing aid carpicce 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 heanng aid component to the acoustic inlet port.

8. The hearing aid earpiece according to claim 7, wherein said sound conveying
25 hearing aid component is 2 sound tube.

¢, The hearing aid earpiece according to claims 7, wherein said sound conveying

hearing #id component is a heating aid receiver.

. AMENDED SHEET



11. The hearing aid earpiece according to any one of the preceding claims, wherein said Sbody
comprises means adapted for accommodating one or more microphones, a battery and a
microelectronic circuit comprising a signal processor, 12. The hearing aid earpiece according to any
one of the preceding claims, wherein the sound conduit is longer than 60 mini.  13. The hearing aid
earpiece according to any one of the preceding claims, wherein the 10sound conduit is longer than BO
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 &td earpiece according to claim 14, wherein the
sound conduit diameter 15varies along the length of the conduit to at Ieast span the interval from 1.7 to
2.0 mm. 16. The h Ili]ge%ld ear%nfce accordln to claim 15(5 herein ound %ondumglet port
diameter varies over the range 8% 1.7 mi g °f7 e ﬁneéc al ge rpléce accos%]lng to any one
of claims 15 to 16, whePElFeRPEssE BIAs e@a&dﬁ%am%aﬁw@awmzamge of 2.0t0 4.0
mm. 18. A hearing aidicémprsimpeaieepkpece according to any one of the preceding claims.

11. The hearing aid earpiece according to any one of the prebediug claims, wherein said
5 body comprises means adapted for accommodating one or more microphones, a
battery and & microelectronic cirenit comprising a signal processor.

12, The hearing aid earpiece according to any oné of the preceding claims, wherein the
sound conduit is longer then 60 mm.

13. The hearing aid earpiece secording to any one of the preceding claims, wherein the
10 soumd conduit is longer than 80 mm.

14. The hearing sid carpiece according to any one of the preceding cldims, wherein the
sound conduit is shaped such that the diameter of the sound conduit is gradually
increasing from the acoustic iniet port 1o the acoustic outlet port.

15. The hearing aid cﬁrpiece according to claim 14, wherein the sound conduit diameter
15 varics along the length of the conduit to at least span the interval from 1.7 10 2.0

.

16. The hearing aid sarpiece 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 earpjece according to any one of claims 15 10 16, wherein the
20 sound conduit outlet port dimmeter varies over the range of 2.0 10 4.0 mm.

18. A hearing aid comprising an earpiece according to any one of the preceding ¢laims.

19. A method for manufacturing & hearing aid earpiece comprising a body thet is
custom fitted to the individual shape of the ear canal of 2 user, and including a
sound conduit adapted for conveying an acoustic signal from an scoustic inlet port

25 towards an acoustic outlet port, wherein the sound conduit is leoped such that at
least one geometrical plane will intersect the sound conduit at least thres times

AMENDED SHEET



19. A method for mem tfacturing a hearing aid earpiece comprising a body that is custom fitted to the
individual shape of the ear canal of a user, and including a sound conduit adapted for conveying an
acoustic signal from an acoustic inlet port 25towards an acoustic outlet port, wherein the sound
conduit is looped such that at least one geometrical plane will intersect the sound conduit at least three
times 15 thereby providing a length of the sound conduit exceeding a largest outer dimencion of the
heating aid earpiece, said method comprising the steps of, acquiring dam represaaling the shape of a
pan of the ear including the ear canal of a hearing aid user, 5- forming a three-dimensional computer
model of the outer shape of the hearing aid componenbased on the acquired data, forming a
three-dimensional computer model of the shape of the sound conduit inside the hearing aid earpiece

based on a predetermined_sound gonduit length, and 10manufactyring the hearing aid earpiece in a
rapid prototyping proceeg HASE2 @ﬁ%ﬁ%ﬁé’g e si%or?éﬁ‘g(?ﬁﬁ:ﬁfﬁtﬁ%%ﬁéfy‘““%‘mmm

of the hearing aid earpicoe, said method comprising the steps of,

- acguiring data representing the shape of & part of the ear including the ear
canal of a hearing aid user,

5 - forming 2 three-dimensional computer mode] of the outer shape of the
hearing aid component based on the acquired data,

© »  forming a three-dimensional computer model of the shape of the sound
conduit inside the hearing aid earpiece based ona ﬁredetmmined sount
conduit length, and '

10 - magufacturing the hearing rid earpiece in a rapid prototyping process based
on said three-dimensional computer models.

AMENDED SHEET



